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Proteinaceous deposits are occasionally encountered in surgically obtained biopsies of the nervous system. Some of
these are amyloidomas, although the precise nature of other cases remains uncertain. We studied 13 cases of protei-
naceous aggregates in clinical specimens of the nervous system. Proteins contained within laser microdissected areas of
interest were identified from tryptic peptide sequences by liquid chromatography–electrospray tandem mass spectro-
metry (LC-MS/MS). Immunohistochemical studies for immunoglobulin heavy and light chains and amyloidogenic proteins
were performed in all cases. Histologically, the cases were classified into three groups: ‘proteinaceous deposit not
otherwise specified’ (PDNOS) (n¼ 6), amyloidoma (n¼ 5), or ‘intracellular crystals’ (n¼ 2). LC-MS/MS demonstrated the
presence of l, but not k, light chain as well as serum amyloid P in all amyloidomas. l-Light-chain immunostaining was
noted in amyloid (n¼ 5), although demonstrable monotypic lymphoplasmacytic cells were seen in only one case.
Conversely, in PDNOS k, but not l, was evident in five cases, both light chains being present in a single case. In three
cases of PDNOS, a low-grade B-cell lymphoma consistent with marginal zone lymphoma was present in the brain
specimen (n¼ 2) or spleen (n¼ 1). Lastly, in the ‘intracellular crystals’ group, the crystals were present within CD68þ
macrophages in one case wherein k-light chain was found by LC-MS/MS only; the pathology was consistent with crystal-
storing histiocytosis. In the second case, the crystals contained immunoglobulin G within CD138þ plasma cells. Our
results show that proteinaceous deposits in the nervous system contain immunoglobulin components and LC-MS/MS
accurately identifies the content of these deposits in clinical biopsy specimens. LC-MS/MS represents a novel application
for characterization of these deposits and is of diagnostic utility in addition to standard immunohistochemical analyses.
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Localized, paucicellular proteinaceous deposits are occa-
sionally encountered in biopsies of the nervous system.
In some instances, the nature of these deposits may be
elucidated. Their prototype is found in the amyloidoma, a
localized accumulation of AL l-light-chain-derived amyloid
with a predilection for involvement of white matter, choroid
plexus, and peripheral nerve.1–4 Amyloidomas are indolent
lesions, and the diagnosis can be confirmed with both
histochemical stains for amyloid (Congo red (CR) and
sulfated Alcian blue) and immunohistochemistry for k- and

l-immunoglobulin light chains. Amyloid may also be seen in
dural deposits of extranodal marginal zone lymphomas.5

Other light-chain-derived, non-amyloid deposits are
known to occur, predominantly in extraneural sites, and
usually in association with monoclonal lymphoplasmacytic
disorders. The latter include light-chain deposition disease
and crystal-storing histiocytosis.6–9 However, nervous system
involvement by these two processes is not well characterized.

Laser microdissection of formalin-fixed paraffin-embedded
tissue (FFPE), in combination with liquid chromatography
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and tandem mass spectrometry (LC-MS/MS), represents a
technique with potential as a novel diagnostic method in
surgical pathology. We hypothesized that proteinaceous
deposits encountered in biopsies of the nervous system,
whether demonstrating amyloid properties or not, have im-
munoglobulin components. In the current study, we explore
the utility of laser microdissection in combination with
LC-MS/MS for the evaluation of proteinaceous deposits in
FFPE in this setting, and provide a rationale for their
implementation as useful adjuncts to immunohistochemistry
in diagnostic pathology laboratories.

MATERIALS AND METHODS
Patients
The Mayo Clinic pathology records were searched for cases of
amyloid, other proteinaceous material deposition (non-
amyloid extracellular deposits and intracellular crystals) in
brain, spinal cord, or peripheral nerve. A total of 13 (of 15)
cases were included in this study. Two cases were excluded
because only unstained charged slides were available for
analysis. Twelve of the thirteen cases were biopsies, and 1 case
was obtained from autopsy (case 9). All slides were reviewed
by at least two neuropathologists (CG, JEP, FJR, BWS) and
one hematopathologist (AD). Clinical data, demographics,
and follow-up information were obtained from retrospective
chart review and consultation correspondence. This study
was approved by the Institutional Review Board at the Mayo
Clinic.

Specimen Preparation and Microdissection
The duration of storage for the FFPE tissues used in this
study was variable, with a range of 6 months to 10 years.
Thick (10 mm) sections were placed on DIRECTORt slides
(Expression Pathology, Gaithersburg, MD, USA) for ease of
laser microdissection. The tissue was dissected directly from a
charged slide in cases where paraffin blocks were not avail-
able. At least three different areas were separately micro-
dissected and analyzed in all cases. Sections were air dried
and then melted, deparaffinized, and stained in hematoxylin
followed by CR. Fluorescence microscope optics was used to
identify areas of CR positivity. In the non-amyloid cases the
areas of interest were microdissected under bright-field
microscopy into 0.5ml microcentrifuge tube caps containing
10mM Tris/1mM EDTA/0.002% Zwittergent 3–16 (Calbio-
chem, San Diego, CA, USA) using a Leica DM6000B
Microdissection System (Wetzler, Germany). Collected
tissues were heated at 981C for 90min with occasional
vortexing. Following 60min of sonication in a waterbath,
samples were digested overnight at 371C with 1.5 ml of
1 mg/ml trypsin (Promega, Madison, WI, USA).

Protein Identification Via Mass Spectrometry
The trypsin generated digests were reduced with
dithiothreitol and separated by nanoflow liquid chromato-
graphy–electrospray tandem mass spectrometry using a

ThermoFinnigan LTQ Orbitrap Hybrid Mass Spectrometer
(Thermo Electron, Bremen, Germany) coupled to an Eksigent
nanoLC-2D HPLC system (Eksigent, Dublin, CA, USA). A 0.25ml
trap (Optimize Technologies) packed with Michrom Magic C-8
was plumbed into a 10-port valve. A 75mm�B15 cm C-18
column was utilized for the separation utilizing an organic gra-
dient from 6 to 86% in 55min at 400nl/min.

The Thermo-Fisher MS/MS raw data files were submitted
to an in-house developed workflow tool.10 Three search al-
gorithms (Sequest, Mascot and X!Tandem) were searched
and the results assigned peptide and protein probability
scores. The results were then displayed in Scaffold (Proteome
Software, Portland, OR, USA). All searches were conducted
with variable modifications and restricted to full trypsin-
generated peptides allowing for two missed cleavages. Peptide
mass search tolerances were set to 10 p.p.m. and fragment
mass tolerance to ±1.00Da. The human SwissProt database
was utilized (24 July 2007). Protein identifications were
confirmed at the 90% confidence level and required two
peptides for identification.

Immunohistochemistry
Immunohistochemical stains were performed with the aid of
a DAKO Autostainer (Dako North America Inc., Carpinteria,
CA, USA) using the Dual Link Envisionþ or ADVANCE
(Dako) detection systems. Antibodies were directed against
the following antigens, with the corresponding clones for the
monoclonal antibodies specified: CD3 (Novocastra, New-
castke, UK; clone PS1; dilution 1:50), CD20 (Dako; clone
L26; dilution 1:60), CD68 (Dako, clone KP-1; dilution
1:3000), CD138 (Dako; clone M115; dilution 1:50), Kappa
Free Light Chains (Dako, polyclonal, dilution 1:6000), Kappa
Light Chain (Auto ProEnzyme pretreatment; Dako; poly-
clonal; dilution 1:2500), Lambda Free Light Chains (Dako;
polyclonal; dilution 1:2000), Lambda Light Chain (Auto
ProEnzyme pretreatment; Dako; polyclonal; dilution 1:3000),
Prealbumin (Transthyretin) (Dako; polyclonal; dilution
1:5000), Serum Amyloid A (SAA; Dako; clone MC-1; dilution
1:1000), and Serum Amyloid P (SAP; Biocare; polyclonal,
dilution 1:20).

In Situ Hybridization
In situ hybridization with probes targeting l- and k-light
chain mRNA was performed on case 7 using Ventana
Benchmark XT platform (Ventana, Tucson, AZ, USA) and
commercially available probes (Informs cytoplasmic kappa
and lambda probes, Ventana) according to the manu-
facturer’s instructions.

RESULTS
Clinical Findings
The clinical findings are summarized in Table 1. The
depositions involved brain (n¼ 12) or peripheral nerve
(n¼ 1). The patients included nine women and four men.
They were all adults with a median age at diagnosis of 51
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Table 1 Protein deposits in clinical specimens of the nervous system: clinical features

Patient Age/sex Clinical history Imaging Location Surgery Treatment Systemic work-up Follow-up

1 62/F Headache, dizziness,

and gait problems for

several months; brain

lesions may have been

present for 20 years

R parietal lobe: ring-enhancing

mass (3.6 cm), moderate

surrounding white matter

edema, mass effect.

L temporal lobe: confluent

enhancing masses (4.2 cm),

surrounding edema; increased

T1 signal, decreased T2

signal in the center; stable over

several months

Bilateral, multifocal L temporal

craniotomy

with biopsy

Radiation Bone marrow

biopsy negative

Blood and urine

elecrophoresis ne-

gative

Recovered well after treat-

ment. Lost to follow-up

2 45/M Sudden onset of

hemiparesis; received

steroids followed by

biopsy

MRI: enhancing 1.1 cm lesion;

gradual enlargement with ring

enhancement development

L posterolateral

thalamus/internal

capsule

Stereotactic

biopsy

Observation with

yearly MRIs.

Chest CT-negative

for lesions.

Systemic work-up

not done

Developed pulmonary

embolism 2 months after

surgery. Stable lesion on

yearly MRIs 2 years after

surgery

3 40/F Seizures Well-demarcated contrast

enhancing, hemispheric lesion

Brain NOS Biopsy NA NA Lost to follow-up

4 51/M Left homonymous

inferior quadrantonopsia

MRI: ring enhancing mass R occipital lobe Stereotactic

biopsy

Observation

followed by

resection

Observation with

MRIs. Followed by

Neurosurgery only

Persistent symptoms slight

enlargement on follow-up

MRI. Underwent resection 1

month after which revealed

amorphous debris with a

mild benign polyclonal lym-

phoplasmacytic infiltrate.

No evidence of recurrence

after (most recent MRI 3

years after diagnosis)

5 54/F Problems with balance 5

years; Gait disturbance

most apparent 19

months prior

Periventricular, nodular,

perivascular, enhancing white

matter lesions in frontoparietal

lobes, R4L, progressive in 8

months

Bilateral multifocal Stereotactic right

frontal biopsy

Radiation therapy Negative fat

aspirate

CSF normal

Normal serum and

urine electrophoresis

Stable, neurologically and by

imaging 8 months post-

biopsy; stable neurologically

one and a half months

post-biopsy

6 49/M History of Lhermitte

sign and optic neuritis.

Diagnosed with multiple

sclerosis

Multiple white matter

enhancing lesions, some

periventricular, with

dominant 3 cm L

frontal mass

Bilateral periventricular

white matter

L frontal lobe and

dural biopsy

Treated with

methotrexate

and fludarabine

with partial

response

Negative CT chest

and abdomen

Neurologically stable 14

months post-biopsy

Family history of Alexander

disease

7 31/F Recurrent spells of

aphasia and right-sided

weakness for 2 years

Multiple enhancing lesions,

predominantly white matter,

Bilateral white matter Stereotactic

biopsies� 2

Steroids Negative bone

marrow biopsy

fat aspirate.

Slight improvement in ima-

ging findings 17 months

post-biopsy
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Table 1 Continued

Patient Age/sex Clinical history Imaging Location Surgery Treatment Systemic work-up Follow-up

involving left hemisphere

and cerebellum

Negative Body CT

and MRI of spine.

Normal serum and

urine electrophoresis

Elevated k/l ratio in

CSF (3.79)

8 40/F Transient R sided weak-

ness 3 years prior; multi-

focal muscle aches of

unclear etiology

‘L temporal lobe AVM’

Stellate enhancement and T2

abnormality in deep white matter

of R frontal lobe

Bilateral, multifocal L temporal lobe

stereotactic biopsy

Alkeran and

prednisone

� 5 cycles

Normal bone mar-

row biopsy and fat

aspirate

Normal serum and

urine electrophoresis

Persistent seizure disorder;

stable lesions on subsequent

studies but most recent MRI

9 years after first biopsy

shows new lesions of po-

tential concern

9 58/F Weakness, nausea, vo-

miting, changes in men-

tal status

MRI: multiple, ovoid, non-enhan-

cing lesions in cerebral and cer-

ebellar white matter

Bilateral white matter 1-R frontal lobe

biopsy

2-Autopsy

Rituximab,

high-dose steroids,

plasmapharesis

CT of abdomen:

splenomegaly

Serum electrophor-

esis: monoclonal

k-light chains

Bone marrow biopsy:

B-cell lymphoma

Autopsy: splenic

marginal

zone lymphoma

DOD 30 days after onset of

symptoms

10 72/F Tinnitus CT: densely enhancing

mass lesion deep in the white

matter adjacent to the occipital

horn of the R ventricle

R parietal lobe Biopsy NA NA Lost to follow-up

11 70/F NA NA R parietal lobe Biopsy NA NA Neurologically stable 3

months post-biopsy

12 62/M L leg weakness and

paresthesias starting

approximately 8 years

prior

MRI: enlargement through time

with mild enhancement

S1, S2 nerve roots extending

into sciatic nerve

Fascicular biopsy Observation Bone marrow

biopsy, fat aspirate,

and free light chains

in serum and urine

negative.

Stable 1 year post-biopsy

13 34/F ‘Stroke’ followed by

seizure 1 month prior

MRI: ‘tumor’ L frontal dura Resection, followed

by open biopsies 3

and 12 months after

NA NA Developed nodular en-

hancement in right parietal

and occipital (extra axial)

regions prompting the third

biopsy

AVM, arteriovenous malformation; CT, computed tomography; DOD, dead of disease; L, left; R, right; MRI, magnetic resonance imaging; NA, data not available; NOS, nitric oxide synthase.

M
a
ss

sp
e
ctro

m
e
try

o
f
im

m
u
n
o
g
lo
b
u
lin

d
e
p
o
sits

FJ
R
o
d
rig

u
ez

et
a
l

w
w
w
.la
b
o
ra
to
ryin

v
e
stig

a
tio

n
.o
rg

|
Lab

o
rato

ry
In
vestig

atio
n
|
V
o
lu
m
e
8
8
O
cto

b
er

2
0
0
8

1
0
2
7

http://www.laboratoryinvestigation.org


years (range, 31–72). Radiologic studies demonstrated
multifocal lesions in the majority of the cases, usually in-
volving cerebral white matter (n¼ 6). A single abnormality/
mass was present in five cases. In the single case involving
peripheral nerve, a localized enhancing enlargement of the
sciatic nerve was evident. No imaging data were available for
the remaining case.

Pathology
Histologically, the proteinaceous deposits could be placed
within one of the following categories: extracellular protei-
naceous deposit not otherwise specified (PDNOS; n¼ 6),
amyloidoma (n¼ 5), or intracellular crystals (n¼ 2). The
pathologic features are summarized in Table 2.

Extracellular proteinaceous deposit not otherwise specified
These consisted of amorphous, flocculent, CR-negative ex-
tracellular eosinophilic proteinaceous aggregates with occa-
sional calcification. In two cases well-formed extracellular
crystals were also present. Two cases were associated with a
contiguous low-grade B-cell lymphoma with lympho-
plasmacytic differentiation and demonstrated a foreign body
giant cell reaction to the deposits (Figure 1). A marginal zone
lymphoma of the spleen was identified at autopsy in one
dramatic case characterized by deeply eosinophilic immuno-
globulin lakes mostly in white matter but with smaller aggregates
in the cortex (Figure 2).

Amyloidoma
Amorphous pink aggregates of amyloid were present in a
parenchymal and/or perivascular pattern (Figure 3a). CR
staining was positive in all cases, showing strong red fluores-
cence (Figure 3b and c). An associated mild, generally peri-
vascular lymphoplasmacytic infiltrate was also identified.

Intracellular crystals
Intracellular crystals were the hallmark in two cases. In case 7,
there was a massive intracellular accumulation of needle
shaped to rhomboid crystals within CD68þ macrophages
throughout the biopsy consistent with intracerebral crystal-
storing histiocytosis (Figure 4). Scattered, mostly perivas-
cular plasma cells were present. In case 2, thicker rhomboid
crystals were noted within CD138þ plasma cells, which were
less frequent than in case 7. ‘Touton-like’ multinucleated
giant cells were also present.

Mass Spectrometry and Immunohistochemistry
Proteomic analyses provided reliable MS and MS/MS spectra
in a representative case (Figure 5), and the Scaffoldt search
algorithm provided reproducible protein profiles in all 13
cases tested (Supplementary Data).

Extracellular proteinaceous deposit not otherwise specified
Interestingly, the non-amyloid extracellular depositions
contained k-light chains, but not l, in most cases (n¼ 5).

One case contained k- as well as l-light chains. Additional
proteins identified included immunoglobulin (Ig) G (n¼ 5),
IgM (n¼ 2), IgA (n¼ 2), IgJ (n¼ 2), apolipoprotein A-I
(ApoA-I) (n¼ 3), and ApoE (n¼ 2). Ig heavy chain, ApoA-II,
and C9 were identified in single cases each. Immuno-
histochemistry with k- and l-light chain confirmed
k-light chain restriction in four cases, either in the deposits
(n¼ 3) and/or the inflammatory infiltrate (n¼ 2). A
polytypic pattern of light-chain expression by immuno-
histochemistry was present in the single case demonstrating
both k- and l-light-chain peptides by LC-MS/MS. In
addition, one (of two) cases with IgM showed convincing
immunostaining (Figure 2).

Amyloidomas
l-Light chains, SAP, ApoE, and ApoA-IV were identified in
all cases (n¼ 5). In addition, ApoA-I was identified in three
cases, and IgG and IgA in single cases each. Immuno-
histochemistry demonstrated l (but not k) light chains in the
aggregates in all cases, and SAP in two (of three) cases tested.

Intracellular crystals
The example consistent with crystal-storing histiocytosis
(case 7) demonstrated k-light chain as well as a minor GFAP
component on LC-MS/MS. The GFAP was likely secondary
to the presence of underlying brain tissue/reactive astrocytes
in the microdissected area. Immunostains for k- and l-light
chains were non-contributory secondary to ample back-
ground staining. However, in situ hybridization labeled
monotypic k-plasma cells (Figure 4). Conversely, in case 2,
IgG was identified by LC-MS/MS. The crystals demonstrated
reactivity with IgG and l-light chains, but not k, antibodies
by immunohistochemistry.

DISCUSSION
Protein characterization in tissue samples is an active
field that has generated much excitement in recent years.
Protein analysis focused on identification of single proteins
or peptides has been most extensively explored in serum
using gel electrophoresis/western blotting or immunoassays,
such as ELISA.11,12 However, some of these commonly used
assays are limited in their sensitivity, require relatively large
amounts of sample, and focus on only a small number of
proteins. These traditional methods have also been success-
fully applied to cell lines and fresh or frozen tissue for protein
analyses, but are not applicable to FFPE tissues.

Immunohistochemistry is a technique that has been stu-
died and extensively applied for protein identification in
diagnostic pathology and research. Although presently it is
the most widely applied technique to study protein expres-
sion in FFPE archival material, immunostaining of extra-
cellular protein deposits is problematic as antigenic epitopes
are often lost in the tertiary structure of the deposit, and
contamination from serum proteins often gives rise to
marked background that yields indeterminate results. Formal
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Table 2 Protein deposits in clinical specimens of the nervous system: pathologic features

Patient Diagnosis Histopathology Congo red Immunohistochemistry Mass spectrometry

1 Amyloidoma Eosinophilic parenchymal

and vascular aggregates

with focal giant cell

reaction associated with

perivascular plasma cell

proliferation

Positive l-Light chain positivity in

deposits and plasma cells

SAP+

SAA�, Transthyretin�,

b-microglobulin�

l, ApoE, Apo-AIV, and

SAP peptides

2 Neoplasm with

extensive plasma

cell differentiation

Prominent

intracytoplasmic

immunoglobulin rhomboid/

rectangular crystals in

plasma cells; rare Touton-

like multinucleated giant

cells; perivascular

inflammation

Negative Perivascular mixture of

CD3 and CD20+ T- and

B-cells CD138+ plasma

cells, l-Ig light chain.

Crystals IgG+

IgG peptide

3 Low-grade B-cell

lymphoma with

plasmacytic dif-

ferentiation

Flocculent extracellular

proteinaceous deposit with

occasional giant cell

reaction, lymphoplasmacytic

infiltrate mainly

perivascular

Negative k-Light-chain-restricted

lymphoplasmacytic cells.

Predominant CD20+

B-cells with a minor

CD138+ plasma cell

component

k, IgG, and ApoE

peptides

4 1 Amorphous

debris

2 Old organized

intraparenchymal

cystic lesion with

proteinaceous

content

Amorphous eosinophilic

debris with dystrophic

calcifications, focal

crystalline appearance,

no inflammation

Negative inconclusive k, IgG, and IgA pep-

tides

5 Amyloidoma Parenchymal and perivas-

cular involvement; Scant

perivascular lymphoplasma-

cytic infiltrate

Positive l+ Aggregates, paren-

chymal and vessel walls;

SAP focal+

SAA�, b-microglobulin�,

b-amyloid�

l, ApoE, Apo-AIV, and

SAP peptides

6 Extranodal mar-

ginal zone lym-

phoma

Granulomatous reaction to

extracellular crystalline

immunoglobulin

Negative k-Restricted B-cells, plasma

cells, and extracellular

crystals; IgM+ cells,

aggregates�; IgA�, IgG

non-contributory

k and IgG peptides

7 Atypical plasma

cell infiltrate sus-

picious for plasma

cell proliferative

disorder and

crystal storing

histiocytosis

Histiocytes engorged with

crystals, scant perivascular

plasma cells

ND Small groups of k-re-

stricted plasma cells by

in situ hybridization

Cells with crystals are

CD68+histiocytes

Immunostains for k and l

non-contributory

k and GFAP peptides
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doubts have been raised about the reliability of immuno-
histochemistry in determining the amyloidosis type.13

Furthermore, these studies are limited by the small number
of markers that can be simultaneously studied in a single
tissue section, as well as the variety and number of com-
mercial antibodies available. Of the methods discussed, only
immunohistochemistry has been extensively used in the
study of FFPE tissue. Although FFPE is the primary archival
form of pathologic specimens, and permits retrospective
study of numerous samples with clinical follow-up, the
extension of high throughput analyses to this resource should
yield a wealth of biologic information.

With the advent of proteomics, newer technologies have
emerged that bypass all these limitations. In addition to its
promise as a powerful diagnostic technique that is the subject
of the current study, MS may be considered at the present
time the technique with the greatest potential for unbiased
biomarker discovery, as well as significantly aiding in our
understanding of disease pathogenesis.14 High throughput
platforms that utilize MS have been successfully applied to
serum peptide profiling. Examples include its application to
glioblastoma,15 as well as ovarian16 and prostate carcinoma.17

Other applications include mapping of plasma membrane
proteins in brain18 and the detection of DNA-mismatch

Table 2 Continued

Patient Diagnosis Histopathology Congo red Immunohistochemistry Mass spectrometry

8 Amyloidoma Eosinophilic parenchymal

and vascular

aggregates;

reactive gliosis

Positive l+

Rare CD20+ B-cells and

CD138+ plasma cells

l, SAP, ApoE, Apo-AI,

and Apo-AIV peptides

9 Extracellular pro-

teinaceous de-

posits in brain;

marginal zone

lymphoma of

spleen

Large eosinophilic

proteinaceous

aggregates; no

inflammation

Negative k+, IgM+

IgA�, IgG�
k, IgM, Apo-AI, and

IgJ peptides

10 Amyloidoma Parenchymal and

perivascular, gliosis,

no inflammation

Positive l-Free light chain+; k�,

SAA�, prealbumin�,

SAP�

l, SAP, IgG, IgA, ApoE,

and Apo-AIV, and

Apo-AI peptides

11 Proteinaceous

deposition

Extracellular eosinophilic

proteinaceous pools

surrounded by

lymphoplasmacytic

infiltrate with eosinophils,

collagen deposition

Negative k+ deposition, IgA, IgG,

and IgM equivocal

k, IgA, IgG, Apo-AI,

Apo-AII, and IgJ pep-

tides

12 Amyloidoma Tumefactive mass of

amyloid replacing a

nerve fascicle.

Mild perivascular

lymphocytic infiltrate

in adjacent tissue

Positive l+ l, SAP, ApoE, Apo-AI,

and Apo-AIV peptides

13 Chronic

inflammation

with eosinophils

Mixed lymphoplasmacytic

infiltrate with eosinophils,

eosinophilic amorphous

material, fibrosis

Negative Polytypic plasma cells l, k, ApoE, IgG, IgM,

C9, ApoA1, Ig heavy

chain

NA, information not available; ND, not done; SAP, serum amyloid protein; Ig, immunoglobulin.
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Figure 1 Extracellular proteinaceous deposition with crystals (case 6). Aggregates of eosinophilic proteinaceous deposits with crystal formation are surrounded by

a dense neoplastic lymphoplasmacytic infiltrate (a). Immunohistochemical stains demonstrate k-light chain (b) immunostaining but absent l (c) consistent with

k-light-chain restriction. The latter was also demonstrated by mass spectrometry, which in addition revealed Ig-g and Ig heavy chain peptides (not shown).
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repair-deficient cells.19 Combining MS with immunoaffinity
enrichment has also been successful in identifying chromo-
somal translocation partners in anaplastic lymphoma.20

Traditionally, the application of proteomics to FFPE has
been limited by several factors, including the crosslinks
induced by formaldehyde and alterations secondary to the
embedding process that affects protein solubility. However,
some authors have been successful in extending proteomic
analyses to these tissues with appropriate methods that
involve proteolytic cleavage,21–23 including in situ enzymatic
digestion and even matrix-assisted laser desorption/ioniza-
tion MS,24 which allows for delineation of the spatial
distribution of proteins. A proteomic-based approach to
surgically obtained samples complements the study of gene
expression profiling, given the greater susceptibility of RNA
for degradation, as well as the possibility to study post-
translational modifications25 difficult to investigate with
traditional genomics.

We hypothesized that the application of MS to protein
analysis may not be restricted to proteomic research, but that
it may also be of use in diagnostic surgical pathology. We
have found that sample digestion with separation of peptide
mixtures by chromatography followed by analysis in a
modern hybrid mass spectrometer produces accurate
information about the composition of complex samples and
is feasible to perform in archival material. Laser micro-
dissection, a technique with numerous applications in
molecular analysis,26,27 enhances diagnostic precision in this
setting. A probability-based algorithm and comparison
with available databases greatly simplifies and increases the
efficiency of protein characterization.28

In our experience, proteinaceous deposits encountered in
biopsies of the nervous system often represent diagnostic
challenges even after a thorough clinicopathologic work-up.
Among these, amyloidomas have been best characterized,
although it is known that other forms of light-chain-derived

Figure 2 Extracellular proteinaceous deposition in the brain in a case of splenic marginal zone lymphoma. Lakes of eosinophilic deposits lacking crystals are

involving predominantly white matter (a), although scant smaller deposits are also present in gray matter (b). Immunohistochemical stains demonstrate

k-light-chain expression (c) but not l (d), as well as IgM (e).
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Figure 3 Amyloidoma of sciatic nerve and laser microdissection (case 12). Localized tumefactive amyloid deposit replacing a peripheral nerve fascicle demonstrated

on H&E (a) and Congo red (b) stains. Rhodamine optics demonstrates bright red fluorescence (c, Congo red). Several areas are traced in the computer screen, microdis-

sected and submitted for analysis using available software. l-Light-chain restriction was demonstrated by immunohistochemistry and mass spectrometry (not shown).

Mass spectrometry of immunoglobulin deposits

FJ Rodriguez et al

www.laboratoryinvestigation.org | Laboratory Investigation | Volume 88 October 2008 1033

http://www.laboratoryinvestigation.org


deposits that lack the ultrastructural and histochemical
properties of amyloid may deposit systemically as in light-
chain deposition disease,6 or in the form of tumefactive
masses.29,30 Systemic light-chain deposition disease31 as well
as reported tumefactive extraneural aggregates thereof 29,30

and crystal-storing histiocytosis7–9 shows a tendency to
k-light-chain restriction. It is of interest that two previously
reported cases of light-chain deposition disease involving the
brain were l-light chain derived,32,33 unlike our cases in
which non-amyloid deposits were mostly k. Of note neither

of those two previously reported cases was evaluated by MS.
Our present study extends the use of MS to the character-
ization of these deposits in FFPE. There was an excellent
concordance with immunohistochemical results, although
MS confirmed light-chain restriction and the nature of
intracellular deposits in at least one case with non-
contributory immunostaining.

A point of practical importance involves the concurrence
of a lymphoplasmacytic proliferation with a specific type of
protein deposit. In cases with amyloid deposition, as those

Figure 4 Crystal-storing histiocytosis (case 7). Intracellular refractile crystals are evident on H&E stain (a). The histiocytic nature of the cells is confirmed by

strong CD68 expression (b). In situ hybridization demonstrates k mRNA (but not l) focally in perivascular plasma cells (c and d, respectively).
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Figure 5 Tandem mass spectrometry (MS) analysis identifies k-light chain V-III in case 9. The Orbitrap MS survey scan containing a parent ion mass of

916.943 Da is shown in (a). The LTQ MS/MS scan of the doubly charged ion at 916Da is shown in (b). A database search against the MS/MS spectra revealed

this to be ASQSVSSYLAWYQQK with an XCorr of 5.14 and �1.9 p.p.m. mass error corresponding to Ig k-light chain (KV312_HUMAN) (c).
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described in the literature, an associated lymphoproliferative
disorder is not present, with the exception of extranodal
marginal zone lymphoma of the dura. Conversely, in cases of
PDNOS, a low-grade B-cell lymphoma with plasmacytic
differentiation may be an identifiable etiology. As demons-
trated in one of our patients with a splenic marginal zone
lymphoma, the neoplastic process may not be evident in the
brain lesion. Such cases require a careful systemic work-up
and close follow-up to discover the neoplasm. The demon-
stration of non-amyloid proteinaceous deposits containing
k-light chain may, therefore, be of clinical and prognostic
importance.

A further illustrative aspect of our study is that MS found
these various protein deposits to be complex, including ad-
ditional immunoglobulin and apolipoprotein-derived pep-
tides. It is known that a variety of apolipoproteins including
ApoA-I, ApoA-II, and ApoA-IV are amyloidogenic, a phe-
nomenon that is enhanced by specific alleles. This has been
studied in transgenic mice models.34 Several of these proteins
were identified in our analyses. These proteins are not rou-
tinely evaluated on amyloid immunohistochemical panels.
Although they seem to be involved in amyloid formation, it is
unclear what their role is in non-amyloid deposits. Our
limited study does not provide any mechanistic insights into
pathogenesis, but future studies with a larger number of
cases, and more detailed exploration of the significance of the
various peptides identified, should further our current lim-
ited understanding of these disorders.

In summary, proteomics is beginning to have an important
role, not only in research into human disease, but also in
molecular diagnostics as well. The use of novel exquisitely
sensitive and specific practical techniques, including MS,
in the analysis of protein accumulations enhances the
diagnostic precision afforded by routine histology and
immunohistochemistry. We employed this technique in a
focused study of immunoglobulin-derived deposits, but we
believe in its potential to find widespread applications
in diagnostic surgical pathology in addition to its better-
publicized role in biomarker discovery.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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