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A. Introduction

The permissive or inductive environment
provided by bone marrow stromal cells in
long-term cultures allows the persistent pro-
liferation and differentiation of haemo-
poietic stem and progenitor cells [1]. Cells
harvested from cultures of murine bone
marrow can reconstitute the haemopoietic
system when transplanted into lethally irra-
diated mice [2]. If bone marrow heavily infil-
trated with leukaemic cells is cultured using
similar conditions, the leukaemic blast cells
become undetectable within 1 week, and the
cultured marrow can then be used to rescue
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lethally irradiated mice [3]. In cultures of
bone marrow cells from untreated patients
with chronic granulocytic leukaemia
(CML), the Philadelphia chromosome de-
creased, after being present in over 95% of
mitoses, to almost undetectable levels. In the
same cultures, Ph-negative cells became the
predominant mitotic population [4]. Simi-
larly, in some cultures established from bone
marrow from patients with newly diagnosed
acute myeloblastic leukaemia (AML), the
size of the leukaemic clone (assessed either
by chromosome markers or by a characteris-
tic abnormal growth pattern in colony as-
says) diminished to undetectable levels,
while normal haemopoiesis became domi-
nant ([5, 6] and our unpublished results). A
similar pattern may also be seen in cultures
established from bone marrow in relapse.
From these experimental data, summa-
rized in Table 1, it would appear that the
conditions prevailing in vitro may both sup-
press the growth of leukaemic cells and fa-

Table 1. Emergence of normal cells in long-term cultures of leukaemic bone marrow

Bone marrow  Diagnosis Parameters measured Reference
Murine Disseminated  Disappearance of blast cells [3]
thymoma Ability to reconstitute the haemopoietic system
upon transplant
Human CML Disappearance of Ph chromosome 4]
Reappearance of Ph-negative (normal?) mitosis
AML Disappearance of chromosome markers [S, 6]

Disappearance of leukaemic colony growth pattern
Appearance of normal colony growth pattern
Appearance of normal chromosome pattern
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cilitate the regeneration of normal haemo-
poietic cells from the small numbers of nor-
mal progenitors still present in the leukaemic
marrows. These observations led us to per-
form autologous bone marrow transplants
(BMT), using cultured cells, in AML pa-
tients who were thought to be able to benefit
from bone marrow transplantation and who
had no HLA-matched donors.

B. Methods

Patient details are shown in Table 3. All pa-
tients had received three courses of combi-

nation chemotherapy, each consisting of a 7-
day infusion of cytosine arabinoside, oral
thioguanine and three injections of dau-
norubicin. Time elapsed from end of chemo-
therapy to bone marrow harvest is shown.
Two patients were harvested early in first re-
lapse without having received additional
chemotherapy. Marrow was harvested
under general anaesthetic and used to estab-
lish long-term cultures (Fig. 1). The protocol
followed in the BMT is shown in Table 2.
The patients were nursed in a laminar-flow
tent, received prophylactic oral antimicro-
bials and a low-pathogen diet, prophylactic
transfusions of irradiated platelets and irra-

Table 2. Timetable for autologous transplantation of cultured bone marrow

Day Patient protocol

Laboratory procedures

—9 Bone marrow harvest

Cyclophosphamide
(2x1.8 g/m?)

Total body irradiation
(6 x 200cGy)

0 Infusion of cultured cells

!/, for bone marrow culture (see Fig. 1)
1/, cryopreserved

Harvest of cultured cells (see Fig. 1)

2x108 marrow cells
Iscove's medium(100ml)
10% foetal calf serum

r 10% horse serum .
Hydrocortisone(5x10 "molar)

Collect supernatant
and adherent layer,

pool and resuspend cells
in 4.5% human albumin

Centrifuge
(800g x 20mins.)

Express supernatant,

Reinfusel

B040201C

Fig. 1. Long-term bone marrow cultures for autologous transplantation; 40-70 replicate flasks are es-
tablished from one-half of the bone marrow harvested (see Table 2)
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chemotherapy
myelodysplasia

Relapse (week 12); receiving
chemotherapy

Relapse (week 30); receiving
Complete remission; well
Complete remission; well

Current status
Died infection/

Survival
from BMT
(weeks)
62+

16+

42

58 4-

30+

GM-CFC
infused
(x 10%/kg)
16.2
10.7
27.0
98.0
107.1

Total nucleated

cells infused
(x 108/kg)

1.3
1.2

chemotherapy to

Interval —end of
BMT (weeks)

15
13
32
25
27

bone marrow)
First remission

(but myelodysplastic
First remission

blasts in bone

blasts in bone
marrow)
First remission

marrow)
First relapse (60%

Status at marrow
First relapse (40%

harvest

15
35
19
16

Age

Table 3. Patients who received autologous transplant of cultured bone marrow cells

Patient
(FAB)
MC (M4)
TC (M2)
FB (MDS)
TB (M4)
JTW (M1)

diated red-cell transfusions and systemic an-
timicrobials, as indicated.

C. Results

Details of BMT, haematological recovery
and outcome are shown in Tables 3 and 4.
The first patient was in early relapse at the
time of marrow harvest. Serial cytogenetic
studies performed during the preceding
clinical remission had shown that the 16q
abnormality which characterised his leu-
kaemic clone had persisted in about one-
fifth of the mitoses from the bone marrow.
However, only normal mitoses were de-
tected after the bone marrow had been in
culture for 7-14 days [6]. Following trans-
plantation, full reconstitution was achieved,
the 16q marker became undetectable (for the
first time since diagnosis) and the patient en-
tered a full remission. The second patient
transplanted in relapse (without a chromo-
somal marker) regenerated leukaemia 12
weeks after BMT. He continue sin good
clinical condition, leading an active life on
haematological support.

One patient transplanted in remission fol-
lowing chemotherapy for transformation of
a myelodysplastic syndrome reverted not to
normal haemopoiesis, but to myelodysplasia
after the transplant. She required support
transfusions until she died. Two patients
transplanted in first remission are in com-
plete remission after 58 and 30 weeks, re-
spectively.

Table 4. Haematological reconstitution

Parameter

Engraftment 5/5

Discharge from hospital 4.5- 9 weeks
after BMT

Time of last red-cell 10 -13 weeks
transfusion®

Time of last platelet 8 —12 weeks
transfusion®

Time to reach >0.5x 10°/1 7 — 8 weeks
neutrophils®

* Excluding relapse and patient FB; the latter
reverted to myelodysplasia and had low platelet
counts that required transfusions until her death.
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D. Discussion

The haematological recovery and lack of
procedural mortality in the five patients
transplanted strongly suggest that the cul-
tured cells engrafted and that this technique
can be reliably used for autologous BMT.
The recovery of peripheral blood cells, and
especially of platelets, was slower than after
allogeneic transplantation, but prolonged
thrombocytopenia has been observed after
conventional autologous transplantation
[7]. In this context, as one of the patients in
this series shows, a history of myelodys-
plasia may be a contraindication for autolo-
gous transplant.

The altered balance between the leu-
kaemic and normal populations in culture is
likely to be responsible for the remission
achieved in the first patient. However, the
high leukaemic load existing in the patient at

the time of the ablative therapy, prior to -

transplantation, made the eventual relapse
not unexpected. It is probable that relapses
after autologous and allogeneic BMT are
usually due to leukaemic cells which remain
in the host after the conditioning treatment
preceding the transplant. Because of this, re-
lapses are to be expected with the present
conditioning regimes in at least 25% of pa-
tients transplanted in first remission of
AML.

The results, although preliminary, are en-
couraging and allow us to consider the
possibility of manipulating the cultures by
regulatory molecules (colony-stimulating
factors, interferons and others) which may
induce differentiation of leukaemic cells [8]
and favour the growth of normal haemo-
poietic progenitors. Experiments along these
lines are in progress. In addition, the use of
cultured bone marrow for autologous trans-
plants in CML, poor-prognosis acute lym-
phoblastic leukaemia or in some patients
with solid tumors are possible developments
for the future.
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