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Multiple myeloma is a unique malignant disease,
usually classified as a form of sub-leukemia, that
results from the proliferation of abnormal plasma
cells within the bone marrow. The cause of the
cellular proliferation is unknown. The clinical
features of multiple myeloma are varied and relate
to replacement or alteration of the hemopoietic tis-
sues, demineralization of the skeleton about areas
of plasma cell growth, abnormal protein metabol-
ism, and impairment of renal function (1, 2).

The abnormal protein metabolism in multiple
myeloma has long been of especial interest. The
first knowledge of the disease indeed dates from H.
Bence Jones’ classic study somewhat over 100
years ago of a peculiar urinary protein excreted
by a grocer who died with “mollities ossium” (3).
The occurrence of this protein in different diseases
and its chemical properties became the subject of
a multitude of studies in later years (4-10). It is
precipitated by strong mineral acids and by sulfo-
salicylic acid. When heated in a concentration of
less than 0.40%, at pH of 4.6 to 5.2 in the presence
of salt, it coagulates at the low temperature of
45-56° C. and becomes quantitatively insoluble at
70° C. (7,8). At 100° C. it dissolves, if the acid-
ity is sufficiently great, and precipitates again
when it is cooled. Occasionally the native protein
precipitates from the urine in the cold (11). It
has been crystalized on several occasions (9, 12).

An increased amount of protein in the serum in
multiple myeloma was first recognized by Ellinger
in 1899 (13). He studied a patient who had pro-
tein in both the blood and ascitic fluid that gave
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typical Bence Jones precipitation reactions. In
1919 Jacobson reported a very thorough study of
a patient who excreted 0.7-0.8 grams of Bence
Jones protein per 100 cc. of urine (14). A heavy,
creamy precipitate was produced by heating the
serum to 56° C. When this precipitate was sepa-
rated from the serum and purified by washing sev-
eral times with distilled water, a protein exhibiting
typical Bence Jones properties could be demon-
strated. A large quantity of this abnormal pro-
tein, 7.86 grams per 100 cc., was present in the
blood serum obtained from the heart at autopsy.
In 1928 Perlzweig, Delrue and Geschickter (15)
emphasized multiple myeloma as one of the rela-
tively few diseases in which hyperproteinemia
may occur (16).

The numerous important studies (7, 11, 15,
17-29) during recent years of the serum and uri-
nary proteins of multiple myeloma utilizing neu-
tral salt precipitation, electrophoresis, ultracentri-
fugation, and immunochemical methods have been
admirably reviewed by Gutman (30). Bence
Jones protein is mainly characterized by its almost
exclusive occurrence in malignancies involving the
hemopoietic or lymphoid tissues (6) and by its
peculiar coagulation reactions when heated. The
molecular weight has been calculated from ultra-
centrifuge and diffusion experiments at slightly
less than 37,000. On fractional precipitation with
neutral salts, it has the solubility characteristics
of globulin, but rather wide variations in precipi-
tation range occur in specimens obtained from dif-
ferent individuals. Electrophoretic studies in
many instances have shown remarkably homoge-
nous proteins but the mobility of specimens ob-
tained from different individuals ranges from
gamma to that of beta globulin. When studied
immunologically, specific precipitins of at least two
antigenic types have been found (12, 27, 31). The
amino acid composition has been reinvestigated
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recently by improved methods (32-34). Like
gamma globulin, Bence Jones protein has a high
hydroxyamino acid content, but an anomalous find-
ing was the absence of the essential amino acid
methionine (33).

The hyperproteinemia of multiple myeloma, of-
ten a distinctive feature especially in patients
without heavy proteinuria, has been found to re-
sult from the presence in the serum of abnormal
protein components partly compensated for by a
reduction in the albumin (30). A compilation of
a large number of cases reported before 1941
showed total serum protein values in excess of
80 grams per 100 cc. in over 60% (21). Pro-
tein fractionation by the Howe method using
sodium sulfate usually showed a reduction in the
albumin and an increase in the globulin concentra-
tion. The globulin increments in different pa-
tients were, like the urinary proteins, strikingly
heterogeneous in their solubility in salt solutions.
Electrophoretic studies, particularly helpful in the
investigation of sera of patients with multiple
myeloma, have confirmed this heterogeneity in
serum protein pattern. Many sera contain large
peaks of electrophoretically homogenous protein
with mobilities that range in different instances
from slower than the mobility of gamma to that of
beta globulin. These are usually associated with
decreased albumin and in some instances with mod-
erate increases in the alpha globulins (17, 19, 21,
24, 27, 35, 36). Patterns with large peaks in the
beta region or intermediate between beta and
gamma are virtually diagnostic of myeloma (27).
In some sera only minor abnormalities of pattern
in the region of the gamma or beta globulins can
be detected (17). Virtually normal electrophoretic
patterns may be found with the serum from pa-
tients who excrete large amounts of Bence Jones
protein in the urine. A number of patients with
multiple myeloma having cold precipitable “cryo-
globulins” in the plasma have been reported (11,
20, 22, 37-45).

. It has long been assumed that the abnormal pro-
teins in multiple myeloma were produced by the
proliferating plasma cells, transported in the blood
stream, and finally excreted in part at least in the
urine. The most direct evidence as to the origin
of the proteins was recently obtained by Martin
(46). He extracted myeloma tumor tissue ob-
tained at necropsy with saline and obtained pro-
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tein with ultracentrifugal and electrophoretic
properties similar to those of abnormal components
present in the plasma. Agren found that the pro-
tein obtained from a myelomatous tumor had an
amino acid composition similar to that of Bence
Jones protein obtained from the urine (32).

The relation of the abnormal serum components
to Bence Jones urinary protein remains in many
respects unsettled (30). When different speci-
mens of Bence Jones protein are added to normal
sera some but not all of the abnormal Howe and
electrophoretic patterns can be reproduced (21).
The electrophoretic mobilities of the abnormal
serum components have generally been somewhat
less than that of the urinary protein from the same
individual. Large serum protein increments, es-
pecially those with the mobility of beta globulin or
intermediate between beta and gamma have been
shown in some instances to be due to Bence Jones
proteinemia (21, 27). In other instances, espe-
cially where peaks with gamma mobility occur,
the protein in the serum has been of much larger
molecular size, differing in solubility and even in
antigenic property (27). It has been suggested
that the gamma complexes may represent anti-
bodies to Bence Jones protein (30).

With the finding that urethane (ethyl carba-
mate) given in doses of 90-300 grams over a pe-
riod of six to ten weeks to patients with multiple
myeloma may produce striking reductions in the
number of abnormal plasma cells in the bone mar-
row and morphologic changes indicative of ar-
rested or retarded growth, it was apparent that a
new means of studying the cellular and protein
abnormalities in this disease was available (2).
Dillon and colleagues reported the reduction or
virtual disappearance of abnormal serum compo-
nents in the electrophoretic patterns of three pa-
tients following urethane therapy (47). An ex-
tension of those studies is herein reported, corre-
lating the serum protein changes with clinical,
hematologic and other data in 11 patients who have
been treated and followed from three to 28 months,
some through repeated relapses and remissions.
Information bearing on the relation of plasma cell
proliferation to the major and minor abnormali-
ties in serum protein pattern and to Bence Jones
urinary protein, and the significance of serum pro-

‘tein complexes ordinarily not due to Bence Jones

proteinemia has been obtained. An important
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clue to the biochemical mechanism of urethane
action may be provided by the evidence that the
abnormal plasma cells may become dependent on
the chemical after its prolonged use.

MATERIALS AND METHODS

Blood samples were permitted to clot at room tem-
perature for a few hours for separation of the serum.
The sera were freed of red blood cells by centrifugation
and frozen awaiting analysis or filtered through a Seitz
filter into sterile rubber stoppered tubes and stored at
4° C. to observe formation of cryoglobulins before freez-
ing. Samples for electrophoresis were prepared by dilut-
ing 5 cc. of serum to 15 cc. with barbital buffer of pH

8.6 and 0.1 ionic strength and dialysed at 5-8° C. for ‘

36 hours or more in a constant flowing rocking dialysis
chamber against at least 3 liters of buffer. The prepa-
rations were filtered at 5-8° C. through a Seitz filter to
clear if necessary (48).

Electrophoresis was carried out at 1° C. in a double-
length rectangular glass cell that allows a maximum ob-
servable migration of about 9 cm. The boundaries were
allowed to migrate for about three hours in an electrical
field of approximately 7 volts per cm. The patterns rep-
resenting the migrating boundaries were recorded by the
method of crossed slits described by Svensson.

Component analyses were made by measurement from
photographic enlargements of the electrophoretic dia-
grams in which the components were separated by verti-
cal lines to the base at the minima between the peaks.
The base line was removed from the starting boundary
by lowering the third blade of the angle slit and was re-
constructed in the enlargement by drawing lines con-
necting the portions of the base line remaining at the ex-
tremities of the patterns. The respective areas are
bounded by the midline of the curve above, and the mid-
line of the base below. The mobilities of the various com-
ponents were calculated from the distances measured
from the starting point of migration to the maximum
ordinates of the respective peaks. Calculations were
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made for both the ascending and descending sides and
the values given in Table I are the average of the two
sets of data except in the cases specified where the de-
scending pattern alone was used (48).

The protein concentrations of the sera were determined
by falling drop method standardized by Kjeldahl analyses
(48). Hemoglobin concentrations were determined by
a photoelectric method using acid hematin. Urine speci-
mens were screened for the presence of protein with 209,
sulfosalicylic acid. Collections were made under toluene
at room temperature and stored at 4° C. The concen-
tration of protein in the urine was determined by the pre-
cipitation method of Addis using Tsuchiay’s reagent, cen-
trifuging, and comparing the volume of precipitate with
a bovine serum albumin control.

OBSERVATIONS

Seven patients had major abnormalities in the
serum protein components. Case numbers refer
to consecutive patients found to have multiple mye-
loma during the period of this study. '

Case 1. A. R., C19679. The clinical and he-
matologic findings which led to the diagnosis of
multiple myeloma in this 49 year old woman in
October 1947 and her early response to urethane
therapy have been reported (2). She has been
followed for over 28 months. Her general health
remains good, and she works regularly. On three
occasions at six to nine month intervals she noted
the return of mild symptoms—aching, malaise and
mild feverishness—coinciding with increasing
proteinuria. These exacerbations of her disease
subsided with the administration of more urethane
(Figure 1).

The serum proteins were studied electrophoreti-
cally on 14 occasions. Before therapy the pattern
was conspicuously abnormal (Figure 2, T627).

Case |, AR
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GraPH SHOWING CHANGES IN HEMOGLOBIN, ToTAL SERUM PROTEIN, ALBUMIN, GAMMA GLOBULIN AND

ProtEINURIA WitH CoURSES oF UReTHANE IN Cask 1, A. R.
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TABLE 1
with multiple myeloma, 11 treated with urethane, one treated with roentgen irradsation

Electrophoretic analysis of serum proteins in 12 pati
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* Calculations made from photographs of descending patterns.
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F16. 2. P10TOGRAPIIS OF ELECTROPHORETIC SERUM
Parterns, Case 1, A. R, T627 serore THERAPY, T628,
614 MoxTHS AFTER BEGINNING URETHANE

A tall, sharp peak was present in the gamma globu-
lin region which measured 46% of the total refrac-
tive area. The albumin was reduced to 26%. A
second electrophoretic study six and one half
months later, when the percentage of plasma cells
in the bone marrow was greatly reduced and evi-
dence of activity of her disease minimal, showed
that protein with gamma mobility had fallen to
24%. The albumin had increased to 51%. The
pattern was virtually normal except for sharpness
in the gamma protein boundary indicative of ab-
normal homogeneity (Figure 2, T628).

The effect of the four courses of urethane ther-
apy on the hemoglobin, total serum protein, albu-
min and gamma globulin concentrations and
amount of protein excreted in the urine is shown
in Figure 1. After the first period of urethane
the total serum protein and the gamma globulin
decreased, and the hemoglobin and albumin con-
centrations rose conspicuously. During the weeks
preceding the three comparatively mild relapses
in her disease, the total serum protein concentra-
tion and especially that of the gamma globulin in-
creased and the hemoglobin fell slightly. The most
obvious indication of reactivation of her disease
on each occasion was an increase in proteinuria.

R. WAYNE RUNDLES, M. L. DILLON, AND EDITH S. DILLON

The abnormal gamma protein component remained
homogenous and constant in relation to other se-
rum proteins throughout the period of observation.
The electrophoretic mobility of the gamma protein
as a whole did not change consistently in any way
dependent on the amount of abnormal protein
present.

Case 3. C. F. H, B25150. The clinical find-
ings in this 41 year old colored woman with multi-
ple myeloma have been reported (2, 49). After
three to four weeks of urethane she became free
of the pain associated with her extreme skeletal
disease and in three to four months was able to be
active at home. Abnormal plasma cells disap-
peared from the bone marrow, and her hemoglobin
rose to a normal level. Eight months after her
initial therapy she developed a retro-peritoneal
pelvic tumor. The blood values remained normal
and there was no increase in abnormal plasma
cells in the bone marrow. She was operated upon,
and a fleshy plasmacytoma was found infiltrating
about the iliac vessels and mesacolon. Resection
was attempted and she died of hemorrhage two
days after operation.

The serum proteins were studied electrophoreti-
cally on five occasions (Table I). Before therapy

ASCENDING DESCENDING

F16. 3. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
Parterns, Cask 3, C. F. H., T629 Berore THERAPY, T646,
634 MONTHS AFTER BEGINNING URETHANE
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Urine
Case 4, S.J.C. Ictorus cers, [Edema
:‘M oo ?co Hepato- Tongue | Ascites
10l 15 . meqoaly Mouth | Exfolliation
Totol Serum Protein Hemoglobin Fover I.;:c‘:- A
8
30 6
20 4
10 2

F1c. 4. GrarPH SHOWING CHANGES IN HEMOGLOBIN, TOTAL SERUM PROTEIN, ALBUMIN, “M” PROTEIN, AND Pro-
TEINURIA WiTH URETHANE IN CaSE 4, S. J. C.

the serum protein: concentration was 10.4 grams
per 100 cc. A tall, sharp protein peak comprising
49% of the total refractive area was present in the
gamma globulin (Figure 3, T629). The albumin
was reduced to 27%. One month after the begin-
ning of therapy the total serum proteins had
dropped to 8.5 grams, largely due to a fall of 1.1
grams in the gamma globulin and 0.8 grams in
the alpha globulin. During the second month the
gamma globulin concentration continued to fall
and the albumin rose sharply. From the fourth
month on the electrophoretic pattern of the serum
was virtually normal, except for persistent sharp-
ness in the gamma globulin boundary (Figure 3,
T646). A serum specimen in the last weeks of
her life during the development of the plasmacy-
toma was unfortunately not preserved.

- Case 4. S. J. C, C28643. The clinical and
hematologic findings which led to the diagnosis
of rapidly progressive multiple myeloma in this
54 year old electrician in February 1948, and his
early response to urethane have been reported (2).
An incomplete remission followed the first therapy
and three months later urethane was resumed
(Figure 4). Heavy proteinuria persisted and
the hemoglobin rose but slowly. For this reason
urethane was given continuously for 14 months,
1275 grams in all. Three months after the begin-
ning of treatment he resumed his usual work, and
for the next 12 months his general health was
good.

During the 15th month the hemoglobin began
to fall and the proteinuria increased (Figure 4).
During the next few weeks he became progres-
sively weaker. At 1814 months his liver and
spleen were found to have enlarged and there was

tenderness to pressure on the sternum. He was
slightly icteric and febrile. The hemoglobin was
5.8 grams per 100 cc. His bone marrow was found
to contain 80% abnormal plasma cells. Liver
function studies showed the thymol turbidity test
to be negative, blood bilirubin 2.8 mgm. per 100
cc., and the alkaline phosphatase, which had been
normal earlier in his illness, elevated to 9.4-10.6
Bodansky units. There was slight retention of
the bromsulfalein dye at 30 minutes (5 mgm. per
kg.).

It was thought best, since relapse had occurred
in spite of the continuous administration of 3
grams of urethane a day, to increase the daily dose
to 4 grams. At the end of another month he was
no better. His hemoglobin remained about 6
grams per 100 cc. and the number of leucocytes
dropped to 1050 per cu. mm. Deep ulcers de-
veloped on his tongue and over the hard palate.
Urethane was stopped, with the expectation that
a fatal exacerbation of his disease would occur.
A series of blood transfusions were given. Im-
mediately following the transfusions the red cell
count and hemoglobin continued to fall gradually
but after two weeks they began to rise and be-
came entirely normal (Figure 4). The total and
differential leucocyte count became normal. The
proteinuria which had gradually increased during
the urethane therapy to average 16-19 grams per
day was discovered to have fallen to 0.25-0.5 gram
per day.

During the month following the cessation of ure-
thane therapy the mouth ulcers healed and he be-
came generally stronger. Five weeks after the ure-
thane was discontinued he abruptly developed
edema of the legs, ascites, and generalized cutane-
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ous exfoliation. The elevation in blood bilirubin
and alkaline phosphatase persisted. The exfolia-
tion subsided in two to three weeks time, but asci-
tic fluid continued to form and required repeated
paracenteses. The peripheral blood counts re-
mained normal and the proteinuria minimal. An-
other bone marrow specimen two months after
urethane was discontinued showed 30% abnormal
plasma cells with regressive changes similar to
those seen after initial therapy. A needle biopsy
of the liver showed central and mid-zonal hepatic
degeneration and fibrosis (Dr. Leland Stoddard).

Ascites and other evidence of hepatic disease
continued. He began to have hematemeses. A
few days before his last admission to the hospital
on May 6, 1950, severe skeletal pain recurred.

T625 ASCENDING
-—

F16. 5. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
Parterns, CaskE 4, S. J. C.,, T625 BeFore THERAPY, T626,
3% MoNTHS AFTER BEGINNING URETHANE, AND T847 AT
2034 MoNTHS, 5 WEEKS AFTER SUSPENSION OF URETHANE
THERAPY
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With a slight fall he suffered an intertrochanteric
fracture of the femur where roentgen films showed
multiple osteolytic lesions. His urine contained
over 1% protein and his bone marrow was almost
completely filled again with abnormal plasma cells.
He died 26Y months after his disease was first
discovered.

Eleven electrophoretic analyses of the serum
proteins were made. Before therapy the major
abnormality was a tall, sharp peak with a mobility
intermediate between beta and gamma globulin
(Figure 5, T625). In the electrophoretic analyses
the abnormal component did not separate satis-
factorily from neighboring beta and gamma com-
ponents on the ascending side of the cell. Mobili-
ties and protein concentrations, accordingly, were
calculated from photographs of the descending side.
The abnormal “M” component before therapy ac-
counted for 43% of the total refractive area. The
albumin was reduced to 38%. One and three
quarter months after the beginning of therapy the
“M” protein had fallen to 32% and the albumin
had risen to 45%. This trend was still present at
three and one half months (Figure 5, T626), but
reversed as he relapsed. With continuous ure-
thane therapy the abnormal protein component
again fell to a level of 2.3-2.6 grams per 100 cc.
Analyses at 161 and 18% months, before ure-
thane therapy was suspended, showed an increase
in alpha, globulin and a fall in albumin.

A striking change in the electrophoretic pattern
was present six weeks after cessation of urethane
therapy (Figure 5, T847). The pattern on the
ascending side was abnormal only as to increased
height and sharpness of the gamma component.
On the descending side the “M” component sepa-
rated well for the first time from gamma globulin.
Its concentration was only 1.0 gram per 100 cc.

Case 11. J. F., C47338. This 72 year old
lawyer, first admitted to Duke Hospital on Novem-
ber 6, 1948, had been generally healthy until three
to four years earlier when susceptibility to pul-
monary infections during the cold weather and
proteinuria developed. Nine months before ad-
mission he stepped down from a curb and was
struck with a severe low back pain. Skeletal pain
gradually became more extensive and severe un-
til he was extremely uncomfortable even at bed
rest.

On admission to the hospital a normochromic,
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normocytic anemia with the hemoglobin reduced
to 11.0 grams was found. The urine contained 1.5
2.2 grams of protein each day that gave the heat
coagulation reactions of Bence Jones protein.
X-rays of the skeleton showed generalized osteo-
porosis and osteolytic lesions in the skull, ribs,
clavicles, vertebrae, pelvis, upper humeri and fe-
mora. The bone marrow contained 41% ab-
normal plasma cells. He was given 210 grams of
urethane by mouth in a period of eight weeks dur-
ing which time he became free of pain and able
to walk about cautiously. The proteinuria dropped
to 0.5 gram per 24 hours. A second bone marrow
examination showed the persistence of a large
number of plasma cells, but morphologic changes
associated with retarded growth were evident.
He developed bronchopneumonia again and was
critically ill for several weeks. Urethane was re-
sumed in somewhat irregular fashion five and one
half months after the beginning of the initial
therapy. Four months later he was able to under-
take modest activity about his home. Sixteen
months after the beginning of therapy he con-
tinued to enjoy improved health.

Before therapy the serum proteins were elevated
to 13.0 grams per 100 cc. In the electrophoretic
pattern an extremely high, sharp protein peak was
present in the gamma region, comprising 69% of
the total refractive area (Figure 6, T668). The
albumin was reduced to 16%. During the first
month of urethane therapy there was a drop in
total serum protein and in gamma protein with a
rise in albumin. A third study at two and one
quarter months, during the bronchopneumonia
episode, showed a continued fall in globulin. After
five and one half months, following resumption of
urethane, there was further progress toward nor-
mal although the abnormal gamma component
remained conspicuously elevated and the albumin
reduced.

Case 14. P. L. F., C8339. The clinical find-
ings which led to the diagnosis of multiple myeloma
in this 53 year old merchant’s wife, whose present-
ing trouble was a tumor of the right scapula, have
been reported (49). During a period of eight
weeks after the diagnosis was made she was able
to take 160 grams of urethane. Pain and swell-
ing about the scapula decreased markedly. Dur-
ing the last three weeks of treatment she was per-
sistently nauseated, ate little, and the white blood
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F16. 6. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
PartErNs, Case 11, J. F.,, T668 BEFORE THERAPY, AND
T744, 5% MONTHS AFTER BEGINNING URETHANE THERAPY

count hovered at about half of the pre-treatment
level. The hemoglobin and red blood count fell
slightly during this period but subsequently rose.
There was little observable change in the plasma
cells in the marrow. After the urethane was
stopped she remained weak, complained of nausea,
upper abdominal discomfort and noted afternoon
fever. After two weeks of these symptoms she
developed ascites. Homologous serum jaundice
was suspected. On re-investigation the blood bili-
rubin was 1.1 mgm. per 100 cc. There was slight
retention of the bromsulfalein dye at 45 minutes.
A thymol turbidity test was negative. A 2—4 p.m.
urine specimen contained 7.3 Ehrlich units of uro-
bilinogen and no bilirubin. There was no protein
in the urine. A needle biopsy of the liver showed
centrilobular hemorrhage or severe congestion and
parenchymal degeneration (Dr. Leland Stoddard).
Ascites persisted and required repeated para-
centeses until her death seven months after the ini-
tial therapy was given. Two weeks before she
died she fractured her humerus while turning over
in bed. ‘
The serum proteins were elevated to 8.4 gram
per 100 cc. before therapy (Table I). In the elec-
trophoretic pattern a high, sharp peak accounting
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PHOTOGRAPHS OF IELECTROPHORETIC SERUM

Fic. 7.
Parterns, Case 14, P. L. F,, T712 BEFORE THERAPY, AND
T742, 23 MoNTHS AFTER BEGINNTNG URETHANE THERAPY

for 47% of the total refractive area was present
in the gamma protein. The albumin was reduced
to 38%. Two and three quarter months after the
start of urethane therapy the total serum protein
had fallen 1.5 grams, but the electrophoretic pat-
tern showed no essential change (Figure 7, T712
and T742).

Case 18. ]J. D., C60817. This 58 year old
colored farmer was admitted to Duke Hospital on
May 10, 1949. His general health had been fail-
ing for one year. Low back pain developed one
or two months before his admission and became
progressively more severe. Roentgen examination
showed osteolytic skeletal lesions in the ribs, verte-
brae, pelvis, proximal femora and humeri. A nor-
mochromic, normocytic anemia was present with
the hemoglobin reduced to 11.0 grams per 100 cc.
Bone marrow aspirated from the sternum showed
30% abnormal plasma cells. Bence Jones protein
amounting to 0.1-0.25 gram per 24 hours was
present in the urine. He was given 245 grams of
urethane in a period of 10 weeks and believed that
he noted slight symptomatic improvement. The
quantity of protein in the urine was minute. A
second bone marrow examination showed, how-
ever, that plasma cells persisted with little quali-
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tative or quantitative change. A month after
the urethane was discontinued a lumbar vertebra
collapsed. Urethane was resumed but he contin-
ued to fail and died five months after his first
treatment.

The total serum proteins were elevated to 9.1
grams per 100 cc. before therapy (Table I). In
the electrophoretic pattern a tall, sharp peak in the
gamma protein accounted for 42% of the total re-
fractive area. The albumin was reduced to 32%.
A second electrophoretic analysis three and one
half months after the beginning of therapy showed
a slight rise in total protein, albumin and gamma
globulin without significant change in pattern.

Case 20. B. C. H., C63673. This 28 year old
law student, referred by Dr. W. G. Morgan of
Chapel Hill, was admitted to Duke Hospital on
June 20, 1949. After discharge from service he
had attended school regularly, but his general
health had been under par for two or three years.
In January 1949, he developed a febrile illness and
typhoid bacilli were cultured from his stool. He
was treated with Chloromycetin and his fever sub-
sided. The persistence of anemia with leukopenia
and proteinuria several weeks later led to fur-
ther study. On admission to the hospital he was
acutely and chronically ill. Hemorrhages and
exudates were present in both optic fundi. The
blood pressure was normal. His pulse was rapid,
his heart moderately enlarged and at the apex
there was a loud systolic murmur. X-ray exami-
nation of the skeleton showed no bony abnormali-
ties. Examination of the blood showed a normo-
chromic, normocytic anemia with the hemoglobin
7.5 grams per 100 cc. The leucocyte count was
reduced to 2000. Bone marrow aspirated from
the sternum showed 64% abnormal plasma cells.
The urine contained from 0.4-0.9 gram protein
per 24 hours that gave qualitative reactions of
Bence Jones protein.

Urethane was given cautiously because of the
leukopenia to a total dose of 90 grams in nine
weeks. During the first few days of urethane ther-
apy his hemoglobin fell to 6.1 grams. He became
weak, fainted when out of bed, developed tachy-
cardia and a gallop rhythm. He was given two
blood transfusions and parenteral fluids with
symptomatic improvement. Regeneration of blood
was apparent at the end of three weeks of therapy
and during the following six weeks his blood values



MULTIPLE MYELOMA III.

became entirely normal. Protein disappeared from
the urine. Abnormal plasma cells underwent re-
gressive changes and disappeared from the bone
marrow. His general health became perfectly
good. Six months after the initial therapy a small
amount of protein reappeared in the urine, and his
hemoglobin and red blood cell count began to fall.
A second course of urethane was begun.

-Before therapy a striking hyperproteinemia was
present with the total serum protein being 13.9
grams per 100 cc. (Table I). Electrophoretic
analysis showed a high, sharp protein peak of
gamma mobility comprising 61% of the total re-
fractive area (Figure 8, T768). The albumin was
reduced to 29%. During the first month of ure-
thane the total protein fell 5.2 grams, the net change
representing a fall of 5.6 grams of gamma globu-
lin and slight rise in albumin and alpha and beta
globulins (Figure 8, T795). During the next
month there was a further fall in gamma globulin
and rise in albumin. An unexplained alteration
in alpha , globulin was observed (Figure 8, T821).

The following four patients had minor or no
abnormalities in electrophoretic pattern. of the
serum.

Case 6. J.C., C27868. This 37 year old farmer
developed flaccid paralysis of the lower extremi-
ties in April 1948, after having had radicular pain
of increasing severity about his mid-trunk for six
or seven months. Examination of the spinal fluid
showed a block in the thoracic region. Laminec-
tomy at D 8-10 disclosed a partially resectable tu-
mor producing spinal cord compression. The
pathologic diagnosis was plasmacytoma. Subse-
quent X-rays of the skeleton showed an area of
osteolytic destruction behind the right orbit and
at the anterior end of the left seventh rib,. Ex-
amination of the peripheral blood showed no ab-
normalities. Marrow aspirated from the sternum
contained 4.5% abnormal plasma cells. There
was no protein in the urine. He was given 210
grams of urethane in a period of two months,
largely as a prophylactic measure. His neuro-
logic recovery was good with only the expected
residuals resulting from spinal cord compression.

Early in February 1949, he had an acute recur-
rence of weakness, increased spasticity and in-
coordination of his legs. There was a very slight
fall in the hemoglobin, red cell count and hemato-
crit, and a second bone marrow examination
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showed 11% abnormal plasma cells. Examination
of the spinal fluid showed no cellular or dynamic
abnormalities and no increase in protein. A sec-
ond course of urethane therapy, 197 grams in six
weeks time, was given and his symptoms subsided.
On a check-up examination 1414 months after the
first urethane therapy no new developments were
discovered except that skull films showed new
areas of bony rarefaction. At 17 months he re-
turned complaining of having developed severe
pain over a rib after chopping wood. Examina-
tion showed local rib tenderness and for the first
time definite tenderness to pressure over the ster-
num. Roentgen films showed further increase in
the size of the osteolytic lesions in the skull. The
hemoglobin, cell counts and hematocrit remained

Fic. 8. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
PatteErNs, Cask 20, B. C. H., T768 Berore THERAPY, T795
AFTER ONE MoNTH oF URETHANE, AND T821 AFTER TwWoO
MonTHS oF URETHANE
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ASCENDING

F16. 9. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
Pat1ERNS, CASE 6, J. C., T634 BEFORE URETHANE THER-
APY, T665 AFTER 414 MonTHS, T848 AT 17 MONTHS WITH
ACTIVATION AND SPREAD OF DISEASE

at normal levels but in the blood films there was an
occasional plasma cell. Bone marrow aspirated
from a tender area of the sternum contained 90%
abnormal plasma cells. Repeated examinations
of the urine throughout the course of his illness
showed no protein.

The serum proteins were studied by electro-
phoresis on seven occasions. The first study was
made during his convalescence from the laminec-
tomy when the total protein was 6.9 grams per
100 cc. Gamma protein was increased to 26%
(Table I). On the fast moving side of this con-
stituent a small abnormal component showed be-
ginning separation (Figure 9, T634). After the
first urethane therapy, however, this component
became only a little less conspicuous (Figure 9,
T665). There was likewise very little change in
the serum protein components before and after the
second course of urethane. The pattern at 17
months, however, when there was more extensive
disease, showed a new development. In the region
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of the previously uncertain abnormality a new pro-
tein peak with mobility intermediate between
gamma and beta globulin appeared for the first
time (Figure 9, T848).

Case 7. A.P., 59026. This 45 year old some-
time farmer had diagnostic studies at Duke Hos-
pital in December 1945, shortly after he had de-
veloped an incomplete flaccid paralysis of the lower
extremities. X-ray films of the skeleton showed
generalized osteolytic bony disease. Heavy protein-
uria was present, averaging 13-17 grams per 24
hours. There was noanemia. Twenty-six per cent
of the cells in a bone marrow specimen were plasma
cells. He was discharged home without specific
treatment. He gradually became able to move
around again and became freer of pain. He was
given X-ray therapy over the upper thoracic spine.
His ribs and humeri fractured repeatedly and he
was never able to work.

He returned for re-examination on July 30,
1948. X-rays of the skeleton showed extreme
bony disease involving the skull, vertebrae, clavi-
cles, scapulae, ribs, pelvis, upper femora and hu-
meri. Blood examination showed his hemoglobin
to be 10.5 grams, RBC 3.4 million, WBC 2950,
hematocrit 31%, and average cell volume 91 cubic

DESCENDING

ASCENDING

F16. 10. PHOTOGRAPHS OF ELECTROPHORETIC SERUM
PATTERNS, CASE 7, A. P., T639 BeFore UReETHANE, T762,
314 MoNTHS AFTER BEGINNING URETHANE THERAPY
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Fic. 11.
PATTERNS, CASE 19, Dr. E. W. S, T764 aFTER 134 MONTHS
oF URrerHANE, T837, FIvE MoNTHS AFTER BEGINNING
THERAPY

PHOTOGRAPHS OF ELECTROPHORETIC SERUM

micra. Different specimens of bone marrow
showed 8-24% abnormal plasma cells. Bence
Jones proteinuria ranged from 17-20 grams per
24 hour period.

He was given 243 grams of urethane during a
period of two and one half months. Three months
later his blood values were normal, and the pro-
teinuria averaged about 4 grams per 24 hours.
Seven months after the beginning of therapy the
blood values dropped slightly and proteinuria
ranged from 24-3.4 grams per day. Another
course of urethane was given. He became virtu-
ally free of skeletal complaints and was able to re-
turn to regular work.

Before therapy the serum proteins were re-
duced to 5.1 grams per 100 cc. (Table I). The
electrophoretic pattern showed some sharpness
of the gamma boundary (Figure 10, T639). A
tiny peak intermediate between the gamma and
beta protein was present on the ascending side but
subsequently was not observed. Protein obtained
from the urine showed on electrophoretic analysis
a sharp symmetrical peak moving with gamma
mobility and a very small amount of albumin.
When the urinary protein was added to the serum,
the electrophoretic pattern showed a new peak in
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the center of the gamma protein.

Subsequent electrophoretic studies at two, three
and one quarter and five and one quarter months
after the beginning of therapy showed an increase
in the serum albumin and some flattening of the
gamma boundary.

Case 19. Dr. E. W. S, C61008. The findings
which led to the diagnosis of multiple myeloma in
this 42 year old physician and his early response
to urethane have been reported (49). After the
first few weeks of therapy his urine was consist-
ently free of protein. Seven months after the first
urethane was given there was a recurrence of pain,
heat and swelling in the areas of skeletal disease.
A second course of urethane, 200 grams, was given
with symptomatic benefit.

The first electrophoretic study of the serum
one and one half months after beginning of ure-
thane therapy showed a rather sharp gamma glob-
ulin peak with possibly a component separating
out from the fast portion that was not evident later
(Figure 11, T764). A second study at five
months, when there was less evidence of activity
in his disease, showed the total serum protein to be
9.3 grams per 100 cc. The albumin concentration
had increased (Table I). The gamma globulin
pattern had shown little change (Figure 11,
T837). A third electrophoretic study at a time
when the disease was becoming active again
showed less albumin, an increased sharpness of
the gamma globulin and changes in the alpha,
and beta globulins difficult to interpret.

Case 21. L. N., A33105. The findings which
led to the diagnosis of multiple myeloma in this
46 year old married woman admitted to Duke Hos-
pital on May 31, 1949, with spinal cord compres-
sion due to collapse and wedging of the sixth
thoracic vertebra, have been abstracted (49). She
was given 245 grams of urethane in a period of
nine weeks. At three and one third months she
was virtually free of symptoms.

The serum proteins before therapy were 6.8
grams per 100 cc. (Table I). In the electropho-
retic pattern there was a rather high, sharp alpha,
peak which merged with the beta globulin. A
second electrophoretic study three and one half
months later showed a rise in albumin, a slight
rise in alpha , and a slight fall in beta globulin.
Abnormalities definitely related to myeloma were
not observed.
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The lack of effect of X-ray therapy on the elec-
trophoretic pattern in one patient with multiple
myeloma is illustrated by the following case history.

Dr. G. S. McK., A42283. This 66 year old
physician developed pain about his ribs on the
lower right side and about his left hip in January
1946. A destructive tumor involving the left
scapula was discovered. Biopsy led to the diag-
nosis of plasmacytoma. Between January 26,
1946 and February 15, 1946, he was given roentgen
therapy over the left scapula and upper thorax. A
large destructive area appeared in the left ilium
during the next six weeks. Further irradiation
was given between April 8, 1946 and April 15,
1946 over the pelvis. During the period of roent-
gen irradiation the hemoglobin fell from 12.0
grams to 8.4 grams, red blood count from 3.74 to
2.50 million, and the white blood count from 7250
to-4300.

Before therapy the serum proteins were ele-
vated to 9.5 grams per 100 cc. (Table I). Elec-
trophoretic analysis showed a large abnormal
“M” component comprising 24% of the total re-
fractive area moving between the gamma and beta
globulins. The albumin was reduced to 35%.
Three months later there was fall of 0.6 gram per
100 cc. albumin and a rise in the abnormal “M”
component of 0.4 gram.

His condition continued to deteriorate and he
was. given P 32 and stilbamidine therapy. He
died ten months after the first appearance of the
disease.

DISCUSSION

Since urethane was introduced as a therapeutic
agent in the treatment of leukemia in 1946 by
Paterson, Haddow, Ap Thomas, and Watkinson
(50), it has become evident that the cells most
sensitive to its growth suppressive action are the
abnormal granulocytes of myelocytic leukemia
and the proliferating plasma cells in multiple mye-
loma (2, 51-53). The abnormal leucocytes of
lymphocytic leukemia and some tumor cells are
less regularly affected. Normal lymphocytes, nor-
mal granulocytes, erythropoietic elements (54—
56) and the centrilobular hepatic cells (57) are
affected to the extent that conservative use of the
chemical and sharp individualization in dosage is
necessary to avoid harmful complications. Selec-
tive suppression of the growth of abnormal cells is

R. WAYNE RUNDLES, M. L. DILLON, AND EDITH S. DILLON

obtained slowly and may require three weeks to
three months to be realized.

In patients with multiple myeloma the concen-
tration of abnormal protein in the serum or of
Bence Jones protein in the urine has not been sig-
nificantly reduced by roentgen therapy, radio-
active phosphorus, or stilbamidine (17, 35). The
changes that follow the use of urethane confirm
the therapeutic effect of this chemical and provide
some new facts regarding the basic abnormalities
in the disease. Seven of the 11 patients studied
had hyperproteinemia and a large increment of
abnormal protein in the serum. The electropho-
retic mobility of the abnormal component was that
of gamma globulin in six and intermediate between
gamma and beta protein in one. The amount of
this protein in the serum was conspicuously reduced
in the five patients in whom the growth of plasma
cells was suppressed by urethane. There was
generally little change in the serum protein con-
stituents until after the first month of therapy and
then only after there was evidence that the growth
of plasma cells had been suppressed. As the ab-
normal components disappeared from the serum
the initially low levels of serum albumin rose to
normal. Completely normal electrophoretic pat-
terns were not restored since some abnormal pro-
tein homogeneity remained at the site of the origi-
nal increment even during the maximum remis-
sions of the disease. In two patients with major
serum protein abnormalities, plasma cell prolifera-
tion was not appreciably influenced by the ure-
thane given and there was no change in the electro-
phoretic pattern. In one of these therapeutic fail-
ures severe centrilobular hepatic damage was ap-
parently produced.

The quantity of protein in the urine of patients
with hyperproteinemia varied from a few milli-
grams a day to over 20 grams. A quantitative re-
lationship between Bence Jones proteinuria and
the amount of abnormal protein in the serum in
different patients, or between proteinuria and the
degree of impairment of renal function was not ap-
parent (19, 58, 59). The proteinuria invariably
became less as the concentration of abnormal pro-
tein in the serum, whether of gamma or other
mobility, was reduced.

Minor or no abnormalities were detected in the
serum of four patients by electrophoretic analysis.
The disease was of limited anatomic extent in
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three. A distinctly abnormal pattern developed in
one of them as the myeloma became more general-
ized. A fourth patient with extreme skeletal dis-
ease excreted large amounts of Bence Jones pro-
tein of gamma mobility in the urine, had hypopro-
teinemia and a virtually normal electrophoretic
pattern. Following urethane therapy the pro-
teinuria became much less. The concentration of
protein in the serum rose to normal, and there was
a slight reduction in the gamma protein.

Adams, Alling and Lawrence (17) reported
finding abnormal electrophoretic patterns in 29
consecutive cases of diffuse myeloma and stressed
particularly the minor serum abnormalities dis-
closed by using less dilute serum for electro-
phoresis.

In general it appeared in our patients that the
greater the amount of myeloma tissue in the body
and the greater its proliferative activity, as judged
by the rapidity of the progression of the disease,
fever, weight loss, tendency to relapse, etc., the
greater was the amount of abnormal protein pres-
ent in the serum or excreted in the urine. As the
growth of plasma cells was retarded or arrested
by the administration of urethane, the abnormal
serum and urinary proteins decreased proportion-
ately. Our observations are consistent with the
view that the proliferating plasma cells in mye-
loma produce the abnormal proteins circulating in
the blood or excreted in the urine. The extent to
which the large serum increments represent Bence
Jones proteinemia or perhaps complexes of higher
molecular weight, which in the process of disinte-
gration give rise to moieties filterable through the
glomeruli, remains to be studied.

In our patients the disturbance in protein me-
tabolism appeared to involve the production of a
single type of electrophoretically homogenous pro-
tein, of gamma mobility or intermediate between
gamma and beta. As the abnormal protein in-
creased in the serum the concentration of albumin
fell. Changes in the alpha globulins appeared to
be correlated with general tissue reactions and
perhaps with hepatic cellular degeneration. The
qualitative features of the electrophoretic com-
ponents remained constant in each individual pa-
tient throughout the period of observation. A rela-
tion between the morphology of the plasma cells,
which varies considerably in different patients,
and the type of protein abnormality or of the sus-
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ceptibility of the cells to growth suppression by
urethane was not apparent.

The early investigations - regarding the bio-
chemical effects of urethane in producing narcosis
or growth suppression were reviewed by Haddow
and Sexton (60). Warburg found that phenyl-
urethane added to sea water containing eggs of the
sea urchin Strongylocentrotus lividus suppressed
nuclear and cell division while reducing oxygen
consumption only very slightly. Fisher and
Stern. (61) studied the inhibition of respiration in
yeast cells by urethane and presented data to show
that more than one respiratory system was in-
volved. In reference to the possible inhibition of
dehydrogenases, Haddow and Sexton pointed out
that concentrations required to induce narcosis,
and often to suppress growth, or likely to occur
in vivo, are often far smaller than those required
to inhibit enzyme reactions. It was suggested to
them that urethane might compete with some nat-
ural amine involved in the biosynthesis of nu-
cleotides.

Skipper and his collaborators (62-64) have
made an extensive study of the carbamates as re-
lated to the chemotherapy of leukemia. They
found that nearly any alteration in the ethyl ure-
thane molecule reduced or destroyed its leukopenic
and antileukemia activity in mice. Urethane was
decomposed within the body largely within 24
hours. Tracer studies using carbonyl- and ethoxy-
labeled urethane indicated that the decomposition
involved a hydrolytic process producing carbon
dioxide, ethyl alcohol, and ammonia. A small
fraction of carbonyl-labeled urethane was found
in all tissues 24 and 48 hours after intraperitoneal
injection with little evidence of anatomic localiza-
tion. Mice with neoplasms failed to catabolize
urethane as rapidly as did normal mice. :

Our observations in Case 4., S. J. C., may give
a clue as to the mechanism by which urethane is
effective in multiple myeloma. Early in the course
of this patient’s therapy plasma cell proliferation
was suppressed to the extent that worthwhile
clinical improvement and prolongation of life re-
sulted. After 10 months of continuous urethane
administration a gradual relapse in the disease oc-
curred, along with apparently toxic manifestations
relating at least to the liver and oral mucous mem-
branes. An extraordinary change in plasma cell
proliferation was observed after the urethane was
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discontinued. Their number in the bone marrow
decreased, morphologic features indicating re-
tarded growth appeared, sternal tenderness disap-
peared, Bence Jones proteinuria decreased 50-70
fold, and the abnormal protein component in the
serum was greatly reduced. The hemoglobin, red
and white cell values were again maintained at
normal levels in the circulating blood. Evidence
of hepatic disease had developed earlier, became
more severe after urethane was stopped, and per-
sisted for the remainder of his life. Six months
after urethane was withdrawn there was an exa-
cerbation of plasma cell growth. A similar type
of centrilobular hepatic degeneration with ascites
was produced in another patient without altering
observably the course of the myeloma.

These observations are interpreted to indicate
that the growth of plasma cells was inhibited anew
by the withdrawal of urethane, in fact to a greater
extent than on its initial administration, and that
during the prolonged use of the chemical the ab-
normally proliferating cells had become dependent
on it in some way.

The existence of metabolic competition between
structurally analagous compounds has been dem-
onstrated by the growth inhibiting properties of
unnatural metabolites in bacteria and mammalian
cells (65-67). Bacteria may become dependent
on such compounds as streptomycin that initially
suppress growth (68).

While many agents might affect plasma cell
growth selectively by one mechanism or another,
the acquisition of dependence on such a chemical
as ethyl carbamate suggests that the small amount
ordinarily fixed in tissue proteins is incorporated
as a metabolite. It may be possible to demonstrate
an increased amount fixed in tissues after pro-
longed administration. It may be postulated that
urethane suppresses plasma cell proliferation by

competing with a metabolite, such as an amino-

acid especially necessary in their growth, and that
in the course of time the processes of protein syn-
thesis become adapted to render it essential. Un-
der the same conditions the production of hemo-
globin, erythrocytes, and leucocytes are apparently
not affected. Since hepatic damage was present
before urethane therapy was suspended in Case 4,
the later events can not be interpreted as urethane
dependence.
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An increase in mitosis (60), in leucocyte count
(55, 56), and in the excretion of Bence Jones
protein in multiple myeloma has been observed
not infrequently early in the course of urethane
therapy. Accelerated growth has been observed
in the presence of subinhibitory levels of competi-
tive metabolites in other instances (67).

CONCLUSIONS

As plasma cell growth is inhibited by urethane
in multiple myeloma, abnormal serum protein
components, even those generally found not to
represent Bence Jones proteinemia, are reduced
or may virtually disappear. This change parallels
the reduction or disappearance of Bence Jones
proteinuria. During prolonged continuous ad-
ministration of urethane myeloma cells may be-
come dependent on the chemical.
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