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High colony stimulating activity in a patient with
disseminated carcinoma and neutrophil leucocytosis
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SUMMARY The case of a man with widespread bronchogenic carcinoma associated with pro-
nounced neutrophil leucocytosis is presented. There was no evidence of infection or metastatic
bone marrow infiltration. Increased levels of colony stimulating activity were shown in the
patient's serum using three methods. Findings in this patient suggest that the leukaemoid blood
picture was related to inappropriate tumour associated production of colony stimulating factors.

In 1926 the term "leukaemoid blood picture" was
used by Krumbhaar' to describe a blood count that
had some of the features of leukaemia but which
eventually turned out to be reactive. Myefoid
leukaemoid reactions both in his series and in sub-
sequent reports23 have often been associated with
bronchogenic carcinoma. More recently, Asano
et al4 have shown that a human bronchogenic car-
cinoma, when transplanted into mice, could produce
a myeloid leukaemoid reaction; they showed that
tumour growth was associated with high plasma
levels of colony stimulating activity in the recipient
mice. Kimura et a!5 have derived a cell line (KONT)
from a bronchogenic carcinoma in a patient with a
pronounced neutrophil leucocytosis; this cell line
has been shown to produce factors with human col-
ony stimulating activity.
We have investigated a patient with disseminated

bronchogenic carcinoma who had a myeloid
leukaemoid blood picture. The patient's serum con-
tained high levels of colony stimulating activity,
measured both by stimulation of human myeloid
colonies (GM-CFC) in vitro and by production of
neutrophilia on injection into neonatal mice. These
results were confirmed by the finding of a raised
serum colony stimulating factor 1 concentration,
measured by the radioreceptor method of Das et a!6.
We are unaware of any other case of colony
stimulating activity associated with a tumour that
has been measured by this assay.

Case report

A 44 year old Irishman was admitted with weight
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loss of 15 kg and one week's history of chest pain.
He was not feverish, and at no time had symptoms
or signs of infection. Results of chest x ray examina-
tion showed multiple pulmonary metastases and a
right hilar mass suggestive of a bronchial primary.
Cytological examination of mucoid sputum showed
the presence of adenocarcinoma cells. The sputum
was sterile, as were blood cultures, throat swabs, and
a mid-stream urine specimen.

Results of haematological investigation were as
follows: haemoglobin concentration 11-4 g/dl; white
blood count 53-0 x 109/1 (neutrophils 82%,
metamyelocytes 2%, lymphocytes 14%, monocytes
2%); platelet count 608 x 109/l; erythrocyte
sedimentation rate 55 mm in the first hour; and the
leukocyte alkaline phosphatase score was 195 (nor-
mal, 15-100). A bone marrow aspirate showed
hypercellular fragments with myeloid hyperplasia;
myeloblasts were less than 5% of nucleated cells.
Chromosome studies showed a normal karyotype;
specifically, the presence of a Philadelphia chromo-
some was excluded. A trephine biopsy confirmed
the myeloid hyperplasia; further, there was no evi-
dence of infiltration with carcinoma.

Renal function tests gave normal results. Liver
function tests showed a bilirubin concentration of
9,umol/l, serum aspartate transaminase 21 U/I,
alkaline phosphatase 312 U/l, and albumin 36 g/l.
The patient received combination chemotherapy

with two courses of cis-platinum, VP 16 213, and
bleomycin. Clinically and radiologically he made no
response to treatment and he died within six weeks.
Apart from the myeloid suppression resulting from
chemotherapy, there was a persistent neutrophilia
(see Figure), and at death his white cell count was
84.0 x 109/1.
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Material and methods

The patient's peripheral blood and bone marrow
GM-CFC numbers were assessed at various inter-
vals using a standard soft agar technique.7 In this, 1
x 105 Histopaque (Sigma) isolated (density
<1-077) mononuclear cells were incubated at 37°C
in a humidified atmosphere of 5% C02-air in dupli-
cate 2 ml cultures of 0 3% agar in Alphax medium
(Gibco) containing 20% selected fetal calf serum.
Placental conditioned medium (final 5% vol/vol)
was used as a standard source of colony stimulating
activity and had been previously screened for maxi-
mal stimulatory activity and the absence of
inhibitors. Clusters of less than 40 cells and colonies
of more than 40 cells were counted on days 7 and
10, respectively. Colonies were taken from the agar
on day 10, placed on glass slides, and excess agar
removed by blotting with filter paper; these were
then stained with May-Grunewald-Giemsa or dual
esterase stains,8 and colony morphology was asses-
sed.
The effect of the patient's serum (final 10% volV

vol) on normal bone marrow GM-CFC growth was
investigated as one method of determining the pres-
ence of excess amounts of colony stimulating activ-
ity in this patient. In these experiments, samples of
the patient's serum or placental conditioned
medium were compared for their ability to stimulate
GM-CFC growth in vitro from normal bone mar-
row. The morphology of colonies stimulated by
patient's serum (day 26) were also compared with
those formed in the presence of placental con-
ditioned medium, as above.
Serum colony stimulating factor 1 concentration

was measured by the radioreceptor assay method of
Das et al,6 in which test samples containing unknown
amounts of colony stimulating activity compete with
1251 labelled, purified colony stimulating factor 1 for
specific binding sites on the murine cell line, J774.
The assay specifically measures the subclass of col-
ony stimulating factor (CSF- 1) which stimulates
macrophage production, but may reflect overall col-
ony stimulating factor concentrations in a situation
in which a range of different myeloid stimulating
factors is being produced. The colony stimulating
factor 1 assays were carried out in the laboratory of
Professor R Stanley (Albert Einstein College of
Medicine of Yeshiva University, New York, USA).
The colony stimulating activity of the patient's

serum, in which maximum colony stimulating factor
1 concentrations were recorded and which stimu-
lated the greatest number of GM-CFC in vitro (day
26), was also investigated by assessing its effects on
injection into adult and neonatal mice, in an analog-
ous manner to that reported for partially purified
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human urinary colony stimulating factor by Metcalf
and Stanley.9 Samples (100 ,ul) of pooled normal or
patient's serum were injected intravenously into
adult BALB/c mice or intraperitoneally into
neonatal animals and the haematological response
(absolute granulocyte count) measured on the sub-
sequent three days.

Results

The haematological findings in the patient are
shown in the Figure and discussed in the case report.
As expected, at the time of presentation, when there
was a profound neutrophilia, there were raised con-
centrations of GM-CFC in the bone marrow (640,
d7 clusters and 412, dlO colonies per 105 bone mar-
row cells; nornikal range 50-150); in contrast to the
findings in chronic myeloid leukaemia, there was no
increase in peripheral blood GM-CFC.
Throughout the investigation, serum colony
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Effect ofthe patient's serum (day 26) on peripheral blood neutrophil count ofadult and neonatal BALBIc mice

Route Serum Absolute neutrophil count *(x109/l)

Time after administration ofserum

Day I Day 2 Day 3t

Intravenous, adult micet Normal 1-3 0-8 08
Patient's 1.7 (131%) 1-0 (125%) 3-1 (387%)

Intraperitoneal, neonatal mice§ Normal 0-9 0-8 05
Patient's 5-5 (495%) 2.4 (300%) 1-9 (380%)

*% change in parenthesis.
tMean result for five animals in each group.
t100I 1; 6-8 weeks old female mice.
§100 ,lI; 5-7 day old mice, male and female.

stimulating factor 1 concentrations were consider-
ably raised (see Figure), with a peak value of
2596 U/ml (day 26) (normal range 175 + 75 U/ml).
Samples of patient' s serum stimulated GM-CFC
formation, whereas no stimulatory activity was
found with normal serum; at the time of peak colony
stimulating factor 1 concentration (day 26), the
patient's serum stimulated the same number of col-
onies as placental conditioned medium. Although
the clone size was rather smaller, the proportion of
pure macrophage, pure granulocyte, and mixed
macrophage and granulocyte colonies was similar
with either colony stimulating activity source. Simi-
larly, the patient's serum (day 26) produced a neut-
rophilia in both adult and neonatal mice (see Table),
though the effect was more pronounced in the latter.

Discussion

We have described a patient in whom bronchogenic
carcinoma was associated with a pronounced
"leukaemoid reaction." Infection was excluded as a
cause, and the peripheral blood and bone marrow
findings made it unlikely that the leucocytosis was
due to marrow infiltration by tumour. Our investiga-
tions showed increased colony stimulating activity
throughout the course of the patient's illness; this
was estimated by three complementary methods.
We showed that the patient' s serum stimulated
myeloid colony growth and differentiation in vitro
and produced a granulocytosis in vivo on inoculation
into mice. Finally, the use of a specific colony
stimulating factor 1 radioreceptor assay6 confirmed
these findings.
There have been several previous clinical reports

on the association of a profound leucocytosis and
non-haematological malignancy. In 1951, Fahey2
suggested that in patients with lung cancer and
granulocytosis the tumour itself might produce sub-
stances capable of stimulating the bone marrow. It
was not until later that the methods required to
prove this view became available. Thus, Asano et al4

showed the effects on in vivo granulocyte produc-
tion of transplantation of a human tumour into nude
mice and showed that the development of a
leucocytosis was related to tumour growth; further-
more, they presented data showing that the tumour
produced substance(s) with colony stimulating activ-
ity in in vitro assays. More recently, a number of cell
lines derived from human tumours have been estab-
lished which appear to produce colony stimulating
activity,5 10 being active in stimulating in vitro
GM-CFC growth.

In our patient, we were unable to obtain tumour
tissue to show that it contained or produced factors
with colony stimulating activity. Thus we cannot
conclusively prove a tumour derivation of the raised
colony stimulating factor 1 concentration measured
by radioreceptor assay in this study. It is possible
that the leucocytosis was due to a secondary increase
in colony stimulating activity, emanating from nor-
mal lung tissue damaged by neoplastic infiltration,
or via factors released from the tumour which indi-
rectly stimulate normal production of colony
stimulating activity.

Further studies on patients with leucocytosis
associated with malignancy are likely to result in a
greater understanding of the normal mechanism of
regulation of granulopoiesis.
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College of Medicine of Yeshiva University, New
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