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Basement membrane proteins and reticulin in a
normal thymus and the thymus in myasthenia gravis
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Summary. The distribution of basement membrane
(BM) proteins, laminin and type IV collagen were
studied immunohistochemically in a series of 12
normal thymuses representing different age groups
(0-52 years) and in 10 cases of myasthenia gravis
(age 7-53 years). The staining pattern was com-
pared with that of conventional reticulin staining.
BM proteins were present at the capsule-parenchy-
ma interface and scantily distributed in the medul-
lary stroma, where they were closely associated
with reticulin fibres. The extrathymic perivascular
space was effectively vizualized by the staining of
the BM’s marginal to it. The fiber network present
in this space stained with reticulin stain and, less
continuously, in BM stainings. Lymph node like
tissue with germinal centers was occasionally pres-
ent in the perivascular spaces in normal thymuses
and commonly in the myasthenia gravis cases,
where the perivascular spaces were often dilated.
The BM'’s of the perivascular space were mostly
continuous in normal cases, but discontinuities
were observed in cases of myasthenia gravis,
especially in the spaces which were widely dilated.
Immunohistochemical detection of BM proteins
seems to be useful in the study of thymic structure,
particularly in the demonstration of the character-
istic changes of the perivascular space in myasthe-
nia gravis. It is suggested that the reticulin fibres
present in the medulla and in the perivascular
space contain laminin and type IV collagen.
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Introduction

The thymus is an exceptional organ in the lym-
phatic system. Being embryologically derived from

the third pharyngeal pouch the primary sources
of thymic tissues are entodermal and epidermal
rather than mesenchymal in origin (Norris 1938;
von Gaudecker 1986). Both developmentally and
structurally, the thymus differs from the other
components of lymphatic tissue. In contrast to
lymph nodes, the thymus is characterized by an
absence of the afferent lymphatic vessels and lym-
phatic sinuses. Epithelially derived cells make up
the framework of the organ, being the counterpart
of the mesenchymally derived reticulum cells of
the lymph nodes and the spleen (Rosai and Levine
1976). The thymus contains structures unique to
the organ, such as the epithelially derived, keratin-
containing (Loning et al. 1981) Hassall’s corpus-
cles, and a special organization of the perivascular
spaces (Bearman et al. 1975).

The basement membrane (BM) proteins among
the other components of the extracellular matrix
are an important part of the microenvironment
which plays a role in the traffic of lymphocytes
across the interstitium (Fossum and Ford 1985).
We have previously studied the distribution of BM
proteins, laminin and type IV collagen, in normal
spleen and lymph nodes and shown that they make
up an important part of the reticular fibres (Apaja-
Sarkkinen et al. 1986; Karttunen et al. 1986). We
wished to study the distribution of these proteins
in the thymus in order to find out the composition
of the reticular network. The results were corre-
lated with the physiological structural changes of
aging and also the changes seen in myasthenia gra-
vis, in which disease lymphoid hyperplasia charac-
terized by germinal centers appears in the thymus
(Castleman 1966).

Material and methods

The material consisted of 12 thymuses from patients without
myasthenia gravis (age 0-52 years; Table 1) and 10 thymuses
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Table 1. Clinical and histological findings of the normal thymuses studied. In the cases 1-7 specimens were taken at autopsy,

and the diagnosis refers to the terminal illness of the patient

Case Age/sex Diagnosis Histology of thymus Germinal
centers present
1. Abortion at Sacral teratoma Normal None
31 weeks/male

2. 4 months/female Microcefalia, pneumonia Normal None

3. 7 months/male Pneumonia Normal None

4. 1,6 years/female Septicemia Normal None

5. 2 years/female Hydrocephalus Normal None

6. 3 years/male Meningitis Lympbhocytic depletion None

7. 6 years/male Acute epiglottitis Normal None

8. 12 years/male Cystic teratoma of thymus Normal (in part) A few

9. 14 years/male Operation for suspected thyroid cancer Normal A few
10. 20 years/female Dermoid cyst of thymus Normal (in part) A few
11. 22 years/female Heterotopic thymus (lower part of neck) Normal A few
12. 52 years/female Operation for suspected thyroid tumour Normal None
Table 2. Clinical and histological findings of the myasthenic thymuses studied
Case Age/sex Diagnosis Histology of thymus Germinal

centers present

13. 7 years/female Myasthenia gravis Normal A few
14. 7 years/female Myasthenia gravis Normal A few
15. 11 years/female Myasthenia gravis Normal None
16. 18 years/female Myasthenia gravis Normal A few
17. 28 years/female Myasthenia gravis Lymphoid hyperplasia Many
18. 33 years/female Myasthenia gravis Lymphoid hyperplasia Many
19. 34 years/female Myasthenia gravis Lymphoid hyperplasia Many
20. 50 years/female Myasthenia gravis Atrophy None
21. 50 years/female Myasthenia gravis Atrophy Many
22. 53 years/male Myasthenia gravis Atrophy None

from patients with myasthenia gravis (age 7-53; Table 2) se-
lected to represent the different ages in each group. The thy-
muses from the nonmyastenic cases were histologically normal,
except in two cases with a focal abnormality (cystic teratoma
and dermoid cyst) (Table 1). In seven cases the histological
specimens were taken at autopsy, while five were surgical speci-
mens. The thymuses in the myasthenic cases were all surgical
specimens taken for therapeutic purposes (Table 2).

The specimens were fixed in 10% formalin and embedded
in paraffin, and the S pm sections were stained with haematoxy-
lin and eosin for routine histology and with Gomori’s reticulin
stain to evaluate the amount and distribution of reticulin. The
antibodies against the human 7-S collagen domain of type IV
collagen and the human fragment P1 of laminin were a kind
gift from Dr. Leila Risteli and Dr. Juha Risteli, Collagen Re-
search Unit, Department of Medical Biochemistry, University
of Oulu. The P1 fragment of laminin was purified from human
placenta (Risteli and Timpl 1981) and the 7-S domain of type
IV collagen from human kidney (Risteli et al. 1980). The anti-
sera were made in rabbits and purified by immunoabsorption
(Karttunen et al. 1984). The sections for immunohistochemical
staining were deparaffinized and treated with 0.4% pepsin
(Sigma Chemical Co., St. Louis, MO) to enhance the availabili-
ty of the antigenic determinants (Ekblom et al. 1982). The sec-
tions were exposed to a 0.1% solution of hydrogen peroxide
in absolute methanol to inactivate the endogenous peroxidase
and then stained with anti-laminin P1 or anti-7-S collagen using

the peroxidase-antiperoxidase procedure (Sternberger 1979).
Normal rabbit serum and phosphate-buffered saline (PBS) were
used instead of the primary antibody for the control stainings.

Results

In normal thymus the staining patterns of both
laminin and type IV collagen were comparable in
all cases. A continuous line of staining was present
between the parenchyma and the capsule or capsu-
lar septae in both the cortex and the medulla. No
BM material was present at the margin of the cor-
tex and the medulla (Fig. 1). The reticulin staining
pattern was identical with the BM stainings in
these respects. :

No fibres could be detected in the cortex in
either reticulin or immunohistochemical stainings,
with the exception of occasional fibres present
close to the capsule in some cases. Some fibres
were present in the medulla and their quantity did
not seem to change with age. These fibres con-
tained BM proteins, laminin and type IV collagen
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Fig. 1. Immunoperoxidase staining for laminin. Normal thymus of a 20-year-old female (case 10). A continuous line of staining
is present between the fibrous septa and the parenchyma (arrows). This line extends to bound the perivascular space (P). No
staining is present between the cortex (C) and the medulla (3). x 128

(Figs. 2, 3). Short strips of BM proteins were seen
around Hassall’s corpuscles, probably representing
BM material of the adjacent reticulin fibres
(Fig. 3).

The BM stainings effectively visualized the
structure and course of the blood vessels. The
staining pattern of the intrathymic blood the ves-
sels did not differ from that of vessels in the sur-
rounding tissues. However, a distinct space out-
lined by nearly continuous BM seen in both the
BM and the reticulin stainings formed around a
group of vessels arriving in the thymic parenchyma
(Figs. 1, 2). This perivascular space contained a
variable amount of lymphoid cells and fibres. Gen-
erally, the fibres made up a loose network which
stained with reticulin stain and, less continuously,
for BM (Fig. 2). The space was most prominent
in older children and young adults. With increasing
age it was gradually filled with fat cells with a
concomitant disappearance of the reticular fibre
pattern.

Lymphatic vessels with a few lymphocytes
could be identified in the interlobular septae. They
were mostly irregularly shaped, angulated or slit
like. The vessels were characteristically outlined by

a thin, discontinuous BM (Fig. 4). No clear-cut
connections between the perivascular space and the
lymphatic vessels could be demonstrated.

Germinal centers were present in four cases
(Table 1). BM stainings showed that they were lo-
cated in the perivascular space. The BM of the
perivascular space was continuous in three out of
four cases but showed discontinuities in one case
(case 11) close to the germinal center. Discontinui-
ties were also apparent in reticulin staining. The
characteristic fibres of the perivascular space were
not present on germinal centers.

The distributions of the BM components and
reticulin in myasthenic thymuses were basically
similar to those seen in the normal. The volume
of the perivascular space was increased when com-
pared with other patients of the same age. Ger-
minal centers were present in all but three cases
(Table 2) in which the staining patterns did not
differ from those seen in normal thymuses. Ger-
minal centers were scantily present in three cases,
where they were located mostly in the perivascular
space, assessed by BM stainings (Fig. 5). Germinal
centers were present abundantly in four cases and
were most commonly Jocated in the medulla. The
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Fig. 2a, b, ¢. Gomori’s reticulin stain (a) and immunoperoxidase staining for type IV collagen (b) and laminin (c). Normal
thymus of a 20-year-old female (case 10). BM between the perivascular space (P) and the medulla (M) is continuous and is
also stained with reticulin stain. Reticulin fibres containing BM proteins (arrows) are present in the medulla. In the perivascular
space the fibres are thinner and only a minor component contain BM proteins (arrow heads). x 512

Fig. 3. Immunoperoxidase staining for laminin, Normal thymus of a 20-year-old female (case 10). Short fibre like strips of staining
partly surround two Hassall’s corpuscles (arrows) and similar fibres are scantily present in the medullary parenchyma (arrow
heads). x 512

epithelial BM of the perivascular space showed dis- The general architecture of the thymus in cases
continuities in both the reticulin and BM stainings. with abundant germinal centers was profoundly
Discontinuities were clearly more apparent in cases distorted (Fig. 7), and it was difficult to observe
with abundant germinal centers or close to the ger- the relationship between the tissue components.

minal centers located in the medulla (Figs. 6, 7). Hassall’s corpuscles were closer to each other than
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Fig. 4. Immunoperoxidase staining for type IV collagen of a
normal thymus of a 7-month-old male (case 3). A lymphatic
vessel (L) with a thin and discontinuous BM is present in the
perivascular space. x 280

normally. The reticulin fibre network in the me-
dulla was denser than normal, and the fibres again
contained BM proteins.

Discussion

The present study demonstrates the distribution
of two well characterized components of BM’s, la-
minin and type IV collagen, in normal and myas-
thenic thymuses. BM stainings effectively illus-
trates the basic structure of the thymus, particular-
ly the course of the blood vessels and the unique
perivasvular space. The alterations associated with
the disease and aging in these structures could be
studied easily.

The distribution of BM proteins, as described
in this study, is generally in accord with the distri-
bution of electron microscopic “‘basal lamina” in
human thymic tissue (Kameye and Watanabe
1965 ; Pinkel 1968 ; Bockman et al. 1972; Bearman
et al. 1975, 1978). In normal thymuses, BM pro-
teins are present in the BM separating the thymic
parenchymal tissue from the connective tissue cap-
sule. These structures are also stained in the reticu-
lin staining. In the cortex, BM proteins are only
present in the BM’s of blood vessels and there are
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no extracellular fibres demonstrable in cither the
reticulin staining or the BM stainings. In the me-
dulla, the distribution of reticulin fibres is scant
and the fibres contain BM proteins laminin and
type I'V collagen.

Previous light microscopic studies have sug-
gested that reticulin fibres are also absent from
the medulla (Henry 1978; Steinmann 1986). Simi-
larly, Bofill et al. (1985) and Berrih et al. (1985)
only found laminin or type IV collagen in blood
vessels and at the capsule-parenchyma interface,
but not in the fibres of medulla and perivascular
space. The reason for this disagreement is not ap-
parent. The antibodies against murine laminin
(used by Bofill et al. and Berrih et al.) have been
shown to be less sensitive than the antibodies
against human laminin (used in the present study)
in immunohistochemistry (Salonen et al. 1984).
However, it is suggested that the immunoreactivi-
ties of both laminin and type IV collagen are
slightly weakened in formalin fixed, paraffin em-
bedded tissues when compared with frozen sections
(Barsky et al. 1984). Only one electron microscopic
study comments on the presence of reticular fibres
in the thymic parenchyma in association with epi-
thelial cells (Pinkel 1968). Tamaoki et al. (1971)
observed BM between epithelial cells and collagen
fibres around Hassall’s corpuscle. Scantiness
though not total absence of the reticular fibres in
the thymic parenchyma is also demonstrated in this
study, and the amount of reticular meshwork is
definitely much less than in the spleen and the
lymph nodes (Apaja-Sarkkinen et al. 1986; Kart-
tunen et al. 1986).

The perivascular space between the endothelial
and epithelial BM’s is a unique structure present
only in the thymus and is thought to make up
a blood-thymus barrier, so that only the structures
outside this space are intrathymic (Raviola and
Karnowsky 1972; Bearman et al. 1975). It is out-
lined by endothelial BM of the blood vessel on
one side and BM of the thymic epithelium on the
other. Electron microscopically this space is nar-
row around small vessels (Bearman et al. 1975),
and it could generally not be demonstrated around
capillaries in immunohistochemical stainings.
However, the perivascular space around larger ves-
sels arriving in the medulla was effectively demon-
strable in BM stainings. This space was most
prominent in young adults as has been reported
previously (Steinmann 1986). The network of reti-
culin fibres is constantly present in the perivascular
space (Steinmann 1986) and the present study
shows that these fibres contain BM proteins in
places. Germinal centers can be found in normal



250

T. Karttunen: Basement membranes in thymus

ori’s reticulin stain (b). Thymus

from a 7-year-old female with myasthenia gravis (case 13). A germinal center (G) is located in the perivascular space surrounded

by a continuous BM. x 128

Fig. 6a, b. Immunoperoxidase staining for type IV collagen. Thymus from a 50-year-old female with myasthenia gravis (case
21). A germinal center (G) is present in a wide perivascular space. The BM of the perivascular space is discontinuous (arrows).

oa x128;b x512

thymuses (Middleton 1967). The present study also
shows that, as a rule, the germinal centers are lo-
cated in the perivascular space, as suggested by
Levine and Rosai (1978).

BM staining proved to be beneficial in the dem-
onstration of lymphatic vessels in the thymic sep-

tac. These vessels characteristically had thin and
discontinuous staining of BM, which is in agree-
ment with the electron microscopic findings of the
lymphatic capillaries in other tissues (Leak 1976)
and also in agreement with our previous immuno-
histochemical study on the lymphatic capillaries
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of human skin (Autio-Harmainen et al. 1986). The
perivascular space is continuous with efferent lym-
phatics in guinea pigs (Kotani et al. 1966). No ter-
minal structures such as marginal sinuses of lymph
nodes could be demonstrated and lymphatic ves-
sels seemed to end blindly close to the perivascular
space.

The most prominent finding in the thymuses
of patients with myasthenia gravis is, according
to this study, dilatation of the perivascular space
in the medulla. This agrees with the results of Wek-
erle and Miller-Hermelink (1986). Germinal
centres are located both in the perivascular space
and, when abundantly present, in the medulla.
With an increased number of germinal centres
there appeared to be discontinuities in the BM of
the perivascular space. So far germinal centers
have been thought to be located in the medulla
of the thymus (Castleman 1966) but recently both
electron microscopic (Wekerle and Miiller-Herme-
link 1986), histochemical (Wekerle and Miiller-
Hermelink 1986) and immunohistochemical stu-
dies (Bofill et al. 1985; Berrih et al. 1985) have sug-
gested that they are extrathymic and separated
from the thymic tissue by a BM, which may be
discontinuous. The present study confirms this no-
tion and further suggests that the occurrence of
discontinuities in the BM of the perivascular space
is associated with the degree of expansion of the
space. The disruption of the blood-thymus barrier
may not be an initial event in the pathogenesis
of the autoimmune phenomena in myasthenia gra-
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Fig. 7. Immunoperoxidase staining
for laminin. Thymus from a 34-year-
old female with myasthenia gravis
(case 19). Profound alteration of the
basic structure becomes evident from
the BM stained section. A germinal
center (G) is present in the medulla.
The perivascular spaces (P) appear
fairly small.” x 128

>

vis, but rather one expression of the expansion of
lymph node like tissue in the perivascular space.
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