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ACID IN MYELOMA CELLS AFTER INJECTIONS OF STILBAMIDINE.
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I N CASES of multiple myeloma, treatment with stilbamidine often results in

special morphologic alterations in the bone marrow.’ Whereas myeloma cells of

untreated patients never contain basophilic granules (fig. i), after injection of

stilbamidine,* hasophilic inclusion bodies appear in the cytoplasm of the myeloma

cells of many patients. In none of the other cellular components of the marrow

have such inclusions been found. These inclusion bodies are stained deep blue with

Giemsa or Wright stain and bright red with Unna’s phenol methyl green pyronine.

In supravitally stained preparations exposed to Janus green and neutral red the

myeloma cells are seen to contain large glohules stained by neutral red.

The staining properties of these inclusion hodies-deep blue with Giemsa, deep

red with pyronine methyl green� allow certain deductions about their chemical

composition.

It has been known for many decades that the nucleoproteins of cells display

pronounced basophilia. Nucleoproteins consist of protein conjugated with nucleic

acid; the basophilia of nucleoproteins is due to the nucleic acid content. This

knowledge has been expanded in recent years and it is now realized that the haso-

philia of many cellular inclusions depends upon their nucleoprotein content.

Recently, chemical and physical methods have been made available by which

nucleoproteins can be studied in the intact cell. These methods also permit differ-

entiati()n between the desoxyrihose nucleic acid present in the nucleus and the ri-

bose nucleic acid which is present in the nucleoproteins of cytoplasm and nucleolus.

i.With Unna’s phenol methyl green pyronine solution, the ribose nucleic acid

of cytoplasm and of the nucleolus stains red, the desoxyrihose nucleic acid of the

nucleus blue green.

i. The enzyme rihonuclease which was used by Duhos� and Brachet� and later

crystallized by Kunitz7 depolymerizes rihose nucleic acid hut does not attack

desoxvrihose nucleic acid. After cells have been exposed to the action of this

enzyme, structures containing rihose nucleic acid no longer stain.

From the Second Medical Service of the Mount Sinai Hospital and the Laboratories of the Rockefeller

Institute for Medical Research.
* The stilbamidinc used in these experiments was donated by Merck & Co., Inc., Rahway, N. J.,

through the courtesy of Dr. D. F. Robertson.
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311 RIBOSE NUCLEIC ACID IN MYBLOMA CELLS

3. Lanthanum salts precipitate nucleoproteins. This fact has been used by

Caspersson, Hammarsten, and Hammarsten8 for the analysis of nucleic acids.

Caspersson9 used lanthanum salts to fix the desoxyribose nucleic acid of chromo-

somes, and recently Opie1#{176}has applied this technic to study the ribose nucleic acid

of cytoplasm and of basophilic cytoplasmic inclusions. After tissue sections have

been subjected to the action of lanthanum salts the ribose nucleic acid can no longer

be removed by ribonuclease, as proved by staining with Giemsa or with phenol

methyl green pyronine solution.

4. Nucleoproteins show a specific ultraviolet absorption. The use of the quartz

microscope has made it possible to photograph the nucleoproteins in the intact

-.�i

5.

�

Fio. i. MYELOMA CELL OF UNTREATED PATIENr. BASOPHILIC, SOMEWHAT

\ACUOLA TED PROrOPLASM. GIEMSA STAiN

and unstained cells.” As the ultraviolet absorption of nucleoprotein depends upon

the purine and pyrimidine content of nucleic acid, this method does not permit

the differentiation between ribose nucleic acid and desoxyribose nucleic acid:

both substances have the same ultraviolet absorption.

METHODS AND RESULTS

Bone marrow smears were fixed by exposure to heat at i6o degrees for io seconds.

Thereafter the smears were dipped in methyl alcohol for i minute. Different smears

were treated in the following way:

a. After fixation, smears were immersed for 15 and for 30 minutes in double-

distilled water at i8 degrees C.

b. After fixation, smears were immersed for i� and for 3C minutes in an aqueous

solution of ribonuclease* 0.04 per cent at a temperature of i8 degrees.

* We are greatly indebted to Dr. M. Kunitz, who has kindly put a generous quantity of crystalline

ribonuclease at our disposal.
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#{149}1
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Fins. 2.A AND iB. MYELOMA CELLS OF PATIENT TREATED WITH STILIIAMIDINE FOR 6 WEEKS

Fixation: 2.0 seconds at i6o#{176},followed b� i minute in methyl alcohol. Giemsa stain. Large

basophilic inclusion bodies.

c. After fixation, smears were exposed to a fifth molar lanthanum acetate

solution for 1 hours. The smears were thoroughly washed and then exposed for i�

and for 30 minutes to rihonuclease 0.04 per cent at a temperature of 18 degrees C.
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314 RIBOSE NUCLEIC ACiD SN MYELOMA CELLS

All smears were then stained with Giemsa solution. Another smear was used

as a control and was stained with Giemsa solution immediately after fixation.

The control smears stained after fixation contained many myeloma cells with

basophilic cytoplasm and deeply blue-stained inclusion bodies (figs. �A and iB).

After immersion in double distilled water at i8 degrees for 30 minutes the myeloma

cells were scarcely changed, although occasionally the hasophilia of the cytoplasm

was slightly diminished. The inclusion bodies, however, had not been touched and

stained deep blue (fig. 3).

After enzymatic digestion in ribonuclease solution the cytoplasm of practically

all the m eloma cells had disappeared. The inclusion bodies also had vanished.

Fin. 3. BONE MARROW SMEAR OF MYELOMA PATIENT TREATED WITH SEILBAM1DINE FOR 6 WEEKS

Fixation 2.0 seconds at i6o#{176}followed by i minute in methyl alcohol. Immersed for 30 minutes in double

distilled water at 2.8#{176}.Giemsa stain.

Basophilic inclusion bodies well preserved.

Here and there a myeloma cell still showed the presence of faintly stained granules

(fig. 4).

For completeness it may be added that the nucleoli of the myeloma cells were also

digested by ribonuclease. As mentioned above, nucleoli in contrast to the rest of

the nucleus contain considerable amounts of ribose nucleic acid.

When immersion in lanthanum acetate solution was followed by ribonuclease

digestion, the cytoplasm of the myeloma cells could still be stained dark blue with

Giemsa solution; the same held true for the inclusion bodies (fig. �).

It is possible to obtain comparable results if, instead of Giemsa, Unna’s phenol

pyronine methyl green solution is used. With the latter stain cytoplasm, inclusion

bodies, and nucleoli of the myeloma cells take a deep red color. However, Unna’s

stain if applied to bone marrow smears is erratic and stains the thicker part of the
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Fin. 4. Bo� MARROW SMEAR OF PATIENT WITH MULTIPLE

MYELOMA TREATED WITH STILBAMIDINE

Fixation: 2.0 seconds at i6o#{176},then i minute in methyl alcohol.

Smear immersed in ribonuclease solution (Kunitz) 0.04 per cent for 30 minutes.

Giemsa stain. Basophilia of cytoplasm and inclusion bodies completely disappeared.

#{149}

p � � .

Fio. 5. BONE MARROW SMEAR OF PATIENT WITH MULTIPLE

MYELOMA TREATED WITH STILBAMIDINE

Fixation: 2.0 seconds at i6o#{176},then i minute in methyl alcohol.

Smear immersed for 2. hours in � molar watery solution of lanthanum acetate. Then for 30 minutes in

ribonuclease solution (Kunitz) 0.04 per cent at

Giemsa stain. Basophilia of cytoplasm and inclusion bodies well preserved.
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316 RIBCSE NUCLEIC ACID IN MYELOMA CELLS

smears much more intensely than the thinner parts. The pyronine stain may, there-

fore, give rise to erroneous conclusions if used to compare the ribose nucleic acid

content of myeloma cells before and after digestion with ribonuclease.

The ribonuclease method as used for the demonstration of ribose nucleic acid in

the myeloma cells of hone marrow smears differs slightly from the methods pub-

lished recently. Up to the present time ribonuclease has been used mainly to demon-

strate the presence of ribose nucleic acid, either in solutions or in microscopic

specimens. The latter had been fixed in Zenker’s or Helly’s solution. The ribonu-

clease solution was usually allowed to act for i or more hours at temperatures rang-

ing between 37 degrees and 70 degrees; Brachet6 used i hour at 70 degrees, Davidson

and Waymouth � hours at 37 degrees, Opie1#{176}1 hours at �6 degrees, Deane’1 3

hours at 6o degrees. The bone marrow smears we studied ccnsist of a unicellular

layer, much thinner than the microscopic specimens which were used by most

authors. It is evident that under these circumstances the action of ribonuclease on

the thin bone marrow smears had to be limited to shorter periods and to lower

temperatures than are customarily used in the study of microscopic specimens.

This explains why our experiments on the influence of ribonuclease on bone marrow

smears were performed at a temperature of i8 degrees and why the time of action

was limited to 30 minutes.

The choice of a method of fixation is not of great importance. As mentioned, we

used heat and methyl alcohol, but comparable results can be obtained after fixation

of the bone marrow smears with Zenker’s fluid. Since the staining of fine cyto-

plasmic structures in these smears is occasionally unsatisfactory after the use of

Zenker’s fluid, we record only the results obtained with smears fixed by heat and

methyl alcohol.

We had occasion, however, to examine microscopic sections of the bone marrow

of one myeloma patient who had been treated with stilbamidine and who died of

of thrombopenic purpura. Phenol methyl green pyronine solution stained the cyto-

plasm of the myeloma cells a vivid red, and in addition revealed the presence of

groups of deeply red stained granules in and around the myeloma cells. After pre-

liminary immersion of the specimens in 0.01 per cent ribonuclease solution for i

hours at 40 degrees neither the cytoplasm of the myeloma cells nor the granules

stained with pyronine.*

We found it advisable to dissolve the ribonuclease in twice-distilled water and

not in a buffer as has been done by most of the other workers. In our experience

the ribose nucleic acid of the myeloma cells and of the inclusion bodies present in

bone marrow smears dissolves much more easily in a buffer of pH 6.75 to 7.4 than in

twice-distilled water.

It is evident that the removal of the basophilic clumps of the myeloma cells from

bone marrow smears and bone marrow sections under the influence of ribonuclease

makes it highly probable that these inclusion bodies contain ribose nucleic acid.

Ultraviolet microscopy was used to confirm the results obtained with ribo-

* These microscopic specimens of the bone marrow were prepared and stained by Dr. P. Klempcrer of

the Mount Sinai Hospital. We gladly take this occasion to thank Dr. Klemperer for his continuous

interest and support.
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nuclease because ribose nucleic acid absorbs ultraviolet radiation of i,6oc A. Bone

marrow smears were prepared on quartz slides and were fixed in methyl alcohol.

Photomicrographs of these smears were made with a quartz microscope using a

light source which emitted ultraviolet light of a,6oc A. In these photomicrographs

the myeloma cells contained large black granules (fig. 6). The fact that in the in-

clusion bodies of the myeloma cells a substance with a specific ultraviolet absorp-

tion of i,6oo A. can be revealed confirms the results obtained with ribonuclease.

This finding, in conjunction with the results of the other methods mentioned

above, provides strong evidence for the presence of ribose nucleic acid in the in-

clusion bodies of the myeloma cells. This does not necessarily mean that these in-

clusion bodies consist exclusively of ribose nucleic acid or of ribose nucleoprotein.
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FIG. 6. PHOTOGRAPHS TAKEN WITH QUARTZ MicRoscoPE OF Bo� MARROW SMEARS

OF MYELOMA PATIENT TREATED WITH STILBAMIDINE

Light source 2.,6co A. Bone marrow smeared on quartz slide. Myeloma cells showing inclusion bodies.

At the same time it has been possible to demonstrate that after treatment of

myeloma patients with stilbamidine this drug is present in the myeloma tissue.

The myeloma tissue was obtained at the autopsy of a patient who died after she

had received a total of 5,175 milligrams of stilbamidine in the course of six weeks.

The last stilbamidine injection had been administered eight days before death.

For the determination of stilbamidine in the myeloma tissue an extract of the

tumor mass was prepared by emulsifying it in 10 cc. of 0.9 per cent NaCl. After

centrifugation the sediment was washed twice with io cc. of 0.9 per cent NaCl.

This washed sediment was suspended in io cc. of 0.9 per cent NaCl and subjected

to a final slow centrifugation.* The supernatant fluid of this fraction was analyzed.

* We are greatly indebted to Dr. G. Shwartzman of the Mount Sinai Hospital for his willingness to

prepare these extracts of the myeloma tissue under adequate bacteriologic controls.
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318 RIBOSE NUCLEIC ACID IN MYELOMA CELLS

The detailed procedure was as follows:

The myeloma tissue was mixed with io,ooo units of penicillin and kept for i hour

at 370 C. Cultures showed the presence of gram-negative organisms which did not

grow out in subcultures.

The mixture was then kept for ii days in the deep freeze. It was thawed and the

penicillin was removed. The myeloma tissue was ground in a mortar over dry ice

and the emulsion suspended in 10 cc. of 0.9 per cent NaCl. This suspension was

placed for i� hours in the deep freeze, then thawed and centrifuged at 3 ,ooo R.P.M.

for 10 minutes. The supernatant fluid A was saved in the refrigerator.
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Fin. 7. ULTRAVIOLET ABSORPTION CURVE OF AN AQUEOUS

SOLUTiON OF STILBAMIDINE COPrrAINING 0.007 MG. PER Cc.

Point marked #{149}represents the extinction coefficient at maximal wave-length of a solution containing

0.0035 mg. per cc. -

Wave-length in A. U.

The sediment was transferred to a mortar, ground over dry ice, and suspended

in 10 cc. of o.� per cent NaCl. To this suspension the supernatant fluid A was added

and the pooled specimen was centrifuged for io minutes at x,ooo R.P.M. The super-

natant fluid was separated and the sediment again suspended in io cc. of 0.9 per

cent NaC1. It was kept for i hour in the refrigerator and then centrifuged for ic

minutes at 1,000 R.P.M.

The sediment obtained was kept for 1 months in the deep freeze and then sus-

pended in 10 cc. of 0.9 per cent NaCl solution, centrifuged at i,ooo R.P.M. for io

minutes, and the supernatant fluid was used for the analysis.

The presence of appreciable quantities of stilbamidine in this extract was ap-

parent because examination with ultraviolet light showed the presence of a strong
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blue fluorescence. This blue fluorescence is one of the characteristics of stilbamidine

solutions and is used for the determination of this substance in biologic fluids.’3

This result was checked by spectrophotometric analysis of the extract.

GoodwinU has investigated the ultraviolet absorption of stilbamidine. In his

report the absorption curve shows maximum absorption at 3,2.50 A., but in a table

an absorption maximum of 3,09C A. is given. We have redetermined the ultraviolet

absorption of stilbamidine solutions and found the maximal absorption to be at

3,190 A. (fig. �). The extinction coefficient at this wave-length is 0.498 for a solu-
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FIG. S. ULTRAVIOLET ABSORPTION CURVE OF A SALINE EXTRACT OF MYELOMA TIssuE

Wave-length in A. U.

tion containing 0.007 mg. per cc. Beer’s law does not hold, for a solution containing

0.0035 mg. per cc. of stilbamidine has an extinction coefficient of 0.330 (fig. 7).

Spectrophotometric analysis of the extract obtained after storage in the deep

freeze shows intense absorption at i,6oo A. due to nucleic acid and absorption at

3,2.00 A. due to the presence of appreciable quantities of stilbamidine (fig. 8). For

spectrophotometric determinations i part of this extract was diluted with 46 parts

of saline. From the extinction coefficient (0.82.4) at 1,600 A. the concentration of

nucleic acid and nucleotides can be computed. A nucleic acid solution containing

c.i mg. per cc. has an extinction coefficient of 1.1 at i,6oo A. The undiluted extract

accordingly contains 1.7 mg. of nucleic acid per cc. To estimate the quantity of

stilbamidine present the extinction coefficient at 3,2.00 A. was determined in a

solution of the extract diluted with 7 parts of saline. From this value, 0.42.0, it is

computed that the undiluted extract contains 0.037 mg. of stilbamidine per CC.
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310 RIBOSE NUCLEIC ACID iN MYELOMA CELLS

This value may be too low, for stilbamidine is unstable, hut at all events the

amount of stilbamidine compared to the amount of nucleic acid is very low.

DISCUSSION

From these results it may be concluded that not only the cytoplasm of the

myeloma cells hut also the basophilic inclusion bodies which develop in the mye-

loma cells under influence of stilbamidine contain considerable quantities of ribose

nucleic acid. In addition, there is evidence that stilbamidine is deposited in the

myeloma tissue.

In recent years evidence has been collected which supports the hypothesis that

nucleoproteins regulate the formation of protein by cells. Cells which are engaged

in rapid protein synthesis are especially rich in basophilic nucleoproteins. This can

be demonstrated in cells from different organs with widely different physiologic

functions such as the cells of the serozymogenic glands of the digestive system,

the liver, the lymphocytes, the nerve cells, the placenta, and certain elements of

the endocrine glands. Any change in the rate of the protein formation in one of

these cells is accompanied by differences in the amount or distribution of the cyto-

plasmic basophilia.

Thorell and his associates demonstrated that the cytoplasm of myeloma cells is

rich in ribose nucleic acid and also stressed the active synthesis of protein in mye-

loma cells.’7

Since various kinds of proteins are elaborated by different cells, the corresponding

nucleoproteins which regulate the formation of protein must also differ. In this

Connection the conception that globulins and Bence-Jones protein are manufactured

within the myeloma cells becomes important. If the nucleoproteins of myeloma

Cells elaborate the abnormal globulins and the Bence-Jones protein, they should be

different from the nucleoproteins of all other body cells.

Kopac’8 has suggested that stilbamidine may dissociate nucleoproteins, and

he has shown that stilbamidine can in fact dissociate a protamine-ribonucleate

complex. Kopac states that “in all probability the property of a compound to

dissociate protamine-ribonucleate is dependent on its ability to denature the

protein moiety.” There is no need to suppose that “denaturation” is required to

displace protamine from its combination with nucleic acid. It is true that stilbami-

dine combines with desoxyribose nucleic acid, forming a fibrous precipitate, as

would be expected from the presence of amidine groups in stilbamidine. It has al-

ready been found that protamine which has a great affinity for nucleic acid is able

to displace histone from its combination with nucleic acid in isolated nuclei and

chromosomes.’9 In this experiment one base displaces another from a salt-like

linkage. We found that when stilbamidine is added to isolated nuclei, histone is

displaced. Arginine and some other amidines, on the other hand, are unable to

displace histone. The ability of protamine and stilbamidine to displace histone

depends upon the relative affinities of these substances for nucleic acid. As men-

tioned above, there is reason to believe that the nucleoproteins of the myeloma cells

differ from the nucleoproteins of other body cells. Thus it seemed possible that the

protein of the nucleoprotein in myeloma cells is more readily displaced by stilbam-
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idine than is the protein of other nucleoproteins. Experiments like those on the

displacement of histone by protamine and stilbamidine should be done on the

nucleoproteins of myeloma cells and other cells. In this way, the observation that

stilbamidine influences the course of multiple myeloma but has no influence upon

other proliferative diseases of the blood-forming organs or neoplasms can perhaps

be explained.’0”

SUMMARY

The cytoplasm of myeloma cells is rich in ribose nucleic acid. The basophilic

inclusion bodies which develop in myeloma cells under the influence of stilbamidine

contain ribose nucleic acid. The myeloma tissue of patients treated with stil-

bamidine contains appreciable amounts of stilbamidine.

There is reason to believe that the nucleoproteins of myeloma cells differ from the

nucleoproteins of other cells. This could explain why stilbamidine reacts with the

nucleoproteins of myeloma cells only, and not with the nucleoproteins of other

cells.
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