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Short Communication
Immunohistochemical Identification of
Thrombospondin in Normal Human Brain
and in Alzheimer's Disease
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Thrombospondin ispart ofafamily of adhesive gly-
coproteins and is involved in a number ofphysio-
logicprocesses such as angiogenesis and neurite out-
growth. Immunohistochemical localization of
thrombospondin in normal human brains was in-
vestigated in the hippocampus and inferior temporal
cortex. Two antibodies (one polyclonal and one
monoclonal) against thrombospondin-labeled mi-
crovessels, glial cells, and a subpopulation ofpyra-
midal neurons. The distribution of thrombospondin
staining in patients with Alzbeimer's disease was
found to be comparable to control subjects. However,
in patients with Alzbeimer's disease a subset ofpy-
ramidal neurons that may be vulnerable in Alzbei-
mer's disease exhibited decreased staining This de-
crease in the intensity of labeling might constitute a
markerfor a neuronalpopulation prone to early de-
generation In addition, thrombospondin staining
was demonstrated in senile plaques in Alzbeimer's
disease. These results suggest that thrombospondin
may be involved in theprocess of neuronal degener-
ation and senile plaque formation (Am J Pathol
1992, 141:783-788)

Thrombospondin (TSP) is a large, multifunctional glyco-
protein, and part of a family of adhesive proteins gener-
ated by alternative splicing and gene duplication.1 TSP
interacts with certain components of the cell surface and
the extracellular matrix such as sulfated glycolipids, gly-

cosaminoglycans (GAGs), heparan sulfate proteoglycan
(HSPG), fibrinogen, fibronectin, collagen, histidine-rich
glycoproteins, and plasminogen.1' 2 Thrombospondin
promotes cell adhesion and migration and modulates re-
sponses of several cell types to growth factors.1' 2
Through its ability to modulate endothelial cell adhesion,
motility, and growth, it is a potential angiogenesis regu-
latory factor.3'4 One of the cell surface ligands for throm-
bospondin is HSPG, which may mediate some of the
biological effects of thrombospondin on cells.5-7
Heparan sulfate proteoglycan produced by tumor cells of
neuroectodermal origin has also been shown to bind to
TSP with high affinity.8 Thrombospondin is found in cul-
tured human brain glial cells9 and is involved in the mi-
gration of cerebellar granule cells,10 and neural crest
cells.11 Thrombospondin is also present in the embryonic
retina, and promotes retinal neurite outgrowth,12 making
it a likely regulator of axonal growth in the embryonic
nervous system.13

The biochemical and molecular analysis of the char-
acteristic lesions of Alzheimer's disease (AD), neurofibril-
lary tangles (NFT), and senile plaques (SP), demon-
strated that these pathologic changes contain a variety of
abnormal elements. Neurofibrillary tangles have been
shown to contain altered cytoskeletal proteins.14'15 Within
SP and congophilic angiopathy, the main component de-
scribed is the 3-protein or A4 peptide (13PA4).16 Other
components have also been detected such as x1-
antichymotrypsin,17 laminin,18 and GAG and/or proteo-
glycans (PG).1920

To further investigate the possible events leading to
the formation of the typical lesions of AD, we used anti-
bodies against TSP, a heparin-binding protein, to exam-
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ine its distribution in the cerebral cortex of demented and
neurologically normal elderly patients. The antibodies
used in this study were developed against TSP1, a prod-
uct of the first described gene.21 We do not have any
evidence that they react with TSP2, a product of the sec-
ond gene.22 However, in the mouse, both TSP1 and
TSP2 are expressed in fetal and adult brain.23 It is not
known if both genes are expressed in human brain. If
they are expressed, both TSP proteins may be recog-
nized with the polyclonal antibody because they have
many consensus amino-acid sequences. Because
monoclonal antibody A6.1 recognized the same ele-
ments as the polyclonal antibody in our materials, both
TSP proteins may be detected with A6.1. We observed
that TSP is found in the normal human brain. In AD, it is
present within SP and in a particular neuronal subpopu-
lation that is likely to be vulnerable in the degenerative
process.

Materials and Methods

The brains of five patients with no history of neurologic or
psychiatric disorders (72.8 ± 6.0 years, postmortem de-
lay less than 6 hours), and of nine patients with senile
dementia of the Alzheimer type (80.8 ± 2.1 years post-
mortem delay less than 6 hours) were obtained at au-
topsy. The diagnosis of possible AD was established
clinically according to NINCDS-ADRDA criteria24 and
confirmed neuropathologically by the presence of high
densities of SP and NFT in the hippocampus and the
neocortex. The brains were processed as described by
Hof et al.25

Forty micrometer thick sections were pretreated with
3% H202 in methanol (1:3, V:V) to eliminate the endoge-
nous peroxidase activity. Then, they were incubated
overnight at 40C with either a polyclonal26 (used at a
working dilution of 1:1000) or the monoclonal A6. 127
(used at a working dilution of 3.0 to 3.5 ,ug/ml) antibodies
against a segment of TSP designated as type 11, calcium
dependent. After incubation, the sections were pro-
cessed with an avidin-biotin kit (Vector Laboratories, Bur-
lingame, CA), and diaminobenzidine, and then intensi-
fied by serial baths of 0.005% osmium tetroxide, 0.5%
thiocarbohydrazine, and 0.005% osmium tetroxide.25
Some TSP-labeled sections were counterstained with a
1% aqueous thioflavine S solution to simultaneously iden-
tify NFT and SP.

Rabbit polyclonal anti-TSP antiserum was prepared
by immunizing rabbits with purified human platelet TSP.
Its specificity has been demonstrated previously.26 The
mouse monoclonal antibody A6.1, which recognizes a
calcium-dependent epitope in the 70 kda core of throm-
bospondin,27 was provided by Dr. William Frazier, Wash-

ington University, St Louis. The antibody was purified by
protein A affinity chromatography.

Results

In the cortex of control cases, the polyclonal antibody to
TSP stained a subpopulation of pyramidal neurons (Fig-
ure 1 A). Similar neurons were also stained with the mono-
clonal antibody A6.1 (Figures 1 B, 2k-B). Thrombospon-
din-immunoreactive neurons were found in the pyramidal

Figure 1. A: Pyramidal neurons and microvessel staining using a
polyclonal antibody against TSP in a control case. B: Layer H of
the entorhinal cortex in a control case stained with the monoclo-
nal antibody A6 1; note the neuronal labeling. Magnification bar
= 100 rim. C: High magnification of CA3 pyramidal neurons
stained with the monoclonal antibody A6 1. Note the dark gran-
ular staining Magnification bar = 25 pm.
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Figure 2. A: CAl field in a control case. B: CA3 field in a control case. Note the dark staining ofpyramidal neurons in both areas. Some
microvessels are also labeled. C: CAl field in AD patient; the neuronal staining is decreased, whereas afeuw microvessels are labeled. D: CA3
field in AD patient; the neuronal staining is decreased. Materials uwere stained with the monoclonal antibodyP A6. 1. Magnification bar =
100 pm.

layer of the CA1-CA4 fields (Figure 2A-B) of the Am-
mon's horn and in the large polymorphic neurons of the
hilus of the dentatus gyrus. In the entorhinal cortex, layer
11 demonstrated the darkest neuronal staining (Figure
1 B), followed by layer 1II, and finally layers V and VI. In the
inferior temporal cortex, pyramidal neurons of the layers
Ill and V were also darkly labeled. At higher magnifica-
tion, the labeling pattern of the pyramidal neurons ap-
peared to be finely granular (Figure 1 C). With the mono-
clonal antibody, the neuronal staining was much stronger
than with the polyclonal antibody. Glial cells were also
labeled, especially in the white matter surrounding blood
vessels, as well as diffuse elements in the neuropil (not
shown). Staining of glial cells was weaker than neuronal
staining. A few microvessels were stained with both an-
tibodies.

The neuronal staining was markedly decreased in all
AD cases as compared with control cases. For instance,
using antibody A6.1, pyramidal neurons were darkly
stained in control cases in CAl and CA3 fields (Figure
2A-B), whereas in AD patients, neuronal staining was
almost absent in CAl (Figure 2C) and severely de-
creased in CA3 (Figure 2D). Similar decreases in staining
intensity in AD brains were observed in subiculum and in
layers IlIl and V of the inferior temporal cortex. In AD

cases, no TSP staining of pyramidal neurons was ob-
served in the entorhinal cortex. Staining of glial cells and
fibrillar formations was comparable to that observed in
control cases. Microvascular staining appeared to be
weaker in AD as compared with control cases.

In AD, SP consistently stained for TSP and were ob-
served in all cortical areas investigated. Both monoclonal
and polyclonal antibodies against TSP-labeled SP (re-
spectively Figure 3A-B). As demonstrated by double la-
beling, SP stained by thioflavine S was also labeled by
anti-TSP antibodies (Figure 3B-C). The staining pattern
of some SP also suggested that TSP may accumulate in
dystrophic neurites surrounding the plaques.

Discussion

Our observations suggest that a subpopulation of TSP-
immunoreactive neurons that appear to be vulnerable in
AD is decreased or lost. This conclusion is based on the
fact that weakly stained TSP-immunoreactive neurons or
their absence in AD are found in the areas where neuron
loss preferentially occurs in AD.25'28'29 Furthermore,
comparable glial and vascular staining was observed in
control subjects as well as AD patients.



786 Buee et al
AJP October 1992, Vol. 141, No. 4

.

vi .8 |i -;

* t ifS .

";~~'b> ;v L

y t C ,& X,,i.,

.e F ; fffie . zC ' x~~~~~~~~~~~~~~~~~~~~~~~~

8 hi (s~ri, s*,

.~. S . ,,; .... 'S4

Figure 3. A: Using the polyclonal antibody against TSP, SP (ar-
row) and microvessels are stained in AD cases. B, C: Double la-
beling of amyloid deposits using the monoclonal antibody A6.1
against TSP (B) and thioflawine S underfluorscence lightning con-
ditions (C). Note that all SP were stained by both thioflavine S and
the antibody against TSP (arrowheads). Magnification bar =

100 j±m.

The presence of TSP in the central nervous system is
compatible with immunochemical and biochemical anal-
yses of human glial cells in culture that have demon-
strated that these cells are able to synthetize TSP.9
Thrombospondin staining was noted in glial cells in nor-

mal brain9 but has not been previously reported in neu-

ronal cells. We observed staining of glial cells in the
brains of both control and AD cases. Furthermore, TSP
has been shown to be involved in a number of physio-
logic processes in primary cell cultures of embryonic
neurons,13 or in the developing nervous system.1012 It

may play a unique role in development by creating local
foci of controlled balance between proteases and pro-
tease inhibitors necessary for migration and neurite out-
growth. TSP may have a similar function in the normal
adult brain.

In AD cases, the granular TSP staining of pyramidal
neurons appears decreased compared with control sub-
jects. Since it is likely that the antibodies used in the
present study crossreact with both TSP gene products,
neuronal labeling may be related to the presence of neu-
ron-specific TSP, which has not yet been characterized.
This granular pattern could be intracytoplasmic and rep-
resent the labeling of vesicles, or nuclear receptors. It
could also represent staining of surface receptors as ob-
served in fibroblasts.' Thus, the loss of neuronal TSP
staining in AD may have two explanations. Since neurons
have at least two classes of TSP receptors,12 it may sim-
ply reflect the loss of surface receptors, or it could result
from the loss of these particular TSP-immunoreactive
neurons that may contain a neuron-specific TSP. Pyrami-
dal neurons are lost in AD.25,28,29 Furthermore, in AD, this
granular TSP staining was better preserved in CA3 than
in CAl. These data are suggestive of a regional pattern of
vulnerability. In this respect, CAl contains more NFT than
CA3 in AD. Layer 11 of the entorhinal cortex did not show
any TSP staining in AD whereas in control subjects, stain-
ing of pyramidal cells was common. These neurons lo-
cated within layer 11 of the entorhinal cortex form the per-
forant pathway that project to the gyrus dentatus. This
circuit has been shown to be severely affected in AD.31
Thus, the pattern of TSP-immunoreactive pyramidal cell
loss parallels the neuronal degeneration and cell loss ob-
served in AD.2528 Interestingly, the TSP neuronal sub-
population affected in AD appears to be comparable to a
population of pyramidal neurons that contain high density
of non-phosphorylated neurofilament protein.25 However,
double-labeling studies will be necessary to determine
the degree to which TSP-positive pyramidal cells also
contain high levels of non-phosphorylated neurofilament
protein.

A number of extracellular components such as GAG/
PG,19 laminin,18 or protease inhibitors17 are found in SP.
The presence of TSP, as well as these other proteins in
SP may result from vascular and/or neuronal degenera-
tion and participation in formation of SP. Biological effects
of TSP are diverse and can stimulate or inhibit prolifera-
tion depending on the cell type. However, in the central
nervous system, thrombospondin appears to be ex-
pressed at sites of proliferation or migration.1013 Since
synaptic loss is one of the early events in AD pathology,32
TSP may accumulate in these areas of synaptic loss to
promote regeneration of injured cells. This may explain
the fact that TSP staining of SP appears to be primarily in
dystrophic neurites and also that TSP neuronal staining is
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decreased. In addition, as previously demonstrated, mi-
crovasculature changes are found in AD.2033TSP also
plays a role in the regulation of the perivascular extracel-
lular matrix and is an inhibitor of the angiogenesis.3 There
is evidence that components of the extracellular matrix
are involved in SP.18 Thus, the presence of TSP within SP
may also result from vascular pathology. Biochemically,
the presence of TSP within SP could reflect its high affinity
for HSPG8 that is always found to coexist with 1PA4 in SP
in AD.1820

In conclusion, TSP is found in normal human brain,
especially in a subpopulation of pyramidal neurons. Its
decreased staining or its loss in AD might be a neuronal
marker of early neuronal degeneration. These data sug-
gest that pathologic changes linked to AD may involve a
loss of specific chemically identifiable neuronal popula-
tions. Finally, TSP is found in SP and may be involved in
a number of mechanisms during regeneration that may
lead to formation of SP.
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