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ANTI-A� AUTOANTIBODIES IN THE CSF OF A
PATIENT WITH CAA-RELATED INFLAMMATION:
A CASE REPORT

A 68-year-old man presented with a 4-month history of
progressive memory loss and mood disorders. Neurologic
examination revealed severe impairment of attention and
verbal skills, without motor and sensory deficits. His med-
ical history included mild arterial hypertension, idiopathic
partial epilepsy, and obsessive compulsive disorder.

Brain MRI showed the presence of bilateral, asym-
metric, swollen white matter lesions in the cerebral
hemispheres, hyperintense in T2-weighted images, that
partially involved the left frontal cortex (figure). On
diffusion-weighted sequences, the white matter abnor-
malities were consistent with vasogenic edema. No
pathologic contrast enhancement was present.

Routine blood tests, inflammatory markers, auto-
antibodies, neoplastic markers, and paraneoplastic
antibodies were within normal limits. CSF examina-
tion revealed increased level of proteins (152 mg/dL)
and cell count (14 leukocyte/�L), without intrathe-
cal synthesis of oligoclonal bands. Bacterioscopic and
virologic tests (including HIV and JCV) were nega-
tive, both on CSF and serum. Search for tumor or
infection by total body CT scan was negative.

Stereotactic biopsy of the left frontal white matter
lesion showed gliosis without signs of infections or
neoplasm.

After the biopsy, the patient was treated with dexa-
methasone 24 mg/day IV for 20 days with marked clin-
ical improvement. A control CSF analysis performed 3
months later was within normal limits (�1 leukocyte/
�L, protein 27 mg/dL). Brain MRI demonstrated a re-
duction in number and extension of the white matter
T2-hyperintense lesions (figure). T2*-weighted gradi-
ent echo images showed the presence of multiple micro-
hemorrhages scattered over the entire cerebral cortex.
No microbleeds were present in basal ganglia, thalami,
and posterior fossa (figure).

Diagnosis of probable cerebral amyloid angiopa-
thy–related inflammation (CAA-ri) was made upon
clinical and MRI findings, supported by the demon-
stration of APOE �4 homozygosity.

A search for A� deposits in brain tissue and vessel
walls on the biopsy sample was negative; a possible

explanation is the deep white matter target, with ab-
sence of cortex and leptomeninges in the specimen.
The A� 1-42 protein in the CSF was reduced both in
the first (129 pg/mL) and second (125 pg/mL) lum-
bar puncture compared to normal values (682–1,063
pg/mL). The A� 1-40 protein was also investigated
(457 pg/mL in the first CSF; 238 pg/mL in the sec-
ond); however, due to the large variability of this
assay as reported in literature, the meaning of these
values is unclear.

We hypothesized a spontaneous autoimmune
process against CNS A� proteins, and assessed the
levels of anti-A� 1-40 and 1-42 autoantibodies in
our patient’s CSF, both before and after steroid treat-
ment, compared to 6 age-matched controls (mean
age: 63 � 19 years) and 4 patients with MS (mean
age: 45 � 17 years). We used our ELISA, as de-
scribed,1 and detected a marked increase of anti-A�

1-40 and 1-42 autoantibodies in the CSF of our
CAA-ri patient obtained prior to treatment com-
pared to controls and patients with MS. Interest-
ingly, both autoantibodies were strongly reduced in
our case after steroid therapy (figure). As shown in
Reiber’s graph (figure), this increase is not merely
explained by blood–brain barrier damage, but is pri-
marily linked to a specific intrathecal synthesis of
anti-A� antibodies.

Diagnosis of CAA-ri first requires recognition of
CAA.2,3 CAA is characterized by recurrent lobar
hemorrhages without other identified cause and a ra-
diologic pattern often limited to multiple microhem-
orrhages scattered over the cerebral cortex, with
sparing of the basal ganglia and thalami, revealed by
T2* gradient echo or susceptibility-weighted ima-
ges.3–5 A subgroup of these patients develop vascular
inflammation of CAA-affected vessels associated
with vasogenic edema shown by T2-hyperintense
MRI lesions.

The pathogenesis of CAA-ri is unclear. A predis-
posing condition to CAA-ri is represented by the
APOE �4/�4 genotype that is present in 80% of pa-
tients, compared to 5% with noninflammatory
CAA.4–6 Inflammation could be stimulated by an au-
toimmune reaction to A� occurring spontaneously,
in a way otherwise analogous to the development of
meningoencephalitis in a subset of patients with Alz-
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heimer disease receiving experimental vaccination to
A�.6,7 The dominant component of vascular amyloid
deposits in CAA is the short A� 1-40. Thus, both
autoantibodies against A� 1-40 and 1-42 may repre-
sent the mediators of the autoimmune reaction oc-
curring in CAA-ri,6,7 as suggested by our results.

A possible clinical application of our results could
be the use of the titer of CSF anti-A� antibodies as a
biological marker for the diagnosis of CAA-ri. More-

over, since a reduction of autoantibodies was demon-
strated after steroid treatment, their measure might
also be used to monitor the course of the disease and
the efficacy of treatment.

*These authors contributed equally to this work.
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Figure MRI of cerebral amyloid angiopathy–related inflammation (CAA-ri) and levels of anti-A� 1-40 and 1-42 autoantibodies in the CSF

Axial fluid-attenuated inversion recovery brain MRI shows bilateral hyperintense lesions of the subcortical white matter (A), which are reduced after 20 days of
steroid treatment (B). Axial T2*-weighted gradient-echo MRI (C) obtained 33 days later shows further reduction of white matter lesions and multiple, scattered,
hypointense cortical lesions due to microhemorrhages (arrows). (D) Reiber’s graph. X- and y-axes show, respectively, albumin (QAlb) and immunoglobulin G quo-
tient (QIgG), obtained by the ratio between the level of the protein in the CSF from the first lumbar puncture and in the plasma. The QAlb indicates the permeability
of the blood–brain barrier (BBB) to water-soluble molecules. The QIgG (total IgG including specific anti-A� autoantibodies) plotted into the graph discriminates
between intrathecal production of IgG and increased permeability of the BBB without increased synthesis. Legend of sections: 1 � range of normality, 2 � pure
damage of the BBB without intrathecal synthesis, 3 � BBB damage associated to intrathecal synthesis of Ig, 4 � pure intrathecal synthesis without BBB damage,
5 � methodologic fault (in the sample processing or blood withdrawal). The values plotted in the graph (QIgG: 19.7 [circle]; Qanti-A� 1-40 autoantibodies: 543
[triangle]; Qanti-A� 1-42 autoantibodies: 245.6 [square]) demonstrate both BBB damage and specific intrathecal synthesis of anti-A� autoantibodies (section 3).
(E) Anti-A� 1-40 and 1-42 autoantibodies are increased in the CSF of the CAA-ri patient obtained prior to treatment compared to control subjects and patients
with multiple sclerosis. The autoantibodies are strongly reduced after steroid treatment.
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SPORADIC COL4A1 MUTATIONS WITH
EXTENSIVE PRENATAL PORENCEPHALY
RESEMBLING HYDRANENCEPHALY
COL4A1 mutations were initially described in famil-
ial porencephaly (OMIM 175780).1-3 The pheno-
typic spectrum of COL4A1 mutations is, however,
wide and includes cerebral white matter small vessel
disease, cerebral aneurysms, cataract, anterior seg-
ment dysgenesis, microcornea, nephropathy, muscle
cramps, and cardiac arrhythmia.4-6 Prenatal onset has
been documented.7 Phenotype–genotype correlation
has been proposed for the HANAC phenotype
(OMIM 611773).5

We report on novel COL4A1 mutations occur-
ring de novo in 4 Caucasian patients with extensive
prenatal brain destruction, adding to the wide phe-
notypic spectrum.

Methods. COL4A1 sequencing was performed ac-
cording to the Dutch regulations for genetic diagno-
sis.3 Written informed consent for publication was
obtained from the parents.

Case reports. Case 1. This patient (male) presented
antenatally at 27 weeks’ gestation with asymmetric ven-
triculomegaly and extensive cerebral infarction seen on
fetal ultrasound and MRI (figure 1, A and B). At birth
(37 weeks’ gestation), apnea, poor feeding, and seizures
developed, leading to death at age 10 days. Postnatal
cerebral ultrasound (CUS) and postmortem MRI con-
firmed severe bilateral ventriculomegaly and tissue atro-
phy after extensive, putatively deep venous infarctions.
Absence of the rostral part of the corpus callosum, a poorly

gyrated cortex, and atrophy of the basal ganglia, thal-
ami, brainstem, and cerebellum with an enlarged
fourth ventricle were noted (figure 1, C and D). Tor-
tuosity of infratentorial and supratentorial vessels
(figure 1C), agenesis of the right kidney, renal artery,
and femoral vein and left-sided renal cystic lesions
were also seen (figure 1E).

Case 2. This patient (female), born at 40 weeks’
gestation, had severe ventriculomegaly and severe
cerebellar atrophy seen on fetal ultrasound at 37
weeks’ gestation and fetal MRI. Postnatal CUS and
MRI confirmed the findings. Susceptibility-weighted
imaging (SWI) showed low signal intensity on the
ventricular margins suggestive of antenatal hemor-
rhage (figure 1, F–H). Funduscopy revealed optic at-
rophy soon after birth. Results of abdominal
ultrasound were normal. Progressive high-pressure
hydrocephalus developed. She died at 11 weeks.

Case 3. This patient (male) presented with asym-
metric ventriculomegaly seen on fetal ultrasound at
26 weeks’ gestation. Fetal MRI showed massive cere-
bral infarction. At birth (40 weeks’ gestation) there
were apneas and poor feeding; bilateral small corneas
and focal central cataracts were noted. Postnatal
CUS and MRI showed severe ventriculomegaly and
a small cerebellum (figure 1I). MRI 2 years later
showed no change in the degree of tissue loss (figure
1J). Results of renal ultrasound were normal. He de-
veloped cerebral palsy and seizures.

Case 4. This patient (male), born at 37 weeks’ gesta-
tion, was very growth-restricted (weight 1,460 g,
��0.4th percentile, and head circumference 27 cm,
�0.4th percentile). CUS on postnatal day 1 and MRI
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showed right-sided ventricular dilation with a large cyst
adjacent to the right lateral ventricle, an area of cavita-
tion in the left temporal lobe, and a small cerebellum
(figure 1K). Bilateral cataracts were noted.

Results of screening for thrombophilia, maternal
infection, and anti-rhesus D antibodies in all patients
and their mothers were normal.

Results. In patient 1, a heterozygous c.2545G�T mu-
tation (p.G808V) in exon 31 of COL4A1 was found.
Patient 2 harbors a c.2716 � 1G�A splice site muta-
tion in exon 33. In patient 3, a c.3022G�A mutation
(p.G1008R) in exon 36 was detected. Patient 4 showed
a c.3130G�C mutation (p.G1044R) in exon 37. None
of these mutations have been described previously, and
they were absent in a panel of 200 ethnically matched
control subjects. The 3 glycine substitutions affect
highly conserved G-X-Y collagen repeats.1,2 All muta-
tions were absent in the parents, suggesting de novo
events, except for the mother of patient 3, who was
found to have a mosaic mutation in the blood. The
mutations are located in exons 31, 33, 36, and 37 and
are in the same area covering one-fifth of the triple helix
domain of the collagen IV�1 protein (figure e-1 on the
Neurology® Web site at www.neurology.org).

Discussion. The COL4A1 mutations of our patients
are associated with severe encephaloclastic lesions, at
first sight resembling hydranencephaly. The type and
localization of the lesions may suggest a massive middle
cerebral artery territory ischemic stroke, mostly in pa-
tients 1 and 3. However, hemosiderin deposits on the
ventricular margins from SWI data are more specific for
venous infarction and suggest a venous component to
the damage in all patients. The pathogenesis could be a
massive germinal matrix and intraventricular hemor-
rhage followed by extensive venous infarction, with
compression, edema, and secondary ischemia of large
parenchymal areas leading to destruction of the cerebral
white matter and cortex and secondary changes in the
central gray matter. A similar mechanism could under-
lie the secondary cerebellar atrophy. However, primary
arterial involvement is suggested by the renal agenesis of
patient 1 and the previously reported retinal arterial tor-
tuosity and cerebral arterial aneurysms.2,5,6 Our data
show that COL4A1 testing should also be considered in
sporadic severe antenatal hemorrhagic stroke resem-
bling hydranencephaly.

*These authors contributed equally to this work.
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Figure 1 MRI

Case 1: fetal MRI at the 28th gestation week. Sagittal (A) and transverse (B) T2-weighed
image showing massive cerebral infarction extending to the cortex with loss of gray and
white matter. (C, D) T2-weighed images of postmortem brain MRI showing severe bilateral
ventriculomegaly with extensive gray and white matter loss, tortuosity of the cerebral ar-
teries, and cerebellar and pontine atrophy. (E) Thoracic and abdominal imaging showing
right-sided renal agenesis and multiple small cystic lesions in the left kidney (arrow). Case 2:
postnatal sagittal (F) T2-weighted and transverse (G) T1-weighted images showing exten-
sive bilateral infarction as well as severe atrophy of the vermis, pons, and brainstem. The
areas of low signal intensity on the susceptibility-weighted image (H) show remnants of old
hemorrhage following the venous distribution of the periventricular white matter. Case 3:
neonatal transverse T2-weighted images (I) and coronal fluid-attenuated inversion recov-
ery sequence at age 2 years (J), both showing extensive tissue destruction, which is more
marked on the right. Case 4: postnatal transverse inversion recovery images (K) showing
bilateral porencephaly with cortical destruction. Note the high signal intensity lesions adja-
cent to the porencephaly and to the lateral ventricles, suggestive of previous hemorrhage.
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The AAN Provides a New Resource for Your Patients
Written by Ronald DeVere, MD, Director of the Taste and Smell Disorders Clinic in Austin, Texas
and Marjorie Calvert, Food Consultant at the clinic, Navigating Smell and Taste Disorders includes
causes, treatment options, and 36 recipes and additional tips that will make food appealing again.
“More than 200,000 people visit doctors each year for smell and taste problems, which often are the
first sign of neurologic disorders, such as Alzheimer’s disease, Parkinson’s disease, head injury, or
multiple sclerosis,” said DeVere.

“An enlightening guide. . . this patient-oriented approach should be hailed as a groundbreaking
book. It is highly recommended for any patients suffering from these often undiagnosed and un-
treated disorders and the relatives who help care for them.”
—Alan R. Hirsch, MD, neurological director at the Smell and Taste Treatment and Research
Foundation in Chicago

Invite your patients to visit www.aan.com/view/smellandtaste for more information about this invalu-
able resource. Available from all major booksellers.
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