Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 86, Suppl. 111, 91-97, 199]

IS THERE A ROLE FOR EXTRACELLULAR MATRIX IN
THYMUS PHYSIOLOGY AND PATHOLOGY?
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Extracellular matrix (ECM) components are
known to play important roles in a large series of
biological phenomena, including cell spreading,
migration and differentiation (reviewed by Watt,
1985; Dufour et al., 1988), as well as parasite in-
vasiveness and host defense (Ouassi, 1988; Saba &
Jaffe, 1980). A correlation has been observed be-
tween the presence of fibronectin (FN) and the
migrations of distinct cell types during ontogeny
(Critchley et al., 1979; Dierterlen-Lievre & Mar-
tin, 1981; Thiery et al., 1982), In respect of the thy-
mus, such a correlation has also been shown, be-
ing refleted by the entrance of lymphoid precur-
sors into the thymic anlagen (Savagner et al., 1988),
which is in keeping with the presence of FN bind-
ing sites, detected in thymocytes, and more partic-
ularly in the immature subsets (Trowbrige et al.,
1982; Fowlkes et al., 1985; Cardarelli & Pierbach-
bacher, 1986; Cardarelli et al., 1988). Taken
together, these initial data suggested a role for ex-
tracellular matrix in thymocyte differentiation.

In the present review, we shall summarize a ser-
les of results recently obtained in our and other
laboratories, that support and extend the concept
that extracellular matrix proteins may play a mul-
tifaceted role in the physiology and pathology of
the thymus. Nonetheless, before going into func-
tional data, it appears worthwhile to provide some
background on the distribution of ECM proteins
within the normal thymus.

INTRA-THYMIC DISTRIBUTION OF
EXTRACELLULAR MATRIX PROTEINS

Extracellular matrix components on the thymus
were initially investigated by histological means,
with the distribution of reticulin and elastic system
fibers being described (Henry, 1967; Savino, 1982).
Recently, the location of ECM molecules was more
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finely analyzed in the normal human thymus by im-
munohistochemical methods (Berrih et al., 1985).
This study revealed the existence of basement mem-
brane proteins in intralobular sites including the
medulla, in contrasting to the septal restricted dis-
tribution of type I collagen (TI-C). Similarly, we
showed that in young mice, type I collagen was res-
tricted to the interstitial spaces of the capsule and
septa, where type IV collagen, fibronectin and lami-
nin could be detected in the basement membranes.

Additionally, these proteins were seen within the
medulla of the thymic lobules forming a fine net-
work (Lannes Vieira et al., 1991a) as depicted in
Fig. la. Interestingly, aging as well as autoimmune
conditions yielded an intralobular ECM network
denser than that of young adult normal animals.

Ontogenetic studies evidenced a distinct ECM
distribution pattern in the developing embryos,
since by day 15, the fetal thymus presented a fine
meshwork of basement membrane containing pro-
teins throughout the parenchyme. As detailed be-
low, this may be related to thymocyte differentia-
tton.

Lastly, in vitro studies revealed that thymic
epithelial cells (TEC) can produce type 1V colla-
gen, laminin and fibronectin (Berrih et al., 198S;
Savino et al., 1986; Lannes Vieira et al., 1991a),
suggesting that they are responsible (at least in part)
for the intrathymic basement membrane protein
production (Fig. 2).

ABNORMAL INTRA-THYMIC ECM-CONTAINING
NETWORK IN IMMUNODEFICIENCIES

Besides the normal distribution pattern of base-
ment membrane proteins, abnormal ECM-
containing networks can be found in some im-
munodeficiency conditions, in which high numbers
of intra-thymic B lymphocytes and/or im-
munoglobulins bound to ECM structures are as-
sociated.
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Fig. 1: immunoperoxidase detection of fibronectin on a normal young adult mouse thymus frozen
section. Note that capsulary basement membrane is strongly labeled, together with a posivite reac-
tion forming a network in the medulla. CA: capsule; C: cortex; M: medulla. X450. Fig. 2: in
vitro production of laminin by the thymic epithelial cell-line (IT-76M1) as assessed by immuno-

histochemical labeling. X4S50.

Some years ago, we evidenced an intralobular,
cortical ECM-containing network in hyperplastic
thymuses of myasthenia gravis (MG) patients (Savi-
no & Berrih, 1984). These novel structures occurred
adjacently to the intraseptal B cell containing lym-

phoid follicles, and the basement membrane at
these sites exhibited several ruptures. Additional-
ly, we showed that collagen breakdown in these
areas was enhanced (Savino et al., 1988a). Interest-
ingly, the adjacently subseptal TEC layer exhibit-
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ed monoclonal antibody-defined phenotypic
changes (Savino et al., 1988b). Lastly, perivascu-
lar spaces in MG-associated thymuses were shown

to be increased and to contain an ECM-containing
meshwork (Muller-Hammerlink & Wekerle, 1986),

A cortical ECM network was also observed in
thymuses from Down’s syndrome (DS) patients.
Differently from myasthenia gravis, no lymphoid
follicles were found close these structures in DS
thymuses (Fonseca et al., 1989). Nonetheless, it is
interesting to note the presence of immunoglobu-
lins bound to basement membranes. Moreover, sera
from some DS patients present circulating antibod-
les able to bind to thymic ECM structures (our un-
published data).

More recently, circulating anti-ECM antibod-
les were detected in the non-obese diabetic (NOD)
mouse (Savino et al., 1991), which spontaneously
develop an autoimmune type I diabetes, and ex-
hibits intra-thymic lymphoid follicles. Additionally,
we found immunoglobulins bound to intralobular
ECM strutures. Yet, one of the most striking ab-
normality in the NOD mouse thymic microenviron-
ment was the existence of giant perivascular spaces
in which both T and B lymphocytes could be evi-
denced, intermingled with an ECM-containing net-
work. It 1s noteworthy that abnormal perivascular
spaces were also detected in another animal model
of type I diabetes, namely the BB rat ( Schuurman
et al., 1990).

Similarly to the data reported for MG, ruptures
in the basement membrane as well as in the sub-
septal epithelial layer were also detected in the NOD
mouse thymus (Savino et al., 1991).

Taken together, these findings suggest that ab-
normal ECM-containing networks may be associat-
ed with pathological B and/or T lymphocyte migra-
tion within the thymus. In respect to the NOD
mouse model, preliminary findings suggest the exis-
tance of an abnormal traffic of lymphocytes from
the thymus.

INCREASE OF THYMIC ECM IN ACUTE
INFECTIOUS DISEASES: RELATIONSHIP
TO THYMOCYTE DEATH

A further aspect to be discussed concerns the
modulation of the extracellular matrix component
of the thymic microenvironment, and its parallelism

with thymocyte death. In the last few years we cu-
mulated evidence showing that the expression of
basement membrane proteins, namely type IV col-
lagen, laminin and fibronectin, is dramatically in-
creased in atrophic thymuses. Thus, in a variety of
experimental and human infections resulting in se-
vere thymocyte depletion, an important intralolu-
lar ECM-containing network was consistently ob-
served, as in murine rabies (Savino et al., 1987),
acute experimental Chagas’ disease (Savino et al.,
1989), schistosomiasis (Silva Barbosa et al., 1990)
as well as congenital human measles or
cytomegalovirus infections (Fonseca et al., 1990).
Interestingly, this phenomenon was also evidenced
after infecting mice with a single dose of hydrocor-
tisone, known to promote thymocyte death (Lannes
Vieira et al., 1991a). Kinetic studies in both
hydrocortisone, T'. cruzi and S. mansoni in vivo
models revealed that such increase in ECM produc-
tion actually preceeds thymocyte depletion. These
data together with our preliminary findings sug-
gesting that fibronectin appears to enhance thymo-
cyte death in vitro, raised the hypothesis that the
increase in thymic extracellular matrix occurring
as a general feature in acute infectious diseases,
may be somewhat related to thymocyte death.

MODULATION OF THYMOCYTE
DIFFERENTIATION WITH ANTI-ECM
ANTIBODIES

Very recently, we asked the question whether
the modulation of thymic ECM by anti-ECM an-
tibodies could somewhat influence thymocyte
differentiation. For that, two models are present-
ly being investigated in our laboratory: an in vitro
system corresponding to the thymic nurse cell com-
plex, and the in vivo strategy with injection of anti-
ECM antibodies into pregnant mice with subse-
quent analysis of the offspring thymuses.

Studies on the thymic nurse cell complex
— The thymic nurse cell (TNC) complex was ini-
tially reported by Wekerle & Ketelson (1980), that
obtained in vitro a large multicellular structure
comprised of one thymic epithelial cell surround-
ing 20-200 thymocytes. These latter appear to par-
tially diferentiate within TNC, and when the com-
plex is cultured, they are released from TNC in
24-72 h.
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We observed that, when TNC complex was cul-
tured in the presence of anti-fibronectin or anti-
type 1V collagen (and to a lesser extent anti-laminin)
antibodies, thymocyte release into the culture medi-
um was dramatically decreased (Villa Verde & Savi-
no, this Vol.). This strongly suggests that the modu-
lation of ECM production by TNC may influence
the differentiation of respective thymocytes.

In vivo injection of anti-ECM aniibodies
— When pregnant mice were treated with a single
dose of anti-FN or anti-type IV collagen antibody,
thymic relative weight as well as the total number
of viable thymocytes were consistently increased as
compared to controls (Fig. 3). Nonetheless, the per-
centage numbers of the four CD4/CD8-defined
thymocyte subsets did not exhibit any sigmficant
changes. Most importantly, there was a down regu-
lation of the CD3 complex following anti-
fibronectin — but not anti-laminin — antibody
treatment as shown in Fig. 4.

IN VIVO EFFECTS OF ANTI-ECM ANTIBODIES
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Fig. 3: increase in relative thymic weight in thymuses from
day 19 fetuses, whose mothers were injected with distinct
anti-ECM antibodies or respective controls. Note the sig-
nificant increase in thymus weight upon injection of anti-
FN or anti TIV-C, but not anti-LM.

These findings suggest that a modulation of
fibronectin by in vivo injection of corresponding
antibody yields important changes in the physiolo-
gical program of thymocyte differentiation. Such
modulation is probably due to a direct intra-thymic
effect of the anti-FN antibody, since traces of the
antibody could be detected by immunoelectron-
microscopy within the thymic parenchyme. This
anti-FN effect likely triggers a feedback circuit 1n-
ducing microenvironmental cells to modulate
fibronectin production, that would ultimately in-
fluence differentiating thymocytes, which, as previ-
ously mentioned, bear FN-receptors.
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Fig. 4: decrease in the percentage numbers of CD3-bearing
thymocytes of 19 day fetal thymuses, after a single in-
jection of distinct anti-ECM antibodies into respective
pregnant mice. Note that the effect could be obtained with
both anti-FN and anti-T1V-C antibodies, whereas the anti-
M did not yield significant changes in CD3 + cell num-
bers. Data for the CD3 complex were obtained by flow
cytometry.

INTERFERON-GAMMA-INDUCED MODULATION
OF THYMIC EXTRACELLULAR MATRIX:
RELATIONSHIP WITH TEC PROLIFERATION

Taking into account that ECM components ap-
pear to modulate thymocyte differentiation during
thymus ontogeny, one could imagine that the
production of ECM molecules might also be un-
der influence of the differentiating thymocytes
themselves. The rationale for that is based on the
concept that bi-directional interactions between
mesenchymal-derived cells with epithelial
(endodermal- or ectodermal-derived) cells actual-
ly correspond to a common phenomenon In or-
ganogenesis (reviewed in Deucher, 1973).

It was previously showed that interferon-gamma
(IFN-g) can re-induce the expression of HLA-DR
in primary cultures of human TEC, normally lost
when these cells are settled to grow in vitro (Ber-
rih et al., 1986). Additionally, Ia expression by
thymic nurse cells, as well as their adhesion to
differentiating thymocytes, are enhanced by [FN-
g (Defresne et al., 1990).

We studied the effects of recombinant
interferon-g (rIFN-g) on some aspects of two mu-
rine TEC lines. Besides the expected induction of
MHC class [I antigens, this lymphokine was able
to modulate ECM production by growing TEC, as
well as their adhesion and proliferation patterns
(Lannes Vieira et al., 1991b).

As regards the influence of rIFN-g on ECM ex-
pression, we observed that when applied in very low
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IN VITRO DOSE-DEPENDENT EFFECTS
OF IFN-# UPON THYMIC EPITHELIAL CELLS
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Fig. 5: diagram illustrating the effects of IFN-g upon the proliferation of culturea thymic epithelial cells. Low or
high doses of the lymphokine respectively induce an enhancement or decrease in the production of basement mem-
brane proteins. This event will be, at least partially, responsible for the consequent enhancement or decrease in TEC

proliferation.

doses, it promoted an increase in the amounts of
basement membrane proteins, mainly fibronectin.
In contrast, relatively high doses of this lymphokine
(101 to 102 1U/ ml) induced the opposite effect. In-
terestingly, both the stimulatory and blocking ef-
fects of rIFN-g on ECM expression were paralleled
by equivalent modulation on cell proliferation.
These effects could be significantly abrogated by
an anti-IFN-g monoclonal antibody.

Searching whether the rIFN-g effects on ECM
were related to TEC proliferation, we attempted
to correlate the pattern of TEC growth with the
amounts of ECM production upon different doses
of rIFN-g. For that, ‘‘virgin’’ TEC (that received
no rIFN-g treatment) were plated onto ECM sub-
strata produced by other TEC upon rIFN-g in-
fluence. Actually, we evidenced that increase or
decrease in TEC adhesion and proliferation posi-
tively correlated with the dose-dependent IFN-
induced increase or decrease in ECM production.
These data are summarized in Fig, 5.

This series of experiments suggests that one
thymocyte derived cytokine, namely IFN-g partic-
ipates in the control of extracellular matrix produc-
tion by thymic epithelial cells. Yet, further studies

are necessary to demonstrate if such effects are rele-
vant during thymus ontogeny.

CONCLUSIONS AND PERPECTIVES

In this review we summarized data from differ-
ent kinds of experiments converging to the gener-
al concept that the physiology of the thymus, in
terms of both lymphoid and microenvironmental
compartments are under influence of extracellular
matrix components. Secondly, the regulation of
ECM production by the thymic epithelium may be
under cytokine control, as revealed by the studies
with interferon-gamma. Lastly, changes in thymic
ECM may be related to pathological aspects in in-
fectious diseases and immunodeficiencies includ-
ing thymocyte death and B and T cell infiltration.

Although these general hypothetical concepts
are attractive, many experiments involving distinct
approaches should be carried out. Once accom-
plished they will help us to establish a complete
model explaining the functions of each ECM
molecule upon different aspects of thymus phys-
10logy and how their production is controlled. Fi-
nally, this comprehension shall hopefully throw
some lhight on the putative mechanisms involving
abnormal ECM production in thymus pathology.
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