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Summary. Cyclosporin A is an immunosuppressive 
drug, which disrupts the activation of peripheral T- 
lymphocyte pool and blocks the maturation of thymo- 
cytes within the thymus. Normally, thymic nonlymphoid 
cells provide the optimal inductive microenvironment 
for development of T-lymphocytes. After application of 
cyclosporin A the complex alterations of the thymic 
microenvironment occur, affecting all  types of 
nonlymphoid cells. 

All subsets of thymic epithelial cells are thoroughly 
changed. The subcapsular epithelial cells show the 
proGinent enlargement of cytokeratin contents. In 
electron microscopy, however, these cells present the 
morpho-functional aspect of resting cells. The epithelial 
cells in deeper cortex become enlarged and stockier, 
whereby their cell processes appear more ramified and 
thicker. Thus, the cytoreticulum they create seems much 
denser. These cells strongly express MHC antigens. 
Their subcellular organization is suggestive of increased 
synthetic and secretory activity. The  number of 
medullary epithelial cells is decreased. The cells with the 
most mature phenotype are the most prominently 
depleted and the ones with phenotypically and 
morphologically immature appearance predominate.The 
number of Hassall's bodies is also decreased. 

The number of cortical macrophages does not 
increase. However, these cells become enlarged showing 
the prominent changes in enzyme capacity, histo- 
chemical features and ultrastructural organization. Thus, 
they become similar to macrophages located in the 
cortico-medullary zone of the normal rat thymus. 
Cortical macrophages increase the activity of hydrolytic 
enzymes, acid phosphatase and nonspecific esterase, 
develop the strong activity of chloroacetate esterase, the 
strong activity of respiratory enzyme succinic dehydro- 
genase and begin to show the marked presence of 
prostaglandin synthase. Moreover, the cytoplasmic 
inclusions, which are aldehyde fuchsin- and PAS- 
positive and show sudanophilia, appear within cortical 
macrophages. In electron microscopy these cells show 
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an abundant cytoplasm a very active appearance and the 
variety of vacuolar cytoplasmic inclusions. The mitoses 
of neighboring thymocytes are often seen. The number 
of interdigitating cells is decreased due to reduced size 
of thymic medulla, but these cells do not show the 
substantial phenotypic changes. 

The description and classification of all types of 
nonlymphoid cells, which constitute the normal thymic 
microenvironment, is also presented. The functional 
significance and possible mechanisms of CSA-induced 
changes of the thymic microenvironment are discussed. 
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Introduction 

Thymus is a primary lymphatic organ, which 
provides the optimal inductive microenvironment for 
proliferation and maturation of bone marrow-derived 
precursor cells into functionally competent T- 
lymphocytes. Upon rearrangement of genes encoding the 
T-cell receptor (TCR), thymic lymphocytes pass through 
the processes of meticulous selection directed by 
nonlymphoid cells of the thymic milieu, which shape the 
T-lymphocyte repertoire, and seed the peripheral 
lymphatic organs (Bevan, 1997). Thymic micro- 
environment is composed of sessile and motile 
nonlymphoid cells. The former are epithelial cells and 
the latter are cells of mononuclear phagocyte system. In 
different regions of thymic tissue these cells show 
distinct phenotypic characteristics and each type of 
thymic nonlymphoid cells is believed to provide a 
specific type of influence within the distinct tissue niche 
suitable for certain stages of thymocyte maturation to 
occur (Boyd et al., 1993). Thymic nonlymphoid cells 
govern the complicated processes of T-cell production 
and deliver signals to maturing lymphocytes by direct 
cell-to-cell contacts, as well as by locally produced 
soluble factors. The former type of influence, in the first 
place, involves the interaction of self peptidelmajor 
histocompatibility complex (MHC) expressed by 
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called subcapsular epithelium, separates the connective 
tissue of capsule, septa and intraparenchymal blood 
vessels from parenchyma proper. The delicate, elongated 
cytoplasmic processes of neighboring subcapsular 
epithelial cells are anchored to each other, forming an 
unbroken barrier against the stromal connective tissue. 
This subpopulation of thymic cortical epithelial cells, in 
contrast to the epithelium in deeper cortical regions, 
does not express MHC antigens on the surface of 
cytomembranes (Fig. 2a; von Gaudecker et al., 1986, 
MiliLeviL et al., 1991). But in turn, it selectively stains 
with several antibodies (van Vliet et al., 1984; De 
Maagd et al. ,  1985; von Gaudecker et al. ,  1986; 
Kampinga et al., 1987) acd shows a characteristic cyto- 
keratin content (Fig. lb;  ColiL et al., 1989; MiliLeviL et 
al., 1992). 

Electron microscopy demonstrates the ultrastructural 
heterogeneity of cortical epithelial cells, whereby four 
subsets of these cells are easily distinguished in both 
human (van de Wijngaert et al., 1984) and rat thymus 
(De Waal et al., 1993; MiliCeviL and Milikevic, 1997). 
Type 1, "subcapsular" epithelial cells are positioned 
against connective tissue and always have a basa1 
lamina. These cells are irregularly shaped and their 
prolongations are interconnected by desmosomes. The 
nucleus is mostly euchromatic and the cytoplasm has a 
very active appearance and contains fine bundles of 
keratin tonofilaments. Type 2, "pale" epithelial cells are 
usually positioned in the outermost regions of the thymic 
parenchyma. These cells are stellate-shaped, with 
delicate cytoplasmic prolongations and show the low 
electron density of the nucleus and cytoplasm. The 
nucleus is very large, markedly euchromatic, with a 
prominent nucleolus. The cytoplasm is scanty, but 
reflects high cellular activity. The bundles of keratin 

tonofilaments are delicate and sparse in perinuclear 
cytoplasm, but are more abundant and thicker in 
cytoplasmic prolongations. Type 3, "intermediate" 
epithelial cells are located deeper in the thymic cortex 
and show higher electron density of the nucleus and 
cytoplasm in comparison to type 2 cells. The nucleus of 
these cells is smaller, with a characteristic pattern of 
chromatin organization: small condensations of 
heterochromatine are evenly dispersed throughout the 
nucleus. These cells have ample cytoplasm and massive, 
sheet-like extensions, which contain abundant 
organelles,  the most notably numerous secretory 
vacuoles. Fine bundles of tonofilaments are localized 
within the cytoplasmic prolongations. Type 4, "dark" 
epithelial cells (Fig. 3a) are positioned in the deep-cortex 
and at the cortico-medullary boundary, but may 
penetrate the thymic medulla. These cells show a very 
high electron density of the nucleus and cytoplasm. The 
clumps of heterochromatine are scattered al1 over the 
nucleus, which acquires a "tigerish" appearance. The 
nucleolus is very prominent. Cytoplasmic extensions, 
which are very long and delicate, contain numerous 
organelles, similar to the cell body. Many large secretory 
vacuoles and lipid droplets are seen, often discharging 
their contents into the intercellular space. The keratin 
bundles are ample and massive. 

After application of CSA the morphological 
appearance of epithelial cells throughout the cortex is 
substantially changed. The use of panepithelial, anti- 
cytokeratin monoclonal antibodies in light microscopy 
shows that the epithelial cells in the deeper cortex 
become coarser and stockier (Fig. 1c). Cell processes 
appear more ramified and thicker, encompassing smaller 
groups of thymocytes in comparison to the control. 
Thus, the cytoreticulum they create is much denser (Fig. 

Fig. 2. a. Normal thymus. 60th cortex (C) and medulla (M) are well developed. The delicate, spider web-like pattern of cortical epithelial MHC class II 
staining is seen. Medullary la-positive cells are densely arranged. x 220. Inset: delicate arrangement of cortical epithelium under higher magnification. 
x 460. b. Cyclosporin A-treated thymus. The size of thymic cortex (C) is preserved, whereas medulla (arrow) is greatly reduced. The coarse, dense 
pattern of cortical epithelial MHC class II staining is observed. In residual medullary tissue some la-positive cells are still present. x 220. Inset: dense. 
coarse arrangement of cortical epithelium under higher magnification. x 460. S: septum. OX-6 monoclonal antibody, two-step immunoperoxidase. 
(Adapted from MiliCevic et al., 1991. with kind permission from Kluwer Academic Publishers). 






















