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Preface

Wir fiihlen, daf3 selbst, wenn alle méglichen wissenschaftlichen Fragen
beantwortet sind, unsere Lebensprobleme noch garnicht beriihrt sind.

Ludwig Wittgenstein,
Tractus logico-philosophicus (1921),
Annalen der Naturphilosophie

In June 1982, physicans and scientists met in Wilsede for the fifth
time to discuss origin and treatment of leukemia.

Lectures and discussions of the meeting closely demonstrated that
leukemia can be considered a perfect model for the studies of biolo-
gy and treatment of cancer in general. The Wilsede meeting has
confirmed that cancer is a multifactorial disease in which oncogenes,
regulator proteins, the immunsystem, viruses and chemical noxes
play important roles. The development of new revolutionary tech-
niques in biological research yielded important insights into the
causes of leukemia which are also promising to develop new ways
. for the treatment of cancer patients.

I am indepted to the chairmen organizing a stimulating and ex-
citing program which included all the present and future aspects of
human leukemia.

I am grateful to all participating scientists, the supporting stuff
and the Wilsede people for making this meeting both scientifically
excellent as well as humanly warm and unforgettable. Last but not
least, it must be emphazised that the “Verein Naturschutzpark Lii-
neburger Heide” and Dr. h.c. Alfred Toepfer are responsible for
saving this peaceful place for us.

Hamburg, February 1982 Rolf Neth
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Coffee break and lectures in “De Emmenhoff”.

Middle left, Wellcome of Dr. h.c. Alfred Toepfer

Down left, Melvin Greaves starting his Stohlman lecture
Down right, Donall Thomas giving his Stohlman lecture
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Personal and scientific discussions in Wilsede, June 1982

(Fotos: Regina Vélz, Cetric Parkin)

XXVl



Acknowledgment

We should to thank all who made this workshop possible:

Deutsche Forschungsgemeinschaft

Deutsche Krebshilfe

- Freie und Hansestadt Hamburg

Hamburgische Wissenschaftliche Stiftung
Leukemia Research Fund, Great Britain
Leukemia Society of America

Paul Martini Stiftung

Niedersédchsisches Sozialministerium
Stifterverband fiir die Deutsche Wissenschaft
Universitit Hamburg (Hertha-Grober-Stiftung)

For generous hospitality we thank the Stiftung F. V. S. zu Hamburg,

the Amerikahaus in Hamburg, the Freie und Hansestadt Hamburg,
and the Hamburger Staatsoper

XXIX



Frederick Stohlman Jr.
Memorial Lecture



Wilsede, June 21 1978

Memorial Tribute to Dr. Frederick Stohlman
Presented by William C. Moloney

Gallo, Robert C.: Cellular and Virological
Studies Directed to the Pathogenesis of the
Human Myelogenous Leukemias

Pinkel, Donald: Treatment of Childhood
Acute Lymphocytic Leukemia

Wilsede, June 18 1980

Klein, George: The Relative Role of Viral
Transformation and Specific Cytogenetic
Changes in the Development of Murine and
Human Lymphomas

Kaplan, Henry S.: On the Biology and Immu-
nology of Hodgkin’s Disease



Haematology and Blood Transfusion Vol. 28
Modern Trends in Human Leukemia V

Edited by Neth, Gallo, Greaves, Moore, Winkler
© Springer-Verlag Berlin Heidelberg 1983

Immunobiology of Lymphoid Malignancy

M. F. Greaves

A. Introduction

The study of ‘membrane markers’ in hu-
man leukaemia has now been in progress
for a decade. Starting from the initial ob-
servation of L. Borella and colleagues at St.
Judes on the sub-types of ALL [1] a wealth
of data has accumulated particularly over
the past few years with the introduction of
monoclonal antibodies. Now is perhaps a
good time to appraise the impact of these
efforts and the implications for future re-
search on leukaemia.

As Seligmann, Kersey, myself and others
have emphasised on many occasions, the
single most fruitful product of this activity
has been the appreciation of how the cellu-
lar heterogeneity of lymphoid leukaemia
and lymphoma mirrors stages of normal
differentiation. This clearly arises as a
consequence of three salient features of
haemopoietic malignancy: the restricted or
clonal origin [2], the imposition of matu-
ration arrest, and the broad conservation or
fidelity of a qualitatively normal phenotype
[3].

The immunological and enzymatic defi-
nition of leukaemic cell phenotypes in re-
lation to their normal counterparts has
direct relevance to clinical problems of dif-
ferential diagnosis, patient monitoring and
variable prognosis [4]. Immunological
features of ALL subgroups for example are
linked to known prognostic features (e.g.
high white cell count in T-ALL) and not
surprisingly, therefore, show a strong corre-
lation with the outcome of chemotherapy
[1, 4-6]. Combinations of markers (e.g. cell
surface antigens and nuclear terminal

transferase [7]) offer the possibility of moni-
toring leukaemia and detecting residual,
minimal or re-emerging extramedullary
disease (i.e. CNS or testis).

The application of a panel of monoclonal
antibodies has been routinely applied in
my own laboratory for a national im-
munodiagnostic service over a number of
years. It is difficult to determine precisely
how useful such a service is; however, I
estimate that the phenotypic data are es-
sential in something like 15% of cases and
are useful or supporting in many more
(perhaps the majority). All of this is clear
and undisputed; I would rather emphasise
the broader and more substantial impact
which I believe these studies should have.

Firstly, they provide a rational, biologi-
cal framework for attempts to improve the
efficacy of therapy either by more selective
or ‘tailored’ allocation of particular regimes
to defined leukaemic subgroups or by ex-
ploiting the biological information to de-
sign new or more radical strategies, e.g.
monoclonal antibody elimination of leu-
kaemic cells, selective enzyme inhibition.
Secondly, they provide an essential frame-
work for pursuing the molecular basis of
haemopoietic malignancy. Since cellular
oncogenes (or their viral homologues) are
probably limited in number and have some
important function in regulating normal
differentiation and/or proliferation, it is of
some importance to search for these genes
and the expression and function of their
products in the context of particular leu-
kaemic subtypes and their normal counter-
parts; this is indeed already happening (sece
papers by F. Wong-Staal and M. A. Lane
in this volume).



Some of the above points can be em-
phasised with reference to the biology of
ALL.

B. Heterogeneity and Origins of ALL

Acute lymphoblastic leukaemia can be
dissected in a number of subgroups with
exclusive, composite phenotypes, which
correlate with prognosis [4]. More recently,
the use of monoclonal antibodies and im-
munoglobulin gene probes and the study of
maturation induction in vitro has further
elucidated the nature of ALL cells. It is
now clear that ALL consists of two broad

Table 1. Biological features of two ALL sub-

types
B precursor- T precursor-
ALL ALL
Dominant  TdT~ TdT*
phenotype* HLA-DR* HLA-DR~
T- T
B* B~
cALL* cALL~
Hex-I" Hex-1-
Ig genes ux x/d No or minimal
re-arr.” re-arr.
Growth Low High
fraction
Karyotype Hyperdiploidy Pseudodiploidy
common common
Likely Bone marrow  Marrow or
cellular B-lineage pro-  thymic (sub-
origin genitor or stem  capsular) T-
cell lineage progeni-
tor or stem cell
Diagnostic  Common ALL T-ALL
subtypes Pre-B ALL
Null-ALL
Alternative AUL T-NHL
diagnoses  Ph'TALL
NHL (rare)

* Serologically defined cell surface antigens
or intracellular enzymes — terminal deoxy-
nucleotidyl transferase and hexosaminidase
isoenzyme I (plus charge variants of other acid
lysosomal hydrolases: [42])

Ig genes (e.g. V, D, J, u heavy chain) re-ar-
ranged from germ line configuration [41]

subtypes, both of which originate in lym-
phocyte progenitors (Table 1); one is ‘pre-
T’ or equivalent to thymic precursors of
mature T cells; the other, more common,
variant is ‘pre-B’ or equivalent to B-cell
progenitors and precursors in bone mar-
row. Within these two categories subtypes
can be defined which broadly reflect
sequential stages of maturation within the
‘early’ compartments of these two distinct
cell lineages [8—10).

Detailed studies on the antigenic pheno-
types of these leukaemias provide no evi-
dence for qualitatively aberrant gene ex-
pression or for a progenitor cell shared by
and exclusive to the T and B lineages. Thus,
ALL cells do not express glycophorin [11]
or other restricted non-lymphoid markers;
neither do they show concurrent expression
on single cells or within a single leukaemic
clone of markers unique to T and B cells.
The ‘pre-T" and ‘pre-B’ categories are also
consistent features and although individual
markers may change in relapse [12] there is
no shift between these two subtypes during
malignant progression in individual pa-
tients [3]. Normal counterparts of the ALL
subtypes with qualitatively similar pheno-
types (excluding karyotype) can be found
in bone marrow [9, 13] and thymus [8, 10].

It is of some interest to note that whereas
malignancies of lymphocyte precursors oc-

“cur predominantly in children and young

patients, malignancies of mature lymphoid
cells (leukaemia, lymphoma, myeloma) are
almost exclusively adult diseases [13a]; one
interpretation of this correlation and the
similarly striking age associations of other
cancers (e.g. neural tumours versus epi-
thelial carcinomas) is that they are a re-
flection of cell populations (stem cells?) at
risk through proliferative demand at vari-
ous stages of early development or during
prolonged function (and turnover) in adult
life.

The simplest interpretation of this de-
scriptive data is therefore that ALL can
originate in progenitor cells of either the T-
or B-cell lineage and invariably suffers
from the imposition of maturation arrest
with the conservation of phenotype ‘ap-
propriate’ for the particular stage of dif-
ferentition in which the leukaemic cells be-

come frozen or stabilised. Whilst I believe
this general conclusion to be manifestly



therapy revert to CGL [18]. It is important
to note that whereas B-cell progenitor ALL
(e.g. common ALL) is curable with chemo-
therapy, blast crises manifest in this cellular
compartment are not, although as expected
they may achieve short-term remissions
with steroids [19]. This sharp distinction
provides an excellent example of the im-
portance of “target cell” biology for under-
standing clinical outcome and developing
appropriate alternative therapeutic strate-
gies (e.g. marrow transplants for Ph'-posi-
tive leukaemia).
4. ALL of either B or T progenitor type
may not be diagnosed haematologically as
ALL. Thus the majority of those rare
(~5%) acute leukaemias which haematol-
ogists consider to be acute undifferentiated
leukaemia are usually identifiable as ALL
subtypes or more rarely as immature my-
eloid cells [4, 20]. Paediatric cases diag-
nosed as non-Hodgkin lymphoma may also
belong or at least be very closely related to
the two major subtypes of ALL. Converse-
ly, not all cases diagnosed as ALL may be
bona fide ALL. Thus, B-ALL is probably a
misnomer; this relatively mature B-cell leu-
kaemia probably represents a rapidly dis-
seminating lymphoma [4, 21]. Rare cases of
newborn acute leukaemia diagnosed as
ALL may in fact be ‘cryptic’ eryth-
roleukaemias as assessed by studies with
monoclonal antibodies including anti-
glycophorin [11, 22].
5. The maturation arrest imposed in ALL
may be reversible, at least partially in vitro.
Thus, some T-ALL cell lines can be in-
duced by phorbol ester (TPA) to irrevers-
ibly modulate their composite phenotype
from that of an immature or thymic variety
to that of a mature T-cell subset [23, 24].
We and others have also been able to
modulate the expression of TdT and cell
surface antigen in B-cell progenitor ALL,
although in our experience Ig synthesis
cannot be induced in Ig~ ALL despite the
presence of re-arranged u chain genes. Our
interpretation of this is that in leukaemia
and in normal B-cell differentiation these
recombinational genetic events are inef-
ficient, with most clones failing to achieve a
productive or functional re-arrangement.
The observation that maturation arrest
in ALL is reversible as demonstrated pre-
viously with other leukaemias (e.g. Friend

6

virus erythroleukaemia and myeloid leu-
kaemia in rodents, avian erythroleukaemia
and in some human leukaemic cell lines,
e.g. HL-60, K562) carries the important
corollary that maturation arrest, a central
“lesion” in acute leukaemia, is a regulatory
defect which, although having a genetic, in-
heritable basis, is reversible in its pheno-
typic consequences.

C. Is the Conservation of Phenotype
Telling Us Anything Interesting
About Leukaemic Cells?

It could be argued that since malignancy
involves rare genetic events, it is to be ex-
pected that these will not have catastrophic
effects on a cell’s pattern of gene expression
and that the broad fidelity of phenotype
observed in ALL is (a) just what we would
expect, and (b) boring and of no relevance
or even downright misleading with respect
to the central issue of what distinguishes a
leukaemic cell from normal. Furthermore,
it can always be that the ‘critical’ gene
products in leukaemia are not those which
we rather arbitrarily elect to study (so far)
and that a more appropriate screen would
reveal distinct, qualitative and consistent
differences between leukaemic cells and
their normal counterparts. These are not
unreasonable views and I am surprised that
they are not made more often.

I have favoured a different view initially
because it was more interesting and sub-
sequently because I believe it is supported
by data. That is that the expression of
qualitatively normal phenotype or pattern
of gene expression is an integral and es-
sential feature of most if not all leukaemias
and other malignancies. Qualitative abnor-
malities (e.g. new or lost antigens, altered
glycolipids, altered drug recognition) may
occur and indeed have some selective ad-
vantage with malignant progression and
treatment; however, they need not be con-
sidered as essential components of the
malignant state. In the context of ALL,
therefore, and as suggested some years ago
[25, 26] a qualitatively normal lymphoid.
progenitor cell phenotype which is normally
only transiently expressed on proliferating
cells is quite compatible with leukaemic



Table 2. Structure, genetics and function of ALL-associated membrane proteins identified by mono-

clonal antibodies

Monoclonal antibody (ref’)

J-5(31] BA-2[34] DA-2[39] OKT9 OKT10[37] OKT11[38]
[14, 37]
Structural
features:

General Single Single Twonon-  Twos-s Single Single
polypeptide polypeptide covalently linked poly- polypeptide polypeptide
~ 100K ~ 24K linked poly- peptides ~ 40K ~ 40K
[32, 33] peptides 28K ~ 90K [37, 38]

(B), 33K (o) [14,37]
+ intra-

cellular

30K pp

(HLA-DR)

Glycosy- + s + + + +

lated

pl 5.2 3(33] 7.3 ¢ [35] a: 5, 3[36] 5.0 3[28]

g7

Peripheral (p) p p Lt Lt 1

or integral (I),

transmem-

brane (t)

Genetics:
(chromosomal ? 12° 6 3129] 4>
control)
Function: ? ? Cell Transferrin  ? Receptor for
interactions receptor [14] sheep ery-
NK ‘target’? throcytes®
(30] [38]

® Mean value; multiple spots observed with variable positions reflecting allelic polymorphism
* Katz, Povey and Greaves, unpublished observations

¢ Natural, physiological function unknown

cell behaviour and only requires that the
genetic change provoking clonal selection
effectively uncouples proliferation from
maturation.

This view accords with recent molecular
studies which reveal the central role of nor-
mal genes (c-onc) or their inserted viral
(v-onc) homologues which may facilitate
clonal advantage via amplification or ex-
cessive promotion ([27] and various papers
in this volume). There is no evidence to
date that qualitatively altered gene prod-
ucts are involved!. Much emphasis there-

! An important example of such an alteration
has however recently been reported [43]

fore rests on quantitative aspects of c-onc
expression. Even this phenotypic dis-
tinction between leukaemic and normal
cells could be small or perhaps only evident
in the time frame, i.e. equivalent normal
cells may express similar levels of c-onc
gene products but only transiently.

D. Epilogue

Several of the ALL-associated membrane
antigens have now been biochemically
characterised and their control mapped
to particular chromosomes (Table 2).

7



Whether any of these proteins has any im-
portant regulatory role in differentiation or
are even c-onc gene products is at present
unknown. One of these structures does
have a definite function. The monclonal
antibody OKT9 identifies the transferrin
receptor [14]; this observation has enabled
rapid progress to be made in the biochemi-
cal studies of this receptor [28] and also
facilitated the mapping of controlling (pre-
sumably structural) genes to chromosome 3
[29]. We have also suggested that the trans-
ferrin receptor may serve as a common ‘tar-
get’ structure on malignant and normal
cells for so-called natural killer (NK) cells
[30].

There are still many gaps in our under-
standing of lymphoid malignancy and of
normal lymphopoiesis. Compared with
myelopoiesis for example (see paper by
Metcalf in this volume) we have little in-
sight into soluble regulators of early lym-
phocyte development. Despite these limi-
tations lymphoid malignancy in humans
provides, I believe, an excellent example of
a disease whose molecular, cellular and
clinical complexity can be best understood
in relationship to normal cellular differen-
tiation.
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Bone Marrow Transplantation in Leukemia

E. D. Thomas

A. Introduction

Studies in the mid-1950s using rodent mod-
els led to recognition that living bone mar-
row cells could be transplanted from one
animal to another (reviewed in [18]). The
clinical applications for replacement of
marrow damaged by disease or its therapy
were immediately apparent. However, more
than a decade of research was required
before the principles of transplantation
biology, human tissue typing, and the sup-
portive care of the patient without marrow
function were sufficiently established for
marrow grafting for therapeutic purposes
to become a realistic clinical modality.

The underlying concept of marrow trans-
plantation is to destroy malignant cells
without regard for marrow toxicity with
restoration of marrow function by trans-
plantation of normal marrow cells. The
goal is to achieve a maximum anticancer
effect without the limitations imposed by
the marrow toxicity which characterizes
most therapeutic agents.

B. Allogeneic Marrow Transplants

I. Rationale for Chemoradiotherapy

In early studies of patients with acute leu-
kemia in end-stage relapse, it was con-
sidered necessary to administer total body
irradiation (TBI) as quickly as possible in
the hope that a marrow graft would be
functional before the patient died of prob-
lems related to marrow failure. Accord-
ingly, 1000-rad TBI was administered over
a period of approximately 4 h [19]. The TBI

caused the sudden destruction of large
numbers of leukemic cells, resulting in
acute toxic reactions. To spread the de-
struction of leukemic cells over a longer
time period and to kill more leukemic cells,
the Seattle team initiated the use of a large
dose of cyclophosphamide before the TBI
[20]. The basic regimen consisted of cyclo-
phosphamide 60 mg/kg body wt. on each
of 2 days followed 3 days later by the ad-
ministration of 1000-rad TBI. There is now
an extensive experience with this regimen
in a number of marrow transplant centers.
The greatest experience has been with an
allogeneic marrow graft from an HLA-
identical sibling given within 24 h after the
TBI. The clinical experience in Seattle with
this basic regimen, in some patients com-
bined with additional chemotherapeutic
agents, is summarized.

II. Transplantation for Acute Leukemia
in End-Stage Relapse

Fifty-four patients with acute non-
lymphoblastic leukemia (ANL) and 46 pa-
tients with acute lymphoblastic leukemia
(ALL) were given cyclophosphamide
60 mg/kgx2, 1000 rad TBI, and marrow
from HLA-identical siblings [20]. There
were many early deaths from advanced ill-
ness and subsequent deaths from graft-ver-
sus-host disease (GVHD), opportunistic in-
fection, and recurrence of leukemia. How-
ever, six patients with ANL and seven pa-
tients with ALL are alive in unmaintained
remission 6-10 years later. Although the
fraction of long-term survivors is low, these
patients are unique in that no other form of
therapy has resulted in prolonged unmain-
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tained disease-free survival in relapsed pa-
tients. Actuarial analysis demonstrates a
flat long-term disease-free plateau and pro-
vides evidence that these patients are cured
of the disease.

III. Transplantation for ANL
in First Remission

Since some patients in the end stage of
the disease could be cured by combined
chemoradiotherapy and allogeneic marrow
transplantation, we initiated studies of mar-
row grafting in patients with ANL in first
remission [21]. When these studies were be-
gun, there were almost no reports describ-
ing median remission durations longer than
1 year. It seemed ethically acceptable
therefore to carry out these studies in these
patients. The first group of 19 patients was
reported 3 years ago, and three additional
patients were transplanted while that re-
port was in press. Twelve of these 22 (55%)
are alive in unmaintained remission 4-6
years after transplantation. Only one pa-
tient has significant chronic GVHD with a
Karnofsky score of 80%.

IV. Transplantation for ALL in Second
or Subsequent Remission

Patients with ALL who relapse have a grim
prognosis. Subsequent remissions can fre-
quently be induced but tend to be short in
duration. We initiated a study for patients
with ALL in second or subsequent remis-
sion in order to carry out the marrow graft
when the patient was in good condition
and when the possibility of cure might be
increased because of the minimal burden of
leukemic cells in the body [22]. Of the first
22 patients, the median remission duration
after grafting was 1 year, and six patients
became long-term survivors. The apparent
cure rate of 27% is a significant achieve-
ment, but we were disappointed by the fact
that leukemia recurred in eight of these pa-
tients. A Kaplan-Meier analysis indicated
that 60% of these patients would suffer a re-
lapse of leukemia if other causes of death
were eliminated. In a subsequent study it
was shown that marrow transplantation in
remission was superior to chemotherapy
for patients with ALL who have relapsed at
least once [11].
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V. Transplantation for Chronic Myeloge-
nous Leukemia (CML) in Blast Crisis

Our initial efforts to carry out marrow
transplantation in patients in blast crisis af-
ter failure of chemotherapy were un-
successful [6]. Of 12 patients, only one had
a remission beyond 1 year, and he died at
16 months of recurrent leukemia. In the
more recent series of patients in which the
marrow graft was undertaken before com-
bination chemotherapy had been admin-
istered, the results have improved ([7] and
unpublished). These studies involved the
usual two doses of cyclophosphamide fol-
lowed by fractionated irradiation, either
1200 rad or 1575 rad. Eight of 22 patients
are alive in remission from 4 to 48 months
after grafting.

VI. Transplantation for CML in
Chronic Phase

CML in chronic phase is not actually a
“chronic” disease. The median survival
time is 2 or 3 years, and there are no cures
by conventional therapy. We began studies
of this disease in a series of 12 patients who
had cytogenetically normal identical twins
to serve as marrow donors [8]. Dimethyl
myeleran, 5 mg/kg, was administered be-
fore the regimen of cyclophosphamide and
1000-rad TBI. One patient died of an inter-
stitial pneumonia, one died of cytogenetic
relapse and subsequent blast crisis, and two
are living and well but have had recurrence
of the Philadelphia chromosome. Eight pa-
tients are living, well, and cytogenetically
normal 24-68 months after transplan-
tation.

Encouraged by an apparent ability to
eradicate the abnormal clone of leukemic
cells in most patients, we began a study of
marrow grafting for patients with CML in
chronic phase with HLA-identical siblings
as donors [7]. The first three patients were
prepared with cyclophosphamide followed
by 1000-rad TBI, and one patient is living
and well 35 months later. Two patients
died early, one of interstitial pneumonia
and one of GVHD.

The current study for CML patients in
chronic phase consists of the two doses of
cyclophosphamide followed by 200-rad ir-
radiation on each of 6 days; patients are



then randomized to receive methotrexate
or cyclosporine for prevention of GVHD.
Thirteen patients have been entered on the
study. Four died of interstitial pneumonia,
and nine are living with a graft and without
the Philadelphia chromosome 5-20 months
after grafting. A preliminary report from
the Toronto marrow transplant team de-
scribes 11 patients with CML in the ac-
celerated phase [12]. The preparative regi-
men usually included cytosine arabinoside
(100 mg/m? per dayX35), cyclophospha-
mide (60 mg/kg per dayXx2), and 500-rad
TBI. Seven patients were alive without the
Philadelphia chromosome 2-26 months af-
ter grafting. Another preliminary report
from the UCLA marrow transplant team
described five patients with CML in
chronic or accelerated phase prepared with
the two doses of cyclophosphamide and
1000-rad TBI and given HLA-identical
sibling marrow [4]. All five were alive
and without the Philadelphia chromosome
6—15 months posttransplant. Although a
longer follow- up period will be necessary,
it appears that more than half of the pa-
tients with CML can be cured of the dis-
ease but that some patients will die early of
complications of the transplant procedure.

VII. Recurrence of Leukemia

The recurrence of leukemia after marrow
transplantation for patients with ANL in
first remission is a relatively minor problem
since only 10% of these patients are des-
tined to have a recurrence as determined
by an actuarial analysis. The long-term sur-
vival and apparent cure rate is 50%—60%.
For all other types of leukemia, when re-
lapse has occurred at least once, whether
the patient is transplanted in remission or
in relapse, recurrence of leukemia has been
observed in approximately 60% of the pa-
tients. The long-term disease-free survival
and apparent cure rate is approximately
10%-30% (1, 3, 91.

Seven cases of recurrence of leukemia in
the donor-type cells have been reported
(reviewed in [16]). Two of these recurrences
were an immunoblastic lymphosarcoma
type, one associated with Epstein-Barr
viruses. The other occurrences have been of
the original leukemic type, including both
ALL and ANL. In a study of recurrent leu-

kemia in patients with a donor of opposite
sex, the Seattle group has recognized three
recurrences in donor cells among 54 such
transplants. Thus, it appears that approxi-
mately 5% of the recurrences may be ex-
pected to be in the donor-type cells. The
mechanism of these recurrences in donor-
type cells is, of course, unknown. Present
speculations suggest that some type of
transfection may be involved.

VIII. Acute GVHD

Acute GVHD involves the skin, the liver,
and the gut as target organs and is associat-
ed with severe immunodeficiency [18]. Ap-
proximately 60% of the patients receiving a
marrow transplant from an HLA-identical
sibling and treated postgrafting with
methotrexate will show no evidence of
GVHD or only grade I GVHD. Forty per-
cent will have more severe GVHD with
multiple organ involvement. Treatment of
acute GVHD has been attempted with
prednisone, antithymocyte globulin, cyc-
losporine, cyclophosphamide, and various
monoclonal antibodies. The response to
treatment is variable and unpredictable.

IX. Chronic GVHD

About one-third of the patients who live
beyond 100 days postgrafting will display
some evidence of chronic GVHD. Chronic
GVHD typically presents a scleroderma-
like involvement of the skin associated with
sicca. Chronic GVHD may also involve the
liver or the gut. About 80% of the patients
with chronic GVHD will respond to ther-
apy with azathioprine and prednisone or
cyclophosphamide and prednisone [17].

X. Opportunistic Infections

Patients with a marrow graft from an HLA-
identical sibling are profoundly immuno-
deficient in the first 100 days after grafting,
and 1 year is required for full recovery of
immunologic function [14]. The presence of
GVHD, either acute or chronic, is associ-
ated with further suppression of immune
function. During the period of immunode-
ficiency, patients are susceptible to infec-
tion with a broad range of bacterial, viral,
and fungal infections [13].
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XI. Graft Versus Leukemia

It has long been known from studies in ro-
dents that an allogeneic graft may have an
antileukemic effect [2]. With better survival
of patients with GVHD, it has now been
possible to show that the presence of
GVHD indicates a lower incidence of re-
currence of leukemia after grafting [23].

XII. Cyclosporine

Cyclosporine is a fungus-derived antibiotic
with profound immunosuppressive proper-
ties without marrow toxicity. Preliminary
and uncontrolled trials of this agent indi-
cate that it is of value in preventing GVHD
and in treating established GVHD [15]. A
prospective trial has been underway in
Seattle for past 1% years. Patients are ran-
domized to treatment with cyclosporine af-
ter grafting in comparison to the standard
postgrafting methotrexate regimen. With
some 60 patients entered into the study, the
survival curve of the two groups is not sta-
tistically significantly different.

XIII. Monoclonal Antibodies

Many monoclonal antibodies which react
with various epitopes on the surface of T
cells are now available. Since GVHD is
presumed to be mediated by T cells, it is
reasonable to attempt to prevent GVHD by
in vitro treatment of the donor marrow
with monoclonal anti-T cell antibodies as
well as the in vivo administration of these
antibodies for the treatment of established
GVHD. Although the use of monoclonal
antibodies is being studied in many mar-
row transplant centers, definitive reports
have not yet appeared.

XIV. Haploidentical Marrow Donors

The Seattle Marrow Transplant Team be-
gan 5 years ago a cautious exploration of
family-member donors with one HLA hap-
lotype genetically identical with the patient
and the other HLA haplotype phenotypi-
cally identical at two of the three major
HLA loci [5]. Some 80 patients with leuke-
mia have now been transplanted from do-
nors of this type and, overall, the results
are much more a reflection of the type and
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stage of the disease than of the transplant
donor.

XYV. Unrelated Donors

Three years ago the Seattle Transplant
Team carried out a transplant for a patient
with ALL using a totally unrelated donor
[10]. The transplant was successful, and the
recipient had no GVHD. This case illus-
trated the feasibility of using as a donor a
completely unrelated individual.

C. Summary

Marrow grafting is now an established
treatment for patients under the age of 50
with acute leukemia and a suitable marrow
donor. For all patients who have relapsed
at least once, marrow grafting offers the
possibility of cure of approximately
20%-30% of these patients, which cannot
be achieved by any other regimen yet re-
ported. Although still somewhat contro-
versial, it appears that marrow grafting is
also the treatment of choice for younger pa-
tients with ANL in first remission since ap-
proximately 50%—60% of these patients can
be cured. The problems associated with
marrow grafting are largely those of failure
to eradicate the malignant disease and of
transplantation immunobiology. Progress is
being made on solving these problems, and
the ever-increasing number of marrow
transplant centers involved in the study of
these problems promises rapid progress in
this field.
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Nucleotide Metabolism and Enzyme Inhibitors
in Thymic Acute Lymphoblastic Leukaemia *

A. V. Hoffbrand, D. D. F. Ma, and H. G. Prentice

A. Introduction

It is now clear that not only the immuno-
logical but also the biochemical character-
istics of leukaemia cells are similar to those
of the normal cells from which they arise.
This has been most clearly established for
the lymphoid malignancies and par-
ticularly in thymic-derived acute lym-
phoblastic leukaemia (Thy-ALL). Close
similarities between Thy-ALL leukaemic
blast cells and early cortical thymocytes in
surface membrane antigen phenotype, in
terminal deoxyribonucleotidyl transferase
(TdT) content and in pattern of purine en-
zymes have recently been established [5].
These findings have helped to establish the
exact cell of origin of Thy-ALL and made
possible its diagnosis by single cell analysis
in bone marrow or extra medullary sites.
They have also led to the treatment of this
disease with 2’deoxycoformycin (dCF), a
specific inhibitor of the purine degradative
enzyme, adenosine deaminase (ADA). Part
of the stimulus to this research into the bio-
chemistry of the thymus and the treatment
of Thy-ALL with dCF has arisen from ob-
servations on children with severe defects
of immune development due to congenital
deficiency of ADA or of a second purine
degradative enzyme, purine nucleoside
phosphorylase (PNP). Lack of these en-
zymes causes absence of T- and B-lym-
phocytes or of T-lymphocytes respectively
but other functions of the body, including
haemopoiesis are largely unaffected.

* Supported in part
Clothworkers’
Research Fund

by grants from the
Foundation and Leukaemia

B. Purine Enzyme Patterns:
Normal Tissues and Established
Cell Lines

Studies in rats [1}] and more recently in hu-
mans [12] have shown that the activities of
several enzymes involved in purine metab-
olism differ widely between different lym-
phocyte subpopulations, both between B
and T cells and in the B- and T-cell lin-
eages, according to the degree of differen-
tiation of the cell studied. ADA is con-
cerned with the degradation of deoxy-
adenosine and adenosine to deoxyinosine
and inosine respectively. It is present in all
tissues, but its activity is highest in cortical
thymocytes and decreases as T cells ma-
ture. In humans, the earliest cortical
thymocytes (early cortical blasts or “pro-
thymocytes”) have the highest level of all,
whereas in rats, immature cortical thymo-
cytes and bone marrow prothymocytes
have lower levels than the majority of
thymic cortical cells. ADA activity in both
humans and rats is higher in mature T cells
than in B cells.

PNP is a consecutive enzyme with ADA
in purine degradation, breaking down de-
oxyinosine and inosine to hypoxanthine,
and also deoxyguanosine, guanosine and
xanthosine to xanthine. In rat lymphocyte
populations, a reciprocal relationship exists
between ADA and PNP, since cortical thy-
mocytes have high ADA and low PNP
levels whereas medullary thymocytes and
circulating T cells have high PNP and low
ADA levels. Human thymocytes show a
similar reciprocal relationship except in
prothymocytes which have high PNP as
well as high ADA levels.
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A third enzyme, 5’-nucleotidase, exists
on the surface of lymphocytes which is cap-
able of degrading deoxynucleoside mono-
phosphates to the corresponding deoxy-
nucleosides. The exact biological function
of this ectoenzyme is unclear. The activity
amongst T-cell subpopulations in humans
closely parallel that of PNP, being low in
cortical thymocytes and higher in mature T
cells [12]. 5’NT activity is, however, sub-
stantially greater on the surface of B- than
T-lymphocytes and among mature T-lym-
phocytes; the activity is greater on T sup-
pressor (OKT8™) cells than on T helper
(OKT4") cells [15]. Although 5NT has
been found low in the lymphocytes of
patients with congenital agammaglobulin-
aemia, this is thought to be more a result of
the lack of B cells than a cause of the con-
dition. The activity of a recently described
endonucleotidase [2] among different
lymphoid populations is as yet unknown.

Other enzymes concerned in deoxy-
nucleotide degradation are also more active
in B cells than T cells. These include ecto-
ATPase and thymidine phosphorylase.
Moreover, studies with established cell
lines have shown that immature T cells are
unable to functionally compartmentalise
thymine nucleotides into a degradative as
well as a synthetic compartment, whereas
other cell types have a degradative com-
partment for deoxynucleotides as well as
a synthetic compartment destined to be in-
corporated in DNA [22]. Recent studies
with established cell lines also show that as
cells mature in B-cell development from
c-ALL through pre-B-ALL to mature B
cells, so the ability to degrade DNA pre-
cursors increases [23]. PHA-transformed
T-lymphocytes, normal human bone mar-
row cells and myeloid cell lines all also
have substantial degradative compart-
ments. Virtually all the thymine nucleo-
tides in Thy-ALL lines, and presumably
in early thymocytes (although this has not
been studied directly) are destined to be
incorporated into DNA, however. This is
thought to be due to the operation of a
highly efficient multi-enzyme complex in
Thy-ALL cells, synthesising thymine nu-
cleotides and providing dTTP at the DNA
replication fork without leakage of distal
precursors to a degradative compartment.
Such efficient complexes are likely to
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operate in supplying the other three
deoxynucleoside triphosphates (dNTP),
deoxyadenosine- (dA-), deoxyguanosine-
(dG-) and deoxycytidine- (dC-) TP. Thus,
Thy-ALL and normal thymic cortical cells
have low levels of deoxyribonucleoside-
and deoxyribonucleotide-degrading en-
zymes except for ADA. They also lack a
degradative compartment for syphoning off
excess deoxyribonucleotides. They are,
therefore, peculiarly prone to dATP or
dGTP toxicity if ADA of PNP are absent or
inhibited, when excess amounts of dATP or
dGTP respectively are built up.

C. Terminal Deoxynucleotidyl
Transferase

This unusual DNA polymerase, like ADA,
is present in high concentrations in pro-
thymocytes and cortical thymocytes. It is
absent from mature T cells. The only other
normal cells containing TdT are a small
proportion of bone marrow cells and these
have been shown to exhibit the phenotype
of c-ALL or pre-B-ALL [7], which have
both been identified as early B cells be-
cause of the gene rearrangements they
show. Thus TdT is a marker of early cells in
the B- or T-cell lineages. The normal func-
tion of TdT is unknown, although it has
been suggested to play a role in generation
of immune diversity by altering the base
composition of DNA. The optimum sub-
strate for TdT is dGTP and Ma et al. [13]
have recently speculated that in early
thymocytes, TdT may polymerise excess
dGTP or other dNTP to make single-
stranded DNA polymers which if not incor-
porated into double-stranded DNA may be
subsequently degraded with release of po-
tentially toxic intracellular concentrations
of the corresponding deoxynucleosides and
deoxynucleotides.

D. ADA and PNP Deficiencies:
Mechanisms of Cell Death

Children born with ADA deficiency show
lack of T- and B-cell development. The
lack of B cells may be due to absence of
both suppressor and helper T cells needed



for B-cell maturation. The main mecha-
nism by which ADA deficiency is toxic is
thought to be dATP accumulation, due to
failure of degradation of deoxyadenosine,
with consequent allosteric inhibition of
ribonucleotide reductase and failure of sup-
ply of the other three deoxynucleoside
triphosphates with consequent cessation of
DNA replication. Additional toxicity may
be due to inhibition of S-adenosyl me-
thionine (SAM) mediated methylation re-
actions because of inhibition of S-adenosyl
homocysteine hydrolase by excess de-
oxyadenosine. Lowered ATP and raised
cyclic AMP levels have also been found in
ADA-deficient tissues and these may in-
hibit a wide variety of reactions in both
replicating and non-replicating cells (see [6]
for review). Most recently, Fox etal. [3]
have shown that the combination of de-
oxyadenosine and ADA inhibition by
erythro-9-(3-(2-hydroxynosyl)) adenosine
leads to arrest of Thy-ALL lines in vitro in
the G, phase of the cell cycle. This was as-
sociated with a rise in dATP in the G,
phase, and this and the cell arrest could be
prevented by deoxycytidine. Non-dividing
T cells are also killed [8]. They have sub-
sequently postulated that this may be due
to incorporation of accumulated deoxy-
adenosine into the poly (A) tail of RNA
with interference in the processing, transfer
and transcription of messenger RNA [10].

PNP deficiency causes a much more
selective lack of T cells with relative spar-
ing of B cells and their function. Toxicity is
thought to be mainly due to dGTP ac-
cumulation (at a later stage of T-cell matu-
ration than in ADA deficiency) with inhi-
bition of ribonucleotide reductase.

E. Enzyme Patterns in Leukaemic
Cells

The pattern of purine enzymes and TdT in
leukaemic cells shows a remarkably close
similarity to the normal counterparts of
these cells. Thus, Thy-ALL blasts, like ear-
ly cortical thymocytes have, in general,
high levels of ADA and TdT but lower
concentrations of PNP and 5'NT [20]. On
the other hand, more mature T-cell
tumours (e.g. T-cell CLL, Sezary cells and
T-prolymphocytic leukaemia) are TdT

negative, have only moderately high ADA
activity and show higher PNP and 5'NT
levels than in Thy-ALL [14]. Although the
normal bone marrow precursor cells from
which AML and c-ALL arise have not been
isolated in sufficient numbers and purity
for biochemical analysis, it seems probable
that the purine enzyme pattern and TdT
content of blast cells in AML and c-ALL
reproduce those of early bone marrow my-
eloid and lymphoid progenitors respective-
ly, AML typically being TdT negative with
moderately raised ADA, PNP and 5NT
and c-ALL being TdT positive with ADA
lower, PNP and 5’NT higher than in Thy-
ALL.

Nucleoside incorporation studies in blast
cells of Thy-ALL have shown a pattern dis-
tinct from the blast cells in other types of
acute leukaemia. Incorporation of de-
oxycytidine is raised and of thymidine low,
so that the ratio of uptake of deoxycytidine
to thymidine is higher in Thy-ALL than in
c-ALL or AML blasts [17]. The levels of
all four deoxynucleoside triphosphates
(dNTP) are also usually considerably high-
er in Thy-ALL than in other acute leu-
kaemias. This may partly be due to the
larger number of cells in cycle in Thy-ALL,
but the particularly high levels of dNTP
suggest that this may also be due to greater
synthetic and less degradative capacity of
Thy-ALL blasts for deoxyribonucleotides.
Normal thymocytes also show high concen-
trations of the ANTP [16].

F. Deoxycoformycin Therapy

The known dependence of early thy-
mocytes on ADA led to the development of
a specific ADA inhibitor 2’deoxycofor-
mycin (dCF) as a potential immuno-
suppresstve agent and for the treatment of
thymic-derived tumours. A number of
groups in the United Kingdom and the
United States have used dCF to treat Thy-
ALL and found the drug to be effective in
obtaining a remission in the majority of
cases, even those resistant to other forms
of chemotherapy. In our own experience, a
remission was obtained in 7 of 12 patients
using a 5-day course of the drug at
0.25mg/ kg each day. Two cases proved
resistant and in three a partial remission
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was obtained with one or two courses [18].
Patients with other T-cell tumours, e.g.
T-prolymphocytic leukaemia and mycosis
fungoides have also responded to dCF
whereas cases of c-ALL and AML have, in
our hands, proved resistant. Others, how-
ever, have obtained responses in c-ALL [4]
and even in B-cell CLL [9].

The mechanism of cell killing has been
analysed by serial biochemical studies.
Blast cell death more closely correlates with
dATP rise than with S-adenosyl homocys-
teine hydrolase inhibition [19]. Indeed, a
predictive test for response based on the
degree of dATP rise in blasts incubated
with dCF and deoxyadenosine in vitro has
been devised [18, 21].

G. Side Effects

The effects of dCF therapy in Thy-ALL on
tissues other than the leukaemic cells could
not have been predicted from observations
on ADA-deficient children. Iritis, hepatic
abnormalities, haemolysis (in 9 of 17 pa-
tients studied by Prentice etal. [18]), cen-
tral nervous system toxicities and renal ab-
normalities including renal tubular necrosis
have all been described. The mechanisms
for these toxicities are not clear. Reduced
red cell ATP concentrations have been
demonstrated and postulated to lead to
haemolysis. Interference with cyclic AMP
and SAM-mediated reactions are further
possibilities. Hyperuricaemia was a prob-
lem in early studies, but since the use of al-
lopurinol this has been prevented.

H. In Vitro Removal of Thy-ALL
Blasts

The selectivity of dCF therapy for Thy-
ALL with sparing of haemopoiesis has
aroused interest in the possibility of using
dCF in vitro to remove selectively residual
Thy-ALL blasts from bone marrow prior to
autologous bone marrow transplantation.
However, studies in cell lines have shown
that ADA inhibition alone in vitro does not
lead to death of T cells or other cell types.
On the other hand, deoxyadenosine is toxic
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to cells in vitro and T cells are susceptible
at lower concentrations than B cells or
other cell types. Studies of the combination
of dCF (10°M) and deoxyadenosine
(10™M) have shown toxicity to Thy-ALL
lines in vitro with considerable selectivity,
growth of c-ALL, B- and myeloid cell lines
being far less inhibited [11].

The use of the combination of dCF and
deoxyadenosine in vitro for selective killing
of residual Thy-ALL blasts prior to autolo-
gous bone marrow transplantation has not
yet been used because of the long incu-
bation period necessary to achieve sub-
stantial cell killing. For established Thy-
ALL cell lines, 72 h incubation at 37°C is
needed to achieve over 80% cell death and
studies of blast cells from individual pa-
tients with Thy-ALL have shown a simi-
larly long incubation period to be necessary
(Ma, Sylwestrowicz and Hoffbrand, unpub-
lished observations).

It is not considered practical to maintain
bone marrow in culture at 37 °C in vitro for
3 days free from contamination and with
sufficient preservation of normal haemo-
poietic stem cells to ensure successful en-
graftment.

1. Conclusion

Many of the biochemical features of Thy-
ALL reproduce those of early cortical thy-
mocytes, and result in Thy-ALL blast cells
being exquisitely dependent on adenosine
deaminase to degrade deoxyadenosine.
These observations have led to the use of
deoxycoformycin, a specific ADA inhibitor,
in treatment of Thy-ALL. Further studies
of the biochemical make-up of the blast
cells in different types of leukaemia, par-
ticularly of the organisation of DNA and
RNA synthesis and degradation, are need-
ed in order to improve the design of
chemotherapy with antimetabolite and
other drugs in these diseases.
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A. Introduction

Terminal deoxynucleotidyl transferase
(TdT) is a unique DNA synthetic enzyme
whose expression in normal cells is re-
stricted to subsets of primitive lymphocytes,
and among neoplastic cells is found only in
the blast cells of some forms of acute leu-
kemia and diffuse lymphoma [1-5]. This
polymerase has achieved increasing at-
tention over the last several years from
both basic biologists and physicians caring
for patients with malignant hematologic
disease. For biologists it has emerged as a
useful biochemical marker for subsets of
pre-B and pre-T cells, and has played an
important role in studies aimed at dissect-
ing the ontogeny of the lymphoid system [6,
7]. In clinical medicine, blast cell TdT as-
says have been shown to be useful in the
subclassification of acute leukemias and
diffuse lymphomas, and TdT status has
been used to assign patients to therapeuti-
cally meaningful categories [8, 9].

Although the existence of this enzyme
has been known for over 20 years, the func-
tion it subserves in the cells in which it is
found is presently unknown. Its strict limi-
tation in normal animals to lymphoid cells
during the early phases of their differen-
tiation suggests that it may play a critical
role in this process. Presumably TdT sub-
serves a similar role in leukemia cells,
although the process of differentiation is it-
self disturbed. Whatever its role might be,

* Supported in part by the Irving Mann Medical
Oncology Research Endowment Fund and an
American Cancer Society Institutional Seed
Grant to Boston University
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we asked whether inhibition of TdT in leu-
kemic cells might constitute a lethal event
to such cells. We therefore began a study to
find a specific TdT inhibitor. With such a
probe one would be able to examine a vari-
ety of cellular processes and functions in
TdT-positive cells, and gain insight into the
role of this enzyme in both normal and
malignant cells.

B. In Vitro Inhibition of TdT Catalysis

We began our search for TdT inhibitors by
screening a series of 6-anilinouracil deri-
vates for their ability to inhibit TdT cataly-
sis as measured in a standard biochemical
reaction. This series of compounds was se-
lected for our initial screen because of the
work of Wright, Baril, and Brown [10] with
one such compound, 6-butylanilinouracil,
which they showed to be a specific inhibi-
tor of HeLa cell DNA polymerase a. The
other constitutive HeLa cell polymerases,
polymerases B and y, were not inhibited.
Furthermore, this compound, in a range of
concentrations which were inhibitory to in
vitro enzyme catalysis, also strongly in-
hibited cell proliferation in nonsynchro-
nous HeLa cell cultures in a dose-depen-
dent fashion. Similar data on growth inhi-
bition were also generated with KB cells
lines. We thus proceeded to test related
analogues for their effect on TdT.

Fifteen uracil analogues were studied.
Each was employed at 200 umolar final
concentration in 1% DMSO (required for
solubility) in our standard TdT biochemi-
cal assay [1]. Control TdT reactions were
also run in the presence of 1% DMSO. Two



Table 1. Effect of uracil

Designator  Name nmoles analogues on TdT ac-
*H-dGMP tivity
inc.

Control 1.22

GW-9E 6-anilinouracil 1.21

GW-7B 6-(benzylamino)uracil 1.03

GW-7C 6-(phenetylamino)uracil 131

GW-11D 6-(p-butylanilino)uracil 1.12

GW-22E 6-(p-hydroxyanilino)uracil 1.21

GW-16C 6-(p-acetamidobenzylamino)uracil 1.43

GW-18B 6-(cyclohexylamino)uracil 1.31

GW-20B 6-(cyclohexylmethylamino)uracil 1.33

GW-18E 6-(n~-pentylamino)uracil 1.20

GW-22A 6-(iso-pentylamino)uracil 1.21

GW-17B 6-(3’,4'-trimethyleneanilino)uracil 1.23

GW-28A 6-(d-naphthylamino)uracil 1.24

GW-33E 5-(p-methoxybenzyl)-6-aminouracil 1.20

GW-17E 6-(p-methoxyanilino)uracil 051

GW-18C 6-(p-aminoanilino)uracil 0.69

compounds, designated GW-17E and GW-
18C, showed significant inhibition in this
screen (Table 1).
- This inhibition by GW-17E and GW-
18C was specific for TdT. Data for rep-
resentative experiments involving poly-
merases a, 8, and y are shown in Table 2.
Both compounds inhibited TdT in a dose-
dependent manner (Fig. 1). Avian myelo-
blastosis virus reverse transcriptase was not
inhibited by either GW-17E or GW-18C.
The general structure of compounds
GW-17E and GW-18C are shown Fig. 2.
For compound 17E the R denotes a

Table 2. Specificity of inhibition of TdT by GW-
17E and GW-18C

Enzyme CPM SH-dNMP incorporated
Control +17E +18C
TdT 12,130 4,900 3,100
Pol a 15,040 15,217 15,417
Pol B 5,221 5,492 5,218
Pol y 7,490 7,223 7,165

Effect of 400 umolar inhibitor on activity of
homogeneously purified human leukemic TdT
and HeLa cell DNA polymerases. TdT, pol a,
pol B, and pol y were assayed as previously de-
scribed [10, 11]

methoxy substitution; for 18C the R de-
notes an amino substitution. Para position
substitutions are critical for inhibitory ac-
tivity. Moving the methoxy or amino group
to another position on the aniline ring re-
sults in loss of inhibitory activity.

In these preliminary studies inhibition
was neither initiator dependent nor sub-
strate dependent: it occurred with both
oligo(dA) and single-stranded DNA as ini-
tiators and with dGTP and TTP as sub-
strates. The TdT used in these experiments
was purified (using ion-exchange and affin-
ity chromatography [12]) from both calf

% Control Activity

101

1 1 1

1 1 1 I
100 200 300 400

Inhibitor Concentration (uM)

Fig. 1. Inhibition of TdT by 6-(p-methoxy-
anilino)uracil (GW-17E) and 6-(p-aminoani-
lino)uracil (GW-18C)
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Fig. 2. General structure of compounds GW-
17E and GW-18C. For 17E the R denotes a
methoxy substitution, and for 18C the R denotes
an amino substitution

thymus gland and human leukemia cells.
Formal inhibition studies to determine the
nature of the inhibition (competitive versus
noncompetitive K; values) are in progress.

C. Effect of GW-17E and GW-18C on
Cell Proliferation

We next attempted to extend these ob-
servations to additional TdT-positive and
TdT-negative cell lines. We studied 30 cell
lines initiated from patients with various
forms of acute leukemia and maintained at
Roswell Park Memorial Institute. Twenty-
one lines were TdT positive, nine were TdT
negative. However, the requirement for 1%
DMSO for the solubility of GW-17E and
GW-18C turned out to be toxic for these
cell lines: control cultures grew with ex-
treme variability in the presence of 1%
DMSO, making the interpretation of in-
hibitor effects impossible.

Table 3. Effect of GW-17E and GW-18C on cell
proliferation

Cell Source TdT Growth
line status
HeLa Human Negative Unchanged
L1210 Murine Negative Unchanged
LE-4 Murine Positive ~ Markedly
inhibited
HPB-ALL® Human Positive  Control cul-
IM? Human Positive  tures fail to
growin 1%
DMSO

® The data noted for the two human leukemia

cell lines are representative of all 30 lines stud-
ied
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Work in progress now is directed at the
development of compounds related to GW-
17E and GW-18C, which are both inhibi-
tory and water soluble. One such com-
pound, designated 20-DN (Fig. 3), has
been identified. At 100 pmolar concentra-
tion this compound inhibits TdT in vitro by
85% of control, while polymerases a, §, and
y are not inhibited, even at 500 pmolar con-
centration.

(0]
Na N
|\ I CHg
&5
0° \n NH
H H 2

Fig. 3. Structure of compound GW-20DN

It should be possible to determine, using
a panel of human and animal TdT-positive
and TdT-negative cell lines, whether the re-
sults we have seen with HelLa, L1210, and
EL-4 cells are general and related to TdT
states, and not restricted to the lines studied
to date.

D. Conclusion

The physiologic function of TdT in cells in
which it is expressed, either leukemic or
normal, is presently unknown. Its strict
limitation in normal animals to lymphoid
cells during the early phases of their differ-
entiation suggests that it may play a critical
role in this process. Presumably TdT sub-
serves a similar role in leukemia cells,
although the process of differentiation in
these cells is itself disturbed. Whatever its
role might be, we have asked whether inhi-
bition of TdT in leukemic cells might con-
stitute a lethal event to such cells. Our pre-
liminary data on growth inhibition by GW-
17E and GW-18C of a murine TdT-posi-
tive cell line suggests that this may indeed
be the case.

The development of potent and specific
TdT inhibitors will provide a critical tool in
the dissection of the biological role of TdT.
Such compounds may be of therapeutic use



in TdT-positive malignant states as defini-
tive or adjunctive therapy, or possibly in
the in vitro destruction of TdT-positive
malignant cells in bone marrow prior to
autologous grafting. Although TdT-positive
normal cells, in addition to TdT-positive
malignant cells, might be eliminated by
therapy of this short, the fact that pluripo-
tent stem cells are TdT negative suggests
that the normal TdT-positive cell com-
partment would therefore be renewable.
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Poly(A)-polymerase Levels in Leukemia

M. Papamichail, T. Trangas, N. Courtis, C. Ioannides, H. Cosmidou, G. A. Pangalis,

and C. M. Tsiapalis

A. Introduction

Formation of individual functional mRNA
sequences in eukaryotic cells requires many
steps in addition to transcription. These in-
clude RNA splicing, base modification,
polyadenylation-de-adenylation, transport
from nucleus to cytoplasm, and assembly
into the polyribosomes. A number of recent
reports indicate that various control mech-
anisms may operate in these several steps
of mRNA maturation before its translation
[1]. Elucidation of such control mechanisms
concerning eukaryotic gene expression in
addition to its biological interest may be
clinically useful in lymphoid malignancies.
Polyadenylation of the 3’-hydroxyl end
of HnRNA and mRNA could theoretically
be regulated by poly(A)-polymerase [2, 3].
To clarify the possible involvement of this
enzyme in mRNA maturation and stabili-
zation we have carried out measurements
of poly(A)-polymerase in various human
leukemias. We found that acute leukemias
have higher enzyme levels than those ob-
served in chronic lymphocytic leukemias.

B. Results

As can be seen in Table 1 peripheral blood
lymphocyte soluble cell extracts from pa-
tients with acute leukemia have higher
poly(A)-polymerase activity than that ob-
served in lymphocytes from chronic lym-
phocytic leukemia patients. The mean po-
lymerase unit per milligram soluble protein
in 30 cases of chronic lymphocytic leu-
kemia was 7.03 whereas in acute leukemic
cases it was 49.25. This difference of en-
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zyme levels is statistically significant.
Among the acute leukemias acute myelo-

‘blastic leukemia seems to have the highest

enzyme levels. However, more cases must
be studied to substantiate this conclusion.
Peripheral blood lymphocytes from normal
donors have very low enzyme activity. The
polyadenylation reaction showed an abso-
lute requirement for divalent -cations
(Mn?** being better than Mg?*) and exoge-
nous initiator. There were no significant
differences observed in the level of
poly(A)-polymerase initiated with oligo (A)
(Axs) or poly(A)(Asgs) with soluble extracts
from acute and chronic leukemic patients.
The oligo(A)-initiated polymerase activity
from all soluble cell extracts shows linear
incorporation of AMP for 1h. In contrast
the poly(A)-initiated polymerase activity

Table 1. Poly (A)-polymerase levels in various
leukemias

Diagnosis Enzyme units
(nmol/h)/mg

Chronic lymphocytic 703+ 8.17°

leukemia [30]*

Acute leukemias [14]° 49.251+39.03°

Normal peripheral blood 273+ 2.67°

lymphocytes [7]

* Numbers in parentheses indicate the number
of cases studied

b Level of significance 99% (mean+ SEM)

¢ Acute leukemias include nine acute lym-
phoblastic leukemias (ALL), two acute
myeloblastic leukemias (AML), and three
chronic granulocytic leukemias (CGL) in blast
crisis



from both acute and chronic leukemic solu-
ble cell extracts shows linear incorporation
of AMP for more than 1 h with an apparent
initial lag phase. All enzyme assays may be
carried out at protein concentrations of
crude cell extract between 1 and 3 mg/ml.
Preliminary data in our laboratory indicate
differences in the mol.wt. of the enzyme be-
tween the acute and chronic cases. Also in
acute leukemias the poly(A)-polymerase
consists of two enzyme species whereas in
the chronic leukemic cases only one of
these can be detected (as reported else-
where).

C. Conclusions

The results of this study indicate that pe-
ripheral blood lymphocytes of patients suf-
fering from acute leukemia have higher
poly(A)-polymerase activity than lym-
phocytes from CLL patients. Of the acute
leukemias, the highest levels of the enzyme
were observed in AML cases. However,
more cases must be tested to prove this.
There is evidence that polyadenylation
of HnRNA and mRNA is an early post-
transcriptional process presumably me-
diated by poly(A)polymerase. It has also
been suggested that poly(A) confers sta-
bility and consequently enhances trans-
lational efficiency of some mRNAs [4, 5, 6].

It could be assumed that high poly(A)po-
lymerase levels result in increased poly(A)
content of mMRNA and HnRNA. Therefore,
the observed high levels of poly(A)polyme-
rase in rapidly proliferating acute leukemic
cells, which have increased translational
needs, possibly correlate with a longer life-
time of mRNA. The opposite occurs in
CLL.

Elucidation of mRNA adenylation by
poly(A)-polymerase and the subsequent
functional lifetime of mRNA in various
types of leukemia may shed light in under-
standing better the cellular basis of cell
proliferation and have some clinical signifi-
cance in lymphoid malignancies.
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Short-term Therapy for Acute Myelogenous Leukaemia
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A. Introduction

It has now been repeatedly demonstrated
that it is possible to achieve complete re-
mission (CR) in the majority of younger
adults with acute myelogenous leukaemia
(AML) [4, 5, 7, 11, 12], and that approxi-
mately one-fifth of patients in whom this is
achieved will continue well without re-
currence for many years [2, 6, 8, 10]. These
observations have naturally stimulated
considerable research in to how these
achievements may be translated into cure
being probable for the majority rather than
possible for the minority. In general, the
trend has been to increase the quantity of
initial therapy to the limits of bone marrow
tolerance, which has been considerably ex-
tended by the availability of platelet con-
centrates and powerful broad spectrum
antibiotics. In 1978 such an approach was
introduced at St. Bartholomew’s Hospital.
In the light of there being no convincing
evidence that maintenance therapy pro-
longed remission following very intensive
initial treatment, and some (evidence) to
the contrary [3, 9], it was decided to limit
the duration of the programme to approxi-
mately 6 months by terminating all therapy
after a maximum of six cycles of ad-
riamycin (adria), cytosine arabinoside
(araC) and 6-thioguanine (6-TG) given at
approximately 3 weekly intervals.

Preliminary results were reported in
April 1982 [1] and this report constitutes a
follow-up of 98 patients under the age of
sixty.
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B. Materials and Methods

1. Patients

Ninety-eight consecutive patients aged
15-60 with newly diagnosed AML com-
menced treatment at St. Bartholomew’s
Hospital between April 1978 and Novem-
ber 1981 and form the basis of this report
(Table 1).

Table 1. Pre-treatment clinical details; n=98

M:F52:47

Blast count
X 10°/litre

Platelet count
X 10°/litre

Range 0-392 8 —386

Mean 28 74

Median 5 42

F-A-B Classification

M 1 2 3 4 5 6 Total
39 19 9 21 5 6 99

IL. Treatment (Table 2)

Two combinations of adria, araC and 6-TG
were employed sequentially between April
1978 and June 1980. The initial combi-
nation was the least intensive (B-IX) and
modified in favour of the next (B-X) be-
cause inadequate aplasia was induced. This
was abandoned because of unacceptable
early mortality and B-IX re-instituted. The
finding that the duration of remission was
significantly longer in patients surviving to
enter CR with B-X, and improvements in



Table 2. Details of treatment programmes

months, patients being observed sub-
sequently without therapy prior to relapse.

Drug Dose  Days  Cycles If an HLA identical donor was available,
(mg/m?) chemoradiotherapy followed by allogeneic
BIX bone marrow transplantation was per-
- formed (Dr. RL Powles) at the completion
Adriamycin 50 ) 142 of chemotherapy. Such patients have been
50 1 344 excluded from the analysis from the time of
25 2 3+4 transplantation.
50 1+2 5+6
Cytosine 200 1-5 1-6 C. Results
arabinoside
Complete remission (CR) was achieved in
6-Thioguanine 200 1-5 1-6 56/98 patients with the initial therapy and
in a further three after the addition of high-
B-X dose araC to give an overall complete re-
mission rate of 59/98 (60%) (Table 3). The
Adriamycin 25 2,3 1-6 reasons for failing to enter CR are shown in
. Table 4. No patient with a presenting blast
Cytosine 200 1-7 142 cell count in excess of 100X 10°/liter en-
arabinoside 1-5 3-6 tered CR.
6-Thioguanine 200 -7 1+2
1-5 - Table 3. Frequency of complete remission
B-Xb B-IX B-X B-XB Total
Doses of all three drugs the same as B-X; araC ~ 30/37 11/27 18/34 59/98

given by continous intravenous infusion; araC
and 6-TG given for 7 days in all cycles

supportive care led to the introduction of
an intensification of B-X to B-Xb.

The majority of patients treated between
July 1980 and November 1981 received this
modification of the B-X programme,
whereby adria was given on the 1st and
2nd days (total dose 75 mg), araC was
given by continuous intravenous infusion,
and araC and 6-TG were continued for 7
days in all cycles. Four patients received
adria on the first 2 days with araC at
100-150 mg/m? per day by continuous in-
fusion for 10 days without 6-TG. AraC at a
dose of 2 Gm/m? twice daily (given over
3 h) for 6 days was substituted for one con-
solidation course in three patients. For the
purpose of this analysis, primarily con-
cerned with determining whether there was
an advantage in treating patients with
chemotherapy including 7 days of araC as
opposed to 5, all these patiens are con-
sidered together. A maximum of six cycles
was prescribed over approximately 6

B-IX vs B-X P=0.01; B-IX vs B-Xb P=0.01;
B-X vs B-Xb n.s.

Table 4. Reasons for failure to achieve remission

B-IX B-X B-Xb Total

Resistant 2 7 5 14
leukaemia

Fatal infection 1 3 6 10
Haemorrhagic 3 3 1 7
death

Other | 3 4 8
Withdrawn -~ - 3 3
Total 7 16 19 42

Table 5. Proportion of patients receiving total
planned therapy

B-IX B-X B-XB

23/30 8/11 5/15

B-IX vs B-Xb P=0.01; B-X vs B-Xb P=0.05
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Only 36/59 patients entering complete
remission completed six cycles of therapy,
the proportion being significantly lowest
(P<0.01) for patients receiving the most
intensive programme (B-Xb) (Table 5). Al-
so the mean time to completion of three
cycles of therapy was significantly longer
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for B-Xb (90 days) than B-IX (86 days,
P=0.01) or B-X (75 days, P=0.05).
Twenty-one patients have continued in
first unmaintained CR between 6 months
and 4 years with a median follow-up of 18
months (Fig. 1). Thirty-eight have relapsed,
one has died of septicaemia without re-

¥ Bone marrow transplant
®Dying in first remission

Cumulative % in remission

0 1 2

YEARS

patients aged 15 — 60 years

Fig. 1. Duration of first complete remission

3 4

SBH/ICRF June 1982

* Bone marrow transplant

100 ® Dying in first remission
B—X n=11
c 80 £ ti 1l 1
K]
£
- 60
£
® L wiB_Xbn=15
2 40
@
=]
g B—-1X n=30
(@) 1 1 | 1]
20 I
1 1 ]
0 1 2

Years
Patients aged 15—60 years

SBH/ICRF June 1982

Fig. 2. Duration of first complete remission. Influence of treatment programme
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5 Days n=30

3 4
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Fig. 3. Disease-free survival. Influence of initial therapy. araC: 7 days vs 5 days

100

80

60

40

Cumulative % surviving

20

0 1 2

YEARS
patients aged 15 — 60 years

Fig.4. Overall survival

lapse, and bone marrow transplantation
was performed in five, all of whom have
continued in remission but who have been
excluded from the analysis from that time.
The median duration of remission was 1
year. It was significantly longer for patients

* Bone marrow transplant

i aad ) 1 1

n=98

3 4

SBH/ICRF June 1982

receiving B-X than those receiving either
B-IX or B-XDb (not an entirely homogenous
group) (Fig. 2). All three patients receiving
B-Xb who proceeded to high-dose araC
prior to entering complete remission have
relapsed at 4, 8% and 9 months. Compari-
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son of the duration of remission of patients
entering complete remission with a treat-
ment programme contining 5 days araC
and 50 mg/m?® of adria in the first two
cycles with those receiving one containing
7 days araC with 75 mg/m? of adria in di-
vided doses reveals a significant advantage
for the latter group (P < 0.05, Fig. 3) '

The overall disease-free survival curve
for all 98 patients commencing treatment in
all of the studies in shown in Fig. 4.

D. Discussion

The complete remission rate for adults un-
der 60 years of age treated at St.
Bartholomew’s Hospital has risen modestly
from 43% (1974—-1978) to 60% in the period
1978-1982, being highest in the group re-
ceiving the least intensive programme. Re-
ducing the duration of therapy to approxi-
mately 6 months has not been associated
with a reduction in the median duration of
remission, nor in the proportion without re-
lapse at 3 years. On the contrary, the cur-
rent analysis shows a statistical advantage
for patients receiving short-term therapy
over those treated in previous studies at St.
Bartholomew’s Hospital. This is, however,
the group treated most recently and ob-
viously late relapses may occur. It is unlike-
ly, however, that the results will be worse
than those achieved previously, at least jus-
tifying the further investigation of short-
term therapy. Comparison of the duration
of remission attained with B-IX, X, and Xb
shows an advantage for B-X over both the
others in spite of the fact that B-Xb was
nominally more intensive than B-X. There
are several possible explanations for this. It
may be that the very long remission dura-
tion of patients receiving B-X was a statisti-
cal fluke, in part a reflection of the small
number of patients, Two other alternatives
are possible. First, the premature termina-
tion of B-Xb prevented many patients re-
ceiving adequate therapy. Second, resistant
leukaemia was allowed to develop by the
prolonged intercycle time.

The fact that an advantage may be dem-
onstrated for the 7 (or more) -day sched-
ules, but not for those in which araC was
given by continuous infusion, may be vari-
ously interpreted. It seems most likely that
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this paradoxical result is a reflection of the
fact that 200 mg/m?* araC when given by
twice daily bolus injection for 7 days in
combination with adria and 6-TG is just
tolerable for six cycles at 3—4 weekly in-
tervals, but intolerable when given by in-
fusion. It may therefore be inferred that if
the schedule of administration of choice is
a 7-day continuous infusion, the daily dose
of araC must be reduced, or the other drugs
omitted.

None of these results demonstrates that
there is no place for maintenance chemo-
therapy for AML, but the relapse-free pat-
tern suggests that it may be superfluous for
at least a proportion. The results of other
studies also suggesting that the intensity of
the initial and immediate post-remission
therapy, whether chemotherapy or chemo-
therapy with radiotherapy and bone mar-
row transplantation, persuade us to pursue
this direction of research.
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Multicentre Pilot Study for Therapy of Acute Lymphoblastic
and Acute Undifferentiated Leukemia in Adults*

D. Hoelzer, E. Thiel, H. Loffler, H. Bodenstein, T. Biichner, and D. Messerer,
for the German Multicentre ALL/AUL Study Group

In 1978 a study group was formed in the
Federal Republic of Germany for the treat-
ment of acute lymphoblastic leukemia
(ALL) und acute undifferentiated leukemia
(AUL) in adults. A modified form of an in-
tensive induction and consolidation re-
gimen successful in children with ALL [1]
was used. The objective was to determine
whether a prolonged remission induction
and the addition of the drugs cyclo-
phosphamide, cytosine-arabinoside and
6-mercaptopurine to the more conventional
drugs for induction therapy of ALL, vin-
cristine, prednisone, daunorubicin and
L-asparaginase would improve the long-
term results. It was hoped that a large num-
ber of hospitals would participate and that,
with a sufficient number of patients uni-
formly treated, it would be possible to de-
termine prognostic factors and to identify
risk groups. This report concerns the design
of the study, the toxicity of the therapeutic
regimen and the first results.

I. Design of Study

In this multicentre, prospective, non-ran-
domised study, patients between 15 and 65
years of age with ALL or AUL were treated
according to the protocol. Excluded from
the study were patients with previous in-
tensive chemotherapy or severe pre-exist-
ing somatic or psychiatric disease.

* Supported by the Bundesministerium fiir

Forschung und Technologie, Foérderungs
Nr. 01 ZW 450
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IL. Diagnostic

The aim was to have central diagnosis for
all participating insitutes including mor-
phology and cytochemistry, cell surface
marker studies and determination of ter-
minal deoxynucleotidyl transferase (TdT).
This central execution of the diagnostic re-
quired a considerable amount of organis-
ation and expense and could thus be only
partially achieved during the pilot study.

The morphological diagnosis was made
on the basis of Giemsa staining of blood
and bone marrow smears and the cy-
tochemical reactions PAS, peroxidase,
naphthyl acetate esterase. To avoid delay,
therapy was commenced according to the
diagnosis made locally and, in addition,
blood and bone marrow smears were
stained and reviewed in one centre (H.
Loffler, Kiel). Considered as ALL were
cases with PAS-positive blasts and as AUL
cases with blasts negative in all cytochemi-
cal reactions and without signs of granulo-
poietic differentiation [2].

The immunological diagnosis by cell sur-
face marker analysis of blood and bone
marrow cells was made in Munich (E.
Thiel) for all participating institutions. Ac-
cording to methods already described [3],
ALL should be classified into subtypes (c-
ALL, c¢/T-ALL, pre-T-ALL, T-ALL,
B-ALL) and morphological AUL identified
either as a subtype of ALL, as unclassifi-
able “Null”-ALL or possibly as myeloid or
erythroid leukemia. Furthermore, the en-
zyme terminal deoxynucleotidyl transferase
was determined centrally by a biochemical
and immunofluorescence assay (H. Bo-
denstein, Hannover).



III. Therapy

The treatment comprises induction therapy
with CNS-prophylaxis, consolidat