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T HE TREATMENT OF LEUKEMIA is guided by histologic examination

of bone marrow specimens. Morphologic criteria alone may be insufficient

for determining whether therapy has produced remission of disease. For cx-

ample, in chronic myelogenous leukemia the marrow may appear mor-

phologically normal but cytogenetic examination of bone marrow samples

will show the persistence of the abnormal Philadelphia chromosome. Func-

tional criteria to distinguish between leukemic and normal myeloid cell

populations might provide a better means of evaluating response to treat-

ment. Normal human bone marrow will form colonies in soft agar culture.’

In contrast, bone marrow from patients with acute leukemia will not produce

such colonies.’ This investigation was conducted to determine whether mar-

row from patients with chemotherapeutically induced remission of leukemia

would form soft agar colonies. Its ability to do so would provide a useful

functional parameter for defining remission of disease. We report here that

bone marrow obtained from patients with acute leukemia in complete

hematologic remission will produce colonies when grown in agar.

Marrow specimens were aspirated from the posterior iliac crest. 2-3 cc. of

marrow were drawn into a syringe previously moistened with heparin, (1 cc. =

1000 U.S.P. units). The sample was immediately transferred to 20 cc. of

Tris-buffered isotonic ammonium chloride and washed several times in this

solution to remove red blood cells by hemolysis.2 5 X 10#{176}-4X 10� nucleated

bone marrow cells were obtained from aspirates in this manner. The technique

of bone marrow culture was a modification of the method of Bradley and

Metcalf.3 Bone marrow was cultured in 35 X 10-mm. plastic petri dishes

(Falcon Plastics). Human urine contains a factor capable of stimulating the

growth of mouse and human bone marrow.45 Urine from a number of pa-

tients was screened for such activity and a urine with high activity was

selected for use in these experiments. The urine was prepared and stored as

described by Robinson et al.4 Each culture dish received 0.15 cc. of the

standard urine, together with 1 cc. of culture solution containing CMRL 1066

(Grand Island Biological Co.) 0.3 per cent agar, 10 per cent pooled human

serum (Philadelphia Blood Center), and the appropriate dilution of nucleated

bone marrow cells. Dilutions over the range 2 X 10�-2 X 106 were plated
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#{176}Median values; range in parentheses.
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in triplicate. Cultures were incubated at 37#{176}Cin a moist atmosphere of 5 per

cent carbon dioxide in air.

Colonies were examined with an invertel microscope at 100 X magni-

fication. They became identifiable after 4-6 days of culture. Colonies were

observed to increase in size thereafter and were counted on days 10-12. At

that time colonies were composed of an approximately equal number of poly-

morphonuclear and mononuclear cells. A minimum aggregate of 30 cells was

taken to represent a single colony. Colonies ranged in size from 30-150 cells.

A straight-line relationship existed between the number of colonies seen and

the number of nucleated cells plated over the range 2 X 10�-2 X 106.

The results obtained from the study of patients with solid tumors and acute

leukemia are given in Table 1. Not listed in Table 1 is the finding that marrow

obtained from three additional patients in hematological leukemic relapse

failed to form soft agar colonies even with dilutions of nucleated cells up to

4 X 106. None of the patients with solid tumors had received previous radiation

or chemotherapy and malignant cells could not be seen on examination of

their marrow aspirates. They had no apparent hematologic abnormality. Mar-

row from patients with solid tumors produced a median number of 86

(range 26-410) colonies per 106 nucleated bone marrow cells. Marrow taken

from patients with acute leukemia in remission does yield colonies. This was

true for both acute myeloid and acute lymphatic leukemia. Marrow from a

Table 1.-Colony Growth in Soft Agar by Marrow from Patients with
Solid Tumors and Acute Leukemia in Remission

Patient Sex Age Diagnosis Colonies per 10#{176}
Nucleated Marrow Cells0

I. Solid Tumor
A.H. F 62 Adenocarcinoma of lung 410 (395-425)

J.J. M 50 Malignant melanoma 98 (95-101)

A.D. F 70 Malignant melanoma 26 (25-39)

R.D. F 65 Carcinoma of the breast 53 (53-53)

W.C. F 49 Malignant melanoma 50 (50-SO)

IS. F 41 Malignant melanoma 100 (97-121)

II. Acute Leukemia
SM. M 21 Acute Myelogenous

Leukemia (remission)
14 (13-21)

A.C. F 26 Acute Myelogenous

Leukemia (remission)

11 (11-11)

R.P. M 22 Acute Myelogenous
Leukemia (remission)

120 (96-143)

MC. M 38 Acute Lymphoblastic
Leukemia-lymphoblastic

transformation lympho-
sarcoma (remission)

74 (66-82)

J.F. F 26 Acute Myelogenous
Leukemia (remission)

118 (110-127)

L.S. M 19 Acute Undifferentiated
Leukemia partial
remission: blasts +0

progranulocytes-15 Per Cent

24 (17-33)
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patient with a partial remission of acute myelogenous leukemia also grew in

culture. The marrow from patients with acute leukemia in remission formed a

median number of 49 ( range 11-120 ) colonies per 10� nucleated bone marrow

cells. The number of colonies obtained from marrow aspirates in the two

groups did not, however, differ significantly ( p > 0.30) . Marrow from the

group with leukemia was obtained in each case, 10-21 days after a course

of combination maintenance chemotherapy. This may explain in part the

slightly lower number of colonies seen in this group. Colony size and mor-

phology were identical in the solid tumors and leukemia remission patients.

Our observations are consistent with the hypothesis that leukemic marrow

contains two populations of hematopoietic cells. One of these is malignant,

the other normal. Our findings are in accord with the observations of Hart and

Trujillo that two cytogenetically distinct cell populations may be present in

acute leukemia.6 One of these bears an abnormal karyotype while the other

possesses a normal one. Active leukemic disease is characterized by the pre-

dominance of the cytogenetically abnormal cell line. Chemotherapy may sup-

press this cell line and allow recovery of normal bone marrow. With active

disease, the leukemic cell population interferes in some way with the ability

of normal marrow cells to form colonies in soft agar. The normal cell popula-

tion may be too greatly diluted by the presence of an overwhelming number

of leukemic cells to allow for the detection of normal colony growth. \Vith

suppression of leukemic cells by chemotherapy, the normal cell population is

once more able to produce colonies. The ability of marrow to form myeloid

colonies in soft agar provides a functional means of distinguishing between

normal and leukemic cell lines.
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