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Novel Isolated Cerebral ALA\ Amyloid Angiopathy With
Widespread Subcortical Distribution and Leukoencephalopathy
Due to Atypical Monoclonal Plasma Cell Proliferation, and
Terminal Systemic Gammopathy

Roland Schroder, MD, Martina Deckert, MD, and Reinhold P. Linke, MD

Abstract

Neuropathologic and biochemical findings in a 34-year-old man
whose disease began 2 years before death appearing as chronic
progressive encephalitis and culminated in mutism are reported.
Cerebrospinal fluid and serum of the patient showed a brain-
restricted monoclonal \-light chain apparently produced by a small
monoclonal immunoglobulin G\ plasma cell population. In the
preterminal stage, there was a systemic monoclonal gammopathy,
the source of which could not be identified. At autopsy, there
was extensive amyloid deposition in most vessels throughout the
cerebral and cerebellar white matter, basal ganglia, and thalamus
and diffuse leukoencephalopathy; cerebral and cerebellar cortices,
other portions of the CNS, and non-CNS tissues were spared. Partial
amino acid sequence analysis demonstrated that the amyloidogenic
protein originated from immunoglobulin A-light chains which were
produced by monoclonal plasma cells. There are 2 similar cases
reported in the literature. The distribution of ALN deposits in these
3 cases indicates that widespread subcortical vascular amyloidosis
with leukoencephalopathy is a novel clinicopathologic entity
distinguished from other cerebral diseases with local amyloid light
chain deposition, including amyloidoma, leptomeningeal vascular
amyloidosis, solitary intracerebral plasmacytoma, primary intra-
cerebral lymphoma with plasmacytic differentiation, and multiple
sclerosis with demyelination-associated amyloid deposition.

Key Words: Amyloid angiopathy, Immunoglobulin A-light
chain—derived amyloid, Leukoencephalopathy, Monoclonal gamm-
opathy, Monoclonal immunoglobulin deposition disease, Plasma
cell proliferation, Small-vessel diseases.

INTRODUCTION
Vascular amyloid deposition in the brain (i.e. cerebral
amyloid angiopathy [CAA]) is associated with diverse
disease processes and results from deposition of a variety of
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proteins (1-5). One of these reviews indicates that the
component peptide of amyloidoma has been identified as
amyloid light chain—N\ (ALM) (4) (see Table 1 for nomencla-
ture). In addition to biochemical classification, conditions
with CNS amyloid vasculopathy can be separated according
to the regional distribution pattern of the amyloid deposits
as follows:

1. A hematogenous pattern of deposition occurs in systemic
AA and AL amyloidoses. The brain vessels and paren-
chyma are usually spared with the exception of the cho-
roid plexus and circumventricular structures, which lack a
functional blood-brain barrier (6, 7).

2. In most cases of CAA, there is a predominant
meningocortical distribution of the vascular amyloid; in
very severe cases, CAA can also extend to white matter,
basal ganglia, thalamus, or brainstem (8—10). The amy-
loidogenic proteins in these cases are of AR, ATTR,
ACys, or APrP type (11), respectively, (Table 1).

3. A diffuse pattern in which the vessels of all structures of
both gray and white matter in brain and spinal cord are
affected has been reported in cases of AGel (12), ABri
(13), and ADan (14); possibly another yet unknown pro-
tein fragment may be involved in the case of Shaw (15).

4. In addition to the hematogenous pattern, some hereditary
ATTR amyloidoses show deposits in meningeal, cortical,
and subependymal vessels; that is, a meningoependymal
pattern (16).

5. In a subcortical type, there is predominant involvement of
the white matter and partial involvement of central gray
structures of the brain by vascular amyloid. Intracerebral
amyloidomas that evolve from confluent vascular and
perivascular amyloid deposits form a compact mass be-
long in this category; these amyloidomas are most often
located in periventricular and subcortical structures and
consist of ALA-type amyloid (17). Rarely, intracerebral
plasmacytoma and low-grade B-cell lymphoma may pro-
duce amyloid deposits in deep brain structures; these are
also of immunoglobulin light chain origin, as they are in
other organs. Another pattern in this group is the amyloid
deposition in and around cerebral vessels in multiple
sclerosis (MS) lesions; these deposits also consist of AL\
peptides. Amyloid deposition has also been reported to
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TABLE 1. Nomenclature of Amyloid Types
Amyloid Type

Protein Origin

AA Amyloid A protein

ALk, N Amyloid of immunoglobulin k- or A-light chain origin
AHvy Amyloid of immunoglobulin y-heavy chain origin
AB Amyloid B precursor protein (ABPP)

ATTR Amyloid of transthyretin origin

APrP Amyloid of prion protein origin

ACys Amyloid of cystatin C origin

AGel Amyloid of gelsolin origin

ABri Amyloid Bri (British) precursor protein

ADan Amyloid Dan (Danish) precursor protein

AB,M Amyloid of B, microglobulin origin

AApo A 1 Amyloid of apolipoprotein A I origin

AFib Amyloid of fibrinogen Aa chain origin

affect most of the vessels throughout the cerebral white
matter exclusively (18), but the chemical type of this
amyloid is unknown.

The present study examines a previously reported case
and focuses on the subcortical amyloid deposition pattern and
its associated conditions. We demonstrate by immunohisto-
chemistry and by partial amino acid sequence analysis that
the cerebrovascular amyloid in our case is of monoclonal
immunoglobulin A-light chain origin. Together with 2 simi-
lar cases of the literature that have not yet been biochemically
defined, we propose that this is a distinct disease entity and
compare features of these cases with those of other known
cerebral AL deposition diseases.

Clinical History

The patient, KAB (a designation unrelated to his
name), died at 34 years of age with the clinical diagnosis of
chronic encephalitis; clinical details have been reported
elsewhere (20). His medical history and his family history
were negative for neurologic diseases. He developed gener-
alized tonic-clonic seizures 25 months before death. He also
developed a progressive amnestic syndrome with memory
loss, aphasia, and a paranoid period. He grew increasingly
apathetic and developed spastic quadriplegia, and for the last
5 months of life, he persisted in a state of akinetic mutism
with a vegetative state. Multiple electroencephalogram
examinations showed general flattening with bitempo-
ral dysrhythmia that progressed during the disease course.
Contrast-enhanced computed tomographic scans in the last
5 months demonstrated slight enlargement of the ventricles;
focal lesions were not identified.

Several cerebrospinal fluid (CSF) examinations showed
total protein of 48 to 105 mg/dl and local production of
immunoglobulin (Ig) G (26% to 76% of total CSF-IgQG), but
not of IgA or IgM, as determined by comparison of CSF and
serum IgG and albumin concentrations. This CSF-restricted
IgG production tended to decrease during the disease course.
Cell counts were normal, with only small lymphocytes and
monocytes (20). Other studies of blood and serum were
unremarkable and included lack of evidence of inflammatory
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or immunologic disorders, including measurements of anti-
nuclear and anti-mitochondrial antibodies. There was no hy-
pergammaglobulinemia. The search for infectious agents in
serum and CSF was negative, including syphilis, borreliosis,
brucellosis, fungi, herpes simplex, varicella zoster, rubella,
measles, cytomegalovirus, parainfluenza 1-3, mononucleosis,
ornithosis, adenoviruses, Coxsackie viruses, lymphocytic
choriomeningitis virus, central European encephalitis virus,
mycoplasma, leptospirosis, cysticercosis, echinococcosis, and
toxoplasmosis. Similarly, no viral etiology could be identified
after cell culture of and inoculation of neonatal mice with
postmortem brain samples.

MATERIAL AND METHODS

Histology and Immunohistochemistry

Paraffin sections of 5- to 10-pm thickness from all
portions of the formalin-fixed brain and spinal cord were
routinely stained with hematoxylin and eosin, Cresyl violet,
Luxol fast blue, and Congo red (CR) (21) stains. Represen-
tative regions were additionally stained with periodic acid
Schiff, iron stain, Van Gieson, Ladewig Trichrome, Camp-
bell (amyloid), Gallyas (tangles), Palmgren (axons), Gordon
(reticulin fibers) and Holzer (astroglial fibers) preparations.
Sections from all peripheral organs were also stained with
hematoxylin and eosin and CR stains of one representative
tissue block colloidal iron reaction for acid groups (Hale),
Alcian blue (pH 5.8) at 2 critical electrolyte concentrations
for proof of highly sulfated polysaccharides (22), and
Toluidine blue (metachromasia) stains were used.

For immunohistochemistry, primary antibodies against
the following antigens were applied on paraffin sections
using the avidin-biotin complex technique with 33’-
diaminobenzidine as chromogen partly after heating or en-
zyme pretreatment for antigen retrieval: glial fibrillary acidic
protein (polyclonal, 1:3000; Dako, Hamburg, Germany),
neurofilament (1:200; Dako), B-amyloid precursor protein
(1:200; Zymed, South San Francisco, CA), laminin (1:50;
Dako), smooth muscle actin (1:100; BioGenex, San Ramon,
CA), CD3 (polyclonal, 1:100; Dako), CD4 (1:40; DCS
Innovative Diagnostik-Systeme, Hamburg, Germany), CDS§
(1:50; Dako), CD20 (1:100; BioGenex), CD25 (1:25;
Novocastra Laboratories, Newcastle upon Tyne, UK), CD68
(1:100; Dako), human leukocyte antigen-DR (1:50; Dako);
CD138 (1:100; Biozol, Kidlington, Oxford, UK), p 63-
VS38C (1:100; Dako), k-light chains (1:1000; Zymed),
N-light chains (1:800; BioGenex), IgA (1:100; Dako), IgG
(1:100; Dako), IgM (1:100; Dako), and MIB-1 (1:300; DCS);
additionally, monoclonal Pan-Ap (synthetic residues 8-17,
1:50; Dako) was applied after concentrated formic acid
pretreatment. Evaluation included appropriate positive and
negative controls. Counting of labeled cells was performed
on serial sections within the same representative area.

Electron Microscopy

Small pieces of tissue were excised from a representa-
tive paraffin block, deparaffinized, and postfixed in buffered
glutaraldehyde, followed by 1% OsO,4. The specimens were
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dehydrated in graded ethanol and reembedded in Epon. For
histologic controls, semithin sections stained with Toluidine
blue were used. Ultrathin sections stained with 1% uranyl
acetate, and lead citrate were examined with an electron
microscope (Philips EM 400).

Diagnosis and Classification of the Amyloid

Amyloid was diagnosed by congophilia and green
birefringence under polarized light (21) and by the more
sensitive CR fluorescence technique (23, 24). The immuno-
histochemical classification was performed on representative
paraffin sections using the peroxidase antiperoxidase tech-
nique with H,O, as substrate and 3-amino-9-ethylcarbazole
as chromogen, as previously described (24). The anti-
amyloid antibodies used for amyloid typing on formalin-
fixed and paraffin-embedded tissue sections were provided by
amYmed (Martinsried, Germany). Pretreatment of the sec-
tions with 15% formic acid was used for the anti-A3 and
anti-PrP but not the other antibodies. The specificity of these
antibodies has been verified on a larger series of prototype
amyloids by their application on hundreds of samples
submitted for routine amyloid typing (24, 25).

The following primary antibodies directed against
human amyloid proteins or respective peptides (immunogen
listed in Table 2) were used: murine monoclonal anti-AA
(mc 1; amYmed product code, Y110; 1:10); rabbit polyclonal
antibodies as ALN (HAR; code, Y120; 1:2000), ALX (ULL/
LAT; code, Y130+1; 1:1000), ALk (SIN; code, Y140;
1:1000), ALk (KRA/KUN; code, Y150+1; 1:2000), ATTR
(TIE; code, Y180; 1:1000), AR (SIZ; code, Y260; 1:800),
APrP (code, Y270; 1:1000), ACys (code, Y 220: 1:1000),
AB>M (WOE; code, Y170; 1:1000), AFib Aa (code, Y190;
1:1500), AHy (SOL; code, Y160;1:1000), AApoA-I (code,

TABLE 2. Immunohistochemical Staining With
Anti-Amyloid Antibodies

Antibody

Immunogen* Controlf A (KAB){ Consistency§

Anti-AA (mc 1) A +++ 0
Anti-ALN (HAR) A +++ ++ -+ C
Anti-ALN (ULI/LAT) A +++ ++ C
Anti-ALk (SIN) A 4+ 0-++ IC
Anti-ALk (KRA/KUN) A +++ 0-+ IC
Anti-AB (SIZ) A ++ 0
Anti-ATTR (TIE) A -+ 0-+ 1C
Anti-AHy (SOL) A +H+ 0
Anti-AB,M (WOE) A ++ 0
Anti-PrP SP +++ 0
Anti-Apo Al SP ++ 0
Anti-Gel SP ++ 0
Anti-Fib Aa P +++ 0
Anti-Cys C P +H+ 0-+ 1C

*Immunogen: A, amyloid peptide; P, natural protein or fragment thereof, SP,
synthetic peptide.

tReaction intensity of the positive control of the chemically analyzed amyloid
protein (0, no reaction; +, moderate reaction; ++, strong reaction; +++, very strong
reaction).

fReaction intensity of amyloid KAB.

§C, consistent staining; IC, inconsistent.
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Y200; 1:500), and AGel (code, Y230; 1:300). Specificity of
the immunohistochemical reactions was determined using
positive controls that included a section containing the
respective amyloid for each antibody; negative controls were
used in every set of examinations, as published (24, 25). The
evaluation was performed in a blinded manner.

Partial Amino Acid Sequence Analysis of the
Amyloid Protein

A fresh-frozen tissue sample of the left temporal lobe
from the autopsy brain (kindly provided by Prof. Ackermann,
Cologne, Germany) was water-extracted using the micro-
extraction procedure (26), reduced in 0.1 mol/L of BME for
I hour in PBS, flushed with N,, and alkylated by adding
iodoacetamide as a powder to result in a concentration of
0.2 mol/L for 1 hour; both were agitated. After sufficient
dialysis against doubly distilled water and lyophilization,
the dry powder was separated by 10% sodium dodecyl-
polyacrylamide gel electrophoresis, according to Reference
27. The separate proteins were either stained with Cooma-
ssie blue or electrotransferred onto a nitrocellulose mem-
brane (B86, Schleicher & Schiill, Dassel, Germany). The
membrane-bound proteins were probed with anti-ALN (HAR,
amYmed) in Western blotting, as described (28). Because
automated N-terminal amino acid sequence of major low
molecular proteins did not yield relevant N-terminus, in-gel
digestion was performed using restriction endoproteinases.
The resulting peptides were separated, and the N-terminal
amino acid sequence was determined by automated Edman
degradation (29).

Quantification of Free Ig Light Chains in
CSF and Serum

Three paired samples of lumbar CSF and serum were
available from Prof. Ackermann. Each pair was taken from
the patient on the same day 13.6, 18.6, and 23.9 months after
disease onset; the last was 1.2 months before his death. The
1.0- to 1.5-ml samples had been kept at —20°C for more
than 20 years. The concentrations of the free immuno-
globulin light chains k and A\ were determined in all samples
using a commercial kit (The Binding Site, Schwetzingen,
Germany, by courtesy of Dr. Zorn, Heidelberg, Germany).

Isoelectric Focusing, Electrotransfer,
and Immunodetection

Only sufficient quantities from the last CSF/serum
samples were available for this analysis. Isoelectric focusing
was performed on 9 x 12-cm glass plates with a semisolid
carrier of 10 ml. The carrier consisted of 0.9% isoelectric
focusing (charge free) agarose (Pharmacia, Uppsala, Sweden)
and 5% polyacrylamide and 0.25 ml of 40% ampholine
(pH 3.5 to 10; Pharmacia). The 0.2- to 1-mg samples were
dissolved in 20-pl 4-mol/L of urea in water and run on
constant of § W for 90 minutes with 0.5 mol/L acetic acid in
water as anode solution and 1 mol/L of NaOH as cathode
solution. The proteins were fixed in 3.5% sulfosalicylic acid
and 5% trichloroacetic acid in 33% methanol in water for 30
minutes. After washing in water for 10 minutes, the carrier
was dehydrated with cellulose filter sheets under 1 kg of
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pressure. The air-dried plates were then stained with 0.1%
Coomassie brilliant blue 250 R in methanol (20%), acetic
acid (10%) in distilled water for 3 minutes, and destained
in the same solvent lacking 250 R until the background
became clear.

The separated proteins were then either stained with
Coomassie blue or analyzed immunochemically after electro-
transfer onto nitrocellulose (B 86 membrane, Schleicher &
Schiill), as described (28). The membrane-fixed proteins were
then probed for the presence of k- and A-light chains using
anti-k and anti-\ antibodies (prepared in rabbits against
Bence-Jones proteins isolated from human urine in the
amYmed laboratory) and using the peroxidase antiperoxi-
dase system.

RESULTS

General Autopsy

The viscera of patient KAB did not show substan-
tial abnormalities. Histologically, in the liver, spleen, kidney,
heart, lung, pancreas, adrenal, thyroid gland, prostate, testis,
bone marrow, lymph nodes, skeletal musculature, and
peripheral nerves, no amyloid could be detected using CR/
birefringence and the more sensitive CR fluorescence
method. The bone marrow and the spleen did not show an
increase in lymphoid or plasma cells. The cause of death was
a recent massive hemorrhage into the right cerebellar hemi-
sphere, probably secondary to the vasculopathy described in
the succeeding sentences and terminal anticoagulation for
the prevention of thrombosis.

Neuropathology

Gross Examination
The brain was swollen and weighed 1,700 g; it showed
soft large arteries and appeared slightly atrophic in the front-

oparietal region. The ventricles were moderately dilated.
Coronal slices exhibited numerous tiny, sometimes gray, ap-
parently vessel-associated spots causing a stubble-like rough-
ness on the cut surface by their firm quality; these were
symmetrically distributed within the cerebral white matter
and thalamus.

Perivascular Amyloid Deposition

In large histologic sections, there was an enormous
number of small vessel-associated foci in a symmetrical
distribution mainly throughout the white matter of all cere-
bral lobes, internal capsule, basal ganglia, thalamus, amyg-
dala, cerebellar white matter, and dentate nucleus, clearly
slighter in midbrain, pons, medulla oblongata, and only
occasionally in the spinal cord (Fig. 1). In addition to the
cerebral white matter, the most severely affected area was
the mediodorsal nucleus of thalamus. Arteries with luminal
diameters up to 250 wm, arterioles, capillaries, and venules
had perivascular deposits of a homogenous, eosinophilic,
periodic acid Schiff positive, and argentophilic substance
that gave a strong CR reaction with green birefringence
and intense orange-red CR fluorescence typical of amyloid
(Fig. 2A-F). All vessels in many areas were thickened by
these deposits; the deposition sometimes resulted in a
narrowing or occlusion of capillary lumens. There were
compact amyloid precipitation in the vessel walls with less
intensely congophilic, comblike bundles that protruded out-
side of the external surfaces of the smooth muscle cells into
the perivascular spaces of arteries and arterioles and outside
of the basement membrane of capillaries and venules into
the adjacent parenchyma (Fig. 2C). Confluent intraparen-
chymal amyloid masses occasionally reached diameters of
up to 4 mm. Because of their increased thickness, the very
prominent vessels gave the impression of a quantitatively in-
creased vascularization, but a comparison of vessel counts

FIGURE 1. Sections through the frontal lobe (A) and the central ganglia (B) demonstrate severe subcortical angiopathy and
leukoencephalopathy. Myelin stains show multiple light spots in all white matter areas and the thalamus and diffuse demyelination
with better preservation of subcortical fibers, corpus callosum, optic tract, and midbrain. The cerebral cortex is not involved. There
is a single area of necrosis in the basis of the gyrus rectus (A, arrow). Luxol fast blue stain.
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FIGURE 2. Histologic features of amyloid deposits in cerebral white matter. (A) Microvessel-bound eosinophilic amyloid in white
matter. Hematoxylin and eosin, 150x. (B) Strong periodic acid Schiff staining of amyloid deposits involving partly obliterated
small vessels. Periodic acid Schiff, 150x. (C) Silver impregnation of the amyloid substance at the capillaries; the periphery of the
precipitates sometimes show brushlike or comblike patterns. Campbell, 370x. (D-F) Congo Red (CR) stain (D), yellow-green
birefringence under polarized light (E), and CR fluorescence of the vessel-associated amyloid in the same area (F). 150x. (G)
Perivascular amyloid deposits (light red) displace the myelinated fibers (blue). Luxol fast blue/Nuclear fast red, 150x. (H) Silver-
impregnated axon balls (black and dark gray) in a perivascular area with loose amyloid deposition (brown) and demyelination.
Palmgren/Luxol fast blue, 300x. (I) Old microinfarct in the white matter between massively altered vessels. Uninvolved cortex is
seen in the lower right corner. Luxol fast blue/Nuclear fast red, 50x.

with normal control cases did not confirm this. The cerebral
and cerebellar cortical vessels were strikingly free of amyloid
(Fig. 3); only a few sporadic vessels in the lower layers of the
cortex were involved. Amyloid deposits were also observed
but in only small amounts in some leptomeningeal vessels
(Fig. 3); they appeared also as circumscribed starlike
precipitates on strands of connective tissue in the subarach-
noid space, particularly in the cerebellar and spinal regions
(Fig. 4I). The proximal spinal nerve root vessels also
contained amyloid that stopped at the site of transition of
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the nerve through the dura mater; thus, no amyloid was
detected outside the arachnoid coverings in any part of the
body. Only a few larger arteries at the insertion line of the
choroid plexus were affected, whereas the area postrema and
infundibulum of the hypophysis (i.e. typical sites of hema-
togenic amyloid accumulation in brain in systemic AA and
AL amyloidosis) were spared.

Very few iron-containing macrophages were found
around isolated affected vessels, indicating previous micro-
hemorrhages. All amyloid deposits gave strong histochemical
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FIGURE 3. Silver stain demonstrates the typical subcortical
distribution pattern of the amyloid depositions (black) involv-
ing nearly every vessel in the white matter (W) and sparing the
cerebral cortex (C). There is only focal involvement of a single
meningeal artery (arrow). Campbell preparation, 12x.

reactions for acid groups and showed the presence of highly
sulfated polysaccharides through preserved, although
reduced, staining at the high electrolyte concentration.

Parenchymal Destruction

Myelin stains demonstrated widespread diffuse sym-
metric demyelination of the cerebral (Fig. 1A, B) and cere-
bellar hemispheres with some reduction of myelinated fibers
between affected vessels; in some places, this progressed to
subtotal focal necroses in subcortical and deep white matter
(Figs. 1A, 2I), thalamus, caudate nucleus, and amygdala.
There was also displacement of the myelinated fibers by the
vascular amyloid deposits and partial demyelination of adja-
cent fibers with resting naked axons and (B-amyloid pre-
cursor protein—positive) axon balls in small rims (Fig. 2G, H
and not shown). The intensity of all these alterations seemed
to correlate with the severity of the amyloid accumulation
at the small vessels. Additionally, in the white matter, there
were a few microfoci of calcified dystrophic axons. As a re-
sult of all of these symmetric lesions, there was secondary
degeneration of both corticospinal tracts from the internal
capsule downward to the spinal cord. The midbrain, medulla
oblongata, and spinal cord were largely preserved.

Isolated amyloid deposits showed associated multi-
nucleated foreign body giant cells that probably were de-
grading amyloid. Apart from some amyloid-associated
macrophages and very few lymphocytes and plasma cells—
the latter with sporadic Russell bodies (i.e. morula cells)—
there was no clear evidence of a primary inflammatory pro-
cess that contributed to the massive amyloid formation
around nearly each vessel. No viral inclusion bodies were
detected. Neuritic plaques and neurofibrillary tangles were
not present.

There was diffuse astrocytosis in the white matter and in
the affected central gray matter that was accentuated around
arterioles and showed strong glial fibrillary acidic protein

© 2009 American Association of Neuropathologists, Inc.

immunostaining of the hypertrophied cells; their astrocyte
processes formed a tiny network around the amyloid deposits
(Fig. 4A) and were sometimes intermingled with the peri-
pheral brushlike borders of the deposits. This corresponded to
the demyelinated rim. Activated astrocytes were also seen in
subpial areas, and in the white matter, they occasionally
contained multiple micronuclei or an enlarged lobulated nu-
cleus with nucleolus (i.e. “Creutzfeldt cells”), as seen in some
inflammatory diseases and cerebrovascular disorders (30).

Lymphocytes and Monotypic A-Light Chains
Producing Plasma Cells

Infiltrating cells were analyzed using a panel of
antibodies and semiquantitatively evaluated to determine
their relative frequencies (Table 3). CD3" T cells showed a
perivascular accentuation but rather diffuse distribution
and consisted nearly exclusively of CDS8" cytotoxic cells
(Fig. 4B). CD4" T cells and CD25" activated T cells were
very scarce; likewise, CD20" B lymphocytes were found in
small amounts (Fig. 4C). In contrast, several plasma cells
were identified and occurred in characteristic intimate contact
with the amyloid, sometimes within peripheral parts of the
deposits; this contact was associated with round and often
bipolar cell forms (Fig. 4E). These cells showed a cytoplas-
mic reaction with anti-\ (Fig. 4F) and with anti-IgG, but not
with anti-k, anti-IgM, and anti-IgA. Single plasma cells
showing this IgG,\ immunoreactivity were also found in the
subarachnoid space along with CD8" T cells and mac-
rophages. Activated CD68" and human leukocyte antigen—
DR" microglia/macrophages were observed in higher
amounts around and within the amyloid deposits and re-
presented the bulk of the perivascular cell accumulation
(Fig. 4D). They were also diffusely distributed in the pa-
renchyma and accumulated in focal necroses. Quantitatively,
these microglia/macrophages were the most numerous cells
identified. Other types of infiltrating cells were present in
distinctly fewer numbers (Table 3). Likewise, the over-
whelming of plasma cells over mature (-lymphocytes was
striking. Approximately 3% of the plasma cells showed pro-
liferation (MIB-1 labeling, not shown).

Electron Microscopy

By electron microscopy, the amyloid deposits consisted
of extracellular straight, nonbranching fibrils of 7 to 10 nm in
thickness (data not shown). In the inner compact parts, they
were often tangentially oriented around the vessel circum-
ference, sometimes intermingled with collagen fibers; in the
abluminal parts, they were loosely and randomly arranged,
and in the fringe-like borders, they were more radially
oriented. At the rim, they were in intimate contact with
filament-rich astroglial processes, myelinated, and demyeli-
nated axons. Single plasma cells were observed in this
marginal contact zone.

Immunohistochemical Identification of the
Amyloid Class

Because no Pan-Ap reactivity of the amyloid was
found, we tested using our anti-amyloid antibody panel. Of
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FIGURE 4. Immunohistochemistry of amyloid deposition and cellular reactions. (A) Astroglial reaction with hypertrophic cells and
periarteriolar fine astroglial network of cell processes. Glial fibrillary acidic protein, 150x. (B) Diffuse parenchymal infiltration of
CD8 T cells. CD8, 150x. (€) Few mature B cells are associated with the vessels. CD20, 150x. (D) Macrophage accumulation
around the vascular amyloid deposits and within the white matter. CD68, 150x. (E) Plasma cells closely apposed to amyloid
deposits. CD138, 300x. (F) Plasma cells strongly react with anti-\ antibody; there is distinct but slight staining of the amyloid
complexes. N, 300x. (G) Strong reaction of the amyloid deposits with anti-AL\ antibody. AL\ (HAR), 300x. (H) Control reaction
with the anti-AB antibody does not show any immunostaining of the amyloid. A (S1Z), 300x. (I) ALA staining of subarachnoid
deposits in the spinal region. AL\ (HAR), 300x%. All are slightly counterstained with hemalum.

14 antibodies, only the 2 directed against AL\ amyloid pro-
teins showed strong and consistent reactivity with the amy-
loid deposits (Fig. 4G, I). In contrast, the antibodies directed
against the native A-light chains gave a weaker staining
(Fig. 4F). However, the other 12 antibodies, specifically for
different amyloid proteins, including anti-AB (SIZ) (Fig. 4H),
reacted either weakly and/or inconsistently or not at all
according to previously published criteria (24) (Table 2).
Thus, this cerebrovascular amyloid was classified as of the
ALN type.

Similarly, the mature-appearing plasma cells showed
cytoplasmic immunoreactivity with our 3 A- but not our 3
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k-reagents. In conjunction with the amyloid class findings,
this strongly indicates monoclonality of the plasma cells.
Direct confirmation of monoclonality by polymerase chain
reaction—based rearrangement analysis was not possible
because the DNA was destroyed.

The hypertrophied astrocytes often also showed in-
tense binding of antibodies against ATTR and ACys as
well as those against A-light chains, IgG, IgM, neurofilament,
and smooth muscle actin. This frequent cross-reactivity
pattern may partly be the result of active resorption of pro-
tein from the extracellular space or possible imbibition in
early autolysis.
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TABLE 3. Composition of Leukocytic Infiltrates in the
Subcortical White Matter of the Frontal Lobe

Antigen Cell Specificity Cells/mm?*
CD3 T cells 32.0
CD8 Cytotoxic T cells 323
CD4 Helper T cells 0.7
CD25 Activated T cells 2.5
CD20 B cells 2.1
CD138 Plasma cells 13.6
P63-VS38C Plasma cells 11.1
\-light chains Plasma cells 6.5
k-light chains Plasma cells 0.0
IgG Plasma cells 8.7
CD68 Microglia/macrophages 284.9

*Immunostained cells were counted in serial sections of the same representative
area of 5 to 10 mm? Data shown represent the absolute numbers of the respective cell
population per square millimeter.

Biochemical Identification of Amyloid Protein
and Proof of Monoclonality

Chemical analysis by amino acid sequencing of a
single peptide derived from the purified amyloid protein
KAB resulted in the sequence DVGFRNYVSWY, an
endekapeptide from the variable region spanning the amino
acids 28 to 38 of a human VA immunoglobulin light chain.
This peptide is part of the hypervariable complementary-
determining region 1 of the VA-chain. The amino acid
sequence of the standard VAp-protein was taken from the
Swiss-Prot PO1 706, which published the respective amino
acid sequence (31). The identification of a single amino acid
sequence of this peptide indicates that this amyloid protein
is derived from a monoclonal plasma cell population. The
results of the full amino acid sequence analysis will be
published separately (manuscript in preparation).

Free Monoclonal NA-Chain and Monoclonal IgG,
A-Chain in CSF and Serum

The clonal pattern of a free immunoglobulin A-light
chain is shown in Figure 5. Monoclonality is indicated by the
ladder of a series of equidistant A-chains in Position 1 A and
by the absence of k-reactivity at the same position in 1 B
(Fig. 5). This conclusion is further supported by the position
of minor reactivities of traces of normal IgG in Positions 2A
and 2B and normal IgG in positions 4A and 4B. In addition
to the free A-chain, the patient’s CSF showed also mono-
clonal IgG, N proteins of restricted heterogeneity as detected
not only by the A-reactivity seen in 1A with absence of the
respective k-reactivity in 5, 6, and 7 compared with normal
proteins (CSF 2A, 2B, and normal serum 4A, 4B), but also
by the sole y-reactivity of the bands in 6 and 7; a- and -
reactivities were nearly absent (not shown). No monoclona-
lity was seen in normal CSF and serum control samples using
the same reagents (6 and 7 in 3B, 4A, and 4B). In particular,
the almost identical very slow monoclonal y-band is clearly
visible in the patient’s CSF and serum (Positions 1A and 3A)
compared with the polyclonal antibodies seen in 3B and
4B, which lack this very slow protein. These data show the

© 2009 American Association of Neuropathologists, Inc.

presence of monoclonal proteins not only in the CSF but also
in the serum samples, both of which were taken approx-
imately 1 month before the patient’s death.

Quantitative examination of the 2 free light chains
k and \ revealed decreasing free A-light chain concentrations
during the last 11 months of the disease course but constant
normal levels of k-light chains in the CSF (Fig. 6). In con-
trast, normal levels of both light chains were found in se-
rum samples over a long period, with a sudden marked
increase of free \-light chains 1 month before death.

DISCUSSION

Patient KAB had a 2-year course of what seemed to be
chronic progressive encephalitis and was found at autopsy to
have a leukoencephalopathy with central gray matter destruc-
tion caused by widespread subcortical amyloid angiopathy
without systemic disease. The amyloid was of ALVAj-type
and originated from a monoclonal immunoglobulin \-light
chain that was present in premortem CSF samples. This
monoclonal \-light chain was produced by a local plasma
cell clone that apparently became generalized shortly before
his death.

Clinical and Neuropathologic Features
To our knowledge, only 2 similar cases have been
reported. Both were published in German and are presented
in detail here. In 1949, Peters described a 28-year-old man
who died after a 6-year course of progressive dementia with
s
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FIGURE 5. Monoclonal proteins in preterminal cerebrospinal
fluid (CSF) and serum. Identification of monoclonal immuno-
globulin proteins in the patient’s cerebrospinal fluid (CSF; 1 A)
and in his serum (3 A) was achieved using isoelectric focussing
and immunoblotting with anti-\A antibodies. Characteristic
proteins seen in the B-region of CSF (1 A) and serum (3 A)
represent the free monoclonal (and amyloidogenic) light
chains (5, arrowhead). Proteins detected in CSF and serum in
the y-region (6) and in the very slow y-region (7) represent 2
charge variants of the monoclonal IgG, \ as detected here only
with the anti-\ antibodies. These immunochemical reactions
were controlled using anti-k antibodies on the patient’s CSF
(2 A) and serum (4 A) with no detection of monoclonal
protein. The antigen control included normal CSF (1 B) and
normal serum (3 B) examined with anti-\ antibodies and the
same antigens examined with the anti-k antibodies in 2 B
(normal CSF) and 4 B (normal serum).
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FIGURE 6. Free light chain concentration (in milligrams per
liter) of A-light chains (A) and of k-light chains (m) in cere-
brospinal fluid (CSF) and serum of patient KAB during the
latter course of the disease. (T, death at 25 months). The k/\-
values marked with asterisks are statistically significant beyond
the normal limits and indicate the presence of a monoclonal
N\-light chain. Normal values (left panels) in the CSF were 0.4
(range, <0.7) mg/L for k and 0.6 (range, <1.1) mg/L for A; in
the serum, they were 16.0 (range, 5.7-26.3) mg/L for x and
11.4 (range, 3.3-19.4) mg/L for \.

paranoid episodes, cerebellar signs, spastic paresis, blindness,
and final stupor. Cerebrospinal fluid showed a slight eleva-
tion of protein with inflammatory colloidal (normomastix)
and gold sol tests and a normal cell count; atypical MS was
diagnosed (18, 19). The patient died with severe malnutrition
and bronchopneumonia. At autopsy, widespread vascular
amyloid deposits were restricted to the brain; the deposits
were symmetrically distributed in the white matter of cere-
brum, cerebellum, and medulla oblongata, with only rare
spread to lower cerebral and cerebellar cortical layers. Basal
ganglia, diencephalon, spinal cord, meningeal, and choroid
plexus vessels were uninvolved. There was diffuse cerebral
demyelination with secondary pyramidal tract degeneration
but no evidence of MS. Some subcortical white matter ves-
sels that lacked amyloid deposits were surrounded by tight
plasma cell accumulations, often with Russell bodies. A pos-
sible role for these plasma cell infiltrates in the amyloid
formation was suggested; archival blocks are not available.
The second case (designated DU 1) was initially pub-
lished as an abstract by Gerhard (32) and later described
in more detail by Yuan (33, case II). This 55-year-old
man developed dementia accompanied by ataxia, tremor, and
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spastic paresis and died after 1 year from a pulmonary embo-
lism in a cachectic state. Cerebrospinal fluid showed a slightly
elevated cell count and protein, and an inflammatory normo-
mastix reaction and the clinical diagnosis was MS. Autopsy did
not reveal systemic amyloidosis. There were extensive vascular
amyloid deposits in brain distributed throughout all lobes of the
cerebral and cerebellar white matter, with confluence in the
periventricular region of the lateral ventricles leaving islands of
intact parenchyma and spreading to the basal ganglia and
thalamus. Cerebral and cerebellar cortex, leptomeninges, mid-
brain, medulla, and spinal cord were uninvolved. There was
diffuse demyelination in the white matter of cerebrum and
cerebellum and optic nerve and occasional microinfarcts. There
was secondary degeneration of the fornix and pyramidal tracts.
Single-foreign-body giant cells, macrophages, lymphocytes,
and plasma cells, the latter occasionally with Russell bodies,
were present around vessels both with and without amyloid
accumulations. Because plasma cells showed A-restriction and
the amyloid showed stronger - than k-light chain immunor-
eactivity, AL\ amyloid formation by a monoclonal plasma
cell population was suggested. Our subsequent examination
(courtesy of Prof. Gerhard, Essen, Germany) with our panel of
anti-amyloid antibodies confirmed ALN amyloid deposition
(Supplementary Table), as found in our patient KAB.

These 3 cases developed a more or less rapidly
progressive amnestic syndrome accompanied by cerebellar
signs and central paresis, also partly with generalized
seizures, fatal deterioration to akinetic mutism, and CSF
alterations, the latter earlier exclusively interpreted as
suggesting an inflammatory process. The clinical courses
are similar and are not typical of MS. The cases show
uniformity in the conspicuous distribution pattern of exten-
sive vessel-bound amyloid formation through the entire
cerebral and cerebellar white matter with a tendency to an
additional involvement of deep gray nuclei, but leaving the
cerebral and cerebellar cortices nearly completely intact. This
subcortical pattern is distinct from all other known diseases
with CAA.

The angiopathy was associated with diffuse demyelina-
tion that occasionally developed into subtotally demyelinated
and focally necrotic lesions and severe leukoencephalopathy.
Their cause was most likely a perfusion disturbance as a result
of the rigidity of affected microvessels or hypoxia resulting
from impaired diffusion by the masses of the deposited ma-
terial; chronic edema as a consequence of blood-brain barrier
disruption may also have played a role. As in case KAB,
perivascular demyelination and axonal injury may also be
present in amyloidoma of the brain (34, 35). This might be
caused by neurotoxic effects of substances released through
a functionally defective vascular wall, direct effects of the
amyloid, the N-light chains or their oligomers, or blockage of
perivascular drainage pathways by the amyloid deposits of
soluble substances such as cytokines released by leukocytes
(36). The accumulation and distribution of the macrophages
corresponded to these destructive processes.

Leukoencephalopathies occur in small-vessel spo-
radic (37) and hereditary (38) meningocortical CAAs, Bin-
swanger subcortical vascular encephalopathy (39), cerebral
autosomal-dominant arteriopathy with subcortical infarcts
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and leukoencephalopathy (40), microangiopathies due to
other causes (41), primary angiitis of the CNS, and AP-
related angiitis (ABRA) (42). The diffuse type of CAA can
also be associated with leukoencephalopathy (15, 43).

Unlike cases of ABRA, which have a different type of
amyloid deposition and localizations, our case KAB showed
a small CD8" and, to a much lesser extent, CD4" T-cell
infiltration and occasional giant cell reaction. This raises the
possibility of a mild autoimmune reaction against amyloid or
tissue degradation products. Predominance of infiltrating
CD8" T cells has also been observed in cases of ABRA
(44). There was no evidence of a systemic cell-mediated
immune disorder, nor was there any iatrogenic influence on
the immune system. Thus, these 3 cases, of which patient
KAB is the best documented prototype, can be characterized
as a novel pathogenetic complex of widespread subcortical
vascular amyloidosis with leukoencephalopathy (WSVAL).

One case reported by Lampert (45) had some similarity
with these 3 cases; it showed diffuse demyelination of the
cerebral hemispheres with a perivascular deposition of an
“amyloid-like” but CR-negative (i.e. nonamyloid) substance
accompanied by accumulations of lymphocytes and plasma
cells. That case seems to represent an as-yet-unknown dis-
ease process.

Amyloid Chemistry

Using antibodies directed against different human
amyloid proteins, the amyloid peptide was determined to be
of A-light chain origin in cases DU 1 and KAB. Unreliability
of antibodies prepared against native \-light chains has been
previously documented (46) and confirmed recently by others
(24). Different amyloidotic light chains have antigenic
determinants that differ from those of native light chains
(24, 47), which might explain the stronger reaction
of amyloid KAB with both anti-ALN antibodies than with
anti-\. As shown here, this amyloid is associated with highly
sulfated glycosaminoglycans as is the case for AR and other
types of amyloid (48).

By partial amino acid sequence analysis, the purified
KAB amyloid was found to be an ALVAj. The fact that a
single amino acid sequence of a particular peptide from the
variable region could be identified indicates that this amyloid
was produced by a monoclonal plasma cell population.

The Ig isotype differs between the monoclonal
immunoglobulin deposition diseases; in systemic ALA
amyloidoses, there is a remarkable overrepresentation of
Vv variable region (49). Interestingly, in addition to case
KAB, in 2 of 4 other cases of primary cerebral AL
amyloidoses (17, 35, 50, 51), there were homologies to
subgroup VAy by partial sequence analysis. This remains to
be further clarified.

Double-Immunohistochemical Reactivities to
Amyloid in Other CAAs

Reaction of more than 1 antibody to a defined amyloid
was reported in 1986 (47) and has been confirmed by several
groups; this is common to chemically different amyloids and
also applies to cerebral amyloid angiopathies (24). It has been
reported that N-immunoreactivity is found in a high percent-
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age in AP angiopathy in Alzheimer disease (52, 53) and in
nondemented patients (including 3 of 4 of our own unpub-
lished cases). From these findings, however, it would be
premature to conclude that 2 different amyloid proteins are
deposited as amyloid because it has not been shown that
the N-chain is an integral part of the amyloid fibril, and free
N\ proteins might be adsorbed to the amyloid from the
circulation. If not considered, this can compromise the pre-
cise classification based on immunohistochemistry. Indeed,
frequent adsorption of cystatin C from the CSF to A type
of CAA has been demonstrated by chemical analysis
showing that cystatin C was not a component of the amyloid
fibril protein (54, 55); the same occurred in cases with giant
cell angiitis to AR degradation in ABRA in which light
chains (56) and cystatin C (57) were detected by immuno-
histochemistry. In contrast, the amyloid fibril protein in
the present case KAB was mainly composed of A-light
chain—derived proteins and had no AP or other apparent
composition.

Monoclonal Plasma Cells

As in our case KAB, the N monotype of the local
plasma cells was demonstrated by immunohistochemistry in
case DU 1 (33). Moreover, only increased A-light chains, but
not k-light chains, were detected in the CSF in our case KAB
This implicates a plasma cell clone in this fatal neuro-
pathology by the production of a single amyloidogenic -
light chain, but it was not possible to definitively prove their
monoclonality by gene rearrangement analysis because intact
DNA could not be retrieved from the paraffin blocks
probably due to autolysis and prolonged storage.

The absolute numbers of plasma cells may vary
greatly; based on semiquantitative data in case DU 1, there
were 10 to 20 told plasma cells than in our case (33). T
cells and macrophages differed only by a factor of 2 between
the cases. The numbers of plasma cells, however, may also
vary during disease depending on the balance of their
proliferation, apoptosis, and, possibly, emigration. This was
suggested in our case because there was a decrease in
the amount of the intrathecal IgG synthesis (20) and of free
N-light chain concentration measured over the course of the
disease. This might account for very low plasma cell num-
bers in relation to the massive amyloid deposition in the
brain at autopsy and suggests a self-limiting proliferative pro-
cess of a population that may even decrease with time. In
this regard, the T-cell populations, which usually indicate
their regulating function of an immunological process, were
nearly exclusively CD8" T cells in case KAB This suggests
that the plasma cell clone probably was not dependent on a
helper function of CD4" cells and that it might proliferate in
an autonomous manner.

The composition of the plasma cell infiltrates corre-
sponds to what has been termed “atypical monoclonal plas-
ma cell hyperplasia” in 2 cases of a dural process (58, 59).
Recently, a 38-year-old female with similar intracerebral
perivascular infiltrates, mainly of plasma cells with low pro-
liferative activity involving the white matter but not the
cerebral cortex, was reported (60). By immunohistochemistry
and gene rearrangement analysis, the cells were shown to be
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monoclonal IgGk type. No amyloid could be detected,
whereas CSF immunoglobulin synthesis was high. With re-
spect to the plasma cell infiltration, our case KAB can be
classified within this category, that is, a lesion that is neither
primarily inflammatory nor obviously malignant but of un-
known prognosis if it is not complicated by amyloid for-
mation. The premalignant nature of these cells has been
favored (58) but has not been proven. The case mentioned
above, described by Lampert (45), also showed atypical
intracerebral plasma cell proliferation, but possibly non-
amyloidotic immunoglobulin deposition. In our opinion,
however, designation of this condition as “atypical mono-
clonal plasma cell proliferation” instead of “hyperplasia” is
preferable in the brain, an organ that normally lacks plasma
cells; the monoclonality of these cells leaves their precise
identity uncertain. Moreover, the pathogenesis of this
autonomous monoclonal plasma cell proliferation, with or
without amyloidogenic capability, and an explanation for the
strikingly predominant white matter involvement are also
unclear.

Preterminal Systemic Monoclonal Gammopathy

Although the concentration of the free A-light chain in
the CSF in case KAB declined during the disease course,
there was a remarkable steep increase of the free N-light chain
in serum to a more than 20-fold concentration compared with
the CSF one month before death. That suggests that some
cells of the A-clone escaped the brain and found other
favorable conditions outside the brain, the sites of which
could not be identified. There was, however, a considerable
amount of the free N-light chain found in the circulation, that
is, a preterminal monoclonal gammopathy of unspecified
source and of undetermined significance. Development of a
monoclonal gammopathy of unspecified source and of
undetermined significance in this manner has not to our
knowledge previously been documented.

Other Diseases With Brain-Restricted AL
Amyloid Deposition

There are several AL amyloid deposition diseases that
are in the differential diagnosis of WSVAL (Table 4).
Twenty-seven cases of tumorlike cerebral amyloid masses
originating from confluent perivascular deposits (i.e. amy-
loidomas) have been reported (61); most of these are
located in the white matter. An exclusive ALN type amyloid
was detected biochemically (17, 35, 51) or by immunohisto-
chemistry (62—-65). With one exception (35), these amyloid

TABLE 4. Diseases With Brain-Restricted AL-Type
Amyloid Deposition

Amyloidoma

Widespread subcortical vascular amyloidosis with leukoencephalopathy
(this paper)

Leptomeningeal vascular amyloidosis

Solitary intracerebral plasmacytoma

Primary intracerebral B-cell lymphoma with plasmacytic differentiation

Multiple sclerosis with demyelination associated amyloid deposition
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masses were generally associated with only a few mature
plasma cells, as in WSVAL. Their monoclonality was shown
by gene rearrangement analysis (63). Monoclonal IgG\ and
free A-light chains was also detected n the CSF of 1 patient
(34). Despite these similarities with WSVAL and the ob-
servation that local confluence to compact amyloid can occur
in WSVAL (as in case DU 1), these AL\ deposition diseases
are distinguished by their different distributions (local vs
widespread), and the evidently more benign course of the
disease in most cases of amyloidoma (up to 30 years [51]),
and the possibility of surgical resection.

A unique case with exclusively leptomeningeal amy-
loid angiopathy has to be mentioned (50). Numerous cortical
microinfarcts and leukoencephalopathy had arisen by the
severe damage of the subarachnoid vessels. The chemically
analyzed amyloid yielded an AL\ type, the source of which
remained unclear. One may hypothesize that a leptomenin-
geal plasmacytosis within the 11 years of the clinical course
had vanished in the terminal stage.

Solitary intracerebral plasmacytomas are very rare.
Only 13 cases have been reported (66—78); only 4 of these
showed amyloid formation (68, 70, 75, 76). Although mono-
clonal in nature, the neoplastic plasma cells obviously pro-
duce immunoglobulins that are only partly amyloidogenic.
Similarly, extramedullary plasmacytomas (e.g. 4 of 12 cases
of solitary dural plasmacytomas) also developed amyloid
(79). To date, the type of amyloid in solitary cerebral plas-
macytomas has not been shown, but in other organs, an AL
type was demonstrated by sequence analysis (80), in agree-
ment with the restriction pattern of the tumor cells.

Primary intracerebral B-cell lymphomas such as lym-
phoplasmacytic lymphoma, marginal zone lymphoma, and
small lymphocytic lymphoma with plasmacytic differentia-
tion would have the potential for amyloid production. This is
a very small group within the primary CNS lymphomas, and
only 2 cases of amyloid formation within an intracerebral
lymphoma have been reported. The first case was a lym-
phoplasmacytic lymphoma that secreted monoclonal IgG\
into the CSF; the amyloid type was not determined (81).
The second case may also be classified as an intracerebral
amyloidoma (see previous sentences) and was a lymphoplas-
macytic lymphoma with particularly massive, tumefactive
amyloid production (35). There was, however, an exception-
ally long clinical course of 37 years, and in that case, AL\
amyloid was verified. This constellation might be interpreted
as a final lymphomagenesis from an originally very slowly
proliferating local plasma cell clone with massive amyloid
accumulation, as in other amyloidomas. The distinction
between CNS amyloidoma from lymphoma with amyloid
deposition in an individual case is a difficult diagnostic prob-
lem, as in other organs (82).

Local vascular amyloid deposition can occur in other
pathogenetic conditions, in chronic demyelinating MS
lesions, with 6 cases reported (83, 84). This amyloid was
characterized by immunohistochemistry as AL\ (85). In the
area of the lesions, there are perivascular mature plasma
cells with restricted A-light chain expression; monoclona-
lity was shown by gene rearrangement analysis (84). Thus, in
these cases, monoclonal plasma cells synthesize and excrete
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immunoglobulin A-light chains that can give rise to amyloid
at the vascular walls. We postulate, therefore, that, as may
occur in other autoimmune inflammatory diseases (86), an
autonomously expanding monoclonal plasma cell clone can
be established from the originally polyclonal inflammatory
B-cell populations by escaping T-cell regulation. The special
conditions required for this transition in these rare cases
remain to be determined.

In conclusion, there are different pathologic constel-
lations associated with cerebral vessel-bound amyloid deposits
originating from immunoglobulin light chains. So far, only AL\
has been verified in many examined cases. The precursor
proteins are synthesized and secreted by a singular autono-
mous plasma cell clone that has a very limited proliferative
potential in cases of amyloidoma, WSVAL, leptomeningeal
amyloid angiopathy, and MS with amyloid formation. In
plasmacytoma and other lymphomas, by contrast, their
malignant neoplastic character is obvious. The amyloidogenic
potency seems to be very different, possibly depending on the
degree of the differentiation of the plasma cells and the
chemistry of their product. We show here that the new entity
WSVAL is a special type within this group of diseases with
subcortical predilection that results from excessive immuno-
globulin light chain production of a disseminated perivascular
small plasma cell clone, which seems to have no obvious
primary malignant features. The fatal prognosis is due to its
amyloidogenic secretion product that leads to very widespread
severe angiopathic changes within the brain.
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