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The thymus is the central organ of the immune system. It is essential for the development and maintenance of normal immune system, especially cell-mediated
immunity. From the morphological point of view, the thymus is divided into
two main compartments, cortex and medulla. The thymic microenvironment
consists of a network of reticular epithelial cells and other fixed and free cells. The
microenvironment of thymus is very important for the selection and maturation
of T cells. T cell differentiation occurs via T cell receptors. The major histocompatibility complex participates in interactions between T cells and thymic epithelial
cells, in addition to interactions between T cells and dendritic cells, macrophages
and myoid cells. The neuroendocrine system regulates early T cell differentiation
by the transcription of neuroendocrine genes in the stromal network and expression of cognitive receptors by immature T cells. This work briefly summarizes
morphological and ultrastructural characteristics of thymic epithelial cells,
dendritic cells, macrophages and myoid cells. It is accompanied by the authors’
own photomicrographs and electronmicrograph from a transmission electron
microscope. All of these cells play a critical role in the proliferation, differentiation
and selection of precursor cells in the T-cell lineage, but the precise mechanisms
not well understudood.

Introduction

T

he thymus is a central (primary) lymphoid
organ with an important endocrine function. It is a crossroad between the immune
and the neuroendocrine systems (Geenen & Brilot

2003). It is a place where the T cells precursors
proliferate and mature. Mature T cells are responsible for the cell-mediated immunity. The thymus
plays an important role in providing a suitable
microenvironment for the proliferation, differentiation, TCR gene rearrangement and repertoire
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selection of T cells (Anderson et al. 2000; Staal et al.
2001; Guyden & Pezzano 2003; Laurent et al. 2004).
The differentiation of T cells is a carefully orchestrated
process. Mature and immunocompetent T cells leave
the thymus through blood and lymphatic vessels and
migrate to the peripheral lymphoid organs (Kato 1997;
Dorko et al. 1997).
From the phylogenetical point of view, thymus
played a key role in the evolution of animals during the
development of adaptive immune system; therefore it is
an important feature separating higher vertebrates from
other animals. The development of thymus and T cells
is a highly conserved process in vertebrate evolution
(Bowden et al. 2005; Varga et al. 2008). During human
ontogenesis, the thymus passes through marked morphological changes, including a rapid prenatal growth
and postnatal, age-related involution. The highest
immunological activity of the thymus is in the age of
6th months after birth, when the thymus contains the
highest overall numbers of thymocytes (Weerkamp
et al. 2005). After the 1st year of life, this organ starts
to undergo changes, which become considerable in
puberty and adulthood. The thymus undergoes a progressive reduction in size due profound changes in its
anatomy associated with a loss of thymic epithelial
cells and a decrease in thymopoiesis. These age-related
changes in thymic structure are called physiological
involution (Nabarra & Andrianarison 1996; Bodey et
al. 1997; Domínguez-Gerpe & Rey-Méndez 2003; Taub
& Longo 2005; Weerkamp et al. 2005; Cavalotti et al.
2008; Pospíšilová et al. 2008). Even though, the remaining tissue is able to produce immunocompetent T cells
until a later age. It is therefore probable, that the thymus
is important throughout lifetime, as an organ with an
immune and endocrine function. Age-associated involution is reversible. For example, castration of the old
rats and mice result in the regeneration of the atrophic
thymuses (Dorko et al. 1998; Heng et al. 2005).

Thymic microenvironment

T

hymus is composed of a cortical and a medullar part. Stained histological sections show a
dark cortex coating a pale medulla. The cortex
of the thymus lobes is darker because of the presence of
numerous closely packed maturating T cells. An area
with abundant blood vessels lies between the cortex
and the medulla. It is termed as the corticomedullary
junction (Schuurman et al. 1997). The medulla can
form “buds”, which sometimes extend deeply into the
cortex. Similarly, portions of the cortex can extend to
the medulla (Sainte-Marie 1974). Typical features of the
medulla are the Hassall’s corpuscules, which are formed
mainly of concentrically arranged epithelial cells.
The thymic microenvironment is composed of a
variety of stromal cells and the extracellular matrix.
The thymic microenvironment constitutes a unique
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environment for the differentiation, maturation and
selection of T cells. It is composed of:
Fixed cells: numerous morphologically and phenotypically heterogenic thymic epithelial cells (Fig. 1). A
significant role in the thymus played also myoid cells
and fibroblasts,
Free (wandered) cells: macrophages, dendritic cells
and other cells of hemopoietic origin (eosinophilic and
neutrophilic granulocytes, B cells, plasma cells, mastocytes and erythrocytes; Fig. 2, 3).
Both cortex and medulla of the thymus contain
epithelial cells that resembles the shape of the mesenchymal fibroblastic reticular cells (Polak et al. 2009).
Therefore they are termed as reticular epithelial
(thymic epithelial) cells. Population of developing T
cells (thymocytes) lies between processes of these cells,
and constitute up to 90% of the weight of the thymus.
The thymic epithelial cells have a stellate shape (Fig. 1,
6). Cytoplasmic extensions are connected to other cells
by desmosomes. These cells contain a large, pale, oval
shaped nucleus with 1 or 2 nucleoli. The cytoplasm
contains a poorly developed Golgi complex, rough
endoplasmic reticulum, mitochondria and intermediary cytokeratin fibrils. Those demonstrate the epithelial
nature of these cells in contrast with the mesenchymal
origin of the stroma of other lymphatic organs. Within
the thymus, only the capsule and septa are of mesenchymal origin (Schuurman et al. 1997).
The epithelial primordium of the thymus is derived
from the epithelial proliferation of the endoderm of the
3rd and partially the 4th pharyngeal pouch, too. The
epithelial proliferation of the ectoderm of the third
pharyngeal cleft forms a complex with endodermal proliferation. Important role of thymic development have
also mesenchymal cells migrated from the neural crest
(Kuratani & Bockman 1990; Bockman 1997; Slípka et
al. 1998; Varga et al. 2008). Gordon et al. (2004) experimentally deny the hypothesis of the dual origin of the
epithelial cells. Isolated pharyngeal endoderm transplanted in another body location in mice results in the
development of a normal thymus, differentiated into a
cortex and a medulla, even though there are no ectodermal cells. This conclusion contradicts the earlier findings of Cordier & Haumont (1980) of the development
of the thymus in nude mice. In these immunodeficient
mice the ectoderm of the 3rd pharyngeal cleft involutes
during early intrauterine development, and the originated thymus does not become a lymphatic organ.
The T cells immunocompetence and specificity takes
place in the thymic cortex. The microenvironment in
the course of thymocyte maturating program, including proliferation, differentiation, and their education
or induction of apoptosis of potentially autoaggressive
cells plays a key role. The T cell differentiation occurs
via T cell receptors. The major histocompatibility complex (MHC) participates in interactions between T cells
and thymic epithelial cells, in addition to interactions
between T cells and dendritic cells, macrophages and
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Fig. 1: The thymic medulla of a newborn. Typical stellate shaped
thymic epithelial cell (morphological type 4 or 5). Containing
a large, euchromatic nucleus with two nucleoli (1) and
characteristic cytoplasm processes (2). Thymocytes of different
sizes are in the surrounding (3, 4) a neutrophilic granulocyte (5).
(TEM, line in fig. = 2 × 10–6 m)

Fig. 2: Cortex of the newborns thymus. Neutrophilic granulocyte
with two nuclear lobes present (1) in a denser cytoplasm, in
which there are plenty of lysosomes (2). Nearby thymocytes (3).
(TEM, line in fig. = 2 × 10–6 m)

Fig. 3: Thymus of a newborn with hypoplastic left ventricle
syndrome. Epithelial cells of the 1st type containing notably
polymorphic nuclei (3). Their cytoplasmic processes (4) together
with endothelial cells of the capillaries (2) create the bloodthymus barrier. An eosinophilic granulocyte is lies near the
capillary (1) a neutrophilic granulocyte (5). (TEM, line in fig. = 5 ×
10–6 m)

Fig. 4: Thymus of a 5 days old newborn with hypoplastic left
ventricle syndrome. A prominent repithelial cell 1st type
containing a polymorphic nucleus and a notable nucleolus (1)
together with the capillary endothelium (2) forms the bloodthymus barrier. The space between cells is filled with collagen
fibers (3). Erythrocytes are present in the vessel lumen (4),
thymocytes are present nearby (5). (TEM, line in fig. = 2 × 10–6 m)

myoid cells. At each stage of the T cell differentiation
in the thymus, the interactions between cells are controlled by adhesive molecules and a local gradient of
growth factors (cytokines, hormones) as well as by
their paracrine, cryptocrine, and autocrine influences
(Kisielow & von Boehmer 1995; Anderson et al. 2000;
Anderson & Jenkinson 2001; Brelinska 2003; Staal et al.
2001).

they were classified in humans. The criterion was based
on the ultrastructural morphology; although it seems
that there classification is valid for all vertebrates, which
have a thymus (Kendall 1991). Wijngaert et al. (1984)
divides the thymic epithelial cells into 6 types, out of
which, the first 3 occur mainly in the cortex and the
remaining 3 in the medulla of the thymus:
Type 1: called as subcapsullar or perivascular cells
(Fig. 3, 4), which separate the cortex of the thymus from
the connective tissue constituting the capsule, septa and
the space around vessels. These cells participate in the
thymus-blood barrier. Cells of the 1st type in the subcapsullar region are composed of one or two layered
border under the connective tissue of the capsule and
septa (Waal & Rademakers 1997). The cells are closely

The morphological heterogeneity of
the thymic epithelial cells

M

any authors were concerned in a study of
heterogeneity of the thymic epithelial cells,
but it wasn’t until Wijngaert et al. (1984) that
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Fig. 5: The thymic cortex in a newborn. An epithelial cell
(type 2 or 3, called “nurse cell”) is situated in the middle
containing euchromatic nucleus (1) with pale cytoplasm. Its
several cytoplasmic extensions (2) surround thymocytes (3).
(TEM, line in fig.= 2 × 10–6 m)

Fig. 6: Thymic medulla of a 3 week infant with transposition
of great vessels of the heart. Epithelial cell of the 5th type
containing a polymorphous nucleus and a prominent nucleolus
(1) connected to other epithelial cells (3) with its cytoplasmic
processes (2). Thymocytes present nearby (4). (TEM, line in fig. =
5 × 10–6 m)

Fig. 7: An electronogram of the Hassall´s body in the thymus of a
newborn with transposition of great vessels of the heart. Two
nuclei containing nucleoli (1) active epithelial cells of the 6th
type. (TEM, line in fig. = 10 x 10–6 m)

Fig. 8: Thymus in a newborn with a ventricular septum defect.
Phenotypical heterogeneity of the epithelial cells, significant
positivity for AE1/AE3 cytokeratin in the subcapsullar zone of
the cortex and Hassall´s bodies in the medulla. (Magnif. 100x)

interconnected; these provide isolation of the thymus
cortex from the surrounding tissue. The cells nuclei of
the 1st type are polymorphic with prominent nucleoli,
Type 2: cells are situated in the middle part of the
thymus cortex. Together with 3rd type, they constitute a
dominant portion of the thymic epithelial network of the
cortex. Extensions of the cells cytoplasm are connected
by desmosomes; thereby form a functional syncytium
(Kendall 1986), which is in close contact with the developing thymocytes. The cell extensions form a meshwork
– cytoreticulum, which divides the thymus cortex into
small separate areas. Here the developing lymphocytes
are separated from the environment. Hence they are
referred to as “nurse cells” (Fig. 5). Thymic nurse cells
are defined as multicellular complexes of the epithelial
cells and thymocytes (Brelinska & Warchol 1997). A lot
of data have been generated about the multi-function

of thymic nurse cells, as endocrine capability, secreting humoral factors. They support the growth of thymocytes or capacity to facilitate immature CD4–CD8+
thymocytes to differentiate into CD4+CD8+ T cells by
direct interaction (Bodey et al. 2000b; Li et al. 2005).
Nuclei of the cells of the 2nd type are large, pale with a
small amount of heterochromatin. Cytoplasm is pale,
rich in tonofilaments.
Type 3: cells are situated in the deeper portion of the
cortex, near the area of the cortico-medullary junction.
The nuclei and cytoplasm of cells are denser than the
first two types. Rough endoplasmic reticulum forms
dilated cisterns, which indicate active protein synthesis.
The 3rd type of epithelial cells also contains cytoplasmic
processes, with which they encircle developing lymphocytes. These cells anastomose with one another, but
also with epithelial cells of the medulla. This provides
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Fig. 9: Thymus of a newborn with transposition of great vessels. An
epithelial cell with a large euchromatic nucleus (1), a prominent
nucleolus (2) and a large vacuole (3) in its cytoplasm. (TEM, line
in fig. = 2 x 10–6 m)

Fig. 10: An electronogram of the thymus medulla in a newborn
with transposition of great vessels. In the middle is a
macrophage with a pale nucleus (1), a prominent nucleolus (2)
and cytoplasmic processes (5). Their pale cytoplasm contains
granules with dense content (3). Thymocytes are also present
(4). (TEM, line in fig. = 2 x 10–6 m)

Fig. 11: Macrophages (CD 68 +) in the cortex (1), medulla (2) and
in the fibrous connective tissue of the septa (3) in a newborn
thymus. Clear areas of the medulla are fallen out calcified
Hassall´s bodies. (Magnif. 100x)

Fig. 12: Thymus of a newborn with transposition of great vessels.
There is an electron dense myoid cell in the middle with typical
minute pinocytotic vesicles under cytoplasmatic membrane.
(TEM, line in fig. = 2 . 10–6 m)

the isolation of the cortex from the medulla. Thymic
epithelial cells of the 2nd and 3rd type express specific
surface antigens, molecules MHC I and II. They present them to developing lymphocytes, thereby they are
ranked as antigen presenting cells.
Type 4: cells are very closely related to the 3rd type.
They participate in the formation of the cortico-medullary junction and medulla. Cell nuclei contain somewhat coarse fine meshwork of heterochromatine, their
electron-dense cytoplasm contains abundant tonofilaments (Fig.1).
Type 5: termed as medullary cells (Fig. 6) form the
stroma of the thymus medulla. Cells nuclei are polymorphic, with well formed perinuclear chromatin and
a prominent nucleolus. Few cellular organelles and
abundant poly-ribosomes in the cytoplasm indicate

that these cells could be stem cells (Kendall & Clarke
2000).
Type 6: cells are the prominent component in the
thymus medulla. These large pale cells pile up into a
spindle shape, to form the Hassall’s corpuscules (Fig.
7). Hassall´s bodies are unique, antigenically distinct,
functionally active, multicellular components of the
nonlymphocytic microenviroment of the thymic
medulla. They participate in the physiological activities
of the prenatal and adult thymus (Bodey et al. 2000a).
Thymic epithelial cells are more or less resistant resistant to exogenic stimuli. Many authors refer to their
persistence even after the thymus involution. Huiskamp
et al. (1985) describes the reduction of the cortex in
24 hrs after neutron radiation of the thymus (2.5 Gy)
into a thin border of vacuolated epithelial cells similar
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to nurse cells. Irradiation causes the rapid depletion of
lymphocytes in the thymus, but these lymphocytes are
promptly restored by the proliferation of intrathymic
and circulating bone marrow precursor cells. Arudchelvan et al. (2005) found in cortical thymic epithelial cells
after irradiation (6 Gy) also cytoplasmic vacuolization
with an increased amount of granular and membranous
content. These features are characteristic of the hyperfunctional state of cortical epithelial cells with increased
secretion activities, which suggests their important roles
in the repopulation and maturation of the cortical thymocytes during recovery after irradiation (Arudchelvan
et al. 2005).
Notwithstanding the importance of the epithelial cell
network in the thymus of various animals (including
humans), epithelial-cell free areas are also identified
(called also keratin negative regions). Most frequently
are localized in the area between subcapsullar epithelium and the superficial cortical layer. These regions do
not contain cytoreticulum, but they can include isolated
fibroblasts and several types of macrophages, which
express a strong MHC II positivity. The significance
of these “epithelial free areas” is not yet known. These
areas are more prominent during some pathological
conditions, such as pre-leukemic phase in mice and in
rat thymus after the application of cyclosporine (Bruijntjes et al. 1993).

Phenotypic heterogeneity of the thymic
epithelial cells

T

he heterogeneity of the epithelial cells of the
thymus is manifested by a different morphology
and also in phenotype expression of different
markers. Division can be made on the basis of antiMHC II antibodies which bind to the cytoreticulum
of the cortex in human and rat thymuses. The subcapsullar zone and medulla either do not contain MHC II
molecules or they are just only slightly MHC II positive
(Schuurmann et al. 1985). Von Gaudecker et al. (1997)
observed that the epithelial cells in the subcapsullar
zone are not always MHC II negative. MHC II molecules are described on the surface of 1st type thymic
epithelial cells, mainly on their cytoplasm extensions,
which direct towards the deeper portions of the cortex.
Thereby, pre-thymocytes in the thymus are subjected to
the MHC II since their very early development.
Immunohistochemical methods are used to identify the subpopulations of epithelial cells of thymus in
humans (Ritter & Haynes 1987), mice (Brekelmans
& Van Ewijk 1990), rats (Kampigna & Aspinall 1990)
and chicken (Boyd et al. 1992). Antibodies facilitate
the identification of several subpopulations of thymic
epithelial cells. The presence of several subpopulations
urges laboratories to create common classification criteria. The international workshop in Holland: “The
thymus. Histophysiology and dynamics in the immune
system” provided the creation of nomenclature called
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“cluster of epithelial staining” (CTES) (Kampigna et al.
1989). CTES system was verified by Boyd et al. (1993),
where they agree with the most substantial findings;
though they differ in the model of antibody detection
of epithelial cells in various animals. It seems that CTES
nomenclature is equally valid for thymus of human,
mice, but also rats, chicken and axolotls.
The heterogeneity of the thymic epithelial cells can
be demonstrated by using antibodies against the cytokeratin polypeptide based on the diversity of the expression of cytokeratin in humans and other animals (Fig.
8). Based on the cytokeratin expression, the cortical epithelium is referred to as “simple”, as it forms cytokeratin
molecules of small molecular weight, whereas the medullary epithelium is “more complexed” forming keratin
molecules with large molecular weight (Brekelmans &
Van Ewijk 1990).
A further option for the classification of thymic
epithelial cells is the presence of thymic hormones and
neuroendocrinne markers in their cytoplasm. Epithelial
cells of the medulla and subcapsullar zone are hormone
producing cells. They can be therefore identified with
antibodies against thymosine, thymuline, thymopoeitin,
and the thymus humoral factor (Kendall & Stebbings
1994). Oxytocin, neurophysin, and vasopressin can also
be demonstrated in the thymus. Most of neuropeptides
are produced in the subcapsullar, medullar and perivascular epithelium. The entire thymic epithelium in mice
is oxytocin positive (Robert et al. 1992).

Thymic epithelial cells and tissue
engineering

E

pithelial cell tissue cultures from thymuses
of human and experimental animals have been
used for over two decades for the investigation of
the properties of epithelial cells and their significance in
the selection and maturation of T cells. Tissue cultures
provide data on the morphology of each type of epithelial cells, including their surface determinants. The
investigation of the interactions between the epithelial
cells and the developing T cells can also be performed in
vitro. Tissue cultures also provide data on the secretion
of cytokines by different cells types (Röpke 1997). Tissue
cultures of different cell types play an important role in
testing the effects of exogenic factors (e.g. drugs, high
atmospheric pressure) (Palkovič et al. 2007, Danišovič
et al. 2007, Vojtaššák et al. 2006). The advantage of the
tissue cultures lies in the possibility of accurately defining experimental conditions and minimizing external
adverse effects.
In primary cell cultures, the thymic epithelial cells
are plane and arranged into one layer. This layer contains cells of two types; small cells (10–20 μm) and large
cells (20–100 μm). Active DNA synthesis takes place in
both types (Röpke 1997). Ultrastructurally, the tissue
culture cells have an epithelial nature. Cells are connected by desmosomes and contain bundles of tono-
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filaments and intermediary filaments. Larger cells in
addition to Golgi complex, mitochondria, ribosomes,
and rough endoplasmic reticulum contain characteristic vacuoles (Röpke et al. 1990, Fig. 9). Each epithelial
cell type preserves phenotypic distinctions also when
cultivated. Antibodies against different cytokeratines
can differentiate cortical and medullary epithelial cells.
It is possible to generate a culture from both cell types
(Nicolas et al. 1985). Accurate phenotypic cell classifications differ in various laboratories, which of course
depend on the cultivated conditions.

Macrophages of the thymus

F

urther notable components of the thymus
microenvironment are macrophages and dendritic cells. Presumably, monocytes entering the
thymus differentiate into macrophages, which are situated mainly in the cortex and on the cortico-medullary
junction, or into dendritic cells, which are typical for
the medulla (Kaiserling et al. 1974). Circulating monocytes enter the thymus presumably through perivascular spaces (Vicente et al. 1995). It is also possible that
thymic macrophages develop locally based on evidence
of myelopoiesis in the thymus. Early T progenitors in
the thymus have been reported to have the capacity to
develop into macrophages, B cells, thymic dendritic
cells, and NK cells (Lee et al. 2001).
Macrophages (Fig. 10, 11) are very effective phagocytes. They play an important role in the thymus. They
contain a typical phygocyted lymphocyte material
in their cytoplasm. Macrophages are observed in the
thymus mainly after involution. The cortex of thymus
after involution when stained with hematoxylin and
eosin gives a “starry sky” image. Thymic macrophages
constitute a phenotypically and ultrastructurally heterogenous cell population. Macrophages in the connective tissue of the capsule and septa are more mature,
irregularly shaped, with a rough surface, containing
electron-dense material in their cytoplasm. Macrophages in the thymus cortex are similar, besides containing phagolysosomes with remains of lymphocytes.
Macrophages in mice are MHC II negative. In humans
they can be positive. Macrophages of the corticomedullary junction differ morphologically, containing less
phagocytosed material in their cytoplasm. Medullary
macrophages are scarce and poor in phagocytosis,
with poor expression of MHC II molecules (Boyd et al.
1993).
The function of macrophages during T cell development is not completely known. It seems clear that
macrophages participate in the removal of apoptotic
thymocytes. Less accepted is, however, their implication in the regulation of the survival, proliferation,
MHC restriction, or negative selection of developing thymocytes (Wood 1985; Varas et al. 2003). They
produce and secrete cytokines, which influence the
proliferation, maturation and differentiation of thymo-

cytes. Macrophages produce different cytokines, e.g.
IL-1, IL-2, IL-4, tumor necrosis factor-α (TNF-α), and
interferon-γ (Kendall 1991). Macrophages are one of
the antigen-presenting cells for the thymocytes during
their terminal development.

Interdigitating dendritic cells OF the
thymus

I

nterdigitating dendritic cells in the thymus
are unique antigen-presenting cells originating
from the bone marrow. They play an active role in
the induction of immune response. In the thymus they
are situated mainly in the cortico-medullary junction
and medulla. They are about 20 to 30 μm long cells,
containing sparse cytoplasm. They surround other cells
(mainly thymocytes) with their thin cytoplasmic extensions, mainly thymocytes. They contain a well developed Golgi complex, vesiculo-tubular structures and
granules of different sizes with homogenous content.
The granules are adjacent to membranes. According to
some authors, the cytoplasm of interdigitating cells contains the club shaped Birbeck granules. The origin and
function of Birbeck granules is obscure. They can be
used to identify Langerhans cells of the skin in electron
microscope sections. Nuclei of the interdigitating cells
of the thymus are lobular, lie excentrically, with characteristic perinuclear condensed chromatin, and a prominent nucleolus. Their typical morphology and absence
of lysosomes and phagolysosomes distinguishes them
from macrophages (LaFontaine et al. 1997; Pelletier et
al. 1986)
The identification of the interdigitating cells is not
possible using conventional light microscopy. They can
be identified using monoclonal antibodies. The interdigitating cells express MHC I and II molecules, which
indicates their attribution in the negative selection of T
cells precursors (deletion, or functional inactivation of
autoreactive thymocytes) (Schuurman et al. 1997).

Myoid cells of the thymus

T

hymic myoid cells correspond to a muscle-like
cell population present in the thymus medulla
(Fig. 12). Their origin and biological role is not
yet clear. Myoid cells hold similar characteristics as epithelial cells, therefore they were initially assumed to be
of myoepithelial origin, later on speculations about their
non-thymic mesodermal origin were suggested (Wakkach et al. 1999). Today, the hypothesis of Nakamura &
Ayer-Le Liére (1986) is the most accepted, where they
suggest a neuroectodermal origin of the myoid cells.
That is, they are derivatives of the neural crest.
Thymic myoid cells produce many proteins, which
are specific for skeletal muscles, e.g. myosin (Drenckhahn et al. 1979), troponin T, desmin, rapsyn and utrophin (Wakkach et al. 1999; Panse & Berrih-Aknin 2005).
Chan (1992) describes a close relation between these
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cells and non myelinated nerve fibers in the medulla of
thymus in poultry. Wakkach et al. (1999) demonstrate
the excessive production of TNF- and IL-8 in tissue cultures of myoid cells. These factors presumably protect
thymocytes from apoptosis. Myoid cells play an important role in the differentiation of T cells. The protective
effect of myoid cells against apoptosis of thymocytes is
decribed also by Panse & Berrih-Aknin (2005).
Myoid cells have, similarly to thymic epithelial cells,
surface receptors for acetylcholine (Wakkach et al.
1996). Thereby, it is presumable that both cell types can
play an initial role in the auto-sensitization during the
autoimmune disease myasthenia gravis.

Extra cellular matrix of the thymus

E

xtra cellular matrix is an important component of the microenvironment of the thymus.
Generally it is composed of different collagen
and reticular fibers, glycosaminoglycans and glycoproteins, including laminin, fibronectin. In the capsule and
fibrous septa type I. collagen occurs, whereas type IV.
collagen, laminin, and fibronectin constitutes a part of
the basal lamina of the type 1. epithelial cells (Boyd et
al. 1993).
The significance of the extra cellular substance rests
in the support of the growth and development of thymocytes and epithelial cells. It provides the interactions between cells, including their migration. It also
aggregate soluble cytokines to increase their local
concentration.

Conclusion

T

he thymus was one of the last organs of our
body which represented a mysterious function.
Until the year 1961, controversial statements
complicated most questions about the function and
development, pathology and clinical significance. Even
in the year 1971, The English medical dictionary, 29th
ed. London stated that: “The function of the thymus
gland is unclear. It enlarges with disorders of other endocrine glands. One of the theories regarding its function is
that it affects sexual maturation”. This citation was identified even though in the 50s there was already a firm
evidence of the lymphopoeitic function of the thymus
and its determining role in the normal function of the
immunity system was confirmed in the year 1961 by
Doctor Jacques Miller (Miller 1961; Miller 2002). In our
work we included an outline of the actual findings of the
ultrastructure and heterogeneity of the thymic stromal
cells, supplemented with our own microphotographs
and electromicrographs from a transmission electron
microscope. All of these cells play a critical role in the
proliferation, differentiation and selection of precursor
cells in the T-cell lineage, but the precise mechanisms
are mostly unknown.

282

Acknowledgement

This work was supported by the Grant VEGA No.
1/4252/07 and Grant of Comenius University in Bratislava No.UK/451/2009 and No. UK/422/2009.
REFERENCES
1 Anderson G, Harman BC, Hare KJ, Jenkinson EJ (2000). Microenvironmental regulation of T cell development in the thymus. Immunology. 12: 457–464.
2 Anderson G, Jenkinson EJ (2001). Lymphostromal interactions in
thymic development and function. Nat Rev Immunol 1: 31–40.
3 Arudchelvan Y, Tokuda N, Adachi Y, Sawada T, Fukumoto T (2005).
Ultrastructural alterations of the cortical epithelial cells of the irradiated and recovering rat thymus. Arch Histol Cytol. 68 (3): 205–
212.
4 Bockman DE (1997). Development of the thymus. Microsc Res Tech.
38: 209–215.
5 Bodey B, Bodey BJr, Siegel S, Keiser HE (1997). Involution of the
mammalian thymus, one of the leading regulators of aging. In Vivo.
11: 421–440.
6 Bodey B, Bodey B, Siegel SE, Kaiser HE (2000a). Novel insights into
the function of the thymic Hassall´s bodies. In Vivo 14 (3): 407–
418.
7 Bodey B, Bodey B, Siegel SE, Kaiser HE (2000b). The role of the reticulo-epithelial cell network in the immuno-neuroendocrine regulation of inthrathymic lymphopoiesis. Anticancer Res. 20: 1871–
1888.
8 Boyd RL, Wilson TJ, Bean AG, Ward HA, Gershwin ME (1992). Phenotypic characterization of chicken stromal elements. Dev Immunol.
2: 51–66.
9 Boyd RL, Tucek CT, Godfrey DI, Izon DJ, Wilson TJ, Davidson NJ, Bean
AGD, Ladyman HM, Ritter MA, Hugo P (1993). The thymic microenvironment. Immunol Today 14 (9): 445–459.
10 Bowden TJ, Cook P, Rombout JH (2005). Development and function
of the thymus in teleosts. Fish Shellfish Immunol. 19 (5): 413–427.
11 Brekelmans P, Van Ewijk W (1990). Phenotypic characterization of
murine thymic microenviroments. Semin Immunol. 2: 3–24.
12 Brelinska R (2003). Thymic epithelial cells in age-dependent involution. Microsc Res Techn. 62: 488–500.
13 Brelinska R, Warchol JB (1997). Thymic nurse cells: their functional
ultrastructure. Microsc Res Techn. 38: 250–266.
14 Bruijntjes JP, Kuper CF, Robinson JE, Schuurman HJ (1993). Epithelium-free area in the thymic cortex of rats. Dev Immunol. 3: 113–
122.
15 Cavallotti C, D´Andrea V, Tonnarini G, Cavallotti C, Bruzzone P
(2008). Age-related changes in the human thymis studied with
scanning alactron microscopy. Microsc Res Techn. 71: 573–578.
16 Cordier AC, Haumont SA (1980). Development of thymus, parathyroids and ultimo-branchial bodies in NMRI and nude mice. Am J
Anat. 157: 227–263.
17 Danišovič L, Lesný P, Havlas V, Teyssler P, Syrová Z, Kopáni M, Fujaríková G, Trč T, Syková E, Jendelová P (2007). Chondrogenic differentiation of human bone marrow and adipose tissue-derived mesenchymal stem cells. J Appl Biomed. 5 (3): 139–150.
18 Domínguez-Gerpe L, Rey-Méndez M (2003). Evolution of the thymus size in response to physiological and random events throughout life. Microsc Res Tech. 62: 464–476.
19 Dorko F, Kočišová M, Schmidtová K, Dorko E (1997). Blood supply,
lymphatic drainage, and the distribution of acetylcholinesterase
(ACHE) – positive nerves in the rat thymus. Folia Veterinaria. 41
(3–4): 85–87.
20 Dorko F, Kocisova M, Rybarova S, Dorko E (1998). Acetylcholinesterase-positive innervation in the regenerated thymus in old rats after surgical and chemical castration. Bratisl Lek Listy 99 (5): 258–
261.
21 Drenckhahn D, von Gaudecker B, Müller-Hermelink H, Unsicker K,
Groschel-Stewart U (1979). Myosin and actin containing cells in the
human postnatal thymus. Ultrastructural and immunohistochemical findings in normal thymus and myasthenia gravis. Virchows
Arch B Cell Pathol Incl Mol Pathol. 23: 33–45.
22 Geenen V, Brilot F (2003). Role of the thymus in the development of
tolerance and autoimmunity towards the neuroendocrine system.
Ann N Y Acad Sci. 992: 186–195.

Copyright © 2009 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Morphologic heterogeneity of human thymic nonlymphocytic cells
23 Gordon J, Wilson VA, Blair NF, Sheridan J, Farley A, Wilson L, Manley
NR, Blackburn CC (2004). Functional evidence for a single endodermal origin for the thymic epithelium. Nat Immunol. 5 (5): 546–553.
24 Guyden JC, Pezzano M (2003). Thymic nurse cells: a microenviroment for thymocyte development and selection. Int Rev Cytol.
223: 1–37.
25 Heng TS, Goldberg GL, Gray DH, Sutherland JS, Chidgey AP, Boyd
RL (2005). Effects of castration on thymocyte development in two
different models of thymic involution. J Immunol. 175 (5): 2982–
2993.
26 Huiskamp R, van Vliet E, van Ewijk W (1985). Repopulation of the
mouese thymus after sublethal fission neutron irradiation. II. Sequential changes in the thymic microenviroment. J Immunol. 134
(4): 2170–2178.
27 Chan AS (1992). Association of nerve fibres with myoid cells in the
chick thymus. J Anat. 181: 509–512.
28 Kaiserling E, Stein H, Müller-Hermelink HK (1974). Interdigitating
reticulum cells in the human thymus. Cell Tissue Res. 155: 47–55.
29 Kampigna J, Berges S, Boyd RL, Brekelmans P, Colic M, Van Ewijk W,
Kendall MD, Ladyman HM, Nieuwenhuis P, Ritter MA, Schuurman
HJ, Tournefier A (1989). Thymic epithelial antibodies: Immunohistochemical analysis and introduction of nomenclature. Summary
of the epithelium workshop held at the 2nd worshop „The Thymus.
Histophysiology and Dynamics in the Immune System“. Thymus
13: 165–173.
30 Kampigna J, Aspinall R (1990). Thymocyte differentiation and thymic microenviroment development in fetal rat thymus: an immunohistologic approach. Thymus Update 3: 149–186.
31 Kato S (1997). Thymic microvascular system. Microsc Res Techn.
38: 287–299.
32 Kendall MD (1986). The syncytial nature of epithelial cells in the
thymic cortex. J Anat. 147: 95–106.
33 Kendall MD (1991). Functional anatomy of the thymic microenviroment. J Anat. 177: 1–29.
34 Kendall MD, Clarke AG (2000). The thymus in the mouse changes
its activity during pregnancy: a study of the microenviroment. J
Anat. 197: 393–411.
35 Kendall MD, Stebbings R (1994). Review: The endocrine thymus.
Endocr J. 2: 333–339.
36 Kisielow P, von Boehmer H (1995). Development and selection of T
cells: facts and puzzles. Adv Immunol 58: 87–209.
37 Kuratani S, Bockman DE (1990). The participation of neural crest
derived mesenchymal cells in development of the epithelial primordium of the thymus. Arch Histol Cytol. 53 (3): 267–73.
38 LaFontaine M, Landry D, Montplaisir S (1997). Human thymic dendritic cells. Microsc Res Tech. 38: 267–275.
39 Laurent J, Bosco N, Marche PN, Ceredig R (2004). New insight into
the proliferation and differentiation of early mouse thymocytes.
Int Immunol. 16 (8): 1069–1080.
40 Lee CK, Kim JK, Kim Y, Lee MK, Kim K, Kang JK, Hormeister R, Durum
SK, Han SS (2001). Generation of macrophages from early T progenitors in vitro. J Immunol. 166: 5964–5969.
41 Li AL, Liu X, Duan B, Ma J (2005). Thymic nurse cells support CD4CD8+ thymocte to differentiate into CD4+CD8+ cells. Cel. Mol. Immunol. 2 (4): 301–305.
42 Miller JF (1961). Immunological function of the thymus. Lancet 2:
748–749.
43 Miller JFAP (2002). The discovery of thymus function and thymusderived lymphocytes. Immunol Reviews 18: 7–14.
44 Nabarra B, Andrianarison I (1996). Ultrastructural study of thymic
microenviroment involution in aging mice. Exp Gerontol. 31 (4):
489–506.
45 Nakamura H, Ayer-Le Liére C (1986). Neural crest and thymic myoid
cells. Curr Top Dev Biol. 20: 111–115.
46 Nicolas JF, Savino W, Reano A, Viac J, Brochier J, Dardenne M (1985).
Heterogenity of thymic epithelial cell keratins. Immunohistochemical and biochemical evidence of subset of highly differentiated
TEC in the mouse. J Histohem Cytochem. 33: 687–694.
47 Palkovič M, Novomeský F, Zaviačič M, Danihel Ľ, Kováč P, Danišovič
L (2007). The use of cell cultures for in vitro decompression sickness simulation. Soud Lek 52 (1): 9–16.
48 Pelletier M, Tautu C, Landry D, Montplaisir S, Chartrand C, Perreault
C (1986). Characterization of human thymic dendritic cells in culture. Immunology 58: 263–270.
49 Panse Le R, Berrih-Aknin S (2005). Thymic myoid cells protect thymocytes from apoptosis and modulate their differentiation: impli-

50
51
52
53
54
55
56
57

58
59
60
61
62

63

64

65

66
67
68
69

70
71

72
73

cation of the ERK and Akt signaling pathways. Cell Death Differ. 12:
463–472.
Polák Š, Gálfiová P, Varga I (2009). Ultrastructure of human spleen
in transmision and scanning electron microscope. Biologia 64 (2):
402–408.
Pospíšilová V, Varga I, Gálfiová P, Polák Š (2008). Morphological view
on human thymus ontogenesis. Čes-slov Pediat. 63 (4): 201–208.
Ritter MA, Haynes BF (1987). Summary of thymic epithelium workshop. In: McMichael AJ, editor. Leucocyte typing III. White cell differentiation antigens. Oxford: Oxford University Press. p. 247–248.
Robert FR, Martens H, Cormann N, Benhida A, Schoenen J, Geenen
V (1992). The recognition of hypothalamo-neurohypophysialis
functions by developing T cells. Dev Immunol. 2: 131–140.
Röpke C (1997). Thymic epithelial cell culture. Microsc Res Tech.
38: 276–286.
Röpke C, Petersen OW, van Deurs B (1990). Short-term cultivation
of murine thymic epithelial cells in a growth factor defined serumfree medium. In Vitro Cell Dev Biol. 26: 671–681.
Sainte-Marie G (1974). Tridimensional reconstruction of the rat thymus. Anat Rec. 179: 517–526.
Schuurmann HJ, van de Wijngaert FP, Huber J, Schuurmann RKB,
Zegers BJM, Roord JJ, Kater L (1985). The thymus in „bare lymphocyte“ syndrome: Significance of expression of major histocompatibility complex antigens on thymic epithelial cells in intrathymic
T-cell maturation. Hum Immunol. 13: 69–82.
Schuurman HJ, Kuper CF, Kendall MD (1997). Thymic microenviroment at the light microscopic level. Microsc Res Tech. 38: 216–226.
Slípka J, Pospíšilová V, Slípka JJr (1998). Evolution, development
and involution of the thymus. Folia Microbiol. 43 (5): 527–530.
Staal FJT, Weerkamp F, Langerak AW, Hendriks RW, Clevers HC
(2001). Transcriptional control of T lymphocyte differentiation.
Stem Cells. 19: 165–179.
Taub DD, Longo DL (2005). Insights into thymic aging and regeneration. Immunol Rev. 205: 72–93.
Varas A, Sacedón R, Hernandez-López C, Jiménez E, Garcia-Ceca J,
Arias-Díaz J, Zapata AG, Vicente A (2003). Age-dependent changes
in thymis macrophages and dendritic cells. Microsc Res Techn. 62:
501–507.
Varga I, Pospíšilová V, Gmitterová K, Gálfiová P, Polák Š, Galbavý
Š (2008). The phylogenesis and ontogenesis of the human pharyngeal region focused on the thymus, parathyroid, and thyroid
glands. Neuroendcrinol Lett. 29 (6): 837–845.
Vicente A, Varas A, Moreno J, Sacedon R, Jimenez E, Zapata AG
(1995). Ontogeny of rat thymic macrophages. Phenotypic characterization and possible relationship between different cell subsets.
Immunology 85: 99–105.
Vojtaššák J, Čársky J, Danišovič Ľ, Böhmer D, Blaško M, Braxatorisová T (2006). Effect of pyridoxylidene aminoguanidine on human
diploid cells B-HEF-2: in vitro cytotoxicity test and cytogenetic
analysis. Toxicology in Vitro 20: 868–873.
Von Gaudecker B, Kendall MD, Ritter MA. Immuno-electron microscopy of the thymic epithelial microenviroment. Microsc Res Tech
1997; 38: 237–249.
Waal de EJ, Rademakers LHPM (1997). Heterogeneity of epithelial
cells in the rat thymus. Microsc Res Tech. 38: 227–236.
Wakkach A, Guyon T, Bruand C (1996). Expression of acetylcholine
receptors gene in human thymic epithelial cells: implications for
myasthenia gravis. J Immunol. 157: 3752–3760.
Wakkach A, Poea S, Chastre E, Gespach C, Lecerf F, de la Porte S,
Tzartos S, Coulombe A, Berrih-Aknin S (1999). Establishment of
a human thymic myoid cell line. Phenotypic and functional characteristics. Am J Pathol. 155 (4): 1229–1240.
Wekerle H, Ketelsen UP, Ernst M (1980). Thymic nurse cells. Lymphoepithelial cell complexes in murine thymuses: morphological
and serological characterzation. J Exp Med. 151: 227–237.
Weerkamp F, De Haas EFE, Naber BAE, Comans-Bitter WM, Bogers
AJJC, Van Dongen JJM, Staal FJT (2005). Age related changes in cellular composition of the thymus in children. J Allergy Clin Immunol. 115 (4): 834–840.
Wijngaert FP van de, Kendall MD, Schuurman HJ, Rademakers
LHMP, Kater L (1984). Heterogeneity of human thymus epithelial
cells: an ultrastructural study. Cell Tissue Res. 237: 227–237.
Wood GW (1985). Macrophages in thymus. Surv Immunol Res. 4:
179–191.

Neuroendocrinology Letters Vol. 30 No. 3 2009 • Article available online: http://node.nel.edu

283

