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Abstract : Corpora amylacea(CA) are glycoproteinaceous inclusions that accumulate in the human brain during
normal aging and neurodegenerative diseases. Although it has been suggested that the cellular sources of CA are
neurona or glial, the mechanisms underlying CA formation remain controversial.

The aim of this study was to identify the source of CA in the human brain. Sample of the human brain tissues
were obtained from the cadavers. H-E stain, periodic acid-Schiff (PAS) stain, and immunohistochemistry were
performed in the brain tissues. Experimental induction of CA was also performed in rats.

CA have been found in large numbers in the superficial, rather than in the deep, layer of the white matter in the
lateral ventricle that is in contact with the cerebrospinal fluid (CSF) and sometimes near the blood vessels.
Destroyed choroid plexi with psammoma bodies have been observed in the lateral ventricle of aged brains
containing substantial numbers of CA. The cores of CA were mainly composed of amorphous PAS-positive
materials, and glia fibrillary acidic protein-positive astrocytic processes were attached to the surface of the CA.
Weak MAP2 was detected on afew CA in the gray matter such as dentate gyrus. PAS-positive CA were located
on the border of the hippocampus contacting the CSF in the lateral ventricle in the cysteamine-induced CA
animal model.

Taken together, main cellular source of CA is astrocytes and CA core formation may be associated with CSF in

the aged human brain.
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Introduction

Corpora amylacea (CA) are cytoplasmic, glycoproteina-
ceous inclusion bodies that accumulate in the human brain
during the course of normal aging and, to a much greater
extent, in Alzheimer’s disease (Cisse et al. 1993), hippo-
campal sclerosis accompanying temporal |obe epilepsy
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(Radhakrishnan et al. 2007), and other neurodegenerative
conditions (Chung and Horoupian 1996). CA are also ob-
served in the peripheral nerves and the optic nerve of the
human eye (Rejdak et al. 2007, Rejdak et a. 2011). Clini-
cally, the presence of CA should be considered in the dif-
ferential diagnosis of patients presenting with brain mag-
netic resonance images (MRIs) suggestive of non-enhanc-
ing space-occupying lesions (Abel et a. 2010). CA, which
are composed of a polyglucosan core surrounded by an
ubiquitinated outer shell, exhibit periodic acid-Schiff (PAS)
staining (Cisse and Schipper 1995). Although CA were
first described by Purkinje more 150 years ago, the mech-
anisms responsible for their formation and their pathologi-
cal significance remain elusive.

Although both a neuronal (Loeffler et a. 1993, Wilhel-
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mus et a. 2009) and a glial origin has been suggested (Mar-
tinet al. 1991, Cisse et a. 1993, Singhrao et a. 1994, Schi-
pper and Cisse 1995), the exact cellular source of CA re-
mains to be elucidated. CA are composed of a mixture of
short and long polysaccharides. Centrifugation-purified
CA have been reported to yield 87% hexose, 4.7% protein,
and 2.5% phosphate (Sakai et a. 1969). Immunoreactivity
to astrocytes (Cisse and Schipper 1995, Schipper 1998),
and oligodendroglial molecules(Singhrao et al. 1994) sug-
gestsaglia influence on CA formation.

However, Maurizi (Maurizi 2010) insisted that CA form
with normal aging and are usually found in brain tissue
that has close contact with the cerebrospinal fluid (CSF).
Thus, it seems reasonable to assume that the CA are deriv-
ed from substancesin CSF.

The aim of this study was to elucidate the cellular and
non-cellular sources of CA in the aged human brain.

Materials and Methods

Brain tissues, hippocampal formations, and choroid plexi
in the lateral ventricle were dissected from twelve cadavers
donated for medical research and education to the Depart-
ment of Anatomy of the School of Medicine, Chungnham
National University, Korea. We showed the data from the
representative two cadavers(37- and 90-year-old males).

Experimental induction of CA was performed with the
method introduced by Shipper (Schipper and Cisse 1995).
Ten male Sprague-Dawley rats aged 8 weeks were pur-
chased from Dae Han Experimental Company (Dagjeon,
Korea). Cytemine-HCI (CSH, Sigma Chemical Co. MO,
USA) was freshly prepared on the day of administration by
dissolving desiccated CSH powder in neutral saline and
adjusting the pH to 7.2 with 1M NaOH. The animals re-
ceived biweekly subcutaneous injections of either CSH

Fig. 1. Histopathology of the hippocampus and choroid plexus in the lateral ventricle. A: The ependyma covering the hippocampus was
intact in the 37-year-old male. B: The ependyma covering the hippocampus was not intact and globular substances (arrows) were located in
the white matter of the hippocampus in the 90-year-old male. C: The choroid plexus in the lateral ventricle of the 37-year-old male was
intact. D: The choroid plexus of the 90-year-old male was destroyed and contained psammoma bodies (arrow). LV, latera ventricle. H-E

stain. Scale bar=50pum.
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Fig. 2. Histopathology of the region related to corpora amylacea formation. A: Few PAS-positive CA (arrows) were present in the
superficial layer of the white matter of the hippocampal formation in the corner of the lateral ventricle of the 37-year-old male. B: Many
PAS-positive CA were located in the superficial layer of the white matter in the corner of the lateral ventricle of the 90-year-old male. C:
Many PAS-positive CA were located between the superior medullary velum (SMV) and the cerebellum of the 90-year-old male. D: PAS-
positive CA were located near the blood vessel (arrow) in the SMV. PAS stain of the 90-year-old male. GL, granular layer; ML, molecular

layer. Scale bar=100pum.

(150 mg/kg body weight, n=6) or saline vehicle (control;
n=4) over a 6-week period. Following an additional 5-
week drug washout period, the rats were deeply anesthetiz-
ed with sodium pentobarbital and perpused transcardially
with 4% paraformaldhyde solution. Fixed tissues were
embedded in paraffin.

Formalin-fixed tissues of the human brain were embedd-
ed in paraffin prior to hematoxylin-eosin (H-E), PAS, and
immunofluorescent or immunohistochemical staining.
Routine H-E and PAS staining were performed in the de-
paraffinzed tissue sections. Some tissues were post-fixed
in 2.5% glutaldehyde solution for transmission electron
microscopy.

Double staining was used for glia fibrillary acidic pro-
tein (GFAP), microtubule-associated protein 2 (MAP2),
and myelin basic protein (MBP) immunofluorescence or
immunohistochemistry to localize CA. The deparaffinzed

tissue sections were first stained with PAS, and immuno-
fluorescence or immunohistochemistry was then perform-
ed using immunofluorescent dye or avidin-biotin complex.
The antibodies used in this experiment were as follows:
GFAP, polyclonal antibody, 1: 250 (Chemicon, MA, USA);
MAP2, polyclonal antibody, 1 : 500 (Novus Biologicals,
CO, USA); MBP, palyclonal antibody, 1 : 250 (Chemicon,
MA, USA).

Transmission electron microscopy was performed via
the usua method and observed with a transmission electron
microscope (Hitachi H600, Tokyo, Japan).

Results

The ependyma covering the hippocampus was intact, and
no abnormal structure was not seen in the white matter of
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Fig. 3. Immunofluorescent or immunohistochemical staining for GFAP, MAP2, and MBP and transmission electron microscopy of the
corpora amylacea of the 90-year-old male. A: GFAP-positive processes surrounded the CA core(*) in the hippocampal surface. B: Cellular
debris attached to the CA core in the hippocampal surface. C and D: A weak MAP2-positive component (arrow) was detected on the
surface of the CA. Figure D depicts a PAS-stained photograph of the same tissue presented in Figure C. E: MBP immunoreactivity was not
detected on the CA in the hippocampal surface. A, C, D, double staining with PAS and immunofluorescence methods; B, transmission
electron microscopy; E, double staining with PAS and immunohistochemical methods. Scale bar=10um in A, 2umin B, 25pum in C and
D, 50uminE.

Fig. 4. CA formation in the brain of the cysteamine-induced CA animal model. A: There was no PAS-positive granule in the brain of the
control rats. B: Small PAS-positive granules were located on the border of the hippocampus (Hip) contacting the CSF in the lateral
ventricle in the cysteamine-induced CA animal model. LV, lateral ventricle. Scale bar=20um.



the hippocampus in the 37-year-old male(Fig. 1A). While
the ependyma was destroyed and globular substances were
found in the white matter of the hippocampus in the 90-
year-old male(Fig. 1B). The choroid plexus cells of the 37-
year old male were intact (Fig. 1C), but those in 90-year-
old male were destroyed (Fig. 1D). Specifically, psammo-
ma bodies were found in the choroid plexus of the 90-year-
old mae(Fig. 1D).

Next, we verified the globular substances in the hippo-
campus with PAS stain. Few PAS-positive CA were de-
tected in the superficial layer of the white matter in the cor-
ner of the lateral ventricle of the 37-year-old male(Fig. 2A).
Although many PAS-positive CA were present in the su-
perficial layer in contact with CSF, few CA were found in
the deep layer of the corner of the lateral ventricle of the
90-year-old male (Fig. 2B). Many PAS-positive CA were
also located between the superior medullary velum and the
cerebellum (Fig. 2C). Sometimes, PAS-positive CA were
found near the blood vessel in the aged brain (Fig. 2D).
These data suggest that CA formation may be related to
CSF in the ventricle or exudation from the blood vessels.

To identify origin of the CA in the hippocampus, we per-
formed immunohistochemistry and transmission electron
microscopy. The CA in the hippocampal surface of the
white matter were surrounded by GFAP, an astrocyte mar-
ker, asindicated by positive results on immunofluorescence
(Fig. 3A). Transmission electron microscopy showed that
the CA core was composed of amorphous materials and
surrounded by cellular debris (Fig. 3B). Weak MAP2, a
neuronal marker, was detected on a few CA in the gray
matter (e.g., the dentate gyrus) (Fig. 3C, 3D). However,
MBP immunoreactivity, an oliogodendrocyte marker, was
not seen on the CA in the superficia layer of the hippo-
campus that was in contact with the lateral ventricle (Fig.
3E).

In the brain of CA induced animal model, PAS positive
substance was not found in the brain of control rat (Fig.
4A). While, small PAS positive granules, probably CA,
were located on the border of the hippocampus contacting
the CSF in the lateral ventricle in the cysteamine-induced
CA animal modéd (Fig. 4B).

Discussion

CA are spherica aggregations of glucose polymers(poly-
glucosan or polysaccharides (Cavanagh 1999). The CSF
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contains 50-80 mg/dL of glucose and 15-45mg/dL of pro-
tein (Felgenhauer 1974). Our study showed that most CA
were localized in the superficial layer of the white matter
in the lateral ventricle, which was in contact with CSF,
rather than in the deep layer, and were associated with de-
struction of the choroid plexus. Transmission electron mi-
croscopic observation showed that the CA core was large-
ly composed of amorphous materials, probably PAS-posi-
tive glucose polymers. Taken together, these data suggest
that the formation of CA core may be associated with CSF
substances (Maurizi 2010).

Many CA were present in the superficial layer of white
matter in the corner of the lateral ventricle. A few CA were
found on the superficial layer of the cerebral cortex near
the superior sagittal sinus(data not shown). These datain-
dicate that CA are not present on the surface of the cerebral
cortex through which CSF passes, but many CA are form-
ed in areas of stagnant CSF, for example, the corner of the
lateral ventricle and other dlits containing CSF.

The cellular source of CA is known to be neuronal or
glid, astrocytic, or oligodendrocytic. In our study, CA were
abundantly distributed in the superficia layer of white mat-
ter in the hippocampal formation near the corner of the
lateral ventricle, and afew CA were found in the gray mat-
ter (e.g., the dentate gyrus). The CA on the hippocampal
surface were surrounded by GFAP-positive astrocytic pro-
cesses. However, the MBP-positive oligodendrocytic com-
ponent was not in contact with the CA in the white matter.
A weak MAP2-positive neuronal component was detected
on the CA in the gray matter (e.g., the dentate gyrus).
Therefore, the main cellular source of CA may be the
astrocytes situated among the neural cells.

A tiny irregular lamellar fiber mass initially formed in
the cytoplasm of the astrocyte with transmission electron
microscopy (Leel-Ossy 2001). Where a large amount of
CA developed it was practically impossible to discern the
original neural structures. Asthe CA increased in size the
normal fiber pattern of astrocytes gradually disappeared
or remained only &t the edge. Our data showed that the astr-
ocytic processes of most of CA remained on the edge of
the CA in the aged human brain.

Transglutaminase (TG) 1 and TG-catalyzed cross-links
are associated with cytoskeletal proteinsin CA in the nor-
mal aged brain and in neurodegenerative brains (Wilhelmus
et a. 2009). Cross-linking by TG1 may be essential to the
cross-links of the cellular components in the outer shells of
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CA. In addition to TG1, CA could result from a conglom-
eration of interacting proteins, thrombospondinl and AD-
AMTSL3, from extravasated blood elements released after
transient breakdown of the blood-brain barrier (Meng et
al. 2009). Our data showed that the choroid plexus cells
with tight junctions were destroyed in 90-year-old male,
and suggested that the CSF with extravasated blood ele-
ments contribute to CA formation in the brain. Our data
may be also associated with the result of a previous neuro-
pathological study (Leel-Ossy 1995); Diabetes may enhance
the tendency for forming CA by the hyperglycemiaincreas-
ing the quantity of unused carbohydrate polymers, which
are the main component of CA.

CSH treatment augmented the accrual of these cortical
glia granulesin a statistically significant manner, and the
fraction of peroxidase-positive glial granules converting to
mature CA in the cerebral cortex may be greater than that
in other brain regions, or subcortically-derived CA are
transported in centrifugal fashion towards the pial surface
in the experimental model of CA (Schipper and Cisse
1995). However, our experiment showed that most of CA
were found only on the border of the hippocampus, i.e., the
pia surface of the lateral ventricle contacting the CSF in
the cysteamine-induced CA animal model. We did not
found the evidence for CA transportation in centrifugal
fashion towards the pial surface from the cerebral cortex in
the CA anima model.

Taken together, our data suggest that main cellular sour-
ce of CA isastrocytes and CA core formation may be asso-
ciated with CSF in the aged human brain.
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