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Multiple myeloma is unique among neoplastic dis-
eases by virtue of the fact that the cells of this par-
ticular neoplasm elaborate abnormal proteins which
can be found in the patient’s serum and/or urine.
Since the initial demonstration of the unusual solu-
bility properties of the urinary proteins in many cases
of this disease by Bence Jones in 1848 (1), and the
subsequent finding of Ellinger (2) that the serum may
contain large amounts of an abnormal protein, exten-
sive study has been made of the physicochemical prop-
erties of these proteins. These studies have documented
differences in molecular weight (3-8), immunochem-
ical characteristics (4, 9), amino acid constituents
(10-12), solubility properties (5, 7, 8, 13), and rates
of turnover of N13-labeled glycine (14) among these
abnormal proteins in each individual case. It would
thus appear that the abnormal proteins are almost
never identical with respect to all of their physico-
chemical properties in any two cases of this disease.

Another aspect of this problem that has received
considerable attention is the nature of the interrela-
tionship between the abnormal serum and urine pro-
teins when both are present in a particular case.
Again, study of the immunological and physicochem-
ical properties of the myeloma serum and urine pro-
teins from a given patient reveals marked differences
in these characteristics, but it is still undetermined
whether the two proteins are independently elaborated
by the myeloma cells, or whether the urinary (Bence
Jones) constituent is derived as a fragment from the
serum protein. Although the observations (15) re-
ported here still do not provide an answer to this
question, the results suggest that differences in carbo-
hydrate content between the serum and urine constitu-
ents may represent one of the principal areas of dis-
similarity between these proteins.

It has repeatedly been observed that, in a given case,
the urinary protein usually exhibits significantly
greater electrophoretic mobility than the abnormal
serum protein in that patient. One possible mechanism
for this difference in mobility is that a relatively “elec-
troneutral” (uncharged) portion of the serum protein

Fig. 1. Filter paper electrophoretic patterns of the serum
and urine proteins from four cases of multiple myeloma,
with a normal serum, shown at the top to demonstrate
the normal distribution of Schiff-positive constituents in
serum. Duplicate sets of the myeloma serums and urines
are stained with bromphenol blue (BPB) and periodic
acid-Schiff. As shown, the myeloma serum proteins are
Schiff-positive, whereas the urine protein constituents fail
to stain with the Schiff reagent.
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molecule may be split off of this molecule, leaving a
relatively smaller protein constituent, filtrable through
the glomeruli and exhibiting a proportionately greater
net electric charge. The possibility that this “electro-
neutral” portion might be a carbohydrate or lipid
moiety has been explored using the specific staining
techniques for these substances on the electrophoreti-
cally separated serum and urine proteins.

The serums and urines from 19 documented cases of
multiple myeloma were studied using the modified
filter paper electrophoresis technique described by
Osserman and Lawlor (16). Of these 19 cases, 11 ex-
hibited the characteristic homomolecular myeloma
globulin in both serum and urine; six showed only a
serum abnormality; in two, the abnormality was found
in the urine only. Veronal buffer, pH 8.6, was em-
ployed throughout. All urine samples were concen-
trated by dialysis against a 25-percent solution of
polyvinyl-pyrollidone. Triplicate serum and urine
samples were run on a single paper, and at the com-
pletion of the separation, one set (serum plus urine)
was stained for protein with bromphenol blue, and the
two other sets were respectively stained for lipids and
carbohydrates.

Utilizing both the Sudan IV (17) and the oil red O
stains (18) for lipids, neither the serum nor the urin-
ary abnormal globulins could be shown to contain
detectable amounts of fat. The periodic-acid Schiff
(HIO,-Schiff) staining technique (19) was employed
for demonstrating “protein-bound carbohydrate.”

Representative duplicate patterns, stained with
bromphenol blue and HIO,-Schiff, from four myeloma
patients that had both serum and urine abnormalities
are shown in Fig. 1, along with a normal serum sam-
ple, stained with both dyes for direet comparison. It
is apparent that the abnormal serum proteins stained
intensely with HIO,-Schiff, whereas the abnormal
urine proteins were HIO,-Schiff negative. The normal
serum pattern shows HIO,-Schiff positive constituents
in the alpha- and beta-globulin regions, indicating the
presence of the normal muco- and glycoproteins in
these areas. In all four myeloma urine patterns of Fig.
1, the small amounts of alpha-globulin that fre-
quently accompany the considerably larger amounts
of myeloma protein in the urine retain their HIO,-
Schiff positivity, whereas the myeloma proteins are
completely HIO,-Schiff negative.

The HIO,-Schiff staining results were uniform
(that is, serum, positive; urine, negative) in all ex-
cept one instance in which the urine myeloma globulin
was distinetly HIO,-Schiff positive. In this particular
case, the serum showed no characteristic abnormality
but rather displayed a marked decrease in gamma-
globulin content.

To be sure, the well-reecognized nonspecificity (20)
of the HIO,-Schiff reaction limits the conclusions that
may be drawn from these observations. HIO,-oxida-
tion is considered to indicate the presence of vieinal
OH- or NH,* groups. Esterie, glycosidie, or polymerie
linkage of these groups will block aldehyde formation
with HIO,. Theoretically, proteins containing hy-
droxyamino acids (—CHOH—CHNH,—) would be
HIO,-Schiff positive, but engagement of these group-
ings in peptide linkages blocks the reaction execept
where they might occupy a terminal position in the
polypeptide chain. Thus it is generally agreed that the
most important HIO,-Schiff positive substances are
glycogen, starch, cellulose, glycolipids, and mucopoly-
saccharides such as mucin, mucoproteins, and glyco-
proteins,.

Quite obviously, these results still do not provide an
answer to the question of whether the urine and serum
proteins are independently elaborated, or whether the
urine constituent represents a fragment of the parent
serum molecule. The demonstration of this systematie
difference in apparent chemical composition between
these proteins could be interpreted as further evidence
in favor of independent elaboration. The alternate hy-
pothesis, however—that an HIO,-Schiff positive car-
bohydrate moiety may be removed from the parent
serum globulin, possibly by an enzyme in the kidney
itself—is deemed worthy of further investigation.
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