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One of the factors concerned in the patho-
genesis of renal insufficiency in many cases of
Bright's disease is mechanical obstruction of
glomeruli and tubules by accumulations of fibrin
and other more abundant protein coagula. It
has been shown by means of chemical and elec-
trophoretic analysis of protein excreted in the
urine of such cases that there is a close correlation
between the concentration of globulin and total
protein, and the rate at which protein coagula
collect within the kidney (1 to 3). The evidence
suggests, further, that the hyaline coagula, not
identifiable as fibrin, consist chiefly of pre-
cipitated globulins.

The example of multiple myeloma, Bence-
Jones proteinuria, and renal insufficiency de-
scribed here represents a type of Bright's disease
in which renal insufficiency depends chiefly on
obstruction of tubules by precipitation of Bence-
Jones protein. The blood serum of this case
contained a fraction comprising 24.6 per cent
of the total serum protein, and it moved electro-
phoretically like a beta globulin. The protein
in the urine salted-out like a globulin, moved
electrophoretically like a beta globulin, and
exhibited the solubility characteristics typical
of a Bence-Jones protein.

CASE REPORT
M. T., History No. 232997, a white man, 45 years old,

was first examined on June 30, 1941, and died on January
25, 1942.

History. Six months before examination, the patient
noticed weakness and fatigue. He broke a rib by merely
leaning against a dull instrument with which he was
working. During the next few months, there appeared
dyspnea, dizziness, occasional numbness and tingling in the
legs, nocturia on occasions, blurring of vision,and vomiting.

Physical examination. He was somewhat obese, and

1Aided by a grant from the Rockefeller Foundation
Fluid Research Fund of the School of Medicine of the
Johns Hopkins University.

was very pale. The blood pressure varied from 130/80
to 170/80 (3 determinations in 6 months). The temper-
ature was elevated nearly every day (99° to 100° usually).
The tip of the spleen was palpable. Blood: The red blood
cell count was 1,200,000; the hemoglobin was 30 per cent
(4.2 grams); the white blood cell count was 4,200; differen-
tial was normal, except for 9 per cent myelocytes. Serum
protein was 6.4 to 7.0 grams per cent (5 determinations in
5 months). Fractionation of the serum by Howe's sulfate
method showed in July, albumin 4.76 grams, globulin
1.66 grams (A/G 74/26); and in January, albumin 4.94
grams, globulin 1.93 grams (A/G 72/28). One electro-
phoretic analysis of serum was made (Figure 1), and showed
albumin (albumin plus alpha 1),2 53.9 per cent; alpha glo-
bulin, 12.9 per cent; beta globulin, 24.6 per cent; gamma
globulin, 8.6 per cent. Serum cholesterol was 167 mgm. per
cent. Roentgenograms: There were numerous small lesions
in skull, mandible, ribs, scapulae, and pelvic bones, sug-
gesting multiple myeloma. Sternal puncture: Most of the
cells obtained were characteristic myeloma cells ("plasma"
cell type). The urine was very pale and clear. It con-
tained large quantities of a Bence-Jones protein which, on
being heated, precipitated at low temperature, disap-
peared on boiling, reappeared on cooling, and dissolved
in strong acetic acid. Many examinations of the urine
were made, and usually it became clear on boiling. Oc-
casionally, however, slight cloudiness persisted at the
boiling point. It was always evident that nearly all of
the protein was soluble at high temperature. No red blood
cells, occasional leukocytes, and rare casts were found
microscopically.

Course of the disease. Repeated transfusions were given,
but the anemia increased, nose-bleeds developed, and there
was evidence of progressive renal insufficiency.

When the patient was first examined, the blood NPN
was 106 mgm. per cent. During the next 5 months it rose
gradually to 156 mgm. per cent, and the urea clearance
was found to be 3 and 4 per cent of normal standard.
Death occurred 2 months later, about 1 year after the
onset of symptoms. Permission to perform an autopsy
could not be obtained.

Materials examined and methods used. During the last

2The protein described by Longsworth (4) as alpha 1
globulin has been found by Davis (3) to be even more
soluble on fractional salting-out than electrophoretic
serum "albumin," and we have therefore included it with
the "albumin" fraction of the blood serum.
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5 months of the disease, 12 twenty-four hour specimens of
urine, varying in volume from 1,200 to 2,050 cc., were col-
lected, and samples of each were analyzed by a chemical
method for total protein and for the relative proportion of
albumin and globulin. The total protein was precipitated
by means of 20 per cent trichloroacetic acid. Globulins
were precipitated by Howe's primary and secondary potas-
sium phosphate mixture (5). Nitrogen determinations
were done by the macro-Kjeldahl method. The methods
used for collection and preservation of urine, and the
technique employed in the chemical analyses of urinary
protein, have been described in detail (1).

Electrophoretic analysis of blood serum and urine was

performed by the modification of the apparatus of Tiselius
described by Longsworth and MacInnes (6). The urinary
proteins were precipitated by saturation with ammonium
sulfate, filtered, redissolved, and dialyzed in running tap
water until essentially free of ammonia. They were then
dialyzed against a barbital buffer of ionic strength 0.1 and
pH 8.5. The electrophoretic measurements were made of
the ascending pattern. The mobilities of the various
protein fractions were not determined.

Results. The results of the urinalyses are shown in
Table I. The total protein in the 12 specimens of urine
varied from 0.475 to 0.744 grams per cent. Nearly all of
the protein in each specimen was found to be globulin by
both the chemical and electrophoretic methods of analysis.
The largest amount of albumin in any of the specimens was

found 9 days before death when the urine contained 20
per cent albumin and 80 per cent globulin. The single
specimen of blood serum which was analysed electro-
phoretically contained 24.6 per cent of beta globulin, the
normal usually being about 15 per cent or less of the total
protein (7, 8).

DISCUSSION

There is evidence that Bence-Jones proteins
originate from cells of the bone-marrow (9); and

it has been found that there are a number of
Bence-Jones proteins which may differ from
each other in solubility (10), antigenic properties
(11, 12), electrophoretic mobility (7, 13 to 15),
and molecular size (15 to 17).

It seems evident, and it has been shown to be
true, that in cases of multiple myeoloma with
Bence-Jones proteinuria, the protein may be
demonstrated in the blood serum (14, 15, 18 to
20). Many of the Bence-Jones proteins have
been found to salt-out (14, 15, 19, 21, 22) and to
behave electrophoretically like globulins (14, 15).
In the case described above, the blood serum

contained an excess (24.6 per cent) of electro-
phoretic beta globulin. Most of the urinary
protein moved electrophoretically like beta
globulin, salted-out like a globulin, and exhibited
the solubility characteristics, when heated,
boiled, and cooled, typical of a Bence-Jones
protein. It seems clear that electrophoretic beta
globulin of the serum was excreted in the urine
as Bence-Jones protein.

The blood serum of this case, fractionated on

two occasions by the Howe sulfate method,
appeared to contain an increased proportion of
albumin (72 and 74 per cent of the total protein).
Electrophoretic fractionation, however, showed
only 53.9 per cent albumin. Similar differences
in the results of chemical and electrophoretic
analyses have been described by others (14, 15).
One case of apparent hyperalbuminemia re-

ported was found to be due to the presence in

TABLE I

Chemical and edectrophoretic fractionation of urinary protein

Chemical method Eetohrtcmto(Precipitation of globulins by Howe's phosphate mixture) Electropho:etic method

Relative percentage of albumin and of globulin fractions
Protein Albumin Total Relative Relative
nitrogen nitrogen protein albumiin globulin Alpha Beta Gamma

Albumin Globulin globulin globulin globulin

grams per cent per cen
September 7, 1941 0.083 0.000 0.519 0 100 0 100 0 98 2
October 1, 1941 0.090 0.000 0.563 0 100 0 100 0 100 0
October 10, 1941 0.119 0.006 0.744 5 95 0 99+
October 18, 1941 0.104 0.006 0.650 6 94
October 24, 1941 0.110 0.000 0.688 0 100
October 31, 1941 0.114 0.000 0.713 0 100
November 7, 1941 0.104 0.000 0.650 0 100
November 14, 1941 0.090 0.000 0.563 0 100
November 30, 1941 0.077 0.000 0.481 0 100
December 12, 1941 0.091 0.000 0.569 0 100
January 9, 1942 0.076 0.006 0.475 8 92 7 0 91 2
January 16, 1942 0.076 0.015 0.475 20 80
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the serum of a protein which had the electro-
phoretic mobility of beta globulin, and was
excreted in the urine as Bence-Jones protein.
In the urine, it maintained the electrophoretic
mobility of beta globulin and salted-out like a
globulin.

It is not clear why Bence-Jones protein is
excreted in the urine of some cases of myeloma
with Bence-Jones proteinemia and not in others.
The molecular weights of the Bence-Jones
proteins so far determined have been found to
be in the neighborhood of 37,000 (15, 16, 23, 24).
Proteins of this molecular size might be expected
to pass through normal glomerular capillaries,
since the Bence-Jones proteins are smaller than
serum albumin whose molecular weight is ap-
proximately 65,000 (25). There is evidence,
however, suggesting that in addition to molecular
size, other as yet unrecognized factors are also
concerned in determining the presence of Bence-
Jones proteinuria. The excretion of serum
albumin in many cases, in addition to Bence-
Jones protein, seems to require some other ex-
planation; and a case was recently reported in
which there was hyperbeta-globulinemia without
Bence-Jones protein in the urine, although the
molecular size of the abnormal serum beta
globulin was consistent with that of other Bence-
Jones proteins which were excreted in the urine
(14, 15).

In some cases of myeloma, a form of renal in-
sufficiency develops, due chiefly to obstruction
of tubules by precipitated Bence-Jones protein
(26 to 30). The suggestion has been made that
prolonged Bence-Jones proteinuria of large
quantity may be necessary for the development
of this type of renal insufficiency (29, 31). Such
an explanation is supported by the association
of marked chronic proteinuria and progressive
renal insufficiency in the case described in this
paper, and also by recent studies concerning the
effect of proteinuria on the kidney (1 to 3).
Chemical and electrophoretic analyses of urinary
protein have indicated that, in various forms of
acute and chronic Bright's disease, the rate at
which protein coagula collect in glomeruli and
tubules is probably determined chiefly by the
presence of high relative proportions of globulin
(30 to 35 per cent or more of the total protein)
in urine which contains total protein in high con-

FIG. 1. ELECTROPHORETIC PATTERNS (AScENDING
LIMBS) OF NoRMALHUMANBLOODSERUM(I), AND OF
THE SERUM(II) ANDURINE (III) OF THE PATIENT (M.T.)
WITH MULTIPLE MYELOMA

centration (0.5 per cent or more). In cases of
lipoid nephrosis, low proportions of globulin in
the urine are associated with the absence of
appreciable numbers of protein coagula in the
kidney and the failure of renal insufficiency to
develop (1 to 3, 32).

The mechanism responsible for precipitation
of Bence-Jones and other serum proteins within
the kidney is probably concerned not only with
the concentration of the proteins in the urine but
also with other factors which remain to be inves-
tigated. It is probable, however, that the con-
centration of salts and urea in the urine are
important. Under these conditions, the pro-
teins salting-out as globulins would doubtless
precipitate in the kidney, as in the test tube,
more readily than the albumins. The analyses
of urinary proteins excreted in Bright's disease
of various types (1 to 3, 32), including the present
case of renal failure with myeloma, indicate that
it is chiefly the globulins, rather than albumins,
which collect within the glomeruli and obstruct
the renal tubules.

SUMMARY

The protein in the urine of a patient with
multiple myeoloma and progressive renal insuf-
ficiency was shown by the usual solubility
methods to be a Bence-Jones protein. The
urine was also analyzed electrophoretically and
by a chemical method. These two methods gave
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very nearly identical results. By both methods
of analysis, the Bence-Jones protein behaved like
a globulin. Electrophoretically it moved like the
beta globulin of normal blood plasma.

The total plasma protein of the patient was

normal, but there was a marked increase in the
electrophoretic beta globulin fraction, which was

excreted in the urine as Bence-Jones protein.
During the period of observation, the concen-

tration of protein in the urine varied from 0.475
to 0.744 grams per cent, and the proportion of
Bence-Jones protein usually varied from 92 to
100 per cent of the total. The evidence suggests
that in multiple myeloma, as in other forms of
Bright's disease, the development of that portion
of renal insufficiency which is caused by the
precipitation of plasma proteins within the
kidney is determined chiefly by the duration of
high concentrations in the urine of proteins
which have the salting-out and electrophoretic
properties of globulins.
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