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Free light chain synthesis by neoplastic cells in chronic lymphocytic leukaemia and
non-Hodgkin's lymphoma
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Suimmary. Cell populations from twenty-two cases
of B-cell neoplasia reflecting various stages of B-
lymphocyte maturation were investigated for their
ability to synthesise immunoglobulin (Ig) in vitro. All
surface Ig positive neoplasms studied synthesised
labelled Ig of the same light chain class as that
expressed at the cell surface. Immature B-cell neo-
plasms, chronic lymphocytic leukaemia (CLL) and
CLL-type lymphoma, synthesised only a minor
proportion of their total protein as Ig; labelled free
light chain was the only detectable secreted Ig
product in thirteen cases and was in excess in the
remaining four. Labelled heavy chain was detected
in cell lysates in all but one case. Follicular centre cell
lymphomas, neoplasms of more mature B-lympho-
cyte types, synthesised more of their total protein as
Ig and showed a more balanced synthesis of heavy
and light chains compared to the other neoplasms
studied. The Ig synthesis patterns and, in particular,
free light chain production, are discussed in relation
to normal B-lymphocyte maturation.

INTRODUCTION

The ability of normal cells to synthesize and express
or export immunoglobulin (Ig) is a reliable marker
of their B-lymphocytic origin and degree of matura-
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tion (Salmon & Seligmann, 1974). Studies in mice
suggest that B-cell neoplasms can also be assessed
for their capacity to synthesize Ig and can be grouped
accordingly (Andersson et al., 1974). This concept
can be extended to many human B-lymphocytic
neoplasms which represent proliferations of neo-
plastic cells frozen at various stages of differentiation
(Lukes & Collins, 1975).

Free Ig light chains in normal human serum and
urine (Stevenson, 1962; Solling, 1975) have been
shown to result from 'de novo' synthesis rather than
degradation of whole Ig molecules (Vaughan,
Jacox & Gray, 1967). In normal rabbits and mice the
production of free light chains has been demonstra-
ted by biosynthetic studies to be associated with
lymphoid populations from spleens and lymph nodes
(Shapiro et al., 1966; Skvortsov & Gurvich, 1968).
The production of free light chains is of diagnostic
significance in myeloma and in this disease are a
product of mature neoplastic plasma cells (Osser-
man, 1965). Increased levels of urinary free light
chain have been reported in leukaemia and lym-
phoma (Lindstrom et al., 1969), but there is no
reliable study of its frequency or monoclonality in
these diseases.

It is of interest to establish the capacity of lym-
phoid populations to synthesize free light chain and
to investigate whether this phenomenon is related to
B-lymphoid maturity. For this purpose we have
investigated neoplastic lymphoid populations from
twenty-three patients with chronic lymphocytic
leukaemia and non-Hodgkin's lymphoma.
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MATERIALS AND METHODS

Cells
Lymphoma tissue was obtained at time of lymph
node biopsy or splenectomy. Normal tissue was
obtained from transplant donors or incidental to
abdominal surgery. Biopsy tissue was finely minced
and teased in cold HEPES buffered Eagle's minimal
essential medium (HEPES-MEM, Biocult Labora-
tories, Paisley, Scotland). Cell preparations for
study were obtained after Ficoll-Triosil separation
(Thorsby & Bratlie, 1970). Cells collected at the
interface were washed three times and the final
pellet was resuspended at 5 x 106/ml in culture
medium for analysis. Viability was >90% in all
preparations.

Cell receptors
Rosette tests for the identification of cells with
receptors for Fcy, the C3 component of complement
and for sheep erythrocytes (E) have been described
fully elsewhere (Halberg, Haegert, Clein, Coombs,
Feinstein & Gurner, 1973; Smith & Haegert, 1974;
Payne et al., 1976). Cell suspensions were stained
with fluorescein-conjugated antisera to immuno-
globulin heavy and light chains (Gordon et al., 1977).
Cell smears fixed in methanol and washed in saline
were also stained with these antisera by the direct
method. Controls were included in all experiments.
The fluorescein labelled preparations were examined
using a Leitz Orthoplan microscope fitted with a
HB 200 mercury vapour Ploem illuminator.

Biosynthetic studies
Biosynthetic labelling ofcells. Cells were incubated

in MEM without L-leucine and supplemented with
10% heat-inactivated foetal calf serum and 1% non-
essential amino acids at a concentration of 5 x 106/
ml. 10-50 pCi of L-(4,53H)-leucine (58 Ci/mM) were
added per 107 cells and the cultures were incubated
in a moist 5% CO2 atmosphere at 370 for 18 h.
The cells were separated by centrifugation and

lysed inphosphate buffered saline(PBS) containing 1%
Nonidet-P40 and protease inhibitors (iodoacetamide
(0-25 M) and soybean trypsin inhibitor (50 pug/ml)).
Lysates and extracellular fluids were dialysed for
18 h at 40 against PBS after centrifugation for 1 h at
35,000 g to remove cell debris.

Detection andquantification oflabelled 1g. Labelled
immunoglobulin was quantitated by a sandwich

technique of immunoprecipitation. Five pl of sheep
antiserum with specificity for human Ig was added
to aliquots of both lysates and extracellular media
for 30' at 0°. Rabbit antiserum to sheep IgG was
then added in sufficient amount to precipitate all the
first antibody and the tubes were left for 16 h at 00 to
assess total Ig production. Sheep antiserum specific
for K or A light chains was also used as first antibody.
In control experiments, antiserum specific for one
light chain class precipitated radiolabelled myeloma
proteins of that class only. Normal sheep serum,
which had been passed down a Sepharose-4B
column coupled to human Ig to remove any anti-
human Ig activity, was used as first antibody in
control preparations to assess co-precipitation of
non-specific material.
The precipitates were washed four times by

sonication in PBS containing 1 mg/ml unlabelled
leucine and 0-1% NP40 before counting. The total
amount ofradioactivity incorporated was determined
by precipitation of the culture fluids with cold 10%
trichloroacetic acid.

Characterization of lg. Immune complexes from
both specific and non-specific precipitations were
dissolved in 8 M urea with 0 1 % SDS. After reduction
and alkylation with dithiothreitol and iodoace-
tamide respectively, they were run concurrently
with reduced and alkylated 1251 labelled IgM,
IgG, IgA and IgD myeloma protein markers on
7-5% cross-linked polyacrylamide, sodium dodecyl
sulphate gels, 95 mm in length which were subse-
quently cut into 80 slices and the amount of radio-
activity in each slice determined (Maizel, 1966;
Choules & Zimm, 1965).

RESULTS

Neoplastic cells from twelve cases ofchronic lympho-
cytic leukaemia (CLL) synthesized detectable
amounts of Ig. One case, STE, characterized as a T-
cell neoplasm, did not synthesize detectable Ig
(Table 1). Surface immunoglobulin (SIg) negative
cases of CLL synthesized similar amounts of Ig to
SIg positive cases and to those cases with detectable
intracellular ig (Table 1). Labelled light chain was
the only detectable Ig product in the supernatants
from ten cultures. Radioactivity was associated with
both heavy and light chains in the lysates from
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eleven cultures and exclusively with light chain in one
case (MIL) (Table 1).

Neoplastic cell preparations from patients with
non-Hodgkin's lymphoma synthesized detectable Ig
in culture but the synthesis patterns were more
variable than the CLL group (Table 2). Neoplastic
cells from five patients with small non-cleaved non-
follicular centre cell lymphoma synthesized excess
light chain; in HER, AND and COW, labelled
light chain was the only detectable supernatant Ig
product. In cultures of neoplastic cells from five
patients with follicular centre cell lymphoma, the
imbalance between light and heavy chain synthesis
was less pronounced (Table 2).

Representative gel profiles from the neoplastic
cell cultures are shown in Fig. 1. In all cultures the
labelled heavy chain class was identified by reference
to the mobility of labelled u, y, 3 and a myeloma
chains on gel electrophoresis. The labelled light
chain class was determined by precipitation of the
supernatant labelled Ig with antiserum specific for K
or A chains. In the neoplastic cultures, all thelabelled
Ig was precipitated with antiserum specific for one
light chain class only (Tables 1 and 2). In those cases
where gel analysis revealed only light chain secretion,
all supernatant Ig counts precipitable by polyvalent
antiserum were precipitable with antiserum specific
for one light chain class and no counts above back-
ground were precipitated with antisera specific for
,u , xa or 3 heavy chains.
The patterns of Ig synthesis by lymphocyte pre-

parations obtained from normal peripheral blood,
spleen and lymph node are included in Tables 1
and 2.

DISCUSSION

Labelled free light chain was the only detectable
supernatant Ig product from ten cultures of CLL
lymphocytes and from three cultures of non-
Hodgkin's lymphoma cells. Four CLL cases were
SIg negative, suggesting that free light chain
secretion by these cells may not have a surface
phase. Nevertheless, surface free light chains have
been demonstrated in CLL (Fu, Winchester &
Kunkel, 1974) and it is possible that the surface
phase of these molecules may be so short as to
remain undetected when using fluorescent antibodies
but not when other techniques are employed
(Melchers, von Boehmer & Phillips, 1975). In one

SIg positive case (HER), excess light chains were
demonstrable at the cell surface by lactoperoxidase
iodination suggesting in this case at least, that the
light chains had a surface phase (unpublished
observation).

Labelled heavy chain with excess light chain was
detected in the culture supernatants from two CLL
cases belonging to atypical groups; PEA had diffuse
cytoplasmic IgGk (Rudders, 1976) and SAU had
IgAA cytoplasmic crystalline inclusions (Cawley
et al., 1976). Similarly, labelled heavy chain with
excess light chain was detected in the supernatants
from five non-Hodgkin's lymphoma cultures. The
light to heavy chain imbalance was more pronounced
in the supernatants than in the lysates suggesting not
only excess light chain production but also selective
light chain secretion. There is some evidence for
intracellular heavy chain degradation in neoplastic
plasma cells secreting light chain (Morrison et al.,
1974), but in all cases studied we found no evidence
for labelled heavy chain fragments on gel analysis of
the culture lysates or supernatants.
At completion of this study similar findings with

CLL lymphocytes were published (Maino et al.,
1977). These workers using similar techniques found
excess light chain with heavy chain in the superna-
tants from seven day CLL cultures. Cell death and
content release during this long incubation period
may have resulted in detectable supernatant heavy
chain. Nevertheless, the gel analytical technique
has limited sensitivity so that trace amounts of
heavy chain from SIg membrane turnover may
remain undetected in short term culture.

Labelled heavy chainwas identifiedby reference to
the mobility of labelled myeloma protein markers on
gel electrophoresis. However, the mobility of human
surface 3 chain has been reported to be similar to p
chain (Finkelman et al., 1976) and for this reason
labelled IgD cannot be excluded from our cultures on
gel analysis alone. In one CLL case (PIC) a labelled
heavy chain peak with a mobility close to the mye-
loma 3 chain marker and appreciably faster than p
chain was demonstrable. This was confirmed as 3
chain by specific precipitation with antiserum. In
three SIg negative cases (HOA, HUT, ASM) the
intracellular heavy chain class was exclusively p chain
by specific precipitation with antiserum. In all neo-
plastic cell cultures the labelled light chain was of
one class and corresponded to the surface light chain
of the cells cultured confirming that the Ig produced
was exclusive to the neoplastic cell population.
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The pattern of Ig synthesis by the neoplastic cell
preparations correlated with their histological type.
Follicular centre cell lymphomas, neoplasms of
more mature B-lymphocyte types (Lukes &
Collins, 1975), synthesized more Ig as a proportion of
total protein and exhibited less light chain imbalance
than the other neoplasms studied. These lymphomas
also stained brightly with fluorescent antibody. The
most striking light chain imbalance was associated
with immature B-neoplasms including CLL and
CLL-type lymphomas. These immature neoplasms
stained negatively or weakly for SIg consistent with
the findings of Aisenberg & Wilkes (1976). All
these neoplasms synthesized less Ig in culture than
neoplastic plasma cells. Two cases of myeloma
studied synthesized approximately 100 times more
Ig than cases of CLL. In one case producing excess
light chain, the secretion of free light chain was 100
times greater than seen in CLL. Reflecting this
finding, we did not detect Bence-Jones protein in the
urine by conventional electrophoresis of concentra-
ted urine from the cases reported in this study.
While the possibility cannot be excluded that

excess light chain synthesis is a consequence of
neoplasia, the incidence and consistency of our
findings in immature B-lymphocytic neoplasms,
suggests that we are observing patterns of Ig
synthesis related to normal cells. We have been able
to demonstrate that normal human spleen andlymph
node preparations synthesize excess light chain (un-
published observations) consistent with animal
studies (Shapiro et al., 1966; Skvortsov & Gurrvich,
1968). We believe that further investigation and
elucidation of the normal B-cell populations respon-
sible are warranted.
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