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Summary.-Cultured cells established from the bone marrow of a child with null-cell
acute lymphoblastic leukaemia (ALL) have been studied. After 8 months in vitro, the
cytological, cytochemical and immunological properties of the cultured cells were
very similar to those of the patient's cells. Many of the cultured cells had morpho-
logical and cytogenetic abnormalities often found in acute leukaemia. The cells
were EBNA-negative. This unique culture of ALL-derived null cells might provide
information as to the aetiology and origin of malignant cells.

L'Nhx- haemic cell lines have been
established in the past from patients with
acute lINnphoblastic leukaemia (ALL).
Mlost of the lines we established were
found to carrv the Epstein-Barr viral
nuclear antigen (EBNA) (Karpas et al.,
1977). Since leukaemic lymphoblasts
obtained directly from patients are EBNA-
negative, it is thought that the in vitro
proliferating cells do not represent an
outgrowth of the malignant lyNmphoblasts,
but rather an outgrowth of haemic cells
infected with the Epstein-Barr virus
(EBV). Only 3 EBNA-negative lyVmpho-
blastoid B-cell lines from human lympho-
mas have been reported (Klein et al., 1974).
Those EBNA-negative, B-cell lines are
thought to represent the patients' malig-
nant cell population, since they have been
cultured from B-cell lyamphomas.
The few lymnphoblastic lines which

have been derived from ALL, and are
thought to represent the malignant cell
population, are the T-cell lines from T-cell
ALL which are EBNA-negative even
after prolonged culture (Minowada,
Ohnuma and Moore, 1972; Kaplan, Shope
and Peterson, 1974: Karpas et al., 1977).
However, most childhood ALL cells have

neither T- nor B-cell markers. This
means that they do not form non-immune
rosettes with sheep red blood cells (T-cell
marker) nor do they have SmIg (B-cell
marker). Thev are therefore classified as
"null-cell" ALL.
In this paper we report the properties

of what appear to be the first successful
long-term culture of malignant "null-cell"
lymphoblasts from a child with null-cell
ALL.

MATERLALS AND METHODS

Clinical hisary.-A 5-year-old boy (RB)
was admitted with a 3-month history of
malaise and anorexia. One week before
admission he had had bruising and epistaxis.
On admission he was afebrile, but had
marked pallor. There was bruising on the
chest and face. He had peripheral oedema
and a firm liver palpable to 4 cm below the
costal margin. The symptoms were attrib-
uted to cardiac failure.

Investigations.-He had a haemoglobin
of 2-3 g/dl; WBC 2-1 x 109/1; platelets 20 x
109/I. The red cells were normochromic and
normocytic and there was no reticulocytosis.
Differential white count showed 70%0 lympho-
cvtes, and most of the remaining cells were
normal-looking neutrophils. No primitive
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cells were seen in the blood at this time.
Bone marrow aspiration was unsatisfactory.
There were no fragments and developing
erythroid cells were mainly seen. Granulo-
poiesis was markedly reduced and just the
occasional megakaryocyte -was seen. Plasma
urea, electrolytes and uric acid levels were
normal. Liver function tests were also
normal, apart from a raised alkaline phos-
phatase level of 284 u/ml (normal range
30-92 u/ml). Chest X-ray showed cardiac
enlargement but there was no abnormal
mediastinal or pulmonary shadowing. The
patient was treated with diuretics and packed-
red-cell transfusion and was discharged. No
diagnosis was reached at this time, and it was
appreciated that, unless there was an
unexpected maintained improvement, the
investigations, especially of the bone marrow,
would have to be repeated. He was re-
admitted one month later feeling very un-well
and with generalized lymphadenopathy. The
liver was, however, only palpable to 1 cm
below the costal margin.

However, when the bone marrow aspira-
tion was repeated, it showed a heavy infiltra-
tion of lymphoid cells with a basophilic
cytoplasm and containing well-defined vacu-
oles, both cytoplasmic and nuclear. The
nuclei contained readily identifiable nucleoli.
Many of the cells showed block positivity on
staining with periodic acid-Schiff (PAS).
Lymph-node biopsy from the neck

showed replacement by sheets of what were
described as mature-looking lymphocytes
with scanty cytoplasm. Moderate numbers
of mitoses were seen. The appearances were
those of a moderately well-differentiated
lymphocytic lymphoma. Despite the doubts
as to the exact nature of the patient's
lymphoma/leukaemia, he was treated for the
next 5 months with intensive chemotherapy,
which induced remission.

After 5 months of remission he began to
feel generally unwvell and complained of bone
pain.
A blood smear again showed no abnormal

cells, but a bone marrow aspirate showed
80% lymphoblasts. It was from this sample
that the marrow culture was initiated.

Remission was induced again, but lasted
only 3 months. Further attempts at re-
mission induction failed, and the patient died
3 weeks later.

Tissue culture.-The culture (Line 190)
was initiated from the bone marrow aspirate

obtained during the child's first relapse.
Separation of the leucocytes w%as carried out
using a Ficoll-gradient technique (Berrebi
et al., 1972). RPMI-1640 medium, supple-
mented with 10% foetal bovine serum and
antibiotics, was used as growth medium.
The cells were grown in stationary cultures in
loosened screw-topped 125-ml Erlenmeyer
flasks. They were incubated at 37 °C, in
500/ CO2 in air. The medium was changed
every fifth day by aspiration from the upper
half of the culture fluid, followed by replace-
ment with fresh growth medium. The
studies outlined in this paper were carried
out 8 months after the cells were placed in
culture.

Cytological and cytochemical studies.-
Coverslip smears, or cytocentrifuged deposits
prepared from the cultured cells, wvere stained
with May-Griinwald Giemsa (MGG) and
Leishman for morphological examination. In
addition, cytochemistry for the following
reactions was carried out, using standard
methods (Hayhoe and Cawley, 1972): Sudan
black, periodic acid-Schiff (PAS) and reac-
tions for acid phosphatase. For ultra-
structural examination the cultured cells
were prepared according to published pro-
cedures (Cawley and Hayhoe, 1973).

Karyotype analysis.-Analysis of the
chromosomes after 8 months' growth in
vitro was carried out as described previously
(Karpas et al., 1971).
Immunological properties and tests for

EBNA.-Fresh cells from the patient, as
well as those that had been cultured, were
tested for surface thymus-derived (T) lym-
phocyte receptors by rosette formation with
sheep red blood cells (E). Similarly, cultured
cells were tested for rosette formation with
mouse red blood cells. Immunoglobulin
Fc-receptor was tested for rosette formation
with IgG-coated ox red blood cells (EA).
Tests for receptor sites for the third compon-
ent of complement (C3) were performed by
rosette formation with C3-coated ox red
blood cells (EAC). Fluorescein-conjugated
polyvalent antisera to immunoglobulin (heavy
and light chains) were used to determine the
presence or absence of SmIg. The technical
details are similar to those described earlier
(Gordon et al., 1977).
In addition, the cells were incubated with

antiserum to a glycoprotein antigen complex
of 23,000 and 30,000 dalton subunits (p23,30)
(Schlossman et al., 1976).
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The test for the piesence of Epstein-Barr
viral nuclear antigen was performed accord-
ing to the method of Reedman and Klein
(1973) using known EBNA-positive (B-cell)
and EBNA-negative (T-cell) lines as
controls.

Biosynthetic studies.-2 x 106 cultured
cells were washed wAith lysine-free medium
and suspended in 2 ml of lysine-free RPM1-
1640 medium. This medium was supple-
mented with 100/ dialysed foetal bovine
serum and 10 XCi of L-[Cl-14C]-lysine mono-
hydrochloride (Radiochemical Centre, Amer-
sham, U.K.). Incubation at 37°C in 50,h
CO 2 in air was continued for 20 h. Cells
were spun down and then separated by slow-
speed centrifugation. The supernatant was
then spun at 10,000 rev/min for 20 min to
remove cell debris. This supernatant wNas
then layered in 50-tAl quantities on SDS-
acrylamide gel for electrophoresis (Laemmli,
1970). 14C-labelled human IgMK, produced

FIG. 1. MGG-stained cells showing mono-
nuclear cells, two with cleave(d nuclei.
x 1300.

by a human lymphoid cell line, -was used as
control.

RESULTS

Cytology and cytochemistry
Microscopic examination of MGG-

stained cytocentrifuged cells revealed a
population of small lymphoblasts with a
high nuclear/cytoplasmic ratio. The
majority of the cells were mononuclear,
with an occasional binucleated cell. There
was strong block positivity for PAS (Fig.
2). (All figures are of cells cultured in
vitro for 8 months). The cytoplasm
contained numerous azurophilic granules
and many cells were vacuolated. Micro-
scopically, the most striking feature was
the pleomorphism of the nuclei. They
were either round or densely cloven (Fig.
1). The chromatin pattern ranged from
an open light appearance to clumped and
compact. Occasionally, cytoplasmic
fragments could be seen. These were

FIG. 2. PAS-stained cells showing block
positivity. A binucleated cell can be
secn. X 1300.
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FIG. 3.-tLtrastructure of a typical lymphoblast with a high nucleus'cytoplasm ratio. Xumerous
electron-dense glvcagen granules can be seen in the cytoplasm (A ). x 14,000.

made up of a membrane-bound cytoplas-
mic matrix containing material which
stained red in MGG.

U'ltrastructural examination of the
cells revealed what appeared to be
typical lymphoblasts, indistinguishable
from those found in fresh null-cell ALL,
with abundance of glycogen (Fig. 3).
Many cells contained in their cytoplasm
spherical bodies with an amorphous
electron-dense cortex and an almost
transparent core (Fig. 4). These resemble
the lipid bodies described by Achong and
Epstein (1966). In addition, the
cytoplasm of some cells contained
membrane-bound dense granules (Fig. 4)
which could be easilv distinguished from
mitochondria. Under the electron micro-
scope the minicells did not reveal anv

unusual features in addition to those
seen by light microscopy (Fig. 5).

MNicrotubules could be seen in the
cytoplasm, near the nuclear membrane
(Fig. 6) as has been described earlier in
Rieder cell formation of ALL (Cawlev and
Hayhoe, 1973). Occasionallv, cells with
a thread of nuclear membrane, connecting
two nuclei, could be seen (Fig. 7).
In two of about 50 cells examined in

detail. a cytoplasmic vesicle containing
electron-dense particles of equal size
could be seen (Fig. 4).

Immunological properties and test for
EBNA

Neither the patient's lymphoblasts nor
the cells grown in vitro formed rosettes
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FIG. 4.-Ultrastructure of a mononuclear cell. The cytoplasm contains vacuolated lipid bodies (L),
membrane-bound dense granules (G), mitochondria (M), a vesicle containing numerous electron-
dense ring-shaped particles ( t) (and inset). A nuclear bleb can be seen (n). x 16,000.
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FIG. 5. Ultrastructure of the minicells, showing that they are made up of cytoplasmic matrix, some
containing electron-dense material which, in one minicell ( t) appears to be clearly membrane-
bound. x 19,500.

in any of the tests; nor did they show
surface fluorescence with anti-Ig sera.
8% of cultured cells formed rosettes with
mouse red blood cells. The nuclei failed
to fluoresce in the EBNA test. The
cultured cells reacted with the P23, 30
antiserum, whilst the cultured T-cells
(Line 45) failed to do so.

Biosynthetic studies
The culture medium containing [14C]

lysine did not reveal any radioactive
bands in the SDS-polyacrylamide gel,
indicating that the null-cell line does not
secrete immunoglobulin. In contrast, the
medium harvested from a 24-h growth of

the IgMk-synthesizing B-cells formed two
bands each for heavy and light chains.

Karyotype analysis
The karyotype of the patient's cells

was not examined. However, when
spreads were prepared from cells grown
in vitro for 8 months, abnormal karyotypes
could be detected. Of the 10 good
spreads counted, 6 contained 47 chromo-
somes, two 48 and two 46 chromosomes.
Occasionally a fragmented spread could
be seen.

DISCUSSION

The malignant cell population of most
patients with acute lymphoblastic leu-
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FIG. 6. Ultrastructure of a cleaved mononuclear cell showing large nuclear blebs (n), lipid bodlies
(L) aII(1 cytoplasmic mictotubules ( t ) near the nuclear membranie (andl inset, * ). x 11,000.

kaemia (ALL) is made up of EBNA-
negative lymphoid cells which have no
detectable receptors characteristic of
either B- or T-cells, and are therefore
classified as null cells.

T-cell ALL is rare in adult patients but
approximately 20% of childhood ALL is
made up of T cells. We have established
a continuous culture of leukaemic T cells
from the bone marrow of a child with
T-cell ALL (Karpas et al., 1977).
On the other hand, most of the

lymphoblastoid cell lines which we and
others have established from "null-cell"
ALL are EBNA-positive and have SmIg
and are therefore classified as B-cells.
The cultures of EBNA-positive B-cell
lymphoblasts contain large undifferent-
iated blast cells with a low nuclear/
cytoplasmic ratio. They are thought to
represent an outgrowth of the patients

EBV-infected B cells. On the other
hand, they might represent a morpho-
logical and biological transformation of
normal null cells following their infection
with EBV. This might be possible in
vitro in the absence of circulating anti-
bodies to EBV.

Therefore, the EBNA-negative con-
tinuous-cultured null cells reported here
should help to determine whether null
cells can be infected by EBV, and if so,
what kind of transformation occurs as a
result of EBV infection in vitro.
Our null-cell line was established from

the bone marrow of a child with an
apparent null-cell lymphoma/leukaemia.
However, since the patient was very ill
for at least 4 months before his bone
marrow involvement became evident, his
malignant cells might not have been bone
marrow-derived null cells.
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FIG. 7.-Ultrastructure of a binuclear cell, showing a thread of nuclear membrane connecting both
nuclei. Large aggregates of glycogen can be seen in the cytoplasm (A ). x 14,000.

The cells' morphological, cytochemical
and immunological properties after 8
months in vitro are very similar to those of
the patient's malignant cell population.
The Table summarizes those properties
and compares them to the properties of
two other haemic cell lines which are
thought to represent an outgrowth of the
leukaemic cells.
The presence of p23,30 antigens on the

surface of the cultured cells confirms that
the cells are not thymus-derived. Further-
more, since 15-20% of null-cell ALL
contain these antigens (Schlossman et al.,
1976) its presence does not negate the
null-cell classification of our culture.
The leukaemic cells were not analysed

for their karyotype at diagnosis, but the
cultured cells revealed abnormal chromo-

somal spreads with many karyotypes
containing 47 chromosomes.
A study of karyotypes in acute

leukaemia (Sandberg et al., 1968) revealed
that the most frequent abnormal karyo-
types in ALL had 47 chromosomes, with
many cases of aneuploidy. Since most of
our B-cell lines and one T-cell line from
leukaemic patients (Karpas et al., 1977)
have a normal karyotype, the presence
of these abnormal chromosomes in our
null-cell cultures lends further support to
the assumption that the null-cell line is a
malignant one.

Additional support for this assumption
is provided by the ultrastructural studies.
Nuclear blebs which have been found in
many of the cells have been described as
a common factor in malignant haemic
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TABLE .-The Propertie8 of Unus8ual Leukaemia-derived Haemic Cell Lines
Cytochemistry

Source Surface markers ( %)
Cell of Original -- A % Acid
line culture* disorder SIg E Fc C3 EBNA PAS phosphatase Re ferences

190 BM Null-cell ALL - -.100
45 BM T-cell ALL 2-10 - 10 + Karpas et al.,

1977
K562 PE Blastic crisis - 5-9 90-95 3-9 - + Lozzio & Lozzio

of CML 1975
Klein et al., 1976

*BM-bone marrow: PE-Pleural effusion.

cells (Achong and Epstein, 1966; Ander-
son, 1966; Dorfman, 1967; McDuffie,
1967). A recent study by Ahearn et al.
(1974) shows that nuclear blebs are
associated with aneuploidy in human acute
leukaemia, and that they cannot be found
in normal bone marrow. Likewise, the
appearance of Rieder-cell formation has
been reported to be a feature of leukaemic
cells rather than normal cells (Cawley and
Hayhoe, 1973). In addition the esterase
cytochemistry, kindly performed by Dr
Higgy, showed a null-cell pattern of
positivity (Higgy, Burns and Hayhoe,
1977).
The cytoplasmic vesicles which con-

tained electron-dense particles resembled
those we found in rat cells which carry the
avian and murine sarcoma viral genomes
(Karpas, Cawley and Tuckerman, 1972).
They might therefore represent a morpho-
logical expression of latent incomplete
oncorna viral information. A continuous
prolonged culture or co-cultivation with
permissive cells might result in the
expression of, and productive replication
of, a genuine human oncorna virus.
The clinical picture at presentation

and its subsequent course are not unlike
those of leucosarcomatosis. This unique
culture could provide information as to
the origin of the malignant haemic null
cells.
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