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The 18th annual meeting of the International Society for Experimental Hematology,
took place in Paris on July 16-20, 1989. A thousand participants attended and 589 . ..
papers were presented, a record over the previous years. Experimental Hematology
Today— 1989 cannot be considered as fully representanve either of ,g!ﬁ ,Qleetiﬂ&w 5
even of the status of research in our field. It only represents a sub;ectxve selection of
a few papers taken from a large mass of outstanding contributions.

Manuscripts in this book have been chosen from the group- that received-the-
highest score from the scientific committee and finally selected Byﬁeedltbrs of the
book. The book is divided in 4 parts: -

NI keﬁ
Present aspects of transplantatxon of stem cells N
Control of hemopoiesis - ; e SN,
Hemopoiesis in malignancies i \j
From molecular blologytogene transfer ' ;Z S OrSHRL R  OTAR,

The present yearbook of experimental hematology somehow isa tatimony of the
activity of our society, and I beheve that it lms a pl&ce of value in all scientific

 libraries. 3 : : :
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Part I. ‘Present Aspects of 'l‘ransplantatlon S
| of Stem Cells
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_in Acute Leukemia

_The Role of Autologous Bone Marrow Transplantatlon

Karel A. Dicke, M.J. Dicke-Evinger, J. Spinolo, and V Spencer

TREATMENT (!' X.'Ul'l LEUKEMIA

With conventional dose chemotherapy, the
,ptquosis of adult acute leukemia varies with
the. gprpbological type from 25% long-term
. disease-free survival. (DFS) in acute
myelogenous leukemia (AML) to 40% in acute
. 1ymphocytic leukemia (ALL). For this reason,
we would like to discuss the role of
autologous bone marrow transplantation (ABMT)
_separately for each disease mﬂality.

fr

F published data there i ia in
. From 8 ata s evidence
‘rgugott of AML as a clot:nfl disease. The
emic cell population appears to escape the
normal growth regulatory mechanism at either
the stem cell level or at a more
differentiated level such as the myeloblast or
promyelocyte and begin proliferating in an
uncontrolled manner. Such unresponsiveness to
normal growth regulatory mechanisms is
intrinsic to the leukemic cell and is most
likely not due simply to a change in the
feedback regulatory system of the cell.
omosomal abnormalities have been
.described for AML many of which involve
- mﬂc gene rearrangements or deletions.
such chromosomal” nrkers. prognostic
£ have .been identified to predict the
rate as well as tbemtbultyof response to
therapy. One such model is that described by
Keating (1). This model predicts the
probability of achieving remission (PR) and

‘the ility of in remission for . °
mm? Usi;'::;y mdezlueazeablz'

‘ to predict that the remission durability in
patients with the -5, -7 chromosome deletion
- is 'short (PCR1 <0.6 or 60%) whereas inyersion
""16 or translocation 15,17 have a high
probability of staying in :emissim for 1 year
(ECR1 >0.6 or 60%). The-DFS in patients with
~an inversion 16 or a 15,17 translocation in
- the leukemic cell clone is approximately 40%
whereas the majority of the patients with the
5, =7 leykemic cell population survive 1us
than a year: Variability in prognosis is a
pitfall for any treatment modality to be.

T
L

4

" tested on its effectiveness sincb patient

selection may heavily influence the outcome
of the study. To avoid the influence of
patient selection, such studies must either
be performed separately for each leukemic
subpopulation or perfomed under. strict
rmdomization. '

‘ wm—au'mmcxl
“For the reasons mentioned above, the Eu

ropean,
ABMT data in AML collected by Gorin (2) have
restricted value. The patients described
were transplanted in numerous institutions
and the criteria for patient entry at these
various centers are not known. Gorin has
reported a 32% long-term survivp.l in AML
patients transplanted in CR1 with™ rged

marrow harvested within six months’ after

achieving CR. Patients treated with
cyclophosphamide and total body irradiation
(TBI) rescued with marrow cleansed in vitro

with mafosfamide had a 56% three zeh:;enrs.
When comparing the treatment of

patient groups, purging may appear the
difference in the ability to achieve
increased. DFS, however, the time of marrow
harvest may also influence the prognosis. As
a result, multivariate analysis of the data
is necessary to. evalnate puzging

" Lowenberg reported the first randomized study -
“in CR1 AML comparing conventional dose -

ther to remission . intensification with
cyclggosphamide + TBI and unfract ionated
marrow, shortly after consolidation treatment
(3).  Randomization was done immediately
after achieving complete teniaaion.
Statistically the outcome of these

two g
‘were not significantly different. Tim of

marrow harvest was early after remission

induction (within 2-3 months) and the

intensity ot the consolidation program was
moderate — most likely leaving significant
nunbers of leukemic cells in the marrow at

the time of harvest. ot



gells. Due to minimal cell loss with this

t_ech;blqle' 1- combination with chemopurge ﬁ
possible without significantly ‘coppromis

the hematopoietic restoration potential of the
sample. Whereas patients with good prognosis
in AML may only need in vivo purging, our
recommendations in ALL are a double in vitro
purge. Effective intensification and
consolidation programs for in vivo purging do
not exist yet. It is likely that a different
mode of treatment is necessary for this

disease. Mot only are résidual cells in the*

harvest marrow biologically significant, but
also leukemic cells escaping the conditioning
regimen. Escape may not be due to lack of
sensitivity but to the sanctuary sites of ALL
“11‘. P 2o |

Results in CR2, CR3 are poor. The best data
are published by the Minnesota group in 22
children treated with Cy + TEI and monoclonal
antibody purged marrow (8). The inversion
rate was 31%. Since this has not been
compared with conventional chemotherapy

results, interpretation is limited.

In conclusion, the role.of ABMT in ALL is
unclear. The results seem less favorable than
in AML. A continuing relapse rate is noted
after BMI' s0 that more intensive and longer
therapy might be necessary. In vitro purging
with a coﬁ:inat:lt:: :fff antibody pug: ::l
chemopurge might ective. Stud r
conclusive evidence need to be undertaken.

EFFICACY OF PURGING

As mentioned earlier it is unclear if the
purging of bone marrow from leukemic cells is
beneficial to the long term survival of AML
patients undergoing ABMT. The biological
significance of such procedures will depend in
part on the role these re-infused leukemic
cells play in the recurrence of disease after
transplantation. The fewer leukemic cells to
escape the transplantation conditioning
regimen, the more significant the leukemic
cell population in the graft will be.
likely, then, that the bioclogical significance
of purging will be greater in first rather
than in second or subsequent remissions. A

available
with sufficient sensitivity and 2)
ideritification of specific tumor markers.

possible to monitor the

pacations with little difficulty using
tandard techniques such as morphology,
tochemistry, cytogenetics and the in vitro
on assays. None of these assays

specific and sensitive encugh to detect
small umbers of leukemic cells which may
in remission marrow. Since the

techniques is to be used for remission marrow
such’ detection methods leave us to do these

bt

It is, .

v

separations blindly. For the past decade
considerable effort has been made to use
molecular technology to resolve these
problems.

Since these tumor cells are part of a
heterogenecus population of cells, the use of
Southem and/or Northem blotting techniques
have not ensbled us to detect fewer than 1%
contaminating tumor cells unless pre-
selection is used through which our
sensitivity increases to 0.1% at best. From
estimates of the leukemic cell population in
remission marrow, the frequency of the
leukemic cell ion is one leukemic cell
in 20,000 cells, or 0.005%, is far
below the detection limits of the iques
discussed above.  Therefore, these
cannot be used to monitor tumor cell
separation techniques in remission marrow.

ABERRANT EXPRESSION IN LEUKEMIA
There are numercus reports of aberrant proto~
oncogene expression in tumor cells‘and more
specifically in AML (9-17). The
of these genes in normal cellular
gloiiﬁeuum and di:thunthtkn has become
accepted; many these genes appear to
Tesemtocks o¢ SN 1 e S
réceptors, or 8 _pat
(18). We have found that several of the
proto-oncogenes analyzed by Northem blot
hybridization were expressed in
hematologically normal bone marrow (15),
supporting the concept that these genes do
play a role in adult hematopoietic
metabolism. There is growing evidence that
qualitative and quantitative changes in
proto-oncogene expression may be associated
with neoplasia (19).

The hematopoietic system has proven
attractive for these studies since several
proto-oncogenes are located at the breskpoint
of chromosomal translocations or inversions
-peelncan{ associated with various
leukemias (20). Perhsps this leads to the
deregulated expression of these &:ﬁu.
Furthermore, the enhanced express of
cellular moncogenu h“h.-tq:om mmic c‘n.y
cbserved .
Several in addition to ourselves have
identified two genes, MYC and SIS, to be
present at abnormally high levels in the
peripheral blood and bone marrow cells of
untreated and/or relapsed AML patients (21-
26). By Northern and dot blotting analyses
we were unable to detect this mu%
the bone marrow cells of any AML pati
clinically classified as in remission. Since
the limitations of these techniques are in
the range of 1-5% contamination of leukemic
cells in the samples tested, any abnormality
present at lower levels would remain
undetectable.

DETECTION OF LEUKEMIC CELLS EY RNA-IN SITU
» this has been the
Our approach to problem
identification of an abnormality which is
detectable at the single cell « We have
reported the development of an extremely



Our study of ABMT in CR1 AML was originally
designed as a randomized study comparing
intensification of remission with ABMT versus
conventional dose therapy (4). In the
beginning of the study, however, the patients
refused randomization so that patients were
entered in the ABMT arm on a voluntary basis.
The treatment schedule is outlined in Table 1.
The time interval between onset of CR and
marrow harvest was -3 months, and between CR
and ABMT, six months. Remission was induced
by amsacrine, ARA-C, vincristine and
ptednisone. intengification occurred by HD
'12-15 gm/m“ and amsacrine, 250-350
ug/n « .+To harvest sufficient numbers of
marrow cells, patients were treated after
intensification with thzee courses of AD-?P
followéd by Cyt m?, BCNU: 300 ug/!
and VP-16: 750 mg/n (cmn The CBV treatment
-schema is depicted in Table 2. Two days after
‘the last dose of VP-16, unpurged marrow was
infused. After hematopoietic recovery, 3-6
courses of AD-OAP/AMSA-OAP were .lh!niltexed.

‘The results of 18 patients are documented in

Table 3. Ten out of 18 patients®(56%) are
.alive and in COCR; the shortest remission is
three years, the longest six years. Eight
patients relapsed with a median remission time
of 19 months (range 7-22 months). It appeared
that of the 12 patients with favorable
prognostic faators (PCR1 > 0.6) eight are
still in CCR (67%) whereas only two out of six
patients (33%) with unfavorable factors (PCR1
< 0.6) are still in CCR.

Our data are comparable to the European data
published by Gorin (2) reporting a 56% DFS in
patients treated with Cy +TBI and purged
marrow. Although we have not used any in
vitro manipulation of the marrow; the
intensificat with ARA-C and AMSA prior to
harvest may have acted as an jin vivo purge
rendering the leukemic cell burden  to a
‘minimal level. We do riot expect CBV alorie to
be more anti-leukemic than Cy + TBI; however,
with the addition of CBV alone two months
after treatment with HD ARA-C and AMSA; CBV
might be strongly anti-leukemic. AMSA, ARA-C
‘combination might "be - ver effective as
cbgérved  in the BAVC regimen , ARA-C, VP-
16;)s A 75% DFS (median tonov-up two years)
mmmwmmumgmnmmw
tlnhnqroup XB) o<t i

our results is linited due to possible
:lecum patients. tom?inuigmyical

a randomized .study to prove biolog
sh;niﬁcm is necessary.

AUTO-EMT IN AML CR2

The interpretation of transplantation results
in second remission, as in first remission, is
open to question. The biological effect of a
procedure can be measured by comparing the
length of remission after ABMT with the

‘duration of Temission preceding those

remissions in which BMI' occurred. When the

transplantation remission is longer than the
previous CR this may have changed

procedure
_the natural history of the disease.: The

inversion rate with conventional glose

chemotherapy is 10-20% as published by
Keating et al (1). Wiernick et al (6)
reported a 30% DFS and inversion rate in
second remission with multiple pulses of HD
ARA-C and mitoxantrone. The transplantation
data reported by us, Gorin and Santos are no
different.
inversion rate and contributed this to in
vitro purging with 4-hydroperoxy--
cyclophosphamide (4HC). However, in-the
light of the data published by Keating and
Wiernick, those data are not significantly
better so that no conclusions concerning the
efficacy of purging can be drawn. In
addition, the transplantation data in CR2
reported by our group are not significantly
better than conventional chemotherapy. The
only transplantation data more favorable than

‘the conventional chemotherapy data are those

reported by the Rome group using the BAWC

.regimen with an inversion rate of 50%.

The question of whether or not purging has a
biological effect still remains unanswered.
It is likely that a biological effect can
only be- expected when the leukemic cell
population escaping the conditioning regimen
is low. Primarily, this occurs in-CR1l where
the leukemic cell population is least
‘resistant to cytoreductive therapy.
‘Systematic studies to solve this question
have not been done.

In conclusion, .in AML the: question of ABMT
still remains unresolved. Studies in CR1 are
underway to prove its efficacy. The role of
purging is controversial; especially in CR2
with potentially high leulkemic burden after
cytoreductive therapy tle significance of
putging may remain questionable. We

a randomized study in CR1 with in
&i_v;g_ purged marrow in the good and
‘intemediate prognostic patlents. and a one
arm study with- in vitro and in vivo purged
marrow in bad prognostic patients.

ACUTE LYMPHOCYTIC LEUKEMIA

The :European ABMT data in adult ALL in CRI
reported by Gorin (2) are equivalent to the
conventional chemotherapy data of the German
Cooperative Group published by Hoelzer et

‘al., reporting close to a 40%, five year DFS

(7). As in AML, prognostit¢ factors need to
be taken ‘into accouat before any
interpretation of data can be done. In our
studies the ALL data look less favorable to
8raw ‘definite conclusions :than the AML CR1
data Yalthougin the median follow up of 31
months is relatively short. Fifteen of the
28 patients are still in CCR, however, it
looks ‘ag if a plateau of the curve has not
been reached. A continuous relapse rate is
noted in ccntrast with AML.~

ItmywellbethatinAﬂ.mrethmcne
intensification is necessary in addition to

* longer post transplant chemotherapy.
‘Potential

elimination of ALL cells frum the
graft without loss of hematopoietic stem
cells might be possible based on antibody.
separation technology, since ALL cells
differ in phenotype from early progenitor

Santos reported a 25-30% _

53 73



/1

sensitive and rapid RMA-in situ technology
which permits the detection of specific mRNAs
within individual cells (27). This technology
enables us to identify cells with the abnormal
expression of any marker gene selected at a
level of 1/50,000 cells. Using this RNA-in

situ hybridization methodology, we have

identified the abnormally high expression of
two genes, MYC and SIS, which occur in
approximately 90% of untreated and relapsed
AML patients (26). MYC, a nuclear oncogene,
has a major role in the regulatory pathway of
normal cellular proliferation. In AML, it has

been reported to be over-expressed at both the

mRNA and protein levels (26,28,29,30). The
second gene, SIS, encodes for a protein
homologous to t:he beta-chain of platelet-
derived growth factor (31,32). PDGF has been
reported to stimulate expression of genes
including MYC in fibroblasts (33,34).

Since the expression of these genes is
associated with cellular proliferation, one
could postulate that the elevated expression
of MYC in, AML 1d be a reflection of an
increased proliﬁ&:ive potential no different
than what woufd be present in normal
hematopoietiic cells during rapid
proliferation. In a recent study in our
laboratory (35) we have focused on the
expression of MYC and SIS in normal bone
marrow cells at a time of rapid proliferation
to determine if their expression levels
approach the hicjh level found in the leukemic
cells.

Bone marrow cells of 18 breast cancer patients
were examined in a longitudinal study with
several time poiints before and after BMT. 1In
all cases, bone: marrow was determined to be
free of tumor involvement by morphology on
aspiration. For each of these patients, both
pre and post AHMT samples were cbtained. The
pre-transplant siample was used as the baseline
standard agai.nst which post~-transplant
specimens were compared (i.e., each patient
was his own control). In addition, bone
marrow sample:s from normal donors were
utilized as indlependent controls. Of the 18
patients examined, 15 expressed MYC and SIS
within normal 'limits and three had a small
population of cells present which had an
elevated expression of either MYC or SIS.

After high dose: chemotherapy with CVP or MVT
and ABMT, samples were aspirated when the
patient's peripheral white blood count
indicated bone marrow regeneration with
increasing monocytes and a total white blood
count 2>800. Imn not one case did the immature
hematopoietic ¢ells proliferating in the bone
marrow after transplantation express MYC or
SISatthehigh].evela found 'in AML. We did
find an ‘increase in the number of cells
present. expressiing normal levels of MYC
implying, perhaps, that a greater proportion
of the populattion was actively proliferating
during bone marrow regeneration.

The: high levels of MYC and SIS mWRMA found in
these cells canno't simply be attributed to the
proliferative capacity of

these cells or to .

the presence of normal, immature
hematopoietic cells. As one line of evidence
that the cells we examined actually belong to
the leukemic cell compartment, comparisons
were made with the percentage of blast cells
determined morphologically in these AML
patients. The presence of such abnormal
cells, as defined by gene expression, in
these AML patients correlated well with the
percentage of blast cells determined
morphologically. As shown in Table 4, the
percentage of cells over-expressing either
MYC or SIS at least equals, and. often
exceeds, themmberotbmteelhptemtin
the marrow.

In addition, we have mmtifhd the p:amce
of such abnormal cells in AML patients
studied shortly after remission .induction,
but these cells are often present at a much
lower frequency than that found in either
untreated or relapse AML (Table 5). Several,
but not every patient, in which we found this
abnormal group of cells have relapsed; in
contrast, none of the patients whose bone
marrow cells were found to be normal in their
expression of MYC and/or SIS have relapsed
since this study was completed. These
results led us to question whether the
presence of such an abnormal population of
cells could be predictive of early relapse in
acute leukemia.

To help us determine the significance of this
abnormal cell population in the eventual
clinical stability of the AML patient, we
have also examined bone marrow cells of 10
AMI, patients who are long term survivors
after BMI'. . The median CR duration at the
time of examination for this group was 38
months with the individual r ions ranging
from 14-78 months.

The presence of an abnormal cell population
expressing MYC at high levels similar to that
found in AML short term remission patients,
does not occur in this patient group.
However, in 3/10 patients a high level of SIS
expression alone was present in a variable
percentage of cells, occasionally as high as
80%. At this time, none of the three
patients identified with this abnormality at
the RNA level have been classified as having
a recurrence of leukemic cells in the bone
marrow by conventional norpholog:l.cal
criteria. -

MONITORING OF PURGING PROCEDURES

It is unclear 1ft-.hepurgmgotbanmrm
of leukemic cells is beneficial to the long
term survival of AML patients undergoing
AEBMT. #As discussed earlier, a significant
drawback in the answering of this question:
‘has been the inability to monitor the assumed
‘removal of these residual leukemic cells. We
have begun to apply our RNA-in situ
hybridization technique to this problem.
Since we find such high levels of MYC to be
present in AML patient bone marrow, we were

. dnterested to see if these cells are removed

during a purging procedure using monoclonal



