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Summary
Plasma lipids and lipoproteins were studied in 21
patients with benign monoclonal gammopathy, 21
patients with multiple myeloma and seven patients
with Waldenstrom's macroglobulinaemia. Results
were compared with those of a control group, age and
sex matched. Low plasma cholesterol levels in all
three patient groups were associated with low HDL-
cholesterol concentrations. Apo A-I, but not apo B,
was significandy reduced. Sixty per cent of the
patients exhibited an extra lipid band on plasma
lipoprotein electrophoresis, which could be an immu-
noglobulin-lipid complex. In these patients plasma
and LDL-cholesterol levels were significantly lower
than in those patients in whom this band was absent.
No correlation was found between the severity of the
disease and plasma lipid pattern.

KEY WORDS: benign monoclonal gammopathy, Waldenstrom's
macroglobulinaemia, multiple myeloma, immunoglobulin, lipopro-
teins.

Introduction
Lipoprotein abnormalities have long been recog-

nized amongst patients with multiple myeloma
(MM), Waldenstrom's macroglobulinaemia (WM)
and benign monoclonal gammopathy (BMG)
(Roberts-Thomson et al., 1975; Beaumont and Beau-
mont, 1977). Different mechanisms underlying the
hyperlipidaemia have been suggested: auto-anti-
bodies reacting with lipoproteins and altering their
metabolic fate have been described (Cortese et al.,
1982; Baudet, Dachet and Beaumont, 1980).
Most reports have indicated the presence of

hyperlipidaemia in patients with monoclonal gam-
mopathy; hypolipidaemia has been demonstrated
less, more often associated with anM protein (Riesen
et al., 1972).
We have undertaken the present work in order to

(1) define the common lipid and apoprotein patterns
found amongst patients with various clinical states
associated with monoclonal immunoglobulins, (2)
differentiate between the lipoprotein pattern associ-
ated with definite malignant conditions such as MM
and WM and that associated with the benign
monoclonal gammopathies, (3) determine whether
the type or degree of lipid abnormality is related to
tumour burden or is merely dependent on the serum
concentration of monoclonal immunoglobulins.

Patients and methods
Plasma lipids and lipoproteins were studied in 49

patients with monoclonal gammopathy: 21 patients
with multiple myeloma, seven with Waldenstrom's
macroglobulinaemia and 21 with benign monoclonal
gammopathy. There were 25 males and 24 females
between the ages of 48 and 80 years. The diagnosis of
benign monoclonal gammopathy and multiple mye-
loma was established according to generally accepted
criteria (National Cancer Institute, 1973; Kyle, 1978).
The diagnosis of Waldenstrom's macroglobulinae-
mia was based upon criteria which included defini-
tive evidence of a monoclonal immunoglobulin (Ig)
M in the serum, bone marrow infiltration by lympho-
cytic-plasmacytic cells, hepato-splenomegaly with or
without lymphadenopathy. Quantitation ofimmuno-
globulins was made by radial immunodiffusion
technique (Fahey and McKelvey, 1965).

Patients with multiple myeloma were staged ac-
Reprints from: Dr M. Aviram, Lipid Research Unit, Rambam
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cording to a myeloma clinical staging system that
correlates well with tumour burden (Durie and
Salmon, 1975). Thirty-four patients had never been
treated; 21 had BMG, seven indolent myeloma
(Alexanian, 1980); two were newly diagnosed symp-
tomatic MM patients and four with WM; six patients
had been off therapy for 1-4 years; and nine had not
received treatment for at least 6 weeks. None of the
patients had a history of thyroid disease or diabetes
mellitus, and no one had evidence of hepatic or renal
dysfunction. The patients did not receive drugs
known to alter lipid metabolism. All patients were
ambulatory, and no one was pre-terminal. Forty-nine
age-matched healthy volunteers were controls. All
patients and control subjects gave their informed
consent for the study.
Blood samples were collected in 0- 1% EDTA,

following an overnight fast. Plasma cholesterol and
triglycerides levels were determined by enzymatic
methods on a centrifugal fast analyser (Electro-
Nucleonics, Gemsaec). The concentration of high
density lipoprotein (HDL)-cholesterol was assayed
following precipitation with heparin manganese
(Burstein, Scholnick and Martin, 1970). Apolipopro-
teins A-I and B were measured by rocket electroim-
munophoresis according to the method of Laurell
(1965). Plasma lipoprotein electrophoresis was per-
formed on cellulose acetate.

Results

Table 1 summarizes the mean values ofM protein
levels, plasma lipids and apoprotein concentrations.
Low levels of cholesterol were found to be the most
common finding amongst the patients under study
(P<0.02). Low plasma triglycerides were observed
amongst patients withWM (P<0-02), and high levels
were found in the group of BMG and MM, but the
latter findings were not significant in comparison
with the control group. HDL-cholesterol was lower in
each of the three clinical groups (P<0.02). Apopro-
tein A-I concentration generally followed HDL-
cholesterol level. The decrease in cholesterol level
was not accompanied by similar pattern in apopro-
tein B concentraton.
The presence of an extra lipid band on cellulose

acetate electrophoresis (Fig. 1) raised the possibility
of an immunoglobulin-lipid complex, because
plasma lipoprotein electrophoresis revealed that the
extra lipid band was identical in its electrophoretic
migration to the immunoglobulin (as demonstrated
by plasma protein electrophoresis). Patients demon-
strating that band had lower cholesterol and trigly-
ceride concentrations than those that did not possess
the same band (Table 2). The extra lipid band was
found in the density range d> 1-21 g/ml, and no
apoprotein A-I or B could be detected in this fraction

by immunodiffusion technique. No consistent altera-
tions were observed concerning HDL-cholesterol and
plasma apoprotein B and apoprotein A-I concentra-
tions.

C. D.

FIG. 1. Plasma lipoprotein electrophoresis of multiple myeloma
patients (A, C) and healthy controls (B, D). (l, origin; 2, extra lipid
band; 3, LDL; 4, VLDL; 5, HDL.)

In order to relate lipid alteration with extent of
disease, patients with MM were divided into two
groups (National Cancer Institute, 1973): patients in
clinical Stages I and II were grouped together and
compared to patients in clinical Stage III (Table 3).
Plasma cholesterol and triglyceride levels were signi-
ficantly lower in patients in Stage III (P<0.05),
whereas the concentrations of HDL-cholesterol, apo-
protein A-I and apoprotein B were not significantly
different between the groups. Although the M
protein concentration in Stage III was significantly
higher than in Stages I and II, no significant
correlation was found between theM protein concen-
tration and plasma lipid pattern.

Discussion
The present study was designed to define the

characteristic changes in plasma lipids in well-
documented and carefully followed populations of
patients with monoclonal gammopathy. Another aim
was to search for differences related to specific
clinical entities as well as to tumour burden in
patients with multiple myeloma. Several reports have
examined the relationship between monoclonal im-
munoglobulin and the alteration of serum lipids. It
was often assumed that M protein is associated with
hyperlipidaemia. Pronounced hyperlipidaemia was
not evident amongst our 49 patients, suggesting that
this alteration is exceptional. Our work confirms
previous reports in which a low cholesterol level
appears to be associated with multiple myeloma
(Riesen et al., 1972; Noseda et al., 1972). To the best
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of our knowledge, it is the first time that low
cholesterol levels were demonstrated in a group of
patients with BMG, comparable to patients with
MM.

Traditionally, the term BMG denotes the presence
of monoclonal immunoglobulins in persons without
evidence of myeloma, macroglobulinaemia or other
related disease. The patho-physiology and the chemi-
cal significance of this abnormality has not been
clearly defined. Recently, follow-up studies demon-
strated a high incidence of progression of these
patients to overt B cell malignancy (Kyle, 1978;
Carter and Tatarsky, 1980). So far, it has not been
possible to predict in which patient the abnormality
will run a benign or malignant course. Further
prospective studies may clarify the value of lipid
abnormalities as an indicator for malignant transfor-
mation or for progression to a higher degree of
malignancy amongst monoclonal gammopathies.
The mechanism underlying the hypocholesterolae-

mia, which was a consistent finding amongst the
patients, cannot be clarified from the present data.
Previous studies tried to relate the lipid alteration to
the ability of the monoclonal globulin to react with
lipoprotein constituents. Systematic screening of
more than 200 sera containing M components for
reactivity against lipoprotein disclosed that 10% gave
a positive reaction with human low density lipopro-
tein (LDL) and very low density lipoprotein (VLDL),
with no cross-reaction with HDL. Binding activity
was restricted to the Fab fragment of the immunoglo-
bulin molecule. It was suggested that in cases with
hypolipidaemia, antibodies were directed against the
protein constituent of the lipoprotein (Riesen et al.,
1975).
A patient with IgA-monoclonal globulin reactive

with autologous and homologous LDL and VLDL
has been described (Noseda et al., 1972). Electropho-
resis disclosed a relative decrease of a-lipoprotein.
An additional lipid band was observed. Treatment of
the patient resulted in the disappearance of the
monoclonal protein with normalization of the a- and
B8-lipoproteins and disappearance of the additional
lipid band.
The presumed association between monoclonal

protein and lipid abnormality led us to search for a
lipid-immunoglobulin relationship. The extra lipid
band appearing on acetate electrophoresis may sug-
gest a lipid-immunoglobulin in complex, although
such documentation does not mean any specific
monoclonal antilipoprotein activity. The occurrence
of the extra lipid band appears characteristic of those
patients with low concentrations of cholesterol. Fur-
ther work is being undertaken in our laboratory to
determine the specific nature of this electrophoretic
phenomenon.

Apoproteins have not been studied in monoclonal

gammopathies. Our results demonstrate a parallel
decrease in HDL-cholesterol and its major apopro-
tein A-I. Apoprotein B concentration, however, did
not parallel the decrease in cholesterol concentra-
tions. While LDL, the major cholesterol-carrying
particle, is the major source of apoprotein B, the
inequality in concentration of apoprotein B and
cholesterol indicates a possible alteration in LDL
composition. The affinity of cholesterol to apoprotein
B may be altered by the same mechanism leading to
the other lipid alterations. Dynamic studies in
patients with myelo-proliferative disorders demon-
strated an increase in apoprotein B breakdown
(Ginsburg, Gilbert and Gibson, 1982).
Waldenstrom's macroglobulinaemia deserves spe-

cial consideration because of the extreme lipid
alterations. The activity of IgM against various lipid
constituents may explain the marked decrease in
cholesterol, triglycerides and HDL-cholesterol (Kil-
lander et al., 1967; Stone and Metzger, 1968; Riesen
et al., 1972).
The aim of our study was to document the

occurrence of plasma lipids abnormalities in specific
patient populations. The mechanism underlying the
observed results can only be a matter of speculation
at present: further research into the pathogenesis and
significance of these alterations, in view of the
biology ofthe different monoclonal gammopathies, is
mandatory.
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