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the major prolongation is in the Gi phase of the cell cycle. When
nutritional limitations on growth are overcome evidence is
obtained that crowding and contact inhibition as well as soluble
metabolic factors may contribute to the limitations on prolifera-
tion.
The lymphoid and plasma cells in culture provide an interest-

ing, though not completely analagous, model for studies of cell
proliferation in vivo. The stationary culture shift to prolonged
Gl phase, like a comparable event in vivo, should make cells
resistant to chemotherapeutic agents that act primarily on DNA
synthesis (S phase events). Mechanisms for affecting Gl cells
or bringing arrested cells out of Gl are beginning to be explored.

Immunology Branch, National Cancer Institute, Bethesda, Md.,
U.S.A.
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Immunoglobulin Synthesis and Tu-
mour Cell Number and the Natural
History of Multiple Myeloma

SYDNEY E. SALMON

Our recent studies of the synthesis, secretion, and metabolism
of monoclonal immunoglobulins suggest that such observations
may explain some of the features of multiple myeloma and
related disorders. Essential for these studies was the development
of radioimmunoassays capable of measuring nanogramme
amounts of immunoglobulins produced by a few cells obtained
-freshly from the patient's bone marrow. Serial studies showed
that for a given patient the average secretion rate of myeloma
protein per myeloma cell may remain fixed for at least several
years during the clinical course (both before and during chemo-
therapy).

So far over 40 patients with monoclonal IgG, IgA, IgM, and
K or L secretion have been studied. Cellular immunoglobulin
secretion rates were found to range from 12,500 to 87,500
molecules per minute (5 to 35 pg per day per plasma cell;
average 12). If the measured or calculated total body synthesis
rate for the patient's monoclonal protein (M-component) is
divided by the average cellular rate, the resultant gives the total
number of myeloma cells in the body. Our initial measurements
of IgG myeloma showed that patients who can be clinically
diagnosed as having myeloma have from 0 3 to somewhat over
3-0x 1012 myeloma cells (about 3 kg) in the body. Similar
quantities of tumour were present in monoclonal malignancies
of other immunoglobulin types. Minor M-components generally
cannot be detected by electrophoresis unless the tumour mass
is at least 40 g.

These studies also indicated that even patients with "benign
monoclonal gammopathies" usually have over 100 g of the
progeny of a single plasma cell clone in the body. In IgG mye-
loma the degree of skeletal involvement correlated significantly
with the total number of tumour cells in the body. Bence Jones
proteinuria, hypercalcemia, and short survival were also much
more frequent in patients with over 2-0 x 1012 tumour cells. The
variation in serum concentration of the M-component in differ-
ent patients with similar numbers of myeloma cells is a result
of the variation in the secretory rate of the myeloma clones in
these patients. During the clinical course little more than four
doublings of tumour cell number occur from the time of
"early" diagnosis until death with far advanced bone disease.
The relation of the number of tumour cells to the natural history
of disease and to the effects of treatment can be assessed by

relating the total number of tumour cells in patients with early
and advanced disease with their average life expectancy. Similar
estimations can also be made by measuring the rate of change of
the total body synthetic rate of M-component in patients who
are untreated, those who are treated, and those who relapse dur-
ing treatment.

If clonal doubling occurred at a constant exponential rate from
its initiation one would calculate that the tumour had been
present for over 16 years before clinical diagnosis. Though the
concept of a simple exponential growth mode is attractive-and
superficially might seem likely from evaluation of electrophoretic
patterns-this mode of growth is rarely observed in tumour in
animals, including various plasmacytomas, for in these growth
slows increasingly as the tumour enlarges. This phenomenon
can be described with a Gompertzian growth equation, which
contains terms not only for the growth rate at any given time (A),
which is a function of the number of tumour cells, but also a
constant (a) that sets the degree of slowing of tumour growth.

Growth of Myeloma in Man

To define the actual mode of growth of myeloma in man we
have done a detailed study using frequent electrophoretic,
plasma volume, and tumour-cell number determinations.
Together with Dr. Peter Sullivan we have recently designed
very precise computer programmes which can indicate whether
growth of myeloma is exponential or Gompertzian. These new
techniques have shown already that in man myeloma does
indeed grow in Gompertzian fashion and that the exponential
models grossly overestimate the duration of the disease. Though
a tremendous "iceberg" of tumour cell proliferation occurs
asymptomatically before diagnosis, this growth appears to occur
in under five years in the average patient. Possibly "benign
monoclonal gammopathies" also grow rapidly at first, with
retardation in the growth rate as the clone enlarges.
These studies have also been useful for analysing the effects

of treatment of myelomatosis. Patients who have good responses
to treatment generally have reductions of about two logs in the
number of myeloma cells in the body. Interestingly, the mode
of regression of the tumour during treatment with melphalan,
alone or combined with prednisone, may also be described with
the Gompertz equation. Using this equation we have predicted
successfully the. eventual plateau level of tumour in the body
from a series of measurements made during the initial six to
eight weeks of treatment, even though the plateau might not be
reached for more than six to eight months. Such useful predic-
tive techniques seem likely to bring about further improvement
in the treatment of multiple myeloma.

Cancer Research Institute, San Francisco, California, U.S.A.
SYDNEY E. SALMON

Natural History of Monoclonal
Immunoglobulins

M. SELIGMANN, FRANgOISE DANON,
J. P. CLAUVEL

In this contribution we discuss the fate of monoclonal immuno-
globulin spikes detected in the absence of overt myeloma or
Waldenstrom's macroglobulinaemia. Monoclonal immuno-
globulins may occur transiently in the serum, disappearing
without treatment. In recent years we have seen nine such
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cases; in some of these, tests of subsequent serum samples
using individually specific antisera were unab'e to eetect the
monoclonal immunoglobulins, the monoclonal immunoglobulin
spike (IgG, IgA, or IgM) disappearing within one month to
two years. The monoclonal immunoglobulin level was less than
1 g/100 ml in all cases but one. Five of these nine patients
were infants and only two were over 60 years. Three patients
had primary immunodeficiency diseases. In a 20-year-old
woman an IgG monoclonal immunoglobulin (2 5 g/100 ml)
appeared three months after the onset of accute viral hepatitis
and disappeared completely one month later. No antibody
activity against Australia antigen was detected in this mono-
clonal immunoglobulin. We believe that these transient spikes
of immunoglobulin probably reflect the production of a mono-
clonal antibody.

In some of our patients who were thoroughly studied the
classical features of multiple myeloma developed progressively
a few months or years after a monoclonal immunoglobulin had
been detected. In these patients the level of immunoglobulin
gradually increases, and even in slowly progressive cases
myeloma could usually be suspected at the initial examination
after careful studies of the bone marrow and immunoglobulins.
In the vast majority of persons with a monoclonal immuno-
globulin detected in the absence of overt myeloma the mono-
clonal immunoglobulin level of this remains stable over the
years. This is true for most cases of monoclonal immunoglobu-
lin associated with malignant lymphona or chronic lymphocytic
leukaemia (where double spikes are not unfrequent). In these
latter conditions the monoclonal immunoglobulin may be more
often the consequence of the associated immunodeficiency
rather than directly related to the lymphoid proliferation.

Patients without Myeloma

We have studied 58 patients with an IgG or IgA spike and
without evidence of myeloma after thorough clinical, haemato-
logical, and x-ray examination at the time of detection and
after a 3 to 8 years' follow-up (or complete postmortem study).
In only two cases did the level of the monoclonal immuno-
globulin rise significantly after it had been stable for some
time; in them the level reached a new plateau and the patients
did not develop myeloma subsequently. The levels of mono-
clonal immunoglobulin and of the normal serum immuno-
globulins as well as the presence of Bence-Jones proteinuria
are useful criteria at the first examination for distinguishing
myeloma from benign monoclonal gammopathy. Nevertheless,
among our 19 patients who did not develop myeloma after
five years' follow-up, the initial level of monoclonal immuno-
globulin was between 15 and 2*5 g/100 ml in three instances;
normal immunoglobulin levels were decreased in four instances
but remained stable throughout; and Bence-Jones proteinuria
was present in five patients (always less than 0 2 g/24 hours).
This series excludes patients with primary immunodeficiencies
and malignant lymphomas. None of our patients in whom a
monoclonal IgG or IgA was associated with ployclonal hyper-
immunoglobulinaemia proved to have myeloma. On the other
hand, this is not true for patients with IgM spikes, since high
levels of IgG and IgA are not uncommon in malignant macro-
globulinaemia.

In a few well-documented cases (especially in Waldenstrom's
series) patients whose monoclonal immunoglobulin levels have
been perfectly stable over many years may suddenly develop
myeloma with a rapid increase of the monoclonal immuno-
globulin level. We suggest that these cases constitute a separate
entity from slowly progressive myeloma and that the presum-
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ably benign proliferation expressed by the stable monoclonal
immunoglobulin may suddenly get out of control and become
malignant. Whether this sequence has occurred in many
patients seen with myeloma is at present a matter for
speculation.

IgG Subclasses in Relation to Vis-
cosity and Cryoglobulin Syndromes

G. VIRELLA

Serum hyperviscosity is a relatively common complication of
macroglobulinaemia. It often coexists with cryoglobulinaemia
and results from high levels of circulating IgM. Comparing
viscosities and concentrations of IgG, IgA, and IgM monoclonal
proteins, probably lower concentrations of IgM are required
to raise the viscosity to higher levels. There are four subclasses
of IgG occurring with frequencies of IgG, 72%, IgG:j 10%,'!, and
IgG4 4%. Comparing IgG, and IgG:j proteins it was found that
IgG: raises viscosity at lower levels than IgGi. It has been post-
ulated that IgGi tends to form concentration-dependent aggre-
gates. This tendency towards interaction between similar mole-
cules agrees with the prevalence of IgG3 proteins among IgG
cryoglobulins. The basis for this interaction may be some con-
figurational peculiarity, an assumption supported by indirect
evidence. Less is known about lgG2 proteins, the other im-
portant subclass among IgG cryoglobulins.
One therapeutic aim in hyperviscosity and cryoglobulinaemia

is to reduce the circulating level of the abnormal protein. As
cytotoxic drugs usually take some weeks to produce this effect,
palliative measures become necessary. Plasmaphoresis is the
classical approach, but the administration of thiols deserves some
consideration. The main effect of thiols in macroglobulinaemia
appears to be to decrease IgM levels, by suppressing its synthesis
and perhaps by increasing its catabolism. These effects might
also reduce IgG protein levels, but possibly also thiols may
prevent aggregation, particularly of IgG,, and thus render a
given concentration of paraprotein less likely to precipitate on
cooling. Hence this therapy should be re-evaluated in hyper-
viscosity and cryoglobulinaemia associated with IgG monoclonal
proteins.

Gulbenkian Institute of Science, Oeitas, Portugal
G. VIRELLA

Urinary Low Molecular Weight
Products in Neoplasia

H. WACHTER, K. GRASSMAYR, W. GUTTER,
A. HAUSEN, G. SALLABERGER, F. GABL

Some low molecular weight products in urine (molecular
weight under 500) can be separated by simple low-voltage
paper electrophoresis and easily detected (without any staining)
by their fluorescence on the dried paper strip viewed under
ultraviolet light. A wide range of substances can be detected
if different wavelengths of ultraviolet light are used for fluores-
cence stimulation.
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