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IN ACUTE leukaemia, mature granulo-
cytes are usually reduced in peripheral
blood and bone marrow. In such cases
it could be considered that normal
haemopoietic stem cells are merely re-
placed by leukaemic cells in haemopoietic
organs or that normal haemopoietic stem
cells are suppressed by leukaemic cells
through such mechanisms as cell-to-cell
interaction, humoral factors produced by
leukaemic cells and so on.

Therefore, we wished to check the
effects of leukaemic cells on non-leukaemic
bone marrow cells when the two were
cultured by the soft agar culture technique.
Suppressive effects of leukaemic cells
on non-leukaemic marrow cell colony
formation were clearly observed.

MATERIALS AND MAIETHODS
-Ten non-leukaemic subjects with various

haematological disorders together with 3
patients with acute leukaemia, as shown in
Tables I and II, were the subjects of this
study. The non-leukaemic patients did not
show any serious disorders of haemopoiesis.
The bone marrow of the patients with
acute leukaemia was highly infiltrated with
leukaemic cells and no specific chemo-
therapy had been used at the time of bone
marrow puncture.

The culture method used was a modifica-
tion of that described by Pike and Robinson
(1970). Feeder layers of peripheral white

blood cells collected from normal individuals
were allowed to sediment by standing at
room temperature for 45-60 min. The
plasma, containing white blood cells, was
removed and mixed with human AB type
serum obtained from a normal volunteer
to a final serum concentration of 15°o
together writh McCoy's 5A medium fortified
with a mixture of vitamins and amino acids
(Nissui Co., Tokyo). To this mixture was
added liquefied 3%o agar to give' a final
concentration of 0-5%. One ml aliquots
containing 1 x 106 white blood cells were
placed in 35 x 10 mm plastic Petri dishes
(Falcon Plastics).

The bone marrow cells for the upper
layer w-ere obtained by sternal puncture
and were washed twice with NCTC 109
solution (Difco). The red blood cells wmere
removed by hypotonic lysis with distilled
water for 2 min (Harris and Freireich,
1970). This sample was returned to normal
osmotic pressure using double-strength Mc-
Coy's 5A solution, was then washed with
fortified McCoy's 5A medium and implanted
in the soft agar layer. After the medium
had solidified at room temperature, the
cultures were incubated at 37°C in a humidi-
fied incubator with a constant flow of 7%
CO2 in air. The numbers of colonies wrere
counted on Day 9 of culture. Clearly
independent groups of cells containing more
than 20 cells were counted as colonies.
The groups consisted of compact, dispersed
and mixed types of colonies, which pre-
dominantly contained neutrophils, mono-
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nuclear cells and a mixture of both, respec-
tively, as described by other authors (Ichi-
kawa, 1969). After microscopical deter-
mination of colony type, cytological observa-
tions of colonies were made using the method
described by Testa (Testa and Lord, 1970).

In order to study the effect of leukaemic
cells on the colony formation of normal
bone marrow cells, we placed cells in the
upper layers of agar cultures as shown in
Tables I and II; (1) 2 x 105 non-leukaemic
bone marrow cells, (2) 2 x 105 leukaemic
bone marrow cells, (3) 2 x 105 non-leukaemic
bone marrow cells plus 2 x 104 bone marrow
cells from patients with acute leukaemia or
2 x 104 bone marrow cells from other
non-leukaemic patients, and (4) 2 x 105
non-leukaemic bone marrow cells to which
were added 2 x 104 cells taken from patients
with acute leukaemia or from non-leukaemic
patients, and which had been frozen and
thawed 3 times before addition to the
non-leukaemic cells.

RESULTS

Tables I and II summarize the numbers
of colonies formed after 9 days of culture.

By our method, haematologically nor-
mal human bone marrow plated at
2 X 105 cells gave rise to 16-4 ± 2-4
colonies. The number of colonies was
found to be linearly related to the number
of marrow cells added to the culture
over a range from 3 x 104 to 6 x 105
nucleated cells per dish. Bone marrow

cells obtained from patients with acute
leukaemia showed poor colony forming
activity, except for case Y.W. Bone
marrow cells obtained from non-leukaemic
patients formed colonies at various fre-
quencies, as shown in Tables I and II.

When 2 x 105 non-leukaemic bone
marrow cells were cultured with 2 X 104
leukaemic bone marrow cells, colony
forming activity was significantly less
than that of the control culture with
2 x 105 non-leukaemic bone marrow cells
alone. The activity was further de-
creased when the number of added
leukaemic bone marrow cells was increased
to 1 X 105 cells (Table I, case H.K.).
It seems that the degree of the reduction
was not strictly proportional to the
numbers of the added leukaemic cells.
On the other hand, when 2 X 105 non-
leukaemic bone marrow cells were cultured
with 2 X 104 non-leukaemic bone marrow
cells from other patients with various
haematological disorders, the number of
colonies formed increased, roughly cor-
responding to the numbers of added
non-leukaemic bone marrow cells (Table
II). Thus, the number of colonies formed
in dishes cultured with leukaemic cells
was significantly smaller than that in
dishes cultured with non-leukaemic con-
trol cells.

The suppression of colony formation

TABLE I.-Cultured Bone Marrow Cells
Non-leukaemic cells

Name Diagnosis
I.O. Aplastic anaemia

in remission

T.M. Cyclic
neutropenia

H.K. Post-gastrectomy
anaemia

No. of
cells
0

2 x 105
2 x 105

0
2x 105
2 x105

0
2 x 105
2 x 105
2 x105
2x 105

Leukaemic cells
11

A

No. of
Name Diagnosis cells
A.S. ALL 2X 105

0
2 x104

Y.W. AL 2x105

S.T.
2 x 104

AML 2 x 105
0

2 x 104
1 X 105
2 x 104*

No. of
colonies
per dish
3*3±2 0
68-2±5-6
41 0±6-0
27*543-9
318-0±24*5
229-5±17 *6

0 3±0 5
148-0±14-0
111 *0+13-1
95-5±10-8
91 0±16-8

Signifi-
0 Sur- cancet
vivorsl (P)

60 <0*01

72 <0-01

74
64
61

<0-01
<0*01
<0-01

* Cells were frozen and thawed before culture.
t Compared with colonies in cultures of non-leukaemia cells alone.
Number of colonies produced by non-leukaemic plus leukaemic cells x 100.

Number of colonies produced by non-leukaemic cells alone
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TABLE II.-Cultured Bone Marrow Cells
Cultured bone marrow cells

t- A
A

Non-leukaemic cells

No. of
Name Diagnosis cells
K.F. Post-gastrectomy 2 x 105

anaemia 2 x 105
Y.S. Neutropenia 0

2 x 105
2 x 105

T.S. Aplastic anaemia 0
in remission 2 x 105

2 x 105
T.S. Aplastic anaemia 0

in remission 2 x 105
2 x 105

H.M. Iron deficiency 0
anaemia 2 x 105

2x 105
2 x 105

H.S. Rheumatoid 0
arthritis 2 x 105

2 x 105
2 x 105

Supplemented marrow cells

No. of
Name Diagnosis cells
S.S. Post-gastrectomv 0

anaemia 2 x 104
K.N. Brain tumour 2 x 105

0
2x 104

K.N. Brain tumour 2x 105
0

2 x 104
Y.S. Neutropaenia 2 x 105

0
2x 104

H.S. Rheumatoid 2 x 105
arthritis 0

2x 104
2 x 104

H.M. Iron deficiency 2 x 105
anaemia 0

2x 104
2x 104*

No. of
colonies
per dish

51 8±5-5
56 5±5 1
19-7±2 -6
44-2±5-6
53 -2±5 -5
19-7±2-6
21*2±4*0
26 -7±2 -9
44-2±5-6
21 -2±4-0
33-6±4-8
22 -5±2 -4
17 - 8±2 - 6
21 0±1-4
20-0±3 -3
17-8±2-6
22 -5±2 -4
25 -2±3 -4
25 - 3±1 -5

Signifi-
% Sur- cance§
vivorst (P)

110 <0.01

120 <0 05

120 NSt

162 <0-01

118
112

112
112

NSt
NSt

NSt
NSt

* Cells were frozen and thawed before culture.
t Not significant.
Number of colonies produced by non-leukaemic cells plus supplemented cells

x I00.
Number of colonies produced by control cells alone

§ Compared with cultures not supplemented with cells from another culture.

was also observed when leukaemic cells
which had been frozen and thawed were
added (case H.K. plus S.T., Table I). On
the contrary, there was a slight increase
in numbers of colonies when the non-
leukaemic cells which had been frozen
and thawed were added to the culture.

DISCUSSION

In the present study, bone marrow
specimens taken from all the cases of
acute leukaemia were intensively infil-
trated with leukaemic cells. Blastic cells
accounted for more than 90% of the
total bone marrow cells.

In our system, the bone marrow cells
obtained from normal subjects showed
less colony-forming activity than cells
described by other authors (Iscove et
al., 1971; Greenberg and Schrier, 1973).
This may be due to the use of normal
human serum in the culture medium
instead of foetal calf serum and also to

the use of hypotonic lysis to remove red
blood cells.

The number of colonies formed was
variable in cases of non-leukaemic patients
suffering from different disorders. Poor
colony forming activity in acute leukaemia
has been reported by many authors
(Senn, McCulloch and Till, 1967; Green-
berg, Nichols and Schrier, 1971; Duttera
et al., 1973), although serum colony-
stimulating activity seemed to be high
in some patients with leukaemia (Metcalf
and Stanley, 1969). In the present study,
when leukaemic bone marrow cells were
added to non-leukaemic bone marrow
cells, colony formation was significantly
suppressed. This suppression may be
due to consumption of the medium by
the coexisting leukaemic cells. However,
when non-leukaemic bone marrow cells
instead of leukaemic ones were added to
control cultures, the number of colonies
increased, roughly corresponding to the
number of supplemented cells. Further,
the number of colonies formed in cultures
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fronm normal subjects was linearly related
to the number of bone marrow cells
plated in the range between 3 x 104 to
6 x 105. These observations suggest that
in cases of acute leukaemia, low colony-
forming activity is not simply due to
consumption of the me(lium by leukaemic
cells but to some more specific suppressive
effects by leukaemic cells. For example,
there could be a cell-to-cell interaction
between leukaemic cells and normal
haemopoietic stem cells. Humoral factors
produced by leukaemic cells might also
be a possible factor. In our preliminary
experiments, a suppressive effect was
observed even when the leukaemic cells
were frozen and thawed before culture
(case H.K. plus S.T.). On the other
hand, suppression was not observed when
non-leukaemic cells that had been frozen
and thawed were added. Recenitly, a
suppressive effect of the serum from
acute leukaemia cases has been reported
(Mintz and Sachs, 1973). This may
support the latter possibility. The sup-
pression by the leukaemic cells did not
correspond linearly to the number of
added leukaemic cells, and this observa-
tion should be examined further.

Whether this kind of suppression is
specific to the graniular series remains
unknown. Preliminary experiments, how-
ever, showed that the response of bone
marrowx cells to erythropoietin in vitro
was also suppressed by leukaemic bone
marrow cells, though the degree of sup-
pression was smaller than that of colony

formationi. These results require more
detailed examination usinig larger numbers
of cases of the disease to elucidate the
range of the colony forming suppression,
and the mode of action of the leukaemic
cells in bringing about the suppression.
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