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Reticular Network of the Human Thymus
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To investigate the development of the reticular network of the thymus with
aging and under pathologic conditions, we performed reticulin stains on the
following samples; 5 fetal thymi (22 to 33 weeks of gestational age) and 35
postnatal thymi (less than 1 month to 33 years of age). The latter included 1
hyperplastic thymus, 4 pathologically involuted thymi and 1 physiologically
involuted thymus as well as 29 normal thymi. Reticulin fibers were invariably
seen along the capsule and interlobular septae of all the thymi. In fetal thy-
mi, reticulin fibers circumscribed only cortical blood vessels and Hassall's
corpuscles. Postnatal thymi from the children aged less than 1 month
showed discontinuous reticulin fibers along the blood vessels of the corti-
comedullary junction. With aging, the amount of reticulin fibers incréased
and formed a "fibroreticular network(FRN)" from the branching point of the
interlobular septae along the corticomedullary junction. It completely circum-
scribed the outer medulla in fully developed thymi. In the hyperplastic thy-
mus, the reticular network retained its original structure. Both pathologically
and physiologically involuted thymi revealed irregularly collapsed reticulin
fibers. These findings suggest that the reticuiar network of the thymus con-
sists of FRNs as well as capsule and interlobular septae and matures with
aging before involution.
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INTRODUCTION

Thymic structure is relatively well known on the ba-
sis of its cellular composition (Bearman et al,,
1978;Janosy et al.,1980; Wood, 1985; Haynes,
1990; Suster and Rosai, 1990). However the reticu-
lar framework of the thymus is poorly understood
(von Gaudecker, 1986; von Gaudecker, 1991). The
thymus as a lymphoepithelial organ has several
types of epithelial cells, some of which form the
network of the thymus (Weiss, 1988). Although this
network was thought to be made of epithelial cells
alohe without reticulin fibers, Rosai and Levin
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(1976) described reticulin fibers separating the
cortex and the medulla in a hyperplastic thymus of
a myasthenia gravis patient. In this study, we in-
vestigated the distribution of reticulin fibers in the
normal human thymus with special emphasis on
aging as well as pathologic thymi.

MATERIALS AND METHODS

Thymic tissues were freshly obtained either dur-
ing open heart surgery or from aborti ranging from
22 to 33 weeks of gestational age. Age distribution
and diagnoses are summarized in Table 1. Postna-

~ tal thymi were obtained from patients aged from 5

days to 33 years during open heart sugery. Stress
involuted thymi were obtained from patients with
congenital heart diseases; atrial septal defect, and
ventricular septal defect. The tissues were fixed in
10% buffered formalin and paraffin embedded.
Four to six um sections were made for hematoxylin
and eosin staining and Gomori reticulin staining.
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RESULTS

Thymic samples used in this study included nor-
mal thymi, hyperplastic thymi, and thymi of ‘stress
and age involution. Normal thymi were grouped by
age as in Table 1. In fetal thymi, the lobular struc-
ture was well developed. The cortex was larger
than the medulla and the corticomedullary junction
was distinct. Cortical vessels were easily seen. In
the medulla, Hassall's corpuscles were occasion-
ally seen. By reticulin staining, capsule and inter-
lobular septae were clearly delineated. In addition,
reticulin fibers circumscribed cortical blood ves-
sels and Hassall's corpuscles (Fig.1). Postnatal
thymi from children aged less than 1 year showed
well developed blood vessels in the outer medulla

along the corticomedullary junction. Reticulin’

fibers were closely associated with the blood ves-
sels. Fragmented reticulin fibers were also seen in
the inner medulla (Fig.2). With aging, the reticular
network became more complete. Blood vessels
were more prominent and were completely cir-
cumscribed with reticulin fibers. They were con-
nected with interlobular septae. The inner medulla
consisted of Hassall's corpuscles which were con-
centrically surrounded by reticulin fibers (Fig.3). In
the thymi of 1 year old children, the amount of reti-
culin fibers gradually increased especially at the
terminal portion of interlobular septae, forming a
so called "fibroreticular network (FRN)'(Lee et al.,
1993) (Fig.4a). They encircled groups of thymo-
 cytes, epithelial cells and small arteries (Fig.4b).
Thirteen cases from the children aged over than 1
year showed the well developed FRN.

In stress involuted thymi, their cortex was dif-
fusely thin due to depletion of thymocytes and the
corticomedullary junction was indistinct. Cortical
lymphocytes were depleted and subcapsular ep-

Table 1. Human thymic samples examined in this study
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ithelial cells were distinctly clustered. Tingible body
macrophages were diffusely scattered. Blood ves-
sels were relatively increased in contrast with nor-
mal thymi of the same age. Reticulin fibers in-
creased in parallel with blood vessels throughout
the cortex and the medulla (Fig.5). Age involuted
thymi showed marked fatty infiltration along the
septae and depletion of the cortex. Only islands of
thymic medulla were scattered. Neither capsule
nor inter- or intralobular septae were identified.
The reticulin network was irregularly collapsed
(Fig.6). FRNs were not discerned in both stress-
and age- involuted thymi. The thymus from 33
years old male showed pure thymic hyperplasia
retaining fully developed normal reticular network.

DISCUSSION

In this study, we could detect variable amounts
of reticulin fibers in parallel with blood vessels
through the cortex and the medulla as well as in-
tralobular reticulin fibers in every thymus exam-
ined. Weiss (1988) described a thymic cytoreticu-
lum made of epithelial-reticular cells alone without
reticulin fibers. In contrast, Kendall (1981) de-
scribed extraparenchymal connective tissue com-
partments rich in reticulin fibers. Although the thy-
mus is highly cellular organ as the lymph mode, it
has reticular network similar to that of then spleen.
Ontogenetically connective tissue septae extends
deep into the cortex from 10 weeks of gestational
age. By the 15th gestational week, lobulation be-
comes distinct (Haynes, 1984). In this study, we
confirmed that lobulation was complete, but in-
tralobular septae and the reticular network of the
cortex were incompletely developed in 5 thymi of
22-33 weeks gestation. Reticulin- fibers were in-
creased gradually with aging until 1 year and be-
came organized as a distinct structure at the

Group Age No. of cases Diagnosis

I 22-33 weeks of gestational age =0 - unremarkanle

I < 1 moth of age 6 y
I 1 month-1 year 10 !
IV 1 year-8 year 13 !
V 5 days-20 months 4 stress involution
Vi 20 years 1 age involution
VI 33 years 1 thymic hyperplasia

Total

40
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Fig. 1. Incompletely developed reticular network of a postnatal thymus (15 days); reticulin fibers
are seen in capsule, inter- and intralobular septae. Note scanty perivascular and pericorpuscular
reticulin fibers (arrow head) (Gomori stain, x 13.2). C:cortex, M:medulla.
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Fig. 2. The thymus of a two months old infant; reticulin fibers are regularly arranged along the cor-
ticomedullary junction (Gomori stain, x 25). C:cortex, M:medulla.
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Fig. 3. Well developed reticular network of the thymus (4 months old infant) along the corti-

comedullary junction as well as the inner medulla (Gomori stain, x10). Reticular network of the out-

Hassall's corpuscle.

terlobular septae (arrow). H
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lin fibers encircle groups of thy-

mocytes, epithelial cells and small blood vessels (Gomori stain, x 50).

ing poin

note FRN at branch

Fig. 4a. The thymus of a 35 months old child
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(arrow) (Gomori stain, x10). 4b. Higher magnification of FRN
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Reticular Network of the Human Thymus
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Fig. 5. Stress involuted thymus (15 days)
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Fig. 6. Age involuted thymus shows fatty infiltration and irregular islands of thymic parenchyma
note collapsed reticulin network in the medulla (Gomori stain, x 25). C

cortex, M:medulla.
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branching point of interlobular septae and outer

medulla along the corticomedullary junction post-

natally in 29 cases. In every postnatal thymus, reti-
culin fibers associated with blood vessels draining
the thymus ramified from intralobular septae:along
the corticomedullary junction of the outer medulla
(Lee et al., 1993). They showed a bulbous struc-
ture, forming a labyrinthine network in the outer
medulla in some cases. It is known that intralobu-
lar septae are opened directly to the medulla in fe-
tal thymi. Although it topologically corresponds to
the blood-thymus barrier which is enclosed as an
extraparenchymal compartment (Kendall, 1981), it
~is a partly opened structure merging directly with

the medulla or cortex. Within the FRN, thin reticu-
lar fibers circumvent some epithelial cells and lym-
phocytes without intervening blood vessels. The
FRN is a structural unit which couples intralobular
- septae to the inner medulla. The amount of retic-

ulin fibers in association with blood vessels in the
outer medulla gradually increased with aging,

leading to a complete reticular network. Thus, de-
velopment of the reticular network is an indicator
of lobulation as well as corticomedullary separa-
tion.

In both stress- and age-involuted thymi, deple-
tion of cortical thymocytes was closely related with

a thymic structural framework. In stress involution,
- marked increase of reticulin fibers in the cortex

suggests that epithelial cells may participate in a
reticular network formation. Age-involuted thymi
showed fatty infiltration as well as cortical deple-
tion where the amount of reticulin fibers did not in-
crease. In contrast, relative amounts of medullary
reticulin fibers increased. '

It has not been clarified whether epithelial cells
produce reticulin fibers or if other cells producing
~reticulin fibers exist. In the thymus, inner cortical
and medullary epithelial cells can perform some
functions as reticular cells in other tissues topolog-
ically. In physiologic involution, epithelial cells ac-
quire a spindle, mesenchymal-like appearance.

E. Yu,ILee

Thin elongated epithelial strands are surrounded
by dense connective tissue which contains retic-
ulin fibers (Suster and Rosai, 1990). Another pos-
sibility is that distinct fibroblast-like connective
cells may exist and can play the role of producing
reticulin fibers and constituting a reticular mesh-
work in the thymus. '
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