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Abstract 
There were investigated 22 cases from which the thymic tissue was removed either during surgery for cardiovascular malformations 
(n = 14), or for myasthenia gravis (n = 8). Histological sections were stained with routine morphologic methods, and immunohistochemistry 
was performed for cytokeratin, CD20, CD3, and S100 protein. Aspects characteristic for thymus involution were found in 11 cases without 
myasthenia gravis and in all cases with myasthenia gravis. Morphological changes of the thymus of involution are age-dependent. 
There were characterized stages of involution, with special reference to cortical – medulla inversion, lymphocyte depletion and 
sequestration. In advanced-stage of involution, epithelial cells are arranged in cords or compact islands, and could mimic a thymoma or a 
metastatic carcinoma. The immunohistochemical profile is similar but not identical to the active thymus. We noticed a decreased 
expression of cytokeratin, and a reduced number of CD3, CD20, and S100 positive cells. Morphologic and immunohistochemical 
peculiarities of the thymus of involution are discussed in relation with the specific pathology of the organ. 
Keywords: thymus, involution, epithelial cells, immunohistochemistry, myasthenia gravis. 

 Introduction 

The thymus plays a crucial role in the development 
of the immune system of the organism. With ageing, the 
thymus undergoes involution, the cortex of specific 
lobules becomes thinner and parenchyma is gradually 
replaced with adipose tissue. Initially, this process was 
thought to occur at puberty, but now it is known that the 
relative decrease in the volume of the thymus is noticed 
even in the childhood [1, 2].  

In the adult human, the thymus consists of a mass of 
adipose tissue that contains some islands of parenchyma 
with epithelial cells and few lymphocytes [3, 4]. 

Involution of the thymus induced by ageing, also 
known as physiological involution, is a gradual process 
characterized by changes that lead to atrophy. 
This process is never complete, because small islands of 
thymus tissue maybe found even in individuals over 
80 years old. The usual morphologic examination 
reveals the relative decrease in the number of T cells, 
accompanied by the involution of both cortical and 
medulla stromal epithelial cells.  

In the early stage, it is noticed a significant decrease 
in the number of T cells of the cortex, without 
significant changes of epithelial cells that become 
prominent. Usually, in this stage there are not found 
significant changes in the medulla.  

In advanced-stage there is found a marked decrease 
in the number of T cells and epithelial cells of the 
cortex, and the parenchyma is gradually replaced by 
adipose tissue [5].  

Therefore, the remaining thymic parenchyma shows 
epithelial islands and thin cords that contain only few 
lymphocytes. In the islands there are found Hassall 
corpuscles located close each other, some of them with 
cystic transformation. Over 40 years it is found a 
significant decrease in the number of S100 protein 
positive cells, without significant changes in the number 
of epithelial cells [6].  

Consecutive to these changes, the macroscopic 
parenchyma of the thymus cannot longer be recognized, 
and only the adipose tissue is visible. Step sections 
performed from the adipose tissue and microscopic 
examination may identify remnants of thymus 
parenchyma. Occasionally, the epithelial component of 
the involutedly thymus maybe small nodular (probably 
representing epithelial hyperplasia), and could create the 
false impression of a microthymoma or even a 
metastasis of a well-differentiated carcinoma [7]. In this 
paper, we investigated the peculiar aspects of the 
involution of the thymus, as a possible pitfall in the 
histopathologic diagnosis. 

 Material and methods 

There were investigated 22 cases, with age between 
one day and 45 years, from which the thymus was 
removed during surgical interventions for 
cardiovascular malformations (n = 14) or with 
therapeutic intention in cases with myasthenia gravis 
(n = 8). Specimens were formalin-fixed paraffin-
embedded using the standard histological technique.  
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Initial sections were stained with Hematoxylin–
Eosin and trichrome Masson staining methods. 
Additional sections were used for immunohisto-
chemistry and stained for the expression of high 
molecular weight cytokeratin (clone 34betaE12),  
CD20 (clone L26), CD3 (polyclonal), and S100 protein 
(polyclonal). Antigen retrieval was performed  
with microwave in citrate buffer pH6 (15, 5, 25, and 
5 minutes, respectively).  

The working system was LSAB2 for all antibodies, 
and the final reaction product was visualized with  
3,3’-diaminobenzidine as chromogen in brown. Nuclei 
were stained with Lillie’s modified Hematoxylin.  
After dehydration and clarification, sections were 
mounted with permanent medium. Examination was 
performed with Eclipse600 Nikon microscope, and 
images were captured with Coolpix950 digital camera.  

 Results 

Characteristic aspects of involution of the thymus 
parenchyma were found in 11 from 14 cases without 
myasthenia gravis and in all cases with myasthenia. 
Microscopically, the involution was characterized by 
the presence of the thymic tissue organized as islands 
and cords surrounded by variable amount of adipose 
tissue (Figure 1a).  

The diameter of the islands of thymus parenchyma 
was largely dependent on the age of the patient. Over 
20 years, only small islands consisting of epithelial cells 
and lymphocytes were noticed. Frequently, the lobular 
architecture was lost. In these islands, we identified 
follicular hyperplasia on six from eight patients with 
myasthenia gravis; the follicles were large, show 
germinative center, and were located in the remaining 
medulla (Figure 2a).  

We noticed elements that are characteristic for the 
involution even before puberty, in the perinatal period 
(the first month of life) and in two children 4 years old. 
These changes become more evident after 12 years, 
when the adipose tissue gradually replaces the thymus 
parenchyma. One of the first signs of involution is the 
cortical lymphocyte depletion that imparts the aspect of 
„lymphocyte inversion” (with relative higher density in 
the medulla). In such cases, the medulla tends to be 
more intensely stained than the cortex (Figure 1b).  

Medulla is the last component of the thymus 
involved in this process, islands or cords with typical 
morphology being identified in cases with more than 40 
years (Figure 2b). In many cases, the differences from 
the medulla of the active prepuberal thymus are 
minimal, excepting for the severe degenerative changes 
of Hassall corpuscles.  

Lymphocyte depletion is often associated with focal 
concentration of epithelial cells, which may show two 
aspects. One variant is represented by the arrangement 
of epithelial cells as anastomosed cords that include 
smaller or larger groups of remnant lymphocytes 
(Figure 1c). As the involution progresses, epithelial 
cells form conglomerates that are oval or irregular in 
shape and contain just scattered lymphocytes 
(Figure 1d).  

The epithelial cells of these islands are frequently 
spindle in shape, the nucleus has fine granular 
chromatin and the cytoplasm is acidophilic. Sometimes, 
epithelial cells may contain nuclei with coarse 
chromatin, irregular borders and differences in size from 
a cell to another, and they are called „pseudoatypical” 
(Figure 3). Such cells were found as isolated elements in 
thin cords of involution and they must not be confused 
with malignant cells. 

The immunohistochemical profile of the involutedly 
thymus is similar, but not identical with that of the 
prepuberal active thymus. The intensity of the 
immunohistochemical reaction for high molecular 
weight cytokeratin was reduced, and restricted to the 
aggregates of epithelial cells (Figure 4a).  

The number of CD20 positive cells was significantly 
reduced in the remaining medulla, with heterogeneous 
distribution around Hassall corpuscles (Figure 4b).  

The immunoreaction for CD3 was intensely positive 
(Figure 4c), but the number of T cell from both cortex 
and medulla was reduced in comparison with the active 
thymus. S100 protein positive cells were rare in the 
medulla and Hassall corpuscles (Figure 4d), and absent 
in cases with age over 40 years.  

The immunohistochemical profile was useful to 
characterize the so-called pseudoatypical cells, which 
maybe show nuclei with irregular border and shape 
(Figure 5). 

 Discussions 

Involution of the thymus has not a linear regressive 
character, because in the neonatal human thymus is 
noticed a severe and transient CD4+ CD8+ lymphocyte 
depletion. The depletion is associated with functional 
changes of the other cell components [8].  

This phenomenon is confirmed on preparations 
stained with conventional methods, which reveal a  
thin cortex with few Cd1+ cells. Early precursors of  
T cells express CD34, but in newborn the majority 
(75%) is CD1 negative. The increase in the number  
of CD34 positive precursors signal out regeneration of  
T cells toward the end of the first month of life [9–11].  

The involution of the thymus may be noticed even  
in the first day of the postnatal life and lasts for 20  
to 30 days. The proportion of T cells found in  
apoptosis is 3 to 4 times higher in the newborn  
than in the child, and the majority are CD3 negative 
cells. Changes in the number of T cells are not 
accompanied by significant phenotypic changes of 
epithelial cells. At present time, the transient neonatal 
involution of the thymus is thought to be physiological, 
and occurs as a result of the prolonged exposure of the 
fetal thymus to maternal corticosteroids. From the 
second month of postnatal life, the number and 
immunophenotype of T cells are normal for the 
immunological active thymus [12]. 

Another involutive model, unrelated with ageing, is 
called accidental or stress induced involution. This 
model is frequently found in the case of a severe stress 
with direct effect on the thymus, and it is based on the 
release of large amounts of corticosteroids [13].  
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Figure 1 – Island of involuted thymic tissue surrounded by adipose tissue (Masson stain, ×400 – a). Inversion between 
cortex and medullar, with epithelial cells prominent in the periphery of the lobule (HE stain, ×200 – b). Lymphocytes 

sequestrated between cords of epithelial cells (Masson stain, ×400 – c). Island of epithelial cells surrounded  
by residual lymphocytes (Masson stain, ×400 –d) 

 

Figure 2 – Secondary lymphoid follicle in the thymus medulla, myasthenia gravis (HE stain, ×200 – a).  
Island of involuted thymic tissue, with arrangement characteristic for the medulla (HE stain, ×400 – b) 

 

(a) (b)

(a) (b)

(c) (d)
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Figure 3 – Perivascular epithelial thymic cells  
(Masson stain, ×200) 

Figure 5 – Aggregate of epithelial cells without lymphocytes 
between them. Note the irregular borders of nuclei, the 

weak cytoplasm acidophilia (Masson stain, ×400) 
 

 

Figure 4 – Weak expression of cytokeratin in epithelial cords of the involuted thymus. Immunoreaction for high molecular 
weight cytokeratin 34betaE12, ×400 (a). Heterogeneous distribution of CD20 positive cells around Hassall corpuscle, 

×400 (b). CD3 positive cells with heterogeneous distribution, ×400 (c). Rare antigen presenting cells within 
and around Hassall corpuscle. Immunoreaction for S100 protein S100, ×400 (d) 

(a) (b)

(c) (d)
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Moreover, it was demonstrated that receptors for 
progesterone from epithelial cells of the thymus are 
involved in stress-induced involution, but not in the 
physiologic one.  

As a consequence of high levels of corticosteroids, 
there is a massive decrease in the number of cortical T 
cells. Microscopic examination reveals many 
degenerated cells that ultimately are engulfed by 
macrophages. The relative high number of macrophages 
gives the well-known aspect called „starry sky”. If the 
stimulus persists long enough, the border between 
cortex and medulla is obscured, and the epithelial 
component is focally disorganized. In addition, there is 
a cystic transformation of Hassall corpuscles and occur 
some elongated structures with cystic aspect, similar 
with those found in early stages of development of 
Hassall corpuscle [14].  

The process of involution may have a rapid rate of 
progression, with complete lymphocyte depletion in 
only 7 days. Blood vessels have large diameter in 
comparison with the diameter of the lobules, containing 
fibro-hyaline area. Finally, as T cells were lost, is found 
fibrous changes of the remnant parenchyma and its 
replacement with adipose tissue. What do it remains are 
only some islands of parenchyma with few 
lymphocytes, aspect similar with that found in the 
physiologic involution. Immunohistochemically, it is 
reduced the expression of cytokeratin, also confirmed 
by our investigations. Plasma cells are present, 
sometimes in high number, and CD4 and CD8 are 
focally positive. CD1 is negative and CD2 is focally 
positive [15, 16].  

The marked decrease in the intensity of the immune 
processes in the involution is also revealed by the low 
number of S100 protein positive cells, and their absence 
in patients over 40 years old that we reported above, 
which come to demonstrate previous findings [17]. 

A third modality of thymus involution, called 
„early”, is secondary to an injury of the epithelial cells, 
and occurs in patients with acquired immunodeficiency 
syndrome. Infection with the human immunodeficiency 
virus affects both epithelial and T cells. In histological 
section it is noticed a marked involution, with T cell 
depletion in the cortex and medulla, abnormal cortical 
matrix, rich in fibronectin, the difference between 
cortex and medulla is obscured, mononuclear infiltrates, 
giant multinucleated cells, and cystic transformation of 
Hassall corpuscles or event their absence [18, 19].  

Late involution and final disorganization of the 
thymus may be observed in old individuals. One 
autopsy study performed on cases with age between 
63 and 91 years revealed the presence of rests of thymic 
tissue in all cases [20].  

Aspects were characterized by branched cords of 
non-cornified epithelial cells, containing Hassall 
corpuscles and surrounded by adipose tissue. B and T 
cells, demonstrated by immunohistochemistry, were 
located predominantly outside of the epithelial cords.  

The evaluation of the involutive character of the 
thymus parenchyma maybe sometimes difficult and this 
aspect is found especially in 20 to 25 years old patients. 
In the table below we summarize some useful criteria in 

order to make the difference between the „normal 
mature” thymus as it is found in the child and teenager, 
and the thymus of involution, as it is found in the adult.  

Table 1 – Differences between mature, active thymus 
and involution (after Suster S and Moran CA, 1999 

[21, 22] modified) 
Normal mature  

thymus („active”) 
Normal involutedly 

thymus (adult) 
▪ Lobulation: present; 
▪ Cell population: epithelial and 

lymphocytes; 
▪ Well-defined cortex and medulla; 
▪ Perivascular spaces; 
▪ Area of medulla differentiation; 
▪ Absence of cytological criteria of 

malignancy. 

▪ Spindle or oval in shape 
epithelial cells, arranged in 
small groups or cords 
included in adipose tissue;

▪ Cystic degeneration; 
▪ Glandular structures; 
▪ Rosette-like epithelial 

structures. 

These criteria are important in the pathologic 
diagnosis of thymoma, because cases that show these 
elements are thought to be well differentiated. 
All tumors that lost the organotypical characters are less 
differentiated.  

 Conclusions 

The morphological and immunohistochemical 
investigation of the thymus from 22 patients, aged 
between 1 day and 45 years revealed the following 
aspects: involution of the thymus is not linear, and 
transient involution maybe noticed in the first month 
after birth and around 4 years; initial stages of the 
postpuberal involution begin in the cortex and is 
characterized by lymphocyte depletion; immunohisto-
chemically, it was found a marked reduction of CD3, 
CD20 and S100 protein positive cells; in some cases, 
epithelial cells aggregate and form compact islands that 
maybe mistaken with a metastasis or a thymic 
carcinoma. 
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