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IMMUNOHISTOCHEMICAL STUDY

The normal human newborns thymus
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Abstract: The thymic microenvironment constitutes a unique cell environment composed of thymic epithelial
cells, myoid cells, and bone marrow-derived accessory cells for the differentiation, maturation and selection of
T lymphocytes. The histological feature of thymus is markedly dependent on the age of individual and on vari-
ous negative stimuli. Our study group consisted of fourteen newborns whose thymuses were removed during
surgery performed for various congenital heart defects. We used a palette of seven monoclonal antibodies for
exact localization of different cells creating the thymic microenvironment (cytokeratin AE1/AE3, desmin, actin,
S100 protein, CD68, CD20, and CD45R0) as well as three monoclonal antibodies against proteins regulating
the process of apoptosis (bcl2 oncoprotein, p53 protein, and survivin). We described and microphotographically
illustrated the localization of thymic cytokeratin AE1/AE3-positive epithelial cells (subcapsular part of the cortex
and medulla, especially Hassall’s corpuscles), dendritic cells (medulla, often inside the Hassall's corpuscles),
thymic myoid cells (medulla, often in close contact with Hassall's corpuscles), macrophages (mostly cortex,
but also medulla and inside the Hassall’s corpuscles), B lymphocytes (thymic medulla) and CD45RO-positive
T lymphocytes (mostly thymic cortex). We found p53-positive thymic epithelial cell nuclei in subcapsular part
of cortex and in outer epithelial cell layer of Hassall's corpuscles (very similar to the basal layer of epidermis).
Bcl2 positive lymphocytes were mostly localized in thymic medulla, especially nearby Hassall’s corpuscles. The
thymuses were mostly survivin-negative with exception of round cells in border between cortex and connec-
tive tissue septa (probably migrating progenitor cells) (Tab. 1, Fig. 14, Ref. 66). Full Text in PDF www.elis.sk.
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Since the first description by Claudius Galenos of Pergamon
(130-200 AD), the thymus has remained an “organ of mystery”
throughout the 2,000 years of history of medicine (1, 2). The thy-
mus is an important organ for the development of T lymphocyte
dependent immune system. Such an important thymus, however,
is known to start to involute around at puberty and its function
is believed to become marginal in the late adulthood and in the
elderly (3). Most people believe that atrophic fatty thymuses of
human adults are not working anymore, while, Douek et al (4)
reported that the thymuses of human adults were still capable of
producing T lymphocytes. Therefore we think that the classical
Czech and Slovak term for thymus as “child gland” is not suitable.

The general microscopic description of human thymus is very
complicated, because the thymus is a very dynamic organ that
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rapidly changes under exogenous negative stimuli (e.g. hormones,
pesticides, certain diseases, poor nutrition, stress, and radiotherapy)
and it involutes with age (5-7). The thymus is most active during
fetal and early postnatal period, generating a diverse repertoire of
T lymphocytes (8). One of the most striking features of thymus
physiology is its age-related involution with dramatic decrease in
cellular content and volume of the organ. But the persistent parts
of thymus after age-related involution localized inside the adipose
tissue are not only simple thymic fragments. They are composed
of cortical and medullar portions (3), and are actually capable of
providing a certain number of T lymphocytes in young and old
adults (9).

Thymus plays an important role in providing a suitable mi-
croenvironment for the proliferation, differentiation, TCR gene
rearrangement and repertoire selection of T cells (10, 11). The dif-
ferentiation of T cells is a carefully orchestrated process supported
by the thymic microenvironment, composed of thymic epithelial
cells, fibroblasts, thymic myoid cells, and bone marrow-derived
accessory cells such as B lymphocytes, macrophages and dendritic
cells (12, 13). The mechanisms by which mutual interactions be-
tween T lymphocyte precursors and thymic stromal cells control
T lymphocyte differentiation have been the subject of extensive
studies, leading to an increasing understanding of the mechanisms
of thymic education process (14, 15).

Newborn, whether premature or of normal gestational age, is
a unique host from an immunological perspective. A certain re-
duction of the functional capabilities of many components of the
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Tab. 1. Characteristics of the used monoclonal antibodies.

Expression of

Description

Detection of

Catalog Code Number

Cytokeratin AE1/AE3

Family of water-soluble proteins that form the cytoskeleton of epi-
thelial cells

S100 Ca2+-dependent regulation of a variety of intracellular activities,
e.g. protein phosphorylation, cell proliferation, and differentiation

CD68 Glycoprotein highly expressed by human monocytes and tissue
macrophages

Desmin Forms a cytoskeletal network across the muscle fibre, specific for
smooth and striated muscle cells

Actin Belongs to the microfilament system of cytoskeleton proteins of
smooth muscle cells, myofibroblasts and myoepithelial cells

Survivin Member of the inhibitor of apoptosis protein family, suppresses
apoptosis and regulates cell division

pS3 Inhibits DNA replication and is a check-point control molecule for

Bcl2 oncoprotein

progression of the cell cycle

Plays a central role in apoptosis, blocker of apoptotic cell death

CD20 Located on the surface of B cells. CD20 appears early during B-cell
maturation and is lost shortly before the terminal plasma cell stage.
CD45RO Antibody labels most thymocytes, a subpopulation of resting T cells

Thymic epithelial
cells

Dendritic cells

Macrophages

Thymic myoid cells

Thymic myoid cells

Apoptosis

Apoptosis

Apoptosis

B- lymphocytes

T- lymphocytes

Dako, Denmark,
No. M3515

Dako, Denmark,
No. Z0311

Dako, Denmark,
No. M0876

Dako, Denmark,
No. M0724

Dako, Denmark,
No. M085129

Dako, Denmark,
No. M3624

Dako, Denmark,
No. M7001

Dako, Denmark,
No. M0887

Dako, Denmark,
No. M0755

Dako, Denmark,

within both CD4 and CD8 subsets, and mature, activated T cells

No. M0742

immune system observed in neonates compared with adults has
been explained on the basis of both the immaturity and the naiveté
of the neonatal immune system. After delivery thymus undergoes
a transient involution with changes in thymic microenvironment
(16). In our preliminary immunohistochemical study we described
the localization of different cells creating the thymic microenvi-
ronment as well as the markers of apoptosis in thymuses from
normal human newborns.

Patients and methods

The study group consisted of 14 newborns (from delivery to
1 month of age) whose thymuses were removed (partial thymec-
tomy) during surgery performed for various congenital heart de-
fects (e.g. ventricular septal defect, atrioventricular septal defect,
tetralogy of Fallot).

The specimens were fixed in formalin for 24 h, embedded in
paraffin, and Spm thick sections were used for immunohistochem-
istry. Sections were stained for the expression of cytokeratin AE1/
AE3, desmin, actin, S100 protein, CD68, CD20 and CD45RO,
for complex visualization of all cells which create the thymic mi-
croenvironment. We used also antibodies against pro-apoptotic
and anti-apoptotic proteins (p53 protein, bcl2 oncoprotein and
survivin) for visualization of the process of apoptosis in thymus
(Tab. 1). The final reaction product was visualized with diamino-
benzidine as chromogen in brown. Cell nuclei were stained with
Mayer’s hematoxylin.

Histological examination was performed by LEICA DM2500
microscope and images were captured with LEICA DFC290HD
digital camera.

Results

Cytokeratines are a family of water-soluble proteins which form
one type of intermediary filaments. They participate in the forma-
tion of epithelial cell cytoskeleton. In our slides, cytokeratin AE1/
AES3 positivity of some thymic epithelial cells was found. They
were localized mostly in subcapsular region of cortex creating very
tiny stripe dividing cortex from tissue capsule and septa of thymus
(Fig. 1). Moreover, cytokeratine AE1/AE3 positive epithelial cells
were detected to be part of thymic Hassall’s corpuscles (Fig. 2).

We observed sections stained by two different markers for
myoid cells. Myoid cells of thymus have spindle-like shape with
centrally localized nucleus which was negative for actine and des-
min (Figs 3, 4). Myoid cells were localized in medulla exclusively
and often in tight proximity of Hassall’s corpuscles. In few cases
these cells were included in outer layer of Hassall’s corpuscles.

S100 protein positive components of thymus, interdigitating
dendritic cells including, showed marked positivity in thymic
medulla and cortico-medullary junction (Fig. 5). Cells were lo-
calized nearby Hassall's corpuscles and also in some cases inside
the Hassall’s corpuscles, too (Fig. 6). In the cortex, presence of
positive cells was very rare.

CDo68-positive cells, macrophages, were detected in every
part of thymus, in cortex, medulla and even in connective tissue
septa. The highest prevalence was observed in cortical part (Fig.
7) and cortico-medullary junction where these cells were deployed
equally. Hassall’s corpuscles included CD68-positive cells in their
structure as well (Fig. 8).

CD20 positive cells — B lymphocytes — were localized exclu-
sively in thymic medulla (Fig. 9) and CD45RO positive cells — T
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Fig. 1. Thymic cortex of three week old male
with congenital malformation of tricuspid
valve; cytokeratin AE1/AE3-positivity of sub-
capsular epithelial cells (Magn. 400x).

Fig. 4. Thymic medulla of four week old male
with congenital stenosis of aortal valve; spin-
dle-shape myoid cells (anti-desmin) (Magn.
400x).

Fig.7.Thy

nary valve atresia; macrophages in thymic cortex
(anti-CD68, CAPS —capsule, COR-cortex, MED
— medulla, HB — Hassall’s body) (Magn. 200x).

Fig. 2. Thymic medulla of four week old male
with transposition of great arteries; cytoker-
atin AE1/AE3-positivity of epithelial cells of
Hassall’s corpuscle (Magn. 400x).
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Fig. 5. Thymus of four week old female with
ventricular septal defect; positivity of medulla
on S100 protein (CAP — capsule and septum,
COR - cortex, MED — medulla) (Magn. 100x).

Fig. 8. Thymic medulla of four week old male
with double-outlet right ventricle; macro-
phages inside the Hassall’s corpuscles (anti-
CD68) (Magn. 400x).

with hypoplastic left heart syndrome; spindle-
shape myoid cells between Hassall’s corpuscles
(anti-actin) (Magn. 400x).
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Fig. 6. Thymic medulla of one week old male
with double-outlet right ventricle; S100 pro-
tein-positive structures inside the Hassall’s cor-
puscles (Magn. 400x).

Fig. 9. Thymic medulla of four week old male
with double-outlet right ventricle; CD20-posi-
tive B lymphocytes concentrated around Has-
sall’s corpuscles (Magn. 400x).

lymphocytes — were localized throughout thymic parenchyma,
but mostly in thymic cortex (Fig. 10). Numerous CD20 positive
cells were especially concentrated around Hassall’s cospuscles.

P53 protein as an apoptosis inductor was demonstrated in
nuclei of some thymic epithelial cells. These positive cells were
localized exclusively in subcapsular region of the cortex (Fig. 11)
and forming outer layer of flattened cells of Hassall’s corpuscles
(Fig. 12).

Oncoprotein bel2 prevents apoptosis and interpretation of im-
munohistochemical proof showed that the majority of positive cells
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occur in medulla, less in cortex. In general, lymphocytes nuclei
showed positivity, the most of them localized in medulla, in cortex
bel2-positive cells occurred occasionally. The highest positivity
was observed in lymphocytes nuclei close to the Hassall’s cor-
puscles (Fig. 13). This fact may represent a connection between
Hassall’s corpuscles and regulation of lymphocytes apoptosis.
Survivin, anti-apoptosis protein, showed negativity in majority
of examined thymuses. But occurrence of survivin-positive cells
(cytoplasmic positivity) in subcapsular region of cortex, on bor-
der of cortex and connective tissue capsule, was a very interest-



Fig.10. Thymus of three week old male with trans-
position of great arteries; CD45RO-positive T

lymphocytes localized mostly in cortex (COR)

B, ,
Fig. 13. Thymic medulla of four week old fe-
male with ventricular septal defect; Bel2-posi-

tive lymphocytes concentrated around Hassall’s
corpuscles (Magn. 400x).

| & - ysroana

ing finding (Fig. 14). We assume that these cells can be migrating
progenitor cells originating from bone marrow.

Discussion

Thymic myoid cells and desmin and actin

Cells with myofibrils and all of the characteristics of striated
muscle fibers are present in the thymuses of various species of
fish, amphibians, reptiles, birds and mammals. They are especially
abundant in the thymuses of young individuals (17). The thymic
myoid cells were first noted in 1888 by Mayer, who saw them in
the frog thymus; they were described as a long, spindle-shaped
cells showing distinct striations and closely resembling rudimen-
tary skeletal muscle fibers (18). In human, myoid cells are rare and
located mainly in the medulla (19) and are most abundant in fetal
development (17). These conclusions are similar to our results, we
found spindle-shaped myoid cells in the medulla, often in a close
relationship with Hassall’s corpuscles, in newborns thymuses.

Thymic myoid cells express muscle proteins including des-
min, actin, five subunits of acetylcholine receptor, myosin, tropo-
nin and myogenic transcription factor (20, 21). From this palette
of proteins in our study we used monoclonal antibodies against
desmin and actin. Desmin belongs to the class III of intermediate
filaments, constituting part of the cytoskeleton, and is the char-
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Fig. 11. Thymic cortex of four week old female with
ventricular septal defect; pS3-positive nuclei of ep-
ithelial cells (arrows) in subcapsular region (CAP
(CAPS—capsule, MED —medulla) (Magn. 200x). —capsule, HC—Hassall’s corpuscle) (Magn. 400x).

with double-outlet right ventricle; p53-positive
nuclei of epithelial cells (arrows) forming outer
layer of Hassall’s corpuscle (Magn. 400x).

transposition of great arteries; survivin-positive
cells (arrows) in borderline between connective
tissue capsule (CAP) and cortex (COR) (Magn.
400x).

acteristic intermediate filament of all three types of muscle cells
(skeletal, cardiac and smooth muscle) (22). Cytoplasmic actins
belong to the microfilament system of cytoskeleton proteins of
smooth muscle cells, myofibroblasts and myoepithelial cells (23).

The embryonic origin and exact role in thymic physiology of
myoid cells are unknown. Hammar (24) considered that established
thymic epithelial cells may give rise to myoid elements. Raviola
and Raviola (25) conclude on the basis of ultrastructural studies
that muscle filaments may develop in cells that closely resemble
thymic epithelial cells. Van de Velde and Friedman (17) described
extra-thymic origin of myoid cells from perithymic mesenchyme
that enter the thymic primordial secondary. Today, the hypothesis
of Nakamura and Ayer-Le Liére (26) is the most accepted, where
they suggest a neuroectodermal origin of myoid cells. That is, they
are derivatives of the neural crest.

The biological role of myoid cells is not yet clear. Raviola
and Raviola (25) suggest that myoid cells play a mechanical role
in facilitating lymphocyte passage through the thymus by their
spasmodic contraction. On the other hand, Tamiolakis et al (27)
demonstrated that myoid cells are involved in the formation of a
suitable microenvironment for proliferation of erythropoietic cells
in fetal thymuses between 16th and 20th week of development.
Mesnard-Rouller et al (20) suggest that since myoid cells express
high level of most muscle genes and are consistently found in the
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thymic medulla, they may contribute to the mechanisms involved
in the induction and maintenance of immune tolerance. Myoid cells
have, similarly to thymic epithelial cells, surface receptors for ace-
tylcholine (28). Thereby, it is presumable that both cell types can
play an initial role in the auto-sensitization during the autoimmune
disease myasthenia gravis. In recent years, the involvement of my-
oid cells in pathogenesis of myasthenia gravis has been suggested
(29, 30). In opposite, according to Matsumoto et al (31) expansion
of myoid cells in thymus may not directly cause myasthenia gravis.

Wakkach et al (32) demonstrate the excessive production of
TNF-a and IL-8 in tissue cultures of myoid cells. These factors
presumably protect lymphocytes from apoptosis and myoid cells
play an important role in the differentiation of T lymphocytes. The
protective effect of myoid cells against apoptosis of lymphocytes
in in vitro conditions is described also by Le Pensé-Ruskoné and
Berrih-Aknin (21) and Panse and Berrih-Aknin (33), and in vivo
by Varga et al (34).

Thymic epithelial cells and cytokeratins AE1/AE3

Many authors were concerned with the study of heterogeneity
of the thymic epithelial cells, but it wasn’t until Wijngaert et al
(35) that they were classified in humans. The criterion was based
on the ultrastructural morphology. The heterogeneity of the epi-
thelial cells of the thymus manifests not only morphologically,
but also in phenotype expression of different markers. Certain
subtypes of thymic epithelial cells - the medullary epithelium and
the subcapsullar epithelium - show strong immunohistochemical
reactivity with antisera against oxytocin, Arg-vasopressin and
neurophysin. The epithelial nature of the neuropeptide contain-
ing cells is shown by their morphology and their reactivity with
monoclonal anti-cytokeratin AE1/AE3. Hassall’s corpuscles are
positive as well (36). The different positivity for cytokeratin AE1/
AE3 among epithelial cells was also seen in our study.

The thymic epithelial cells support the development of the or-
gan specific tumors of the thymus, known thymomas. Thymoma is
a relatively rare neoplastic condition with unpredictable behavior
and few molecular factors were shown to be useful to predict the out-
come of the patient (37). Positivity of epithelial cells on cytokeratin
AE1/AE3 is used for differential diagnosis of primary thymic epithe-
lial tumors of the pleura mimicking malignant mesothelioma (38).

Bone marrow-derived cells of thymus

In the thymus the bone-marrow derived cells include T-lin-
eage cells as the dominant cell type, together with a low level
of B lymphocytes, macrophages and dendritic cells. Monocytes
entering the thymus differentiate into macrophages, which are
situated mainly in the cortex and on the cortico-medullary junc-
tion, or into dendritic cells, which are typical for the medulla and
cortico-medullary junction (39).

CD68 protein belongs to a family of lysosomal glycoprotein/
plasma membrane shuttling proteins that play a role in endocy-
tosis and/or lysosomal trafficking. CD68 is expressed strongly in
cytoplasmic granules, and weakly on the surface of macrophages,
monocytes, neutrophils, basophils and NK-cells. Unlike many
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other CD leukocyte antigens, the CD68 molecule is antigenically
very heterogeneous, and different antibodies to CD68 show dif-
ferent cellular reactivity (40). The function of macrophages dur-
ing T lymphocytes development is not completely understood. It
seems clear that macrophages participate in the removal of apop-
totic lymphocytes, because almost all lymphocytes (95-97 %) are
removed by apoptosis during their development in the thymus.
Therefore the cortical macrophages are professional “scavengers”
of apoptotic cells (41). Less accepted is, however, macrophages
implication in the regulation of the survival, proliferation, MHC
restriction, or negative selection of developing lymphocytes (42).

Dendritic cells are professional antigen presenting cells that
form a dynamic network throughout most tissues and organs and
that are crucial for the immune surveillance of the body. Human
thymus contains two distinct populations of dendritic cells with
typical dendritic morphology (43). The identification of the thymic
dendritic cells is not possible using conventional light microscopy.
They can be easily identified using monoclonal antibodies. For
immunohistochemical demonstration of thymic dendritic cells we
used antibodies against S100 protein, which was previously used
by Savchenko et al (44), Lee and Wright (45) and Aita et al (46).
We found S100 positive cells not only in medulla, but also inside
the Hassall’s corpuscles. That confirms the existence of dendritic
cells inside the Hassall’s corpuscles as was previously described
by Raica et al (47) and Raica et al (48).

Thymus and markers of apoptosis (p53, bcl2 and survivin)

Majority of publications in databases Web of Science, Medline/
PubMed or Scopus about expression of apoptosis markers deals
only with thymic neoplasm. Many researchers focused on the ex-
pression of p53, Bel2 and survivin as a very important diagnostic
tool in thymic pathology, especially in thymic epithelial neoplasm,
where the classification remains controversial (49).

Several oncogenes and tumor-suppressor genes are known to
regulate apoptosis. The p53 protein is a nuclear phosphoprotein
and normally mediates apoptosis (50). Wild-type p53 protein is
present in a wide variety of normal cells, but the protein has a very
short half-life and thus is present in only minute amounts (51),
generally below the detection level of immunocytochemical meth-
ods (52). Wild-type p53 protein functions as a transcription factor,
i.e. as a modulator which can turn crucial genes either on or off.
It also inhibits DNA replication and is a check-point control mol-
ecule for progression of the cell cycle. Furthermore, p53 protein
is involved in the regulation of apoptosis (53, 54). We observed
strong p53 nuclear staining in outer cell layer of epithelial cells
of Hassall’s corpuscles and subcapsular epithelial cells. Positiv-
ity of p53 in epithelial cells was also described by Di Como et al
(55) and Dotto et al (56). The expression of p53 between outer
layer of epithelial cells of Hassall’s corpuscles and basal layer of
epidermis of skin is very similar. In the epidermis the positivity
for p53 protein occurs only in the basal layer (57).

Bcl2 oncoprotein is a blocker of apoptotic cell death. Gene
transfer experiments have shown that elevated levels of this
protein can protect a wide variety of cells from diverse cell
death stimuli ranging from growth factor withdrawal and cyto-



toxic lymphokines to virus infection and DNA-damaging, an-
ticancer drugs and radiation (58, 59). Bcl2 protein was strong-
ly expressed in medullary lymphocytes of normal thymuses
also in study of Park et al (60). A strong expression of Bcl2
protein is typical also in cases of thymic carcinomas (61).

Recently, antiapoptic protein survivin is in the centre of inten-
sive medical research. It can be detected in tissues especially dur-
ing embryonic and fetal development in most types of malignant
tumors, but it is expressed relatively poorly in normal adult tissues
(62, 63). Increased expression of survivin is in many malignant
diseases associated with aggressive tumor growth, decreased sur-
vival of patients and impaired response to chemotherapy treatment
(64, 65). Survivin is very important in cell death, as well as in cell
proliferation. We assume that survivin-positive cells detected at
the interface of connective tissue septa and cortex are actively di-
viding progenitor cells of T lymphocytes. This hypothesis is also
evidenced by results of Xing et al (66), who suggests that survivin
in the thymus does not play a role in apoptosis, but is important
for the maturation and proliferation of T-lymphocytes.
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