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Localization of blood proteins thrombospondin1
and ADAMTS13 to cerebral corpora amylacea
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Corpora amylacea (CA) have long been described in aging
brains and in patients with neurodegenerative conditions,
but their origins have been debated. It has been proposed
that CA represent collections of nervous system breakdown
products that accumulate within astrocytic cytoplasm. In
support of this, studies have shown that CA include glyco-
sylated material, ubiquitin, and an assortment of proteins
derived from neuronal cytoplasm. On the other hand, many
of these proteins are not specifically localized to neurons or
astrocytes; some components of CA, such as complement
proteins, are most abundantly expressed outside the central
nervous system. The characteristic predilection for CA to
accumulate near vessels and ependyma suggests that pro-
teins extravasated from blood or transudated from CSF may
form a component of these structures. In this study, we
report the immunohistochemical localization of blood and
platelet proteins thrombospondin1 and ADAMTS13 in CA
from aged individuals and patients with vascular dementia.
Thrombospondin1 localized to neurons, but was most
prominently localized to CA. An independent serum and
platelet expressed protein,ADAMTS13,was found in CA in
the same brain regions. In vitro analysis shows that throm-
bospondin1 and ADAMTS13 form complexes together in
cells and in direct protein binding assays. We speculate that
CA could result from a conglomeration of interacting pro-
teins from degenerating neurons and from extravasated
blood elements released after transient breakdown of the
blood–brain barrier.
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INTRODUCTION

Corpora amylacea (CA) were described by Purkinje in
1837 in the brains of elderly patients. CA are classically
recognized in normal aging brains, but can also be seen in
a variety of neurological conditions, including multiple
sclerosis, hippocampal sclerosis and medically refractory
epilepsy.

CA are typically symmetrical spheroid bodies 10–50 um
in diameter. The bodies are avidly PAS-positive and react
strongly with iodide. These characteristics are consistent
with biochemical studies of CA which indicate that they
are rich in sugars,1 possibly conjugated into glycoproteins.
The protein content of CA was estimated to be 4%,2 and a
number of investigators have discovered specific protein
components within CA, including ubiquitin,2,3 comple-
ment,2,4 NeuN,5 tau,3,6 the extracellular domain of amyloid
precursor protein, Hsp proteins,2,7–9 S100,10 myelin basic
protein, proteolipid protein, ferritin,11 nestin,12 Bcl-2, Bax,
c-Jun,13 advanced glycosylation end products,14 proteogly-
cans,15 and anion exchange proteins.16 A recent proteomic
analysis of CA from patients with multiple sclerosis has
identified a large number of cytosolic proteins which are
normally expressed in neurons.17 These studies suggest that
CA may represent the accumulation of neuronal degenera-
tive products that have been endocytosed and partitioned
by astrocytes. CA have also been shown to react with
digoxygenin labeled oligonucleotide probes in a sequence-
preferential manner.18 CA are typically located in the
subpial and subependymal regions of the brain which are
rich in blood vessels and astrocytic processes. In addition,
there is a perivascular predilection for CA accumulation.19

The reasons for the apparent proximity to vessels and CSF
are not known.
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In this study, we provide immunohistochemical evi-
dence that two proteins expressed abundantly in the
vascular system, thrombospondin1 and ADAMTS13, are
components of CA in brains from normal subjects and
patients with cerebrovascular disease. We confirmed the
frequent occurrence of CA near vascular structures. In
light of these new findings and prior reports, we speculate
that proteins derived from the blood and platelets may
contribute to CA formation.

MATERIALS AND METHODS

Immunohistochemistry

Patient samples were obtained at autopsy at the University
of Michigan Health System. Normal patient samples were
obtained from the Alzheimer’s Disease Research Core at
the University of Michigan; patients did not have known
neurological diseases (average age of 62 years); eight of
nine patients were male. Clinically diagnosed vascular
dementia samples were obtained from males (age 80) and
females (ages 64, 68 and 99). We analyzed frontal cortex
with subcortical white matter from all normal and vascular
dementia patients. In selected patients, we also examined
sections from the hippocampus and choroid plexus. All
tissues were fixed in 10% formaldehyde, embedded in par-
affin, and cut into 5-micron thick serial sections. Sections
were analyzed by immunohistochemical staining using
standard techniques. Briefly, after deparaffinization and
rehydration, antigen retrieval was performed using either
microwave-assisted citrate or Tris buffer incubation; immu-
noperoxidase staining was conducted using a DAKO (Car-
pentaria, CA US) autostaining system. All sections were
counterstained with hematoxylin. Digital images were cap-
tured using an Olympus system. Monoclonal antibody A6.1
against thrombospondin1 (Thermo) was used at 1:50 dilu-
tion. For some samples, anti-thrombospondin1 monoclonal
SPM321 (Santa Cruz Laboratories, Santa Cruz, CA, US)
was used at 1:50 dilution. ADAMTS13 mouse monoclonal
(a kind gift from Dr. David Ginsburg) was used at 1:100.
Two control monoclonal antibodies were used to ensure
that CA staining was specific: 8G1 (anti-LRP1; Santa Cruz)
and TRA1-85 (anti-CD147; Developmental Studies Hybri-
doma Bank at the University of Iowa) at 1:50 dilutions.
Serial sections from the same tissue blocks were used to
confirm CA by PAS staining.

Protein interaction studies

Immunoprecipitations were performed as described by
Meng et al.20 Briefly, 293A cells were transfected with
Flag-tagged ADAMTS13 (Accession AF414401;21) and/or
thrombospondin1 (Accession NM_011580; Addgene

plasmid 12405;22) cloned into CMV promoter-based
expression vectors. Singly transfected cells served as nega-
tive controls. Lipofectamine 2000-mediated transfections
were performed in 6-well plates using a total of 2 mg of
DNA and 4 mL of lipid reagent per well. Cell lysates were
prepared 24 h after transfection and then incubated with
Flag antibody conjugated agarose beads (Sigma A1205) to
pull down ADAMTS13. After washing, proteins from
beads were boiled in sample buffer and analyzed by
Western blotting. Primary antibodies to Flag (Sigma;
F1804) and to thrombospondin1 (Thermo; D4.6) were
applied at 1:1000 dilution.

In vitro binding studies

Recombinant ADAMTS13 (R&D Systems) was adsorbed
to plastic wells overnight at 5.2 ug/mL in TBS with 2 mmol
calcium chloride. We labeled purified thrombospondin1
(R&D Systems, Minneapolis, MN, US) using Alexa700
succinimide as described by Meng et al.20 Free label was
quenched with Tris buffer and removed by gel filtration
prior to incubation with ADAMTS13 coated plates at a
series of concentrations in duplicate. After an overnight
incubation, wells were washed three times with TBS with
calcium. Bound protein was visualized and quantified on a
flatbed scanner (Licor, Odyssey, Lincoln, NE, US). Labeled
recombinant IgG Fc protein (R&D Systems) incubated
with ADAMTS13 bound to plates was used in one set of
negative control reactions. In a second set of negative con-
trols, labeled thrombospondin1 was incubated with bovine
serum albumin (BSA) adsorbed plates. Fc protein exhib-
ited negligible binding, which was subtracted from values
of bound thrombospondin1; labeled thrombospondin1 did
not bind to BSA.

RESULTS

Thrombospondin1 expression in normal brain

The initial purpose of our study was to investigate the
distribution of thrombospondin1 in normal and vascular
dementia brain tissue. In normal control individuals, we
observed light neuronal and occasionally astrocytic stain-
ing using a monoclonal antibody against thrombospon-
din1, A6.1. There was sporadic, moderate staining of blood
vessels. In three of nine patients, there was strong spherical
staining that appeared in the subpial cortex and periven-
tricular regions. PAS staining of adjacent sections identi-
fied these structures as CA, which were found significantly
around blood vessels. In most cases the peripheral rim
(halo) of the CA stained well but the staining of the core
was missing. In a minority of CA, both the periphery and
the core stained well. This was most likely due to artefac-
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tual loss of core material during immunostaining. Repre-
sentative photos of CA staining in subependymal, subpial,
and perivascular regions of the frontal lobe of normal
subjects is shown in Figure 1. In six of nine patients, we
saw neither PAS-positive CA, nor spherical staining with
thrombospondin1 antibodies.

Thrombospondin1 staining in vascular
dementia cases

In all four cases of vascular dementia, we observed neu-
ronal staining similar to normal controls.All four cases had
abundant spherical thrombospondin1 staining in cortex
and periventricular regions that was more prominent than
in normal cases and corresponded to CA seen on PAS
staining (Fig. 2). As in normal controls, thrombospondin1
staining of CA had a halo appearance in some regions, but
a solid stain in other regions. In addition, in two cases, we
observed amyloid plaques that were strongly reactive with
thrombospondin1 antibodies (not shown). As in normal
cases, vessels did not react strongly or uniformly with

thrombospondin1 antibodies; however, halos of thrombo-
spondin1 immunoreactivity were common in the substance
around blood vessels. Overall, thrombospondin1 staining
in CA was found in both normal and vascular dementia
cases, but the stained CA were more frequent and more
prominent in the latter.

ADAMTS13 staining of CA in normal and
vascular dementia patients

Thrombospondin1 is most abundantly expressed in the
blood and platelets. Thus, it is possible that proteins from
the blood may contribute to CA. To further support the
potential platelet/blood origin of CA, we examined brains
for presence of other platelet/blood expressed proteins.
ADAMTS13 is a protein involved in the cleavage of high
molecular weight von Willebrand factor (vWF) multimers;
regulation of vWF size has been suggested to be important
in the prevention of thrombosis. ADAMTS13 is synthe-
sized in the liver and by platelets, and relatively high con-
centrations (0.5–1.0 ug/mL) circulate within the blood,23

Fig. 1 Thrombospondin1 localizes to
corpora amylacea (CA) in normal aged
human brain. Frontal lobe sections were
stained with thrombospondin1 specific
antibody A6.1 (A, C, E) or PAS (B, D, F).
Abundant staining of spherical CA was
observed in the subpial cortex (A–D)
and around blood vessels abutting the
ependyma (E, F). Scale bar represents
200 um.
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where ADAMTS13 regulates physiological vWF size.24

We used a monoclonal antibody against ADAMTS13 to
examine whether this circulating protein could be found
within CA of the brain. In all cases of both normal
aged brain and vascular dementia examined, we found
strong localization of ADAMTS13 to regions where we
previously found strong PAS-positive CA and halo-
or spherical-shaped thrombospondin1 deposits (Fig. 3).
ADAMTS13 protein was found in a halo distribution, as
was noted for thrombospondin1. We did not see any clear
differences in the ADAMTS13 staining pattern of CA
compared to thrombospondin1, although it appeared that
ADAMTS13 may not be present in a minor subset of CA.
As in the case of thrombospondin1, we found increased
incidence of ADAMTS13 staining in CA of vascular
dementia patients, which paralleled the higher amount of
CA observed in this group.

Negative controls

To confirm the specificity of our studies, sections from
normal and vascular dementia cases containing CA were

also stained with monoclonal antibodies against LRP1 and
CD147 (not shown). CA was not labeled by these antibod-
ies; however, LRP1 was found in neurons, glia, and vascular
smooth muscle, as has been observed in prior studies;25 in
addition, CD147 was seen in neurons and microvessels, as
has been described,26,27 but not in CA.

Molecular interactions between
thrombospondin1 and ADAMTS13

Protein aggregates in the brain result from a variety of
molecular processes, most prominently abnormal protein-
protein interactions. It is likely that CA result from cumu-
lative precipitation of molecules initially nucleated within
a core; molecules that accumulate in CA would be pre-
dicted to directly interact in biochemical assays. Since both
thrombospondin1 and ADAMTS13 are localized to CA,
we tested whether the two proteins could form molecular
complexes. First, we examined whether the two proteins
could form complexes in cells expressing recombinant pro-
teins. Expression constructs encoding thrombospondin1 or

Fig. 2 Thrombospondin1 localizes
heavily to corpora amylacea (CA) in
multi-infarct dementia. Sections were
stained with A6.1 (A, C, E) or PAS (B, D,
F), as in Fig. 1. A similar distribution of
staining was noted, but in general, more
CA were observed in multi-infact demen-
tia cases. CA staining was heterogeneous,
with some labeling evenly through the CA
and some demonstrating a halo of reactiv-
ity. Strong staining for thrombospondin1
was observed in subpial cortex (A–D) and
in perivascular spaces (E, F).
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ADAMTS13 were transfected either singly or in combina-
tion and pulled down with monoclonal antibodies directed
toward recombinant, epitope-tagged ADAMTS13
(Fig. 4A). ADAMTS13 was precipitated with monoclonal
antibodies and immunoprecipitates were then analyzed by
immunoblotting. Control vector transfected 293 cells did
not express either of the proteins. In cells cotransfected
with both ADAMTS13 and thrombospondin1, we detected
both proteins in precipitates. However, when thrombo-
spondin1 alone was transfected, no thrombospondin1
could be detected in precipitates. The presence of throm-
bospondin1 in ADAMTS13-containing immunoprecipi-
tates indicated that coexpression of the two proteins in
cells results in the formation of stable protein complexes.

Second, we tested whether the two proteins could inter-
act directly, in the absence of other cellular proteins
(Fig. 4B). Purified proteins were testing in in vitro binding
reactions to quantify interactions. We found that labeled
thrombospondin1 was capable of directly binding to
surface-immobilized ADAMTS13 specifically and with
high affinity. In sum, two independent biochemical
methods demonstrate that thrombospondin1 and
ADAMTS13 are capable of forming specific protein-
protein interactions, which may play a role in the formation
of CA in human brains.

DISCUSSION

Although not specific for a disease process, CA are
common in brains of aged individuals and patients with

neurodegenerative conditions. The biochemical compo-
nents of CA may reveal their origins and the mechanisms
by which they are formed. In this report, we made two
novel findings. First, we identified robust immunolocaliza-
tion of thrombospondin1 and ADAMTS13 to CA in
normal brains and in vascular dementia patients. Second,
we demonstrated that thrombospondin1 and ADAMTS13
form protein complexes together, providing a possible
mechanistic clue to their colocalization in CA.

Our original purpose was to investigate whether throm-
bospondin1 is differentially expressed in vessels in vascular
dementia.We found thrombospondin1 reactivity in neurons
and astrocytes in both normal and vascular dementia
patients. In some patients, the protein was also localized to
senile plaques. These findings match a previous report of
thrombospondin1 immunostaining performed to compare
normal control brains and Alzheimer’s disease patients.28

As in the previous work, we also observed reactivity within
the microvasculature, though our vascular staining was not
prominent.The discrepancy may be attributed to the signifi-
cant difference in the thickness of the sections used in our
study and the prior work: 5 microns in our study versus 40
microns in the work of Buee et al.28 In any case, we were
unable to conclude that vascular dementia is associated with
significant primary changes in vascular thrombospondin1.
Rather, we have made a novel observation that thrombo-
spondin1 is a prominent component of brain CA in both
normal and vascular dementia patients.

Thrombospondin1 plays multiple biological roles
through protean mechanisms. As a secreted signaling

Fig. 3 ADAMTS13 localizes to corpora
amylacea (CA) in normal brain and multi-
infarct dementia. Sections from normal
(A, B) and vascular dementia (C, D)
brains were stained for ADAMTS13,
which showed a similar distribution of
staining as thrombospondin1. Halo-
shaped staining occurred in the cortex (A,
D) and perivascular regions abutting the
ependyma (B). Subependymal CA were
strongly labeled as well (C).
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protein, thrombospondins bind to a large number of trans-
membrane receptors such as integrins, LRP, CD36, and
CD47 triggering a multitude of cell-specific effects.29–32 In
addition, thrombospondins serve as extracellular adapter
proteins that bind to protein complexes and facilitate their
clearance.33 As such, thrombospondin1 is the first example
of a signaling molecule found in CA and the first regulator

of the extracellular scavenging system found in CA by
immunostaining. It is quite possible that the uptake of
thrombospondin1 into CA is a consequence of its function
as a target for endocytosis, given the appearance of
multiple other proteins in CA which seem destined for
catabolism.

From where is thrombospondin1 originating? The most
abundant source of thrombospondin1 is platelets; throm-
bospondin1 makes up 3% of the total platelet protein
and up to 25% of thrombin-activated platelet secretory
protein. Other cells in the brain which stain for thrombo-
spondin1 include neurons and glial cells,28 which contain
much less thrombospondin1 than platelets. It is not clear
whether these cells make thrombospondin1 in situ or inter-
nalize it from sources such as platelets and serum, but the
latter is theoretically possible since these cells express
receptors for thrombospondin uptake.25,34,35 Similarly, CA
thrombospondin1 could result from endocytosis of platelet
proteins that have crossed into the brain. Platelet proteins
have never been implicated in CA pathogenesis, but long-
standing observations suggest that this could be the case.
It is intriguing to note that CA are most commonly seen
in regions of the brain that are in close proximity to
high concentrations of vessels. Thus, extravasated plasma
protein or platelet components which leach out of vessels
over time could contribute to CA. This would provide an
explanation for why CA are localized to subpial and sub-
ependymal regions more commonly than deeper layers of
the cortex, which are formed predominantly by neurons
and astrocytes. It is also noteworthy that CA were found
in patients with vascular dementia, a disorder which is
predicted to compromise the blood-brain barrier. Other
conditions that lead to CA formation, including aging,
Alzheimer’s disease, multiple sclerosis, and temporal lobe
sclerosis, are associated with chronic vascular compromise.
If indeed platelets are the source of thrombospondin1 in
CA, we predict that vascular injury and blood-brain barrier
dysfunction would be strong risk factors for CA formation.
In further support for this notion, complement proteins,
which are largely serum-derived, have been consistently
reported in CA.2,4

In additional support of a potential contribution of
platelet/blood proteins to CA, we show that another
platelet/blood protein, ADAMTS13, is found in CA.
ADAMTS13 is found in high abundance in the serum,23

and also is expressed in the liver, platelets, and endothelial
cells. In aggregate, our new observations that CA include
multiple proteins found in high abundance in the blood
support the possibility that CA are in part composed of
blood protein products.

Finally, we show that thrombospondin1 and
ADAMTS13 form protein complexes using two comple-
mentary experimental approaches. It is conceivable that

Fig. 4 Molecular interaction between thrombospondin1 (TSP1)
and ADAMTS13. (A) To test for interactions between thrombo-
spondin1 and ADAMTS13 in cells, we transfected 293A cells with
cDNAs for thrombospondin1 and ADAMTS13, either singly or in
combination.We immunoprecipitated ADAMTS13 using the Flag
antibody from cell lysates and probed precipitated proteins by
immunoblotting. Thrombospondin1 protein coprecipitated with
ADAMTS13 only in cotransfected cells. (B) To test for interaction
in vitro, we adsorbed ADAMTS13 or bovine serum albumin
(BSA) to plastic dishes. Labeled thrombospondin1 was applied to
dishes at increasing doses and then detected using a scanner.
Dose-dependent binding was observed. Thrombospondin1 does
not appreciably bind to BSA. These experiments were replicated
twice.
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the two proteins circulate together, and during breaches of
the blood-brain barrier, transit into the brain parenchyma
where they are endocytosed and eventually deposited into
CA. It is also possible that each protein reaches the brain
independently, and that protein-protein interactions cause
the two proteins to aggregate within the cell together and
participate in the formation of CA in situ. Further experi-
ments will be required to differentiate these possibilities,
but these experiments provide evidence that CA proteins
could result from protein-protein interactions, molecular
forces that form the basis for many pathological markers of
neurodegenerative conditions (e.g. senile plaques, tangles,
Lewy bodies).

In summary, we show that thrombospondin1 and
ADAMTS13 accumulate and are partitioned into CA of
the brain in both normal aged and vascular dementia
patients. Since these proteins are expressed highly in the
blood, their progressive, pathological extravasation into
the brain during aging or neurodegeneration may partici-
pate in the genesis of CA which form around blood vessels.
The direct protein interactions we describe here for the
first time suggest that thrombospondin1 and ADAMTS13
are paired either in the blood or during the formation of
CA.
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