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2 MULTIPLE MYELOMA

Jones proteid ! in the patient’s urine had been frequently,
at one time daily, measured by Esbach’s albuminimeter,
but had been entered in the notes as ordinary albumen.
The daily amount of urine was found to be about 2000 c.c.,
and it contained about 7 per mille of the proteid. The
reactions, as afterwards ascertained, were quite typical,
just as those described by Bradshaw, Kiihne, Bence-Jones,
and others. The most characteristic are, I think, the
following (that is, when the urine is acid®) :—Coagulation
of the proteid at a much lower temperature (about 58~ C.)
than ordinary albumen, more or less solution of the
precipitate at a higher temperature (e. g. when the urine
is boiled), and complete or almost complete solution on
adding acetic acid to the boiling urine ; after the precipitate
has been partially re-dissolved by boiling, a characteristic
re-precipitation should take place on allowing the urime to
cool. What Dr. Bradshaw considered to be the spon-
taneous precipitation of the proteid in his case (noted also
in some other cases) was likewise observed in the urine of
the present case. The urine sometimes was turbid with
this precipitate when quite freshly passed, and on these
occasions, the reaction being always very acid, the turbidity
could not be due to phosphates. Exact details in regard
to the urine are contained in the following history of the
case, which includes reports on the urine by Dr. R.
Hutchison.

! On account of the contention by A. Magnus-Levy (Hoppe-Seyler's
‘Zeit. f. phys. Chemie,’ Strassburg, 1900, vol. xxx, p. 200) that the
go-called Bence-Jones albumose is really an albumen, I have referred to
it in this paper as Bence-Jones proteid. For the sake of brevity, how-
ever, I have sometimes spoken of * Bence-Jones albumosuria,” when I
meant to signify the presence of Bence-Jones proteid in the urine. It
seems that precipitin experiments fail to solve thiz question of the
nature of the Bence-Jones proteid. In fact, the so-called “ biological
method ™ fails to distinguish the Bence-Jones proteid from various other
proteids of human origin (vide Rostoski, “ Zur Kenntniss der Priicipi-
tine,” ¢ Verhandl. der Phys.-med. Gesellschaft, Wiirzburg,’ 1902, vol. xxxv,
pPp. 30—32).

? The urine is nearly always acid in Bence-Jones albumosuria cases,
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Family history—Father died at sixty-four. Mother died
at ninety-three. A married sister, fifty-nine years of age,
has diabetes. To be sure of this latter point I obtained a
specimen of her urine on January 25th, 1901 ; it was of
specific gravity 1042, clear, pale, of acid reaction, con-
taining 6 per cent. sugar and a trace of albumen, and
giving a reddish coloration on the addition of perchloride
of iron (Gerhardt’s reaction). Of the patient’s five chil-
dren, four are living and healthy, and the other is said to
have died from an aceident.

Patient’s history.—He was always a strong man, and
never remembers being seriously ill previously to present
complaint. As a young man he had gonorrhea and a
sore on the penis (the latter at about the age of twenty-
three), but he cannot recollect having had secondary
syphilis.  There 1s no history of alecoholism,

The patient thinks his present illness commenced about
the end of 1899. On December 26th, 1899, he first noticed a
tingling sensation in the finger-tips of the right hand, and
could not hold a knife. He then seemed to improve, but
towards the end of February, 1900, tingling and loss of
power were gradually coming on in both hands, and at
about the same time he began to suffer from pains in the
loins. In the first part of May his back began to bend ;
attention was drawn to his stooping attitnde. The loss of
power in his hands necessarily compelled him to give up
active work, but in spite of resting he felt exhausted.

Note on admission to the German Hospital (May 18th,
1900),—The patient is a stout, heavily built man (weight
844 kilogrammes), with a rather sallow complexion.
His back is bent forward in walking, and his whole attitude
and the way he holds his hands remind one somewhat of
paralysis agitans. He complains of having very little
power in his hands and fingers. His fingers are stiff and
painful on movement, and are always slightly flexed at
the metacarpo-phalangeal joints. He cannot voluntarily
bend them so as to touch the ball of the thumb, and any
attempt to bend them for him causes great pain. There
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is a diffuse swelling of the backs of the hands, the puffy
appearance of which is especially noticeable near the
metacarpo-phalangeal joints.  The hands arve slightly
tremulous, and are generally kept held up to his chest, as
if that position were the most comfortable. The move-
ments of the wrist and elbow-joints are free, but in regard
to the shoulder-joints he experiences considerable difficulty
in raising his arms so as to touch his head.

The area of cardiac dulness is slightly enlarged, and
soft systolic murmurs are heard, attributable to the mitral
and aortic valves. The lungs show nothing abnormal.
There is a large, old, right inguinal hernia. Some pig-
mentation and scars on both shins are regarded by the
patient as resulting from injuries at football. There is
nothing special to note in regard to knee-jerks and
entaneons reflexes ; there is no anssthesia. The con-
dition of the urine has already been alluded to, and more
exact accounts will be given later on.

Under treatment, chiefly by rest, local hot baths,
electricity, and slight massage, the condition of the hands
seemed to improve somewhat, so that, when patient left
the hospital on July 5th, 1900, he could bend his fingers
sufficiently to touch the ball of the thumb.

The patient, after leaving the hospital, was seen from
time to time. On July 16th, 1900, when he came up for
examination, the kyphosis in the dorsal region was very
noticeable. He had some difficulty in getting up from
the sitting position, but could walk without the help of a
stick. The pulse was 84, of moderate volume and ten-
sion. Respirations 26. Tongue slightly furred. On
examining the abdomen the liver could be felt a little
below the costal margin, but the upper limit of hepatic
dulness appeared to be in about the natural position. The
spleen was not felt. There was a little cedema in the
lower part of the legs, but none at the loins. The hand-
writing was somewhat tremulous. About this time I
thought there was evidence of wasting in the pectoralis
major muscle on each side. The biceps muscles and the
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thenar eminences likewise appeared relatively small. There
was, however, no very marked muscular atrophy anywhere,
Dr. F. E. Batten (July 18th, 1900), who kindly examined
the patient, found the reaction to faradism in the museles
of the upper extremities and hands fairly good, but the
current on that ocecasion was not strong enough to test
the reactions to galvanism. He thought the patient’s
shoulders appeared thickened. Nothing abnormal was dis-
covered in regard to sensation (for heat and cold, ete.).
Knee-jerks active and equal. No ankle-clonus. Plantar
reflexes natural. The patient at that time apparently
suffered no pain, and there was no special tenderness on
tapping any part of the craninm or vertebral column.
The hot weather seemed to give the man greater freedom
of movement. Later on (August) an ophthalmoscopic
examination (one eye only) was made, but with negative
results.

At the commencement of September Dr. Batten kindly
made another electrical examination, and reported—* All
the muscles of the arm and hand reaet to faradism, but they
require a strong current in order to make them contract
well.  The muscles react badly to galvanism ; it requires
a strong current in order to get a contraction. There is
very little difference between the KCC and ACC; the
former appears, however, to be somewhat the stronger.”

A blood examination on July 18th, for which I am
indebted to Dr. Drysdale, gave the following results :—
Red cells 3,214,000 in the cubic millimetre ; total leuco-
eytes 12,000 ; of the leucocytes the lymphocytes consti-
tuted 34'7 per cent., the large mononuclear 7-1 per cent.,
the polymorphonuclear 56°2 per cent., the eosinophile 2
per cent.; there were no myelocytes. Conclusions:—
Slight leucocytosis ; all forms proportionately increased ;
slight anemia.

On July 12th, 1900, the nature of the proteid in the
urine was first recognised. On this occasion a micro-
scopic examination was made of the sediment collected by
the centrifuge from a specimen of the urine which had
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been allowed to stand for some time. It contained
hyaline casts,' some of them sprinkled with granules or
containing cells ; also a few round cells and one or two
oxalate of lime crystals.

From this time until the patient’s death the urine was
examined at various intervals, and was always found to
give typical reactions for the Bence-Jones proteid. The
specific gravity varied apparently from about 1012 to
1020. Sugar was tested for on different occasions, but
with a negative result. No Gerhardt’s reaction (per-
chloride of iron test) was obtained. Sometimes the
patient’s urine, as already mentioned, was turbid when
freshly passed,® evidently with what Dr. Bradshaw be-
lieves to be a spontaneous precipitate of the Bence-
Jones proteid. This was notably the case when, at Dr.
Bradshaw’s suggestion, a few small doses of benzoate of
ammonium had been previously given and the reaction of
the urine was very acid. Dr. Bradshaw considers the
spontaneous precipitate to be the proteid, because ““ when
it has been separated out by the centrifuge and suspended
in a little water, it is almost entirely dissolved by a little
caustic soda and thrown down again by nitric acid.”®

Dr. R. Hutehison kindly undertook a quantitative examination of
the Bence-Jones proteid in the patient’s urine. The urine passed
during forty-eight hours (July 24th to 26th, 1900) was carefully
collected and sent to him. His report is as follows :

I A later microscopical examination (August 9th, 1900) confirmed the
presence of hyaline casts in the urine. On the other hand, Dr. R.
Hutchison found casts absent in a specimen examined by him at the
end of July, 1900.

* The spontaneous precipitate appeared sometimes to oceur, not before
the urine was passed, but soon afterwards.

* To find out more carefully whether a sediment consists entirely or
partially of the Bence-Jones proteid, Dr. Bradshaw recommends the
following :—* Draw it off with the pipette and reduce it to a small bulk
on the centrifuge. Shake it np with water containing a trace of acetic
acid (to dissolve any phosphates present), and centrifugalize again.
This washing may be repeated. Collect the deposit on a filter and
extract it with 0-2 per cent. canstic soda.” The filtrate should give the
usual reactions for the Bence-Jones proteid.



MULTIPLE MYELOMA 7

The urine was pale in colour, of specific gravity 1020, fuintly
acid in reaction, and somewhat more viscid than normal. There was
sometimes a slight amorphous whitish deposit containing a few
erystals of oxalate of lime. There were no casts.

The urine contained about 083 per cent. (estimated by precipitate
with aleohol, drying and weighing) of a proteid which separated out
in flocculi at a temperature of 58° C. On boiling, the precipitate
disappeared, in some specimens entirely, reappearing on cooling ; in
others it gathered into a viscid mass which floated on the top.

Nitric aeid gave a precipitate which disappeared partially on
heating, and reappeared on cooling.

Strong HCl gave a distinet ring with the urine diluted 1 in 20
(Bradshaw's reaction).

Acetic acid alone gave no precipitate. On the addition of
potassinm ferrocyanide solution an immediate but not very
abundant precipitate appeared.

The proteid separated out slowly on prolonged contact with
NaCl in excess; NaCl + acetic acid caused a rapid separation.

In some specimens the proteid was precipitated by half-saturation
with ammoninm sulphate, in others only when the salt was added
in slight excess.

No precipitate appeared on dropping the urine into an excess of
distilled water, and it was only partially precipitated on prolonged
dialysis.

On digestion with pepsin-HCI a considerable residne was left.

On an average about 15 grammes of the substance were excreted
daily, and the urine contained no other proteid.

The total phosphates were estimated on two days with following
results :

Total P,0,. Earthy P,O,.
1. 1173 grammes. (-890 gramme,
2. 1'860 grammes,

Dr. Hutchison added that the tﬂtﬂ of phosphates excreted was
low, but the ratio of earthy to alkaline phosphates was high. He
likewise collected some of the pure Bence-Jones proteid from the
urine and found it to contain no phosphorus. In this respect, he
pointed out, his results agreed with those in most previous cases.

I endeavoured on one occasion to find out whether an
alteration in the diet of the patient would produce a
corresponding alteration in the amount of the Bence-
Jones proteid excreted in his urine. For two days
(July 26th to 28th, 1900) the patient abstained from
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meat, fish, and eggs, taking bread, butter, milk, and milk
pudding. During the last twenty-four hours on this diet
the patient passed 2100 c.c. of urine, which the rough test
by Esbacl’s tube showed to contain 7 per mille proteid.
‘Bherefore the patient continued, in spite of the alteration
in diet, to pass about 15 grammes of the Bence-Jones
proteid in twenty-four hours,

The patient’s general condition apparently remained
stationary for a considerable time after leaving the
hospital in July. Keeping the bowels open, and a saline
dinretic medicine, seemed to suit him best. In December,
however, he rapidly lost ground, and was re-admitted
December 27th, 1900.

Notes after re-admission.—The patient has become much
weaker, and has wasted much (weight on December 27th,
1900, 674 kilogrammes). The loss of power in the
upper extremities has remained about the same. The
right arm can be moved more than the left one. There
is marked wasting of supraspinatus, infraspinatus, and
biceps muscles on each side, and there seems to be some
enlargement of the head of each humerus. There is like-
wise an abnormal “tapering” of the fingers, and the
fleshy cushions in front of the terminal phalanges appear
somewhat shrivelled. There is a spotty pigmentation of
the skin of the hands. No aneesthesia can be detected.

The patient says that four of his teeth were so loose
that he removed them with his own hand two weeks before
re-admission. After re-admission several other teeth were
found to be loose, and the tongue was swollen and
indented and ulcerated, the ulcers corresponding to
irritating teeth. There was some bronchitis, with muco-
purulent expectoration, and slight impairment of resonance
at the base of one lung. Dyspneea on slight exertion.
Temperature never up to 100° F. The liver and spleen
could not be felt. No ascites ; no cedema of the lower
extremities, Attached to one of the ribs on the right
side of the back, about the level of the inferior angle of
the scapula, a little hard, rounded projection, of about the
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remark that in sections of the tongue stained with methyl
violet a good deal of amyloid (lardaceous) or closely
allied substance ' was found, though none was discovered
in similarly stained sections of the liver, spleen, and
kidney. In an article on “Syphilis and Lardaceous
Disease ”* in 1895 I drew attention to the occasional
localisation of amyloid changes about syphilitic gummata,

Nothing noteworthy was observed in the stomach, but
there was a rather deep chronic ulcer in the duodenum
close to the pylorus, and this was doubtless the source of
the blood passed from the bowels during life. The in-
testines coutained blackish material, the colour doubtless
being due to altered blood.

2. The other Abdominal Viscera,

The liver was rather large, weighing 78 ounces, but its
substance mneither macroscopically nor microscopically
showed anything noteworthy. The gall-bladder con-
tained green bile. There were no gall-stones. The pan-
creas showed nothing abnormal. The spleen weighed
about six ounces ; sections under the microscope showed
the presence of a good deal of pigment.

The kidneys looked rather pale, but it must be noted
that most of the organs appeared somewhat bloodless,
doubtless owing to the poorness of the blood in hamo-
globin and to the profuse intestinal heemorrhage preceding
death. Both kidneys together weighed about twelve
ounces. The capsules were partially adherent, the cortex
had a slightly granular surface, and there were one or
two eysts. Under the microscope a moderate amount of
fibrotic change (chronic interstitial nephritis) was ob-

! If the substance in gquestion was not actnally amyloid, it was a very
closely allied body, as the rosy coloration with methyl violet proved.
It was certainly much nearer to amyloid than to hyaline substance.
The muscular coats of the small blood-vessels were, however, as yet not
guite characteristically picked out.

* ¢ American Journ. Med. Sciences,” November, 1895,
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served, explaining the presence of hyaline casts in the
urine during life,

The adrenals appeared normal. The mesenteric glands
were not specially large. No chalky deposits were dis-
covered in the kidneys or other organs, such as Virchow
has deseribed (¢ Kalk-Metastasen’) in cases where bony
tissue has been rapidly destroyed by malignant neoplasms,
and such as were found in the kidneys in Stockvis’s case
of multiple myeloma with Bence-Jones proteid in the
urine (see Case No. 4 in the summary). A few such were
noted in my case of multiple myeloma examined in 1897,
which in some respects clinically resembled the present
case, though there was probably no Bence-Jones proteid
in the urine.! It must be remembered, however, that in
the last-mentioned case the bone had been destroyed
more rapidly and to a much greater extent than in the
present case. Moreover, some of the microscopic calculi
were situated in the neighbourhood of minute cystic
adenomata of the kidney, and I have reason to believe
that they may accompany renal adenomata in persons who
are quite free from any bone disease. Very similar
hodies were mentioned by Charles Sabourin in his well-
known paper on multiple adenomata in eirrhosed kid-
neys,” and they were present likewise in the case of
“ papillary adenoma of the kidney” which I recorded in

! ¢« Transactions of the Pathological Society of London,” 1807, vol.
x1viii, p. 169; and ‘ Journal of Pathology,” January, 1898, I shall have
to refer to this case later on in greater detail. Only one entry on the
urine could be found in the notes. It said that there was “no albumen.”
The house physician who examined the urine might just possibly have
overlooked the presence of Bence-Jones proteid, as in testing for albumen
he frequently used only the potassinm ferrocyanide and acetic acid test,
and Dr. Bradshaw, using this test in his case, found that no turbidity
was produced at first unless a large excess of the acid was added,though
after several minutes the turbidity gradually appeared. Judging, how-
ever, from the reaction in J. T—’s urine, which was fairly rapid to the
ferrocyanide test, I think it very unlikely that any such mistake
ocenrred,

2 Revue de Médecine,” Paris, 18584, p. 446,

el e
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¢ Museles—The small muscles of the hand examined
were the abductor minimi digiti and the abductor pollieis.
By the Marchi method the muscle-fibres appear to be
normal both on longitudinal and transverse section. By
the van Gieson method the greater part of the muscle
appears to be normal ; in one bundle, however, there is
an inerease of the nuelei of the sheath of the fibres, The
fibres themselves are about the natural size, and their
transverse striation 1s normal.”

5. The Jownts, Tendons, ete.

One hip-joint and one shoulder-joint were examined, and
showed no destruction of articular cartilage, but showed a
certain amount of “lipping,” much capsular thickening,
and excessive villous growth and formation of pendulous
bodies from the synovial membrane. The wrist-joint and
the metacarpo-phalangeal joints of the right side were
likewise examined ; they showed similar alterations. In
some of them synovial fringes projected between the
opposing articular cartilages, partially separating them
from each other. The whole condition resembled one of
rhenmatoid arthritis. The lump noted during life on the
posterior portion of one of the ribs was examined and
found to be an early gummatous formation in the tendinous
structures at one of the costal angles.

6. The Skeleton and Myelomatouws Growth.

The vertebral centra, the ribs, the sternum, part of the
skull, and some of the bones of the extremities were
examined. The bone-marrow and cancellous tissue were
found more or less uniformly infiltrated by tumour growth.
"It is not too much to say that the whole skeleton was
more or less involved, even the diploé of the skull and the
marrow of the terminal phalanges of the fingers. The
softening and yielding of some of the dorsal vertebrs,
consequent on the tumour formation, were the cause of
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the progressive kyphosis noted during the patient’s life.
The body of one of the vertebrae was so altered in shape
that in a sagittal section it appeared as a triangle with its
apex towards the front of the body, wedged in between
two centra which might comparatively be said to have
retained their normal shape. In some parts the bone-
marrow and ecancellous tissue seemed to have completely
given place to the new growth. Thus, much of the
interior of the manubrium stermi was occupied by a soft
tumonr mass from which all bony matter had disappeared.
Nowhere, however, even in the ribs and sternum, had the
tumour given rise to any external protuberances, such as
have been recorded in some cases of multiple myeloma ;
and nowhere had it led to the occurrence of fractures,
On the whole, far less absorption of bony substance had
taken place than in my case of multiple myeloma (withount
Bence-Jones proteid in the urine) examined in 1897.! 1In
that case the ribs had been converted into thin-walled
tubes filled with soft growth, and in some places the
periostenm and bony shell had been bulged out by the
tumour ; many spontaneous fractures had occurred, and
one of the vertebral centra was almost entirely replaced
by diffluent new growth.

In the present case, as in the case just alluded to, the
new growth seems to have commenced in different parts
at the same time, and it is impossible to pick ount any
portion of the tumour as being the primary growth. If
the tumonr be termed myeloma the whole process may, for
this reason, justly be termed “ myelomatosis.”

Some portions of the growth are quite pale, others deep
red. This redness of certain portions is seen by micro-
scopic examination to be due to a large amount of blood
not contained in blood-vessels, but lying free amongst the
tumour cells,

The growth consists chiefly of mononuclear rounded
or polyhedral cells, the characteristic of which, by the
ordinary methods of staining, is that many of them are

I *Trans. Path. Sce.,’ loe. cit.
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erammed full of globules, and that these globules stain
with eosine almost exactly like red blood-corpuscles.
They seem, indeed, at first sight to be red blood-corpuscles
included in the tumour cells, though they vary greatly in
size, some being much larger and some smaller than
ordinary red cells. But, on examining specially stained
preparations, another explanation of the appearance, one
suggested to me by Professor R. Muir, of Glasgow, be-
comes far more probable. He has examined the growth
and has kindly sent me a report, which I shall now quote :

“1 have examined the tissue carefully, after staining
in various ways, and have come to the following conclu-
sions :—It may be said to have the general characters of
a sarcoma, and its vessels resemble more closely those of
a sarcoma than those of the marrow. It is composed of
practically one variety of rounded cell, which presents
certain resemblances to the neuntrophile myelocyte, from
which, however, it differs in the relatively smaller size of
the nucleus and in the more abundant protoplasm. In
the protoplasm, moreover, there can be shown a large
number of granules which vary considerably in size, but
the smallest and most abundant of which are distinetly
larger than the neutrophile granules. With haematoxylin
and eosine these smallest granules are practically un-
stained by the eosine ; with Ehrlich’s tri-acid they are
coloured, but have not quite the same tints as the neutro-
philes, the staining being of a dirty brown colour ; with
Mann’s eosine-methyl-blue combination ' they are stained

' Dr. Gustav Mann's stain was first published in ‘ Proceedings Scottish
Microscop. Society,” 1803-4, p. 165. The method is likewise deseribed in
full in a paper by Copeman and Mann on the “ Histology of Vacecinia ”
(“ Annual Report of the Medical Officer of the Local Government Board,’
1808-9, p. 509).—The description is as follows :

* Mann's Bi-acid Mizture of Methyl Blue and Eosine.

“1 per cent. methyl blue in distilled water . 350
1 per cent. eogine in distilled water ; . 45 c.e.
Distilled water . : . 100 e.c.

* Bections are left in this mixture for five to tem minutes, washed in
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bright red with a slightly violet tint (whereas the
neutrophiles are unstained) ; with Unna’s polychrome
methylene blue the granularity is faintly visible, but the
granules are not really stained. We may therefore say
that they have, on the whole, a more distinetly (though
not a pure) oxyphile reaction than the neutrophile
granules. Only a very small proportion of the cells
appear to be without granules, In addition, however, to
these small granules, many larger ones are present, and
all intermediate sizes can be found up to large rounded
bodies as large as, or even larger than, ordinary red
corpuscles. I thought at first that these rounded bodies
were included red corpuscles, but, on more careful
examination, I believe that they are formed by the con-
fluence of smaller globules. Some of them also are seen
lying free. They are more distinctly oxyphile than the
smaller granules, and stain with eosin by the ordinary
methods. It is also to be noted that the rounded bodies
lying free stain with the tri-acid stain of a different tint
from the red corpuscles ; further, they always seem to be

water, dehydrated, and mounted in balsam. This constitutes what may
be termed the ‘short method.” Or they are dealt with by the ‘long
method,” i.e. are left in the stain twelve to twenty-four hours, then
washed in distilled water, thoroughly dehydrated, and placed in a vessel
containing absolute aleohol 30 c.c., to which previously five drops of a
1 per cent. solution of KHO in absolute alecohol have been added. When
the sections have turned a reddish tint, the slide is washed with abso-
lute alechol to remove the alkaline aleohol, then rinsed in distilled water
till differentiated. [If the sections are not blue enough, a drop of acetic
acid added to the water in which they are being rinsed will restore the
colour.”

Professor Muir used Mann’s long method without any other stain
afterwards. Some sections stained by Ehrlich’s acid hematoxylin after
Mann's long method gave the large globules in the tumour-cells a
slightly different tint. When the sections had been stained according
to the preceding directions, they were passed through water into
Ehrlich’s acid hematoxylin, and after having been kept there from one
half to two minutes, they were washed in tap water, dehydrated, and
mounted in the usual way. For preparing sections from this case, and
from two other cases of myelogenic growth, I am much indebted to
Mr. E. H. Shaw.

2
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perfectly spherical in form. I should also have mentioned
that in the tumour-cells there is often a narrow zone
around the nucleus which is comparatively free from
granules.

“T accordingly consider that the tumour is formed by a
special and characteristic type of cell, which is probably
derived either from the neutrophile myelocyte or its pre-
decessor ; that this cell produces in its protoplasm in a
granular form a substance which is closely allied to,
though not quite identical with, the substance of the
neutrophile granules ; and that this substance is formed in
excess, and may form larger granules by confluence of
the smaller, the larger globules sometimes becoming free.”

According to J. H, Wright’s report on a case examined
by him,' the principal tumour-cells in the case in question
appeared to be a variety of Unna’s “ plasma-cells.” Dr.
J. M. H. MacLeod has kindly examined sections from the
present case to compare the cells with Unna’s plasma-
cells. He has used the special methods of staining for
this purpose, and tells me :—* Morphologically the cells
resemble plasma-cells in that they are polyhedral and
their nucleus is placed excentrically. The nuclei, how-
ever, do not show the characteristic arrangement so
generally found in plasma-cells of five or six deeply
stained chromatin bodies around the periphery.”

Since receiving Professor Mun’s report 1 have
examined a number of sections from the sternum stained
by Mann’s method and by Ehrlich’s tri-acid stain (see
Plate IV). There is a sprinkling of small cells, re-
sembling lymphocytes, with round nuclens and little
protoplasm ; but with this exception the growth is prac-
tically composed of the same kind of cells as those men-
tioned as characteristic in the parts from which Professor
Muir made his report. Some of the larger globules re-
terred to by Professor Muir are two or three times as
large as ordinary red corpuscles, and a good number of

' *Johns Hopkins Hospital Reports,” 1900, vol. ix, pp. 359—366. (See
Case No. 13 in the summary of cases at the end of the present paper.)
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them are free, lying singly or in groups amongst the
tumonr-cells. The globules of about the same size as red
corpuscles are, however, more numerous, and are mostly
enclosed in tumour-cells or arranged in clusters as if those
of each cluster had been formed in a single cell and were
still united together in some way. Such clusters often
consist of a dozen or more globules, and sometimes re-
semble mulberres or bunches of grapes.

By Mann’s method the globules in guestion are not all
stained exactly alike. Sometimes they are stained quite
like the red blood-corpuscles are, but generally they take
on a distinetly more violet or brownish-violet colour, and
this is especially the case in sections which I had stained
with Ehrlich’s acid heematoxylin' after Mann’s eosin and
methyl-blue combination. On the other hand, the smaller
granules are less well stained when the sections are
treated for shorter lengths of time in the alkaline aleohol,
when acetic acid is not used and when hamatoxylin is
likewise employed.

Red corpuscles (taking on the eosin stain), if they were
incladed in the tumour-cells (stained blue), wounld also
appear violet in colour, and in some pathological con-
ditions the red corpuscles vary greatly in size and do not
all stain alike. The globules in the present tumour tissue
are, however, distinguished from red corpuscles not only
by their great variation in size and by their reactions to
special stains, but also by their being spherical in shape.
Moreover they are, if anything, best seen in the paler
parts of the growth, where there are fewer red blood-
corpuscles.

We may conclude that the granules and globules of
different sizes, which constitute a characteristic feature
of the tumour-cells in the present case, are probably all of
the same nature, thongh they vary almost as much in size
as do fat globules® in a fatty liver. Some of the tumour-

! See the foot-note about Mann's stain.

* In fact, if it were not for their reactions, one might suppose that all
these globules were fat. Owing, however, to the method employed in
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cells appear tightly packed with medium-sized globules,
others contain one or two larger globules, quite three
times as large as ordinary red blood-corpuscles. A good
many of the larger globules can be seen lying free
amongst the tumour-cells, as if they had been cast off or
had been set free by the disintegration of the cell in
which they were originally found.

At the end of his report Professor Muir suggested a
possible relationship between the granule and globule
formation in the tumour-cells and the excretion of Bence-
Jones proteid in the urine. The view that the globules
may represent a stage in the formation of the proteid in
question is supported by the consideration that during
the life of the patient these globules were probably being
produced in all the bones of his body. Further investi-
gation in other cases will doubtless throw more light on
the question. If, however, these globules are in any way
connected with the Bence-Jones albumosuria, why have
they not been discovered in the microscopical preparations
from other cases ? It is, perhaps, worth mentioning that
in the present case the tissues were at once put into
weak formalin, where some of them were kept for
several months before sections were cut.!

7. The Chemical Frawmination by Drs. R. Hutchison and
J. J. R. Macleod,

For examination they had—
a. Blood and clots from heart, ete.
b. Clear serous fluid from pericardium,

preparing the sections (embedding in paraffin), all true fat would have
heen dissolved out. Professor Muir tells me that the granules in the
growth may possibly be chemically related to vitelline granules, and he
thinks that their staining reactions correspond with those of the zymogen
granules of the pancreas, but he has stated in his report what he believes
to be the most probable source of such granules in the marrow,

' A 4 per cent. aqueous solution of formalin slowly precipitates the
Bence-Jones proteid from the urine.
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¢. Parts of ribs, spinal colomn, and long bones.

d. Parts of liver, spleen, kidneys, and striped muscle.

In their report they at first recapitulate the chemical
reactions of the proteid in the patient’s urine, and then
give an account of their chemical examination of the
tissues obtained at the necropsy.

Tre CHEMICAL REACTIONS OF THE Bony 1% THE URINE.

Several samples of the urine were furnished us, in which we
employed most of the reactions described by previous writers.! The
following were the chief results obtained :

1. Heat coagulation.—A coagulum appeared at about 58° C. In
one of the samples this coagulum disappeared entirely on boiling,
returning on cooling. In twoother saumples, however, the coagulum
did not elear up entirely on hoiling, but the diffuse coagulum
collected itself into flocculi on the surface of the liguid.

2. Nitrie acid.—The addition of 25 per cent. nitrie acid produced
a congulum which cleared up partially on boiling, becoming again
more distinet on cooling. By employing Heller's method a sharp
ring was obtained, which became less distinet on carefully warming
the test-tube.

3. Hydrochlorie acid.—This was employed by the method described
by Bradshaw (namely, pouring the urine diluted twenty times on to
the surface of the acid), and a very distinet ring was obtained.

4. Potassium ferrocyanide and acelic acid.—A slight precipitate
was obtained, which became less distinet on boiling.

5. Saturation with common salt and the addition of acelic aeid.—
A rapid and abundant precipitate was produced.

6. Half-saturation with ammoninwm sulphate.—In one sample this
produced complete precipitation of the body, the filtrate bemg
proteid-free. In two samples, however, this amount of the salt did
not effect complete precipitation, a mnch larger quantity being
necessary to produce that result. The addition of two volumes of
a saturated solution of ammoninm sulphate produced complete pre-
cipitation. This precipitate was collected on a filter-paper, washed

! Bence-Jones, ¢ Philosoph. Transact. Roy. Soc.,” 1848, part 1, p. 55,
Hiippert, * Prager med. Wochenschr.,” 1580, 8. 35 ; Kiihne, * Zeitschrift
f. Biolog.,” 1883, Bd. xix, 8. 200; Matthes, ‘ Verh. d. 14 Congresses f.
innere Medicin,” 1806, S. 476 ; Ellinger, ‘ Deut. Arch. f. klin. Med.,’ 1509,
Bd. Ixii, 8. 255; T. R. Bradshaw, * Med.-Chir, Trans.,’ vol. Ixxxi, p. 259;
Kalischer, * Deut. med. Wochenschr.,” 1901, S. 54.
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with a saturated solution of ammonium sulphate, and dissolved by
adding water. The resulting solution was dialysed for several days.
The dialysate was slightly opalescent and gave the following
reactions :

On heating, a coagulum was obtained at 66° C., which cleared up
entirely at 90° C. After the addition of one drop of 20 per cent.
acetic acid to 20 c.c. of the fluid, the coagulum appeared at 50° C,,
and also cleared up at 90° C. Nitric and hydrochloric acid tests as
above. Two volumes of saturated common salt solution with a few
drops of acetic acid gave a copious precipitate. Acetic acid and
potassinm ferrocyanide gave a precipitate which cleared up con-
siderably on heating. On boiling for some time with hydrochloric
acid a distinet violet colonr was produced, which was probably due
to some chromogens present in the dialysate. Boiling with nitrie
acid did not produce this effect.

7. Alecohol—Complete precipitation was produced by adding
2 vols. 96 per cent. alecohol. The precipitate was soluble in weak
ammonia.

8. Aeetic aeid.—No precipitate.

9. Neutralisation with sodium hydrate or ammonia.-— No pre-
cipitate.

10. Neutralisation with caustic soda after strongly acidifying with
acetic acid.—No distinet precipitate.

11. No precipitate was produced by dropping the urine into an
excess of distilled water,

12. A sample of nrine was dialysed for several days. There wasa
slight precipitate, which was not proteid in nature. The dialysate
gave all the above reactions.

From a consideration of the above resulfs it is evident that the case
was a typical one of Bence-Jones albumosuria. No albuminuric
was present, as the urine was rendered proteid-free by the addition
of twice its volume of a saturated solution of ammonium sulphate.
No globulin was present, since no proteid separated out from the urine
on dialysis. The precipitate obtained by the addition of 2 vols.
saturated ammoninm sulphate solution was dissolved by adding
water, and was then subjected to dialysis for several days. After
this it was reprecipitated in the dialy=ate by the addition of alecohol ;
the precipitate was filtered off, washed several times with aleohol,
and tested for phosphorus (after fusion in a silver basin with salt-
petre and caustic soda), with a negative vesult. This proves the
absence of nucleo-proteid.
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THE CHEMICAL ExamMiNaTiON OF THE ORGANS.

Up to the present time only three cases have been recorded in
which a chemical investigation of the organs was made,

The first of these is by Ellinger,! but the clinical history of the
case shows it to have been of an unusually acute nature, and the
symptoms scarcely typical of myelogenous disease.

The tissues examined were a piece of infiltrated rib, blood, and
some ascitic flaid.

In the case of the piece of rib, the following somewhat rvough
method was employed. The piece of rib was macerated with water,
the resulting extract was filtered off, and to part of it was added some
sodinm chloride and acetic acid, whereby a precipitate was produced.
In another part of the watery extract the point of heat coagulation
was determined and found to be 40° C.

The author mentions that a piece of normal rib-marrow treated
in the same way does not give these reactions.

In the case of the blood and aseitic flnid, a more reliable method
was employed.

To each was added an excess of aleohol, and the resulting precipi-
tate was allowed to stand several days. It was then filtered off
and macerated with water. The resulting watery extract was then
weakly acidified with acetic acid and boiled. The boiling fluid was
quickly filtered, so as to separate all coagulated proteid, and the fil-
trate, at first quite clear, gradually became cloudy on cooling, and
gave the reactions for Bence-Jones proteid.

The second case is recorded by Askanazy,® and is peenliar in that
an examination of the blood during life, and of the lymphatie glands
after death, showed it to be one of lymphatic lenksmia.

The tissues examined were marrow trom the vertebrse and head of
femur, lymphatie tumours, blood, pericardial and pleuritic fluids.

* Two methods were employed in testing for the proteid. One of
these consisted in making a watery or weak caustic soda extract of
the tissue. This was then treated with acetic acid, so as to precipi-
tate nucleo-proteid, which was filtered off. In the filtrate the heat-
coagulation point was determined. It was then boiled and filtered
hot, the resulting filtrate being gradually cooled. The other method
consisted in adding aleohol to the extract, collecting the precipitate,
and macerating it with weak caustic alkali. The resulting extract

| ¢ Deut. Arch. f. klin. Medicin,’ 1899, Bd. Ixii, 8. 255. (See Case No.
in the Summary.)
? Ibid., 1900, Bd. 1xviii, 8. 34. (See Case No. 16 in the Summary.)
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was then treated with acetic acid to precipitate nucleo-proteid, and to
the filtrate from this were applied the tests for Bence.Jones proteids.

By means of these methods it was found that the Bence-Jones
proteid was present in the marrow, but absent from the lymphatic
tumonrs, blood, and pericardial and pleuritic fluids.

The aleohol method was employed in a sample of urine containing
the albumose, and was found to give reliable results.

The third case is that of Kalischer,) and the tissues examined
were marrow from the ribs and humerns. The examination was
made by Prof. Lowy, but he could not find a trace of Bence-Jones
proteid.

Methods employed in the present case~In the present case a very
complete chemical investigation was possible, as we were fortunate
in seeuring not only portions of all the organs, but also large quan-
tities of bone from various regions.

Two methods, very similar to those described by Magnus-Levy,
were employed to detect the body.

The bones were crushed into fragments in a quartz crosher, the
other tissues being chopped up into small pieces. Each was then
ground up in a mortar with distilled water, and the resulting pulp
allowed to stand twenty-four hours. The extract was filtered off,
and the remainder again pounded in the mortar with distilled water,
the second extract, after filtration, being added to the first

The resulting watery extract from each tissue was then carefully
neutralised and divided into two equal parts. To one of these were
added two volumes of a saturated solution of ammonium sulphate,
and the mixture allowed to stand twenty-four hours. The resulting
precipitate was separated by filtration, washed with ammoninm sul-
phate solution, and suspended in water. After standing several
days this suspension was filtered, and the filtrate placed in a parch-
ment dinlyser, for several days in running water, and finally for at
least two days in distilled water, which was frequently changed.
After dialysis, a precipitate invariably separated out (globulin)*
which was removed by filtration. The resulting filtrate was tested
for Bence-Jones proteid. To the second portion of the neutralised
watery extract twice its volume of spirit was added, and the mix-
ture was then boiled (by which means the native proteids become
coagulated, whereas the Bence-Jones proteid does not).* The mix-
ture was then filtered, and the precipitate, after being washed with

! ¢ Deutsch. med. Wochenschr.,” 1901, No. 4, 8. 54. (See Case No. 22
in the Summary.)

* Magnus-Levy, Hoppe-Seyler's < Zeit. f. phys. Chemie,’ 1900, Bd. xxx,
5, 200,

e’
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boiling 66 per cent. spirit, was suspended in } to } per cent. ammonia,
and either left in this for several hours or heated on the water-bath
(by either of which processes a solution of the albumose results,
while the coagulated proteids remain unaffected).

The former of these methods we will designate the ammonium
sulphate method, the latter the aleohol method.

These two methods wereapplied to urine containing the substance
in question. The resulting solutions gave the chief reactions for
Bence-Jones proteid (see first part of report).

To serve as controls we also examined, by both methods, red
marrow from the vertebrse of a healthy person, and by the
ammoninm sulphate method, red marrvow from the ribs of a horse.
In neither of these was any trace of Bence-Jones proteid ! found.

Results —The following ave the results obtained from the various
organs and tissues :

Marrow of Bones.—~The marrow contained in these was apparently
of two types—namely, a pink pasty mass in the head and lower
extremity of the femur and in the ribs, and a thin red-carrant-jelly-
like mass in the shaft of the femur. We therefore divided the bones
into three groups, viz. (1) vertebra and ends of femur; (2) ribs;
and (3) shaft of femur.,

1. Vertebree and ends of femur.—~The neutralised extract by the
aleohol method was very opalescent, and could not be cleared by
filtration. It was accordingly dialysed for three days in tap water,
and for twenty.four hours in distilled water. A slight precipitate
separated out, and on filtration a clear solution was obtained. In
the dialysates by both methods the following reactions were obtained:

Heat coagulation.—A coagulum was obtained at 70° C., which did
not clear up on boiling. On filtering the boiling fluid, the filtrate
did not show any opacity on cooling. On the addition of one drop
20 per cent. of acetic acid to 30 c.c. of the Anid, coagulation
oceurred at 50° C., but the precipitate did not clear up on boiling,
although it appeared to do so to a certain extent because of the
coagulum separating out as flocculi on the smrface.

Hydrochloric acid.—A distinet sharp ring was obtained.

Nitrie acid.—A similar ring was obtained, which cleared up con-
siderably on heating, reappearing on cooling.

! In the case of the red marrow from the horse’s rib, the extract by
the ammon. sulph. method contained a trace of albumen coagulating at
75" C. In the case of the human vertebre by the alecohol method, the
application of the nitric and hydrochloric acid tests produced an
indefinite haze but no distinet ring, and no coagulation oceurred on
heating even to boiling temperature.
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Two volumes of a saturated solution of common salt and a few
drops 20 per cenl. acetic acid.—A precipitate.

A few drops acetic acid and potassium ferrocyanide.—A precipitate,
not clearing on boiling.

Biuret test.—Violet reaction.

In the opalescent solution by the aleohol method the addition of
one drop 20 per cent. acetic acid produced a precipitate, soluble,
however, in excess of the acid.

2. Ribs.—By the alecohol method an opalescent fluid was obtained,
which gave a very distinet precipitate on the addition of acetic acid.
The opalescent fluid was dialysed for several days and filtered.

The clear fluid by both methods gave the following reactions:

Heat coagulation.—Slight haze at 60° C., which did not clear up on
boiling.

Nitrie and lhydrochlovie acids.—A distinct ring was obtained with
both of these reagents, which cleared up considerably on boiling,
becoming more distinet on cooling. A slight haze was produced by
adding 1 in 10 HCI to the flnid.

Acetic acid 20 per cenf.—A few drops of this produced a distinet
precipitate insoluble in excess.

Biuret test—Slight violet reaction.

The precipitate produced in the undialysed opalescent solution by
the alecohol method on the addition of acetic acid! was fused in a
silver basin with caustic soda and saltpetre; the resulting mass was
dissolved in water, acidified with nitric acid, and mixed at 60° C.
with ammonium molybdate solution. No trace of phosphoras was
found present.

3. Shaft of femur.—The extracts contained only the merest trace
of a proteid, and the only reactions which gave anything were the
ring tests,

4, Kidneys.—Slight rings were obtained with the acids, and on
boiling the fluid became opalescent.

5. Liver.—No trace of proteid was shown by any reaction by
either method.

6. Spleen.—Same result.

7. Muscle—Same result.

8. Pericardial fluid—Slight rings were obtained with the acids,
and on boiling an opalescence was produced. Acetic acid produced
no haze. The ammonium sulphate method was alone employed, as
only 45 c.c. of the fluid was examined.

9. Bile.—No trace of proteid.

! The amount of precipitate used for this test was guite sufficient for
the purpose.
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10. Blood.—55 grammes of clotted blood from the heart was
examined. This was extracted with water, and the extract exa-
mined by both methods. In neither case was the slightest trace
of proteid obtained.

Consideration of results, —From an examination of these results
it will be seen that in no organ or tissue could the presence of a
proteid identical with that found by the same methods in the urine
be demonstrated. In the case of the vertebrae and ends of the femur,
however, a proteid giving very similar veactions was obtained. It
will be noticed that the points wherein this differs most from the
typical Bence-Jones proteid are the temperature at which it coagu-
lates, and the fact that it does not clear up on boiling. It will also
be noticed that after the addition of the merest trace of acetic acid
the point of heat coagulation was the same as that in a simlarly
treated extract from urine, but whereas the urinary coagulum cleaved
up at 90° ., that of the marrow did not do so, even on boiling.

Recent work by K. Spiro,! Hammarsten,* and others shows, how-
ever, that not only does the exact point of heat coagulation vary
considerably with the dilution and composition of the fluid, but also
that re.solution of the coagulum depends to a very large extent on
the composition of the flnid in which it is suspended.” In view of
these facts it is impossible to draw any dedunctions as to the nature
of the body from a consideration of the heat-coagulation point alone,
and the mere fact that any proteid whatsoever shonld have been
obtained after the processes to which the original extract was sub-
jected shows in itself fhat some wnusual proteid existed in the tissues.

Nor could such a proteid be obtained by employing exactly the
same methods from normal red bone-marvow.

The neuntralised opalescent solution obtained by the aleohol method
gave a copious precipitate on weakly acidifying with acetic acid.
This precipitate was soluble in excess of the acid. It was easily
soluble in weak alkalies and gave the xantho-proteic and other re-
actions for proteids. This precipitate was not present in the dialy-
sate obtained by the ammoninm sulphate method. From its reactions

! Hoppe-Seyler's “ Zeit. f. phys. Chemie,” 1900, Bd, xxx, 5. 182.

* Pfliiger’s < Arch. f. d. ges. Physiologie,” 1878, Bd. xviii, 8. 65.

* It was noticed, both in the case of the urine and of the vertebral
marrow, that, on allowing the extract to stand for four weeks in a
stoppered bottle, a sediment had settled down. This was filtered off,
and the clear filtrate failed to give any reaction for proteids. The pre-
cipitate was insoluble in weak alkalies. The albumose-like body had
evidently undergone a change on standing. There was unfortunately
not sufficient material to re-investigate this fact.
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it would appear to be either an alkali-albumen or a nucleo-proteid.
To decide this question it was tested for phosphorus, with a negative
vesult. It is probable, therefore, that a certain amount of alkali-
albumen had been produced out of the aleohol coagula by boiling
with dilute ammonia. After the separation of this by neutralisation
and dialysis, a clear solution giving exactly the same reactions as
the ammonium sulphate extracts was obtained.

The extract obtained from the red-currant-jelly-like marrow found
in the shaft of the femur contained only the minutest trace of
proteid.

The only other tissue from which a proteid-containing extract
could be obtained was the kidney, and here omnly in the minutest
trace. The pericardial fluid gave rather clearer reactions than the
kidneys, a result in accordance with Ellinger's observations.

CONCLUSIONS REGARDING THE SEAT OF PRODUCTION OF
Bexnce-JoxeEs PROTEID.

The invariable, or almost invariable occurrence of hone-marrow
disease in cases of Bence-Jones albumosuria would seem to point
out the seat of production of this unusual proteid; but yet, when
one considers the enormons quantities excreted daily—15 grammes
in the above case—it is at first sight difficult to conceive how such
a source can be possible, Magnus-Levy calculates that the whole
mass of the diseased red marrow could not contain more than 100
grammes of proteid, and argunes that, in his case!® at least, where the
daily excretion in the urine often attained 36 grms., its derivation from
the bones was impossible. In support of this contention, he points
out that in those cases where the total urinary nitrogen was esti-
mated it was found that nearly 40 per cent. of this was excreted as
Bence-Jones proteid. Ina caseinvestigated by Seegelken,? however,
only about 10 per cent. of the total nitrogen was so exereted. From
a consideration of these facts, Magnus-Levy supposes that the bone-
marrow cannot be the seat of its production, bnt that it represents
a non-assimilated digestive proteid. This want of assimilation he
ascribes to the absence of some influence which the bone-marrow
normally exercises on the metabolism of proteid, but which is want-
ing when the marrow is diseased.

In the above case, however, the results point to the bone-marrow
as the seat of production, and the absence of any proteid in the

! Case No. 11 in the Summanry.

2 “Dent. Arch. f. klin. Med.,” Bd. lviii, 8. 276. (See Case No. 6 in the
Summary.)
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extract from nearly all the other tissues and organs would tend to
disprove Magnus-Levy’s theory, for were this correct we should
expect to find at least some of the unusual proteid present in those

organs (muscles, liver, ete.) where proteid metabolism is most
active.'

The body was not found in the blood, and this was probably
due to the fact that only a limited quantity was procurable for
examination. Its presence in the kidneys was to be expected,

since a certain amount of urine must still have been present in the
tubules.

SUMMARY oF THE PreseNT CAsE.

The patient, a rather fat man, aged 50, complained of
rheumatoid symptoms, commencing, so he thought, about
the end of the year 1899. About February, 1900, he
began to suffer from pains in his loins and stiffness in
the small joints of his hands. Soon afterwards the upper
part of his back began to bend, so that he always had a
stooping attitude. Previously to this illness the patient
had been strong, but as a young man had had gonorrheea
and a chancre on the penis. One of his sisters suffered
from diabetes mellitus.

The urine of the patient was found to contain the
Bence-Jones proteid. The daily amount of the urine was
about 2000 c.c., and it contained about 7V per mille of
the proteid as measured by Esbach’s albuminimeter. By
a more exact method (precipitation with alcohol, drying
and weighing) Dr. R. Hutchison found that about 15
grammes of the proteid were excreted daily. The reac-
tions of the proteid were the typical ones deseribed by
Bence-Jones, Kithne, Bradshaw, ete.

For some time the patient’s condition remained fairly
stationary, and at first, by the use of local hot baths,
massage, etc., the power of bending his fingers was

! It is certainly difficult to conceive how so much proteid could be
derived from so small a source, but still, when we take into account
other metabolic processes in the body, e. g. the oceurrence of 30 grammes

of urea in the urine and of only two grammes in the whole body, the
result does not seem so surprising.
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improved. Afterwards, however, the general weakness,
cachexia, and anemia greatly progressed, and gummatous
disease of the tongue and over one rib made its appear-
ance. Examination of the blood showed great ansmia
and slight lencocytosis. On January 25th the patient
died after copious heemorrhage from the intestines, which
post-mortem examination showed to be due to chronic
ulceration of the dnodenum. The Bence-Jones albumo-
suria persisted to the last.

At the necropsy the bone-marrow of all the bones
examined was found to be more or less affected by a
diffuse sarcoma-like growth of rounded or polyhedral
mononuclear cells—a form of “multiple myeloma’ or
“myelomatosis.”” There were no localised outgrowths
projecting from the bones, such as have been noted in
some cases of multiple myeloma, and no other parts of
the body were invaded. In fact, as the neoplasm was
strictly limited to the osseous system, no parts of it could
be regarded as metastatic. The presence in the tumour-
cells of certain granules and globules of various sizes
constituted a striking histological feature in the present
case,

Dr. R. Hutchison and Dr. J. J. R. Macleod made a
careful chemical investigation of the benes, blood, and
organs, but failed to find in any of these tissues and
organs a body giving exactly the same reactions as those
of the Bence-Jones proteid in the urine. From the
vertebrae and ends of the femur, however, they obtained
a proteid giving very similar reactions, differing somewhat
in the temperature at which it coagulates and in not being
re-dissolved on boiling. Moreover no proteid like that
they detected could be derived, by employing the same
methods, from mnormal red bone-marrow. They argue
that in the present case the bone-marrow was probably
the seat of production of the proteid excreted in the urine,
and that this proteid is not a non-assimilated digestive
proteid, as suggested by Magnus-Levy. Though the case
was complicated with syphilitic gummata, chronie ulcera-

Sm— e ———
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tion of the duodenum, and a generalised rhenmatoid
affection of the joints, it was a typical one of multiple
myeloma with Bence-Jones proteid in the urine, the
“myelopathic albumosuria ” of Dr. T. R. Bradshaw, also
called in Italy * Kahler's disease.” When the diagnosis
was first made it was probably the second case of the
kind recognised during life in England, the first one
being that of Dr. Bradshaw in 1393 (Case No. 10 in the

Summary).

Remargs on Muvrrirre Myeroma INn (GENERAL.

Multiple myeloma may be defined as a diffuse new
growth primarily involving the bone-marrow, especially
that of the vertebrwe, ribs, and sternum,' and affecting
males as or more often than females, and chiefly those
past middle age. The disease nearly always remains
limited to the osseous system, thongh by direct extension
it may form localised outgrowths projecting from the
bones. Owing to absorption of the hard osseous tissue
the bones become softened or friable, and are easily
broken. The wvertebral column and sternum are some-
times much bent, and the spinal cord may be affected by
pressure, due to the curvature of the spinal columm or to
new growth bulging into the spinal canal. Owing to the
destruction of bone-marrow the formation of blood is
impaired, and anmmia and progressive cachexia occur,
doubtless in some cases favoured by the cirenlation of a
toxic proteid. I cannot help drawing an analogy between
the bone disease, myelomatosis (i. ¢. multiple myeloma),
on the one hand, and the skin disease, mycosis fungoides,
on the other. In both cases the wtiology, as well as the

! In the present case, however, and in some other cases (see Nos. 20
and 24 in the Summary), the bones of the limbs were likewise much
affected., Dounbtless if the whole skeleton had been examined, the long
bones would have been found affected in some of the cases in which hy
the clinical symptoms the bone disease was supposed to be limited to
the ribz, sternum, and vertebral column.
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true nature of the new growth, is obscure. For both
diseases an infection theory has been propounded, making
the new growths allied to the class of infective granulo-
mata ; but at present the arguments in favour of any
such infection theory are far from convineing. In mye-
lomatosis there is a primary diffuse infiltration of the
bone-marrow of a great part of the skeleton, followed in
some cases by the formation of definite localised tumours
growing from the bones ; whilst mycosis fungoides usually
commences as a diffuse infiltration of the skin (praemycotic
stage), and the localised tumours, which give the disease
its name, begin to sprout out later on. This analogy may
perhaps turn ont to be a very superficial one, but in the
present uncertainty regarding: both diseases it is worthy
of mention. In one important point, indeed, the analogy
is imperfect. The point is that, whilst mycosis fungoides
seems to be a single definite disease (morbid entity),
different kinds of neoplasm have apparently been in-
cluded under the heading “multiple myeloma.”

Multiple myeloma is a term which has been employed
to include wvarions diffuse new growths arising in the
bone-marrow (7. e. myelogenic), and not giving rise to
definitely metastatic growths in other tissues.! After
post-mortem investigations various names have been
employed according to the histological features (and in-
dividual interpretations by observers) of the neoplasms,
and particularly of the cell-elements of which the tumours
are formed. The tumours have been regarded as simple
overgrowth of the cell-elements of the bone-marrow, or as
myelogenic sarcoma, endothelioma, perithelioma, plas-
moma, ete. In my first case® of “ multiple myeloma” 1
supposed the tumour formation to be an example of
“general lymphadenomatosis of bones.”” I have lately
been able to re-examine the growth and get sections

' See later on in regard to the lymphatie glands becoming affected in
SOme cases,

® “General Lymphadenomatosis of Bones, one form of ¢ Multiple
Myeloma,” " * Trans. Path. Soc.,’ 1897, loc. cit.




MULTIPLE MYELOMA 84

stained by special methods. Following is a short ab-
stract of the case:

The patient, E. P—, & man aged 61 years, was admitted to the
German Hospital October 17th, 1896, complaining of various pains,
resembling those often deseribed in rheumatoid arthritis. His ill-
ness was apparvently of comparatively recent onset. He was rather
emaciated, and looked older than he really was—move like a man of
80 than of 61 years. He walked very stiffly and cavefully with the aid
of a stick. There was considerable kyphosis, and this secemed to be
progressive. No organic disease could be found in the viscera, and
the urine, according to the single note entered, was free from albu-
men. The blood was unfortunately not examined. Various medi-
cines were tried, including glycerophosphates, iodide of iron, and
arsenic, but they had no obvious effect. The patient had a fair
appetite, and was free from fever; yet he seemed to get weaker and
to complain more of the pains., The bilateral pains in the sides of
the abdomen, which were usunally worse when the patient stood up,
and the inereasing lumbo-dorsal kyphosis made one think of the
possibility of malignant disease of the spinal column, of vertebral
caries, or of spondylitis deformans. The whole spinal column was
kept rigidly fixed in one position. In December pnenmonia de-
veloped and led to the patient's death on January 18th, 1897,

The neeropsy showed greyish consolidation of the bases of both
lungs. The heart presented nothing unnatural. The stomach was
abnormally dilated. The spleen was slightly enlarged and soft, and
its capsule was thickened. The liver, by macroscopical and micro-
scopical examination, appeared normal. The kidneys had undergone
n moderate degree of interstitial fibrosis, and in the cortex of one of
them calcareous granules (microscopic caleuli) were present, some
of which were in close relation to minute cystic adenomata.

All the ribs, the whole wvertebral column, the eclavicles, the
sternum, and the bones of the calvarium were examined, and were
all found to be the site of a very vasculur pulpy neoplasm, growing
from the interior outwards. The ribs were converted into delicate
tubes formed of periosteum, with only a thin, imperfect shell of
bone; they were all stuffed full of the new growth. The slightest
pressure sufficed to break them in any part. Many “ spontaneous”
fractures had ocenrred during life, and had alveady been thoroughly
united by callus. Here and there the osseous tissue had been com-
pletely absorbed, so that the new growth lay directly under the peri-
ostenm, and in some places the periostenm and bhony shell had been
bulged out by the tumour so as to form nodular enlargements on the

3
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ribs. The clavicles were somewhat less affected than the ribs,
sternum, and vertebral column. There was a certain amount of new
growth in the diploé of the cranial bones. Specimens of the new
growth from the vertebre, vibs, and diploé of the skull were miero-
scopically examined, and consisted of rather small mononuclear
cells, with none, or scarcely any substance between them. Inter-
spersed amongst the cells were small blood-vessels, with swollen-
looking, almost hyaline walls.! Examination of spicules of bone
taken from the growth seemed to show that the bone was being
absorbed by the tumour formation without undergoing any prelimi-
nary process of softening (decalcification), such as is reported to ocenr
in osteomalacia and in the absorption of the bone trabecnle in the
long hones in some cases of pernicious anamia.®

I have not yet mentioned that behind the right clavicle some
enlarged lymphatic glands were found, which the mieroscope showed
to be the site of a similar (but less vascular) growth to that of the
bone-marrow. No tumour was discovered in other lymphatic
glands or elsewhere in the body.

Recent re-examination of old sections (stained by the ordinary
methods) from the bone-marrow growth, and from the affected
glands, has confirmed the view and made it practically certain that
the growth in the glands is identical with that in the bones. The
cells of which the growth consists resemble lvmphoeytes, except
that very many of them have more protoplasm than ordinary small
lymphocytes have. The larger cells are rounded, oval, or polyhedral,
and the nucleus is often placed excentrically. Part of the sternum
was fortunately preserved in glycerine and formalin in the Museum
of the Royal College of Surgeons, and thus I have lately had an
opportunity of examining sections of the sternal portion of the
growth stained by Ehrlich’s tri-acid and by Mann's eosin-methyl-
blue combinations. These stains show that hardly any of the
cells contain granules. In fact, only one or two coarsely granular
eosinophile cells were seen in looking through the sections, and
these were probably not tumour-celle. The tumour may, therefore,
be said to conmsist of mon.granular, lymphoecyte-like cells. The
majority of these cells have more protoplasm than ordinary small
lymphoeytes have. It must be remembered, however, that in
Iymphatic lencocythemia the growths in the various organs may

! From recent examination of portions of the growth from the
sternum, I think that some of these supposed vessels are really vesicles
remaining from fat-cells.

* Cf. “On the Changes of the Bone-marrow in Pernicious Anmmia,” by
R. Muir, ‘ Journal of Pathology,’ 1804, vol. ii, p. 363, g
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If the views which I have suggested in this paper be
correct, it follows that the whoele class of leukamias and
pseudo-lenkaemias (using the German terms for convenience)
can be divided into at least the following six types, in-
dependently of intermediate forms :

(@) A new growth of lymphoeyte-like cells origimating
in the bone-marrow and not overflowing into the ecircu-
lating blood.—Myelogenic psendo-lenkamia (nsing leu-
keemia in the sense of lympho-cythemia), myelogenie lym-
pho-sarcoma, lymphadenomatosis of bones, multiple mye-
loma (myelomatosis) of the lymphatic type.

() Similar to the preceding, but the lymphocyte-like
cells overflow into the blood-stream.—Myelogenic lympho-
cytheemia. I do not know of any cases illustrating this
type, excepting cases of “acute leuksmia.” Those of
A. Dennig! and C. H. Melland,* for instance, were ex-
amples of acute lympho-cythaemia in which post mortem
practically no change was discovered in the leucocyte-
forming tissues other than the bone-marrow.,

(¢) A new growth formed in large part of lymphocyte-
like cells originating in the lymph-glands or lymphadenoid
tissues generally, and not to any great extent overflowing
into the ecirculating blood.—Lymphatic or splenic lymph-
adenoma or psendo-lenkemia (using leuksemia in the sense
of lympho-cytheemia), Hodgkin’s disease. In the more
chronic and fibrous varieties of this type the microscopic
appearances differ, of course, considerably from those in
acute cases.

(d) Similar to the preceding, but the lymphocyte-like
cells invade the blood-stream.—Lymphatic or splenic
lympho-cythaemia.

(¢) A new growth, originating in the bone-marrow, of
cells derived from the myelocytes, not invading the circu-
lating blood.—Myelogenic pseudo-leukeemia (using leu-
keerma in the sense of myelogenic or spleno-medullary

L ¢ Muenchener medicinische Wochenschrift,’ January 22nd, 1901,
No, 4, p. 140.

2 *Mediecal Chronicle,” September, 1902, p. 372.
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This tremor may be unilateral in cases of gonorrhceal
rheumatism of the wrist and hand, in which disease 1t 1s
apt to occur during the subacute or chronic stage asso-
ciated with trophic changes in the fingers and muscular
wasting,—that is, at a period when the disease often
resembles chronic tuberculosis of the wrist-joint. In con-
neetion with the tremor the negative result from examina-
tion of the nervous system in the present case is perhaps
worthy of remark, though it is what one would expect.
The syphilitic affeetion.—The gummatous disease of the
tongue and rib makes it clear that the patient really had
syphilis, although he could not remember having had a
secondary eruption. Considering how apt tertiary
syphilis is to affect the bones, it is just possible that in
this case it may have acted as an exciting canse in regard
to the tumour-formation (myelomatosis).! 1In a similar
way the irritation of the osseous changes in osteitis
deformans and chronic osteomalacia® may be supposed
sometimes to excite the development of primary bone-

! Tt is worth mentioning that in the case described by Sir H. Weber
in 1866 (‘Trans. Path. Soc.,” 1867, vol. xviii, p. 206), which would
probably now be regarded as one of multiple myeloma, the patient, a
man forty years of age, had had syphilis fourteen to sixteen years before
death, and had amyloid disease of the kidneys and spleen. The sternum,
ribs, vertebral column, and cranium were affected by a growth which
Hulke and Cayley, who reported on it, were inclined to regard as sarco-
matous. The state of the urine is not alluded to. The alteration in
shape of the sternum was so great that it caused pressure on the aorta
with physical signs simulating aneurysm.

* The occasional occurrence of primary malignant tumounrs in the
bones in cases of osteitis deformans has been recognised since Sir James
Paget’s original deseription of the disease in 1876 (‘ Med.-Chir. Trans.,’
vol. Ix). Dr. Wilhelm Schinenberger (* Virchow’s Archiv,” 1901, vol.
clxv, pp. 189—22G) gives the case of a woman aged 33 in which the
changes of osteomalacia apparently preceded the development of multiple
sarcomata (multiple fractures had also oceurred). He likewise speaks
of solitary or multiple sarcomata often developing in the late stages of
“ osteomalacia chronica deformans hypertrophica’ It may be asked,
however, whether these late forms of osteomalacia (showing a kind of
hypertrophic reaction with new bone-formation) are not identical with
osteitis deformans except for their history.
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the cases of ‘ myelopathic albumosuria” of Bradshaw,
« Kahler’s disease ’) may be at first mistaken for—
(g) Nephritis,

(a) Osteomalacia.—From the typical osteomalacia of
women multiple myeloma differs in the following respects.
The former attacks women during the child-bearing
period of life. It affects chiefly the hones of the pelvis
and lower extremities. It gives rise to great deformity
by the bending of the bones, but more rarely to “spon-
taneous ” fractures. Multiple myeloma attacks men as
often as women, or more often, and chiefly those in the
second half of life. Clinically, it appears specially to
affect the vertebral column, ribs,,and sternnm, though the
bones of the extremities have certainly been involved in
some cases, as they were in my present case. It is likely
to canse fractures of the ribs and deformity by bending
of the vertebral column and sternum ; in one case (Case
No. 20 in the Summary) “ spontaneous ” fracture of one
femur occurred, and in another (Case No. 24 in the
Summary) “ spontaneous” fractures of both femora are
recorded ; yet it does not give rise to the characteristic
deformities of osteomalacia, resulting from yielding of the
pelvis and bending of the bones of the lower extremities.
It 1s possible, however, that there may be true cases of
osteomalacia in males and in elder females, in which the
bones of the vertebral column and trunk are specially
affected.

(b) Museular vhewmatism, lumbago, sciatica, efe.—
Several cases of multiple myeloma have, at least during
part of the disease, been given such headings. The
occurrence of markedly bilateral thoracic, abdominal, or
lumbago-like pains may first direct attention to the possi-
bility of disease of the spinal column. In my first case of
multiple myeloma,' pain on both sides of the abdomen,
together with the presence of an increasing kyphosis,
pointed to grave disease of the spinal vertebre. Some-

! *Trans. Path. Soe.,” loe. cit.
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med. Wochenschrift,” December 20th, 1894, No. 51, p.
649.)

The patient was a woman aged 65, with great tender-
ness of all the bones to percussion, especially over
the sternum, ribs, lnmbar vertebrwe, and hips. After a
few weeks in the hospital she died of pnenmonia. At
the necropsy the diagnosis of the bone disease was “ senile
osteomalacia of the thorax’ and “senile osteoporosis of
humerns and femur,” but in the light of recent cases it 1s
probable that the case should be regarded as one of
multiple myeloma. The urine contained albumen as well
as Bence-Jones proteid, and the presence of chronic
interstitial nephritis as a complication was confirmed by
the post-mortem finding.

No. 6. The case of Professor Stintzing, of Jena.—
(Seegelken, ¢ Ueber Multiples Myelom und Stofiwechsel
Untersuchungen bei derselben,” ¢ Deut. Archiv fir klin.
Med.,” 1897, vol. lviii, p. 276. M. Matthes, “ Ueber
Eiweisskorper im Urine bei Osteomalacie,” ¢ Verhandl.
des XIV Congresses fiir innere Medicin,” 1896, p. 476,
R. Nenmeister, * Lehrbuch der physiol. Chemie,” 1897,
second edition, p. 804.)

The patient was a man aged 61, supposed to have
osteomalacia, admitted to Stintzing’s Clinic in September,
1895. The urine was studied by Matthes in Neumeister's
laboratory. Death occurred in July, 1896. Seegelken
termed the new prowth which was found in the bones at
the necropsy “ chondrosarcoma.” It may be noted with
reference to the case described in the present paper that
Stintzing’s patient had suffered from articular “rhen-
matism ' eight years before his fatal illness.

No. 7. Senator’s ease.—(H. Rosin, ““ Ueber einen eigen-
artigen Eiweisskorper in Harne und seine diagnostische
Bedeutung,” ‘ Berliner klin. Wochenschr.,* 1897, p. 1044.
H. Senator, “ Asthenische Lihmung, Albumosurie, und
multiple Myelome,”” ¢ Berliner klin. Wochenschr.,” 1899,
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No. 33.—Simon (¢ Amer. Journ. Med. Sei.,” June, 1902,
p. 954) wrongly cites a case reported by Karl Fwald
(“ Bin  chirnrgisch-interessanter Fall von Myelom,”
¢ Wiener klin. Wochenschrift,” 1897, p. 169). The
patient was a man aged 62. The diagnosis of myeloma
was made during life owing to the examination of part of
a growth removed from the right clavicle in April, 1894,
Death oceurred in May of the same year. No neeropsy
is recorded, and Bence-Jones proteid is not said to have
been found in the urine. The case, therefore, cannot be
accepted as an example of multiple myeloma with Bence-
Jones albumosuria, althongh Jochmann and Schumm
(* Zeitschr, f, klin. Med.,” 1902, vol. xlvi, p. 467), as well as
Simon, have referred to it as such.

No. 34.—A supposed case of Dr. Vladimir de Holstein
(‘ Semaine Médicale,” 1898, p. 206, and 1899, p. 83) is
likewise referred to by Simon (loc. ecit., p. 955), who
states that the diagnosis of “ multiple myelomatosis ” was
made during life owing to the state of the urine, and
that the diagnosis was confirmed by a subsequent
necropsy. However, on looking up Simon’s references,
I could only find a notice of Bradshaw’s case, and a short
résumé of the subject by Dr. V. de Holstein, but no new
case.

In conclusion, I must express my thanks to those who
have so kindly helped me in this account, only a small
part of which I can fairly call my own. Besides Dr. R.
Hutchison and Dr. J. J. R. Macleod, I have already
mentioned a number of those to whom I am indebted for
assistance : Professor R. Muir, of Glasgow, for his report
on the tumour tissue and for other information; Dr.
J. M. H. MacLeod and Dr. Gustav Mann, in regard to the
examination of some of the tumour-cells ; Dr. F. E. Batten,
for examination of the nervous tissues; and Dr. J. H. Drys-
dale, for examination of the blood. Mr. S. G. Shattock
has helped me very much in the pathological examination
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In November of the same year he suffered from an attack
of herpes zoster on the right side, and he noticed that he
was thirsty ; at this time he was voiding 2900 c.c. urine
in the twenty-four hours. In 1901 he complained ot
repeated attacks of pain, and what he deseribed as feelings
of “giving way ” in the bones. Tumours appeared over
one of the ribs, on the right femur, and behind the right
tonsil. There was frequent and copions epistaxis. Fxa-
mination of the blood showed a certain degree of anmmia.
Vision was impaired, and L. W. Fox found definite
ophthalmoscopic changes present: haemorrhages, and white
spots in the retina, and choked disc. The patient died
on April 22nd, 1901, but no necropsy was permifted. In
this case albumen was present in the urine together with
the Bence-Jones body. The total proteid measured 2 to
3 per mille by Esbach’s method, and the daily amount of
urine was about 2900 c.c. No tube casts were ever
detected.

Case B.—A man aged 43 years, of temperate habits,
with a family history of gout, rheumatism, and severe
headaches. He was seen for the first time by Dr. Anders
in November, 1901. One year ago he had suffered during
three weeks from acute articular rheumatism.' Three
years ago he fractured his right leg in a bieyele accident.
In January, 1901, he was thought to have nephritis, and
afterwards rapidly lost weight and strength, suffering
likewise from paing in the extremities and back, and
severe attacks resembling hemicrania. IExamination of
the blood showed deficiency in hamoglobin and red cells.
Retinal hemorrhages were detected in both eyes. The
patient died in 1902, but a necropsy could not be obtained.
In this case the daily quantity of urine was 2500 e.c., but
later on only 1875 c.e. The total proteid never exceeded
2:33 per mille by Esbach’s method ; during the last month
of life, however, it was much reduced, and a reaction for

! In regard to the question of acute rheumatism, compare the post-
wortem findings in the heart of my case J, T—,
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Farkes Weber : Multiple Myeloma.,  Flale [,

The patient, J. T—, with multiple myeloma and Bence-Jones albumosuria, to

illustrate the kyphosis (from a photograph taken in December, 1000).

Rale and Danrelsson, [0,
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Fartes Weber: Multiple Myeloma. Plate 11,

A patient with the kyphosis of spondylitis deformans (Pierre Marie's ** spondylose

rhizomélique ) for comparison with the patient J. T. and Dr, Bradshaw’s patient.

Safe and Daniefsson, Lid,
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Farkes Weber : Multiple Myeloma., HPlate £

Fig.2.

Showing colour-reaction of the granules and globules of the

tumour-cells. (por description see end of paper.)












