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Summary.-Cell culture abnormalities are found in acute leukaemia and pre-
leukaemic states. Studies on bone marrow cells and peripheral leucocytes of 4
patients with idiopathic acquired sideroblastic anaemia showed patterns in cell
culture similar to those reported in acute leukaemia: 2 of these patients later de-
veloped leukaemia. Other patients with idiopathic, secopdary or congenital sidero-
blastosis showed no such cell culture abnormalities, and none developed leukaemia.
Studies such as this suggest that cell culture methods detect altered cellular function
preceding overt leukaemia and that these abnormal findings may be helpful in
the evaluation of patient groups with an increased incidence of leukaemia.

STUDIES of leukaemic cells in cultures
have revealed a variety of abnormalities;
these include changes in the number
and proliferative response of granulo-
poietic progenitors (Senn, McCulloch and
Till, 1967; Metcalf et al., 1972; Moore et
al., 1974; Curtis et al., 1975), a reduction
in the number of species of molecules
capable of stimulating granulopoiesis in
culture (Price et al., 1975a) and the
release of leukoviruses (Gallagher and
Gallo, 1975) or leukovirus-like particles
(Mak et al., 1974, 1975a; Vosika et al.,
1975). The finding of these abnormalities
has led to a search for similar changes in
conditions with a high probability of
becoming leukaemic; abnormalities have
been found in colony formation (Green-
berg, Nichols and Schrier, 1971; Senn and
Pinkerton, 1972) and maturation in cul-
cure (Golde and Cline, 1973). Recently,
Vosika et al. (1975) have described the
release of an enzyme with characteristics

associated with the reverse transcriptase
of leukoviruses from cells of a patient who
later developed leukaemia.

In the present paper cell culture
methods have been applied to the study
of patients with sideroblastic anaemia
(Moore, 1972), a disorder identified by
the presence of excess perinuclear iron in
developing erythroblasts. The disorder
is heterogeneous; hereditary (HSA), secon-
dary (SSA) and idiopathic acquired (IASA)
forms are recognized. Sideroblastosis may
also develop in the course of various
malignant myeloproliferative diseases, in-
cluding polycythemia rubra vera and
myelosclerosis. Patients with idiopathic
acquired sideroblastic anaemia (IASA)
have an increased incidence of leukaemia
(Bjorkman, 1956; Dameshek, 1965;
Moore, 1972); the hereditary and second-
ary forms of the disorder do not share
this risk and accordingly serve as suitable
controls for studies designed to identify
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cell culture abnormalities in patients with
IASA.

Our findings on a limited number
of patients are consistent with the view
that abnormalities in release both of
proteins capable of stimulating granulo-
poiesis in culture (CSA), and of particles
containing an RNA-dependent DNA
polymerase (reverse transcriptase) occur
in cultures of marrow cells of some
patients with IASA. Such abnormalities
are not found in patients with hereditary
or secondary sideroblastic anaemia.

MATERIALS AND METHODS

Clinical data.-Ten patients with sidero-
blastic anaemia were studied. Six patients
had IASA, 3 patients had SSA and 1 patient
has HSA. The patients with IASA were
aged 70-82 years. Anaemia present in each
case was resistant to usual haematinic
therapy, including pyridoxine. In addition
to anaemia, at presentation one patient
showed thrombocytopenia and another show-
ed granulocytopenia. These 2 patients later
developed acute leukaemia.

The patients with SSA suffered from
alcoholism, chronic pancreatitis and malig-
nant lymphoma. The patient with HSA

was 42 years old and her father also had
refractory anaemia; both responded to
pyridoxine.

Peripheral blood and bone marrow find-
ings are shown (Table I).

Collection of blood and bone marrow.
Peripheral blood and bone marrow were
obtained as previously described, using
preservative-free heparin as an anticoagu-
lant. Normal peripheral blood was obtained
from informed volunteers. Nucleated cells
were obtained from either source by sedi-
mentation in the presence of methyl cellulose
as previously described (Iscove et al., 1971).

Preparation of leucocyte-conditioned media
with colony stimulating activity.-Leucocyte-
conditioned medium was prepared by the
method of Iscove et al. (1971). In this
method, normal peripheral leucocytes, im-
mobilized in agar, add protein capable of
stimulating granulopoietic colony formation
(CSA) to culture media (20% foetal calf
serum in ox medium) layered over the cell-
containing agar layer.

Assays for the components of granulo-
poietic colony formation in culture.-Colonies
containing 20-1000 mature and maturing
granulocytes develop in cultures consisting
of 0.8% methyl cellulose, 20% FCS in a
medium and appropriate concentrations of
CSA (Iscove et al., 1971). The assay for

TABLE I.-Peripheral Blood and Bone Marrow Findings
Peripheral blood

Hb Platelets Granulocytes
g % x 103 x 1030 ,V

8 6
9 0
5-8
6*6
6*3
6-2
8-0
7-5

10-1
10-2
8-7
9-6
9 3

11 -4
8-6

12-9
12-2

85
40

380
300
145
115
350
180
175
170
495
310
290
260
145
150
290

2 3
1-2 +
1 -3
1-5
0 9
1 7
3 0
2-8
3-2
5-2
2-9
3-4
5-3
6-8
3 0
6-5
3-7

Bone marrow

% Ring %
Sideroblasts Myeloblasts

28 0-8
8 11-Ot

30 0-6
24 0*9
24 5 0
12-5 11.6t
10 0 7
22 1-7
25 1-5
20 1.0
34 1-5
12 4-0
20 3 0
21 1.1
14 2-3
2 1-7
9 1.1

AL-Acute leukaemia; HSA hereditary sideroblastic anaemia; IASA-idiopathic acquired sidero-
blastic anaemia; SSA-secondary sideroblastic anaemia.

* Time represents months from initial presentation.
+ Plus 26 myeloblasts.
t C.W. and H.S. went on to develop over 50% marrow myelohlasts, and both died of acute leukaemia.

Time*
(months)

5

4
11
14

9

2
S

Diagnosis
IASA
AL
IASA

AL
IASA
IASA
IASA

IASA

SSA
SSA
SSA
HSA

Patient
C.W.

H.S.

S.A.
W.A.
G.M.

V.M.

I.L.
C.K.
V.F.
K.P.
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granulopoietic progenitor cells (CFU-C) is
based on the linear relationship between
colony formation and the number ofnucleated
cells originally added to the plate. To assay
CSA, non-adherent bone marrow cells are
obtained after 2 adherence cycles as described
by Messner, Till and McCulloch (1973).
Such non-adherent cell preparations yield
few or no colonies in the absence of added
stimulator but a linear increase in colony
formation is observed with increasing con-
centration of CSA. For certain purified
preparations, colony formation is inhibited
at excess concentrations of CSA (Price,
McCulloch and Till, 1973).

Purification of colony stimulating activity
from leucocyte conditioned media.-Colony
stimulating activity was purified from media
conditioned by peripheral leucocytes as
described previously (Price et al., 1975a).
When the starting material is media condi-
tioned by normal leucocytes, Sephadex
G-150 column filtration of semi-purified CSA
discloses 3 apparent peaks of activity, of
molecular weights of approximately 90,000,
35,000 and 15,000 (Price et al., 1975a).
When the starting material is media condi-
tioned by leucocytes from patients with
leukaemia in relapse, assays of similar
fractions show only one apparent peak of
colony stimulating activity (Price et al.,
1975a).

Assay for release of virus-like particles
in culture.-The procedure for detecting the
release of virus-like particles in cultures of
human marrow has been described (Mak et
al., 1974). Medium from cultures containing
5 x 106 nucleated leukaemic marrow cells/ml
and supplemented with medium conditioned
by leucocytes from a patient with haemo-
chromatosis, is harvested after 5-8 days of
incubation. These media and the cells are
then assayed for RNA-dependent DNA
polymerase (reverse transcriptase) activity
associated with particles of densities between
1 22 and 1417 g/ml as determined by centri-
fugation on linear sucrose gradients. The
reverse transcriptase was assayed by measur-
ing its capacity to catalyse the incorporation
of radiolabelled deoxyguanosine triphosphate
(dGTP) into DNA either endogenously or
when stimulated by the artificial template
poly-(rC)(dG)12_18 (Baltimore and Smoler,
1971; Scolnick et al., 1972). A sample was
considered positive for reverse transcriptase
activity when significant stimulation (greater

than 1000 ct/min) was observed with the
artificial template poly-(rC)(dG)12_18 com-
pared with endogenous activity in association
with one or more discrete peaks at densities
of 1X16-1*23 g/ml in sucrose gradients (for
example, see Fig. 1). In some instances
the primer (dG)12 18 was used as a control
for terminal transferase (McCaffery et al.,
1975); in these instances, addition of this
primer yielded values similar to those of the
endogenous reaction.

Cell separation at unit gravity.-In some
experiments, marrow cells were fractionated
by unit gravity sedimentation using the
"staput" apparatus originally described by
Miller and Phillips (1969). In this procedure,
cells sediment through a shallow gradient
of foetal calf serum: the method separates
populations principally on the basis of cell
size.

RESULTS

Granulopoiesis in culture
Two parameters of granulopoiesis in

culture were assessed using cells obtained
from patients with sideroblastic anaemia.
Granulopoietic colony formation by mar-
row cells was measured in culture con-
taining media conditioned by leucocytes
and known to be an active source of
CSA. Conditioned media were prepared
from the peripheral leucocytes of patients
with sideroblastic anaemia: after purifica-
tion of CSA, the number of species of
molecules with colony stimulating activity
produced by these leucocytes was deter-
mined. Results of both classes of assay
are presented (Table II) together with the
subsequent course of the patients. Colony
forming capacity of the marrow of the
patients was normal or moderately in-
creased (patient CK) in all but one
patient. In patient CW, colony forma-
tion was below normal limits and this
patient subsequently developed acute
myelogenous leukaemia, (AML). The 3 non-
dialysable species of CSA were regularly
purified from media prepared from leuco-
cytes of the patients with SSA or HSA
and in 3 of the patients with IASA.
Leucocytes from 3 of the latter group
released only one non-dialysable species
of CSA into conditioned media: of these
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TASA
Diagnosis

SSA (alcoholism)
(chronic pancreatitis)

HSA

TABLE II.- Cell Culture Findinys*
Species of

Patient, CFU-Ct HMW-CSAt Follow-up
C.W. 15 35 AMIL§ after 5 months
H.S. 57 35 AMNL after 14 months
S.A. 61 35 Myocardial infarction after 3 months
W.A. 53 15, 35, 90 Unchanged after 18 months
G.M. 82 15, 35, 90 Unchanged after 19 months
V.M. 105 15, 35, 90 Unchanged after 14 months
I.L. 83 15, 35, 90 Unchanged after 25 months
C.K. 205 15, 35, 90 Responded to B12 and pancreozymin
V.F. 82 15, 35, 90 Lymphoma and si(leroblastosis persist at

24 months
K.P. 113 15, 35, 90 Partial response to pyridloxine

* Data obtained at the time of initial patient evaluation.
t CFU-C, granulocyte colonies per 105 nucleated marrow cells (normal 50-100).
1 HMW-CSA, prepared from normal leucocytes has species of mol. vt.: 15 x 1 03, 35 x 103 andI 90

X 103 daltons.
§ AML, acute myeloblastic leukaemia.

3 patients, 2 subsequently developed
AML and one died 3 months after initial
assessment without evidence of leukaemia.
The 3 other patients with IASA have
remained clinically unchanged for periods
ranging from 13 to 19 months. Thus,
only one non-dialysable species of CSA
was detected in 3 of 6 patients with IASA,
a finding regularly obtained on examina-
tion of semi-purified CSA from media
conditioned by leukaemic leucocytes; fur-
ther, of these 3 patients, 2 subsequently
developed leukaemia.

Reverse transcriptase activity in super-
natants of marrow cultures

Marrow cells were cultured in a search
for evidence of production of virus-like
particles, as described in Materials and
Methods. Positive results were obtained
in only 2 of 10 patients examined: typical
findings are shown diagrammatically in
Fig. 1. The figure represents profiles
of endogenous and primer-stimulated
reverse transcriptase activity in sucrose
gradients. The top panel of the figure
depicts data obtained from one of 5
marrow samples of patient HS, assessed
in culture from one to 10 months before
the development of AML: all 5 samples
from this patient showed similar results.
The middle panel depicts the results of
one of 2 specimens of marrow from
patient VM; reverse transcriptase activity

5 10 15 20
Fraction number

Fi(r. I. Endogenous and poly-(iC)(dIG)12-18
stimulated DNA polymerase activity from
supernatants of marrow cell cultures of 3
patients with JASA.

After culture, the superniatant firom
marrow cell cultures of 3 patients with
IASA were fractionated and analysed
in 20-70% sucrose gradients. Fractions
were collected arid assayed for enldogeinous
0* 0*) and poly-(rC)(dG)12 18 stimu-

lated (0 0) DNA polymerase activity.
Top panel: Patient HS
MIiddile panel: Patient VMr
Bottom panel: Patient WA

Background count, of 200 ct/min per
fraction were substractedl. One pmol of
H3dGTP is equivalent to 2000 ct/min.
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was obtained in low amounts on both
marrow specimenis: this patient remains
clinically unchanged after 13 months of
observation. It is evident that the cul-
ture supernatants obtained from marrow
specimens of each patient contained
enzyme activity associated with particles
of densities between 1 22 and 1-17 g/ml.
In each case, the potential stimulation
of incorporation was observed with the
artificial template poly-(rC)(dG)12-18. The
bottom panel depicts the result from
patient WA and is representative of
results obtained in cultures of marrow
from the 8 other patients with IASA,
SSA or HSA: similar results have been
obtained in normal patients previously
reported (Mak et al., 1974).

Analysis by sedimentation at unit gravity
The data shown in Fig. 1 indicate

the presence of virus-like reverse transcrip-
tase activity in the supernatants of
cultures of marrow cells from HS, a
patient with IASA whose leucocytes added
only a single species of HMW-CSA to
culture media, and who later developed
AML. In contrast, the marrow cells
of VM, a patient with IASA, released
virus-like enzyme activity, although her
leucocytes were able to add 3 species of
HMW-CSA to culture media and she has
not developed leukaemia over 13 months'
observation. A method of more detailed
analysis became available from recent
experiments (Mak et al., 1975b) in which
leukaemic and normal marrow was ana-
lysed by velocity sedimentation. In these
experiments, poly-(rC)(dG)1218 stimulated
reverse transcriptase activity was asso-
ciated with rapidly sedimenting cells in
6 of 12 marrow specimens from patients
with leukaemia, while lesser enzyme
activity was found in slowly sedimenting
(small) cells in 4 or 11 marrow specimens
obtained from patients without leukaemia.
The same techniques were applied to
marrow from patients HS and VM: for
the former patient, examination was
made after the appearance of leukaemia
(14% myeloblasts in the marrow). The
20

marrow of patient VM was morphologic-
ally similar to that obtained at the time
of the first examination.

Each specimen was fractionated by
velocity sedimentation. Fractions were
pooled to yield 4 suspensions, each con-
taining between 3-5 and 5 x 107 cells/ml.
These pools were cultured as described
in Materials and Methods and after
5 days, cells and culture supernatants
were fractionated in sucrose density gra-
dients and fractions examined for the
presence of reverse transcriptase activity.
Results are shown in Fig. 2 (HS) and

5

03 Supernotont

4 n~~~~~~Cells

24
iPm/rPool I I[ 'E

Sedimentation velocity mm/h

100 2 3 4 5 6 7 8 9 10 11 12

10 i

5 10 15 20 25 30 35 40 45 50 55 60
Fraction number

FIG. 2. Distribution of reverse transcriptase
activity in marrow cells from patient HS
fractionated by velocity sedimentation.
Velocity sedimentation profile of nucleated
marrow cells is shown in the lower panel.
Cells are combined to yield 4 pools and
cultured for 7 days. The amount of
reverse transcriptase activity as stimulated
by poly-(rC)(dG),2-18 in cells (*) and
supernatant medium (Lii) for each pool
was assayed as described (see text).
Total enzyme activity is illustrated as bar
graphs in the upper panel.
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FIG. 3.Distribution of revcerse transcriptase
activity in supernatant of ctulttures of
marrow cells from patienrt VL. (For
dletails, see Fig. 2.)

Fig. 3 (VM). In each figure the bottom
panel depicts the total cell profile. The
top panel indicates the range of sedi-
mentation velocities combined to make
each of 4 pools cultured in the assay for
the detection of virus-like reverse tran-
scriptase. Each bar in the upper panel
represents the ct/min summed over discrete
peaks of activity in sucrose density
fractions corresponding to densities from
1.17 to 1P22 g/ml. It is clear that for
patient VM, poly-(rC)(dG)12 18 stimulated
reverse transcriptase activity was asso-

ciated with only slowly sedimenting, small
cells. In contrast, patient H1S shows
activity present both in pools containing
small cells and pools containing rapidly
sedimenting large cells. The pattern ob-
served in patient VM is similar to that
reported for some non-leukaemic marrow

specimens, while patient HS shows virus-
like reverse transcriptase activity asso-

QIII

10

ciated not only with small cells but also
with large cells, similar to the pattern
characteristically shown in marrow from
patients with leukaemia (Mak et al.,
1975b).

DISCUSSION

The present study shows that peri-
pheral blood and bone marrow cell
culture characteristics similar to those
occurring in acute leukaemia are also
present in sideroblastic anaemia. Cor-
relation between the behaviour of cells
from patients with idiopathic acquired
sideroblastic anaemia and those from
patients with leukaemia was found only
in the distribution of non-dialysable
species of CSA released into media.
Studies of reverse transcriptase activity
indicate that caution is required when
interpreting such enzymatic data in rela-
tion to a patient's risk of developing
leukaemia.

Granulopoietic colony formation in
culture when applied to the study of
human acute letukaemia has yielded vari-
able results (Moore et al., 1974; Curtis et
al., 1975), so that the finding of reduced
colony formation in one preleukaemic
sideroblastic patient (CW, see Table I)
and in previous studies of preleukaemia
(Greenberg et al., 1971; Senn and Pinker-
ton, 1972) is not diagnostic of leukaemic
change. In acute leukaemia, colony sti-
mulating activity is often altered quanti-
tatively (Messner et al., 1973) and quali-
tatively (Price et al., 1975a, b). Three
species of non-dialysable CSA can be
identified in association with membranes
of normal leucocytes (Price et al., 1975b)
and all these classes are released into
culture media. Physically similar species
are present in the membranes of leukaemia
leucocytes but only one of these 3 non-
dialysable species is released in culture
(Price et al., 1975a). These findings have
been interpreted as indicating a reduction
in the availability for regulatory inter-
action of bioactive molecules in leukaemic
cells as compared to normal (McCulloch et

l )
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al., 1974). The present study demon-
strates a single species of non-dialysable
CSA released into culture media by
leucocytes from 3 of 6 patients with
IASA; 2 of these patients later developed
leukaemia, the third died of myocardial
infarction 3 months after the initial
assessment of leucocyte function. The
detection of this CSA abnormality many
months before the development of overt
leukaemia suggests that the cultural
effect may represent an early granulo-
poietic evidence of leukaemic transforma-
tion.

The particles released by human
leukaemic marrow cells in culture have
mainy of the biochemical, physical and
morphological characteristics usutflly as-
sociated with leukoviruses (for a recent
summnary, see McCulloch et al., 1974).
In the present study, particle release
was assessed only in terms of reverse
transcriptase activity associated with ap-
propriate densities in sucrose gradients:
this limited criterion was used because
the artificial template poly-(rC)(dG)12_18
is considered to have specificity for the
reverse transcriptases of leukoviruses (Bal-
timore and Smoler, 1971; Scolnick et al.,
1972). Marrow cells from 2 patients
with IASA showed enzyme activity with
these characteristics. One of these pa-
tients (HS) later developed leukaemia,
and the other (VM) remains free of
clinically evident leukaemia. Recently,
the release of small amounts of reverse
transcriptase has been associated with
nioni-leuikaemic marrow cells of a low
sedimentation velocity (Mak et al., 1975b).
Marrow cells from patient VM produced
reverse transcriptase activity in associa-
tion with slowly sedimenting cells, and
thuts this activity is similar to that
observed in other patients without leuk-
aemia. This experience underlines the
need to assess the source of reverse
transcriptase activity when it is proposed
to use this enzynme as a marker of leuk-
aemic or preleukaemic cells.

This study suiggests that cell culture
abniormalities, particularly alteratioin in

C(SA species released into culture media,
may contribute to the evaluation of
human populations known to be especially
susceptible to leukaemia. The finding of
virus-like reverse transcriptase production
by the cells of patients reported here,
and by Vosika et al. (1975) must be
confirmed more widely before definite
prognostic or aetiological implications are
possible. In addition, however, studies
such as this support the as yet unproven
contention that characteristics displayed
by cells in culture are relevant to their
behaviour in normal and pathological
states in vivo.
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