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Summary.-We have studied the clonogenic capacity of tumour cells in agar from 38
malignant effusions from 31 patients with epithelial tumours. Colony formation of
unfractionated cells varies considerably from patient to patient, and is positively
correlated with the percentage of tumour cells in the sample. Clonogenicity was
shown to be reduced in 8/9 cases by removal of plastic-adherent and iron-phagocytic
cells. In the ninth case, increased clonogenicity occurred after this procedure. When
the autologous adherent cells were removed from the effusion and used in reconsti-
tution experiments as an underlayer in a two-layer agar system, they were able to
reverse the effect of the initial fractionation in a dose-dependent fashion. This
indicates cellular communication based on release of a diffusible product of plastic-
adherent cells. Morphological, phagocytic and prostaglandin-synthetic analysis of
the fractions involved in the reconstitution experiments implicate the macrophage
as the operative cell in this interaction. However, an accessory role for lymphoid cells
or tumour cells themselves cannot be excluded.

HUMAN MALIGNANT EFFUSIONS contain
a complicated mixture of cell types, in-
cluding tumour cells, mesothelial cells,
lymphocytes, macrophages and granulo-
cytes (Light et al., 1973). Such effusions
have long provided biologists with con-
venient access to a cell suspension of
human tumour tissue, and a number of
epithelial tumour-cell lines have been
derived from this source. The biological
significance of the cell interactions occur-
ring in malignant effusions are, however,
relatively obscure. Tumour-lymphoreticu-
lar interaction has been studied exten-
sively from the point of view of description
and of specific cytotoxicity, both in animal
and human tumours (Holden et al., 1976;
Woodetal., 1975; Underwood, 1974; Evans,
1976). In addition, a number of reports
have pointed to the fact that under certain
circumstances there may be lympho-

reticular stimulation of tumour growth
(Norbury, 1977; Mantovani et al., 1979;
Fidler et al., 1974). Indeed, Prehn (1977)
has proposed a "lymphodependent phase
of tumor growth" and Salmon & Ham-
burger (1978) have hypothesized that
tumour growth was macrophage-depen-
dent, partly on the basis of studies of
depletion of phagocytic cells from ovarian
carcinoma effusions (Hamburger et al.,
1978). In the present study, we have
examined the stoichiometry of the cellular
interactions with the perspective that
tumours are examples of cell-renewal
systems in which the majority of the cell
popuilation is maintained by the function
of a few proliferative renewing cells (stem
cells) (Steel, 1977) and may respond to
growth stimulants or inhibitors from other
cell populations. Tumour stem cells are
considered to be critical in terms of
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determination of response to treatment
(Steel, 1977) and as such are the important
cells to study from the point of view of
putative host-cell-tumour interaction.
One approach to assessment of tumour
stem cells is the recent application of two-
layer agar techniques to the assessment of
clonogenic tumour cells (Hamburger et al.,
1978; Hamburger & Salmon, 1977; Buick
et al., 1979a). This paper describes the
application of fractionation and reconsti-
tution experiments to the study of con-
trolling influences on tumour clono-
genicity from cells derived from malignant
effusions, and provides evidence of major
interaction between reactive host cells and
the clonogenic human tumour cells.

METHODS

Patients.-Pleural or ascitic fluid (200-
8000 ml) was obtained by paracentesis into
heparinized (10 u/ml) vacuum bottles from
31 patients with histologically proven epi-
thelial cancers (17 ovarian, 8 breast, 3 colon, 1
renal, 1 oat-cell, 1 thyroid). The presence of
tumour cells in the fluid was checked by an
independent pathologist (Dr J. Davis). None
of the patients had been treated during the
4 weeks before the assay.

Cells.-Fluid was centrifuged at 600 g for
10 min and the pellet resuspended in McCoy's
5A medium containing 10% foetal calf serum.
Cells were washed twice in this medium and
counted in a haemacytometer. Viable nu-
cleated counts (trypan blue) were routinely
more than 90% (except in Patient 5, in whom
viability was less than 30%).

Adherence/phagocytic depletion.-Cells were
incubated overnight at 370C in a humidified
atmosphere of 7.5% C02 in air in 150mm
plastic dishes at a cell concentration of 106
cells/ml in McCoy's 5A containing 10% FCS
(10 ml/dish). Non-adherent cells were removed
and the adherent layer washed twice with
Snl volumes of McCoy's 5A plus 10% FCS.
The washings were pooled with the non-
adherent fraction. The washed adherent layer
was then removed by mechanical means with
a rubber policeman. In cases where the ad-
herent cells were to be used as a feeder mono-
layer, the adherence procedure was performed
in 35mm plastic dishes which were subse-
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FIG. 1. Relationship between number of
cells adherent and number of cells plated.
Effusion cells were plated at the concentra-
tions shown as described in the Methods
section. Results are expressed as mean+
s.e. of triplicate plates. (Pt 12a).

quently used for cell culture without removal
of the adherent layer. In such experiments,
adherent cell layers were prepared with serial
increases in the number of cells permitted to
adhere (104-107). As determined directly by
microscopy, the number of cells adhering in
any experiment was found to be a constant
percentage of the number of cells plated from
any one patient for the adherence procedure
(Fig. 1). In view of this linearity, experiments
were described by the number of cells plated,
not the number of adherent cells. This was
essential because of the time required for
staining and counting the adherent cells.
To remove phagocytic cells from the non-

adherent tumour-cell suspension, the non-
adherent cells were then incubated at a
concentration of 106 cells/ml in McCoy's
5A+10% FCS containing 40 mg dry-heat-
sterilized carbonyl iron/107 cells in 250ml
Falcon flasks. After an incubation at 37°CC
for 45 min in a shaking water bath, the flasks
were placed flat on a magnet and the super-
natant cells carefully decanted. These cells
were subjected to this magnetic selection
procedure until all iron and iron-laden phago-
cytic cells had been removed (usually 3 times)
as checked by microscopy. The supernatant
cells were then washed once in McCoy's
5A+10% FCS.
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Cell morphology and functional assessment.
Differential counts of cell fractions were

made on slides prepared with a Shandon
cytocentrifuge and stained by the Papani-
colaou (1954). Wiright-Giemsa and nonspecific
esterase (Yam et al., 1971) methods. In 6
cases (Pts 4, lOd, 28, 29, 30 and 31) the
macrophage component of differentials was
confirmed by assessment of latex-particle
ingestion. Cells (5 x 106/ml) were incubated at
37°C for 30 min with 1P5 x 107 polystyrene
latex beads (14101 diameter, Sigma) spread
on slides, air-dried and stained with Wright's
stain, and latex incorporation assessed micro-
scopically. Positive cells were those containing
4 or more particles. In 3 cases (Pts 9, 13 and
20), cellular capacity for prostaglandin syn-
thesis was tested: 106 cells/ml in McCoy's
5A+10% FCS wrere incubated overnight at
37°C in a humidified atmosphere of 750o CO2
and air, the supernatants collected by centri-
fugation, and prostaglandin E2 and F2a
assessed by radioimmunoassay (Sigma) (Jaffe
& Behrman, 1974).

Cell cultur-e.- A standard two-layer agar
technique was used with the enrichments
described by Hamburger & Salmon (1977).
No conditioned medium was present. Briefly,
an underlayer of 050/o agar in enriched
McCoy's 5A medium containing 10% heat-
inactivated foetal calf serum (FCS) was
prepared (1 ml in a 35mm plastic Petri dish).
These underlayers wAere in some instances
poured over an adherent monolayer of cells
on the surface of the dish. Cells to be tested
for colony formation were suspended in a
plating layer of 0-30 agar in enriched CMRL
1066 medium with 15% heat-inactivated
horse serum and routinely plated at a con-
centration of 5 x 105 cells/ml in a lml plating
layer above the feeder layer. For the studies
of indomethacin, the appropriate concentra-
tion of the agent was incorporated into the
feeder layer at the time the cultures were
initiated. Cultures Awere incubated at 37°C
in a 7.50o CO2 humidified atmosphere and
scored with an inverted microscope at 100 x
and 200 x, 10-14 days after plating. Aggre-
gates of 30 or more tumour cells were con-
sidered colonies. The neoplastic origin of the
colonies was established by cytogenetics
(Hamburger et al., 1978) immunofluorescence
(Buick et al., 1979b) and by morphological
criteria using a dried-agar-layer technique
(Salmon & Buick, 1979) with specialized
stains.

RESULTS

Clonogenicity and morphological assessment
of unfractionated cells
The results of morphological assessment

and determination of clonogenic plating
efficiency in 38 unfractionated malignant
effusions from 31 patients are shown in
Table la. All patient cell populations
except that from Pt 5 had viability (as
assessed by trypan blue exclusion) of
> 90%. The values shown for macrophage
percentage are those provided by analysis
of Wright-Geimsa- and Papanicolaou-
stained slides. Latex-particle ingestion in
6 patients provided consistently lower
values of macrophage percentage (range:
0.500, Pt 31 to 15.00%, Pt 29). On the
other hand the percentage of nonspecific
esterase-positive cells consistently over-
estimated (by 5-25%o) the number of
mnacrophages assessed by morphological
analysis. Colony formation and cloning effi-
ciency varied considerably, from 0 to 11,386
colonies/5 x 105 cells and from < 2 x 10-6,
3*2 x 10-2/tumour cell respectively. Separ-
ate analysis of ovarian (n = 20) or breast
(n = 11) carcinoma samples showed that
the two groups were not significantly
different with respect to cellular differen-
tial, or to clonogenic efficiencies (Table Ib).
The higher mean clonogenic efficiency of
ovarian effusions is due to the high
clonogenicity of one sample (Pt 21b). The
results of Spearman rank-correlation
analysis of colony formation and cloning
efficiency (CE) against each of the cell
types of the effusion are shown in Table II.
For all 37 effusions, only tumour cells
showed a significant correlation with
clonogeneity. Granulocytes or mesothelial
cells were not analysed statistically be-
cause of the large number of samples
not filtrated by these cells. When the 20
ovarian carcinoma effusions were analysed
separately, a correlation was noted be-
tween plating efficiency and tumour-cell
percentage (significant at the 10% level)
and a negative correlation between clono-
genicity and lymphoid percentage (signifi-
cant at the 5%o level).
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TABLE la.-Malignant effusion characteristics: cloning efficiency and morphological
differentials

Unfrac-
tionated
colonies/
5x105
cells
20

229
0

60
281

0
0

229
27
0

144
24

250
0

65
182
85

381
80

285
36
30
19*5
26

901
29
7.5

11,386
733
106

3
83
0
0
0

13 5
0
0*5

CE
(colonies/

106
tumour

cell)
670

3050
<17
203
1120
<19
<200
2080
540
<2
400
00

505
<2
260
1650
215
1120
239
864
176
77
122
242

2310
69
23

32000
2870
424
13

205
<100
<100
<8
270
<67
100

Differential (%)

Macro-
phage/

monocyte
7.5

15
2

12
4.5

37
12
1
2
2

16
13*5
1
1
5

16
13
29
11
0
8
2

10
13-5
2
3

22
4
17
42
12
2
8
2

11
21
8
1

Tumour
6

15
12
59
50
10-5
1

22
10
92
72
80
99
99
50
22
79
68
67
66
41
78
32
21-5
78
84
66
71
51
50
47-5
81
2
2

24
10
3
1

Lympho-
cyte/

Lympho-
blast
85
65
85 5
28
25
51*5
60
41
85
6
6
5.5
0
0
9

40
3.5
2

19
32
30
18
24
44.5
20
0
8

22
27
8

20
2

84
12
63
30
8

96

Meso-
thelial

0
0
0
1
0
1

27
36
3
0
3
0
0
0
0
0
4-5
1
0
1
0
2
2
0
0

13
0
3
0
0

14-5
14
2
0
1
0
0
0

Granulo-
cyte
1-5
5
0-5
0
15-5
0
0
0
0
0
3
1
0
0

36
22
0
0
3
1

21
0

32
24-5
0
0
4
0
5
0
6
1
4

84
1

37
81
2

* BR: breast; CO: colon OV: ovary; THY: thyroid; RE: renal; OC oat cell.

TABLE lb.-Clonogenicity and differential analysis of malignant effusions: median and
mean values

CE Tumour-cell % Macrophage % Lymphocyte %

Sample Median Mean Median Mean Median Mean Median Mean

Total(n=37) 239x 10-6 1410x 10-6 66-0 48-2 11.0 11-34 20-0 27-1
Ovarian(n=20) 239x 10-6 2130x 10-6 58-5 48-8 11-5 11-8 25-5 28-5
Breast (n= 1) 203 x 10-6 254 x 10-6 50-0 47-1 8-0 10-5 8-0 24-4

Effects of depletion of adherent and phago-
cytic macrophages on colony formation by
clonogenic tumour cells

Attempts to deplete macrophages by
first an adherence procedure and a subse-
quent magnetic depletion of phagocytic

cells, produces a loss of colony-forming
capacity and plating efficiency by the
residual tumour cells (Table III). This was
observed for all 4 types of adenocarcinoma
(ovarian, breast, renal, colon) in 8/9
patients. In only 1 case (Pt 21a) was the

Pt
1
2
3
4
5
6
7
8a
8b
9
10a
10b
lOc
10d
11
12a
12b
12c
13
14
15
16
17
18
19
20
21a
21b
22
23
24
25
26
27
28
29
30
31

Fluid
(ascites

or
pleural)
p
A
A
p
p
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
p
A
A
p
A
A
A
A
p
A
A
p
p
A
A
p
p

Tumour*
BR
CO
Ov
BR
THY
Ov
ov
CO
CO
Ov
BR
BR
BR
BR
CO
Ov
Ov
Ov
Ov
Ov
Ov
RE
Ov
Ov
Ov
Ov
Ov
Ov
Ov
BR
BR
Ov
OC
BR
Ov
Ov
BR
BR
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TABLE II.-Spearman rank correlation
coefficients of colonies/5 x 105 cells or CE
(colonies/tumour cell) with % tumour
cells, macrophages or lymphocytes

All effusions
(n = 37) Colonies/

5x 105
CE

Ovarian effusions
(n = 20) Colonies/

5x 105
CE

Tumour Macro- Lympho-
cells phages c ytes

0-61781 -0-0784 -0-3544
0-1965 - 0-0758 - 0-0090

0-62251 -0-2015 -0-5263
0-3518 -0-0691 -0-2977

1 Significant at the 1% level.

clonogenic potential of the tumour cells
increased by the depletion procedures.
The adherent fraction in all cases was
markedly reduced in colony-forming
potential and plating efficiency, as deter-
mined by resuspension and plating in the
standard tumour colony assay. The colony-
forming capacity of the non-adherent
fraction was intermediate between those of
the unfractionated and the non-adherent
non-phagocytic fractions. The results of
morphological assessment of the cell
fractions are shown in Table IV. Prosta-
glandin synthetic capacity of fractions
from 3 effusions are shown in Table V.
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Fmi. 2.-Effect of autologous adherent
macrophages on reconstituting ovarian
tumour colony formation by enriched
tumour cells in a two-layer agar system
which separates the host adherent cells
from the tumour cells with a barrier layer
of agar. Results are mean + s.e. of triplicate
plates. (Pt 12a).

Stimulation of tumour colony formation
from non-adherent non-phagocytic cells by
adherent cells

Fig. 2 shows the effect of plating a con-
stant number of macrophage-depleted

TABLE III.-Tumour colony growth (colonies/5 x 105 cells) after adherent and phagocytic
fractionation procedures on tumour cell population

Pt Unfractionated
4 60+15

(203 x 10-6)
10a 144

(400 x 10-6)
11 65+10

(260 x 10-6
12a 182+ 12

(1650 x 10-6)
12c 85+10
15 36+5

(176 x 10-6)
17 19-5+2
20 29+ 2

(69 x 10-6)
21a 7-5 +0 5

(230 x 10-6)

Adherent
0
(<6x 10-6)
14+2
(2.7 x 10-6)
12+1
(42 x 10-6)
9+1
(300 x 10-6)
0
0
(<5-0x 10-6)
0
0
(<3x 10-6)
104+1
(290x 10-6)

Non-adherent
11+1

17+1
11+1

Non-adherent
Non-phagocytic
3+1
(7 x 10-6)
12+1
(33 x 10-6)
6+0-05
(16 x 10-6)
57+5
639 x 10-6)
16+2
9+1
(30 x 10-6)
12+1
0
(<2x 10-6)
579 + 19
(1600 x 10-6)

(In parentheses, CE (colonies/tumour cell).)

{ -Unfractionated

# I

viA
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TABLE IV.-Morphological assessment of fractionated malignant effusions
Cell type (%)

Pt Fraction
4 Unf.

NA/NP
Adh.

lOa Unf.
NA/NP
Adh.

11 Unf.
NA*
Adh.

12a Unf.
NA/NP
Adh.

15 Unf.
NA/NP
Adh.

20 Unf.
NA/NP
Adh.

21a Unf.
NA/NP
Adh.

13 Unf.
NA/NP
Adh.

.9 Unf.
NA/NP
Adh.

Macrophage/ Lymphocyte/
monocyte lymphoblast

12
2

23
16
5

42
5
1

18
16
8

53
8
2

19
3
2

18
22
0

25
11
1

27
2
0

2

28
15
43
6
9
7
9

15
4

40
34
37
30
10
29
0

0

0

8
12
5

19
10
61
6
4
1

* Phagocytosis procedure not done.

ovarian adenocarcinoma cells (Pt 12a)
over underlayers containing increasing
numbers of autologous adherent cells. A
dose-dependent increase in colony forma-
tion was seen, with an optimum when 106
cells were used to prepare the adherent
layer. Physical separation of the purified
tumour cells from the feeder layer of
adherent macrophages by the agar under-
layer provided direct proof that modula-
tion of tumour growth was attributable to
diffusible factors. Increasing numbers of
adherent cells plated in excess of this
figure decreased the number of tumour
colonies. The basic pattern of reconstitu-
tion of tumour colony-forming ability was
similar for all the ovarian, breast, and
colon adenocarcinoma patients tested.
Table VI presents reconstituted data for
all 9 patients. The actual number of
adherent cells in each experiment varied

with the differing percentage of adherent
cells in each effusion fluid.
When more than optimum numbers of

adherent cells were used, there was always
inhibition of tumour colony growth.
Stimulation of colony formation could be
achieved by incorporating harvested ad-
herent cells within the underlayer (results
not shown). In one case (Pt 21a) reconsti-
tution decreased the colony formation.
Attempts to reproduce these results with

TABLE V.-Prostaglandin production by
cellsfractionatedfrom malignant effusions
(ng/ml/106 cells in 18 h)

Fraction
Unf.
NA
NA/NP
Adh.

PGE2

Pt 13 Pt 20
31-0 0 56
1-3 035
0-31 0-15

87-0 6-8

PGF200

Pt 9 Pt 13 Pt 20
9.4 20-0 0-64

3-2 0-52
2-6 2*1 0-17

13-5 >33-0 6-7

Tumour
59
82
34
72
73
51
50
73
57
22
18
6

41
60
42
84
97
63
66
86
71
67
86
11
92
96
97

Mesothelial

0

3
13
0

0

0

4
0

0

0

0

0

0

13
1

18
0

2
0

0

1
0

0

0

0

Granulocyte
0
0
0
3
0
0

36
11
17
22
40
4

21
28
10
0
0
1
4
0
0
3
1
1
0
0
0

A
t
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INDOMETHACIN (M)

FiG. 3. Effect of incorporation of indo-
methacin in (A.) the feeder layer of a recons-
titution experiment (Pt 20) or (B) in the
feeder layer of the basic system with un-
fractionated) clonogenic cells (Pts 21b
(O-@),'8a (Li), 10c (-), 13 (U)) and
effusion cells from a patient with pan-
creaticCcancer (A). (B) Points are mean of
duplicate plates and expressed as percentage
of control plates. The reconstitution
experiment (A) was conducted with a feeder
layer prepared over 3-6 x 105 adherent cells
and the plating layer containing 5 x 105
non-adherent/non-phagocytic cells.

conditioned media derived from adherent
cells have so far been unsuccessful.

Effect of indomethacin on tumour colony
growth

Fig. 3b displays log-dose response
curves for the action of indomethacin on
the clonogenic potential of 6 unfraction-
ated effusions, and Fig. 3a a similar
analysis of sensitivity of a reconstitution
experiment (Pt 20). Response occurs at
lower concentration in the reconstitution
system than in the unfractionated system.

TABLE VI.-Reconstitui
No. of cells
plated for Colonies/5

adherent layer -
Pt None 104 5 x 104
4 3 23 15
10a 12 32 22
11 6 10 10
12a 57 - 48
12c 16 12
15 9 19 -
19 12 15
20 0 0 -
21a 579 484

DISCUSSION

The experiments described here analyse
cell-cell interaction involved in the clono-
genicity of tumour cells in malignant
effusions of patients with epithelial cancer.
In the total population studied, marked
variation in clonogenicity and plating
efficiency was seen when unfractionated
cells from effusions were plated in a two-
layer agar system. Correlation analysis
(Table II) of this data with cellular
differentials indicate that colony forma-
tion is positively correlated (r= 0-6179,
P<0-01) with the percentage of tumour
cells. There is no statistically significant
correlation between cloning efficiency
(colonies/tumour cell) and the percentages
of either tumour cells, macrophages or
lymphoid cells in the malignant effusion.
Separate analysis of the 20 ovarian
effusions demonstrated a similar correla-
tion between colony formation and
tumour-cell percentage, significant at the
1% level (r = 0.6225). The negative corre-
lations between colony formation and
lymphoid-cell percentage could be
accounted for by the negative correlation
between tumour cells and lymphoid cells
(r= -0-8722, P < 0-01, n = 38).
The fractionation experiments described

in Table III provide direct evidence that
in the majority of cases adherent and
phagocytic cells are required for optimal
in vitro tumour-colony growth in 4 differ-
ent types of carcinoma. In one case, how-
ever, the reverse situation occurred.
Results in 8 patients show that the loss
in tumour-colony formation was not

ttion of colony formation

x 105 NA/NP cells plated

105 5x 105 106 5 x 106
17 11 2
30 18 16 4
15 - 12 88
45 66 125
64 - 33 -
43 - 99
39 33 10 -
6 - 12 -

256 - 242 -

107

32

4

l1

;
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attributable to depletion of clonogenic
tumour cells during the fractionation pro-
cedures, but rather to a loss of adherent
cells required for stimulation of tumour
growth through cooperative interaction.
The results of morphological analysis
(Table IV) and measurements of prosta-
glandin synthetic capacity (Table V) are
indicative of an enrichment of monocyte/
macrophages in the adherent fractions. It
is possible that other cells (polymorpho-
nuclear leucocytes and certain tumour
cells) release prostaglandins under these
conditions, and that prostaglandin release
may be altered by the adherence pro-
cedure. However, it is clear that morpho-
logical assessment alone does not com-
pletely account for the enrichments and
depletions observed functionally in the
clonogenicity and prostaglandin-synthetic
data.
To rule out the possibility that cell

death in the clonogenic fraction was con-
tributing to the result of adherence-
depletion studies, we designed reconstitu-
tion procedures which would define the
stoichiometry of the requirement for
adherent cells. When adherence/phago-
cytosis-depleted ovarian, breast or colon
adenocarcinoma cells were plated in the
upper layer of a two-layer agar system
which physically separated them from the
monolayer of adherent cells, colony growth
could be reconstituted. Dose dependency
was observed between adherent host cells
and enriched tumour cells, each patient
demonstrating increasing number of
tumour colonies with increasing number of
adherent cells until an optimum reconsti-
tution had been achieved, above which
additional adherent cells appeared in-
hibitory (Fig. 2; Table VI). Inasmuch
as no cellular contact occurred between
the adherent cells and clonogenic tumour
cells, cell-cell interaction had to be
mediated via a diffusible substance. The
optimum number of adherent cells varied
between patients. No immediate correla-
tion is apparent between patient charac-
teristics and this ratio; however, the ratio
could also be highly dependent on the

proportion of cells that survived the
adherence procedure and remained func-
tionally active on the plate. While this
appeared to vary from patient to patient,
the proportion was linear at varying cell
concentrations for any one patient (e.g.
Fig. 1). Morphological and functional
assessment of the fractions involved in the
reconstitution experiments supported the
role of the macrophage as the operative
cell in this interaction. We cannot exclude
the possibility that a subpopulation of
lymphoid, granulocytic or tumour cells
which also adhere might play an accessory
role in this growth-stimulatory process. It
is possible that tumour cells produce
colony-stimulating activity (CSA) (Okabe
et al., 1978) which has been shown to be
capable of influencing prostaglandin E
production (Kurland et al., 1979) and,
furthermore, contaminating polymorpho-
nuclear leucocytes can affect CSA by
release of lactoferrin (Broxmeyer et al.,
1978). However, it has previously been
reported that phagocytic depletion alone
(which would not remove lymphoid cells)
markedly reduces tumour-colony growth
(Hamburger et al., 1978) reinforcing the
central regulatory role of the macrophage.
Studies of unfractionated and reconsti-
tuted effusion cell populations showed
inhibition of tumour-colony growth by
addition of indomethacin (Fig. 3). Further
fractionation studies and investigations
with synthetic prostaglandins will be re-
quired to determine the relationship
between inhibition of prostaglandin syn-
thesis and inhibition of tumour-colony
formation. Such clonogenicity is undoubt-
edly based on complex growth require-
ments and thus we are reluctant to assign
a central role of macrophage-derived
prostaglandin in this process in lieu of
more definite evidence.
The data which we report here indicate

that cell cooperation between host and
tumour populations has an important role
in the determination of in vitro tumour-cell
clonogenicity. Responsibility for such
stimulatory and inhibitory effects cannot
be assigned definitely on the basis of these
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experiments although the weight of evi-
dence points to the monocyte/macrophage
series as being operative. Since the dose
response of the interaction shows stimu-
lation at certain concentrations and in-
hibition at higher levels, it is not sur-
prising that in one patient fractionation
increased clonogenicity. It can be sug-
gested that in this patient the status of
the cell interaction in the unfractionated
effusion was such that clonogenicity was
inhibited. Removal of adherent and
phagocytic cells released this inhibition.
Since no obvious difference could be seen
in the morphological differential of this
effusion, it must be assumed that the
operative stimulating and inhibiting cells
in this system are probably a functionally
active subpopulation of the morphologic-
ally recognizable cell types. Our morpho-
logical, phagocytic and prostaglandin-
synthetic analyses permit us to identify
macrophages clearly as a component of
the adherent underlayers. We have not
yet assessed the adherent lymphoid cells
to determine whether they express mar-
kers of B- or T-cell origin.
A number of investigators have re-

cently shown that macrophages can either
inhibit or promote growth of tumour cells
in vitro (e.g. Norbury, 1977; Mantovani
et al., 1979). Such analyses have been
carried out primarily on cell lines or with
transplantable animal tumours. Experi-
mental studies demonstrating inhibition
of tumour growth have frequently used
much larger ratios of macrophages to
tumour cells (e.g. 20:1 or 100:1) than we
have found in malignant effusions (Table
I). Stephens et al. (1978) have demon-
strated a requirement for tumour cells in
the development of macrophage colonies
in agar from cells derived from Lewis lung
carcinoma, and draw attention to the need
to distinguish between CFU-C and tumour
colonies in such systems. However, under
the conditions of assay employed, and cell
types involved in our study, colony forma-
tion was restricted to epithelial cells.
The analysis of controlling influences on

the primary growth of clonogenic human

tumour cells which we report suggest that
interactions between host cells and tumour
cells occur in human carcinomas, and pro-
vide supportive evidence implicating the
macrophage as a potential source of stimu-
lation to tumour growth.
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