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Bence Jones Proteins and Light Chains
of Immunoglobulins
PREFERENTIALASSOCIATION OF THE Vxv, SUBGROUPOF HUMAN

LIGHT CHAINS WITH AMYLOIDOSIS AL(X)

ALAN SOLOMON,BLAS FRANGIONE, and EDWARDC. FRANKLIN, Department of
Medicine, College of Medicine-Knoxville, University of Tennessee Center for
the Health Sciences, Knoxville, Tennessee 37920; Irvington House Institute,
Departments of Medicine and Pathology, New York University Medical
Center, New York 10016

A B S T R A C T An antiserum prepared against a A-
Bence Jones protein from a patient (SUT) who had
multiple myeloma and amyloidosis had specificity for
X-light chains of the chemically defined variable (V)
region X-chain subgroup XVI. Sequence analyses of
protein SUTand of five other X-light chains recognized
immunologically as of the VAVI subgroup revealed that
all six proteins had the N-terminal sequence charac-
teristic for prototype XVI proteins. The isotypic nature
of the VAVI subgroup was demonstrated immunochem-
ically: XVI molecules were detected among light chains
isolated from the IgG proteins of each of 12 normal
individuals and XVI antigenic determinants were also
detectable on the intact IgG proteins. The frequency
of XVI molecules among X-type light chains is esti-
mated to be -5% based on the finding that 5 of 91
X Bence Jones proteins were of the V,\vI subgroup.
Proteins of the VAVI subgroup, in contrast to those of
the other five chemically-classified X chain subgroup,
appear to be preferentially associated with the amyloid
process as evidenced by the fact that all six XVI pro-
teins were obtained from patients with amyloidosis AL
and, in addition, 5 of 42 X-type monoclonal immu-
noglobulins from patients with primary or myeloma-
associated amyloidosis were classified by immunodif-
fusion analyses as having XVI-type light chains.

INTRODUCTION
Light polypeptide chains of immunoglobulins, espe-
cially their variable domain-related fragments, are the
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1 Abbreviations used in this paper: AL, light chain form

of amyloidosis; FR1, framework region 1; PTH, phenylthio-

major protein constituents of the amyloid fibrillar sub-
stance found in patients with primary or multiple
myeloma-associated amyloidosis (reviewed in ref. 1).
This light chain form of amyloidosis, designated AL,
is distinguished chemically from the protein fibril con-
stituents of amyloid found in association with chronic
inflammatory diseases or deposited in endocrine or-
gans, heart, and brain. Certain types of light chains
may be more "amyloidogenic" than others; this pos-
sibility is suggested by the observation that X-chain-
containing monoclonal immunoglobulins (complete
molecules or Bence Jones proteins) are found more
frequently than are K-chain proteins among patients
with primary or myeloma-associated amyloidosis. In
contrast, K-chain-type monoclonal immunoglobulins
are found more commonly than are X-chain proteins
among patients with multiple myeloma or related B
cell neoplasms who do not have amyloidosis (2).

Distinctive physicochemical properties of light chains
are related, in part, to structural features of the VL
(3). Multiple subgroups of human X- and K-light chains
have been defined chemically on the basis of charac-
teristic amino acid residues within the first framework
region (FR1) comprising the N-terminal 23 residues
of the variable domain of the light chain (VL).' For
X-chains, six variable (V) region subgroups, designated
Vx,, VAII, VAIII, VAIV, VA,v and VxvI, have been delin-
eated through sequence analyses of Bence Jones pro-
teins and light chains isolated from monoclonal im-
munoglobulins (4). Proteins of the XVI subgroup are
of special interest because two of the three prototype

hydantoin; C, constant domain; V, variable domain; VL, light
chain variable domain.

2 The X-chain V region subgroup XVI was originally des-
ignated XV (5).
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XVI proteins2 were found in the splenic fibrils of pa-
tients with primary amyloidosis (5, 6).

Wehave identified and characterized six additional
XVI light chains (five Bence Jones proteins and the
light chains of a monoclonal IgGX protein) all of which
were obtained from patients with primary or my-
eloma-associated amyloidosis. Wedemonstrate the iso-
typic nature of the V,\vl subgroup and provide further
evidence that XVI proteins are most commonly found
among a subset of patients with the AL(X) form of
amyloidosis.

METHODS
The diagnosis of amyloidosis AL was based on the clinical
and pathological features characteristic of patients with pri-
mary or myeloma-associated forms of this disease (1). The
presence of amyloid deposits was substantiated by finding
(through polarizing microscopy) birefringent-staining ma-
terial within Congo Red-treated tissue. The fibrillar nature
of the amyloid deposits (1) was also noted in those patients
from whom tissues were obtained for ultrastructural study.

Bence Jones proteins were isolated from urine specimens
(7) by zone (block) electrophoresis on polyvinyl chloride
(Pevikon, Kemanord, Stockholm, Sweden) and further pu-
rified by gel filtration through AcA 54 Ultrogel agarose-poly-
acrylamide (LKB-Produkter AB, Bromma, Sweden) columns
(2.5 X 100 cm) containing a 0.15-M NaCl, 0.02-M NaPO4,
buffer, pH 7.2. Immunoglobulin components were also iso-
lated from serum specimens by zone electrophoresis on poly-
vinyl chloride blocks. Pooled normal human y-globulin
(IgG), Cohn Fraction II, was obtained from Mann Research
Laboratories, New York. Light chains were isolated from
reduced and alkylated IgG by gel filtration through Bio-Gel
P-100 polyacrylamide (Bio-Rad Laboratories, Richmond,
CA) columns equilibrated with 1 Mpropionic acid. The pu-
rity and molecular weight of the isolated proteins were de-
termined by electrophoresis in sodium dodecyl sulfate (SDS)-
polyacrylamide gels containing 0.1 M ,B-mercaptoethanol.
Amyloid fibrils were isolated from the spleen (8) and the
protein extracted by gel filtration through an AcA 54 column
in the presence of 5 Mguanidine HCl-1 Macetic acid con-
taining 0.1 Mdithiothreitol (9).

Immunodiffusion and immunoelectrophoretic analyses
were performed in 1% (wt/vol) agar gels prepared in a 0.05-
Msodium barbital buffer, pH 8.6, containing 3% polyethy-
lene glycol 6000. Antisera to y, a, u, 6, and E heavy chains
and to K and X light chains were prepared in albino New
Zealand rabbits (7) by immunization with monoclonal IgG,
IgA, IgM, IgD, and IgE proteins and with K- and X-type
Bence Jones proteins. The antisera were rendered mono-
specific for heavy or light chain determinants by appropriate
absorption.

Amino acid sequence analyses were performed (10) with
a Beckman model 890C automated sequencer (Beckman In-
struments, Inc., Fullerton, CA). The phenylthiohydantoin
(PTH) derivatives were identified by high performance liq-
uid chromatography using a Waters HPLC Model ALC/
GPC-204 and a C18/;s-Bondapak column (Waters Instru-
ments, Inc., Rochester, MN). A methanol:water gradient
was used for elution. In some instances the PTH derivatives
were hydrolyzed and analyzed with a Durrum Model D-500
amino acid analyzer (Durrum Instrument Corp., Sunny-
vale, CA).

RESULTS

Immunological recognition of the human X-light
chain V region subgroup XVI (VxvI). An antiserum
prepared against the X-Bence Jones protein SUT was
found by immunodiffusion analyses to be capable of
distinguishing among heterologous X-light chains. This
antiserum, designated R394, had major specificity for
the protein used for immunization and for several
other X-chains, e.g., Bence Jones protein GIG. To de-
termine whether antiserum R394 could specifically
recognize a particular V region-related X-subgroup,
we compared the reactivity of protein GIO with that
of X-light chains representative of five of the six chem-
ically-classified V region subgroups V,AI, VAII, VAIII,
VxAv, and Vxv (4). As shown in Fig. 1A, the XI, XII,
XIII, XIV, and XV proteins formed precipitin reactions
of identity, all of which were antigenically deficient
to that formed by protein GIO. Absorption of antise-

FIGURE 1 Immunological recognition of the human X-light
chain V region subgroup XVI. (A) Immunodiffusion analyses
of six X-Bence Jones proteins (0.2 mg/ml). The center well
in the pattern on the left contained antiserum (A) R394 pre-
pared against the X-Bence Jones protein SUT and that on
the right contained the same antiserum absorbed (A) with
a XIII protein. The outer antigen wells in both patterns con-
tained a XI protein (VOR), a XII protein (RIM), a XIII protein
(BAU), a XIV protein (SH), XV protein (McG), and a XVI
protein (GIO). The amino acid sequence of the XI, XII, XIII,
XIV, and XV proteins are given in ref. 4 and that of protein
GIO in Table I. (B) Immunodiffusion analyses of a XVI Bence
Jones protein (BJP GIO) and five monoclonal X-chain-con-
taining immunoglobulins (0.5 mg/ml): An IgAXVI protein
(IgA YAM), an IgAXII protein (IgA ZIM), an IgGXV protein
(IgG McG), an IgGXI protein (IgG NEW), and an IgGXII
protein (IgG BRO). Sequence data on the XI light chain
NEW, the XV light chain McG, and the XVI light chain YAM
are given in ref. 4; the light chain subgroups of proteins ZIM
and BRO were determined immunologically. The center
wells (A and A) contained the same antisera as indicated
above.
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rum R394 with any one of these five proteins rendered
the antiserum specific for protein GIO.

When the absorbed antiserum, R394, was tested
against a panel of 91 human Bence Jones proteins
(partial or complete amino acid sequence data were
available on 24 of these), precipitin reactivity was ob-
tained with only 5 (proteins SUT, GIO, MOR, WAN,
and WIN). No reactivity was evident with 6 X-chains
classified chemically as XI, 9 as XII, 6 as XIII, 1 as XIV,
and 2 as XV, or with the remaining 62 non-XVI Bence
Jones proteins.

The specificity of antiserum R394 was made evident
through gel immunodiffusion analysis of a XVI light
chain-containing monoclonal immunoglobulin, the
IgAX protein YAM (11). Protein YAM and Bence
Jones protein GIO formed a precipitin reaction of
identity and, as shown in Fig. LB, both proteins could
be readily distinguished from monoclonal immuno-
globulins bearing X-light chains representative of other
chemically-defined VA subgroups. Thus, antiserum
R394 apparently had unique specificity for XVI light
chains.

Immunodiffusion analyses of 32 isolated X-chain-
type monoclonal immunoglobulins (18, IgG, 10 IgA,
4 IgM) and 32 serum specimens containing X-type
monoclonal immunoglobulins (22 IgG, 7 IgA, 3 IgD)
revealed that antiserum R394 (absorbed to be specific
for XVI proteins) had major specificity for only 2 pro-
teins (IgGX BUCand IgMX DIB).

Sequence analyses of immunologically classified X
light chains. The specificity of antiserum R394 for
XVI-type light chains was confirmed through deter-
mination of the amino-terminal sequence of the five
X-Bence Jones proteins SUT, GIO, MOR, WAN, and
WIN and that of the IgGX protein BUC. These se-
quence data are provided in Table I. Proteins SUT,
GIO, MOR,WAN,ANDWIN had amino acid residues
within the FRI characteristic for proteins of the VAv,
subgroup. Each of the proteins was homologous in se-
quence and closely resembled the sequences of the
prototype XVI proteins AR, JAM, and YAM-L (4) and
of the XVI proteins KIN-L (12), NIG-48 (13) and RS
(14). The sequence of the first 6 residues of X-chain
BUC (data not shown) was also consonant with that
of a XVI protein.

Identification of XVI light chains among the light
chains of normal subjects. To determine whether
XVI light chains are represented among an individual's
X-chain-bearing immunoglobulin population, we stud-
ied the reactivity of antiserum R394 against the light
chains isolated from the IgG of 12 normal subjects.
Antiserum R394, rendered specific for XVI antigenic
determinants by appropriate absorption, was tested by
comparative double diff usion analysis against each
light chain preparation (concentration, 10 mg/ml) and

against the XVI Bence Jones protein GIO. The presence
of XVI molecules within each light chain pool was ev-
idenced by the reactions of the light chains with the
absorbed antiserum and, further, by the precipitin re-
action of identity that each formed with the XVI pro-
tein GIO.

It was possible also to detect XVI light chain deter-
minants on intact IgG molecules isolated from the
serum of normal persons. Fraction II pooled y-globulin
at concentrations from 6.25 to 50 mg/ml were tested
by gel immunodiffusion analyses against the specific
anti-XVI antiserum R394. As illustrated in Fig. 2, pre-
cipitin reactions of identity were obtained between the
reference monoclonal IgGXVI protein BUC (concen-
tration, 1 mg/ml) and the IgG specimens at concen-
trations of 50 and 25 mg/ml. Comparable results were
obtained with IgG isolated from individual (normal)
serum specimens.

From our finding of 5 XVI Bence Jones proteins
among 91 X-Bence Jones proteins tested and on the
results obtained with the survey of 32 X-chain-con-
taining monoclonal immunoglobulins, we estimate
that -5% of X-light chains are of the V,vil subgroup.
Based on the percentage of IgG X-chain-containing
molecules in normal serum (-35%), the results of the
immunodiffusion analyses of FRII y-globulin and of
IgG isolated from individual (normal) serum are con-
sonant with this estimate.

Antigenic differences among XVI light chains. The
anti-XVI protein SUTantiserum (antiserum R394) was
used to compare the reactivity of the XVI Bence Jones
proteins GIO, WAN,and WIN to that of protein SUT.
Each of the heterologous proteins gave a precipitin
reaction of identity with each other and with the ho-
mologous protein (Fig. 3A). In contrast, the use of an
antiserum prepared against Bence Jones protein GIO
(antiserum R408), showed that proteins GIO and WIN
shared common antigenic determinants and were
readily differentiated from proteins SUT and WAN
(Fig. 3B). In other experiments (not illustrated), pro-
teins MORand WANreacted in similar fashion. The
differentiation of proteins GIO and WIN from proteins
SUT, MOR, and WANwas also evident with an an-
tiserum prepared against Bence Jones protein WIN.

Association between XVI light chains and amy-
loidosis AL. All five of our XVI Bence Jones proteins
(plus the IgGX protein BUC) were obtained from pa-
tients who had histochemically-documented amyloid
and who were characterized clinically as having "pri-
mary' or myeloma-associated amyloidosis. The rela-
tionship between the V region subgroup of the Bence
Jones protein and the presence or absence of am-
yloidosis is shown in Table II. Among the 91 Bence
Jones proteins tested immunologically, 20 were ob-
tained from patients with amyloidosis AL. Of these 20

X-VI Light Chain-associated Amyloidosis 455
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FIGURE 2 Immunological detection of XVI light chain-con-
taining IgG in normal serum. Immunodiffusion analyses of
pooled normal human y-globulin (Cohn fraction II) and the
monoclonal IgGXVI protein BUC. The center well in the
pattern on the left contained an antiserum prepared against
the XVI Bence Jones protein SUT and absorbed with cord
serum (R394 A). The center well in the pattern on the right
contained the same antiserum additionally absorbed with a
XI Bence Jones protein (R394 A). The outer antigen wells
in both patterns contained Cohn fraction II 'y-globulin at the
indicated concentrations of 50, 25, 12.5, and 6.25 mg/ml;
the concentration of protein BUCwas 1 mg/ml.

proteins, 5 were of the VAVI subgroup, and the re-

maining 15 were associated with the V,AII, V)1l1, and
VAV subgroups.

The association of XVI-type Bence Jones proteins in
patients with amyloidosis AL(X) was evidenced further
through immunodiffusion analyses of X-chain-contain-
ing monoclonal Igs obtained from patients with
documented primary or myeloma-associated amyloi-
dosis. Antiserum R394, rendered specific for XVI an-

tigenic determinants, was used to determine the
reactivity of the monoclonal proteins in the serum

specimens (furnished by Dr. Robert A. Kyle, Mayo
Clinic, Rochester, MN) from 42 such patients.

As shown in Fig. 4, precipitin reactions of identity
were evident by immunodiffusion analyses between
the reference IgGXVI protein BUC and the immu-
noglobulin from certain patients (patients 20 and 21).
5 of the 42 serum specimens containing X-type mon-

FIGURE 3 Antigenic heterogeneity of XVI light chains. Im-
munodiffusion analysis of XVI Bence Jones proteins SUT,
GIO, WIN, and WANand the XV Bence Jones protein McG.
(A) The center well in the pattern on the left contained an
antiserum (R394) prepared against protein SUT and that on
the right contained the same antiserum absorbed (R394 A)
with a XI protein. (B) The center well in the pattern on the
left contained an antiserum (R408) prepared against protein
GIO and that on the right the same antiserum absorbed
(R408 A) with a XI protein.

oclonal immunoglobulins (19 IgG, 7 IgA, 2 IgM, 1 IgD,
and 13 Bence Jones proteins) had protein reacting with
the absorbed antiserum R394. In each case, a precipitin
reaction of identity was obtained between the serum

component and protein BUC. Immunoelectrophoretic
analyses (performed with monospecific anti-heavy
chain and anti-light chain antisera and with the spec-
ific anti-XVI antiserum R394) revealed that the pre-
cipitin reactions formed by the monoclonal Igs (two
IgG, one IgA, and two Bence Jones proteins) con-

formed exactly to those obtained with antiserum R394.

TABLE II
Relation of X-Bence Jones Proteins and Amyloidosis AL(X)

V, region subgroups

Patient classification Number VAJ V VAII VMV VAV VAVI Non-V5,,v

Amyloid 20 0 7 3 0 1 5 4

Nonamyloid t
N 26 9 7 8 0 0 0 2
or
U 45 7 12 11 1 1 0 13

Total 91 16 26 22 1 2 5 19

No reaction when tested against the specific anti-XVI antiserum R394.
N, no amyloid evident clinically and/or histologically; U, unknown.

X-VI Light Chain-associated Amyloidosis 457



FIGURE 4 Immunodiffusion analyses of serum specimens
from eight patients with primary or myeloma-associated
amyloidosis AL(X) and of the monoclonal IgG XVI protein
BUCobtained from a patient with amyloidosis AL(X). The
wells marked 17, 18, 19, 20, 21, 22, 23, and 24 contained
serum specimens from patients with monoclonal IgMX,
BJPX, IgGX, IgAX, BJPX, IgMX, IgDX, and IgGX proteins,
respectively. (A) The center wells contained Antiserum R394
absorbed (A) with cord serum. (B) The center wells contained
the same antiserum additionally absorbed (A) with a serum
containing a monoclonal IgAX protein. The test serum
specimens were diluted with 0.15 M NaCl so that the final
concentration of the monoclonal protein was -1 to 2 mg/
ml; the concentration of protein BUCwas 1 mg/ml.

Serum specimens (also furnished by Dr. Kyle) from
seven additional patients with amyloidosis AL had no
evident monoclonal immunoglobulin when examined
by cellulose acetate electrophoresis or by immuno-
electrophoresis in which antisera specific for , a, MI,
6, and E heavy chains and for K and X light chains were
used. However, immunodiffusion analyses revealed
that two of the seven specimens contained a compo-
nent that reacted with the absorbed antiserum R394
and also formed a precipitin reaction of identity with
protein BUC. In each case, a "monodisperse" IgGXVI
serum protein was readily identified by immunoelec-
trophoretic analyses using the monospecific anti-IgG
and anti-XVI antiserum R394 (Fig. 5). The sensitivity
of this method would not permit the detection of
IgGAVI molecules in the specimens of normal serum.

Relation between XVI amyloid and urinary light
chain proteins. In the case of our patient GIO, both
the excreted Bence Jones protein and the protein ex-
tracted from splenic amyloid fibrils were available for
study. The two proteins could be readily distinguished
on the basis of molecular weight and antigenic deter-
minants. As determined by gel filtration and SDSpoly-
acrylamide gel electrophoresis, the spleen-derived pro-

FIGURE 5 Immunological detection of XVI light chain-con-
taining immunoglobulins in patients with primary or my-
eloma-associated amyloidosis AL(X). Immunoelectropho-
retic analyses of serum from a normal subject (NHS) and
from two patients with amyloidosis AL(X) (PT 50 and PT
45). The upper and lower antiserum troughs contained an
anti-X chain antiserum (anti-X) and the middle trough con-
tained antiserum R394 absorbed (394 A) to be specific for
XVI light chains. The arrows indicate the XVI light chain-
containing immunoglobulin in each patient's serum.

tein was -18,000 vs. -22,500 daltons for the mono-
meric form of the native Bence Jones protein. The
lower molecular weight of the amyloid fibril protein
was attributed to the absence of a portion of the con-
stant (C) region of the light chain. In contrast to the
Bence Jones protein, the fibril protein lacked common
X-chain antigenic determinants including the "hid-
den" C region determinant (15). The V regions of the
amyloid fibril protein GIO and Bence Jones protein
GIO appeared to be identical based on N-terminal se-
quence and immunological analyses. Both proteins
possessed the same V region idiotypic and isotypic
antigenic determinants as judged from their precipitin
reactions of identity with an antiserum prepared
against the native Bence Jones protein GIO and with
the specific anti-XVI antiserum R394, respectively.

DISCUSSION

The V region subgroup of human X-light chains, des-
ignated VxVI, was recognized initially through se-
quence analyses of protein extracted from the splenic
fibrils of two patients, AR (5) and JAM (6), who had
primary amyloidosis. Four additional XVI proteins
have since been identified from sequence analyses of
the light chains isolated from the IgAX protein YAM
(11), the IgGX protein KIN (12), the Bence Jones pro-
tein NIG-48 (13), and the protein isolated from amy-
loid fibrils of patient RS (14). Variable region subgroups
of human K- and X-light chains have been also iden-
tified immunochemically (3, 16). Concordance be-
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tween the structural and immunological classification
of X-chains has been demonstrated for the chemically-
defined V,\1, V,\11, and V,AIII subgroups.3 Amyloid fi-
brillar proteins AR and RS were shown to have similar
V region antigenic determinants when tested with an-
tisera prepared against the alkali-denatured protein
AR (14).

We found that an antiserum prepared against the
X-Bence Jones protein SUT from a patient with my-
eloma-associated amyloidosis had unique specificity
for antigenic determinants associated with the V re-
gion of XVI light chains. Through comparative im-
munological studies of X-Bence Jones proteins and X-
type monoclonal immunoglobulins, five additional
proteins that shared V region determinants with pro-
tein SUTwere identified. Subsequently, all six proteins
were shown to have N-terminal sequences character-
istic for the V,\v1 subgroup.

Weestimate the proportion of IgG molecules bear-
ing XVI light chains to be -5% based on the identi-
fication of 5 XVI proteins among 91 X-Bence Jones
proteins tested and on the results of immunodiffusion
analyses of IgG in normal human serum. Our dem-
onstration of XVI protein among the light chains iso-
lated from the IgG of 12 normal individuals (as well
as within the IgG pool) indicates the isotypic nature
of the VAVI subgroup, as has been shown for other V
region light chain subgroups (3). Wepresume the VAVl
subgroup represents a distinct V segment gene prod-
uct, based on nucleic acid hybridization probes of hu-
man DNA that have indicated light chain V region
subgroups (e.g., VK, and V,,III) are part of the germ-line
gene pool (17). Two populations of XVI proteins were
distinguished with our anti-XVI Bence Jones protein
antisera. Intrasubgroup V region antigenic heteroge-
neity has been well-documented among K-(18) and
X-light chains.3 Whether these "sub-subgroups" are
products of separate germ-line genes or, alternatively,
result from somatic mutation remains to be deter-
mined.

In those cases where clinical and histological data
are available, XVI light chains appear to be found pref-
erentially in patients with amyloidosis AL. In addition
to the two prototype XVI proteins AR (5) and JAM
(6), Protein RS (13) was isolated from splenic amyloid
fibrils.4 All of our XVI Bence Jones proteins-SUT,
GIO, MOR, WAN, WIN-and the IgGX protein BUC
were obtained from patients who also had primary or
myeloma-associated amyloidosis. Further, our analyses

3 Solomon, A. Manuscript in preparation.
4Patients YAM (11) and NIG-48 (13) had multiple my-

eloma; patient KIN (12) had idiopathic cryoglobulinemia;
and patient DIB had Waldenstr6m's macroglobulinemia. No
histologic data were available to establish the presence of
amyloidosis in these patients.

by gel immunodiffusion of X-chain-containing mono-
clonal immunoglobulins from 42 patients with amy-
loidosis AL revealed that 5 were of the V,\vl subgroup-
a twofold higher incidence than expected based on the
frequency of occurrence for this V region isotype
among human X-chains. In addition, a "monodisperse"
IgGXVI protein was detected in the serum of two of
seven additional such patients.

Based on the data from our six patients and from
the seven at the Mayo Clinic (Dr. R. A. Kyle, personal
communication)-all of whom had XVI-type mono-
clonal proteins-no clinical or pathologic features of
patients with amyloidosis AL(XVI) were apparent that
would distinguish them from patients with amyloidosis
AL associated with other subgroups of X-light chains
(or of K-chains).

The relationship between XVI light chains and the
amyloid process is presently unknown. These proteins
may possess distinctive V region chemical features that
permit them to assume the twisted #-pleated sheet
characteristic for amyloid fibrils (1). Alternatively, the
structure of these proteins may render them amy-
loidogenic due to their unusual susceptibility to pro-
teolysis. With rare exceptions (19), the majority of
proteins extracted from amyloid fibrils of patients with
the AL form of amyloidosis consist of VL-related frag-
ments or of light chain protein containing the VL plus
a portion of the C region (1). Each of the three XVI
proteins (AR, JAM, and RS) isolated from splenic
amyloid fibrils was characterized by an amino acid
composition and molecular weight indicative of a pro-
tein of lower molecular weight than that of the mo-
nomeric unit of an intact (complete) light chain. Pro-
tein ARconsisted of an 154 residue polypeptide con-
taining the entire V region and the first 42 residues
of the C region (20). For patients AR and JAM, no
urinary Bence Jones protein or light chain-containing
monoclonal immunoglobulin was available for com-
parative analysis with the protein isolated from the
amyloid fibrils. The molecular weight and antigenic
determinants of the amyloid fibril protein from our
patient GIO also indicate that this component is com-
parable in size to that of protein AR and most likely
represents a fragment of Bence Jones protein GIO that
contains the entire V region plus a portion of the C
region. The presence of an intact XVI light chain and
a smaller component corresponding to the amyloid
fibril protein was not detected in urine specimens from
patient GIO, in contrast to that noted for patient RS
(14). Light chain fragments were not evident in urine
specimens from our patients SUT and MOR. The het-
erogeneity in the C-terminal residue of the polypep-
tide fragments of amyloid protein AR (20) is indicative
of its catabolic (proteolytic) origin from an intact light
chain rather than an aberrant product of synthesis.
Leukocyte-derived neutral proteases are capable of
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cleaving light chains into VL-related fragments (21),
thus implying a functional role for the reticuloendo-
thelial system in the pathogenesis of amyloidosis (1,
22, 23).

Because of the association of XVI light chains with
amyloidosis AL, the availability of a rapid and sensi-
tive technique to recognize such proteins has consid-
erable clinical import. Indeed, based on our initial
detection immunologically of XVI proteins in urine
specimens from two patients with nephrotic syndrome,
the diagnosis of amyloidosis AL was confirmed histo-
logically from specimens obtained by renal biopsy.
Studies are in progress to characterize in detail XVI
light chains and to define their role in the pathogenesis
of amyloidosis AL.
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