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Light Chain Cardiomyopathy

Structural Analysis of the Light Chain Tissue Deposits
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Cardiomyopathy due to monoclonal light chain de-
posits is a complication ofplasma cell disorders.
The deposits may be either fibrillar as in light
chain amyloid or nonfibrillar as in light chain dep-
osition disease. The reasons for these structural
differences are stiUl unknown. We characterized
the myocardial deposits by immunohistochemical
examination of sections and extraction and bio-
chemical analysis ofthe tissue deposits in apatient
(MCM) who died of myeloma and systemic light
chain deposition disease. Amino acid sequence
analysis of the extracted nonfibrillar MCM K-light
chain reveals that it belongs to the L12a germline
subset of the K, protein and contains five distinc-
tive amino acid substitutions (three in theframe-
work region III and two in the complemnentarity-
determining region III) that have not been
reportedpreviously in the samepositions in other
ICu light chains. the theoretically determined iso-
electric point (pI &21) of the MCM light chain is
high compared with the low isoelectric point of
other BenceJones proteinsfrom subjects without
light chain deposition disease. The diffuse binding
to basement membranes and the high isoelectric
point oftheMCM K-light chain suggest electrostatic
interaction as apossible mechanism oftissue dep-
osition. The spatial locations ofthefive distinctive
residues and a sixth rare substitution ofthe MCM
protein modeled on the backbone structure ofREI,
a K1-soluble BenceJones light chain ofknown three-
dimensional structure, may be responsibleforpro-
tein destabilization, partial unfolding, and aggre-
gation leading to tissue deposition. (AmJ Pathol
1996 14&81397-1406)

Disorders of immunoglobulin (Ig) synthesis that oc-
cur in malignant and benign monoclonal prolifera-
tions of plasma cells can lead to tissue deposition of
the monoclonal component. Encroachment by the
deposits on the parenchymal structures and result-
ant organ dysfunction may be the first sign of B cell
dysregulation. Renal manifestations, usually present-
ing with proteinuria, the nephrotic syndrome, or
acute renal failure1 and cardiac symptoms domi-
nated by arrythmias, heart block, congestive heart
failure, or restrictive cardiomyopathy2'- are the most
common and serious clinical complications.

It is now recognized that there are several types of
monoclonal Ig deposition disease (MIDD) that differ
clinically, morphologically, and chemically.1 a Immu-
nohistochemical and biochemical studies indicate
that the deposits in MIDD may be composed of a
single class of Ig light chain, heavy chain, or both
light and heavy chains. The deposits, either fibrillar
as in light or heavy chain amyloid (AL or AH) or
granular as in the nonfibrillar forms of light, heavy, or
both light and heavy chain deposition disease
(LCDD, HCDD, or LHCDD), are distinguished by
Congo red stain of the affected tissue and ultrastruc-
tural analysis. Amyloid, but not nonamyloidotic de-
posits, exhibits green birefringence in Congo red
stains under polarization microscopy and 8- to
10-nm twisted fibrils by electron microscopy. LCDD,
first described in 19762 is less common than AL;9
HCDD and LHCDD are even rarer.

There is considerable knowledge of the primary
structure and physiochemical properties of the
many different amyloid proteins, including AL. By
contrast, very few studies have examined the pri-
mary structure of the nonamyloidotic deposits in
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MIDD because of the rarity of cases and lack of
availability of sufficient tissue for biochemical anal-
ysis. The recent use of new strategies by other
investigators employing bone marrow cells and
molecular methods to sequence the monoclonal Ig
at the complementary DNA (cDNA) level, has gen-
erated data from a few other cases of LCDD and
HCDD. 10-13

In a previous report we partially characterized the
monoclonal K-light chain tissue deposits (MCM) from
a patient with LCDD.14 We now present additional
immunohistochemical and biochemical studies with
the first complete amino acid sequence of the K, light
chain variable region (V-K) isolated from cardiac tis-
sue and compare it with other published human V-KI
light chains15-17 and one other case of V-KI LCDD
(ISE) reported by other investigators.12 Using molec-
ular modeling tools we have attempted to assess the
potential pathological consequences of certain un-
usual features of the MCM protein in the context of
the known three-dimensional structure of K-light
chain variable domains.

Materials and Methods
Cardiac tissue for extraction of light chain deposits
was obtained at postmortem from a 23-year-old
Caucasian male 8 months after the onset of acute
renal failure and a diagnosis of myeloma kidney.
The patient died of systemic LCDD due to cardio-
myopathy and arrhythmias. The main findings at
autopsy were cardiomegaly (1300 g), hepatomeg-
aly (3000 g), and splenomegaly (250 g). Deposits
of K-light chains, with no evidence of amyloid,
were detected in the basement membranes of all
systemic organs.14

Immunohistochemical Studies
Frozen sections of heart examined by immunofluo-
rescence were incubated with a panel of antibodies
to human proteins including Ig heavy chains (y, a,
and ,u), light chains (K and A), complement (C3 and
Clq), amyloid P component (AP), apolipoprotein
(apo) E, apoJ, and vitronectin as described.18 In
parallel, myocardial biopsy tissue with K-amyloid de-
posits from another patient was examined with anti-
apoE, -apoJ and -AP for comparison.

Immunoelectron microscopic studies were per-
formed on ultrathin sections of glutaraldehyde-
fixed epon-embedded cardiac muscle and frozen
tissue stored at -70°C subsequently fixed in 4%
paraformaldehyde and embedded in LR White as
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Figure 1. Immunofluorescence staining reaction of light chaint depos-
its in basement membranes around myocardial cells. In MCM there is
co-localization of K-light chain (a) and apo J (b) but no detectable
apoE (C) or AP (d). By contrast, in a case ofAL, K -light chain (e) and
apoE (f) are botb detected. Magnification, X350 (a to d) and x300
(e and f).

described.19 Immunoreactivity of rabbit anti-hu-
man K-light chain was detected with gold probes
conjugated to protein A and mouse monoclonal
anti-human apoJ with rabbit anti-mouse Ig labeled
with gold (Amersham, Arlington Heights, IL).

Isolation and Purification of the Light Chain
Deposits
Myocardial tissue was extracted as described.14 The
K-light chain deposits in muscle fragments, demon-
strated in smears of the pellet by immunofluores-
cence microscopy after extensive washes, were ex-
tracted for 48 hours with slow stirring at room
temperature from the homogenates in 6 mol/L gua-
nidine-HCI in 0.05 mol/L Tris buffer, pH 10.2, con-
taining 0.17 mol/L dithiothreitol. The guanidine ex-
tract was centrifuged at 1 OGO,OOx g for 1 hour at 4°C
and purified by fast protein liquid chromatography in
Superose 12 (Pharmacia, Piscataway, NJ) equili-
brated with 6 mol/L guanidine/1 mol/L acetic acid.
Alternatively, the crude extract material was exten-
sively dialyzed in membrane tubing with a cutoff of 2
kd against 10 mmol/L phosphate-buffered saline, pH
7.2, at 4°C and lyophilized. The purity and the mo-
lecular weight of each fraction from fast protein liquid
chromatography as well as from the lyophilized ma-



K-Light Chain Deposition Disease 1399
AJP May 1996, Vol. 148, No. 5

-.6. .1. .. ...: -.N 3 AW.WF.
Figure 2. Electronz micrographs ofMCM myocardium showing clustered granular deposits (arrow) in basement membrane around muscle (Al) cell
(a). Immunogold labceling demotnstratces bindinig of anlti-K (b) anid antit-apo J (c) antibodies to the electron-dense deposits (arrows). Magnijication,
X20,000 (a) and X25,000(b and c); bars, 0.5,uimi.

terial was determined in 12.5% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions.

Immunoblotting

Immunoreactivity of the extracted proteins was ana-
lyzed by fractionation in 12.5 or 14% SDS-PAGE20

under reducing conditions or in Tris/tricine/SDS/10%
PAGE and electrotransferred onto 0.45-,um nitrocellu-
lose membranes (Bio-Rad Laboratories, Melville, NY)
using 10 mmol/L 3-cyclo-hexylamino-1-propanesulfo-
nic acid (Sigma Chemical Co., St. Louis, MO) buffer,
pH 1 1, containing 10% methanol.21 22 The membranes
were blocked with 20 mmol/L Tris-buffered saline con-
taining 5% nonfat dry milk, incubated overnight with a
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Figure 3. El/tioni profile of the guanidine evx-
tract fractionated on7 Superose 12, equilibrated
uith 6 mol/L guanidine-HCG11 mol/L acetic acid.
Inset A: Ipnnmunioblot anialysis ofutnfractionated
(UF) material with anti-K antibody; arrow indi-
cates the 28-kd band and arrowheads mark
smaller molecular ueightfragments. B: Electro-
phoretic pattern1 of'eluted fractions 1 and 2 on
14% SDS-PAGE. Molecular mass miarkers in-
cltdde carbonic anhydrase (30 kd), trypsin in-
hibitor (20 kd), Iysozymne (14 kd), anid aproti-
nin (6.5 kd).
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1:200 dilution of rabbit polyclonal anti-K-light chain an-
tibody (Dako Corp., Carpinteria, CA). Peroxidase-con-
jugated anti-rabbit IgG (Dako) diluted 1:5000 was used
as the second antibody. Between all steps the mem-
branes were washed with Tris-buffered saline contain-
ing 0.05% Tween-20 and 0.1% nonfat dry milk. lmmu-
noblots were developed with the 4-chloro-1-naphthal
peroxidase substrate system (Kirkegaard & Perry Lab-
oratories, Gaithersburg, MD).

Amino Acid Sequence Analysis
The fast protein liquid chromatography fractions
were further separated in 14% SDS-PAGE, electro-
transferred onto polyvinylidene difluoride (PVDF)
membrane (Millipore, Bedford, MA), and stained
with 0.5% Coomassie blue R-250 (Bio-Rad) in 40%
methanol/1% acetic acid. All major bands were
excised and sequenced. The dialyzed guanidine
extract was separated in preparative 14% SDS-
PAGE, electrotransferred onto polyvinylidene fluo-
ride membrane, and stained with Coomassie blue
as described above. The bands were excised,
extracted with 70% isopropanol-trifluoroacetic
acid, lyophilized, and run again in either 14% SDS-
PAGE or 14.5% tricine gels. Polypeptides were

10 20 30 O U 60
Volume (ml)

then transferred onto polyvinylidene fluoride or
Pro-Blot membranes (Applied Biosystems, Foster
City, CA), excised, and sequenced. Automated
amino acid sequencing was carried out on a 477A
microsequencer, and the resulting phenylthiohy-
dantoin derivatives were identified using the on-
line 120 A PTH analyzer (Applied Biosystems).

Isoelectric Point of K-Light Chains
Theoretic isoelectric points of the MCM light chain
and various Ig V-region fragments were calculated
from the amino acid sequence23 with the aid of Gen-
eral Protein/Mass Analysis for Windows software,
version 2.12 (Lighthouse Data, Odense, Denmark).

Results

Immunohistochemical Studies
The immunofluorescence staining reactions of the
deposits in the myocardium are shown in Figure 1. In
LCDD, the MCM nonamyloid K-light chain deposits
(Figure la) surrounding the muscle cells co-local-
ized with apoJ (Figure 1 b) and vitronectin (not
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Figure 4. Amiinlo acid sequence of MCM V- -CDR2 CD
region fragments. Arrows indicate positions at 51 60 70 s80 90 100which the sequence was determinied. Amiinlo ASTLESL VPSRFSGSESGTEFTLTISKLOPDIFATYYCQQIFSLPITFGQGTK
acids are identified by the single Ietter code.
'Indicates unusual residues. - kDa 4kDa

qhIFr



K-Light Chain Deposition Disease 1401
AJP May 1996, Vol. 148, No. 5

I Q M T Q S

T C R A S Q
L

Q

Q A P K L L
K N

K

61
MMNR F S

LCaD
Si

S1
LCOD MMD I F

LCDD W D
NJ E D I

G S E
A G

G

10
P S T 1. S A S V G D R

CDRI
30 t

S I G N W L N W Y Q E K
G N I A Q
D I K Y Q T

20
V T

40
p

CDIt2
f so + 60

Y K A S T L E S G V P S
T N Q

E N Q A

70
S G T E F T L T I S K

G
D Y F S

L

CDR3
$90 +

A T Y Y C Q Q I F S L P I T F
H Y D Y W

Y Q Y

C
Q P

G Q

101
LCDDM G T K

LCDD L
I iJ

Figure 5. Comparison ofamino acid seqnences of variable region domains of K, light chains MCM, ISE, and REI. Aonino acids are identified bv the
single letter code.

shown) but not with apoE (Figure lc) or AP (Figure
1d). By contrast, the K-light chain amyloid deposits
(Figure le) in the myocardial tissue of another pa-

tient co-deposited with both apoE (Figure if) and AP
(not shown) as well as with apoJ and vitronectin (not
shown). Heavy chains, A-light chain, and comple-
ment (C3 and C1q) were not detected in the K-light
chain deposits of either LCDD or AL.

Ultrastructurally, the MCM deposits are character-
ized by clustered granular densities in a regular
pattern in the sarcolemmal membranes around the
myocardial cells (Figure 2a). Specific labeling of the

Table 1. Comparison of Isoelectric Points of Variable
Region Light Chains in LCDD and Bence
Jones Proteins from Patients with or withouit
AL

pIProtein

LCDD
MCM (KI)
ISE (Kg)
BLU (KIV)

Bence Jones
With AL
Without AL
ROY
REI

8.21 *

8.20*
8.19*t

4.30 (mean)t
6.20 (mean )t

4.55*
4.82*

pl calculated from amino acid sequences.23
t Case from Ref. 10.
t pl determined by isoelectric focusing.33

deposits with both anti-K (Figure 2b) and anti-apoJ
(Figure 2c) is marked by the gold probe.

Immunoblot and Amino Acid Sequence
Analysis
The immunoblot of the unfractionated guanidine-
extracted protein from the myocardium showed sev-

eral bands reactive with anti-K (Figure 3, inset A).
The extract subjected to gel filtration chromatogra-
phy in Superose 12 rendered two major fractions
(Figure 3). The fractionated material showed hetero-
geneity in the size of the polypeptides comprising
the deposits (Figure 3, inset B, lanes 1 and 2). In
addition to an apparently intact K-light chain with a

molecular mass of 28 kd, there were multiple bands
varying in size down to 3 kd. The most prominent
bands reactive with anti-K (28, 18, and 14 kd) had
the same amino-terminal sequence and were homol-
ogous with the KI light chain subgroup. From the
28-kd band we obtained the amino-terminal se-

quence up to position 43 (Figure 4). Smaller compo-
nents (from 3 to 8 kd) had sequences homologous to
the V-region amino acids of the KI light chain starting
at different positions within the variable region. A
3-kd fragment gave a sequence starting from posi-
tion 35 to 53, overlapping with the 28-kd fragment in

LCDD MCM D
LCDD 155
Si all

21
LCDD MM I
LCDD BE
Si RU

41
L MCD G

Di -
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nine residues. The sequences of a 7- to 8-kd frag-
ment started at position 51, ending at position 82 and
overlapping in three residues with the 3-kd fragment
in the complementarity-determining region (CDR) 11
region. The sequence corresponding to position 78
to 103 was obtained from a 4-kd fragment, overlap-
ping in five residues with the 7- to 8-kd fragment.
Other fragments (not shown) yielded sequences cor-

responding to the constant region of the K-light
chain.

Comparison ofAmino Acid Sequences of
MCM with Other K, Light Chains

A comparison of the 103 MCM V-region amino acid
sequence with the most common residues at the
same positions in other published V-KI human Ig light
chains15 identifies five residues (Figure 4) that have
not been reported previously in these positions:
framework region (FR) 111, Glu66; Lys77; 11e82; CDR
111, 11e91; and Phe92.

There are 20 differences in amino acids (13 in the
CDRs, 7 in the FRs) between MCM and ISE (Figure
5), the other case of V-K, LCDD.12 Five residues are

in the CDR 1, three are in FR 11, three are in CDR 11,
four are in FR 111, and five are in CDR 111. None of the
five unusual residues in MCM nor the four in ISE are

shared in common. Although there are amino acid
differences between MCM and ISE, their calculated
isoelectric points are almost identical (Table 1).
As compared with REI, a human K1 Bence Jones

light chain with known three-dimensional structure
resolved by x-ray crystallography,16'17 of the 26 res-

idues commonly buried within the V-region do-
mains, 17 all in ISE and all except one in MCM
(Asp82- lle), are conserved. The residues that play
a structural role, ie, IIe2, Ala/Ser25, Val/lle/Leu29,
Leu33, and Tyr/Phe71, are conserved in both MCM
and ISE. As expected, in the hypervariable regions
there are many differences in residues between REI,
MCM, and ISE.

Figure 6a uses the backbone structure of REI16 to
summarize the spatial locations of the five MCM-
distinctive residues and a sixth rare substitution that

may also be of interest. At least five, and potentially
all, of the substitutions should significantly affect the
stability and/or aggregation properties of the MCM
light chain. The replacement of Asp82 with lie elim-
inates a salt bridge between Arg6l and Asp82 that is
invariably conserved in both K- and A-light chain
variable domain genes, some T cell receptor sub-
groups,24 and other representatives of the Ig super-
family. Such disruptions in vitro of the Arg61-Asp82
salt bridge by point mutations in the normally soluble
REI KI V-region light chain causes aggregation.25
A second structurally disruptive substitution is in

the FR Ill region at position 66 where a highly con-
served Gly is replaced by the bulky ionic side chain
of Glu. Because insufficient space is available within
the variable domain to accommodate the Glu side
chain, it is evident that some conformational rear-
rangement, probably of the loop that contains Glu66,
distinguishes the MCM structure from that of REI.
This may result in a potentially destabilizing partial
unfolding of the domain. The one other instance of an
ionic amino acid at this position in clinically charac-
terized light chains is in protein MEV, a K-amyloid-
forming light chain, in which Gly66 is replaced with
Arg.26

Glu at position 38 replaces a well conserved Gln,
which forms hydrogen bonds with another Gln38
across the interface of a light chain dimer or with a
corresponding heavy chain Gln39 in a Fab. The con-

sequence of this replacement would be to signifi-
cantly reduce the ability of the MCM light chain to
dimerize or to cause dimerization with a domain
arrangement different from that obtained in the REI
model. The significance, if any, of Lys at position 77
is not clear. Although this substitution has not been
previously observed in K1 proteins, another basic
residue, Arg, is present at position 77 in human K11

proteins. In the K1, variable domains, the electrostatic
consequences of the basic residue may be attenu-
ated by the nearby presence of Glu79.
As shown in Figure 6b, the substituted hydropho-

bic residues lle91 and Phe92 in the CDR Ill are

exposed to solution. These unusual replacements of
Tyr and Gln, respectively, will themselves likely de-

Figure 6. a: Locations of signiyicant substituitions that may contribute to the cleposition ofprotein MCM. The backbone structuire of KI protein REI
(Brookhaven Protein Databank entry RF,I)u as compuitationally mutated to introdtice MCM residues at thepositions shoun (mode,ling performed ith
the program Insight HfIrom Biosym, San Diego, CA). It is anticipated that sigtnificant conformational changes resultfrom some of the MCM-specific
substitutions. Notably, there is instifficient space Jbr the Glu66 side chaini in the orientation shown. The replacement ofAsp82 vieth Ile removes a
stabilizing salt bridge with Arg at position 61. Because it is also unlikely that too negatively charged Glui residues unuld be in the close juxtaposition
shown, uhich reflects the typical hydrogen bonding relationship between Glnz-38 residues in the REI dimer, it is possible that the domain relationships
in an MCM dimer are different from those obsenred in REI and uised in thisfigure. Side chain atoms represented in solid spheres are carbon (green),
oxygen (red), and nitrogen (bluie). b: Locations of hydrophobic clusters comprising five hvdrophobic residuesfrom CDR III and a tryptophan froni
C.DR II. Phe and Ile at positions 92 and 91 are uniziquie to MCM, whereas Len and Ile at positions 94 and 96 have been obsenred in other K germline
proteins. Pro 95 is common among K-light chains. Trp32 is eiicoded by only onie geremline genie, L12a. Both K1 LCDD proteins (ISF and MCM)
characterized to date are produicts qf the L12a gene. It is probable that the orientations of at least some of these side chains in MCM diffJrfroni the
image shoun based on the stnrctuire ofREI in1 uhich the corresponding residuesutere more hvdrophilic in character.
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crease the solubility of MCM, but their combination
with other structural factors may be of particular
significance. At position 94, MCM has a relatively
common Tyr--Leu substitution. An lie is encoded at
position 96, the junction of the V and J exons. Pro95,
common among K-proteins is conserved. Trp32,
which is unique to the L12a germline subset of KI
proteins,27 is found nearby. In combination with res-
idues at positions 91, 92, 94, 95, and 96, Trp32
contributes to an extensive hydrophobic surface in
the CDR portion of the MCM protein.

Discussion
Cardiac involvement is a well known and frequent com-
plication of systemic Ig light chain amyloidosis associ-
ated with myeloma and plasma cell dyscrasias.28 Car-
diac disease that occurs in systemic nonamyloidotic
LCDD has been reported infrequently probably be-
cause LCDD is less common than AL9 and the
nonamyloidotic deposits in the myocardium may be
underdiagnosed in endomyocardial biopsies unless
immunohistological and electron microscopic methods
are used to examine the tissue.
As is the case for AL disease, the relative contri-

butions of protein-determined and tissue-specific
factors in the manifestations of LCDD are still un-
known. The structure-function relationships of the
various monoclonal Igs secreted by plasma cells
and the specific properties of the proteins that pro-
duce particular types of tissue deposits with different
patterns and organ distributions in B cell proliferative
disorders have yet to be resolved. The MCM light
chain reported here is of interest in this regard. Un-
like other V-K1 Bence Jones light chains that are
soluble and do not deposit in tissues, or V-KI light
chains that deposit as amyloid fibrils in some but not
all tissues, MCM light chains deposit as insoluble,
nonfibrillar granular aggregates in all organs, prefer-
entially in basement membranes. As in AL, the MCM
deposits are composed of intact light chain and
multiple V-region fragments of different sizes, indi-
cating carboxyl-terminal degradation. Although the
aggregates do not assemble into fibrils, the deposits
are just as lethal as those in AL in causing organ
dysfunction, as evidenced by the cardiac manifes-
tations in the present case.

The mechanism of tissue deposition in LCDD is
unknown. Electrostatic or immunological interactions
of the light chains with basement membrane compo-
nents is suggested by the punctate ultrastructural
appearance of the deposits (Figure 2a). This clus-
tered pattern resembles the localization in basement

membranes of intravenously injected cationic pro-
teins or immune complexes2930 that bind electro-
statically to the anionic heparan sulfate proteoglycan
sites.31 A similar pattern of deposits can also be
produced by immunological binding of anti-proteo-
glycan antibody to glomerular basement membrane
in experimental animal models.32 In the case of
LCDD, we have found that the light chains are cat-
ionic, in contrast to ROY and REI and other Bence
Jones proteins from patients with or without AL dis-
ease that tend to be anionic33 (Table 1). This feature
is determined by the primary structure of the protein
and might promote electrostatic interactions with
basement membranes. In this regard, it is of interest
that both the MCM and ISE light chains appear to be
descendants from the same K1 germline gene,
Ll2a,27 a finding that may be either coincidental or
reflect a germline-encoded feature related to LCDD.
Of the K1 germline genes, only the 018-08 germline
gene, preferentially associated with amyloid forma-
tion,34 encodes an anionic Kl light chain variable
domain. Therefore, it is probable that any character-
istics of the L12a protein relevant to light chain dep-
osition would reflect either the specific arrangement
of ionic amino acids or the presence of other distinc-
tive germline-encoded residues.

The mechanisms of fibrillogenesis in the amyloid-
oses are poorly understood. The potential role of amy-
loid-associated proteins such as AP, apoE, apoJ, vitro-
nectin, and glycosaminoglycans in fibril formation has
been suggested. AP, a glycoprotein of unknown func-
tion produced in the liver that belongs to the group of
pentraxins; apoE, a protein component of triglyceride-
rich lipoprotein that regulates the metabolism of Ii-
poprotein remnants and modulates the expression of
low density lipoprotein receptors on the surface of
cells; apoJ and vitronectin, cytolytic inhibitors, both
components of the soluble membrane attack complex;
and glycosaminoglycans present in all basement
membranes are all associated with but distinct from the
amyloid fibril protein. As demonstrated in Figure 1,
apoE and AP do not co-deposit with K-light chain in
LCDD, whereas they are present in AL deposits. This
difference, as shown previously in other cases of LCDD
and AL, raises the interesting possibility that the ab-
sence of fibrillogenesis in LCDD might be related to the
absence or undetectable amounts of apoE and AP.18
The co-localization of apoJ and vitronectin in both AL
and LCDD deposits, as well as in immune complexes
in various types of glomerular disease35 suggests an-
other role for these proteins, possibly in the regulation
of complement injury. The heparin-binding domains of
apolipoproteins36 could promote binding to heparan
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sulfate proteoglycan sites in basement membranes
and thus serve to anchor proteins in the tissue.

The hypothesis that the primary protein structure
and its effect on protein folding and conformation is a
major determinant of fibril formation has stimulated an
intensive search for amyloidogenic amino acid se-
quences. As yet, no specific amyloid-promoting se-
quences have been defined due to the inherent heter-
ogeneity of the V-region of Ig light chains that
complicates the identification of such sequences.
However, there is experimental in vivo evidence that
particular Bence Jones light chains induce the same
types of deposits in tissues of animals as those in the
patients from whom the light chains were obtained.37
That is, light chains from the urine of patients with AL
formed amyloid deposits, whereas the light chains from
patients with LCDD formed nonfibrillar deposits. These
in vivo observations speak for a central role of the
primary structure of the light chain in the process of
tissue deposition and fibrillogenesis. However, other
contributing local tissue factors such as enzymes and
matrix proteins also likely play a significant role.

The primary structure of the MCM light chain may
be important in tissue deposition possibly due to the
structurally disruptive substitutions in the amino acid
sequence. It is not known whether the five rare amino
acid substitutions represent allelic variants or so-
matic mutations and whether they are solely respon-
sible for the pathogenic properties of MCM light
chain. As the same residues are not shared by those
in ISE, another case of V-K1 LCDD, it seems unlikely
that these particular residues alone account for the
deleterious effects of the MCM light chain. However,
both MCM and ISE belong to the same L12a germ-
line subset of the K1 proteins and both are cationic, a
property that could affect their aggregation and tis-
sue deposition. But more cases are necessary to
look for common features to draw firm conclusions.

It may be argued that AL and LCDD are disorders
of protein conformation in which partially unfolded
intermediate molecules aggregate as a result of ag-
gregation-sensitive sequence variants. As shown in
experiments with point mutants of the Ig light chain
variable region domain of REI produced in Esche-
richia coli, a single substitution of the Asp82 to lle
results in destabilization of the domain and the for-
mation of amorphous aggregates in vitro (R. Wetzel,
personal communication). Such in vitro aggregates
may have relevance to those observed in vivo in
MCM in which the same amino acid substitution
occurs at position 82. On the other hand, an Arg6l to
Asn mutation in REI produces fibril-like aggregates in
vitro,25 a phenomenon that may be related to the in
vivo amyloid fibril formation in patient BAN with a light

chain having the same rare replacement.38 Folding
intermediates between the native folded soluble and
the denatured unfolded insoluble molecules, result-
ing in different conformational states, could explain
the different morphological forms of light chain de-
posits in LCDD and AL and the relationship between
them. Of interest in this regard is the observation that
antigenically similar nonfibrillar deposits of LCDD
and fibrillar deposits of AL may co-exist in vivo in the
same individual39 (B. Kaplan, manuscript in prepa-
ration), possibly reflecting different conformational
states of a homogeneous protein. Support for this
concept comes from experiments in vitro showing
that different conformational states can co-exist in
homogeneous synthetic peptides.40 Thus, it is not
unreasonable to propose that LCDD and AL are both
disorders of protein conformation.
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