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Abstract

A case of 54-year old woman who deceased due to consequence of extensive brain hemorrhage is presented.
The patient was admitted to our Department of Neurology due to progressive quadriparesis as a complication of the
cervical spinal cord compressive myelopathy. On the third day after neurosurgical decompression of the spinal cord
sudden worsening of neurological and general condition was observed, finally caused death. An autopsy study
revealed an extensive brain lobar hemorrhage and a dorsal-ventral compression of the cervical spinal cord.
Alzheimer’s disease-type degenerative changes with concomitant CAA were seen in light microscope examination.
Extensive foci of demyelination were found especially in dorsal funiculi of the cervical spinal cord. Smaller foci
of demyelination were present in anterior funiculi due to the stenosis of vertebral canal.
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Introduction

Cerebral amyloid angiopathy (CAA) is a progressi-
ve degenerative process of leptomeningeal and brain
parenchymal vessels caused by accumulation of amy-
loid deposits in their walls [2,11,16,25,28].

Amyloid deposition is a prominent feature of
a number brain disorders, in which amyloid fibrils are
found within blood vessel walls, the neuropil (neuritic
plaques) and neurons (neurofibrillary tangles) [14,25,30].
These include Alzheimer’s disease (AD), AD changes

associated with Down’s syndrome (DS), neurological-
ly asymptomatic amyloidosis, Parkinson dementia
of Guam, dementia with Lewy bodies (DLB), heredi-
tary cerebral hemorrhage with amyloidosis of Ice-
landic origin (HCHWA-I), hereditary cerebral hemor-
rhage with amyloidosis of Dutch origin (HCHWA-D),
and sporadic cerebral amyloid angiopathy (SCAA) [1,4,
8,9,13,25).

There are pathological associations between B-amy-
loid protein, apolipoprotein alleles, CAA, Alzheimer’s
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disease and Down’s syndrome [3,16-18,27]. CAA is fre-
quently associated with Alzheimer’s disease; however
the relationship between CAA and Down’s syndrome is
poorly known [20]. Middle-age Down’s syndrome
patients develop dementia with pathological hallmarks
that are characteristic for Alzheimer’s disease [30].
Autosomal dominant AB-related CAA had been mainly
associated with rare missense mutation of the APP
gene located within the AB coding sequence [5].

Down syndrome is common genetic disorder
affecting around 1 in 800 live birds in the human po-
pulation [17,19]. It is caused by a complete, or occa-
sionally partial, triplication of chromosome 21 result-
ing in a complex and variable phenotype [10,16]. The
mechanism by which trisomy 21 leads to the charac-
teristic Down’s syndrome phenotype are unclear.

The disorder is primarily characterized by cogni-
tive and language dysfunction coupled with sensory
and neuromotor deficits and a neuropathology pri-
mary characterized by decreased brain size and
weight plus abnormal gyrification and neurogenesis.
DS are also individuals who are likely to suffer from
a board range of symptoms outside of the nervous
system, including abnormal craniofacial develop-
ment, congenital heart problems, and immune
defects [15,19,29].

We present a case of a middle-aged woman with
Down’s syndrome who apart from the expected
lesions of Alzheimer’s disease had widespread CAA
with subsequent intracerebral hemorrhage which
was the immediate cause of death.

Case presentation

A 54-year-old female with Down syndrome was
admitted to our Department of Neurology due to pro-
gressive quadriparesis as a complication of the cervi-
cal spinal cord compressive myelopathy lasting for
a few hours. Cervical spinal cord compression locali-
zed in C4-C6 was confirmed by MRI (Fig. 1).

She lived at home with parents and functioned
independently. Past medical history was entirely non-
contributory with no evidence of diabetes or athero-
sclerosis. She had no family history of dementia or
intracerebral hemorrhage.

She had neurosurgical decompression of the
spinal cord. On the third day after operation sudden
worsening of neurological and general condition was
observed, finally caused death.
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Material and methods

The brain autopsy material was fixed in 4%
paraformaldehyde in 0.1 M phosphorane-buffer
saline and embedded in paraffin. The specimens
were stained with H&E, PAS, Congo Red, Kliver-
Barrera methods and immunohistochemically with
the following antibodies; neurofilaments (NFTs, Novo-
castra, 1: 50), anti tau (DAKO, 1 : 200), anti AB 1-40
(Serotec, 1: 250), anti AB 1-42 (Serotec, 1 : 250) and
anti ubiqutin (DAKO, 1: 150).

Results

An autopsy study revealed an extensive brain
lobar hemorrhage (Fig. 2) and a dorsal-ventral com-
pression of the cervical spinal cord on the level C4-C6
(Figs. 3 and 4). Alzheimer’s disease-type degenerative
changes presenting as a many amyloid plaques and
neurofibrillary tangles with concomitant cerebral
amyloid angiopathy were seen in light microscope
examination using immunohistochemical methods
(AB and tau) (Figs. 5 and 6). Tau staining neurofibril-
lary tangles and neuropil threads were observed
mainly in the frontal cortex (Fig. 6). Alzheimer’s like
changes in CAl region of the amonal cortex were pre-
sented using ubiquityn (Fig. 7). Cerebral amyloid
angiopathy (CAA) was diagnosed showing severe AB
deposits in the wall of the meningeal vessels (Fig. 8)

Fig. 1. A magnetic resonance imaging scan of
the cervical spinal cord. Cervical spinal cord
compression at the C4-C6 level.
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Fig. 2. Haemorrhagic infarct in the patient with
cerebral amyloid angiopathy and Down’s syn-
drome.
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Fig. 4. Maculated demyelinization area in the
substantia alba of the cervical spinal cord.
Kliver-Barrera.

Fig. 5. Amyloid plaques and AB deposits in the
wall of cortical vessels. Anti-AB. x 200.

and cortical vessels (Fig. 9) mostly localized in frontal
and occipital lobes.

In dorsal-ventral compression of the cervical
spinal cord on the level C4-C6 demyelination as result
of spinal cord compression was diagnosed. Extensive
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Fig. 3. Haemorrhagic focus in the substantia
alba in the frontal lobe. Kliver-Barrera.
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Fig. 6. Neurofibrillary tangles (NFTs) and neuropil
threads in the frontal cortex. Anti-tau. x 200.

foci of demyelination were found especially in dorsal
funiculi (Fig. 10) and in anterior funiculi due to the
stenosis of vertebral canal (Fig. 11).

The general autopsy performed on this patient
was otherwise unremarkable.
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Fig. 8. AB deposits in the wall of meningeal ves-

sels. Congo red. x 100.
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Fig. 9. AB deposits in cervical vessels. Congo red. T £
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x 200. Fig. 10. Demyelinization of the substantia alba
in the posterior funiculus directly to the end of the

gray posterior commissure. Kliiver-Barrera x 100.

Diagnosis

Cerebral amyloid angiopathy as a cause of an
extensive brain hemorrhage in adult patient with
Down’s syndrome and the dorsal ventral compres-
sion of the cervical spinal cord on the level C4-Cé.

Discussion

We present a case of middle-aged woman with
Down’s syndrome who apart from the expected
lesions of Alzheimer’s disease had widespread CAA
with subsequent intracerebral hemorrhage which
was the immediate cause of death.

The present case is unusual in that Down’s syn-
drome, Alzheimer’s disease, CAA and intracerebral

Fig. 11. Demyelinization area in the substantia
alba in the anterior funiculus of the cervical
spinal cord. Kliiver-Barrera. x 50.
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hemorrhage were found to coexist in a single patient.
Intracerebral hemorrhage was arisen as a result of
CAA.

Patients with Down’s syndrome are described to
have stroke [3,8,21]. In a 10-year follow-up of more
than 10 000 individuals with Down’s syndrome,
prevalence of cerebrovascular diseases as a cause of
mortality was found to be more frequent in this popu-
lation than expected in the general population
according to age and gender [7]. The association of
Down’s syndrome with the precious development of
Alzheimer’s disease was first reported by Jevis in
1948. He described the characteristic features of neu-
rofibrillary tangles and senile plaques in three Down’s
patients [3]. Ellis generalized that “in Down’s syn-
drome, the reward for survival beyond age forty is
presenile dementia” [9]. Glenner and Wong in 1984
isolated from the cerebrovascular amyloid the protein 8
in Alzheimer’s disease, which was homologous to
a similar amyloid protein found in adult Down’s syn-
drome [12]. Down’s syndrome patients express
abnormally high levels of APP, as a result of their hav-
ing three copies of chromosome 21 (on which the
gene encoding APP is located). These patients nearly
always develop early-onset AD [5,19,22,23]. Very
young DS brains contain high levels of diffuse AB1-42
amyloid, an apparently nonfibrillar form of AR aggre-
gate that is not associated with surrounding neuronal
death [16]. The documented association of Down’s
syndrome with CAA is not common. There are only
a few reports of cerebral hemorrhage in patients with
CAA and DS [3,8,10,20,21,24].

CAAis known as a cause in 5-10% of spontaneous
intracerebral hemorrhage [8]. CAA has been found to
be an important cause of massive, non-traumatic,
non-hypertensive cerebral hemorrhage in the elderly
[3,25]. In 1985, Cosgrove presented 7 of 24 patients of
whom no other cause of hemorrhage could be
demonstrated at autopsy [6].

Cerebral amyloid angiopathy and Alzheimer’s dis-
ease may occur in Down’s syndrome, presumably
because of the increases expression of f-amyloid pre-
cursor protein (APP) associated with trisomy 21, the
chromosomal location of the APP gene [5,19,22,23].
The overexpression of the amyloid precursor protein
(APP) gene on chromosome 21 has been proposed as
the central event leading to AD pathology in DS in
keeping with the amyloid cascade hypothesis [19].

The co-existence of NFTs and AB plaques in
Down’s syndrome (trisomy 21) patients suggests that
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extra copies of genes on chromosome 21 are capable of
inducing the pathologic lesions characteristic of AD
[11]. In DS patients, three copies of APP gene, posses-
sion of the apoE4 allele, and age (46 years) predisposed
to Alzheimer’s disease and cerebral amyloid angiopa-
thy whereas the apoE €2 allele predisposed to haemor-
rhage from the amyloid laden blood vessels [21].

The clinical manifestations of DS are variable.
Atlantoaxial dislocation or subluxation occurs in 10 to
20% of patients with DS [15]. DS patients develop
dementia of Alzheimer type 20-30 years earlier than
people in the general population and older DS
patients are more frequently affected by this type of
dementia [16,26].

Conclusions

It should be remembered that having a patient
with Down’s syndrome not only Alzheimer’s disease
type degenerative changes can occur, but also cere-
bral amyloid angiopathy. Intracerebral hemorrhages
as a complication of CAA can cause a death in
patients with Down’s syndrome.

References

1. Amstrong RA. Spatial correlations between B-amyloid (AB)
deposits and blood vessels in familial Alzheimer’s disease. Folia
Neuropathol 2008; 46: 241-248.

. Attems J. Sporadic cerebral amyloid angiopathy: pathology,
clinical implications, and possible pathomechanisms. Acta Neu-
ropathol 2005; 110: 345-359.

. Belza MG, Urich H. Cerebral amyloid angiopathy in Down’s syn-
drome. Clin Neuropathol 1986; 5: 257-260.

4. Bertrand E, Lewandowska E, Stepien T, Szpak GM, Pasennik E,
Modzelewska J. Amyloid angiopathy in idiopathic Parkinson’s
disease. Immunohistochemical and ultrastructural study. Folia
Neuropathol 2008; 46: 255-270.

. Cabrejo L, Guyant-Maréchal L, Laquerriere A, Vercelletto M,
De La Fourniére F, Thomas-Antérion C, Verny C, Letournel F,
Pasquier F, Vital A, Checler F, Frebourg T, Campion D, Hanne-
quin D. Phenotype associated with APP duplication in five
families. Brain 2006; 129: 2966-2976.

6. Crosgrove GR, Leblanc R, Meagher-Villemure K, Ethier R. Cere-
bral amyloid angiopathy. Neurology 1985; 35: 625-628.

.Day SM, Strauss DJ, Shavelle RM, Reynolds RJ. Mortality and
causes of death in persons with Down syndrome in California.
Dev Med Child Neurol 2005; 47: 171-176.

. Donahue JE, Khurana JS, Adelman LS. Intracerebral hemorrhage
in two patients with Down’s syndrome and cerebral amyloid
angiopathy. Acta Neuropathol 1998; 95: 213-216.

9. Ellis RJ, Olichney JM, Thal U, Mirra SS, Morris JC, Beekly D,
Heyman A. Cerebral amyloid angiopathy in the brains of
patients with Alzheimer’s disease: The CERAD experience, part
XV. Neurology 1996; 46: 1592-1596.

N

w

(%2}

~

[ee]

Folia Neuropathologica 2010; 48/3



Cerebral amyloid angiopathy as a cause of an extensive brain hemorrhage in adult patient with Down’s syndrome — a case report

10. Flynn JT. Congophilic angiopathy. N'Y State J Med 1990; 2: 64-68.

11. Ghiso J, Fragione B. Amyloidosis and Alzheimer’s disease. Adv
Drug Deliv Rev 2002; 54: 1539-1551.

12. Glenner GG, Wong CW. Alzeimer’s disease and Down’s syn-
drome: sparing of a unique cerebrovascular amyloid fibril pro-
tein. Biochem Biophys Res Commun 1984; 122: 1131-1135.

13. Head E, Lott IT. Down syndrome and beta-amyloid deposition.
Curr Opin Neurol 2004; 17: 95-100.

14. Ikeda SI, Tokuda T, Yanagisawa N, Kametani F, Ohshima T,
Allsop D. Variability of B-amyloid protein deposited lesions in
Down’s syndrome brains. Tohoku J Exp Med 1994; 174: 189-198.

15. Ishida S, Date M, Doi Y, Sato T, Sugino M, Kimura F, Hanafusa T.
Recurrent cerebral embolism in a young adult with Down’s syn-
drome. A case report. J Neurol 2004; 251: 1275-1277.

16. Kumar-Singh S. Cerebral amyloid angiopathy: pathogenetic
mechanisms and link to dense amyloid plaques. Genes Brain
Behavior 2008; 7 (Suppl 1): 67-82.

17. Lai F, Williams RS. A prospective study of Alzheimer disease in
Down syndrome. Arch Neurol 1989; 46: 849-853.

18. Lemere CA, Blusztajn JK, Yamaguchi H, Wisniewski T, Saido TC,
Selkoe DJ. Sequence of deposition of heterogenous amyloid
B-peptides and Apo E in Down syndrome: implications for initial
events in amyloid plaque formation. Neurobiol Dis 1996; 3:
16-32.

19. Lockstone HE, Harris LW, Swatton JE, Wayland MT, Holland AJ,
Bahn S. Gene expression profiling in the adult Down syndrome
brain. Genomics 2007; 90: 647-660.

20. Lépez JR, Infante ER, Montero JLM, Carretero MJM. Cerebral
amyloid angiopathy, recurrent intracerebral haemorrhage and
Down’s syndrome. Neurologia 2006; 21: 729-732.

21. McCarron MO, Nicoll JAR, Graham DI. A quartet of Down’s syn-
drome, Alzheimer’s disease, cerebral amyloid angiopathy, and

Folia Neuropathologica 2010; 48/3

22.

2

w

24.

2

w1

26.

27.

28.

29.

30.

cerebral haemorrhage: interacting genetic risk factor. J Neurol
Neurosurg Psychiatry 1998; 65: 405-406.

Mehta PD, Mehta SP, Fedor B, Patrick BA, Emmerling M, Dal-
ton Al. Plasma amyloid B protein 1-42 levels are increased in
old Down Syndrome but not in young Down Syndrome. Neu-
rosci Lett 2003; 342: 155-158.

. Mrak RE, Griffin WST. Trisomy 21 and the brain. J Neuropathol

Exp Neurol 2004; 63: 679-685.

Naito KS, Sekijima Y, Ikeda S. Cerebral amyloid angiopathy-rela-
ted hemorrhage in a middle-aged patient with Down’s syn-
drome. Amyloid 2008; 15: 275-277.

.Rensink AAM, de Waal RMW, Kremer B, Verbeek MM. Patho-

genesis of cerebral amyloid angiopathy. Brain Res Rev 2003; 43:
207-223.

Sekijama Y, lkeda A, Tokuda T, Satoh S, Hikada H, Hikada E,
Ishikawa M, Yanagisawa M. Prevalence of dementia of
Alzheimer type and apolipoprotien E phenotypes in aged
patients with Down’s syndrome. Eur Neurol 1998; 39: 234-237.
Styczynska M, Strosznajder JB, Religa D, Chodakowska-
-Zebrowska M, Pfeiffer A, Gabryelewicz T, Czapski GA, Kobrys$ M,
Karciauskas G, Barcikowska M. Association between genetic
and environmental factors and the risk of Alzheimer’s disease.
Folia Neuropathol 2008; 46: 249-254.

Vinters HV. Cerebral amyloid angiopathy. A critical review. Stroke
1987; 18: 311-324.

Wierzba-Bobrowicz T, Lewandowska E, Schmidt-Sidor B, Gwiaz-
da E. The comparison of microglia maturation in CNS of normal
fetuses and fetuses with Down’s syndrome. Folia Neuropathol
1999; 37: 227-234.

Wisniewski KE, Wisniewski HM, Wen GY. Occurrence of neu-
ropathological changes and dementia of Alzheimer’s disease in
Down’s syndrome. Ann Neurol 1985; 17: 278-282.

211



