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CHAPTER 1

GENERAL iNTRODUCTION

1.1 NORMAL AND ABNORMAL HEMATOPOIESIS

In smears of human peripheral blood (PB) at least seven different cell types can be
recognized, i.e. erythrocytes, platelets, neutrophils, basophils, eosinophils, monocytes, and
lymphoeytes. Each cell type has its own specific function and is involved in e.g. gas
transpert, hemostasis, immunity, and inflammation (1). The formation of different blood cells
(hematopoiesis) primarily occurs in the bone marrow (BM). The committed precursor cells
and their progeny are derived from a small population of immature pluripotent hematopoie-
tic stem cells (2-7). These pluripotent stem cells have the ability t0 remain quiescent and to
undergo self-renewal (6-8). Hematopoiesis is tightly regulated and a balance between cell
formation and celf destruction is maintained (4,8-8). In case of increased demands, such as
in bleeding or infection, a compensatory increase in cell production will occur.

During the last two decades major progress has been made in the understanding of the
molecular processes which are invoived in hematopoiesis (4,8,10). Blood cell formation is
regulated by cell-to-cell interactions in the BM and by several soluble regulatory glycopro-
tein molecules, the hematopoietic growth factors (4,8-14). These hematopoietic growth
factors as well as several other cytokines are involved in the maintenance of cell viability,
induction of proliferation, differentiation, and maturation of the hematopoietic cells. Further-
more, they can enhance several functional activities of mature PB cells, especially in host
responses to infection or antigenic challenge (11,15,16). Some properties of cytokines
involved in hematopoiesis are surmmarized in Table 1 (14,17-99). Comparable with other
systems in biclogy, like the complement system and the blood clotting systern, there is &
complex network of interactions between cytokines and various cell types, i.e. stromal cells,
endothelial cells, and hematopoietic cells (4,9-11,14-15,100-102). The cascade of interacti-
ons has been extensively reviswed by others and is beyond the scope of this thesis
(4,9-11,14-16,102). Figure 1 summarizes the target cells of hematopoietic growth factors
and other cytokines during hematopoiesis (4,11,14-17,51,71,75,81,86,85-91,102-123). K
should be emphasized that this figure is a hypothetical and simplified summary of compiex
interactions in which synergism, antagonism, suppression, and autoregulation play a role.
An example of synergism comes from experimenis with the recently isolated and cloned
stem cell factor (SCF), also known as mast cell growth factor or c-kit ligand
(105-109,113,114,118). These experiments indicate that SCF synergistically interacts with
various cytokines to augment the proliferative capacity of hematopoietic progenitor cells,
precursor B celis, and mast cells (Figure 1).
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TABLE 1. Cytokines invelved in hematopoiesis.

CHAPTER 1

Factor Molecular Gene Cellular source References
Mass (kDa)®  localization
Hematopoietic growth factors
SCF 18-35° 12q22-q24 fibroblasts 17-21
L3¢ 15-25 5023-g31 T cells 14,2225
GM-CSF 18-24 53q23-q31 T cells, monocytes, 14,25-30
macrophages, fibroblasts,
endothelial cells
G-CSF 18-22 17g11.2-g21 manocyles, macrophages, 14,28-35
fibroblasts, endothelial cells
M-CSF 35-45° 1p13-p21 monocytes, macrophages, 14,30,35-40
fibroblasts, endothelial cells
Erythropoietin =~ 34-39 7g21.3-922.1 peritubular cells of the kidney 14,41-46
Other cytokines
IL-1e/84 17 2q12-g21 lymphocytes, monocytes, 47-51
macrophages, fibroblasts,
endothelial cells
IL-2 15 4q26-q27 T cells 52-56
L4 15 5023-g31 T cells, mast cells 57-61
IL-5 20° 5023.3-G31 T cells 61-65
IL-6 21-26 Tp15-p21 T cells, monocytes, macrophages, 66-71
fibroblasts, endothelial cells
IL-7 17-25 8q12-q13 fibroblasts 72-75
IL-8 8-11 4q13-g21 T cells, monocytes, macrophages, 76-79
fibroblatst, endothelial celis
L9 3740 54q31-g32 T cells 80-83
IL-10 17-21 1 T cells, monocytes, macrophages 84-86
B cells
IL-11 23 18q13.3-q13.4 fibroblasts 87-91
TNFa 17 6p21.3 T cells, monocytes, macrophages 52-94
TNFB 18-25 6p21.3 T cells, monocytes, macrophages 93-95
TGFA1 12P 15p13.1 lymphocytes, monocytes, 96-88

macrophages, platelets, fibroblasts

a. Due fo variable glycosylation and sialylation of the cytokines molecular mass is often heterogeneously,
b. SCF, M-CSF, IL-5. and TGF# have also been isolatec as homodimers. The molecular mass of the monomeric forms is given.

¢. Interleukin classification for IL-1 to IL-10 acsording te the international union of Immunological societies nomenclature subtommittee

on interleukin designation (95).

d. Two distinct IL-1 molecules, IL-1z and IL-1#, have been isolated.

Abbreviations used: kDa = kilo Dalton, SCF = stem celi factor, Il = interleukin, GM-CSF = granulocyte macrophage colony
stimulating factor, G-CSF = granulocyte GSF, M-CSF = macrophage CSF, TNF = tumor necrosis factor, TGF = transforming growth

factor.

The down regulatory actions of some cytokings on hematopoiesis are not indicated in
Figure 1. Growth inhibitory influences have been demonstrated for interleukin (IL)-4, IL-10,
wmor necrosis factor (TNF), transforming growth factor (TGF)3 as well as interferon-y
{15,60,86,124-131). As indicated in Table 1, T lymphocytes, monocytes, macrophages,
endothelial cells, and fibroblasts represent the major sources of the cytokines. Cytokines
produced by monocytes and macrophages, such as IL-1 and TNF, can cause the release
of cytokines from other cell types, which illustrates the central role of the monocyte-macro-

phage lineage in cytokine release (15,16,51,124).
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Figure 1. Hypothetical scheme of human hematopoiesis. Hematopoietic growth factors and some other
cytokines which can induce differentiation, maturation, or proliferation of certain call types during hematopoie-
sis are indicated (white boxes). Data on IL-7 and SCF interactions on precutsor lymphoid cells as well as the
actions of IL-10 during mast cell differentiation were partly obtained in mice (72,73,75,113,114,120). In mice IL-
11 proved to have lymphopoietic properties (87}, but at present, reports on the action of IL-11 during human
hematopoiesis are restricted 10 progenitor cells and megakaryocytopoiesis (89-91). Although mast cells were
shown to originate from BM derived pluripotent progenitor cells their relation with the other cell lineages has
not been proved (119,120). BFU-E = erythrocyte burst forming unit, CFU = colony forming unit, CFU-Baso =
basophil CFU, CFU-E = erythrocyte CFU, CFU-EQ = eosinophil CFU, CFU-G = granulocyte CFU, CFU-GEMM
= granulocyte erythrocyte macrophage megakaryocyte CFU, CFU-GM = granulocyte macrophage Cru, CFU-
M = macrophage CFU, Epo = erythropoietin. For the other abbreviations used see legend of Table 1. Adapted
from references 4,11,14-17 51,71,75,81,86,89-91,102-123.

For gach cytokine an unique membrane receptor exists, which can be found on respon-
ding cells. Cloning of the receptors for the cytokines listed in Table 1 revealed a significant
homology for several receptors (51,56,96,132-148). These cytokine receptors have been
designated as the hematopoietin receptor superfamily (147-148). Complex intraceliutar
mechanisms arg involved in signalling through the receptors (150-152). Probably, there are
some common control pathways within the cell, which may explain synergistic as well as
antagonistic effects of various cytokines (150).

Disturbances of hematopoiesis can result in quantitative and/or qualitative atterations in
BM and PB. These alterations may be manifested in one cell lineage, e.g. anemia in



16 CHAPTER 71

thalassemia, or in several different cell series, e.g. pancytopenia due a toxic agent. The
gticlogy of the various disorders is manyfold, incluging deficiency states, toxic effects,
autoreactive processes, infectious diseases, hereditary disorders, and genetic alterations
(1). The latter can result in disturbances of growth and differentiation, which are manifested
as aplasia, dysplasia, or malignancy (10,153-155).

Depending on the organ system primarily involved, i.e. BM, PB, or lymphoid tissues, the
malignancies of the hematopoietic system are denominated leukemias or lymphomas,
respectively. According to clinical presentation the leukemias arg divided in acute leukemias
which, if untreated, usually cause death in weeks or months and chronic leukemias which, if
untreated, cause death in months or years (1). In general, the acute leukemias are
characterized by excessive proliferation and abnormal differentiation of immature cell types
in BM and PB leading to disturbed hematopoiesis (1,156). They comprise a heterogeneous
group of conditions which differ in biclogy and prognosis. Depending on the cell linsage(s)
which are involved in the leukemic process the acute leukemias can be divided into acute
lymphoblastic leukemias (ALL) and acute non-tymphocytic leukemias (ANLL) (1,158-158).
The latter include the acute myeloid leukemias (AML} and acute undifferentiated leukemias
{AUL). According to the recently redefined morpholegical classification of acute leukemias,
the far majority (>99%) represent either AML or ALL and only a small fraction {<19%)
represent AUL {158,180). Within each group of acute leukemias considerable heterogeneity
is found. This heterogeneity is manifested in a patient-to-patient variation in clinical presenta-
tion, cytomorphology, cytogenetics, response to therapy, and prognosis (156-161).
Furthermore, in most AML patients the leukemic cells partly retain the ability to differentiate
and mature which results in a marked phenotypic heterogensity within each leukemia. The
recognition of subgroups of biologicailly similar cases as well as the identification of different
cell subpopulations within each acute leukemia is important for a better understanding of
the leukemic processes. Such knowledge may ultimately lead to different therapeutic
approaches in well-defined subgroups and can be used to define which leukemic cell
subpopulations are important for leukemia growth and regrowth during relapse.

1.2 EPIDEMIOCLOGY OF AML

AML occur at all ages with an overall incidence of 1 to 3 per 100,000 persons per year
(162-184). The incidence rates are greater for males than females and for whites than non-
whites (162-184). Furthermore, international comparisons showed geographic differences in
incidence rates (164,165). In the Netherlands AML has been reported to occur in 2.4 per
100,000 inhabitants each year {168). The results of a 15-years study of the Butch childhood
leukemia study group {DCLSG) and & 10-years study of the Eindhoven Cancer Registry
Office are outlined in Figure 2 {186,187). Similar to other studies there is an age specific
incidence of AML (162,164,166,168). The small peak in the incidence of AML during infancy
is caused by congenital leukemias which relatively frequently represent AML (184,167-168).
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However, during childhood the most common leukemia is ALL which has a sharp peak of
disease incidence at age 3-5 (Figure 2) (162,184,167,168). The incidence of AML during
childhood and young adulthood is less than 1 per 100,000 each year. Above the age of 30
the incidence of AML. rises from 1 per 100,000 per year tc more than 10 AML cases per
100,000 persons per year above the age of 70 (Figure 2). [t is clear that in adults AML is
the most frequent form of acute leukemia. If all types of leukemia are taken into account,
AML is the most common type of leukemia in the middle-aged group (i64,166). During the
last decades the incidence of AML has been reported to increase (162,170). This increase
as well as sex, age, and gecgraphic differences in the incidence rates of AML support the
hypothesis that occupational and environmental exposures are potentially important in the
eticlogy. In general, AML which arises de novo is denominated primary AML, whereas
secondary AML arises from prefeukemic disorders and/or after leukemogenic exposures
(155,156,180).

Risk factors for the development of AML which have been consistently reported in the
literature are summarized in Table 2. It should be noticed that many studies are limited by
inadeguate sampie size, imprecise case definition, or inadequate exposure measure (164,
171). Children with Down’s syndrome or Klinefelter’'s syndrome are at increased risk for
childhood leukemia, especially congenital leukemia (163,164,168,172-174). in other genetic
syndromes abnormalities of DNA repair processes predispose for the development of AML

20

incidence of acute leukemia (per 100,000/year)

age (years)

Figure 2. Age specific incidence of AML (open symbols}) and ALL {closed symbols) in the Netherlands
according to DCLSG (0-15 years) and Eindhoven cancer registry (> 15 years) (166,167). Incidence in first year
of life and in the 1-4 years group is given. Subsequent values represent the mean of a 5 years age group.
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TABLE 2. Potential risk factors for AML, as reporied in the literature”.

Genetic factors - Down's syndrome Chemicals - benzene
- Klinefelter's syndrome - other petroleum products
- ataxia-teleangiectasia and solvents
- Bloom's syndrome - pesticides

- Fanconi's anemia

Radiation - atomic explosions or fall-out Cigarette smoking
from nuclear testing
- therapeutic irradiation

- X-ray contrast agents, Orugs - alkylating agents
especially thorotrast - nitrosoureas
- background radiation, - procarbazine

especially radon inkalation

a. References 163,164,168,172-202.

(163,164,168,172,174,175). Studies on Japanese survivors of the atomic bomb as well as
on military personnel or civilians exposed during nuclear testing demonstrated an increased
risk incidence of AML for those exposed to ionizing radiation (163,184,1768-178). However,
an association between increased risk of childhood leukemia and residence in the southern
countries of Utah during aboveground nuclear testing at the Nevada test site {178), could
not be confirmed on closer examination of available data (179). in two large studies on
people who have been employed at or lived nearby nuclear plants, there was no evidence
of an excess of leukemia (180,181). Follow-up of patients irradiated for various diseases,
such as ankylosing spondylitis or cervical cancer revealed that AML risk increased with the
exposure doses but that the incidence curve flattened at higher doses (163,164,182-184).
The latter has been attributed to a cell kiling effect at these high doses (184). Whether
natural background radiation at home from raden is a causative factor in the induction of
AML needs further investigation (185,1858). Benzene is probably the best known and most
widely occurring leukemogen and, together with other potential leukemogens, it might
account for increased AML in cigarette smokers (163,164,187-183). Increased AML risk has
also been suggested for organic solvent or pesticide exposures (194,185). There have been
many reports of secondary AML in patients treated for other malignancies with combined
chemotherapy and/or irradiation (196-202). Especially alkyiating drugs have a high
leukemogenic potential and these agents probably cause the relatively high incidence of
secondary AML in patients treated for Hodgkin's disease (196,197,200). Chromosome
changes following exposure to drugs, chemicals, or irradiation probably play an important
role in the development of AML (186,197). In secondary AML especially deletions of the
long arm of chromosomes 5 and 7 are frequently observed (196,197). These and other
karyotypic aberrations of AML will be discussed in Chapter 3.
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1.3 BIOLOGY OF AML

Like other cancers, AML essentially is a genetic disease which results from alterations in
the structure or expression of critical genes (153,154,203-208). Most probably, the
malignant transformation reguires a step wise series of events, the so-called multistep
pathogenesis (205). In particular, derangements of genes which normally control growth
and differentiation are thought to play a role in the development of AML (153,154,204-210).
These concern proto-oncogenes, tumor suppressor genes, growth factor genes, and
growth factor receptor genes (208,211). Various mechanisms, including point mutations,
translccations, or deletions may alter the structure or expression of these genes
(153,154,204,208). The finding of non-random chromosome abnormalities associated with
AML (summarized in Chapter 3) has focused on the role of specific genes which reside
nearby chromosomal breakpoints (204,212-214). Although many studies have suggested
that proto-cncogenes or growth factor genes might be involved in AML, their precise role in
leukemogenesis is still unclear (206-208). The major issue concerning the role of growth
factors and proto-oncogenes is whether dysregulation of these genes play a central role in
leukemogenesis or merely reflects an epiphenomenon. Expression of some cellular
prato-cncogenes like, c-mye, c-myb, ¢fms, cfes, and cfos, in AML patients have been
found to be associated with either the proliferative activity or the differentiation stage of the
AML cells (215,218). Interestingly, high expression of c-myc or c-myb may be associated
with shorter remissions in AML patients (216). Activation of the N-ras oncogene does not
depend on a chromosome translocation but can be caused by a single mutation (217-219).
Such mutations have been demonstrated in 15%-30% of AML cases (218-221). Recent
studies support evidence that activation of N-ras does not initiate AML, but contributes 1o
the outgrowth of more malignant subclones (222).

Several investigators have found autonomous proliferation of AML cells in vitro, which
finding provides further evidence that growth factors might play a role in the pathogenesis
of AML (223-233). Autostimulation can be achieved by autocrine or paracrine growth factor
production, altered growth factor receptor expression, or by internal autostimulation that
bypasses membrane receptors (207,209,210,224). However, like their normal counterparts,
most AML cells still require growth factors for in vitro growth and maturation {209).
Interestingly, several investigators have found autocrine 1L-1 (225-228) or TNF (230-233)
synthesis in AML, which cytokines might induce production of other growth factor cytokines
resulting in blast call proliferation.

The leukemic cell population in AML is derived from a single malignantly transformed
progenitor cell. In some patients the leukemic transformation occurs in a committed
precursor cefl, whereas in other patients involvement of pluripotent progenitor cells will
result in AML involving varicus differentiation lineages {234-240). The transformed cell
population is characterized by an increased self renewal potential and/or a decreased
ability of differentiation. However, this differentiation and maturation block is usually not
absolute, given the various maturation stages within an AML clone (156,157,161,241,242).
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Furthermore, additional genetic derangements might occur, leading to subclone formation
within an AML. The heterogeneity of AML between patients probably reflects, transformaticn
in different stages of hematopoiesis as well as the differences in residual maturation abiiities
of the transformed cells,

The clonal origin of AML can be demonstrated by use of several techniquas, like
cytogenetics (204,212-214), determination of X-chromosome linked isoenzymes (243-245),
analysis of X-chromosome linked DNA polymorphisms (246-248), and analysis of ras gene
mutations (249). AML is not the only clonal disorder of myelopoiesis as clonality has also
been demonstrated in aplastic anemia (AA), paroxysmal nocturnal hemoglobinuria (PNH),
myeloid dysplastic syndrome {MDS), and chrenic myelcpraliferative disorders, such as
chronic myeloid leukemia (CML) (250-256). Patients having cne of these disorders are
known to have an increased risk of AML development (251,252,255-258). Furthermore,
MDS, AML, and some AA share comparable karyotypic abnormalities (213,214,252,257,260,
261). it has been hypothesized that clonal hematopoiesis represents an intermediate stage
in the multistep pathogenesis of AML (262).

1.4 DIAGNOCSIS OF AML
Introdusction

The clinical manifestations of AML and other types of acute leukemias are directly or
indirectly due to proliferation of leukemic cefls and infiltration into normal tissues. increased
cell turn-over has metabolic consequences, e.g. hyperuricemia, hyperkalemia, and hyperp-
hosphatemia, whereas the infiltrating cells disturb tissue function (1). As a consequence of
BM infitration anemia, neutropenia, and thrombocytopenia occur, which can lead to
infection and hemorrhage. AML is heterogeneous with respect to biology, and as a result of
the biologic heterogeneity, a wide variety of clinical presentations can be seen. in general,
there is an acute cnset of disease with malaise, fever, anemia, and hepatosplenomegaly.
However, in some elderly patients a more gradual development of symptoms can be seen,
especially if the AML is preceded by an MDS (263).

The purpose of disease classification is the clustering of diseases which share common
features of etiology, pathogenesis, biology, clinical presentation, and response to therapy.
Leukemia classification systems have traditionally been based on morphological criteria and
different subvaristies of the disease are recognized according to the nature of the predomi-
nating cells (156,157). Recent advances in immunology, genetics, and molecular biclogy
have enabled the characterization of additional features of acute leukernias, which may
determine or reflect eticlogy, pathogenesis, or biolcgy of the malignancy in @ more direct
way.
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Morpholcgical classification

The most widely used classification of acute leukemias is the French American British
(FAB) classification, which was first published in 1876 and which was subseguently expan-
ded, modified, and clarified (157-158,264-288). The FAB classification requires the examina-
tion of both PB and BM smears. The diagnosis is based on conventionally stained smears
{e.g. Romanowsky staining or May Grinwald Giemsa staining) and a few essential
cytochemical reactions, such as myeloperoxidase or Sudan black B and e-naphthylacetate
esterase (156,157,267). Diagnostic criteria for acute leukemias such as established by the
FAB group as well as the proposed system for classification of AML are outlined in Tables 3
and 4, respectively (156-158,264-268,268-270). The FAB classification of AML is essentially
based on features of morphological maturation; in those acute leukemias which lack typical
morphological characteristics classification might be difficult (156,158,160,265). Mare
advanced techniques such as ultrastructural cytochemistry and immunological marker
analysis have been incorporated in the FAB criteria for the diagnosis AML-MO and AML-M7
(Table 4) (159,265,266,271-273). Additional enzym cytochemical reactions, such as specific
esterase, periodic acid-Schiff reaction, and acid phosphatase may be applied to obtain
insight in the cytoplasmic differentiation of the AML (158,160,267). The FAB group has
defined criteria for the separation of AML from MDS as well as criteria for the classification
of MDS (158,157,274). The prognostic value of the AML FAB classification is limited,
although it has been reported that cases of AML-M5 and M6 have a slightly worse
prognosis than those of AML-M1, M2, M3, and M4 ({156,160,275). In most studies progno-
sis of AML-MO and AML-M7 has been reported to be particularly bad (156,160,271,272,
275). A poar prognosis is also associated with the presence of AML with MDS features in all
myeloid differentiation lineages (156,160,276-278). These examples demonstrate that
maturation characteristics of AML at least partly reflect the biclogy of the malignancy. This
can further be illustrated by the association between specific FAB subtypes and some
distinct clinical features, such as disseminated intravascular coagulation (DIC), central
nervous system (CNS) leukemia, skin infiltration, and myelofibrosis (Table 4).

TABLE 3. FAB criteria for acute leukemia diagnosis®.

- Atleast 30% of the total nucleated cells in BM are biasts®, or
- in the case of BM showing erythroid predominance (erythroblasts comprising > 50% of total nucleated
cells), at least 30% of non-erythroid cells are blasts®, or

- if the characteristic morphological features of hypergranular promyelocytic leukemia (AML-M3 or M3 variant)
are present.

. Adapted from reference 156-158.

. It has been recommended that occaslonal cases, wha have less than 30% blasts in BM, but more than 30% myeloblasts in PB,
should be diagnosed as having AML (268,268).

¢. Lymphocytes, plasma cells, and matrophages alse belng excluded from the differential count of non-erythroid cells.

o
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TABLE 4, Morphoiogical classification of AML according to the FAB criteria®

FAB Leukemia type Percentage of Typical clinical

subtype AML cases? syndromes

MD* myeloblastic without cytological maturation 5

M1 myeloblastic with minimal maturation 15-20

M2 myeloblastic with significant maturation 30-35

M3 acute promyelocytic leukemia (APL) . . .
M3 variant APL unusual hypogranular form 5-10 DIC and bleeding diathesis
M4 acute myelomonocytic leukemia (AMML)

M4Eo AMML with eosinophilic maturation ] 15-25 CNS leukemia (M4Eo)
M4Baso® AMML with basophilic maturation

M5z monoblastic poorly differentiated 1015 gumhyperthrophy,

M5b monoblastic more differentiated skin infiltration

M6 acute erythroid leukemia 4-8

M7® acute megakaryoblastic leukemia 14 myefofibrosis

a. Adapted from references 156-160,254-266.

b. Aecording to references 156,180,270

c. For diagnosis AML-M{ leukemic cefis should be positive for at least one myeloid antigen, such as C013 or CD33, and the leukemic
cells should be negative for lymphold antigens (CD2, CD4, and CD7 are not regarded as lymphoid markers). AML-MD is often
positive for myeloperoxidase demenstrated by immunocytochemistry and/or electron microscopy analysis (159).

d. Not deseribed by the FAB group.

e, AML-M7 diagnosis should be contirmed by ultrastructural demonstration of platelet peroxidase or by (monecional) antibedies against
piatelet antigens {e.g. G041, CD42, CD61, and factor VIT related antigen) (265,266).

immunological classification

The hybridoma technology has permitted the generation of large series of maonoclonal
antibodies (McAb) against differentiation antigens expressed by leukocytes (279-282), in
hematological malignancies, such as AML, McAb can be used for immunophenotyping of
the tumor cells (283-286). The development of microscopic and flow cytometric techniques
enabled the application of the so-called immunological marker analysis in diagnosis of AML
(286,287). Immunological marker analysis can be used to characterize the various subpo-
putations present in heterogeneous AML cell populations. Furthermoare, it is helpful, but not
always conclusive, to differentiate whether a very immature type of acute leukemia repre-
sents an AML or ALL, which has important consequences for choosing the optimal therapy
(159,180,271-273,288,289). Although immunclogical marker analysis is useful for the
diagnosis of AML-MO, AML-M7, and immature types of AML-M8, in general their is only a
partial correlation between immunophenotypes and the FAB types (159,290-293). The
different immunological markers which can be used as well as the techniques to detect
immunological markers are summarized in Chapter 2. Furthermore, in Chapter 2.2 data on
the various applications of immunological marker analysis in the diagnosis of AML as well
as the prognostic significance of the expression of certain antigens on AML cells will be
discussed. '
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Cytogenetic classification

In the majority of AML patients clonal chromosomal aberrations can be found (212-214).
The prognostic significance of the cytogenetic classification of AML has been demonstrated
in different studies (212-214,270,284-298). As has been mentioned above, the finding of
non-random chromaosomal abnormalities in AML patients has yielded important information
with regard to eticlogy and biclogy. Karyotypic abnormalities which are regularly found in
AML patients are summarized in Chapter 3. For several chromosome abnormalities a strong
correlation with & specific FAB type has been demonstrated {(see Chapter 3.1). Other
karyotypic abnormalities are associated with trilineage AML or MDS. A close association
between genotype and phenotype in AML provides further evidence that the biology of the
different types of AML are related to, or caused by, specific chromosome changes.
Evidence for important finks between molecular defects and morphological characteristics in
AML comes from recently obtained results on the genes involved in the translocation
1(15;17){q22;0921) in AML-M3 (297-289). This translocation splices the retinoic acid receptor
(RAR}-¢ gene on chromosome 17, which plays a significant role in cell differentiation.
Important information on the relation between genciype and phenotype may come from
extensive immunological marker analysis on AML with specific chromosome abnormalities.
Data on the association of karyotypic abnormalities and specific immunophenotypes in AML
are summarized in Chapter 3.

Other techniques to characterize AML.

in addition to cytomorphology, immunological marker analysis, and cytogenetics other
technigues can be used for the characterization of AML. These especially concemn
ultrastructural morphology, cell culiure techniques, and recombinant DNA techniques.

Uktrastructural morphology and ultrastructural cytochemistry may be helpful in some
specific cases, such as AML-M3, AML-M8, and, as has been mentioned above, AML-MO
and AML-M7 {300-303). The prognostic significance of electron microscopy (EM) is not
clear, but most probably such analysis is cnly vaiuable if light microscopy is inconclusive
(158,265,302).

Cell culture techniques are especially important in basic research of AML There is
marked patient to patient variation with regard to growth factor responsiveness in vitro and
this heterogeneous reactivity appears not to correlate with the morphological classification
of AML (304,305). In case of undifferentiated types of acute leukemias differentiation
induction by use of short term in vitro cultures might be of diagnostic value (306). In
addition, specific growth patterns in vitro may have prognostic significance for obtaining
remission (305). Therefore, variations in growth factor responsiveness may provide another
way of classifying AML patients with biclogically different disease (307).

Recombinant DNA techniques have enabled analysis of genes at the DNA and mBNA
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level (308). Specific probes can be used to detect gene rearrangements, mutations, or
deletions. RNA studies enable structural analysis as well as quantitation of specific trans-
cripts. The polymerase chain reaction allows the amplfication of a specific piece of DNA or
RNA, which fragments can be analyzed by use of other technigues (309). At this stage
technigues of molecular genetics are a powerful research tool and probably they will be
applied in AML diagnosis in the near future, especialy in those cases in which other
technigues are not conclusive (310-314).

EM, celi culture systems, and recombinant DNA technigues have in common that they
are relatively expensive and time consuming and that the application of these techniques
needs high technical skill and background information about structure and expression of
genes during narmal and abnormal differentiation.

Combined classification systems

During the last 5 years several attempts have been made to integrate various types of
classification systemns of acute leukemias in particular morphology, immunological marker
analysis, and cytogenetics into & combined classification system (282,263,315-321). The
morphologic, immunclagic, and cytogenetic (MIC) working classification of AML established
10 AML subtypes, mainly based on unique combinations of cytogenetic aberrations and
specific FAB subtypes (319). The MIC cooperative group identified a few specific immunop-
henotypes which showed some association with one of these 10 MIC subtypes. Further-
more, they emphazised to the value of immunclogical marker analysis to differentiate
between ALL or AML in case of undifferentiated types of acute leukemia, The MIC group
recognized the prognostic significance of specific karyotypic aberrations in AML (319).
Large studies on the prognostic value of the MIC classification are still lacking. An alternati-
ve classification system of AML, which may have prognostic value, has been proposed by
Hayhoe (318). He avoids to use the predominant cell population as primary, but instead
divide AML into those with blast cell populations deriving from a committed clonogenic stem
cell and those with origing from a pluripotential stem cell. Aithough primarily based on
cytomorphology, this classification system does not exclude contributory features from
immunological marker analysis, cytogenetics, or FAB classification.

1.5 PROGNOSIS AND TREATMENT OF AML
introduction
Since the first application of chemotherapy in acute leukemia in the early 1850's and

especially after the introduction of therapies using combinations of different drugs, progress
has been made in the treatment of AML. in contrast to the high cure rates in childhood ALL,



General introduction 25

the majority of AML patients still die of their disease (322-324). Clinically relevant adverse
pragnostic features include increasing age, a history of MDS, secondary AML, and certain
cytogenetic abnormalities, especially those involving chromosomes S or 7 (263,276,277,294-
296,325-328). All these features are probably associated with a defect in an immature
precursor cell type (238).

In addition to conventional chemotherapy, bone marrow transplantation (BMT), and
more recently, the application of growth factors and differentiation factors have become
important treatment options for some patients (322,329-334). Furthermore, progress in
supportive treatment with anti-microbial therapy and growth factors, which shorten the
phase of critical neutropenia, has enabled a more successful infection prophylaxis and may
allow a more aggressive approach in high risk AML patients (323,334).

Chemotherapy

The various drugs which are used in AML therapy are beyond the scope of this thesis
and have been reviewed by others (322-324). In general, two phases of chemotherapy can
be recognized, i.e. induction treatment and post remission treatment. Induction therapy will
cause BM aplasia and should induce complete remission (CR). At present, induction with a
combination of cytosine arabinoside (Ara-C), an anthracycline (usually daunorubicin}, and
one or two other drugs achieves CR in 55% to 80% of AML patients {322-324). On the other
hand, about one third of all patients do not obtain CR and most of these patients will die
within 2 months after diagnosis. This especially concerns patients over the age of 60 years,
at which ages the highest incidence of AML ocecurs (322,323) (Figure 2). Despite leukemic
cell kill in those patients who obtained CR, a considerable number of AML cells (probably
107 to 109) will remain in the majority of patients after induction treatment (322,335). Such
numbers of tumor cells are usually undetectable by standard cytomorphology of BM and
PB samples.

Post remission treatment attempts to eradicate remaining AML cells. Several strategies
of post remission therapy have been proposed, such as double induction, intensive
consolidation, and long term maintenance treatment (322-324,335). There is no general
agreement about the optimal intensity and duration of post remission chemctherapy (322-
324,335-339). For elderly over 85 years of age a less toxic therapy using low dose Ara-C
has been proposed (340,341). However, in a selected group of elderly patients with a good
perfaormance status full intensity induction and post remission treatment can achieve long
term results similar to younger patients (341,342).

The median remission duration ranges from about 10 to 20 months in most studies
(322-324,335). The reported S-year disease fres survival rates range from 10% to 25% in
adults and up to about 50% in children (322-324,338,337,343). Comparison of studies on
the therapy of such a heterogeneous disorder as AML should be performed cautiously
because of differences in patients groups and selection of controls and because the
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number of patients in follow-up is ofien too low (344). Moreover, comparison of results may
be hampered by the fact that some studies on post remission therapy, such as post
remission chemotherapy and BMT, are applied only on thase patients who have entered CR
(344). Therefore, survival rates from studies on post remission chemotherapy are higher,
ranging from 15% in some studies in elderly patients to 85% in a German study on AML in
children (322,343,345).

Sometimes treatment of acute leukemia fails because of drug resistance, which may be
caused by a mutation or an increase in expression of a so-called multidrug resistance
{MDR) gene (346-348). This results in overexpression of a 170 kDa membrane glycoprotein
(P-glycoprotein) which functions as an energy dependent membrane pump (347). Alterati-
ons in the expression of the MDR gene can be demonstrated at the RNA level or by use of
a McAb against P-glycoprotein (346-348). The effectiveness of chemotherapy can be
enhanced by using different drugs which are not cross-resistant, dose escalation of the
drugs, or specific pharmacologic agents which are able to block drug resistance (e.g.
verapamil, cyclosporine, and tamoxifen) (347,349,350).

Bone marrow transplantation

For patients who have entered CR BMT enables a myeloablative therapy, which is the
most aggressive form of post remission therapy {322,329,330). In case of allogenecic BMT
the patient is rescued with BM provided by an HLA identical sibling or, more recently, by a
transplant from an unrelated HLA compatible donor (351). in autclogous BMT (ABMT)
patient's own BM and/or peripheral stem cells are taken and stored before total body
irradiation and/or the administration of high dose chemotherapy (352).

Allogeneic BMT is generally performed in patients up to the age of ~55 years, because
peritransplant mortality increases with age (322,329,330). For patients transplanted in first
CR with BM from an HLA identical sibling & years survival rates ranges from 40% to 80%
(322,529,330). Despite the good results of some recent studies of post remission chemo-
therapy, it has been reported that results of allogeneic BMT are equivalent or superior
(322,329,330,353-355). Therefore, allogeneic BMT is recommended for young AML patients
in first CR who have an HLA identical sibling. It should be mentioned that, due to fact that
the median age of AML patients is 80 years as well as the lack of donors in most cases,
less than 10% of all AML patients turn out to be candidates for alogeneic BMT
(322,328,356). Comparison of T cell depleted allogeneic BMT and allogeneic BMT without T
cell depletion has demonstrated the essential role of T lymphocytes in BMT. Although T
cells may mediate graft versus host (GVH) reactivity, they alsc faciltate engraftment of the
transpiant (322,357,358). In addition, the efficacy of allogeneic BMT depends among others
on a T cell mediated graft versus leukemiza activity {322,329,330,358).

in ABMT the risk of GVH reactivity is not present. Therefore, ABMT is less toxi¢ than
allogeneic BMT, but it is also less effective, probably by the absence of the graft versus
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leukemia activity (322,360,361). Furthermore, there is a risk of reinfusion of clonogenic AML
cells. The autologous BM graft can be treated in vitro by use of various technigues to
remove residual AML cells (352). Controversy exists about the importance of these so-
called purging procedures and the role of residual leukemic cells in the autologous BM
transplant (322,352,382-365). The differences in protocols used for ABMT hamper a proper
evaluation of its value in AML treatment. There is often a significant delay from achievement
of CR to transplantation, which causes selection of patients who may already be cured
{352). An extended follow-up is needed to demonstrate the value of the various post
remission therapies.

Other treatment options in AML

it has been suggested that more intensive chemotherapy than performed at present
does not cure more patients (365,367). Therefore, other strategies of treatment are needed
to obtain higher cure rates. The role of T lymphocytes in the process of graft versus
leukemia in allogeneic BMT has initiated research on the possibilities to use T cell immuno-
therapy in AML (359,368,369). For this approach autologous T cells might be activated by
biological substances such as iL-2 (370.371). Alternatively, seguential increments of
allogeneic T cells, either in vitro activated or not, might be administrated to the patient at
different time intervals (372). Preclinical data on these types of post remission treatment are
promising (371,372).

It has been mentioned above that the transformed cell population in AML is characteri-
zed by an increased self renewal potential and a decreased ability of differentiation. Several
attempts have been made to induce terminal differentiation in AML and a few chemothera-
peutic agenis are able to cause some differentiation, e.g. low dose Ara-C (340). As has
been menticned previously, in AML-M3 with t(15;17){q22;421) critical elements of the genes
cading for the RAR-e are replaced as a consequence of the chromosomal franslocation
(297-209). It has been found that all-trans-retincic acid is extremely successful in inducing
differentiation of the leukemia cells in patients with an AML-M3 (373-378). Such treatment
can resuit in CR and prevent DIC, but chemotherapy remains necessary. Growth factors,
such as granulocyte macrophage colony stimulating facter (GM-CSF), may be used to
induce differentiation and proliferation of AML cells in vivo, which might increase the efficacy
of some chemotherapeutic drugs (377-378). However, results of a recent study suggest
caution in the use of GM-CSF because it may increass resistance of AML cells to chemoe-
therapy (379).

Although AML is a heterogensous disorder, treatment is rather uniform. The exciting
developments in the treatment of AME-M3 demonstrate that patienis with certain well
defined subtypes of AML might benefit from a more specific therapy. In the near future it
might be expected that several specific genetic defects will be identified, which allow the
development of specific therapeutic modalities designed to correct or antagonize these
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defects and improve the change of curing AML.

1.6 SCOPE CF THE THESIS

The heterogeneity of AML is subject of this thesis. The purpose of this study was to
characterize the different subpopuiations which ¢an be found in the varicus types of AML at
diagnosis and during follow-up. For this purpose we especially used extensive immunologi-
cal marker analysis. In close collaborafion with clinical scientists and laboratory scientists
our resuits were correlated with other features of these patients, especially clinical characte-
ristics and cytogenetics. Both the clinical significance and some basic aspects of specific
immunophenotypes in AML patients were determined.

Chapter 2 summarizes characteristics of immunological markers, which are generally
used for immunophenotyping of various differentiation stages of hematopoietic cells.
Microscopic techniques and flow cytometric techniques, which can both be used for the
detection of expression of these markers, are described. Data on marker expression in AML
are summarized and their significance will be discussed.

Chapter 3 describes the results of immunclogical marker analysis in AML with specific
non-random chromosome aberrations. Literature data on the association betwgen specific
karyotypic abnormalities and phenotypical features are summarized. We investigated the
immunophenotypes of the various subpopulations which occur in AML with 1(8;9)(p23;034)
and AML with inv16(p13922). In both AML types we found a specific immunophenotype.
The clinical and biclogical signifance of these results are discussed.

Chapter 4 is a compilation of four studies on the presence and significance of AML
subpopulations expressing terminal deoxynucleotidy! transferase (TdT). TdT is normally
expressed in immaiture lymphoid cells and is prohably involved in the rearrangement
processes of the genes which code for the antigen specific receptors of lymphocytes, the
immunoglobulin (ig) and T cell receptor {TcR) molecules. We investigated the occurrence of
TdT™* subpopulations in AML patients and in healthy control subjects. Furthermore, by use
of double immuncfluorescence {IF) staining, we determined the immunophenctype of these
TdT™ cells. We found that TdT is expressed in immature leukemic subpopulations which
oceur in the majority of AML patients, whereas TdT™ myeloid cells are extremely rare or not
detectable in healthy controls. Based on these results we started a follow-up study of AML
patients to investigate whether TdT" AML subpopulations can be monitored during and
after treatment. We found that double IF labeling for myeloid markers and TdT enables the
detection of minimal residual disease. The clinical significance of these findings are
discussed. Finally, we investigated whether rearrangements of Ig or TcR genes did occur in
AML and whether these were related to TdT expression.

Chapter 5 discusses the significance of the presented experimental data and their
clinical application in the context of the literature. In addition, we discuss some perspectives
of the role of immunological marker analysis in AML characterization and clinical diagnosis.
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CHAPTER 2.1

IMMUNOLOGICAL MARKER ANALYSIS OF CELLS
IN THE YARIOUS HEMATOPOIETIC DIFFERENTIATION STAGES
AND THEIR MALIGNANT COUNTERPARTS™

J.J.M. van Dongen, H.J. Adriaansen and H. Hooillkaas

Department of [mmunology, University Hospital /
Erasmus University Rotterdam, The Netherlands,

INTRODUCTION

The characterization of cells in the various hematopoietic differentiation stages can be
performed morphologically (1-5). Additional characterization is obtained by immunological
marker analysis (6-12). The expression of a particular set of immunological markers designates
a cell to a particular differentiation stage. The various markers are detectable by means of
antibodies or by rosette technigues (13-18).

Leukemias and non-Hodgkinlymphomas (NHL) can be regarded as malignant counterparts
of cells in the various hematopoietic differentiation stages (6-12,19-24). Hematopoietic
differentiation schemes as presented in Figure 1, are based upon knowledge concerning
normal hematopoiesis as well as leukemias and NHL {1-12,19-24). Such differentiation schemes
are hypothetical and cannot be complete. in addition, it should be realized that differentiation
is a gradual procession of events and that differentiation stages are not as finite as suggested
in the figure. However, such differentiation schemes provide an indication as to where the
various lsukemias and NHL can be located according te their maturation arrest (Figure 2). it
is noteworthy that a maturation arrest is not always restricted to one differentiation stage, but
that several differentiation stages can occur within cne malignancy.

it will be discussed which cells express the various immunological markers, how the
expression of these markers can be detected and how immunological markers can be uged
for the characterization of normal hematopoistic cells as well as leukemic and NHL cells.

° Published in: Ruiter DJ, Fleuren GJ, Warnaar SO, eds. Application of monoclonal antibodlies in tumor pathology.
Dordrecht; Martinus Nijholf Publishers, T987:87-116. Updated for CO codes and several new immunological
markers.
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Figure 1. Hypothetical scheme of hematopoiesis. The different compartments, where cells in the various
differentiation stages are located, are indicated.

HEMATCPOIETIC DIFFERENTIATION STAGES AND IMMUNOLOGICAL MARKERS

Hematopoietic differentiation can be divided into a lymphoid and a myeloid lineage. The
lymphoid differentiation consists of the B cell and T cell lingages. The B cell differentiation
occurs partly in the bone marrow (BM) and partly in the lymphoid tissues, finally resulting in
antibody secreting plasma cells. The major part of the T cell differentiation probably occurs in
the thymus, finally resulting in the mature helper/inducer T lymphocytes and suppressor/
cytotoxic T lymphocytes, which are present in the peripheral blood (PB) and lymphoid tissues,
The precise origin of the natural killer (NK) cell is not yet known (not included in Figure 1). The
myeloid differentiation, consisting of the monocytic, granulocytic, erythroid, and thrombocytic
lineages mainly takes piace in the BM (Figure 1).

Most hematopoietic differentiation stages can be characterized by the use of iImmunological
markers (6-12,19-24). Although immunological markers represent differentiation antigens, they
usually are not specific for one differentiation stage, but are expressed in several stages. How-
ever, a certain combination of markers can be specific for a particular differentiation stage. The
expression of the various immunological markers per differentiation stage is summarized in the
Figures 3 and 4. As is illustrated by these figures, markers for the lymphoid differentiztion
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lineage are more discriminating and more numerous than those for the myeloid lineage.
Therefore, in particular, cells in the various lymphoid differentiation stages and their malignant
counterparts can be characterized precisely. Detailed information about the markers presented
in the Figures 3 and 4 is summarized in Table 1. In this table the markers are divided into
groups according to their specificity: 1, lymphoid markers (B cell markers, T cell markers) and
NK cell markers; 2, myeloid markers (pan-myeloid markers, myeloid granulocytic markers, mo-
nocyte-macrophage markers, erythroid markers and thrombocytic rmarkers); 3, markers which
are expressed by cells of several differentiation lineages.

international nomenclature and classification of immunologicai markers

in order to classify the large number of monoclonal antibodies (McAb) againstimmunologi-
cal markers, an international nomenclature has been developed analogous to nomenclatures
such as those for classifying HLA antigens and blood group antigens (15-18). The various
McAb (and the recognized immunclogical markers) are classified in clusters of differentiation
(CD). McAb against most lymphoid and myeloid markers have received a CD code (Table 1;
Figures 3 and 4). In the following sections the various McAb and the recognized markers will
be indicated by their CD codes. When specific immunological stainings are discussed, the
names of the used McAb will be placed in parentheses behind the CD codes.

Lymphoid markers

The enzyme terminal deoxynucleotidyl transferase (TdT) is present in the nucleus of
immature lymphoid cells, but is absent in more mature differentiation stages (8,7,25,26). Early
in B cell differentiation, in the pre-B cell stage, weak cytoplasmic expression of g
immunoglobuiin heavy chains (weak Cyg) occurs (27-30), while more mature B cells express
both immunoglobulin heavy and light chains on their cell surface membrane (Smig) (31,32).
Finally, the plasma cell strongly expresses cytoplasmic immunoglobulin (Cyig) heavy and lignt
chains (33). Additional characterization of the various B cell differentiation stages can be
performed by the use of other B cell markers such as the pan-B cell markers CD19 and CD22
(34-38), the common acute lymphoblastic leukemia antigen (CALLA; CD10 antigen), and the
B cell markers CD8, CD20, CD21, CD24, CD37, FMC7 and B-ly-7 (39-50). The expression of
the markers CD3 and CD24 is not restricted 1o the B cell lineage, but is also found in ather
differentiation lineages (17,18). The plasma cell is negative for the mentioned B cell markers,
but expresses the CD38 antigen (Figure 3) (41).

During T cell differentiation, several T cell markers appear on the cell surface membrane,
resulting in the expression of many T cell antigens by functional T lymphocytes (7,8,51,52). The
putative prothymocyte only expresses the CD2 and CD7 antigens (53-58). The CD2 antigen
represents the sheep red blood cell (SRBC) receptor (56,57,58). Another valuable marker for
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immature T cells is the cytoplasmic expression of the CD3 antigen (CyCD3) (60,61). During
further differentiation also the CD5 antigen as wel as the CD4 and CD8 molecules are
expressed and finally the CD3 antigen appears on the celi surface membrane (51,52,62-68).
The CD6 antigen is generally co-expressed with the CDS antigen (87), while the CD1 antigen
or so-called "common thymocyte antigen” is only temporarily expressed in the thymus (Figure
3) (51,52,68).

It is noteworthy that the mature T cell antigen CD3 is closely associated with the T cell
receptor (TCR) (B8-71), which represents an antigen specific receptor, comparable to Smig, the
antigen specific receptor of the B cell (72-74). Within the protein complex formed by TeR and
CD3(TcR-CD3 complex), the CD3 antigen probably plays an important role in the anchorage
of TcR as well as in the transduction of signals from TcR to intracellular components (71,75).
Two types of TcR exist: the "classical’ TcR-ef and the "alternative” TcR-yé (78,77). TcR-af is
expressed on the majority of T lymphocytes, while TeR-v4 is found on a minority of the CD3*
T cells (78-81).

NK cells generally express the CD16 antigen (fow affinity Fc receptor for igG; FoyRIll) and
the CD56 antigen (neural cell adhesion molecule; NCAM) (82). A subpopulation of the NK cells
also expresses the CD8 molecule and the CD57 molecule (83). The CD18, CD56, and CD57
molecules may also be expressed by a subpopulation of CD3™ T lymphocytes. The CD16
antigen is also expressed by granulocytes (84).

Myeloid markers

Anzlogous to the lymphoid markers, also during myeloid differentiation more or less
characteristic markers appear on the cell surface membrane, while other markers disappear.
Virtually all myelo-monocytic cells (immature and mature) are positive for the CD13 and CD33
molecules (9,11,85,86). Also COwWBS and myeloperoxidase (MPQ) are expressed by most
myelo-monocytic cells (87,88). Cells of the monocytic lineage express CD14 (85,86,88-91) and
more mature monocytes are positive for Monocyte-2 (81,82), while macrophages may express
the markers CD88 and RFD@ (33,94). The myeloid granulocytic cells are positive for CD15
(85,96}, while more mature granulocytic cells also express CD16, CD&8, and CDE7 (Figure 4)
(17,18). The H antigen, which represents the backbone of the ABQ blood group proteins, and
glycopharin A (GpA) can be used as markers for cells of the erythroid lineage (Figure 4) {97-
100). Cells of the megakaryocytic platelet ineage can be recognized by use of McAb against
the platelet specific glycoproteins {(GP), such as the whole Gpilb-GPlila complex (CD41
molecule), GPIX chain (CD42a molecule}, GPIb {CD42b molecule), and GPlila chain (CD&1
molecule) (Table 1 and Figure 4) (101-104).
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CHAPTER 2.7

TAELE 1. immunological markers, which can be used for the characterization of ceils in the various

hematopoietic differentiation stages and their malignant counterparts.

cop*? Antibodies®/ Antigen Reactivity with Referonces
code techniques recognized hematopoiatic cetis
1. LYMPHOID MARKERS
immature lympheid marker
- anti-TdT® terminal decxynu- immature lymphoid cells (Figure 3), a small 6,7.25.26
antiserum cleotidyl transferase subpepulation of immature myeloid colls
{Figure 4)
2 ool markers
cD1o ViL-A1%°, 5T, common ALL antigen pre-pre-B cells, pre-B cells, subpopulation of £37-41,122,123
BA3Y (CALLA) {gp100) cortical thymocytes (Figure 3), granulocytes
cD19 84!, Leu-12" pan-8 cell antigen {gp0o) all (precursor) B eells (Figure 3) 34,40,41
CD20 81", Leu-16" B coll antigen (p35) all B eells {Figure 3) 35,40,41,44,45
co21 B2, He-5" B cell antigen; complement subpepulations of B cells (Figure 3) 35,40,41,46
(C3d) receptor {CR2) (gp140}
CDzz Lou-14", Hpagdb* pan-B cell antigen all (precurser) B cells {Figure 3) 35,3641
RFB4-° {ap135)
Co37 yog/58 B cell antigen (gp30-52} Smig™ B cells (Figure 3) 35,4147
- FMC7™ B cell antigen (gp105) subpoputations of Smig™ B cells (Figure 3) 40,41,48,49
- BHy-7" hairy ceil antigen [gp744) small subpopulation of normal B cells; HCL 50
— M rosette mouse red blood cell subpopulation of B cells (resting B cells?), 118,121
(MRBC) receptor B-CLL
—_ woak Cyg weak eytoplasmic pre-B colls (Figure 3) 2730
(pre-B) expression of 4 heavy chain
— Smig {k,Aum.8,7.0,€) surface membrane Smig* B colis (sach B cell expresses only 31,32
immunoglobulin one Ig fight chain isotype: « or A, but can
express multiple Ig heavy chain isctypes)
— Cylg (kA é,7,0.€) cytoplasmic immunoglobulin  immunoblasts, Immunocytes, plasma cells as
- K/ ratio the normal k/) ratio ranges from 0.8 to 3
2,0 (mean:1,4)
T coll markers
CcD1 LeuE", 663C7, T6 antigen (cormmon cortical thymocytes (Figure 3}, Langerhans 51,52,68,115
OKTE" thymoeyte antigen) cells, subpopulation of dendritic cells
(gp43, gpas, gp4g) (Figure 4}, subpopulation of B cells
— E rosette sheep rod bicod cell all T cells,most NK cells 56,57,59
{SRBC) receptor
0107 T11', Leu-5b", T11 antigen; SREC recoptor  all T calls,mest NK celis (Figure 3) 51,52,56,57
OKT11%" {ops50)
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cob Antibodies?/ Antigen Reactivity with References
code techniques recognized hematopoletic cells
co3 VIT3®, Leu-a", T3 antigen (gp16-25) immature T celle (cytoplasmic expression) and 51,52,60,81

OKT3%", UCHT1* mature T colls [membrane axpression [Figure 3)
CyCD3 Leu-a", UCHT1>* cytoplasmic CD3 antigen cytoplasmic expression of the CD3 antigen in 60,61
immature T eells (Figure 3)
Cha T4A!, Leu-gal, T4 antigen (gp&0} subpopulation of thymocytes, helper/inducer 51,52,64
OKT4%" T celis (Figure 3)
cos T18', Lou-1", OKT1" T1 antigen (gp&7} thymocytes and mature T cells, subpopuiation  51,52,62,63
of B cells (Figure 3), B-CLL 117-118
Ccoe OKT172 T12 antigen (gp120} thymocytes and mature T cells, subpopulation 67,12C
of B cells (B-CLL}
Cp7 Leu-g", 3A17, W1 Tp41 antigen (gp41} virtually all T ¢ells, NK cells (Figure 3), 5355
subpopulation of Immature myeloid cells
{Figure 4), —5% of AML
coe TaAf, Leu-2a, T& antigen (gp3az) subpopulation of cortical thymoeytes, 51,52,64,65
oKTa cytotoxic/suppressor T cells, subpopulation
of NK cells (Figure 3)
- aMAD31¢, Wr31" TcR-f (gp80) majority {85%-98%) of mature CD3™ T cells 78,79
-— ant-TCR-7/6-1 TeR-ys (gp75) minority (2%-15%) of mature CD37 T cells gc,81
(11F2)", TCR&1¥
NK coll markers
£oss Leu-19 (My31)" neural cell adhesion mole- NK cells, some T cells (Figure 3) 82
cule (NCAM} {op135-220)
folotrd Leu-7 (HNK-1)"" human NK eell subpopulation of NK cells, subpopulation of 83
antigen (gp110) T celis {Figure 3)
2. MYELOID MARKERS
Pan-myeloid markers
cos My?f. MCS2*, pan-myeloid antigen almost all myeioid cells (Figure 4) 9,11,85,86
CLB-mon-gran/2* {op150)
CD33 My$', Lou-Mg" pan-myeloid majority of myeloid and monoeytic cells, 11
antigen (gp67) except for granulocytes (Figure 4)
COwss  viM-2®* myelomenacytic malority of myeloid and a7
antigen monocytic cells
- MPC-7%, CLB-MPG-1*  mysloperoxidase (MPQ) majority of myelold and monoeytic cells 88
(gp60/12) (Figure 4)
Monocyte-macrophage markers
CD14 Myéf, Moz, Leu-MaP, monocytic antigen (gp55) monocytic ¢¢lls, macrophages (Figure 4) 8,11,85,86,



80 CHAPRTER 2.1
comb Antibodles™/ Antigen Reactivity with References
code 2echniques recognized hematopoietic cells
CDs4 32.2¥ high affinity Fe receptor monoeytes. 18,84
for 1gG (FeyRl} (gp7s)
CDé&s Ki-Mg, 1G-m7° mactophage antigen {gp110) macrophages (Figure 4) 83
- Monocyte-2/61D3° maonocytic antigen {gp75) monacytic cells 91,52
- RFDS° macrophage antigen (gp2%)  macrophages (Figure 4) 94
Wiyelold granulocytic markers
coD1s VIM-DS®, Lou-M1" X hapten cells of the granulocytic ineage (Figure 4) 95,96
Coes CLB-gran/10% granulocytic antigen granulocytes 18
{gp180-200)
coer B13.9" granulocytic antigen (p100) granulocytes (Figure 4) 18
Erythrold markers
— ClBeryH* H antigen (backbone of erythroid cells {Figure 4) 7
ABQ proteins)
- VIE-G4%# CLB-ery/1* GpA {glycophorin A) (gpd1)  erythroid cells (Figure 4) 97-100
Megakaryocyte platelet markers
CD41 J15%, CLB4hrombo/7*  GPib-GPllla complex (Glanz-  megakaryocytes, platelets (Figure 4) 101-104
mann antigen) (gp145/115)
CD4aza FMC25™ platelet GPIX {gp20) megakaryseytes, platelets (Figure 4) 101-103
CD42b ANST® platelet GPIb {gp170) megakaryocytes, plateiets (Figure 4) 102,10
cost CLBthrombo/1(C17)%,  platelet GPIlia {gp115); megakaryocytes, platelets (Figure 4) 101-1D4
Yz/51% associated with GPIIb (see
Cha)
3. MARKERS WHICH ARE NOT RESTRICTED TQ ONE DIFFERENTIATION LINEAGE
chg BA-29, CLE-thrombo /8%  p24 antigens subpopulation of precursor B calls, 39-43,101
subpopulation of B ceils (Figure 3),
megakaryoeytes, plateiets (Figure 4)

CD11a CLB-LFA-1/2* LFA-1 antigen (gp180} majarity of lymphoid and mysloid calls 113,114
CD11b Mo1, OKM13* MAC-1 antigen, complement  monocytes, macrophages, granulocytes 113,114
{Cabi) receptor {CR3) (Figure 4), NK cells
Chrie l.eu-l'«'!S/SHCLah p150,95 antigen, complement  monocytes, macrophages, granulocytes, 113,114

{C3bi, C3d7) receptor (CR4)  subpopulation of iymphocytes (Figure 3)
ce1e Leu-11b", low affinity Fe receptor NK cells, subpopuiation of T cells (Figure 3), £2-84,112
CLB-FeR-grt for IgG (FeyRIN noutrophil granuloeytes (Figure 4)
coe CLB-LFA-1/1* B ehain of CD11 molecules majority of lympheid and myeloid calls 113,114
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co~b Antibodies®/ Antigen Reactivity with References
code techniques recognized hematopoietic ceolls
forox] Lew-20" iow affinity Fc receptor subpopulation of & cells, 17,18,84

for IgE {FeeRi) (gpas)

CcD24 BA-19 B cell.granulocytic
antigens (gp42)

cD25 2a3h a chain of interleukin 2
receptor (IL-2F) (gpS5)

CDhwaz wv.ay intermediate affinity F¢ recep-
tor for 19G (FoyRIl) [gp4q)

C034 Myt0", Br30s! precursor antigen {gp115)

CD3s OXMs?, ESIVCTS thrambospendin receptor
(platelet GPIV) (gp90)

Ch3s Lou-17", OKT10%" T10 antigen (gp4s)

CDs4 Leu-54/LB-2h. Intercellular adhesion male-

cule-1 (ICAM-1); igand for
CD11a-CD18 (LFA-1) {gps0)

CDss BRIC110% decay aceelerating facter
(DAF) {gp70)
CD58 G260, TS2/5°° LFA3 antigen: ligand for

CD2 (LFA-2) {gp40-65)

€58 YTHS3.1°° Ly-5 antigen {gp18-20)

co7t Ta', OKT9? transferrin receptor
{Gp190)

- L243"" OKlad HLA-DR, non-polymarphic

antigen (gp20/34)

monocytes, eosinophils

subpopulations of (precurser) B cells, 35-41,124
granulocytes.
activated T cells, activated 8 cells 17,18

{e.g. HCL) (Figure 3)

monocytes, subpopulation of macrophages, 17,18,84
B cells, granulocytes, ecsinophils.

precursors of lymphoid and myeioid calls 17,18,111
cells (Figures 3 and 4)

moneocytes, macrephages, early erythroid cells, 17,18
megakaryocyies, platelets

activated T and B calls precursor cells, 17,18,41,108
subpopulations af B cefis, plasma cells

monocytes, lymphocytes 18
laukocytes, erythrocytes, platelets 18
leukocytes, erythrocytes 18
leukocytes, erythrocytes, platelets 18
preliferating cells, activated cells 108-110
hermatopeiatic precurser celis, B calls, acti- 105108

vated T colis, monocytie cells (Figures 3 and 4)

a. CD = cluster of differentiation, as defined during the
Leukocyte Typing Conferences (Paris, France, 1982; Boston,
MA, USA, 1884; Oxford, UK, 1986; Vienna, Austria, 1989},

b. Only McAb are included, which are routinely ussd in the
immunodiagnostic laboratary of the Department of immuno-
logy, University Hospital Dijkzigt, Rotterdam, The Netherlands.
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Markers which are not or partly restricted to one differentiation lineage

Several markers are not restricted to one differentiation lineage, but are expressed by cells
of several differentiation lineages. The HLA-DR antigen is expressed by cells in immature
hematopoietic differentiation stages, but also by B cells, monocytic cells, and activated T
lymphocytes (Figures 3 and 4) (105-108). The interleukin 2 (IL-2) receptor (CD25 antigen) is
expressed by activated T cells and activated B cells, while the CD38 antigen and the transferrin
receptor (CO71 antigen) are expressed by virtually all proliferating and activated celis
(17,18,108-110). The precursor antigen CD34 is found on most immature cells of both the
lymphoid and myeloid differentiation lineages (Figures 3 and 4} (111).

The CD16 antigen (FcyRIll) is not only expressed on NK cells (82,83), but is also found on
mature granulocytes (Figures 3 and 4) (84,112). The CD11/CD18 antigens represent a family
of adhesion molecules, in which the ¢ chains (CD11a, CD11b, and CD11c antigens) are
associated with one common g chain (CD18 antigen) (113,114). CD11a/CD18 molecule
represents leukocyte function antigen-1 {LFA-1), CD11b/CD18 represents the complement
{C3bi) receptor type 3 (CR3), while the last member of this adhesion molecule family
{CD11c/CD18) also binds complement (C3bi) (113,114). The expression patterns of the
CD11/CD18 molecules are summarized in Table 1 and partly indicated in Figures 3 and 4
(113,114).

Some markers, which initially seemed to be restricted to one differentiation lineage, later
appeared t0 be expressed by cells of other lineages as well. This is especially the case for
several T cell markers. The CD1 antigen is not only expressed by thymocytes, but aiso by
Langerhans cells in the skin (115). The CD4 molecule is also found on a subpopulation of
monocytes and macrophages (116). The CDS and CD6 antigens appear to be expressed by
a subpopulation of B cells (117-120), which also express the mouse red blood cell (MREC)
receptor (118,121). Finally, the CD7 antigen is expressed by a small subpopulation of immature
myeloid cells (54). Aiso some B cell markers are not totally linsage restricted. For example, the
CDg antigen is also expressed by cells of the megakaryoceytic platelet lineage (101), CD10
molecules are found to be present on many cortical thymocytes (122) and on granulocytes
(123) and also the CD24 antigen is found on granulocytes (124).

DETECTION OF IMMUNCLOGICAL MARKERS OF CELLS IN SUSPENSION AND CELLS
IN TISSUE SECTIONS

In recent years McAb have increasingly been used for the detection of immunclogical
markers in addition to conventional antisera (14-18). In order to visualize the reactivity of the
antibodies, fluorochromes or enzymes are gensrally used as labels (125,126). Sometimes
rosette techniques using erythrocytes are applied, e.g. for the detection of the T cell specific
SREBC receptor (E rosette) (59) and the MRBC receptor (M rosette), which is expressed by a
subpopulation of B cells (118,121). The staining techniques mentioned can be used for the
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Figure 5. Double immunological staining for CD10 and TdT on MNC of PB from a patient in early relapse of an
ALL A: phase contrast picture; B: CD10 positive cells (TRITC labeled): C: TdT positive cells (FITC labeled). All TdT
positive cells in the PB sample appeared to express CD10, indicating that it concerned a CD10 positive ALL.

detection of immunological markers on hematopoietic cells in suspension (Figures 5-12) as well
as on cells in fissue sections.

Immunological marker analysis of cells in suspension

Cells in suspension can be cbtained from BM, PB, cerebrospinal fluid (CSF), broncho-
alveolar lavage (BAL) fluid, pleural exudate, ascites, synovial fluid, etc. Generally, the granulo-
cytes and erythrocytes are removed from the BM and PB samples by ficoll density centri-
fugation, which purification facifitates the analysis of the remaining mononuclear cells (MNC)
(127).

For the detection of markers on the cell surface membrane the cells are incubated with
the relevant antibodies in suspension, while for the detection of cytoplasmic or nuclear markers,
cytocentrifuge preparations are made, which are subsequently incubated with the relevant anti-
bodies. In our laboratory we mainly use direct and indirect fluorescence methods for the
visualization of the reactivity of the antbodies {(Figures 5-7 and 8-12). i is one of the
advantages of a fluorochrome as label, that double stainings can be easily performed and
gvaluated (Figures 5, 7, 9, and 10) (6-8,58). In these double stainings we use fluorescein
isothiocyanate (FITC) and tetramethylrhedamine isathiocyanate (TRITC) as labels. TRITC can
be replaced by texas red or phycoerythrin (PE) (128,129). Although PE has acvantages for
fluorescence activaied cell soring procecdures, we prefer to use TRITC in flucrescence
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Figure 8. Immunological staining for cytoplasmic g lg heavy chain on MNC of BM from an ALL patient at
diagnosis. A: phase contrast picture; B: weak Cyl positive cells (FITC labeled). Most MNC of BM appeared to be
weakly positive for Cyj, indicating that it concerned a pre-B-ALL

microscopy, because PE fades very quickly. if necessary, even a triple immunological staining
can be performed using colloidal gold particles as the third label next to FITC and TRITC
(Figure 12) (125). Such double and triple immunological stainings allow the evaluation of two
or three different markers at the single cell level. This is important for determining whether the
markers-are expressed by the same cell or by different celis (125,130). Detailed information
concerning methods for immunological marker anzlysis of cells in suspension is described
below.

in our opinion it is necessary to use phase contrast facilities on a fluorescence
microscope, since phase contrast morphology gives valuzble information about the cells
evaluated and allows the precise [ocalization of the labels, which is important when intracellular
antigens are stained such as TdT {Figures 3, S, and 12). in addition, this equipment aflows
optimal discrimination between labeled cells and contaminating auto-fluorescent particles.

immunclogical marker analysis of cells in tissue sections

Cells in tissues such as cbtained by biopsies from lymph nodes, tensils, liver and spleen,
¢an be characterized immunoclogically by the use of tissue sections. The tissue sections, usually
frozen sections, are incubated with the relevant antibodies. The reactivity of the antibodies is
visualized by the use of direct or indirect staining methods using an enzyme as label, such as
peroxidase {PO) er alkaline phosphatase (AP) (20,131). Such enzymes transform a substrate
into a colored precipitate. Double immunclogical stainings, using enzymes as labels (e.g. PO
and AP) are possible if the detected antigens are expressed by different cells (126,130-132).
Expression of two antigens by the same cell is difficult to prove by use of enzymes as labels
(130), unless the antigens are expressed very strongly (133,134). Detailed information
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Figure 7. Double immunological staining for Cyk and CyA on BM cells from a patient with a plasmacytoma. A:
phase contrast picture; B: Cyk positive cells (TRITC labeled); £: CyA positive cell (FITC iabeled). The majority of
the Cylg positive cells appeared 1o be positive for Cyk; only a few CyA positive cells were detectable in the
cytocentrifuge preparation. This indicates that the plasmacytoma cells were Cyk positive.

concerning methods for immunological marker analysis of cells in tissue sections are
extensively described in several reviews (135-137).

The advaniage of the use of tissue sections is that histologic information can be combinad
with information about the expression of immunological markers (20). Nevertheless it may be
necessary that a cell suspension is made from a tissue biopsy in order to perform immunolo-
gical marker analysis, especially if a part of the cell suspension is used for cyiogenetic analysis.

METHODS FOR IMMUNOLOGICAL MARKER ANALYSIS COF CELLS IN SUSPENSION
Preparation of cell suspensions

MNC from BM and PB are isolated by ficoll density centrifugation (Ficoll Paque; density
1.077 g/ml; Pharmacia, Uppsala, Sweden) for 15 min at room temperature (RT) with a
centrifugal force of 1000 g. All standard washings of cells in suspension derived from BM, P5,
CSF, pleural exudats, ascites, etc., are performed with phosphate buffered saline (PBES) (300
mosmol; pH 7.8), supplementad with 0.5% boving serum albumin (BSA; Organon Teknika, Oss,
The Netherlands) and 0.05% sodium azide. Washing centrifugations are performed for 5 min
at 4°C with a force of 400 g. i the cells are incubated in suspension for the detection of
surfage membrane markers by use of antibodies, the cell concentration is adjusted to 107 cells
per ml, Cytocentrifuge preparations are made using cell suspensions with a concentration of
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0.5 to 2 x 10° celis per ml, depending on the size of the celis; in the case of a BM or PB cell
sample a concentration of 2 x 10° cells per miis generally used. if the cell suspension is used
for rosette technigues, the cell concentration is also adjusted to 2 x 10° cells per mi.

General remarks concerning irnmunological stainings

Most immunological markers are detected by the use of antibodies. Commercially available
McAb generally can be diluted 1:50 to 1:200, while commercially available conventional antisera
can be diluted 1:20 to 1:80. However, each batch of antibodies has to be optimally titrated for
the different applications. The labeled cells or cytocentrifuge preparations are mounted in
glycerol/PBS (8:1), containing 1 mg p-phenylenediamine per ml (BDH Chemicals, Foole, UK)
to prevent fading of fluorochromes {138). Coverslips are sealed with paraffin wax with ceresin
(BDH Chemicals). Some immunological markers are detected by rosette techniques. Such
rosette tests generally are evaluated by the use of a counting chamber.

We will describe several single, double and triple immunoflucrescence (IF) staining methods
as well as the microscopes, which we use for the evaluation of the IF stainings.

Single immunological stainings

In single staining methods using aniibodies, we generally use FITC as fluorochrome.
Several single staining methods using antibodies or rosette techniques are described below.

Detection of cell surface membrane markers by the use of antibodies.

in case of a direct immunological staining (e.g. using FiITC-conjugated anti-human
immunoglobulin (ig) antisera) 50 pf of a cell suspension (107r cells per ml) is incubated for 30
min at 4°C with 50 pl of the relevant, optimally titrated, FITC-conjugated antibody. After this
incubation the cells are washed twice. In the case of an indirect immunological staining {e.g.
using mouse McADb), the cells underge an additional incubation (30 min, 4°C) with the relevant
FITC-conjugated second step antiserum (a FITC-conjugated geat anti-mouse Ig antiserum, if
mouse McAb are used). After the second incubation, the cells are washed twice and the cell
pellet is mounted in glycerol.

Detection of Cylg.

Fitty pl of a cell suspension {2 x 10% celis per ml) is centrifuged on slides in a cyto-
centrifuge (Nordic immunological Laboratories, Tilburg, The Netherlands). The cytocentrifuge
preparations are air dried for at least 15 min and the location of the cells is marked by
encircling with a glass pencil. The preparations are fixed in acid ethanol (ethanol with 5% acstic
acid) far 15 min at -20°C. The preparations are then washed in PBS (pH 7.8) for 15 min, dried,
and incubated with 15 gl of a FITC-comjugated anti-human Ig heavy or light chain antiserum
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(Table 1) in 2 moist chamber (30 min, RT) {33). Subsequently the slides are washed again in
PBS (15 min), mounted in glyceroi, covered with a coverslip and sealed (Figures 8, 7, and 10).

Detection of TdT.

Cytocentrifuge preparations are made, air dried, fixed in methanol (36 min, 4°C), and
washed in PBS. The preparations are incubated with 15 gl of optimally titrated rabbit anti-TdT
antiserum (Table 1) in & moist chamber (30 min, RT} and washed in PBS. Subsequently, the
preparations are incubated with 15 gl of a FITC-conjugated goat anti-rabbit Ig antiserum and
washed again (25,58). Afterwards the preparations are mounted in glycerol, covered with a
coverslip and sealed (Figures 5, 9 and 12).

E rosette fest.

SREC are washed five times with PBS; wagshing centrifugations are performed for 10 min
at RT with a centrifugal force of 150G g. Subsequently, the SRBC are incubated with 2-amino-
gthylisothiouronium bromide (AET) (40 mg per mi; pH 9.0) for 15 min at 37°C. Afterwards these
AET treated SRBC are washed several times with PBS and finally are resuspended in PBS,
supplemented with 10% fetal calf serum (FCS) (59).

One hundred a4l of the cell suspension (2 x 10° cells per mil} is mixed with 100 gl AET
treated SRBC (2 x 10® SReC per ml), and centrifuged for 5 min at 4°C with a centrifugal force
of 300 g. The pellet is incubated for at least 15 min at 4°C. After this incubation the pellet is
very carefully resuspended in the supernatant. Fifty ul of acridine orange (5 pg per ml) is added
to stain the DNA of the nucleated celis. The cell suspension is carefully mounted into a
counting chamber and evaluated by combining epi-ilumination {using the FITC filter combina-

Figure 8. £ rosette test on MNC of PB from a healthy adult. The nucleated cells were stained with acridine orange
and evaluated by combining epi-llumination {using a FITC filter combination} with trans-liumination. Eight cells in
the presented field form rosettes, while six cells do not.
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tion) with trans-illumination (Figure 8). A nucleated cell is regarded as positive, if three or more
erythrocytes are attached to the cell (Figure 8).

M rosette test.

Freshly collected MRBC are washed five times with PBS. Fifty gl of the cell suspension (2
x 108 colls per mi), 50 4 of the MRBG suspension (1 x 108 MRBC per ml) and 100 4 FCS are
mixed. This mixture is incubated for 15 min at 37°C and subsequently centrifuged for 5 min at
4*C with a centrifugal force of 300 g. The pellet is incubated at 4°C for 18 hours without being
disturbed {118,121). After this incubation 100 gl of the supernatant is removed and the pellet
is very carefully resuspended. Acridine orange is added to the cell suspension and the
percentage M rosette forming cells is determined in a counting chamber (see E rosette test).

Double immunological stainings

All of the various single immunological stainings, described above, can be combined. When
antibodies are used in double immunalogical stainings, we use FITC and TRITC as labels. in
our laboratory the double stainings with antibodies are performed in four different ways:

1. Combination of wo fluprochrome conjugated antibodies.

The advantage of fluorochrome cenjugated antibodies is that these antibodies can be
mixed and that therefore only one incubation step is needed for the double staining.
However, weakly expressed antigens might be insufficiently stained in a direct staining
method, so that positivity is not always detectable.

2. Combination of a fluorochrome conjugated mouse McAb and an unconjugated mouse

McAb.

In such combinations, the cell suspension is first incubated with the unconjugated
McAb, followed by an incubation with a fluorochrome conjugated anti-mouse !g
antiserum. Subseguently, the celis are incubated with normal mouse serum (NMS) to
block free antigen binding sites of the anti-mouse ig antiserum. Finally, the cells are
incubated with the fluorochrome conjugated McAb.

3. Combination of two unconjugated mouse McAb of different isotypes.

Indirect staining methods using McAb can be performed by selecting pairs of mouse
McAb on the basis of their different isotypes (e.g. igM and [gG or 1gG1 and IgG2). The
application of this double staining method is restricted by the availability of FITC- and
TRITC-conjugated anti-mouse g (sub)class specific antisera (excelient antisera can be
purchased from Nordic immunological Laboratories).

4. Combination of antibodies from different species.

Antibodies, raised in different species, can be combined very easily. E.g. a rabbit
antiserurmn can be combined with a mouse McAb, using a FiTC-conjugated goat
anti-rabbit g antiserum and a TRITC-conjugated goat anti-mouse g antiserum,
respectively.
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Figure . Double immunological staining for the CD15 antigen and TdT on MNC of BM from a CML patient in early
lymphoid BC. A: phase contrast picture; B: CD15 (VIM-DS) positive celis (TRITC labeled); C: TdT positive cells
(FITC labeled). The three TdT positive cells do not express the myeloid marker CD15 (VIM-D5).

By the use of these four possibilities or their combinations, many different double IF stainings
can be performed. Additional possibilities for double immunglogical stainings can be obtained
by using biotin conjugated or arsanilic-acid conjugated McAb; the reactivity of such McAb is
visualized by the use of fluorochrome conjugated avidin molecules or fluorochrome conjugated
anti-arsanilic-acid antisera, respectively (138,140). In the combined detection of 2 cell suface
membrane antigen and a cytoplasmic antigen, we prefer to use FITC as label for the detection
of the cytopiasmic antigen and TRITC as label for the detection of the cell surface membrane
antigen. In our experience the use of TRITC for the labeling of cytoplasmic antigens generally
results in & higher background staining as compared with FITC. in addition to double stainings
with antibodies, an antibody staining can be combined with a rosette technigue. Several double
imrmunclogical stainings will be described.

Double IF staining for Smx and Sm.

The cell suspension is incubated with a mixture of a TRITC-conjugated anti-human x
antiserum and a FITC-conjugated anti-human X antiserum (Table 1) (30 min at 4°C). After the
incubation the cells are washed and a suspension preparation is made.

Double IF staining for Cyx and Cy).

A cytocentrifuge preparation is made, fixed in acid ethanal and subsequently incubated with
15 pl of & mixture of a TRITC-conjugated anti-human x antiserum and a FTC-conjugated
anti-human X antiserum (30 min, RT) (Figure 7).
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Figure 10. Double immunological staining for HLA-DR and Cyi on cells of a Burkitt lymphoma derived cell line.
A: phase contrast picture; B: HLA-DR positive cells (TRITC labeled); C: Cyj positive celis (FITC labeled). The HLA-
DR positive cells did not express Cyi.

Double IF staining for a cell surface membrane antigen and TdT.

Fifty ul of the cell suspension is incubated with the relevant antibody, which is directly or
indirectly labeled with TRITC. After the incubation and washings, 200 ¢l of PBS/0.5% BSA is
added to the cell pellet. Subsequently cytocentrifuge preparations are made (50 gl of the cell
suspension per preparation), which are fixed in methanol (30 min, 4°C). The cytocentrifuge
preparations are subjected to the indirect TdT staining with & rabbit anti-TdT antiserum and a
FITC-conjugated goat anti-rabbit Ig artiserum (Figures 5 and 9).

Double IF staining for a cell surface membrane antigen and Cylg.

The cell suspension is incubated with the relevant antibody, which is directly or indirectly
labeled with TRITC. Subsequently cytocentrifuge preparations are made. The cytocentrifuge
preparations are fixed in acid ethanol (15 min, -20°C) and subjected to a direct Cylg staining,
using a FITC-conjugated anti-human Ig antiserum (Figure 10).

Double immunofogical staining for Smig and the MRBC receptor.

Fifty gl of the cell suspension is incubated with a FITC-conjugated anti-human ig antiserum,
After the incubation and washings, the cell suspension is subjected to the M rosette test (see
above). Subsequently the concentration of the cell suspension (MRBC plus nucleated cells) is
adjusted to 2 x 10° celis per mi and cytocentrifuge preparations are made (50 yl of the cell
suspension per preparation). The cytocentrifuge preparations are fixed in methanol (5 min,
4°(C), mounted in glycercl, covered with a coverslip and sealed (Figure 11).
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Figure t1. Double immunological staining for SmA and M rosette on MNC of PB from a CLL patient. A and C:
phase contrast pictures; B and D: 8m) positive cells (FITC labeled). A and B represent the same field and C and

D represant the same field. The M rosette forming cells also weakly expressed Sml, while the Sm negative celis
did not form M rosettes,

Triple immunclogical staining

In the triple immunological staining we use colloidal goid particles of 30 nm as the third
label next to FITC and TRITC (125). Colloidal gold can be visualized in the same epi-illumination
system, which is used for the evaluation of fluorescence. Although colloidal gold particles of
30 nm can easily be used as label for the detection of cytoplasmic markers of cells in tissue
sections (141), this is more difficult when cytocentrifuge preparations are used. Therefore we
use the colleidal gold technique for staining cell surface membrane markers. One example of
a triple immunological staining will be described.

Triple immunological staining for the CO3 antigen, HLA-DR and TdT.

Fifty ul of the cell suspension is incubated with the CD3 McAb Leu-4 (Table 1), washed and
subsequently incubated with 50 ul of an undiluted goat anti-mouse Ig antiserum, conjugated
with colloidal goid particles of 30 nm (GAM-G30; Janssen Pharmaceutica, Beerse, Belgium).
Afterwards the cells are incubated with NMS (diluted 1 in 100) to block free antigen binding
sites of the goat anti-mouse Ig antiserum. Subseguently the cells are incubated with a TRITC-
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Figure 12. Triple immunological staining for the CD3 antigen, HLA-DR and TdT on MNC of BM from a child with
ALL in complete remission under maintenance treatment. A: phase contrast picture; B: CD3 (Leu-4) positive cells
{colloidat gold labeled); C: HLA-DR positive ¢ells (TRITC labeled); D: TdT positive cells {FITC labeled). The three
TdT positive cells are also positive for HLA-DR, but negative for the CD3 {Leu-4) antigen. The former cells probably
represent precursor B cells, while the CD3 positive cells represent mature T lymphogcytes.
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canjugated anti-HLA-DR McAb (Becton Dickinson). After the incubation and washings, 200 gl
of PBS/0.5% BSA is added to the cell pellet. Finally, cytocentrifuge preparations are mads,
which are subjected 10 the indirect TdT staining using FITC as label (Figure 12).

Microscopes

Evaluation of single and double immunological stainings, using flucrochromes.

For the evaluation of fluorescence (FITC, TRITC and acridine orange), we use Zeiss
Standard 16 microscopes (Carl Zeiss, Oberkochen, Germany), equipped with a IV FL Fluor-
eszenz-Auflichtkondensor (epi-illumination condensor) and phase contrast facilities. The
epi-llumination system contains two filter combinations: Zeiss filter combination 14 (BP 510-560;
FT 580; LP 580) for the evaluation of TRITC labeling and Zeiss fiitercombination 18 (BP
485/20; FT 510; LP 515) combined with a KP 580 fitter for the evaluation of FITC labeling and
acridine orange staining. The microscopes are equipped with at least three Zeiss objectives:
a neofluar 63/1.25 Oel Ph3 for evaluation of surface membrane staining, TdT staining, etc.; &
planapochromat 40/1.0 Oel Ph3 for evaluation of strong expression of Cylg and a neofluar
16/0.40 Ph2 for evaluation of the rosette tests. These objectives are used in combination with
the Zeiss wide-field oculars Kpl-W10x/18.

Evaluation of the triple immunciogical staining, using colloidal gold as the third labal.

We use two different microscopes for the evaluation of colloidal gold in combination with
FITC and TRITC: a Zeiss Universal Il (Carl Zeiss) and a Leitz Orthoplan (Ernst Leitz, Wetzlar,
Germany). The Zeiss Universal Il is equipped with a il RS Fluoreszenz- Auflichtkondensor,
phase contrast faciliies and the same fitercombinations, objectives and oculars as described
for the Zeiss Standard 18 microscopes (see above). The Leitz Orthoplan is equipped with a
Ploemopak 2 epi-llumination system, phase contrast facilities and the following two
filtercombinations: Leitz filtercombination 12 (BP 450-480; RKP 510; LP 515) for the evaluation
of FITC and Leitz filter combination N2 (BP 530-560; RKP 580; LP 580} for the evaluation of
TRITC. The most frequently used objective of the Leitz microscope is the PL APO 63/1.40 Oel
PHACO 4 in combination with the wide-field oculars Periplan GW 10xM.

For the evaluation of colloidal gold, we use & polarization filter combination in both
microscopes, consisting of a polarizer for the excitation light, a beam-splitter and an analyzer,
which extinguishes the reflected light that has the same polarization as the excitation beam. The
ohjectives which are used for evaluation of collsidal gold should not contain phase contrast
rings. According to our experience the best objective is the Zeiss Antiflex-Neofluar 83/1.25 Cel,
which contains a rotatable quarter-wave plate (125).
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TABLE 2. immunological phenotypes of ALL

TdT HLA-DR CD1g and/ CD10 weak Cyu Smig pan-T cell
or CD22 (CALLA) markers
(CD2,CyCD3,Co7)

null ALL + + + - — — -—
comemon ALL + + + + — - —
pre-B-ALL + + + + + — —_
B-ALL — + + (+)° — + -
T-ALLP + —° — —/+ - - +

a. Not always expressed,

b. Several subtypes of T-ALL can be recognlzed, based on their positivity for the various T cell markers (see ref, 22 and 143).
c. Afew T-ALL may be HLA.DR positive (see ref, 58).

IMMUNOQLOGICAL PHENOTYPES OF LEUKEMIAS AND NHL

Immunological marker analysis can be applied not only to the characterization of normal
hematopoietic cells, but also to the characterization of leukemias and NHL (Figure 2).

The raturation arrest of the acute leukemias is localized in the immature differentiation
stages [e.g. acute iymphoblastic leukemias {ALL) and acute myeloid leukemias (AML)]. Chronic
leukemias are the malignant counterparts of cells in more mature differentiation stages [e.g.
chronic lymphocytic leukemias (CLL) and chronic myeloid leukemias (CML)]. Generally, NHL
have a mature immunological phenotype.

Several differentiation stages may occur within one malignancy. This indicates that
malignant cells are capable of further maturation and that their maturation arrest is not
restricted o a single differentiation stage. This especially occurs in AML and NHL

Lymphoid malignancies

ALL can be divided into at least five different types according to thelr immunological
phenotype: null ALL, common ALL, pre-B-AlLL, B-ALL, and T-ALL (8,7,19,22,23,142). These
immunoiogical phenotypes are summarized in Table 2. T-ALL can be subdivided into several
immature and more mature subtypes, as is indicated in Figures 2 and 3 {7,19,22,23,52,143).
The morphological French American British (FAB) classification of ALL recognizes three ALL
types: L1, L2, and L3 (1,3). This FAB classification does not caorrglate well with the immunologi-
cal classification. L1 and L2 morphology can be found in most immunclogical ALL types; only
L3 moerphology seems to be restricted to the rarely occurring B-ALL.

Normally about 83% of the B cells express « light chain, while about 30% express X light
chain; the normal £/ ratio varies from 0.8 to 2.0 (31). Since a B cell malignancy represents
the clonal expansion of a single B cell, only one type of Ig light chain (gither £ or A) is expres-
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TABLE 3. Immunological phenotypes of chronic B ceil leukemias.

cos Cheé CDtic CD20 CD22 CD2s CD37 FMCY  Smig  Bdly-7

B-CLL + * — + x — + —/* £ -
HCL - - + + + + + + +
B-PLL. — - — + + — + + ++ —

Uzed symibols: — ne expression; £, weak expression; +, normal expression; + +, SUORG expression.

sed. Therefore, the /X ratio is used for the detection of 2 B ¢ell malignancy and may give an
impression of the number of malignant cells (31,144). Several B cell malignancies can be
distinguished by the use of additional B cell markers. B celi CLL (B-CLL) can be discriminated
from other B cell malignancies by their weak expression of Smig and positivity for the CD5 and
CDg antigen (117,118,120). On the other hand, the B cell prolymphocytic leukemia (B-PLL)
strongly expresses Smig and is generally negative for the CDS and CDE antigens (18,22). Hairy
cell leukemia (HCL) is a B cell malignancy which expresses the "HCL specific” B-ly-7 antigen
as well as the CD11¢c and CD25 antigens (50,145,148), which are generally absent on B-CLL
and B-PLL cells (147). The detailed immunological phenotypes of B-CLL, HCL, and B-PLL are
summarized in Tabie 3.

Immunelogical marker analysis of NHL does not result in a classification comparable to the
detailed morphological classifications such as the Kiel classification (4,148). However,
immunological marker analysis is still valuable in the diagnosis of NHL (148). it is possible to
determine whether a B cell or T cell malignancy is involved and to prove, in the case of a B cell
malignancy, the clonality of the tumor by means of the x/ ratio (Figure 7) (31,144). In addition,
more immunological markers (especially B cell markers) have become available, which enable
a better immunological classification of NHL {17,18).

Myeloid malignancies

The various myeloid markers can be used for the ¢lassification of the myeloid malignancies,
although they are not as discriminating as the lymphoid markers {Figures 2 and 4.

The morphological FAB classification of AML and the immunological classification of AML
are both based on differentiation characteristics (1-3,9,11,85,86), Although Figures 2 and 4
suggest that the FAB classification and immunological classification of AML are similar, this is
only true in the case of more mature AML (i.e. acute monocytic leukemia and acute
promyelocytic leukemia) (11,24). AML often appear to consist of several subpopulations, which
hampers the immunalogical marker analysis of AML (24). Only double IF stainings for the
various myeloid markers allow the immunological marker analysis of these subpoputations.
CML cells express granulocytic markers such as CD15 and CD87 (Figure 4). When a CML
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transforms into a blastic crisis (BC), immunological marker analysis can reveal whether it
concerns a myeloid or lymphoid BC (Figure €). The immunological phenotypes of 2 myeloid
BC are comparable to those of the various AML, while the phenotype of a lymphoid BC is
generally similar to the phenotype of a common ALL or pre-B-ALL {22,149).

The true histiocytic NHL is very rare. By use of the varicus monocytic macrophage markers
(indicated in Figure 4 and Table 1) it is possible to characterize these NHL.

APPLICATION OF IMMUNOLCGICAL MARKER ANALYSIS
Immunelogical marker analysis of cells in normal hematopoietic differentiation stages

immunological marker analysis can be used for the characterization of hematopoietic cell
populations, such as in patients with primary immunodeficiencies (150). It can also provide
information concerning diseases, where the balance between various (sub)populations is dis-
turbed (151,152). In patients with acquired immunodeficiency syndrome (AIDS) the CD4/CD8
ratio in PB becomes extremely low {153,154). In patients with active sarcoidosis the percentage
T lymphocytes in BAL fluid is about 22% and sometimes up to 80% with high CD4,/CD8 ratios,
while in BAL fluid from nermal controls, low percentages T lymphocytes are detected (155,158).
The monitoring of percentages of T lymphocytes and CD4/CD8 ratios may be useful during
follow-up of patients, who have undergone an organ transplantation (&.¢. during anti-thymocyte
globulin treatment) (157,158) (Table 4).

in addition, immunological marker analysis is used to determine the nature of cells in
culture, such as in lymphocyte proliferation tests.

TAELE 4. Application of immunological marker analysis.

A. Immunological marker analysis of cells in normal hematopoietic differentiation stages is important for:
- determination of percentages of T lymphocytes and CD4/CD8 ratios in celi samples from patients with diseases
such as sarcoidosis, AIDS, etc.
- analysis of cell populations in BM, PB and lymphoid tissues from patients with (primary} immunodeficiencies.
- analysis of cultured cells, e.g. in the case of lymphocyte proliferation tests.

B. immunological marker analysis of leukemias and NHL is important for:
- classification of leukemias and NHL.
- recognition of subtypes of leukemias and NHL, which differ in clinical behaviour and therapy resistance.
- recognition of association between immunologicat phenctypes of leukemias and NHL and chromosomal
aberrations.
- detection of two malignancies in one patient.
- characterization of subpopulations within one malignancy.
- detection of low numbers of malignant cells.
- staging of NHL, especially TdT™ T-NHL.




Immunofiuorescence staining techniques 77
Immuneciogical marker analysis of leukemias and NHL

Immunological marker analysis of leukemias and NHL enables a reproducible classification
of these malignancies. By means of clinical trials # may be possible to recognize immunological
subtypes of leukemias and NHL, which differ in clinical behavicr and therapy sensitivity (159).
Therefore itis necessary to characterize these malignancies according to clinical, morphological
and immunological criteria, allowing adaptation of treatrment protocols. Furthermore,
immunological marker analysis is important for the detection of associations between
immunological phenotypes and chromosome aberrations, to gain more insight in oncogenesis
{180,161). in addition immunaological marker analysis allows the detection of two malignancies
in one patient {162) and the characterization of subpopulations within one malignancy (163)
(Table 4).

During maintenance therapy and even aiter termination of therapy it remains uncertain
whether malignant cells are still present. The application of immunological marker analysis can
be used for the detection of low numbers of malignant cells, but is hampered by the presence
of their normal counterparts (164). Therefore, cells positive for a certain marker or marker
combinaticn can cnly be regarded as malignant if these positive cells are present in higher
frequencies than normal or if they are detected outside their normal sites of occurrence. Since
TdT positive cells are normally not detectable in CSF and since most ALL are positive for TdT,
the TdT determination is valuable for the early detection of central nervous system leukemia
(183). Another example of immunological detection of low numbers of malignant cells is the
double IF staining for 2 T cell marker and TdT on cell samples from patients suffering from a
TdT positive T cell malignancy (166-168). This approach is based on the fact that CD17%, TdT™*,
CD3™, TdT™, and CD5™, TdT™ cells normally cccur in the thymus only (58,166,167). The
application of these double stainings for analysis of BM and P8 samples of T-ALL patients
allows early detection of relapse (164,168).

CONCLUSION

Immunclogical marker analysis of normal hematopoietic cells and their malignant
counterparts is an important tool for diagnostic use. [t allows a precise analysis of leukocyte
subpopulzations in various diseases, such as immunadeficiencies. Moreover, it results in a
reproducible classification of leukemias and NHL and allows, in several types of ALL and NHL,
the detection of low numbers of malignant cells. Finally, it may be used not only for diagnostic
purposes, but aiso for clinical research.
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CHAPTER 2.2

IMMUNOLOGICAL MARKER ANALYSIS OF MYELOID DISORDERS,
WITH SPECIAL EMPHASIS ON FLOW CYTOMETRIC TECHNIQUES

H.J. Adriaansen and M.W.M. van den Beemd

Department of Immunology, University Hospital /Erasmus University, Rotterdam, The Nethetlands,

INTRODUCTION

As has been described in Chapter 2.1 immunological marker analysis is useful for the
characterization of normal hematopoietic cells as well as their malignant counterparts, i.e.
the leukemias and the non-Hodgkin lymphomas (NHL). The visualization of the reactivity of
the antibodies can be performed by use of fluorescence methods, which enable the
performance of double or triple stainings. The evaluation of immunoflucrescence (IF)
stained cells can be performed with microscopic or flow cytometric techniques. The former
technique has been described in Chapter 2.1. In the present chapter we shall discuss flow
cytometry and summarize the applications of this technigue in clinical diagnosis. Especially,
the application of flow cytometry in immunological marker analysis of myeloid cells and
myeloid disorders is described. At the end of this chapter the pessibilities and limitations of

both fluorescence microscopy and flow cytometry in immunological marker analysis are
discussed.

FLUORESCENCE ACTIVATED FLOW CYTOMETRY
Structure of flow cytometer

During the last three decades progress has been made in the technology of flow
cytometry as well as in computer technology to acquire and process a large amount of data
(1-4). These developments have resulted in current “third generation” flucrescence activated
flow cytometers for clinical practice. These instruments, e.g. FACScan (Becton Dickinsan,
San Jose, CA, USA), EPICS Profile 1i (Coulter Electronics, Hialeah, FL, USA), or CYTORON
ABSOLUTE (Ortho Diagnostic Systems, Raritan, NJ, USA), are exclusively developed to
analyze cell samples and lack cell sorter capabilities. A schematic diagram of a flucrescence
activated flow cytometer is given in Figure 1. A typical instrument consists of an air cooled
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laser

Figure 1. Schematic diagram of a flow cytometer. Laser beam is focused on the cells passing through the flow
chamber. Refracted light is measured at a low angle in foward direction (FSC signal) and at 90° (S5C signal).
Fluorescence fight collected at 90° is split off by a series of dichroic mirrors and filters in three different colors
and detected by photomultiplier tubes (FL1, FL2, and FL3).

18 mW argon-ion laser light source which provides monochromatic light at 488 nm. The
laser beam strikes the cells or other particles which flow in a laminar non-turbulent fiuid
stream through the measurement region (flow cell). Pure laminar flow is achieved by forcing
the Jet of fluid containing the sample particles into a sheath fluid flowing under pressure
slightly lower than that of the sample fluid (2,3). This enables a sequential flow of primarily
single cells, sufficiently separated so that only one cell is subject to measurement. The cells
will refract the light from the laser beam and, if present, flucrochromes will be excited and
emit fluorescence. The refracted light is measured at two different angles. in forward
direction of the laser beam (<1°-10%), the so-called forward scatter (FSC) or low angle
scatter is measured, and at 90° (range ~5%), the so-called sideward scatter (SSC) is
measured (Figure 1). The FSC signal is primarily dependent upon volume of the particles or
cells, whereas the SSC signal provides a measure of internal organization, cytoplasmic
granularity, nuclear density, and external cell structure (1-3). The emitted fluorescence light



Flow cytometric techniques in AML 89

TABLE 1. Fluorescent reagents useful for measurements with 488 nm excitation.

Reagents Examples Applications
Fluorochromes conjugated - fluorescein isothiocyanate (FITC) - immunological marker analysis
to specific antibodies, - phycoerythrin (PE) - determination of HLA-phenctype
biotin or streptavidin - PE-Texas Red tandem - analysis of autoantibodies

- PerCP - biood group serology
Fluorescent DNA and/or - acriding orange (AQ) - measurement of DNA-content
RANA binding dyes - propidium iodide - enumeration of reticulocytes

- ethidium bromide - andysis of NK celi function

- thiazole orange
Fluorescent Ca® ™ indicator - fluo-3 - analysis of lymphocvte activation
Fluorescent bacteria or - FITC-labeled E-coli or - analysis of phagocytosis
apsonized [atex particles latex particles

is collected by optics in the 80° angle and, dependent on the wavelength of the emitted
light, the light is split off by a series of dichroic mirrors into two or three beams (Figure 1).
Fluorescence light can be measured at 515-545 nm (FL1), 565-805 nm (FL2), and >&30 nm
(FL3), Table 1 summarizes some fluorescent reagents which can be used in flow cytometry
with 488 nm excitation {4). The refracted light or fluorescence light is measured by light
detection devices, such as photodiodes and photomultiplier tubes, which convert light into
an electric signal. The magnitude of the electric signal is proportional to the amount of light
detected, which, in case of fluorescence light, is related to the number of fluorescent
molecules (1-4). The FSC signal is detected by a photodiode whereas all 90° signals, which
are relatively weak, are detected by photomultiplier tubes (Figure 1). Because the sensitivity
of each light detection device depends on the voltage applied and/or amplifier gain setting,
it is clear that the parameters are measured as relative intensity. The measurements can be
performed with either lingar or logarithmic amplification. In case of fluorescence measure-
ments in immunological marker analysis logarithmic amplification is preferred. For each cell
or particle the signais produced by the different light detection devices are processed and
combined and subsequently sent as so-called list mode data to the computer. Flow
cytometry enables a rapid acquisition of information about a large number of cells
(250-2500 cells per sec).

Analysis of flow cytometry resuits

The amount of information obtained during measurement is large and sophisticated
computers and software programmes are required for data processing and analysis (3).
Typically, 5000-10,000 cells are counted and from each cell results on four or five different
parameters are obtained. The results of one parameter can be presented and analyzed by
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Figure 2 Analysis of CD15 (Leu-M1 FITC), CD14 (My4 PE) double IF staining of lysed whole blood cells
obtained from a healthy volunteer. Upper part: histogram analysis for CD15 (left) and CD14 (right). Lower part:
dot plot analysis of FSC against $8C {eft) and CD15 against CD14 (right). in the FSC/SSC dot plot debris,
lymphocytes, monocytes, and granulocytes can be recognized.

use of histogram analysis (see Figures 2A and 2B). It is also possible to plot two different
paramsters against each other in one graph, e.g. dot plot diagram, contour plot diagram, or
three dimensional profile. Examples of dot plot analysis are given in Figures 2C and 2D. A
diagram of FSC against SSC of lysed whole blood cells allows a discrimination between
lymphocytes, monocytes, and granulocytes (Figure 2C). Analysis can be performed on all
cells or a specific subpopulation can be selected for analysis. In the latter case the cells of
interest are selected by "gating" on a specific subpopulation in a histogram or dot plot. A
widely used application of the so-called "gating" in immunological marker analysis is the
selection of a specific "morphological' cell type in the FSC/SSC dot plot (e.g. blast celis,
lymphocytes, or monocytes). The “gated" cells can subsequently be studied for various
parameters. An example of "gating” of a specific subpopulation on the expression of a
immunological marker, i.e. CD15T cells in peripheral blood (PB), is given in Figure 3. It is
clear that modern flow cytometry enables multiparameter analysis of various cell populati-
ons (5).
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Figure 3. Example of "gating” of a specific subpopulation, i.e. CD15* cells in lysed whole blood cells obtained
from a heaithy volunteer. Left: histogram analysis of CD15 {Leu-Mt FITC) stained cells. The cells at the right
side of the plotted marker are CD15™*. Right: FSC/SSC dot plot of the "gated” CD15* cells only. If compared
with Figure 2 (lower left) it is clear that CD15™" cells represent the cell population with a variable but high SSC
signal,

Diagnostic applications of flow cytometry

Flow cytometry can be used for a wide variety of purposes. In fact, flow cytometry can
be performed if the particles of interest are in suspension, if these particles have a diameter
which is smaller than 100 ym, and if fluorescence probes are available which are suitable
for the specific application (see also Table 1). An extensive discussion of the diagnostic
applications of flow cytometry is beyond the scope of this thesis. Table 2 summarizes
several applications which are currently used in clinical diagnosis. In this chapter the
applications of immunoclogical marker analysis in myeloid disorders, in particular acute
myeloid leukemia {AML), will be discussed (Table 3). It should be emphasized that these
applications are not restricted to flow cytometry and that other techniques, such as IF
microscopy, can be used also.

TABLE 2. Applications of flow cytometry in clinical diagnosis.

Immunological marker analysis of leukocytes Determination of in vitro functions of leukocytes:
- analysis of phagocytosis
Determination of HLA-phenotype (e.g. HLA-B27) - analysis of NK cell functions

- analysis of laukocyte activation jir vitro
Enumeration of reticulocytes
Blood group serology
Measurement of cellular DNA-content:
- determination of DNA-pioidy Analysis of malaria parasites in erythrocytes
- cell cycle analysis
Determination of total volume of circulating
Analysis of autoantibodies against leukocytes, erythrocytes
platelets, or erythrocytes
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TABLE 3. Application of immunological marker analysis in myeloid disorders.

immunological marker analysis of myeloid malignancies
- immunophenotyping of AML, CML, and true histiocytic NHL
- characterization of subpopulations within one malignancy
- detection of two malignancies in one patient
- recognition of association between immunological phenotypes of AML and specific chromosomai
aberrations
- detection of iow numbers of AML cells

Analysis of myeloid cells in immunodeficiency
- detection of CD11/CD18 deficiencies in leukocyte adherence deficiency

Characterization of deficiencies of specific antigens
- determination of CD41 deficiency in Glanzmann’s thrombasthenia
- determination of CD42 deficiency in the Bernard-Soulier syndrome
- analysis of Pldinked antigens in PNH and AA

Analysis of disorders of maturation of myeloid cells
- characterization of subpopulations in MDS
- analysis of erythroid gifferentiation in red ceil disorders
- analysis of megakaryocytic differentiation in piatelet disorders

Analysis of platelet activation

Abbreviation used: CML = chronic myeloid leukemia. For other abbreviations see text.

IMMUNOLOGICAL MARKERS DURING MYELCID DIFFERENTIATICN

The expression of immunological markers during normal myeloid differentiation has
been summarized in Chapter 2.1. The presence of a continuum of maturaticnal stages of
myeloid precursor cells in normal bone marrow (BM) complicates the recognition of distinct
cell populations. This might explain the relatively low number of studies on the immuno-
phenotype of myeloid cells and their precursors of normal BM samples (6-12). Using
multiparameter flow cytometry Terstappen and Loken could identify consistent patterns of
gradual changes of light scattering properties and cell surface antigen expression during
normal myeloid differentiation (12). Such consistent characteristics of differentiation
pathways in normal individuals might provice a basis for the discrimination between normal
and abnormal myeloid differentiation.

fn Table 4 we have summarized & few characteristics of the antigens which can be
studied and/or used in the diagnosis of mysloid disorders (13-96). For most markers the
chromoscme localization of the encoding genes has been determined. Human rodent
hybrids segregating human chromosomes have been shown useful for gene localization
studies (18,47), because they allow to determine the concordancy between the presence
and absence of the specific marker and human chromosomes. Either a specific probe,
which hybridize to the encoding genes, or monoclonal antibodies (McAb), which bind to the
expressed antigens, are useful to determine whether hybrid cells with (well-defined human
chromosome content) contain the specific genes (13,19). Chromosomal in situ hybridization
can be performed 1o confirm the assignment and to localize the gene to a specific part or
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band of the chromosome (31,48). Alternatively, mapping of antigens have been performed
by hybridization of a specific probe directly to DNA of human chromosomes which have
been sorted by use of flow cytometry (30,35). An example of mapping of a myelcid antigen,
i.e. CD33, by use of interspecies hybrid cells and McAb is given in Chapter 2.3

IMMUNOLOGICAL MARKER ANALYSIS IN AML
Marker expression in AML subtypes

As have been mentioned in Chapter 2.1, myeloid markers in AML are not as informative
as the lymphoid markers in acute lymphoblastic leukemia (ALL). Most studies of immunolo-
gical marker analysis in AML indicate considerable heterogensity of marker expression
between different patients as well as within a given individual (87-102,103). Although a few
proposals have been made for an objective immunological classification system of AML,
such classifications are not widely used (97,100,101,104). Because both the morphological
French American British (FAB) classification and the expression of immunological markers
reflect cell lineage and maturation, many investigators have attempted to correlate morpho-
logy and immunophenotype (88,98,105-107). In Figure 4 we have tried 1o indicate the
expression of relevant immunological markers for each myeloid differentiation stage as well
as the location of the various types of myeloid malignancies. in general, the degree of
correlation between immunophenctype and FAB classification is not convincing (98,99,105-
107). Nevertheless, associations between FAB type and immunophenotype have been
observed. For example, the expression of monocytic antigen CD14 is highly correlated with
AML-M4 or M5 {87,98,100,107-112). However, CD14 expression is not completely specific
for the monccytic variants of AML and other types of AML may be CDi47
(©8,29,107,109,111). Furtherrmore, CD14 expression I8 often variable in AML classified as
FAB-MSa (98,109,110). For CD14~ AML-M4 and AML-M5 cases CD11¢ and/or CD36 may
be informative to confirm monocytic differentiation (113). Cne striking correglation is that of
FAB-M3 with HLA-DR negativity (97,98,107,109,112,114-118). Irteresiingly, the less
difierentiated hypogranuler variant of AML-M3 is frequently HLA-DR™ (114). In addition to
expression of myeloid markers CD13 and CD33 AML-M3 is positive for CDS (115,116).
Despite evidence for granulocytic differentiation AML-M3 is frequently negative for CD15
(117,118).

CD34 is a marker of myeloid and lymphoid precursor cells (118-121). Expression of
CD34 has been observed in all AML types except AML-M3 (97,111,122-124). Especially,
AML-M1 and M2 are usually strongly positive for CD34, indicating the prevalence of a large
amount of immature cells. In the other subtypes of AML the proportion of CD34% cells is
often variable and low percentages {<20%) of CD34™ cells can be found in the majority of
"CD34™ AML" (124). These observations illustrate that interpretation of immunological
marker analysis in heterogeneous disorders, such as AML, often depends on the percenta-
ge which is taken as threshold to differentiate between marker postivity or negativity. In nor-
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TABLE 4. Characteristics of immunological markers which can be used in the diagnosis of myelcid

disorders.
Co*P  Antibodies® Antigen recognized Molecular Gene References®
code Mass {kDa) localization
1. MYELOLD MARKERS
Pan-myeloid markers
CDiz My?é, MCS2® pan-myseloid antigen, amincpeptidase N gp150 15G25-g26 13-15
Co33  Myo®, Leu-Mg! pan-myeloid antigen gps7 19q913.3 1618
COwWE5  VIM-22:P fucoganglioside; ceramidedodecasaccharide 40 glycolipid 11gq712-gter 19
- MPO-7 myeloperoxidase (MPQ) gpeo/i2 17412.924 2022
Monocyte macrophage markers
CD14 My4". Lou-m3" menoeytic antigen; PHinked protein gpss 5q23-g31 23
cpbes 322k high affinity Fo receptor for IgG (FerRY) gR75 1921p22 24,25
cDeg  Ki-Mg?, Ki-M7¥ macrophage antigen gr110
- Monocyte-2/6103' monocytic antigen gp75
- RFDS™ macrophage antigen gp25
Myeioid granuloeytie markers
CD15  VIM-DS™!, Lew-M1’  X-hapten; fucosyi-N-acetyl-lactesamine (FAL) variable 11q12-gter 19,26
Coegs  CLB-gran/10" granuloeytic antigen (phesphoprotein) gp180-200 27
Coe7r  B13g" granulocytic antigen: PHinked protein pi0o
Erythroid markers
- CLB-eryH" H antigen; backbone of ABO proteins variable 9g34.1-q34.2 28
- VIE-G4%" CLB-ery/1" glycophorin A (GpA) gp# 4528-q31 23
Megakaryocytic plateiets markers
CD41  J15, CLBhrombe,/7" GPIb-GPIlla complex (Glanzmann antigen) gpi45/115 17g21.32° 30-32
CD42a FMCes? piatelet GPIX receptor for von QP20 a 3
CD42b ANST' platelat GPlb Willebrand factor gp170 17p12-pter 34
CD&1  CLB-thrombo/1" integrin 3 chain (GPilla; VNR-§ chain) ap115 17g21.32° 31,3536
2. LYMPHOILD MARKERS WITH CROSS LINEAGE EXPRESSION ON MYELOID CELLS
co Leu-5", OKTEP common thymoceyte antigen (T6); Qp43/45/49 152223 37,38

MHC like protein

co2  T119, OKT11P T11 antigen: SRBC receptor; LFA-2 gps0 1p13 3944
CD4  Leu3a', OKT#® T4 antigen; HIV receptor gpso 12pter-p12 4547
cD7 Leu-g’, 3A1% Tp41 antigen; Fe receptor for IgM (FeuR) apdt 17425.2.925.3 4751
CD10 VIL-ATSD, Jsd CALLA; neutral endopeaptidase gpIno 3921-g27 52,53
co1§  BaY, Leu12’ pan-B cell antigen ape0 54
CDs6  Leuw-19 (Myan)! NCAM; Pilinked and transmembrane-forms gp135.220 11423 55,56




Flow cytometric techniques in AML as

co™®  Antibodies® Antigen recognized Molecular Gene References®
code Mass (kDa) tocalization

3. MARKERS WHICH ARE NOY RESTRICTED TQ ONE DIFFERENTIATION LINSAGE

CcD9 BA-2 p24 antigen; role In platelet aggregation p24 12913 5760
CD11a CLB-LFA-1/2" LFA-1 antigen (el chain) ap180 16p13.1-p11 &1,62
CD11b  Mo19, OKM1P MAC-1 antigen (&M chain); C3bi receptar {CR3) gp1ss 16p13.7-p11 62,63
CD11¢  Leu-MS/SHCLS p150.95 antigen (X chain); gp1s0 16p13.5-p11 62
D16 Leu-11b' Fe4RIll; PlHinked protein aps50-85 1q23 6466
CD18  CLB/LFA-1/1" integrin A2 chain gpas 21g22.3 61,67.68
coea  Leu2o' low affinity Fo receptor for IgE (Fe<RI) ap4s 15q13.1-pter 69
Ch24a  BA1T granulacytic (PiHinked) and B cell antigen ypd2 70,71
COw3z V.3 intermedliate affinity Fc recepter for IgG (FeyRI)  gp4d 1q22-24 65.72-74
Ch34  HPGA-Z. BI3Cs® procursor antigen gp110 1532 7579
CD3s  OKmMs®, ESVCT” thrombospondin receptor (platelet GPIV) gpss 80
CD38  Lew-17, OKT107 T1( antigen gpas 4 57
CDs4  Leu-54', BBL-4! intracellular adhesion molecule-1 (JCAM-1) gpsd 18p13.3-p13.2 81

CD55  BRICTIOY decay accelerating factor (DAF); Pl-inked gp70 1932 22-35
CDs8 26, TS2/9Y LFA-3; Pllinked and transmembrane forms ap4D-65 1p13 43,86-38
CB59  YTHs3.1Y Ly-6 antigen; Pllinked protein gp18-20 11p14-p13 83,90
corl Te9, OKTSP T3 antigen; transferrin receptor gp190 3q26.2-qter 91-33

- L2437, OKiaP HLA-DR, non-polymorphie antigon gp29/34 6p21.3 94

- antl-TdT* terminal deaxynuclectidyt transferase (TdT) ps8 10q23-q24 95,96

a. CD = cluster of differentiation, as defined during the
Leukogsyte Typing Conferences (Paris, France, 1982; Bos-
1on, MA, USA, 1984; Ouxford, UK, 1986: Vienna, Austria,
1588).

b. In this table we only included McAb, which are routinely
used in the immunodiagnostic laboratory of the Depart-
ment of Immunology, University Hospital Dijkzigt, Retter-
darn, Tha Netherlands.

¢, For references on the monoclonal antibedies see Table 1 of
Chapter 2.1. In this Table only referances on additional
characterization of the antigens and especially on the

chromoseme localization of the enceding genes are given,

. Couiter Clone, Hialeah, FL, USA.

. Nichirei Co.. Tokyo, Japan.

Bacton Dickinson, San Jose, CA, USA.
. Behring, Marburg, Germany.
. Dr. W, Knapp and Dr. Q. Majdic, Vienna, Austria.

Fal
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DAKCPATTS, Glostrup, Denmark.

. Medarex inc., West Lebanon, NH, USA,

Bethesda Research Laborateries, Gaithersburg, MD, USA,

. Royal Free Hospital, Lendon, UK

Central Labaratory of the Blood Transfusion Senvice, Am-
sterdam, The Netherlands; in other countrles: Janssen
Biochimica, Beerse, Belgium.

. Both GPllp and GPllla genes have been mapped on chro-

mosome 17g21.32,

. Ortho Diagnostic Systems, Raritan, NJ, USA.
. American Type Culture Collection, Rockville, MD, USA,

Hybritech, San Diego, CA, USA,
Seralab, Crawiey Down, UK,
British Biotechnelogy, Oxford, UK.
Dr, D. Anstee, Bristel, UK.

. Dr. T. Springer, Boston, MA, USA
. Dr. H. Waldmann, Cambridge, UK.
. Supertechs, Bethesda, MD, U3A,

mal BM <1%-4% CD34* cells can be found indicating that a cut off value of 10% or even
lower may be justified {6,118-121). In two AML-M3 cases tested we could identify 6% and
17% of CD34 ™ cells (see aiso Chapter 4.2).

For the diagnosis of AML-MS markers, such as CD386, H antigen, and glycophorin A
have proved to be useful (101,125-127). However, both CD36 and H antigen are not
erythroid lineage specific and glycophorin A is only expressed in a part of AML-ME patients.
More specific for AML-MS is a CD3687, HLLA-DR™ phenotype (125). Results of immunological
marker analysis of AML-M6 cases confirmed the presence of erythroid and myeloid
subpopulations, which is in line with multilineage involvement in this type of AML (124,125).
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As has been mentioned in Chapter 1 expression of platelet markers (Le. CD41, CD42a,
CD42b, CD6&1, or antibodies against factor Vil related antigen) has been incorporated in the
FAB criteria for the diagnosis AML-M7 (128,128). In the majority of AML-M7 cases published
the blast cells expressed several of these platelet markers (130-132).

Due to the fact that expression of some pan-myeloid markers (e.g. CD13 or CD33) is
required for the diagnosis AML-MO, it is logical that there is an excellent correlation between
AML-MQ and the expression of these myeloid markers (133-138). It has been suggested
that, similar to cytoplasmic expression of the lymphoid antigens CD3 and CD22 in precursor
T and B cells, respectively, CD13 is expressed in the cytoplasm of immature myeloblast
(137). Therefore, cytoplasmic CD13 staining may centribute to the characterization of
immature types of acute leukemia (137). Besides expression of CD13 and/or CD33,
leukemias classified as AML-MO should be negative for lymphoid markers (133). The
presence of myeloperoxidase (MPO) can be demonstrated by electron microscopy (EM)
and/or immunocytochemistry. McAb directed against MPO have proved to be valuable
reagents for AML diagnosis (1338,139), although it has been claimed that conventional
enzym cytochemistry methods are equally sensitive (140). According to a recent study anti-
MPQ McAb are positive in the majority of AML-MOQ patients, indicating that, by analogy with
AML-M7 diagnosis, AML-MQ can be diagnosed in most cases by use of immunoclogical
markers and EM studies are only necessary in 2 minority of cases (141). Despite the
application of myeloid markers in the diagnosis of immature types of acute leukemia, a
small subgroup of cases (<1% of acute leukemia) remain unclassifiable (141-145).
According to Goasguen and Bennett, only those patients should be diagnosed as having
acute undifferentiated leukemia (AUL) (142). Alternatively, for those cases, which might
express CD7, CD34, HLA-DR, and/or TdT, the term “"stem cell" leukemia has been
proposed (143). It has been suggested that detection of MPO mRNA or induction of MPO
by in in vitro culture might be useful for the distinction between immature variants of AML
and ALL (146,147). Probably due to the low number of patients, the prognosis of leukemias
with a stem cell phenotype is not clear.

it is now generally accepted that FAB typing and immunophenctyping provide compie-
mentary information and that the best method for typing acute leukemias is the combined
use of cytomorphology, cytochemistry, and immunclogical marker analysis.

Cross-lineage marker expression in AML

Numerous reports of AML cases expressing lymphoid markers have been published. In
particular, these concern the B cell marker CD19 and the T cell markers CD2, CD4, and
CD7 (Table 4) (103,148-158), On the other hand, cross-lineage expression of myeloid
markers in ALL has been described (reviewed in 180). Such observations have been
interpreted as lineage infidelity and also terms, like hybrid acute leukemia and mixed lineage
leukemia, have been used to describe these acute leukemias (161-164). Furthermore, the
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terms biphenotypic acute leukemia and biclonal acute leukemia are used, referring to co-
expression of lymphoid and myeloid markers en one cell population or to the expression of
these two markers on different cell populations, respectively (162). it has been proposed
that cases of mixed lineage acute leukemia reflect genetic misprogramming because of
aberrant gene expression in these leukemias (161,164). However, according to Greaves et
al., these merely reflect the existence of normal immature cells expressing lymphoid and
myeloid genes (165). The findings of CD4 and CD7 expression on immature cell types in
normal BM and the expression of CD4 on subpopulations of monocytes are in support for
the hypothesis of Greaves et al. (166-168). Expression of CD7 especially occurs in
immature types of AML, whereas CD2 and CD4 expression have been demonstrated in
both immature and monocytic types of AML (103,150,154,156,169-172}. Multidimensional
flow cytometric analysis could demonstrate that in most AML patients with cross-lineage
marker expression non-myeloid antigens were homogeneously expressed by the leukemic
cells (103). In Chapter 3.3 we present evidence that AML-M4 with BM eosinophilia (M4Eo)
exhibits a specific CD2" immunophenotype.

Clinical significance of the expression of specific markers in AML

The expression of cerfain immunological markers on AML cells may have prognostic
significance. The myeloid markers CD13 and CD14 have been found to predict for a low
rate of complete remissiocn {CR) upon standard chemotherapy (108,112,173-177). Other
reports demonstrated lower CR rates and a worse prognosis for patients having a CcDhasg*
AML (.e. >10% or >20% of cD34™ cells) (111,122-124,176-179). However, these AML
patients more frequently displayed chromosomal abnormalities involving chromosomes 5
and/or 7, which are aiso known as factors with a bad prognosis (122,123). The reported
lower CR rates for H antigen™ or platelet marker™ AML corresponds with the observations
that AML-M6 and AML-M7 have a worse prognosis (173,174). Expression of CD33 in AML
was found to be of no clinical relevance (112). Nevertheless, results of recent observations
suggest that therapy outcome might be related to the imtensity of CD33 expression of the
leukemic cells (175,179). In five studies expression of CD15 in AML was associated with
longer survival (111,112,174,176,180).

in general, expression of CD7 in AML is associated with a2 poor prognosis (169,171).
Reports on the prognostic value of the expression of other lymphoid markers in AML are
contradictious {149,177,181). In a recently published study on the expression of CD2, CD4,
and CD18 in childhood AML no prognostic significance was found (172). Interestingly, some
distinct biological features, such as lymphadenopathy and skin infiitration, occur in higher
frequencies in T cell marker™ AML (152,158).

With regard to the prognostic significance of immunological marker analysis in AML, it
can be concluded that immature phenotypes (CD77, CD347), monocytic phenotypes
{CD147%), and erythroid and megakaryocytic phenotypes may be related to a worse
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prognosis, whereas granulocytic differentiation (CD15%) of AML is probably related to a
better prognosis. However, studies of larger populations will be needed to determine the
precise prognostic value of specific immunophenotypes.

Characterization of subpepulations in AML

Immunological marker analysis is useful to determine the immunophenotype of the
various subpopulations which are present in heterogeneous AML. Especially double IF
staining can be helpful to discriminate various immature and more mature subpopulations
(see Chapters 2.1 and 3.3 for examples). In addition, morphological parameters, such as
phase contrast microscopy or FSC and SSC, can be used to recognize different subpopula-
tions. Figure 5 demonstrates the value of using SSC to discriminate between immature,
partly CD34™ cells and more mature CD15™ cells in the BM of an AML patient. In Chapter
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Figure 5. Comparison of one parameter (histogram} analysis and two parameter (dot plot) analysis of CD15
and CD34 labelings of an AML-M2 (patient Y.C.,;37,F) at diagnosis. Left: analysis of CD24 stained cells. Right:
analysis of CD15 stained cells. Both markers are analyzed by use of histogram analysis (above) and dot plot
analysis against SSC (below). It is clear that dot plot analysis gives additional information. Cells with a low SSC
signal (e.g. blast cells) are partly CD34 ™ whereas the CD15™ cells exhibit a high SSC signal,
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4 the relevance of the detection of AML subpopulations which express the nuclear enzyme
terminal deoxynucleotidyt transferase (TdT) will be discussed extensively.

Finally, in AML, immunological marker analysis can be used for the detection of low
numbers of leukemic cells (183). In Chapter 4 we wil demonstrate that double [F staining
for TdT and myeloid markers using fluorescence microscopy represents a powerful tool for
the detection of residual AML cells. For the detection of low numbers of AML cells by use of
flow cytometry double and wiple IF stainings have been proposed for combinations of
surface membrane markers which are expressed on AML blasts but which seems 10 be
absent or extremely rare in normal BM (184,185). In experiments using mixtures of AML
celis and normal BM, it was claimed that 0.01%-1% of AML cells couid be detected
(184,185). However, data from follow-up of AML patients using these types of double and
triple IF stainings in flow cytometry are still lacking. In our opinion it is difficult 10 use flow
cytometry for proper analysis of jow percentages of cells (<0,1%-19%) in heterogenecus cell
populations such as BM or PB, especially in regenerating BM after termination of cytostatic
therapy. Furthermore, since immunological markers are not leukemia specific, the applicati-
on of specific marker combinations for the detection of residual disease requires experi-
ments on the occurrence of these markers in normal samples, at different ages as well as
samples from patients during and after cytostatic treatment.

IMMUNOLOGICAL MARKER ANALYSIS IN NON-MALIGNANT MYELOID DISCRDERS

The possibilities to use immunological marker analysis in non-malignant myeloid
disorders are summarized in Table 3. Leukocyte adhesion deficiency is a rare autosomal
recessive disorder with impaired chemotaxis and phagocytosis. This is caused by a
deficient surface membrane expression of CD11/CD18 molecules due to defects in the
common CD18 subunit of these heterodimers (186). In patients with Glanzmanm’s throm-
basthenia the expression of the CD41 antigen by platelets is reduced or absent, whereas in
patients with the Bernard-Soulier syndrome the expression of CD42 is deficient (187-188).
Immunological marker analysis is useful in the analysis of these two platelet markers. Flow
cytometric analysis also allow the identification of heterczygote carriers of Glanzmann's
disorder (189).

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired clonal disorder characteri-
zed by recurrent hemolysis, resulting in anemia, hemoglobinuria, thrombosis, infections, and
a tendency toward BM aplasia (190). The comman defect is a deficiency of glycosyl
phosphatidylinositol (Pl) anchored surface membrane molecules (180-193). These include
CD14 on monocytes, CD18, CD24, and CD87 on granulocytes, and CD48, CDSS, and
CD59 on erythrocytes (Table 4). Interestingly, deficiency of Pl linked antigens have recently
been demonstrated in a few patiens having aplastic anemia (AA) (194). Fiow cytometry,
using double IF staining is a powerful tool to determine the expression of Pi linked
molecules on various cell types (191-183). An example of such analyses, performed on PB
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Figure 6. Dot plot analysis of CD14 (My4 FITC), CD33 (My8 PE) double IF staining of PE MNC cells from one
healthy volunteer and three patients with PNH. The analyses are performed within a gated cell popuiation
including lymphocytes and monocytes, but excluding debris and granulocytes. in the healthy volunteer virtually
al CD33* celis are CD14™. In the three PNH patients virtually all CD33* cells (patient 1) or the majority of the
CD33™ cells lack the Pi-linked CD14 antigen, indicating monocyte subpopulations with CD14 deficiency.

cells from a PNH patient, is given in Figure 6.

Reports on the use of immunological marker analysis in the diagnosis of myelodys-
plastic syndromes (MDS) are scarce (185). It proved to be useful to detect immature
CDh34* cells in MDS types with an excess of blast cells. High expression of CD34 was
found to be related to MDS with bad prognosis. Moreover, immunophenctyping have been
used in advanced microscopic methods to perform karyotypic analysis or DNA in situ
hybridization in immunologically defined cell types {196). Flow cytometry might be ussful in
the analysis of disorders of megakaryopoiesis or erythropoiesis, but reports on these
applications are scarce (7,197). Finally, due to the fact that flow cytometry enables
guantification of fluorescence signals, some platelet functions can be analyzed. It has been
found that activation of platelets will result in an upregulation of the expression of various
platelet markers (188).



102 CHAPTER 2.2

TABLE 5. Comparison of flow cytometry and iF microscopy for immunological marker analysis.

Flow cytometry

iF microscopy

Favorable

- rapid analysis of large numbers of cells

- guantification of fluorescence intensity

- multiparameter analysis of cell populations

- automatic data handiing (calculation, printed re-
port of resuits, data storage)

Unfaveorable

- "morphological" (scafter) information is restricted
to cell populations (analysis at the single cell level
is not possible}

- no information about expression patterns at the
single cell level (this particularly concerns staining
patterns of intracellular antigens)

- restricted possibilities to determine the precise
proportion of rare events

- proper analysis of cell samples with low cell
count (<1000 cells) is not possible

Costs {per flow cytometer)

- initial expenses 90,000 ECU
- expenses for maintenance 6,000 ECU
- total costs per year 24,000 ECU

Favorable

- integrated information of (phase contrast) mor-
phology and fluorescence staining patterns per
cell

- simple analysis of intracellular markers (cytoplas-
mic and for nuclear)

- detection of low frequencies of cells (down to
0.01% or even 0.001%)

- analysis of cell samples with low cell count
(<1000 cells) by use of cytocentrifuge preparati-
ons

Unfavorable

- laborious

- analysis of large numbers of cells is only possible
by screening for positivity

- quantification of fluorescence intensity is not
possible

« no automatic data handling

- experience in recognition of specific fluorescence
staining patterns is & prerequisite

Costs {per fluorescence microscope)

- initial expenses 16,000 ECU
- expenses for maintenance 2,000 ECU
- total costs per year 3,000 ECU

LIMITATIONS OF FLOW CYTOMETRY

The varicus possibilities of flow cytometry have been outlined above and are summari-
zed in Table 5. In this table the possibilites and limitations of flow cytometry and IF
microscopy are compared. Flow cytometry enables a rapid acquisition of a large number of
cells, quantification of flucrescence signals, and automatic data processing and storage.
Multiparameter analysis can be performed, which has proved to be useful in analysis of
heterogeneous cell populations. Although it has been claimed that flow cytometry is an
objective method for cell analysis, it should be remarked that "gate setting" and "marker
setting” is often performed manually. This needs experience and knowledge concerning the
characteristics of normal and abnormal cell populations. Especially in case of heterogene-
ous cell popuiations gate setting is difficult and relevant subpopulations may be missed.
Therefore, we recommend to analyse in a "total cell" gate first (only excluding debris),
before analysis of specific "gated” subpopulations is performed. A limitation of flow
cytometry is that the analyses are restricted to cells in suspension. Furthermore, the
analysis of intracellular antigens is difficult (Table $). Some recently published protocols for
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intracellular staining have proved to be useful (198-201). However, high background
staining and cell destruction hamper the precise determination of positivity. Moreover, it has
to be tested whether the various normal and malignant cell types are equally sensitive for
these fixation protocols.

The major advantage of [F microscopy is the possibility to analyze fluorescence staining
and phase contrast at the single cell level, which is particularly important for detection of
low frequencies of tumor cells (Table 5). If flow cytometry is used for immunophenctyping of
hematopoietic malignancies, a fluorescent microscope is highly recommended for specific
applications, such as intracellular staining, detection of rare events, and the recognition of
specific fluorescence patterns.
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CHAPTER 2.3

EXPRESSION OF THE MYELOID DIFFERENTIATION
ANTIGEN CD33 DEPENDS ON THE PRESENCE OF
HUMAN CHROMOSOME 19 IN HUMAN-MOUSE HYBRIDS'

H.J. Adriaansen’, A.H.M. Geurts van Kessel?, J.H.F.M. Wijdenes-de Bresser’,
E. Van Drunen-Schoenmaker? and J.J.M. van Dongen'i

1. Department of immunoclogy, University Hospital /Erasmus University, Rotterdam;
2. Department of Cell Biology and Genetics, Erasmus University, Rotterdam, The Netherlands.

SUMMARY

Interlineage human-mouse hybrids were constructed by fusion of human acute myeloid
leukemia (AML) cells, classified as AML-MO, with the mouse thymoma cell ling BW5147, Some
of the hybrids expressed the human differentiation antigens CD4, CD7, CD33, and CD71
{transferrin receptor). Chromosome analysis revealed that the expression of the myeloid
antigen CD33 is dependent on the presence of human chromosome 1€, which is in agreement
with the location of CD33 coding sequences on chromosome 18, as recently reported by
Peiper et al. (1). Furthermore, these hybrids allowed us to confirm the assignment of the CD4
antigen, the CD7 antigen, and the CD71 antigen to human chromosomes 12, 17, and 3,
respectively.

INTRODUCTION

The myeleid antigens CD13{gp150) and CD33(gp67), which can be recognized by the
monoclonal antibodies (McAb) My7 and MyS, respectively, are expressed by human
monocytes, promyelocytes, and myeloid blasts (2). Also some of the acute undifferentiated
leukemias and acute lymphoblastic leukemias (ALL) appear to express these myeloid antigens
(3,4). Using a tertiary mouse cell transformant containing amplified gp150 coding sequences,
Look et al. (5) cloned the CD13 coding gene and assigned this gene to human chromosome
15. The CD33 gene was isolated by Peiper et al. (8) who could assign this gene to
chromosome 12 in a Southern blot experiment. Recently, they sublocalized the CD33 gene to

" Published in: Ann Hum Genet 1990;54:115-115. The acute Jeukemia was originally classified as acute
undifferemtiated leukemia, but reclassified as AML-MO.
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the q13.3 region of chromosome 18 by in situ hybridization on metaphase chromosomes from
peripheral blocod (PB) lymphocytes (6). Whether expression of the CD33 antigen depends on
the presence of chromosome 18 could not be tested in these experiments. We have
constructed human-mouse hybrids to study the expression of the CD33 antigen.

MATERIALS AND METHODS
Celis and fusion

HMuman leukemic cefls were obtained from patient S.E., a 19-year-old man suffering from an AML-MO.
Mononuclear cells (MNC) were isolated from PB by Ficoll Paque (density: 1.077 g/cma: Pharmacia, Uppsala,
Sweden) centrifugation.

As rodent partner for fusion we used the hypoxanthine phosphoribosyl transferase deficient (HPRT™) AKR
thymoma cell line, BW5147. Cell fusion was performed as described (7} using polyethylene glycol as fusogen and
a medium containing hypoxanthine (10™% Mal), aminopterin (10'7 Mol), and thymidine (10~ Mol} to select hybrid
cells. The hybrid ciones were grown in suspension RPMI 1640 culture medium supplemented with 15% foetal calf
serum, glutamine, and antibictics. One hybrid cell line was subcloned by limiting dilution in microtitre plates.

The same populations of cells were used for karyotyping and immunoclogical marker analysis.

immurological marker analysis of the AML cells and the hybrid clones

PB MNC from patient S.E. as well as 32 hybrids were incubated with optimally tirated relevant McAb as
described (8). Detailed information about the McAb used is summarized in Table 1. As a second step reagent we
used a fluorescein isothiocyanate conjugated goat anti-mouse immunoglobulin antiserum (Central Laboratory of
the Blood Transfusion Service, Amsterdam, The Netherlands). The AML cells were also tested for the expression
of terminal deoxynucleotidyl transferase {TdT) as described (8). The immunoflucrescence labelings were analyzed
on Zeiss microscopes (Carl Zeiss, Cberkochen, Germany), equipped with phase contrast fagilities. A hybrid clone
was scored as positive for an immunological marker if more than 10% of the cells expressed this marker.

Chromosome analysis

Air dried chromosome spreads were R-banded with acridine orange after heat denaturation. At least 18
metaphases of each hybrid cell line were analyzed. A hybrid clone was scored positive if more than two
metaphases out of 16 contained the particular human ¢hromosome.

RESULTS

The results of the immunological marker analysis of the AML-MO celis are given in Table
1. The cells were positive for CD4, CD7, CD33, CD71, and HLA-DR; the expression of both
CD4 and CD33 was weak. About 7% of the AML cells expressed TdT.

Fusion of the AML cells with the AKR thymoma cell line BW5147 resulted in 140 primary
and 18 secondary clones. Thirty-two of these hybrid clones were studied by both immunologi-
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FTABLE 1. Immunological marker analysis of the human AML-MO celis.

CD? (antibodies) Antigen recognized Positive PB cells {%)

CDz (T11)° T11 antigen 1

CD3 (Leu)® T2 antigen 1

CD4 (Leu-3}° T4 antigen a4h

CD5 (Leu-1)® T1 antigen 2

CD7 (3a1)@ Tp41 antigen 55

CD8 (Leu-2)° T8 antigen 0.5

Co13 (My7)° pan-myeloid antigen 0

Ch14 (My4)® monocytic antigen 0

CD15 (VIM-Dg)® myeloid antigen 1

CD19 (B4)® B cell antigen 3

CDa3 (Myg)® pan-myetoid antigen oM

con (66161(})f transferrin receptor (TS antigen) 94

anti-TdT® terminal deoxynucleotidyl transferase 7

anti HLA-DR® HLA-DR, non-polymorphic antigen 81

a. Cluster of differentiation as proposed by the Workshops on Human Leukocyte Differentiation Antigens (Parls, France, 1982; Boston, MA,
USA, 1984; Oxford, UK, 1986; Vienna, Austria, 19889).

b, Coulter Clone, Hialeah, FL, USA.

¢. Becton Dickinson, 8zn Jose, GA, USA.

d. American Type Culture Collection, Rockville, MD, USA.

e. Dr. W. Knapp, Vienna, Austria.

f. Dr. J.M, van de Rijn, Amsterdam, The Netherlands.,

¢. Supenechs, Bethesda, MD, USA.

h. Weak antigen expression.

cal marker analysis and cytogenetics. Together these 32 hybrids contained all human
chromosomes except for chromosome 8.

Fourteen clones out of the 32 hybrids tested expressed the CD33 antigen. We found a high
concordancy rate (97%) between the absence and the presence of the CD33 antigen and
chromosome 18 (Table 2). Fifteen clones expressed the CD7 antigen and 24 ciones expressed
the CD71 antigen. We also found a high concordancy (97%) between the presence and
absence of the CD7 antigen and chromosome 17 and a complete concordancy {100%)
between the presence and absence of the CD71 antigen and chromosome 3 (Table 3). CD4
was expressed by 20 clones which all contained human chromosome 12. On the other hand,
only 77% of the chromosome 12 containing hybrids were CD4 1 (Table 3). In three out of the
six chromosome 12%, CD4~ hybrids <1% CD4™ cells were seen.

DISCUSSION

The CD33 antigen was expressed by 15 of the 32 hybrids. Cytogenetic analysis of these
hybrids allowed us to confirm the assignment of the CD33 encoding genes to human
chromosome 18 (1,6). The concordancy rate between the absence and presence of CD33
expression and chromosome 19 was 97% (Tables 2 and 3). In their mapping experiments
Peiper et al. (1) used a pane! of somatic cell hybrids, obtained from fusion of human and
hamster fibroblasts. These hybrids were tested for the presence of the gp67 coding gene by
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TABLE 2. Relationship between the presence of human chromosomes and expression of CD33 in 32 hybrid
clones.

Chromosome/CD33 {no. of clones)

Human Discordancy

chromosome +/+ + /= ~/+ -/= (%)
1 11 12 3 B 47
2 11 11 3 7 44
3 2 12 2 7] a4
4 3] 11 8 7 59
5 7 8 7 10 47
& 11 12 3 & a7
7 g 12 S [ 53
8 8 12 5] B 56
2] 0 1] 14 18 44
10 10 14 4 4 56
hh 2] 11 5 7 50
12 11 11 3 7 44
13 B 11 8 7 58
14 11 13 3 5 50
i5 8 12 5 5] 53
16 10 11 4 7 47
17 =] 7 5 11 38
18 1 4 13 14 53
19 14° 1P o 17 3
20 7 10 7 8 53
21 2] 11 <3 7 50
22 10 1 4 7 47
X 13 18 1 &} 59
Y 0 0 14 18 44

a. One of these CD33 positive hybrids only contained human chromosomes 19 and X
b. This hybrid clone contained chromoesome 19 in 13 out of 28 examined metaphases while no CD33 positivity was found. This rmay be
due to an undetected chromosomal rearrangement.

use of Southern blotting with a CD33 probe, but it was not reported whether the hybrids
expressed CD33 on their cell surface. Probably these fibroblast hybrids do not express human
myeloid antigens, because expression of differentiation linked or specialized gene products
depends on the differentiation lineage of the parental rodent and human cells (8-12). In this
respect, it is remarkable that the pan-myeloid antigen CD33 is expressed by hybrids derived
from fusion of AML-MO cells with a mouse T cell line. However, the finding of CD33 positive
ALL suggests that CD33 is not entirely myeloid specific and may be expressed on lymphaoid
celis as well (3). Using immunoselection of transfected COS cells, another CD33 encoding
cDNA was isolated recently by Simmons & Seed (13). However, they did not use this probe
to assign the CD33 gene.

Our hybrids algo expressed the human transferrin receptor CD71 as well as the T cell
antigens CD4 and CD7. We could confirm the assignment of the CD7 antigen to chromosome
17 and the CD71 antigen to chromosome 3 (Table 3) (7,14,15). The T cell antigen CD4, which
had already been localized on chromosome 12 (7) was found on 77% of the chromosome 12
containing hybrids (Table 3). However, in three out of the six chromosome 127, CD4™ hybrids
<1% CD4™* cells were seen. Interestingly, only 35% of the AML cells were pasitive for this
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TABLE 3. Number of hybrid clones that show concordancy and discordancy between the presence and
absence of human chromosomes and antigen expression.

Muman chromosome/ Chromosome 12/ Chremosome 17/ Chromosome 19/ Chromosome 3/
Human membrane CDH4 antigen CO7 antigen D33 antigen CD71 antigen
antigen
+/+ /- 20 &° 15 1 14 1 24 0
-/+ =/ ¢ =] 0 16 0o 17 0 1

a. In 3 of the 6 chromosome 127, CD4™ hybrids <1% CD4™ cells were seen,

T cell antigen. it may be possible that the variable expression of CD4 by the hybrids is related
to variable expression of CD4 by the parental leukemic cells.

Our combined results suggest that expression of human differentiation antigens by human-
mouse hybrids s not only influenced by the differentiation lineage or differentiation stage of the

rodent fusion partner but also by the differentiation stage and antigenic make-up of the human
fusion partner.
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CHAPTER 3.1

CHROMOSOME ABNORMALITIES IN AML

INTRODUCTION

MNon-random clonal chromosome gbnormalities are found in 55% to 85% of patients with
de novo acute myeloid leukemiz (AML) and in 70% to 90% of patients with secondary AML
{1-8). Karyotypic abnormalities may be numerical, meaning loss, or gain of entire chromoso-
mes (e.g. -7 or +8), or they may be structural (1,8,10). Common structural changes are
translocations (i), deletions (del), and inversions (inv). Table 1 summarizes the most
common recurring abnormalities in AML in order of decreasing freguency (1-11).

Since the resolution of cytogenstic technigues is not more than a single chromosome
band, breaks which are assigned to the same band do not necessarily occur at the same
site in molecular terms (1,9). Therefore, aberrations which involve relocation or loss of upto
~3000 kilobases (kb} of DNA (~100 genes) may occur without being detectable by
classical cytogenetics. This implies that the finding of a normal karyotype in about one third
of AML patients does not exclude the occurrence of somatic mutations, "small" deletions, or
other submicroscopical aberrations in these cases.

During the last decade researchers have focused on DNA regions involved in recurrent
chromosome changes in malignancies, such as AML. Several oncogenes and other genes
involved in growth and differentiation have been associated with these aberrations, since
they map in or near the breakpoint areas at the cytogenetic level of resclution (1,12).
However, at the molecular level many of these genes are located at a significant distance
from the breakpoints and they were not found to be rearranged or abnormally expressed in
AML patients with specific chromosome abnormalities (1,12). Table 2 summarizes the genes
which have proven to be involved in specific chromosome aberrations. Cytogenetic variants
{i.e. the same type of leukemia with chromosome aberrations in which at least one of the
breakpoints is comparable} have been helpful to indicate which of the two standard
breakpoints is of critical biological significance (Table 1).

As has been discussed in Chapter 1, the association between particular recurrent
chromosome abnormalities and specific AML subtypes has substantiated the importance of
karyotypic changes in the biclogy of AML. Specific abnormalities are not only associated
with specific morphoiogical and immunological phenctypes, but also with clinical features,
responses to treatment, and survival (Tables 1 and 3) (1-11,13-18). Extensive reviews on
chramosome aberrations in AML have been published by others (1,9,10). This chapter
summarizes information about specific features associated with AML with t(8;21), 1(15;17),
11928 abnormalities, and -5/del(8q) or -7/del(7q). In particular, data on associations
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TABLE 1. Common cytogenetic abnormalities associated with AML®.

Chromosome abnormality®  Frequency® Common features
t(8:21)(g22;q22) 58 AML-M2, Auer rods
+8 4-8 AML-M1, M4, M5, MDS, secondary AML
t(15,17)(g22;q12-21) 47 AML-M3, M3 variant, DIC
t(1;17)(p36;q12-21) <1
del{7)(q22-q36} /-7 2-5 AML, MDS, secondary AML
del(5){q11-qg35}/-5 2-6 AML-M1, M2, MDS, secondary AML
inv(18) (p13q22) 27 AML-M4Eo, CNS leukemia
del{16}(g22) <1
1(16:16)(p13;:q22} <1
11G23 rearrangements 24 AML-M5z, MSb, M4, secondary AML, high WBC count
del{11}{q23) 12
£(9;11)(p21-22;¢23) 1-2
t6:11)(q27:923) <1
t(10;11)(p15;q23) <1
t(11;17)(q23,¢25) <1
1(11:19)(q23;p13) <1
1(9;22)(g34:q11) 1-3 AML-A1
t/del{12)(p11-p13) 052 AML-M2, basophilia, MDS
del(20) (q11) ~1 AML-MS, MDS
del(13)(q12-g32) 0.5-1 AML, MDS§
inv(3)(g21g26) 0.3-1 AML, thrombocytosis, abnormal megakaryocytes, MDS
ins(3:3){q26;62126) <1
1(3:3){q21:925) <1
1(5;9)(p23;34) ~0,5 AML-M1, M2, M4, basophilia
t(3:5)(025:34) 0.1-0.5 AML, MDS
t{1;7}(p11:p11) ~0.1 secondary AML, MDS
8;16)(p11;p13) ~0.1 AML-M5b, erythrophagocytosis

a. Adapted from references 1.10,14.

b. Varlous numerical aberrations may oecur in AML as primary or secondary abnormalities. Besides +8, -5, and -7 these include +4,
+8, +11, +21, +22, and -Y.

c. Frequency of different chromasome abnormalities is age dependent. in children 1{8;21), t{15:17), inv16, and 1123 rearrangements
are rmore common, whereas in adults, above 50 years of age, trisomy 8 and abnermalities of chromesormes 5 or 7 more fraquently
ageur,

Abbreviations used: ins = insertion, CNS = central nervous system. For cther abbreviations see text.

between karyotypic aberrations and immunophenctypes of AML will be summarized. in the
next two chapters our data on the occurrence of specific immunophenatypes in AML with
1(8;9)(p23;g34) and AML with inv16(p13qg22) will be discussed.

FEATURES OF AML WITH A SPECIFIC CHROMOSOME ABERRATION

1{8;21){q22;422)

The 4(8;21)(g22;022) was the first rearrangement identified in AML (17). This abnormality
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is associated with French American TABLE 2. Genes involved in specific chromosome
British (FAB)-M2, although occasional abnormalities in AML-

cases have been referred to other FAB
groups , especialy AML-M1 (46,711,

Chromosome abnormality Genes rearranged

16,18,19). Within the heterogeneous 1(8:21)(q22;q22) 8g22; 7; 21q: AMLY

group of AML-M2 patients, about 20% {15;17){g2zq12-21) 15q: PML; 17q: RAR-
R 11q23 abnormalities 11923: MLL/ALL-T

of cases appgared to have. 1(8;21) (3, 1(9:22) (q34:q11) 9q: abl: 22G: ber

11). Most patients are relatively young 1(6:9) {p23;q34) 6p: dek: 9q: can

with a male predominance (10,11,18,
18}. Additional chromosomal abnormali-
ties occur frequently, especially loss of a sex chromosome, trisomy 8, and del(8)(g12922)
(2,7,13,18,19).

The complete remission {CR) rate is uniformly high (~80%) (1,2,5,6,8,13,16,18,19),
Although patients having AML with t(8;21) are generally regarded as having a favorable
prognosis, this was not found in all studies (18,19). One study reported a significant
association between elevated absolute granulocyte count or white blood cell (WBC) count
and poor survival (18). Multivariate analysis revealed that the relatively high survival rates of
AML. patients with 1{8;21) can not be explained by the fact that these patients tend to be
younger than other AML patients (5,8).

Typically, the leukemic cells contain a large number of Auer rods and often there is a
prominent maturation of cells into the neutrophil lineage {(11). Bone marrow eosinophilia is

TABLE 3. Prognostic value of specific chromosome abnormalities in AML®.

Favorable prognosis

inv(16) (p13q22) high response rate and long CR duration
1(8:21)(q22:q22) high response rate and intermediate CR duration
t{15;17){q22;q12-21) intermediate response rate and long CR duration

Intermediate prognosis

normal karyolype intermediate response rate and intermediate CR duration
11923 abnormalities® high response rate and short CR duration

Unfavourable prognosis

1(9;22){g34;q11) low response rate and intermediate survival time
del(5)(g11-g35} /-5 low response rate and short survival time
del(7)(g22-q38} /-7 - low response rate and short survival time

+8 high response rate and short survival time

complex abnormalities

a. Adapted from references 1,3,5,6,8,10,12,13,16.
b. AML having 11423 abnormalities form a heterogengous group with respect o prognosis, In general, AML patients with t{8;11) do
have a relatively good prognosis, whereas patients with other 11023 aberrations fare poorly (16).
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common (1,11). Immunophenotypic studies in AML patients with $(8;21) demonstrated a
heterogenecus immature "granulocytic’ phenctype, expressing CD11b, CD13, CD15, CD33,
CD34, and HLA-DR (20-24). There is & higher prevalence of terminal deoxyrucleotidyl
transterase (TdT) positivity in these types of AML (25). Interestingly, in a few reports as well
as in our AML series, leukemias with t(8:21) were found to coexpress the CD18 antigen (21-
24). in our series seven out of sight AML with 1(8;21) were CD19™ (unpublished results).
CD19 expression as well as the expression of CD13 and CD33 are relatively weak (Figure
1). By use of double immunofluorescence staining we could demonstrate coexpression of
TdT and CD1¢ at the single cell level in AML patients with t(8;21) (patients N.L., M.L, and
F.W. in Chapter 4.2). These results indicate that coexpression of CD19 and TdT is not
restricted to precursor B cell differentiation. Whereas 20%-25% of AML-M1 and M2 express
the CD7 antigen (26,27), this has not been found in AML with t(8;21) (27).

The proto oncogenes c-mos on chromosome 8 and c-ets-2 on chromosome 21 have
been localized near the breakpoints of £(8;21), but these genes are not structurally affected
in these AML and probably they are not involved in leukemogenesis (12,28-32). Recently, a
470 kb yeast artificial chromosome spanning the t(8;21) breakpoint has been isolated (33).

NA. (46:M) EW. (10:M} SM (13:9) YG. (37:F)

CD13

cD14
rreey
il
k]

CD34 CD34 CcD34
Figure 1. Dot plot analysis of three double IF stainings on PB cells from four different AML patients at
diagnosis having AML-M2 with 1(8:21)(022:q22). Upper: CD34 (CD34 FITC), CD1S (B4 PE); Middle: CD34
{CD34 FITC), CD13 (My7 PE); Lower: CD34 (CD34 FITC), CD14 {My4 PE). In addition to a few CD18™, CD34~
B cells it is shown that a part of the CD34™ AML cells is weakly positive for CD18. These CD34 ™ cells are also
weakly CD13™ but CD14™. The CD34 FITC monocional antibody was Kindly given by Dr. R. Kurde, Marburg,
Germany.
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Cthers have cloned a gene, named AML1, in chromosome 21 which was found to be
rearranged and transcribed in AML with 1(8;21) (34). in the majority of patients investigated
the breazkpaints are clustered within a limited region of the AML1 gene (34). At present it is
not known whether rearrangement of the AML1 gene results in transcriptional deregulation
of the normal gene or in a new fusion gene, which codes for an oncogenic fusion protein.

(1517 {g22;q12-21)

Patients with 1(15;17)(g22;q12-21) have a typical clinical picture, characterized by young
age, low WBC count, decreased platelets, and hemorrhages and/or disseminated intravas-
cular coagulation (DIC) (1,8,35,36). The ftranslocation is highly specific for AML-M3
(4,8,7,11,35,36). Although not detected cytegenetically in 10%-20% of AML-M3 patients,
t(15;17) is probably present in all cases with AML-M3. On the other hand, every patient with
a t(15;17) probably has AML-M3 or AML-MS3 variant (Table 1) (11,35,38). The latter fype of
AML is characterized by smaller cytoplasmic granules and fewer Auer rods (11,35).

Due to compiications at diagnosis, especially hemorrhages, there is a relatively high
incidence of early death in patients with AML and t(15;17) (5,18,35). Patients who achieved
CR tend to remain in remission for longer periods than average (Table 3) (5,6,15,16,35,36).
It is not clear, whether the survival times of AML-M3 cases and AML-M3 variant cases are
different.

At the cytogenetic level of resolution, many genes, which are involved in myelcid cells,
have been mapped near the breakpoints of 1(15;17){q22;q12-21) (12). These include cfes
and the CD13 antigen to chromosome 15q (37), and c-erbAl, granulocyte colony stimu-
lating factor (G-CSF), c-erbB2, retinoic acid receptor (RAR)-¢, and myeloperoxidase (MPC)
to chromosome 17q (38-42). The MPO geng is translocated from chromosome 17 {0
chromosome 15 in AML-M3 patients, but in most cases it was not rearranged (41,43,44).
Recent studies could demonstrate that the RAR-¢ gene is rearranged, whereas the other
genes assigned to chromosome 17q11-022 are not disrupted in t(15;17) (45-50). The
translocation breakpoints occur within a 20 kb region in the second intron of the RAR-a
gene on chromosome 17921 and a new transcription unit, called PML ("promyelocytes”;
initially the term my/ was used) on chromosome 15g22 (51-54). As a consequence of the
translocation, two hybrid fusion genes (PML/RAR-x on 17g- and RAR-¢/PML on the 150+
derivative) are generated (47,49,51-54). in all AML with t(15;17) tested sofar PML/RAR-
was found to be actively transcribed, whereas RAR-a/PML transcripts were found in the
majority, but not all, AML-M3 cases (51-54). The resulting chimeric proteins and their role in
AML-M3 are currently under investigation (51-53). The PML/RAR-¢ transcript may encode
an abnormal receptor molecule, which is involved in the pathogenesis of the diseass (52).

Regardless of their pathogenetic significance, PML/RAR-x rearrangements have proved
to be of value as clonal markers of AML-M3 (54-58). According to recent reports rearrange-
ments of the ARAR-¢ locus can be demonstrated in 100% of AML-M3 cases, including cases
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with apparently normal karyotypes (55,58,58). Furthermore, these rearrangements enable
monitoring of disease status during and after therapy by use of the polymerase chain
reaction (PCR) (54,55,57,58,60).

AML with t{15;17) not only exhibits a specific morphology, but also a consistent
immunophenotype: positivity for CD®, CD13, and CD33, but negativity for CD15 and HLA-
DR (35,681-66). The finding that AML-M3 variant cases are often HLA-DR™ (62), could not
be confirmed by others (84-66). Immature markers of AML, such as CD7, C034, and TdT
are usually negative. However, small subpopulations of myeloid marker*, TdT* cells may
be present (67). In one patient such a small TdT™ immature subpopulation was found to be
expanded at relapse (67,68). It has been proposed that the CDg ¥, CD13%, CDA3™, CD7™,
HLA-DR™ phenotype is specific for all AMi-M3 types and might therefore be used for
diagnosis of those AML. in which cytomorphology is not conclusive (64). However, recently
a few AML exhibiting this immunophenotype were reported in which the RAR-o gene was
not rearranged (66).

11923 abnormalities

Rearrangements involving chromosome 11g23 are fairly common in patients with
monocytic types of AML, in particular of the immature FAB-M3a subtype. About one half of
the patients with AML-M5a have an 11423 abnormality {4,7,11,69). The 11g23 aberrations
represent a heterogeneous group of translocations and deletions (Table 1) (1,10,11). The
other chromosome involved 1n 1123 translocations is variable, but most common is
t(9:11)(p21-22;023), followed by t{11:18)(q23;p13), t(10;11)(p11-p15;G23}, and t(11;17)
(923;921-25) (Table 1). Deletions of 11g23 have been found in about cne third of AML
patients with 1123 aberrations (11). Abnormalities of chromosome 11q23 are frequently
observed in congenital and infant AML (70,71) as well as in patients with secondary AML
(72-75). Patients with 11923 abnormalities often have high WBC counts (11).

in general, prognosis for AML patients with an 11923 abnormality is poor, afthough
differences in cutcome have been reported (Table 3) (3,5,13,16}. In one study, 1(8;11) in de
novo AML was found to be associated with a superior clinical outcome, while secondary
AML with 1(9;11) had a poor clinical outcome {78).

Since a wide variety of 11923 abnormaliies, result in monocytic types of AML, it might
be hypothesized that a locus on i1g is pathogenetically important. On the other hand
11623 aberrations occur also in some acute lymphoblastic leukemias (ALL), e.g.
t(4;11)(g21;923) in null-ALL and 1(11;19)(g23;p13) in some types of T-ALL (77-79). inftially,
rearrangement and amplification of ets-1 was found in one case of AML with an 11923
aberration {80). In two patients with t{11;19) ets-1 was shown to move from chromosome
11 to chromosome 19, but the chromosome break did not disrupt the ets-1 gene (81).
Although it was suggested that the interferon gene cluster on chromosome 9 is rearranged
in AML with 1(9;11) (82), recent observations suggest that this translocation does not split
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this gene cluster (83). Several other genes have been mapped on or near chromosome
11423, including the CD3, CD56, and THYT genes (12,83,84). Recently it was demonstrated
that these genes are not disrupted in 11923 abnormalities and that all breakpoints occur in
a 320 kb DNA fragment (83). This locus has been named MLL {"myeloid/lymphoid" or
"mixed-ineage” leukemia) and two related transcripts could be demonstrated in all normal
hematopoietic cells (85). In a cell line with t(4;11)} both transcripts were more highly
expressed (85). Cthers have cloned prohably an identical gene on chromosome 11623,
named ALL-1, in which all AML and ALL breakpoints are clustered {86). The function of the
MLL/ALL-1 region is unknown.

There are no reports in the literature of an unique iImmunophenotype of AML with 11923
changes, which is probably due to the heterogeneous composition of this group of AML. In
general, these AML are positive for CD13, CD14, CD33, and HLA-DR, confirming the
monocytic phenotype (87-82). However, in a number of cases no expression of the CD14
antigen was found (88). Comparable with some other monocytic types of AML, the CD1g
antigen might be expressed (87-90). Moreover, expression of CD7 and CD10 has been
demonstrated in AML with g23 abnormalities (90). TdT expression has been found in a few
AML cases with an 11923 aberration (87,89,90). However, in our series all four AML with an
11923 abnormaiity [t{8;11) 2%, t(11;19), t({6;11)] were TdT  (unpublished results), while in
other types of AML the majority of cases had a TdT* leukemic subpopulation (see also
Chapter 4.2). In the study of Gucalp et al., all three patients with del{11)(g23) had a TdT~
AML (91). The observation that the CD56 antigen (gene assigned to chromosome 11g23),
is expressed in most monocytic types of AML, but not in AML with an 11923 abnormality,
needs further investigation (92).

Monosomy 5 or 7 and deletion of 5q or 7q

Deletions of chromosaomes & or 7 or deletions of the long arms of these chromosomes
have been found in de nove AML, secondary AML, and various types of myelodysplastic
syndromes (MDS) or myeloproliferative disorders (1,3,4,11,83-85). In particular, in patients
who develop MDS or AML after exposure to radictherapy and/or cytotoxic chemotherapy
abnormalities of chromosomes 5 or 7 are regularly present (83). In contrast to the chromo-
some abnormalities mentioned above, abnormalities such as -5/del(5qg) or -7/del(7q) occur
in patients with a median age of over 50 (3,6,93). In childhood, monosomy 7 occurs in a
group of patients presenting with a diversity of disorders of myelopoiesis, which all have a
poor prognosis (94-96). Consequential, AML with abnormalities of chromosomes 5 and 7
are related to a low response rate to chemotherapy and a short survival. (3,4,5,16,83).

Characteristic features of AML with aberrations of chromosomes 8 or 7 are abnormal
megakaryopoiesis, depressed erythropoiesis, and granulocytic abnormalities, including an
excess of myeloblasts (11,93). Secondary AML are often difficult to classify, according to
the FAR classification, partly because multipie cell lines are involved (11). An association
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between CD7 positivity and chromosome 5 aberraticns has been described (87). Since
aberrations of chromosomes 5 and 7 are relatively common in AML-MS and AML-M7,
erythroid markers and megakaryocytic markers might be positive (88-100). In these types of
AML erythroid, megakaryocytic, and myeloid markers are often coexpressed, which is in
line with Involvement of a multipotent precursor celi (88). AML with moncsomy 7 exhibit
various (immuno)phenotypes (101,102). In a recent study the only consistent finding was
expression of HLA-DR and TdT (102). Using a technigue that simultaneously identifies
karyotype and immunocphenotype, Keindnen et al. could demonstrate multiineage involve-
ment in four patients with monosomy 7 (103). In eight patients with MBS associated with
monosomy 7 the Karyotypic aberration was not found in lymphoid cells, indicating that it is
restricted to committed progenitor cells with the capacity to differentiate into mature myeloid
cells (104). '

Deletions of the long arm of chromosome S are particularly interesting because the
deleted region contains a number of genes related to hematopoiesis (see also Table 1 of
Chapter 1} (12,88,105-108). These include granulocyte macrophage colony stmulating
factor (GM-CSF), interleukin (IL)-3, iL4, IL-5, cfms [=receptor for macrophage-CSF (M-
CSF)], and CD14. These genes have been shown to be deleted in the 5™ syndrome {105-
108). In addition, genes encoding the glucocorticoid receptor, platelet derived growth factor
receptor, endothelial cell growth factor, and p2-adrenergic receptor have been mapped to
the long arm of chromoasome 5 (109). Initially M-CSF was also mapped to chromosome 5q
{110}, but recently this gene was reassigned to chromosome 1p13-p21 (111,112). Although
the breakpoints and the exient of the deletion of the 5g arm are variable, a region consis-
ting of the 5g31 band is deleted in all patients examined (105,108,108,109). At present, it is
not known how the altered growth of hematopoietic cells is caused by deletion of a single
allele. An MDS/AML gene has been postulated on chromosome 3qg, which functions as
tumor suppressor gene, similar to that proposed for retinoblastoma or Wilms™ tumor
(108,113). The same mechanism might be involved in AML with deletions of chromosome 7
{114). Genes which have been mapped to the 721-g31 critical region include the multidrug
resistance (MDR) genes (MDRT and 3), erythropoigtin, and plasminogen activator inhibitor
type 1 (12,115). However, these genes are not rearranged in myeloid disorders with
chromosome 7 abnormalities {12,96,114).

CONCLUSION

Cytogenetic analysis of AML have demonstrated a number of non-random chromosome
aberrations. These abnormalities are associated to the biological behaviour of the leukemia,
manifested by specific morphological, immunological, and clinical features such as t(15;17),
1(8;21}), and inv(18). Cytogenetic results in AML have a high prognostic value for prediction
of obtaining CR and long term survival. Molecular analysis of breakpoint regions have
identified genes which are directly involved in some of the chromosome aberrations,
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especially in t(15;17)(g22;q12-21). Most probably other genes involved in AML will be
identified in the near future. In AML patients with a well-defined chromosome aberration the
PCR technique can be applied to detect minimal disease and thereby to monitor effective-
ness of the applied treatrnent.
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CHAPTER 3.2

TRANSLOCATION (6;9) MAY BE ASSOCIATED WITH A SPECIFIC
TERMINAL DEOXYNUCLEQTIDYL TRANSFERASE POSITIVE
IMMUNOLOGICAL PHENOTYPE IN AML™
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SUMMARY

Two patients with acute myeloid leukemia (AML) (French American British (FAB)-M4) and
(69} (p23;q34) are described. Immunological marker anzlysis revealed a phenotype of HLA-
DR™*, partly terminal deoxynucleotidyl transferase (TdT)*, CD13* in both cases and CD33
positivity in one. The expression of CD13 and CD33 by TdT positive cells was demonstrated
by double immunoflugrescence (IF) staining. Although it has been postulated that TdT plays
arole in gene rearrangement, Southern blot analysis performed in one leukemia revealed that
both the T cell receptor {TcR) 8 chain genes and the immunoglobulin heavy (IgH) chain genes
were in germiine configuration. Since we could not detect CD13™%, TdT™ ¢ells and CD33 ™,
TdT* cells in control bone marrow (BM) samples, double marker analysis was used to detect
low numbers of residual leukemic cells during follow-up of one patient. A gradually increasing
percentage of CD33™, TdT™ cells was detected in the BM in a period of 6 months before
hematological relapse. Althcugh the 1(8;8) may not be correlated to a specific FAB subtype,
it may be associated with TdT positive AML. Since TdT positive AML seems to have a poor
outcome, detection of TdT expression in AML patients is particularly important for diagnostic
purposes. in addition, our results indicate that double immunological marker analysis for a
myeloid marker and TdT allows detection of residual disease during follow-up.

° Published in: Leukemia T988:2:136-140.
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INTRODUCTION

Specific chromosomal changes, particularly translocations, are associated with specific
subtypes of acute leukemia and constitute an independent prognaostic factor (1). In myeloid
leukemia, there is a good correlation between cytogenetic aberration and morphological
subtypes of leukemia as defined by the FAB (2). Such a correlation has only partly been found
between immunological phenotypes and FAB morphology (3-5).

in 1978, Rowley and Potter (8) described two patients having AML with t(8:8)(p23;034).
Subsequently, 19 additional ¢cases with the same cytogenetic defect were reported (reviewed
in refs. 7 and 8). The morphological diagnoses of these 21 cases were heterogeneous: most
were classified as FAB-M2, some as FAB-M4, and a few as FAB-M1, and in at least one-fourth
of the cases, a myelodysplastic syndrome (MDS) preceded the onset of the acute leukemia.
The immunological phenotypes of these leukemias were not described. We here report on the
morphology, immunological phenotype, and cytogenetics of two new AML cases with t(6;9).
in addition, in one case the organization of the IgH genes and TcR-8 genes was analyzed. The
specific immunological phenotype of the leukemic cells of patient 1 was exploited for follow-up
studies to detect residual leukemic ceils.

CASE REPORTS
Patient 1

A 13-year-old female was admitled in June 1984 with a 6-week history of malaise persisting after an influenza-
like iMness, together with progressive fatigue, paleness, and loss of weight. Her menses were heavy and persisted
for 10 days preceding admission. Physical examination of this pale adolescent girl showed a few petechiae and
a just palpable spieen. Laboratory investigations: hemoglobin (Hb) 2.8 mmol/liter, thrombocytes 14 ><109/1'rter,
white blood cells (WBC) 29.4 x10° Sliter with 58% blasts, 2% bands, 32% neutrophils, and 8% lyrnphocytes. Serum
lactate dehydrogenase was 337 U /liter (slightly elevated). BM aspiration showed high normal celiularity with some
dysmyelopoietic features. Differential count revealed 56% myeloblasts and 17% smaller not clearly classifiable
blasts, 5% promyelocytes, 11% mare differentiated neutrophils, 9% normoblasts, and 2% lymphocytes. Neither Auer
rods nor an increased number of basophils were seen. Cytochemical stainings showed that 53% of the blast cells
were positive with Sudan black, 64% positive with chioroacetate esterase, and 36% positive with a-naphtylacetate
esterase but negative after NaF inhibition. An AML, FAB type M4 was diagnosed. Complete remission (CR) was
obtained with high doses of cytarabine according to the AML-82 protocol of the Dutch Childhood Leukernia Study
Group and maintained with the VAPA-10 maintenance treatment (5). In December 1985 the treatment was electively
stopped; n July 1986 she relapsed in the BM. A second remission was obtained with two courses of high doses
of cytarabine and asparaginase (10) that was foliowed by autologous BM transplantation. After another 6 months
a second EM relapse occurred, and the patient died.

Patient 2

A 17-year-oid female was referred with high fever and extensive candidiasis of the oral cavity. Laboratory
investigations: Hb 3.6 mmaol/liter, thrombocytes 25 x1 0%/liter, WBC 21.2 x1 Us/iiter with 18% blasts. A BM aspirate
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was hypercellular with 59% blasts, 7% promyelocytes, 12% more differentiated neutrophils, 10% monocytes, 4%
normoblasts, and 8% lymphocytes. In the more mature myeloid cells myelodysplastic features were seen. There
were no Auer rods or basophils present. Cytochemical stainings showed that 29% of the blast ceils were positive
with Sudan black and 23% were positive with t-naphtylacetate esterase but negative after NaF inhibition. An AML,
type M4, according to the FAB criteria, was diagnoesed. There was no evidence for leukemia infiltration in the
gingivae. No pathological lymph nodes were found. Liver and spleen were not paipable and not enlarged on b
scan. She was treated with broad spectrum antibiotics and antimycotic therapy, but no favorable reaction was seen
on the temperature or clinical status. Twenty-two days after admission, before cytoreductive treatment was given,
she died of gastrointestinal hermorrhage.

MATERIALS AND METHODS
Cytogenetic studies

Cytogenetic studies of BM cells were performed according to our standard procedures including methotrexate
treatment of cultures (11). At [east 30 cells were analyzed in each instance; the karyotypes were established
according to the ISCN (1985) (12).

Immunological marker analysis

Mononuclear cells (MNC) were isolated by Ficoll Paque (density 1.077 g/ om®; Pharmacia, Uppsala, Sweden)
density centrifugation. MNC were incubated with monocional antibodies (McAb), directed against B cell antigens,
T ¢ell antigens, and myeloid monocytic antigens. Detailed information about the panel of McAb used is summarized
in Table 1. As a second step reagent we used a fluorescein isothiocyanate (FITC) conjugated goat anti-mouse
immunoglobulin (Ig) antiserum (Central Laboratory of the Blood Transfusion Service, Amsterdam, The Netherlands).
The expression of TdT was detected by use of a rabbit anti-TdT antiserumn and a FITC-conjugated goat anti-rabhit
Ig antiserurn (Supertechs, Bethesda, MD, USA). Double IF stainings for TdT and several surface membrane
antigens, i.e., HLA-DR, CD7 {8A1), CD10 (VIL-A1), CD11b (OKM1), CD13 (My7), CD14 {My4), CD15 {VIM-D5}, and
CD33 (My9)}, were performed as described (13).

Southern blot analysis

DNA was prepared from BM cells of patient 1 and from controi cell samples (14). DNA (15 [tg) was digested
with the restriction enzymes EcoRl or Bg/il or by use of 2 double digestion with 8amk! and Hindlll. The digested
DNA was size fractionated by electrophoresis on a 0.7% agarose gel and subsequently blotted to nitrocellulose
filters. For detection of [gH gene rearrangements the filters with the Bg/ll and BamHI-Hindlli digested DNA were
hybridized to a Ju probe (15). For detection of TeR-8 chain gene rearrangements, the filters with the FcoRI
digested DNA were hybridized to a C8 probe or a JA2 probe (16). Hybridization and washing procedures were
performed according to described methods (14).
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TABLE 1. Immunological marker analysis of the BM celis rom the two patients at diagnosis.

Percentage of positive cells

CD® (Antibodies)  Antigen recognized Patient 1 Patient 2

Per MNC Per TdT ' cells® Per MNC Per TdT celis®

anti-TdT® TdT 125 255 -
anti-HLA-DR® HLA-DR non-polymorphic antigen 74 26 85 97
CD10 (VIL-A1)®  common ALL antigen {CALLA) 0 0 1] ¢
cbap (81) B cell antigen 1 5

CD7 (3A1)8 Tp41 antigen 4 0 2 3
CD2 (OKT11)"  Ti1 antigen 4

CD3 (Leu-4)® T3 antigen 1 5

CD13 (My7) pan-myeloid antigen 82 89 72 85
CDa3 (Mys)' pan-myeloid antigen 92 g5 0 0
CDi1b (OKM1)"  C3bi receptor 13 25 3 1
CD15 (vIM-D5)°  myeloid antigen 15 0 7

CD14 (My4)'! _  monocytic antigen 3 0 1

CD71 (661G10Y  transferrin receptor (T9 antigen) 75 85

#

Cluster of differentiation as propesed by the Waorkshops on Hurnan Leukocyte Differentiation Antigens {Paris, France, 1982; Boston, MA,
USA, 1884; Oxford, UK, 1886; Vienna, Austria, 1989).

Percentages positivity for surface membrane rmarker per TdT positive cells a3 determined by double IF staining.
Supertechs, Bethesda, MD, USA

Becton Dickinson, San Jose, CA, USA.

Dr. W, Knapp, Vienna, Austria.

Coulter Clone, Hialeah, FL, USA,

. American Type Culture Coliection, Rockville, MD, USA.

Ortho Diagnostic Systerns, Raritan, NJ, USA.

Dr. J.D. Griffin, Boston, MA, USA.

Dr. J.M. van de Rijn, Amsterdam, The Netherlands.

et e apD

RESULTS
Cviogenetic studies

Patient 1.

At diagnosis, 26 of 30 BM metaphases analyzed showed a 46,X0(t(6;9) (p23;034) karyotype
and a 46,XX normal karyotype in four cells (Figure 1). One month later, after induction therapy,
the t(8;8) was still present in 2 of 32 metaphases analyzed. Results of subsequent foliow-up
studies are given in Table 2. At relapse, 25 months after diagnosis, the karyotype showed
further clonal evelution, with & main karyotype of 48,XX, +4,6p~, +8,i(2p), + 13, in which the 6p~-
corresponds to the der(8) of the 1(6;8), while the der(9) is lost and replaced by an i(8p).

Patient 2.
At diagnesis, 31 of 32 BM metaphases showed the 1(6;9)(p23;q34) (Figure 1). All

metaphases showed also a constitutional change of chromosome 7, which was paternally
inherited.
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Figure 1. Partial karyotype from BM cells of
patient 1 (A) and patient 2 (B) showing t(6;9)
(P23;034). Arrowheads indicate breakpoints.
Reverse bands with acridine orange.

Immunological marker analysis

The results of the immunological marker analysis of the BM samgles at diagnosis are
summarized in Table 1. Most MNC of the BM in both patients were positive for HLA-DR, the
transferrin receptor, and the pan-myeloid marker CD13(My7), and in patient 1 also for
CD33(My®). TdT was expressed in 12.5% and 25.5% of the MNC of patient 1 and patient 2,
respectively. Double IF stainings revealed that in patient 1 most TdT positive cells also expres-
sed CD13(My7) and CD33(My2), and about 25% also expressed HLA-DR and CD11b(OKM1),
while the majority of TdT positive cells of patient 2 co-expressed HLA-DR and CD13(My7)
(Table 1). Follow-up studies of patient 1 using a double IF staining for CD33(My8) and TdT are
given in Table 2. About 0.05% CD33", TdTT cells were found already 4 weeks after
maintenance therapy had been electively stopped. The percentage of CD33™, TdT™ cells
increased 10-fold during the next 6 weeks. After another 7 weeks, 17% of the MNC in the BM
showed the leukemic phenotype, and 36% of the metaphases showed the 1(6;9) with karyotypic
evolution. However, morphologically the BM was still in remission. At relapse, which occurred
7 months after discontinuation of therapy, 48.5% of the cells were CD33™", TdT™ and 90% of
the metaphases were abnormal (Table 2).
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TABLE 2. Follow-up of patient 1 throughout the course of the disease: cytomorphology, immunologicat
marker analysis, and cytogenetics of the various BM samples.

Clinical
Date phase % of blast cells % of CD33™", TdT™ cells Karyotype
05 Jun 84  Diagnosis 73 1.7 N(13%)°/48 X0 t(6;5) (023;e134) (8796)
10Julss  CR® 4 ND® N(94%)/48,XX,1(5:2) (%)
08 Oct 84 CR 1 0 N
17 Dec 85  Off treatment ND ND ND
13Jan8 CR [¢] 0.05 N
24 Feb 86 CR o] 0.46 ND
14 Aprg§  CR 3 17.0 N(B4%) /47,X%,6p—7, +8,i(Gp) (8%)/
48,XX, +4,6p—, +8.i(9p) (27%}
10 Jul86  Relapse 50 485 N(9%) /48 XX, +45p—,+8ier)(16%/

48, XX, +4.6p—, +8,i(9p), + 13(75%)

a. N, 46,XX, narmal karyotype.
b. R, complate remission,

¢, N, not done.

o, Bp-, der(B)2(E:8).

Southern blot analysis

Southern blot analysis of DNA from BM cells of patient 1 revealed that both the TcR-8 chain
genes and the igH genes were in germline configuration.

DISCUSSION

The two patients described presented with an AML FAB-M4, t(8;8)(p23;g34) in BM
metaphases, absence of BM basophilia, and a survival of 25 months and 22 days, respectively.
including these two cases the total number of reported patients having an AML with
1(8:8) (p23;034) is 23: 11 females and 12 males with 2 median age of 27.5 years (range 5-51)
(7,8). As already reviewed by others, AML with t(8;9) is characterized by a poor cuicome
{11/21 patients showed no or only partial response; 10/21 reached CR of whom at least seven
relapsed) and by a heterogenous FAB type association (M2 in 11/22 cases, M4 in 8/22 cases
including the two patients reported here, M1 and Ph' negative chronic myslocytic leukemia
have been reported in two and one cases, respectively) (1,7,8). Other morphological
characteristics were proposed, i.e., the absence of Auer rods in FAB-M2 (17) and the presence
of BM basophilia, which was found in eight of nine patients by Pearson et al. {18). However,
as far as the descriptions are available, in four other cases as well as in our two cases no
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increased BM basophilia was seen (7,8). Interestingly, in six of seven cases without basophilia
a FAB-M4 diagnosis was made. The presence of MDS features and/or an MDS preceding the
onset of acute leukemia is ancther frequent finding in AML with 1{8;9) and was also seen in our
two cases (7,18).

As far as we Know, this is the first report on the immunological marker analysis of AML with
1(5;9). Both leukemias expressed the immunological phenotype HLA-DR™, CD13™, partly
TdT™*. In addition, the cells of one leukemia were also positive for CD33. Based on positivity
for HLA-DR and CD13 and negativity for CD11b and CD14, these two leukemias belong to
phenotype group | (.e., CFU-C) as proposed by Griffin et al. (19). In their stugdy they did not
evaluate TdT expression, although several reports indicate that TdT is expressed in 5%-20%
of the AML cases (3,4,20-22). Since TdT positive AML as well as AML with t(6;9) are reported
to have a poor prognosis, it may be important 1o evaluate whether TdT positivity is restricted
to AML subgroups with a poor response to therapy (18,20,21).

It is notable that in several of the reperted TdT positive AML, including our two cases, the
percentage of cells positive for TdT is considerably lower than the percentage of leukemic
blasts (20,21). In fact, according to our recent observations, TdT positivity may be found in
most AML, but often the percentage of these TdT positive cells is low (<10% of MNC) (see
Chapter 4.2). This may reflect the presence of leukemic cells in various differentiation stages,
a heterogeneity that is often seen in AML (3,4,22-25). Whenever a discrepancy is found
between the percentage of TdT positive cells and the percentage of cells positive for a myeloid
marker, double marker analysis has to be performed to destermine which markers are
expressed by the TdT positive cells. Such analyses are described for TdT and myeloperoxidase
as well as for TdT and the myeloid antigen CD15 (26,27). In our patients the TdT positive celis
did not represent normal early lymphoid cells since they co-expressed myeloid markers like
CD13, CD33, and CD11b (Table 1). These TdT positive cells may represent the Immature
clanogenic subpopulation within the leukemia, which differentiates to more mature TdT negative
cells (3,21,22,24,28-30). Most probably the morphological diagnosis is based on the
characteristics of the more mature cells, while the so-called immature or not classifiable blasts
may represent the TdT positive cells. This phenctypic heterogeneity may explain the absence
of a correlation between t(8;8) and a specific FAB subtype. In fact, immmature phenctype, poor
response rate, and MDS features seem to indicate a stem cell involvement in AML with 1(8;3).

Since TdT is postulated to be involved In the insertion of nuclectides during rearrangement
of IgH genes and TcR-8 genes (31,32), we investigated the configuration of the IgH genes and
TcR-8 genes in patient 1: both genes appeared to be germiine. An abnormal activation of TdT
encoding genes due to a chromosomal aberration is not likely since the TdT gene is located
on chromosome 10 (33), which showed no visible akeration in both leukemias.

Whether the myeloid marker™, TdT+ phenotype represents a rare myeloid progenitor cell
is unknown. Using double IF staining, we investigated the BM cells of 15 patients after
withdrawal of maintenance therapy and could not detect any CD13*, TdT™ or CD33 ™, TdT™
cells (unpublished observations). The data suggested that minimal residual disease could be
detected using double IF staining for this specific phenotype. In T cell acute lymphaoblastic
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leukemia the detection limit of such a double IF staining technique, using 2 T cell marker and
TdT, has proved to be at least 0.01% and allows detection of a relapse 3-5 months before
clinical relapse (34). In the case of patient 1, 0.05% of CD33*, TdT™ cells were found in the
BM 4 weeks after stopping the maintenance therapy (Table 2), suggesting the presence of a
residual leukemic population. Subsequently, the percentage of CD33%, TdT* cells increased
gradually. Four months after stopping the therapy, BM was still in remission as defined by
morphology (3% blasts) but in relapse by both immunological marker analysis (17% CD337,
TdT™ cells) and cytogenetic analysis (36% of metaphases with t(6;9) and additional karyotypic
changes). Six months after the first detection of CD33™, TdT* BM cells and 2 months after the
reappearance of the specific karyotypic abnormality, this patient got a morphologically proven
BM relapse (Table 2). This illustrates the usefulness of double IF staining for detection of
residual disease and for prediction of a relapse in leukemia with a specific phenotype, and it
emphasizes the need to perform immunological marker analysis in AML,

In summary, the myeloid marker ¥, TdT ¥ phenotype may be a characteristic feature of AML
with 1(8;9). Therefore, immunological marker analysis, using double iF stainings, should be
performed in other AML with this specific translocation. Furthermore, our dats indicate that the
myeloid marker, TdT double iF staining is a powerful tool for detection of residuzl disease and
early relapse. This is important in TdT™ AML since these leukemias generally have a poor
outcome.
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CHAPTER 3.3

ACUTE MYELOID LEUKEMIA M4 WITH BONE MARROW
EOSINOPHILIA (M4Eo) AND inv(16)(p13q22) EXHIBITS
A SPECIFIC CD2* IMMUNOPHENOTYPE"
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SUMMARY

Extensive immunological marker analysis was performed to characterize the various
leukemic cell populations in eight patients with inv(168){p13g22) in association with acute
myeloid leukemia with abnormal bone marrow eosinophilia (AML-M4Eo}. Although each AML
consisted of heterogeneous cell populations, the immunophenotype of the subpopulations in
the eight AML cases was strikingly similar. Virtually all AML-M4Eo cells were positive for the
pan-myeloid marker CD13. In addition, the AML were partly positive for CD2, CD11b, CD11¢,
CD14, CD33, CD34, CD36, CDwSS, TdT, and HLA-DR. Double immunoflucrescence (IF)
stainings demonstrated coexpression of the CD2 antigen and myeloid markers and allowed the
recognition of multiple AML subpopulations. The CD2 antigen was expressed by immature AML
cells (CD34 7, CD147) and more mature monocytic AML cells (CD34~, CD14 ™), whereas TdT
expression was exclusively found in the CD34™, CD14~ cell population.

The eight AML-M4Eo not only expressed the CD2 antigen, but aiso its ligand CD58 (LFA
(leucocyte function antigen)-3). Culturing of AML-M4Eo cell samples showed a high
spontanecus proliferation in all three patients tested. Addition of a mixture of CD2 antibodies
against the T11.1, T11.2, and T11.3 epitopes, diminished cell profiferation in two patients with
high CD2 expression, but no inhibitory effects were found in the third patient with low frequency
and low density of CD2 expression. These results suggest that high expression of the CD2

" Submitted for publication.
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molecule in AML-M4Eo stimulates proliferation of the leukemic cells, which might explain the
high white blood cell (WBG) count often found in this type of AML.

INTRODUCTION

AML is a phenotypically heterogeneous disorder with a marked patient-to-patient variation
and intraclonal variation in most patients (1). The French American British (FAB) group has
specified different cytornorphological categories, such as AML-M4 with AML-M4Eo (2,3). This
FAB category is highly correlated with abnormalities of chromosome 1822, e.g. del(16}(q22),
inv(16){p13q22), and t(15;16}(p13;q22) (3-8). The 16g22 abnormalities are found in 6% of all
AML (5,8-13). Larson et al. suggested that the juxtaposition of DNA regions from 18p13 and
168422, as occurs In inv(18) and t(16;18), is probably required for the M4Eo phenotype (9). Only
a few patients with inv(18} or t(16;16) presented with an other type of AML or with myelodys-
plastic syndrome (13-15). Initially it was described that the metallothionein gene cluster was
split by the chromosome 16 aberration in AML-M4Eo (16). However, recently this gene
complex has been remapped to chromosome 16q13 and it was not found to be disrupted in
AML-M4Eo (17).

In comparison to other types of AML, patients with AML-M4Eo have a young median age
{(12,13), they often present with high peripheral WBC count and organomegaly (4,8-10,13}, and
generally they have a high response rate to induction chemotherapy (4,5,8-12,15). In most
studies AML-M4Eo patients have a favorable prognosis (4,5,8-10,12,18), although some reports
do not support this (13,15). Relapses in the central nervous system {CNS) occur relatively
frequently, generally manifesting as leptomeningeal disease and intracerebral myeloblastomas
(8,11,13,15,19).

By use of cytomorphology three different cell types can be recognized within each
AML-M4Eo, i.e. blast cells, monocytic celis, and eosinophils (5,13,20). The eosinophils are often
dysplastic having abnormal easinophilic granules, which are admixed with varying numbers of
basophilic staining granules (4,5,8,8,11,13,21). They display aberrant positivity for chloroacetate
esterase and they often contain PAS positive granules (20). Whether the eosinophilic cells and
the monocytic cells in AML-M4Eo represent different lineages is not clear. Morphologically
hybrid cells have been described with nuclear folding and chromatin pattern characteristics of
monocytes or promonocytes and granules identical to those present in eosinophils (20).
Immunological marker analysis, especially double IF staining, is a powerful tool 1 characterize
subpopulations within phenotypically heterogeneous malignancies. Studies on marker
expression in AML-M4Eo are scarce and only limited numbers of markers have been tested
(21-26).

In this study we performed extensive immunological marker analysis to characterize the
various subpcpulations in eight cases of AML-M4Eo with inv(18}(p13g22). Various immature
and more mature subpopulations were detected in all cases. Although the proportion of each
subpopulation varied from patient-to-patient, the composition of all AML-M4EqQ was strikingly



AML-M4Eo with inv(16) exhibits a specific CD2" immunophenotype 151

similar. A special finding in these eight AML was the expression of the T cell marker CD2 on
a part of the leukemic cells.

MATERIALS AND METHODS
Patients and cytomorphology

Four children (<16 years of age) and four adults were diagnosed as having AML-M4Eq (Table 1). In all cases
>50% of blast cells were found. The diagnosis of AML-M4Eo was based on cytomorphology of petipheral blood
(PB) and bone marrow (BM) smears stained for May Grinwald Giemsa and cytochemistry (Sudan black B,
myeloperoxidase, and &-naphlylacetate esterase), according to the revised criteria of the FAB group (3).

Cytogenetic studies

Cytogenetic studies of BM celis were performed according to our standard procedures including methotrexate

treatment of cultures (27). At least 30 cells were analyzed on each instance; the karyotypes were established
according to the 1ISCN (1985} (28).

Cell samples for immunophenotyping

PB samples {patients E.X., N.S., AK, J.M., B.W.) or BM samples (patients E.E., M.B., M.V.) were obtained
from the eight AML. patients at initial diagnosis. Mononuclear cells (MNC) were isolated by Ficoll Paque {density:
1.077 g/cm’; Pharmacia, Uppsala, Sweden) density cenirifugation. Thase MNC samples were frozen and stored
in liquid nitrogen.

Immunological marker analysis

MNC were incubated as described with optimally titrated McAb (29). Several McAb were conjugated with
fluorescein isothiocyanate (FITC} or phycoerythrin (PE), which enabled us to perform double marker analysis. We
used the B cell markers CD10 (VIL-A1, Dr,W.Knapp, Vienna, Austria), C019 (Leu-12, Becton Dickinson, San Jose,
FL, USA), and CD20 (B1, Coulter Clone, Hialeah, FL, USA); the T cell markers CD2 (T11 and T11 FiTC, Coulter
Clone; 6G4 (T11.1), 4B2 (T11.2), and HIK27 (T11.3), Dr.R.AW. van Lier, Amsterdam, The Netherands), CD3 {Leu-4,
Leu4 FITC, and Leu-4 PE, Becton Dickinson), CD4 (Leu-3 PE, Becton Dickinson}, CD7 {3A1, American Type
Culture Coliection, Rockville, MD, USA), and CD8 (Leu-2 PE, Becton Dickinson); the myeloid monocytic markers
CD13 {My7 and My7 PE, Coulter Clone), CD14 (My4, My4 FITC, and My4 PE, Coulter Clone), CD15 (VIM-D5,
Dr.W.Knapp; Leu-Mi FITC, Becton Dickinson), CD33 (My9, Myg FITC, and Myd PE, Coulter Clone), and CDwé5
(VIM-2, Dr.W.Knapp; BMA-0210 FITC, Prof.Dr.W.Ax, Behring Diagnostica, Marburg, Germany}; the erythroid marker
glycophorin A {VIE-G4, Dr.W.Knapp); the platelet markers CD42a (FMC25, Dr.H.Zola, Bedford Park, Australia) and
CD&1 (C17, Central Laboratory of the Blood Transfusion Service, Amsterdam, The Netherlands); the non-lineage
specific markers CD11a (TB133, Dr.R.AW., van Lier; CLB LFA1/2, Central Laboratory of the Blood Transfusion
Service), CD11b (CLB mongran/t, Central Laboratory of the Blood Transfusion Service; Leu-15 PE, Becton
Dickinson), CD11¢ (Leu-M5, Becton Dickinson), CD18 (CLBS4, Dr.R.AW. van Uer; CLB LFA1/1, Central Laboratory
of the Blood Transfusion Service), CD34 (BI-3C5, Seralab, Crawley Down, UK; HPCA-2 FITC and HCPA-2 PE,
Becton Dickinson; CD34 FITC, Dr.R.Kurrle, Behring Diagnostica), CD36 (OKMS, Ortho Diagnostic Systems, Raritan,
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MJ, USA), CD54 (BBLA4, British Biotechnology, Oxford, UK), CD58 (T$2/8, Dr.T.8chumacher, Nethetlands Cancer
Institute, Amsterdam, the Netherands), and HLA-DR (L243, 1243 FITC, and L243 PE, Becton Dickinson). In case
of unconjugated McAb we used an FITC-conjugated goat anti-mouse immunoglobulin (ig) antiserum (Central
Laboratory of the Blood Transfusion Service) as second-step reagent. Isotype identical unrelevant McAb, either
unconjugated or conjugated with FITC or PE, were used as negative controls. The surface membrane labelings
were measured and analyzed by use of a FACScan flow cytometer and FACScan-research software (Becton
Dickinson).

The expression of terrminal deoxynucleotidyl transferase (TdT) was detected as described by use of a rabbit
anti-TdT antiserum and a FITC-conjugated goat anti-rabbit ig antiserum (Supertechs, Bethesda, MD, USA) (29).
Double IF staining for TdT and several surface membrane antigens, l.e. CD2 (T11)}, CD7 (3A1), CD10 (VII-At), CD13
(My7). CD14 (My4), CD15 (VIM-D5), CD1% (Leu-12), CD33 (My9), CD34 (BI-3C5), CDWSES (VIM-2), and HLA-DR
(L243) were performed as described previously (29,30). The binding of the McAb on the surface membrane was
demonstrated by use of a tetramethylrhodamine isothiocyanate (TRITC) conjugated goat anti-mouse Ig antiserum
{Central Laboratory of the Blood Transfusion Service). The TdT IF labelings were analyzed on Zeiss fluorescence
microscopes (Zeiss, Oberkochen, Germany), equipped with phase contrast facilities (29).

Culture systems

MNC from three of the eight AML (M.B., AK, JM.) were cultured. Before culturing T cell depletion was
performed by use of CD3 (CKT3; Ortho Diagnostic Systems) and magnetic cell separation (MACS system, Miltenyi
Biotec, Bergisch-Gladbach, Germany) as described (31). For all cell culture experiments MNC were adjusted to
a final concentration of 5 x 10° cells per ml. Cells were cultured in a serum-free medium as described (32). McAb
added in optimal concentrations were: CD2 [a mixture of 6G4 (T11.1), 4B2 (T11.2}, and HIXZ7 (T11.3)], CDi8
{CLB54), and/or CD58 (TS2/9). Control cultures did not contain McAb. For measurement of [*H]-thymidine
incorporation, MNC were cultured in 96-well flat-bottom tissue cuiture plates (1 05 cells perwell; Costar, Cambridge,
MA, USA). incubation was performed for three days at 37°C, 100% relative humidity, and pCO2 of 5%.

PHi-thymidine incorporation

MNC were cultured for three days. [*H]-thymidine (specific activity 6.7 Ci/mmol; Amersham International,
Amersham, UK) pulsing was for 6h using 0.5 §Ci per well. After the &-h pulse the cells were harvested using an
automatic cell harvester (Skatron, Lier, Norway). [aH]-thymidine incorporation was measured with a Betaplate
Liquid Scintillation Counter (LKB Wallac, Turky, Finland). Each determination was performed in triplicate.

RESULTS
Cytomorphology and cytogenetics
The eight leukemias were classified as AML-M4Eo. Cytogenetics at initial diagnosis showed

an inv(18){p13g22) in 80% to 100% of the metaphases in the eight cases studied. In patient
M.V., & trisomy 22 was seen in 18% of the metaphases in addition 10 inv(16).
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immunological marker analysis
The results of the immunological marker analysis are summarized in Tables 1, 2, and 3 and
in Figures 1, 2, and 3. With the exception of patient E.K., the MNC samples contained >80%
of leukemic blasts. The PB MNC sample of patient E.K. enclosed about 10% of CD3™ T cells,

about 25% of CD12™" B cells, and about 65% of leukemic blasts. The MNC sample of patient

TABLE 1. Immunoicgical marker analysis of the eight AML-M4Eo®.

Immunclogical Patients
markers

EK EE. M.E. N.S. AK. JM, MV, D.W,
Age:sex (1:M) (14:M) (10;7) (38;F) {26;M} (63;F) (13;F) (37:M)
Cell sample PB BM BM PB PB PB BM PB
Single IF stainings
CD2 (T11) 50 50 33 34 15 52 51 9
T11.1 (6G4) 48 42 29 30 17 51 43 10
-T11.2 (482) 52 32 24 26 14 49 46 8
-T11.3 (HiK27) 38 17 21 17 5 47 40 5
CD3 (Leu-) 9 2 3 2 2 3 10 <1
Ch4 {Lau-3} 26 23 40 33
CD7 (3A1) 3 2 3 2 8 12
CD8 (Leu-2} 1 1 2 1
CD1e (VIL-A1) <1 <1 1 <1 <1 <1 1
CD11a (TB133) 96 98 96 a7 o9 o6 a7 99
CD11b (Leu-15) 32 14 18 15 11 30 34 18
CD11c (Leu-M5) 17 19 18 26 43 23
CD13 (MyT) 54 25 89 80 95 81 83 a7
CD14 (My4) 32 22 20 g 23 34 29 19
CD15 (ViM-D5) 13 20 25 19 11 21 5 9
CD18 (CLB54) 49 71 60 50 80 83 g1 78
CD19 (Leu-12) 25 3 1 2 2 2 3 1
CD20 (B1) 3 1 2 3 2 2
CD33 (My9) 40 57 45 80 70 71 67 64
CD34 (BI-3C5) 29 82 65 81 71 41 53 77
CD36 (OKMS) 36 17 23 51 26
CD54 (BBL4) 49 o1 70 80 96 o4 83 o7
CD58 (TS2/9) 68 95 97 94 93 95 80 87
CDhwss (VIM-2) 22 35 57 38 55 45 56 18
TdT 0.1 40 4 21 0.6 4 7 0.2
HLA-DR (L243) 57 55 35 44 48 60 51 47
Double IF stainings
cD13t, CD14* 32 22 19 8 23 34 29 18
CD13*, CDas*t 27 81 78 41 76
CD14*, CD34* 1 15 12 <1 5 1 8 2
CDaz*, CD14* 31 22 18 8 22 34 28 18
CDa3™, CD3s™ 10 45 50 11 41
HLA-DR*, CD14™ 17 7 18 34 15
HLA-DR*, CD3a™ 9 43 32 25 11 30

a. Percentage positivity per MNC,
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TABLE 2. Immunological marker analysis of the CD27 cefis®

Immunological Patients
markers
EK EE. M.B. N.S. AK J.M, M.V, D.W.

CD3 (Leu-4} 18 8 12 7 13 6 20 4
CD13 (My7) 78 94 84 93 83 92 74 95
CD14 (My4) 52 25 32 18 20 58 57 56
CD33 (MyS) 62 B4 35 94 95
CD34 (HPCA-2) 4 83 68 43 78 13 29 33
MLA-DR (1243} 682 78 S2 89

a. Percentages positivity for the various markers per SD2% cells as determined by double IF staining.

M.V. contained about 10% of CD3™ T cells, whersas the other six AML samples contained
<5% of CDa* T cells (Table 1).

Virtually ali AML cells were positive for the pan-myeloid marker CD13. Double IF staining
allowed the recognition of immature myeloid cells (CD13%, CD347) and more mature
monocytic cells (CD137, CD147) within the CD13* cell population (Figure 1A and Table 1).
in addition, small subpopulations of CD147, CD34" and probably also CD14™, CD34~ celis
were present (Figure 2C). Only in patient E.E. and M.B. more than 10% CD14 ™", CD34 ™ celis
were detected (Table 1). In general, the CD14™ cells had the strongest CD13 fluorescence
intensity (Figure 1A}. In each AML the CD33% cell population was less prominent than the
CD13™ cell population (Table 1). The difference between these two pan-myeloid markers was
due to the fact that within the immature CD34 subpopulation CD33 expression was lower than
CD13 expression (Figure 3 and Table 1), whereas the percentages CD13™, CD14™* cells and

TABLE 3. immunological marker analysis of the TdT+ celis®.

Immunclogical Patients
markers

EK. EE M.B. N.S. AK J.M. M.V, DWW
CcD2 (T11) 31 78 21 5B 27 36 a1 48
CD7 (3A1) 1 1 3 0 5 3 ]
CD10 (VIL-AT) 0 0 6 0 0 ¢ 0
CD13 (My7) 92 g2 66 92 62 €5 69 89
CD14 (My4) ) 0 0 2 0 0 0 0
CD15 (VIM-D5) 31 g 61 1 8]
CD1% (Leu-12) 0 0 1 1
CD33 (Myg) 88 81 1 gl 20 36 45 56
CD34 (BI-3C5) 100 o9 67 g7 g7 84 81 86
CDWES (VIM-2) 82 $8 80 45 84
HLA-DR (1243) 94 18 96 12 16 23

a. Percentages positivity for surface membrane marker expression per TET™ cells as determined by double iF staining.
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Figure 1. Dot piot analysis of three double §F labelings in all eight AML-M4Eo patients. Green (FITC} fluoressence
is shown on the X-asis. Red {PE} fluorescence is shown on the Y-axis. A: CD14 (My4 FITC), CD13 (My7 PE); B:
CD2 (T11 FITC), CO13 (My7 PE); C: CD2 (T11 FITC), CD3 (Leu4 PE).
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Figure 2. Dot plot analysis of four double IF labelings in patients J.M. and M.V, Green (FITC) fluorescence is
shown on the X-asis. Red (PE) fluorescence Is shown on the Y-axis. A: CD2 (T11 FITC), CD34 (HPCA-2 PE): B:
CD2 (Tt1 FITC), CD14 (My4 PE); C: CD14 (MY4 FITC), CD34 {HPCA-2 PE); D: CD14 (My4 FITC), CD33 (MYS PE).

CD33%, CD14™ were comparable (Figures 1A, 2D, and Table 1). Although a considerable part
of the leukemic cells was HLA-DR ™, a relatively large fraction of the CD34 ™ ceils was HLA-DR™
(Table 1). Other myeloid markers which were positive on especially the more mature leukemic
cells, were CD11b, CD11c, CD15, CD36, and CDw8S.

In all eight MNC samples the percentages of CD27 cells exceeded the CD3 and CD7
percentages (Tables 1 and 2). in Table 2 the results of double IF stainings for CD2 and several
other differentiation markers are summarized. In addition 1o a small CD3*, CD2* T cell
population the majority of the CD2% cells expressed CD13, CD33, and HLA-DR (Table 2,
Figure 1). Despite some patient-to-patient variation, CD2 expression was found in both
immature (CD34 %) and more mature moenocytic (CD14™) leukemic subpopulations (Table 2,
Figures 2A, 2B).

Four AML were tested for CD4 and CD8 expression, which revealed weak CD4 reactivity
on a part of the leukemic cells. The leukemic cells were positive for the LFA CD11a/CD18
(LFA-1} and its ligand CD54 (ICAM-1) as well as CD58 (LFA-3) (Table 1).

TdT™ cells were detected in all eight MNC samples. The percentages of TdT™ cells varied
from 0.1% (patient E.K.) to 40% (patient E.E.) (Table 1). The immunophenotype of the TaT™*
cells was determined by use of double IF stainings for TdT and several membrane bound
differentiation markers (Table 3). The precursor B cell markers CD10 and CD18 were detected
on only a few TdT ™ cells. The TdT " cells were positive for HLA-DR and the myeloid markers
CD13, CD33, and CDwE5 and to & lesser extend for the CD15 antigen. The majority of the
TdT™ cells were CD34™, while only a few CD14™, TdT* cells could be detected, indicating
that TdT was particularly expressed by the immature AML cells {Table 3).
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Culture of AML celis

MNC from three of the eight AML were cultured
with or without McAb against LFA (CD2, CD18, and
CD358). Due to shortage of cells the culture experi-
ments were performed only once, but each culture
was performed in triplicate. Prior to culture the AML
samples were depleted of T cells with CD3 McAb
using magnetic cell separation. After T cell depletion
the percentage of CD3™ T cells in these samples
was <1%. The results of the culture experiments
are given in Figure 4. High spontaneous proliferati-
on was observed in all three AML. Addition of CD2
McAb to the culture medium inhibited the proliferati-
ve response in patients M.B. and J.M., but in

JM

Figure 2. Dot plot analysis of two double IF
labelings In patient J.M., showing a iower
density CD33 expression on the CD34 % cells
as compared to the CD13 expression on
these immature cells. Green (FITC) fuores-
cence is shown on the X-asis. Red (PE)
fluorescence is shown on the Y-axis. Left:
CB34 (HPCA-2 FITC), CD13 (MY7 PE): Right:
CD34 (HRPCA-2 FITC), CD33 (MYQ PE),

patient A.K. the CD2 McAb did not influence the proliferation, which was probably due to the
relatively low frequency and low density of CD2 expression in this patient (Figure 1B and Table
1). Addition of CD18 or CD58 McAb did not result in significantly higher proliferative responses
in patients M.B. and J.M. However, in patient A.K. addition of CD18 and CD58 Mcab or a

N¢ McAb

Jomn]

CD2 H

CcD18 H

MB

CcDs8

CD2,CD18,CD58 —

No McAb

co2 H

CcD18

CD58

CD2,CD18,CD58 H

No McAb —
cD2 H

CD18

Ccoss

——

CD2,CD18,CD58

T T

0 10 20

T T

30 40 50

counts (x1000) /min.

Figure 4. Influence of the addition of CD2, CD18, and/or CD58 McAb upon the in vitro poliferation in three
AML-M4Eo patients. Each determination was performed in triplate. Results are expressed as mean + SEM,
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mixture of CD2, CD18, and CD58 McAb resulted in an increased proliferative response,
probably related to stimulation by the CD18 and CDS8 McAb and absence of inhibition by the
CD2 McAb (Figure 4).

DISCUSSION

in this study we could demonstrate that AML-M4Eo with inv(18){p130922) is associated with
a specific CD21 immunophenotype. Although the eight leukemias consisted of heterageneous
cell populations in which various subpopulations could be identified, the immunophenotype of
these subpopulations was strikingly similar. Not only the presence or absence of various
immunological markers was comparable, but also the fluorescence intensity of most markers
was similar. Whereas a close association between a specific chromeseme aberration and a
particular (immuno)phenotype is well known in acute lymphoblastic leukemia, this has not
frequently been observed in AML, except for the typical phenotype of AML-M3 with
£(18;17)(g22;q21), CD19 expression in AML with 1{8;21)(922:022), and & few associations in
other AML types (33-38). This may be explained by the heterogensous composition of most
AML, which can only be characterized properly, if multiparameter analysis is performed (40,41).
In addition, smail leukemic subpcopulations may be missed, if rigid cut-off values of 15% to 25%
positivity are used, which is often the case in roufine immunological marker analysis.

Virtually all AML-M4Eo cells were positive for the pan-myeloid marker CD13. In addition,
the AML were partly positive for CD2, CD11b, CD11¢, CD14, CD33, CD34, D38, CDwe5, TdT,
and HLA-DR. By use of several double IF stainings we could demonstrate the coexpression
of the CD2 antigen and myeloid markers and we could recognize muliiple AML subpopulations
(Figures 1,2, and 3). Within the CD13™ cell population, immature cells (CD34™, CD147) and
more mature monocytic cells (CD34™, CD14™) could be identified. The CD2 antigen was
expressed by immature cells as well as more mature monocytic cells, whereas TdT expression
was exclusively found in the CD34 %, CD14~ subpopulation. Based on the double IF staining
resulis obtained in our AML-M4E0 cases (Tables 1,2, and 3) a hypothetical diagram of the
subpopulations in this type of AML is given in Figure 5.

Reports on immunological marker analysis of AML-M4Eo with a2 chromosome 16 aberration
are scarce and only a minimal number of markers have been used (21-28). If tested, CD13 was
found to be positive (21,23). In addition, expression of CD14, CD33, and HLA-DR has been
reported, confirming the monocytic phenotype (21,23,25). Paietta et al. described one patient
having an AML-M4Eo with inv(18), in whom the cells were COWB5™ and TdT™ but CD14™~
(22). It 1s not clear whether this leukemia indeed differs from our eight cases or whether the
difference can be explained by the presence of a relatively small (<20%) CD14™ monocytic
subpopulation, comparable to patient N.S. in our study. Hogge et al. found 20%-25% TdT
positivity in two out of six patients with either an inv(18) ar 2 t(16;16) (42). it was not reported
whether the other four AML contained <20% of TdT T cells (42), as occurs in the majority of
TdT* AML (30).
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Figure 5. Hypothetical diagram of immunological marker expression by the various leukemic cell populations in
AML-M4Eo samples. Virtually all AML-M4Eo celis express CD13. Most cells are positive for either CD34 (immature
subpopulation) or CD14 (more mature monocytic subpopulation), whereas CD147, CD34™ cells and CD14—,
CD34™ celis are scarce. CD33, HLA-DR, and CD2 are expressed on a part of the celis in both subpopuiations, TdT
expression Is restricted to the CD34 ™ subpopulation. This diagram is based on the results of double {F staining
experiments, given in Tables 1, 2, and 3.

The consistent expression of the CD2 antigen in our eight AML was detectable by McAb
against the three CD2 (T11.1, T11.2, and T11.3) epitopes. In one AML (D.W.) the expression
of the T11.1 epitope was confirmed by the ability to form rosettes with sheep red blood cells
{data not shown) (43). These results are in line with the report by Ball et al. (26), who
demonstrated CD2 mRNA in a case of AML-M4Eo. The negativity for other T celi markers, such
as CD3 and CD7, as well as the coexpression of CD2 and myeloid markers argues against T
cell lineage commitment (44). According to the literature, CD2 expression can be found in
6%-21% of AML cases (26,45-48). An association between CD2 expression and a specific type
of AML has not been reported so far. Schwonzen et al. found that T cell marker positive AML
(i.e. CD2, CD4, and/or CD7) often show extramedullary manifestations, especially skin
infilttrations (48). The prognostic value of CD2 expression in AML is controversial, since CD2
expression has been associated with both favorable and poor prognosis (26,48). In a recent
study in childhood AML expression of the CD2 antigen was not prognostically sifnificant (48).
This controversy may be explained by the fact that CD2% AML form a mixture of AML with 2
relatively good prognosis {e.g. AML-M4Eo) and AML with poor prognosis, such as immature
types of AML and acute undifferentiated leukemias (50).

The CD2 antigen interacts with its ligand the CD58 (LFA-3) molecule, a cell surface
glycoprotein with broad tissue distribution including expression on erythrocytes, epithelial cells,
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endothelial cells, fibroblasts, and most cells of hematopoietic origin (51,52). Studies in T cells
have demonstrated that CD2-CD38 interactions can induce activation in both CD2™ cells and
CD58% cells, leading to proliferation and expansion of the activated T cells (53-55). The
AML-M4Eo in our study were not only positive for the CD2 (LFA-2) antigen, but they also
expressed the CD58 {LFA-3) antigen. We cuftured three AML-M4Eo enabling cell-to-cell contact
and observed a high spontaneous proliferation in all three sampies. This may explain the
reported high success rate of the detection of chromosome 16 aberrations, if cytogenetic
analysis is performed on cultured AML-M4Eo cells instead of freshly obtained cells (58). In our
culture experiments addition of CD2 McAb inhibited cell proliferation in two patients, suggesting
that indeed CD2 (LFA-2)-CDS8 (LFA-3) interaction supports the high spontaneous proliferation
of the AML-M4Eo cells. However, in the third patient addition of CD2 McAb did not have
inhibitory effects on cell proliferation, which might be explained by the low frequency and low
density expression of the CD2 antigen in this patient. McAb against LFA molecules, such as
CD2, CB18, and CD58, may not only abrogate cell-cell interactions, but they can also function
as agonist for signalling through these molecules (43,54,55,57-58). Our data indicate that in at
least one patient (A.K.) CD18 and CDS8 McAb might indeed induce some additional cell
proliferation (Figure 4). In such cases, it is not known whether binding of CD18 and CD58
McADb directly induces cell proliferation or whether this is indirectly caused by the production
of cytokines such as interleukin 1 (55).

Finally, it is intriguing to speculate about some unique clinical and biciogical characteristics
of AML-M4Eo, which might be related to the expression of the CD2 and CB38 antigens. The
proliferation-inducing effect of the CD2-CDS8 mediated cell-cell contact may contribute to the
high WBC count in AML-M4Eo (80,81). In addtion, based on the distinct expression of the
CD58 antigen on endothelial cells, Plunkett et al. (62) speculated that CD2-CD38 interaction
may support extravasation of activated T lymphocytes at sites of immune reaction, Therefore,
it is intriguing that patients with AML-M4Eo frequently have enlarged lymph nodes, hepatome-
galy, and/or splenomegaly (4,2,10,13). Furthermore, in AML-M4Eo a relatively high incidence
of CNS leukemia has been observed, manifesting as leptomeningeal disease and intracerebral
myeloblastomas (8,11,13,15,19). Whether expression of the CD2 and CD58 antigens facilitates
dissemination of leukemic cells to lymphoid tissues and CNS needs further investigation.
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CHAPTER 4.1

DOUBLE MARKER ANALYSIS FCR TERMINAL DEOXYNUCLEOTIDYL
TRANSFERASE AND MYELOID ANTIGENS IN ACUTE MYELOID
LEUKEMIA PATIENTS AND HEALTHY SUBJECTS®

H.J. Adriaansen’, H. Hooijkaas', M.C. Kappers-Klunne?, K. Hihlen?,
M.B. van ’t Veer® and J.J.M. van Dongen’

1. Department of Immunology;
2. Department of Hematology;
3. Depariment of Pediatrics, Subdivision Pediatric Hematology-Oncology,
University Hospital/Erasmus University, Rotterdam;
4. Department of Hematology, Dr. Daniel den Hoed Cancer Center, Rotterdam, The Netherlands.

INTRCDUCTION

The enzyme terminal deoxynuclectidyl transferase (TdT) is expressed on the nuclear
membrane of normal precursor B and T cells as well as their malignant counterparts, i.e., acute
lymphoblastic leukemias (ALL)} and some lymphoblestic lymphomas (1,2). TdT expression has
also been found in 5%-46% of acute myeloid leukemias (AML) (3-9). In AML there is a large
variability in the percentage of TdTT cells, and also the intensity of TdT expression varies per
cell. In most studies a limit of at least 10% of TdT™ cells was adopted for the diagnosis of a
TdT* AML. However, it is likely that in some AML smaller TdT ™ leukemic subpopulations are
present.

We have analyzed 80 AML for the presence of a TdT T subpopulation using double marker
analyses for TdT and differentiation markers, such as myeloid markers (CD13 and CD33), B
cell markers, and T cell markers. In addition, we applied double marker analyses to monitor
the TdT* leukemic subpopulation in two AML patients during and after chemotherapy. In
control studies, it was investigated whether CD13 ", TdT™ cells and CD33™, TdT™ cells are
present in normal bone marrow (BM) and peripheral blood (PB).

“ Published in: Haematol Biood Transfus 7990;33:471-49. In the original article eight leukemijas were classified
as acute undifferentiated leukemia. According to the recently redefined criteria (see Chapter 1) seven out of these
eight leukemias were reclassified as AML-MO.



TABLE 1. Twelve typical examples out of the 60 AML.
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MATERIALS AND METHODS

BM and/or PB samples from 60 patients having an AML were classified according to the revised criteria of
the French American British (FAB) group. Immunological marker analyses using fluorescence microscopy were
performed on mononuclear cells (MNC) isolated by Eicoll {density, 1.077 g/cm®) density centrifugation (10). We
determined the expression of a series of immunological markers, including TdT, the B cell markers CD10 and
CD19, the T cell markers CD2, CD3, and CD7, the myeloid markers CD13, CD14, CD15, and CD33, the HLA-DR
antigen, and the precursor antigen CD34. Information about the monoclonal antibodies (McAb) used is given in
Table 1. The TdT immunofluorescence (IF) assay was performed by use of a rabbit anti-TdT and a fluorescein
isothiocyanate (FITC) conjugated goat anti-rabbit immunoglobulin ([g) antiserum (Supertechs, Bethesda, MD, USA).
Only the characteristic nuclear staining was considered positive. For double marker analysis cells were
successively labeled with one of the McAb mentioned above and a tetramethylrhodamine isothiocyanate (TRITC)
conjugated goat anti-mouse Ig antiserum. Subsequently the TdT IF assay was performed. If possible, at least 200
TdT™* celis were analyzed; when MNC samples contained less than 1% of TdT* cells two cytocentrifuge
preparations (total ~50,000 MNC) were screened.

BM and/or PB samples from two patients were monitored for the presence of CD33 %, TdT ™ cells (patient
B.B.) or CD13*, TdT™ cells {patient A K) during and after chemotherapy.

Sixty-six BM samples obtained from healthy volunteers (n=7), from ALL patients under therapy {n=14), from
ALL patients off therapy (n=45), as well as 25 PB samples from healthy volunteers {(n=16) and from ALL patients
(n=8} were analyzed for the presence of CD13™, TdT* cells and CD33 ™%, TdT* celis.

RESULTS
TdT* subpopulations in AML at diagnosis

The FAB classification of the 80 AML is summarized in Table 2. Detailed information about
hematological characteristics and results of immunological marker analysis of 12 representative
AML are given in Table 1. The resuits of all 60 leukemias will be published elsewhere {11,
Chapter 4.2). A marked heterogeneity of marker expression was found between the different
leukemias as well as within each leukemia. In 75% (n=45) of the 60 AML a myeloid marker™,
TdT™*, CD10™ subpopulation was present; this subpopulation varied from 0.1% up to 90% of
MNC (Figure 1). In Table 3 the 80 AML are listed according to the size of the TdT+
subpopulation. In most TdT*

AML the TdT* subpopulation TABLE 2. Presence of myeloid marker®, TdT™ cells in 60 AML.
accounted for <30% and often

even <10% of MNC. Noobvi-  Lookemianes  Tomoumberol  Number L
ous refationship betwsen the FAB group group ker*, TdT* cells
presence or absence of mye-

loid marker™, TdT* cells, and v - e

the FAB subtypes could be m ?0 g

found (Table 2). Within each M5 8 3

leukemnia the intensity of the mg auL : 2

TdT expression was variable.
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Figure 1. Double IF staining for CD33 and TdT on PE cells from patient P.B. at diagnosis. A: Phase contrast

morphology; B: TdT positive celis (FITC labeled); €: CD33 (My3) positive cells (TRITC labeled). The majority of
the cells are positive for CD33.

Generally, the TdT expression in AML was wezker than in ALL. [n all but one of the 45 AML
with a TdT™ subpopulation the TdT™ cells were positive for CD13 and/or CD33.

Foliow-up of AML patients by use of double marker analysis

Follow-up studies were performed in patients B.B. and A.K. The immunological phenotype
of these two AML at diagnosis is given in Table 1, while the follow-up data are summarized in
Figure 2.

After stopping the maintenance therapy in patient B.B., a gradual increase in the
percentage of CD33%, TdT* cells was found during the 8-month period before relapse. After
reinduction treatment she obtained complete remission (CR). At this point BM was taken for
autologous bone marrow transplantation (ABMT), which was performed 4 weeks later. A se-
cond BM relapse occurred 16 weeks after ABMT and the patient died. Although this patient
seemed 10 be in second CR for a period of 20 weeks, in all BM samples tested CD33™, TdT™
cells were detected (Figure 2).

In patient A.K. both BM and PB samples were monitored. This patient achieved remission
after 5 weeks of treatment and obtained CR after 12 weeks. Although at diagnosis only about
1% of the MNC were CD137, TdT™, during follow-up fow percentages of CD13™, TdT+ cells
were detected in all BM and PE samples tested. The percentages of CD13™Y, TdT+ cells
gradually decreased, but these double positive cells were still present at week 28 of follow-up.
Subsequently the percentages of double positive cells gradually increased o about 5% in the
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Figure 2. Follow-up of two AML pa-
tients by use of double IF staining for
TdT and a myeloid marker [CD13 (My7)
or CD33 (Myg)]. Solid line represents
BM and dashed line represents PB.
Clinical phase is based on both clinical
observation and cytomorphology of BM
and PB samples; D, diagnostic phase;
CR. complete remission; PR, partial
remission; Ae, relapse. Arrows indicate:
Rx, start chemotherapy; Stop Ax, end of
chemotherapy; ABMT, autologous bone
marrow transplantation.

BM and 3% in the PB at week 45 of follow-up when a BM relapse occurred, as was proven by

cytomorphology (Figure 2).

Control studies

Low percentages of myeloid marker ¥, TdT™ cells (0.0019-0.03%) were detected in 6 out
of 7 normal BM samples, in 5 out of 14 BM samples from ALL patients under therapy, and in
4 out of 45 BM samples from ALL patients off therapy (Table 4).

Taken together, in 15 out of 66 (23%) BM samples from heaithy volunteers and ALL
patients in CR low percentages of CD13*, TdT* and/or D337, TdT ™ cells were detected.
in 3 of these 15 BM samples both CD13%, TdT™ celis and CD33*, TdT* cells were present,
while in the other 12 BM samples only CD13™, TdT™ cells (n=6) or CD33™, TdT ™ cells (n=5)
were detected. In general, the nuclear TdT expression as well as the expression of the mysloid
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TABLE 3. Percentage of myeloid marker®, TdT™ cells in 60 AML.

Myeloid marker™, TaT™, Number of AML Examples (see Table 2}
CD10™ cells (%)

0 15 (=25%) KA, JJ., M8,
0.1-10 24 (=40%) S.M., AK, P.B, JR.
10-50 ' 16 (=27%) M.M., B.B.. AS., P.A
>50 5§ (= 8%) B.M.

marker was weak.
Myeloid marker™, TdT ™ cells were not found in the PB samples (n=25) tested (Table 4).

DISCUSSION

Using double marker analysis for TdT and several differentiation markers, we detected TdT
expression in 75% (n=45) of AML. in all cases the TdT™ cells only represented a subpopulati-
on of the AML. Proportionally this subpopulation varied from 0.1% to 83% of MNC. in most
cases (n=24) the percentage of TdT ™~ cells was even <10% {Table 3). The inclusion of such
low percentages explains the higher incidence of TdT™ AML in our study as compared with
the data reported in the fiterature (3-8). Nevertheless, our data are comparable with those in
other reports. For example, Erber et al. found TdT™ cells in frequencies from 10% to 90% of
MNC in 37% of AML cases (8), while we detected such percentages of TdT™ cells in 35% of
AML. If a small TdT™ subpopulation (<10%) is present, it has to be demonstrated that these
TdT* cells do not represent normal TdT ™ precursor B celis (12). Double marker analysis may
allow discrimination between TdT™ precurser B cells and TdT™, myeloid marker™ AML cells
(Tabie 1). Using this approach, it was proven that in the TdT™ AML of our series the TdT™
cells expressed the same pan-myeloid markers as the TdT™ cells (Figure 1).

Since a TdT* subpopulation accurs in the majarity of AML, it is interesting to study whether
normai counterparts of such AML cells, i.e., myeloid marker ™, TdT ™ cells occur in normal BM
and PB. Using double marker analysis we found low percentages of CD13™, TdT* and/or
CD33%, TdT™ cells in 23% of the BM samples from healthy volunteers and ALL patients in CR
(Table 4). As indicated in Table 4 myeloid marker ™, TdT™ cells were detected in the majority
of the BM samples from healthy adults, while these cells were found in only 8% of the BM
sampies from children with an ALL off therapy in continuous CR. The latter finding may be
explained by the abundance of CD10™, TdT™ cells, which probably represent regenerating
precursor B cells (unpublished observations). Bradstock et al. found about 0.01% of CD13¥,
TdT* cells in 5 out of 11 non-leukemia BM samples (13). Interestingly, they detected these
double positive celis in BM samples from adults, while these cells were absent in BM samples
from young children. Together with our findings these data suggest an age related occurrence
of myeloid marker ™, TdT™* cells. In addition, Bradstock et al. reported a weak CD13 expression
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TABLE 4. Analysis of BM and PB samples from healthy volunteers and non-AML patients for the presence
of myeloid marker™, TdT* ceils.

CDt3 ™, TdT™ CD33™, TdT™
Fraction CD13™, Fraction CD33%, Fraction of samples
of posi-  TdT™ cells of posi- TdT™ cells with CD13*, TdT+
tive sam- (%) tive sam- (%) celis and for CD33 ™,

Cell samples ples ples TdT™ cells

BM sampies from 3/7 0.001-0.03 3/7 0.002-0.02 8/7

healthy volunteers aged

18-54 years (n=7)

BM samples from 4/14 0.002-0.007 4/14 0.004-0.02 5/14

patients (aged 5-21 years)

with an ALL under main-

tenance therapy in CR

{n=14)

BM samples from 2745 0.02 2/45 0.004 4/45

patients (aged 5-18 years)

with an ALL off therapy

in continuous CR {n=45)

PB samples from 0/25 0 0/25 0 0/2s

healthy volunteers
{n=15) and patients with
an ALL in CR (h=9)

on these cells, which corresponds with our observations for both CD13 and CD33 expression
by TdT™ cells in normal BM. In PB samples we did not find myeloid marker, TdT™ cells. So
far, it is unclear whether myeloid marker™®, TdT™ ceils in normal BM represent precursor
myeloid cells or whether the myeloid marker is weakly expressed by precursor lymphoid cells.
In this respect, the recent finding of expression of CD13 and CD33 by ALL cells is interesting
(14).

The role of TdT in AML cells and in normal precursor myeloid cells is unclear. In precursor
lymphoid cells TdT is probably involved in the insertion of nucleotides during rearrangement
of Ig genes or T cell receptor (TeR) genes (15,16} In myeloid marker™, TdT™ cells the TdT
expression may be related to rearrangement of Ig or TcR genes or 1o rearrangement of a still
unknown myeloid specific geng. On the other hand, aberrant expression of TdT in immature
precursor myeloid cells cannot be excluded.

If TdT is expressed by a subpopulation within an AML, double marker analysis can be used
to menitor this subpopulation in AML patients during and after chemotherapy. In analogy to our
T-ALL studies, we have recently started a follow-up study using double marker analysis for TdT
and a myeloid marker in AML patients to detect minimal residual disease (17). Although
myeloid marker ™, TdT ™ cells can be present in low freguencies in BM samples, our preliminary
resuits indicate that detection of minimal residual disease is possible indeed. As illustrated in
Figure 2, myeloid marker™, TdT™ cells were detected in two patients, who were in CR on
clinical grounds and by cytomorphological examinations of BM and PB samples. Although In
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both cases at diagnosis cnly a subpopulation of the cells were TdT™, it was possible to
monitor this subpopulation during follow-up. In one patient a gradual increase of double
positive cells resulted in a hematological relapse after § months. In addition, it was also
possible to detect myeloid marker™, TdT cells in the autologous BM graft of this patient. The
latter suggests that it might be rewarding to search for TdT* AML cells in autologous BM
grafts of AML patients before transplantation.

In conclusion, TdT™ cells, from 0.1% up to 83% of MNC, can be detected in the majority
of AML. Using double marker analysis it can be demonstrated that these TdT™ cells belong
tc the AML cell population. This offers possibilities for the detection of minimal residual disease,
and early detection of relapse.
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CHAPTER 4.2

TERMINAL DEOXYNUCLEOTIDYL TRANSFERASE POSITIVE
SUBPCPULATIONS OCCUR IN THE MAJORITY OF AML: IMPLICATIONS
FOR THE DETECTION OF MINIMAL DISEASE"

H.J. Adriaansen’, J.J.M. van Dongen', M.C. Kappers-Klunne?, K. Hahlen®,
M.B.van 't Veer‘, J.H.FM. Wijdenes-de Bresser", A.C.J.M. Holdrinets,
E.J. Harthoorn-Lasthuizen®, J. Abels? and H. Hooijkaas’

1. Department of Immunology;
2. Department of Hematology;
3. Department of Pediatrics, University Hospital /Erasmus University, Rotterdam;
4. Department of Hematology, Dr. Daniel den Hoed Cancer Center, Rotterdam;
5. Department of Internal Medicine, St. ignatius Hospital, Breda;
6. Department of Internal Medicine, Groot Ziekengasthuis, "s-Hertogenbosch, The Netherlands.

SUMMARY

A series of 80 acute myeloid leukemias (AML) was analyzed for the expression of terminal
deaxynudleotidyl transferase (TdT). The detected TdT™ cells were studied in detail by use of
double marker analyses for TdT and differentiation markers, such as myeloid markers (CD13
and CD33), B cell markers, T cell markers, and the precursor antigen CD34. In 15 (25%) of
these leukemic cell samples, we found no TdT ™ cells or low percentages of CD10™, TdT+
cells; the latter probably represent precursor B cells. In the other 45 (75%) AML myeloid
marker™, TdT™*, CD10™ cells were detected, ranging from 0.1%-10% {n=24) or over 10%
(n=21) of mononuclear cells (MNC). interestingly, a higher frequency of CD34 positivity was
found on the TdT™ cells as compared to the TdT™ cells, suggesting that the TdT™ cells
represent an immature leukermic subpopulation. Therefors, it may be speculated that the TdT ™
subpopulation contains the clonogenic AML cells. In two patients, in whom immunological
marker analysis was performed at initial diagnosis as well as at relapse, an expansion of the
TdT™ subpopulation was documented at relapse, which may reflect a reduced differentiation
capacity of the leukemic cells. Previous studies on a series of non-leukemic bone marrow (BM)
and peripheral blood (PB) samples revealed that normal counterparts of myeloid marker™,
TdT™ celis are rare in BM (< 0.03%, if they occur at all) and that such cells are not detectable

° Published in: Leukemia 7990;4:404-410. In the original article eight leukemias were classified as acute
undifferentiated leukemia. According to the recently redefined criteria (see Chapter 1) seven out of these eight
leukemias were reclassified as AML-MO.
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in PB. Therefore myeloid marker, TdT double stainings may be useful to monitor the TdT
leukemic subpopulation in patients with a TdTT AML during and after chemotherapy. Our
preliminary results on the follow-up of two such patients support this hypothesis.

INTRODUCTION

TdT is an enzyme which is probably involved in the insertion of nucleotides during
rearrangement of immunoglobulin heavy chain (IgH) genes and T céll receptor 8 chain (TcR-8)
genes (1-3). it is found on the nuclear membrane of normal precurser B and T cells as well as
their malignant counterparts, i.e., acute lymphoblastic leukemias (ALL) and some lymphoblastic
lymphornas (4,5). The expression of TdT by almost all ALL and the majority of the lymphoblas-
tic lymphomas makes TdT very suitable as a marker for these malignancies at diagnosis as well
as during follow-up (4-8).

TdT positivity is also found in some AML (7-18). In conirast to ALL, a great variability in the
number of TdT positive cells is observed and the intensity of TdT expression per cell is usually
lower (9,11-13,15). Initially about 10% of AML was thought to be TdT™ (7,8), but in some
recent reports percentages between 20% and 46% are mentioned (9,12-14). These differences
may be explained by the sensitivity of the immunocytochemical procedure usad and the types
of AML under study as well as the percentage of TdT* cells which is accepted as the lower
lirmit for the diagnosis of a TdT™ AML. (8,11,13-15). in most recent studies this lower fmit was
10% (10,11,13-15), but it is likely that in some AML a smaller TdT " subpopulation is present.

We have analyzed 60 AML for the presence of 2 TdT T subpopulaticn using double marker
analyses for TdT and differentiation markers, such as myeloid markers, B cell markers, and T
cell markers. it was found that in the majority of AML 2 TdT ™ leukemic subpopuiation ¢an be
detected. In addition, we applied double marker analysis to monitor the TdT™ leukemic
subpopulation in two AML patients during and after chemaotherapy.

MATERIALS AND METHCDS
Patients

PB and/or BM cells from 60 consecutive AML patients were investigated; 17 patients were chiidren (< 18
years). Patients with 2 myeloid blast crisis of a chronic myelocytic leukemia or patients who were known with a
preceding myelodysplastic syndrome were not included. In six patients the analyses were performed at first relapse
(n="5) orat second relapse (n=1). The diagnosis of AML was based on cytomorphology of PB and, when available,
BM smears stained for May Griinwald Giemsa and cytochemistry (Sudan black B, myeloperoxidase and o-
naphtylacetate esterase). The cases were classified according to the revised criteria of the French American British
{FAB) group (17).
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Immunolegical marker analysis

MNC were isolated from BM or PB by Ficoll Pague (density: 1.077 g/cma: Pharmacia, Uppsala, Sweden)
density centrifugation. MNC were incubated with monoclonal antibodies (McAb) as described (18). Several McAb
were used, including the B cell markers: CD19 (B4; Coulter Clone, Hialeah, FL, USA} and CD10 (VIL-A1; Dr. W.
Knapp, Vienna, Austria); the T cell markers; CD2 (T11; Coulter Clone}), CD3 (Leu-4; Becton Dickinson, San Jose,
CA, USA), and CD7 (3A1; American Type Culture Collection, Rockville, MD, USA); the myeloid monocytic markers:
CD13 (My7; Coulter Clone), CD14 (My4; Coulter Clone), CD15 {ViM-D5; Dr. W. Knapp), and CD33 (My8; Coulter
Clone); the non-lineage specific markers: CD34 (BI-3CS; Seralab, Crawley Down, UK) and HLA-DR (L243; Becton
Dickinson). In addition, a few ieukemias were tested with the myeloid marker COwW8S (VIM-2; Dr. W. Knapp). As
a second step reagent we used a fluorescein isothiocyanate (FITC} conjugated goat anti-mouse immunoglobulin
{lg} antiserum (Central Laboratory of the Blood Transfusion Service, Amsterdam, The Netherlands). A leukemia was
regarded to be positive for an immunolegical marker if more than 20% of MMC expressed the marker. However,
in the CD2 and CD7 expression, we decided that the percentages positivity had to exceed the CD3 expression
more than 20% because CD3 ™' T lymphocytes also express CD2 and CD7. The expression of TdT was detected
Dy use of a rabbit anti-TdT antiserum and a FITC-conjugated goat anti-rabbit 1g antiserum (Supertechs, Bethesda,
MDD, USA). Only the characteristic nuclear TdT staining was taken as positive. Double marker analyses for TdT and
several surface membrane antigens, such as CD2, CD7, CD10, CD13, CD14, CD15, CD19, CD33, CD34, CDwes,
and HLA-DR were performed as described (18). In short: MNC were labeled with a McAb and a tetramethyl-
rhodamine (TRITC) conjugated goat anti-mouse |g antiserum (Central Laboratory of the Blood Transfusion Service).
The labeled cells were spun onto slides by use of a eytocentrifuge (Nordic Immunological Laboratories, Tilburg,
The Netheriands) and subjected to the TdT staining. No cross-reactivity between the goat anti-rabbit ig antiserum
and the applicated McAb was observed, If possible, at least 200 TdT ¥ ceils were analyzed; when MNC samples
contained less than 1% of TdT* ¢ells, two cytocentrifuge preparations (total ~ 50,000 MNC) were screened. The
immunofiuoresence (IF} labelings were analyzed on Zeiss fluorescence microscopes (Carl Zeiss, Oberkochen,
Germany), equipped with phase contrast facilities (18).

Follow-up of two AML patients

BM samples from two AML patients (M.M. and B.B.) were monitored for the presence of CD33 ™, TdT ¥ cells
during and after chemotherapy.

RESULTS

Fifty-nine leukemias were classified as acute myeloblastic leukemia (AML), and one jeu-
kernia was minimally differentiated, lacked myeloid marker expression and therefore classified
as acute undifferentiated leukemia (AUL). In Table 1 the leukemias are listed according to their
FAB diagnosis. Age, sex, white blood cell (WBC) count, percentage of blast cells in BM and
PB, hemoglobin (Hb) level, platelet count of each patient, as well as FAB diagnosis of each
leukemia are shown in Tables 2, 3, and 4.
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TdT expression

TdT™ cells were demonstrated in the majority (47 of 80) of the cell sampies. The per-
centage of TdT™ cells varied from 0.1%-83%. The intensity of the TdT expression on the
nuclear membrane of the blast cells varied from leukemia to leukemia. In general, the TdT
staining was weaker than the TdT staining in ALL. Myeioid marker™, TdT™* cells could be
demonstrated in 75% of the AML. These double positive cells had a myeloid appearance in
phase contrast morphology and were negative for the lymphoid marker CD10. No obvious
relationship between the presence or absence of myeloid marker™, TdT™ cells and the FAB
subtypes could be found, except for FAB-MS in which subgroup conly a minority of the
leukemias (3 of 8) contained such double positive cells (Table 1). In Tables 2, 3, and 4, the
leukemias are listed according to the frequency of myeloid marker*, TdT* cells. In Table 2,
15 leukemias are grouped in which no myeloid marker ™, TdT™ cells were found; two AML BM
samples contained 2.1% (patient M.S.) and 0.15% (patient JW.) TdT ™ precursor B celis. The

latter was demonstrated by

TABLE 1. Presence of myeloid marker, TdT* celis in 60 AML. use of double marker analysis,
which revealed that the TdT™*
Leukernia type Total number Number of AML cells in the BM samples from
according to of AML per with myeloid mar- ient M. i W.
the FAB group FAB group ker™, TdT™ cells patie S. and patient J.

were CD10™ and myeloid mar-
M1 ker™. Data about leukemias

7 6
M2 22 18 with a myeloid marker ™, TdT™
M - M subpopulation are summarized
Ms 8 3 in Table 3 (0.1%-10% TdT*
HS/AUL § ? cells) and Table 4 (>10%

TdT™ cells).

Single immunological marker analysis

The results of the immunclogical marker analysis of the leukemias are summarized in
Tables 2, 3, and 4. With the exception of cne leukemia (patient H.B.), positivity for CD13
and/or CD33 was found in all leukemnias. The majority of the leukemias was positive for HLA-
DR, while in some leukemias no or only low percentages of HLA-DR positive cells were
demonstrated. The HLA-DR™ leukemias mainly belonged to the FAB subgroups M1, M2, and
M3. Expression of CD14 seems to be restricted to AML-M4 and AML-M5, although CD14
positivity was also found in two AML-M2 (patients N.L. and M.W.}. CD15 expression was found
in some AML-M4 and AML-M5, but this antigen was also expressed by some other leukemias
(e.g., the AUL from patient H.B., the AML-MOC from patient B.M., and the two AML-MB from
patients S.M. and M.M.). CD7 expression was found on 11 "more iImmature” leukemias (.e.,
AML-MO, M1, M2, and M4). CD34 was expressed by most leukemias tested; the percentages



TABLE 2. Fifteen AML without myeloid marker®, TdT* cells,
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TABLE 3, Twenty-four AML with 0,1%-10% ol myeloid marker*, TdT* cells.
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CK 68 F 53 68 57 42 39 M2 BM 6 15 12 10 0 a3@3)  8(0) 60) 70(6) 62(96)
JR. 75 M 47 ND 71 39 12 M PB 6 9(2) 8 91(35) <1(¥) 2(0) 64(58) '%(0) %) 13(14) 49(44) 67(a9)
M.V. 13 F B85 67 31 74 158 M4 BM 7 46(31) 8 17(3) 0(0) 3(1) B1{29) 38(0) 6(0) 76(45) 55(81) 60(16)
R.S. 18 M 150 97 95 42 81 Mo PB 7 1(%) 1 77(54) O 3 00 o0 1 96(28) O(c) 83(80)
Lb. 26 M 105 89 77 69 103 Ma®° PB 9  4(1) % 20(i5) of) o0 21 o)  4(0) 65() 25(96) 99(96)

. Percenfages positivity for surface membrane marker per TdT posltive cells as determined by double {F stainlng,
. ND; not determined.

. Including erytroblasts,

CDw85 was found to be positive: 49% per MNG and 84% per TdT* calls.

. Analyses performed at first refapse,
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of CD34 postitivity varied from 0.5%-83%. CD2 and CD19 were only expressed by two and three
AML, respectively. CD10 was negative on all cases, with the exception of low percentages
Co10™ cells in some cell samples; these cells probably represent precursor B cells.

immunological marker analysis of TdT™ cells

The results of the double marker analysis, i.e., the percentages of TdT* cells which
express a certain differentiation marker, are shown in Tables 2, 3, and 4. Some differences
were observed between marker expression by the TdT ™ cells as compared with the expression
of those markers by the total population of MNC.

With the exception of the AUL mentioned above (patient H.B.), expression for CD13 and/or
D33 was found on the TdT™ cslls (Figure 1). However, in five leukemias these pan-myeloid
markers were only expressed by < 20% of the TdT ' cells. Additional testing for CDWE5 in two
of these five cases (patients M.L. and F.W.) revealed that a majority of the TdT ™ cells
expressed CDwB5. In one BM sample (patient A.H.) with 0.5% TdT™ cells, it was found that
25% of the TdT™ cells were CD10* and 70% of the TdT* cells were CD33". The CD10™,
TdT™ cells were usually smaller and did express TdT stronger than the CD33™, TdT ™ cells.
The former probably represented a smali population of precursor B cells, while the latter were
assumed to be a part of the leukemia in this patient. In all other leukemic cell samples listed
in Tables 3 and 4, no significant percentages of CD10T, TdT™ cells were demonstrated. In
most TdT™ AML, the CD34 antigen was expressed in stronger (.., a higher antigen density)
as well as in higher percentages by TdT* cells than by TdT~ cells. in most leukemias expres-

Figure 1. Double IF staining for CD33 and TdT on PEB cells from patient P.B. at diagnosis. A: phase contrast
morphology; B: TdT positive cell (FITC labeled); C: CD33 (My9) positive cells (TRITC labeled). The majority of the
cells, including the TdT * cell, are positive for CD33.



TABLE 4. Twenty-one AML with >10% of myeloid markert, TdT* cells,
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& o o 2 £ K %5 - Immunological marker analysls per MNG (per TdT* cells)®
] 5 % @ 8 @ a S, 2
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TdT CD2 CD3 CD7 D10 CDig €DI13 CD14 CD15 CD33 CD34 HLA-DR

MM. i7 M t7 7 0 72 38 M BM 11 9(¥) 10 10(8) <1(%) 8() 2(39) 2(0) 38(0) 57(97) 5(26) 32(26)
N.A 46 M 18 81 68 68 38 M2 PB 11 15(0) 18 13(0) <i(1) 9@  5(1) 2(0) 1(6) 55(20) 10(87) 79(67)
B.B. 13 F 20 73 58 28 14 M4 BM 12 3 % 20  0(0) 82(89) 3(0) 1500} 92(95) 74(26)
FH. 34 M 3 90 76 76 108 Msa PB 12 43(0) 23 23(0) o©{0) 8(0) 25(68) 69(13) 0{0) 56(12) 36(88) 74(98)
AV, 29 M 58 49 72 59 21 M2 BM 14 3(0) % 20(8) 2(2) 3(t} 83(E6) o0y OfC) B7(65) 92(39) 91(70)
LB. 60 M 110 70 34 63 35 M4 PB 15 20(0) 30 24(0) 0(0) 16(0) t4(1) 27(0) 3(17) 20(0) 81(s8) 41(89)
AS. 71 M 08 8 16 83 50 Mi BM 17 33(0) 26 23(0) of0) O( 35(9) “@ 10} 14(64) 39(s8) 3(0)
c.0. g6 F 80 87 8 659 15 M2 PB 17 10(0) 7 10(0) 0(0) 1(0) 85(98) 5(0) O0(0) 86(81) 85(93) 90(06)
PA. 53 M 47 95 88 7.4 81 M3 BM 20 %{(0) 2 %) o0 4@ o 98(97) 17(48) %(2)
MW, 76 F 32 80 29 55 115 M2 PB 22 23(¥) 27 25{0) <1(%) 5(0) 70{83) 28(0}) 3(0) 35(71) 45(94) 6(2)
VYV, 76 M 37 71 12 54 50 Msb  BM 24 1 7 9 0 2 &7(1) 50(16) 18(8) 29(0) 81(39)
PK. 16 F 29 39 18 38 20 M4 BM 25 5 2() o) 72(85) 1 7 0(o) 85(97)
WW. 4 M 36 50 1 90 153 M2° BM 20 8 10 20f27) 1(1) o) afo) 11(0) 55(9) 6
Jz 12 F 20 80 47 59 31 M2 BM 32 6(0) 5 70} o) 2(0) 60(67) 2000 32(0) 89(89) 57(16} 11(17)
EB. 53 F 56 95 82 46 17 M PB 45 20(0) 4 17(0) 0() 11(0) 89(8E) 9 4 80(85) 83(s9) 85(98)
FW. to M 33 67 8 657 38 M2 BM 47 3(0) 2 2(0) of0) 46(5) 45(11)% 3(0) 6(0) 55(6)° 43(97) 76(82)
CA. a8 F 42 75 97 54 11 Mi° PB 61 %({0) % 90(79) 0(0) %(0) 92(87) o) O} 74(39) 78(63) 81(87)
B.M. 76 F 11 95 67 43 39 Mo BM 65 21(0) 7 13(%) 0(0) 21(0) 48(50) 9(0) 39(16) 80(30) 87(99) B7(94)
P.G. 3 F a0 83 95 54 261 Mo BM 69 11(0} 6 15(4 0 w(©o) 78(08) 6 2 16(1) 17(8)
H.B. 67 F 27 91 54 55 67 Aul PB 78 22(0) 13 6{0) O 30 w(0)  0(0) 30(14) %(0) 78(96) 83(90)
AW. 4 F 26 96 83 44 38 M2 PB 83 8(0) 7 9(0) of) 1) 39 o) %{0) 97(99) 0(0) 3(0)

a, Perceniages posliyity for surface membrane marker per TdT positive cells as determined by double IF stalning,

b. Including erytroblasts.

¢. Analysas perforined at fitst relapse.

d. Chw6S was found 1o be positive: 43% per MNC and 45% peor TdT+ calls,

o, Analyses performed at secand relapse, In first relapse 1.5% GDt3¥, TdT™ cells wore detected.
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sion of HLA-DR by TdT* cells was comparable to the HLA-DR expression by the total
population of MNC. However, especially in some leukemias classified as AML-M4 or AML-M5,
the TdT~ cells expressed HLA-DR stronger and in higher frequencies than the TdT™ cells.
CD15 expression by TdT™ cells was found in low percentages (< 20%) in 10 leukemias.
interestingly, two of these leukemias (patients B.M. and H.B.) were AML-MO or AUL without any
maturation into granulocytic cells accoerding to morphologic criteria. CD14™, TdTH cells were
only demonstrated in two feukemias diagnosed as AML-MSa (patient F.H.) and AML-MSb
(patient V.V.). CD19 expression by TdT* cells was found in three leukemias classified as AML-
M2 (patients N.L., M.L., and FW.}. CD2*, TdT* cells were demonstrated in three AML-M4 (pa-
tients A.K., M.B., and M.V.), while CD7 expression by > 20% of the TdT* cells was found in
eight AML cases.

Follow-up of two AML patients

Follow-up studies were performed in patients B.B. and M.M. Hemaiologic data as well as
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the immunoiogical phenotypes of these two AML at diagnosis are given in Tabie 4. The results
of the follow-up studies are summarized in Figure 2.

In both patients about 10% of the [eukemic BM cells at diagnosis expressed both TdT and
CD33. in patient B.B. 0.05% of CD33™", TdTT cells were found in the BM 4 weeks after
stopping therapy. Subsequently, the percentage of double positive cells gradually increased.
Seven months after stopping therapy and 6 months after the first detection of CD337, TdT™
cells a BM relapse ocowrred, as proven by cytomorphology. Patient M.M. achieved complete
cytomorphologic remission 10 weeks after diagnosis. However, in a2 BM samgle taken & weeks
later, 0.14% CD33*, TdT™ cells were still present. Ansther 14 weeks later this patient relapsed,

DISCUSSION

According to the literature TdT expression can be found in 5%-48% of AML {7-16). The
differences in incidence of TAdTT AML can be explained by the types of AML examined as well
as the sensitivity of the method used to detect TdT (9,11,13-15). In most publications an AML
was regarded to be TdT* when at least 10% of MNC expressed TdT (10,11,13-15). In our
study 35% (21 of 80) of the AML met this criterium (Table 4), a percentage which corresponds
with some iterature data (8,11-13). However, in eight out of these 21 leukemias, the percentage
of TdT* cells was between 10% and 20%, and in anly five leukemias did the majority (> 50%)
of the AML cells express TdT. These results are in line with the observation that in most TdT™
AML only a subpopulation of the AML cells is TdT ™ (7,9,12-14). This reflects the hetercgeneity
that is often seen in AML (18,20). Based on these observations we anticipated that also small
TdT* subpopulations (<10% of MNC) may oceur. Using double marker analysis for TdT and
surface membrane markers, it was indeed found that in 40% of the AML in this study such a
small TdT ™ subpopulation was present (Table 3). These TdT™ cells generally expressed TdT
weakly, had a myeloid appearance in phase contrast microscopy, expressed the same myeloid
markers as the TdT~ leukemic ceils, and were-CD10™. Therefore, it was concluded that these
TdT™ celis belonged to the leukemia. All together, in ebout 75% of AML a TdT ' subpopulation
taking up 0.1% 10 83% of MNC was detected.

The occurrence of TdT* cells within an AML appears to be independent of the FAB
diagnosis. Only within the "more mature’ AML-M5 subgroup, TdT™ cells were found in a
minority of the leukemias (Table 1). This is in contrast with a report, which describes a higher
incidence of TdTT AML among the monocytic variants (21). On the other hand, several
investigators have associated TdT expression with~ immature myeloid leukemias
{12,14,15,22,23). in this respect, the finding of a stronger (higher density) CD34 expression by
TdT T cells as compared with TdT~ cells in most AML is interesting. CD34 is expressed by
progenitor celis in normal BM as well as immature acute leukemias (24). Therefore, it is likely
that the CD34 7, TdT™ cells represent the immature subpopulation within an AML. Such an
immature CD34 ™, TdT™ subpopulation was detected in the majority of AML but appeared to
vary in size (Tables 3 and 4). The presence of a relationship between TdT expression and
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immaturity is also suggested by a higher frequency of TdT™ cells at relapse as compared to
the frequency at diagnosis. This is illustrated by the data on the two patierts in Figure 2 which
document an expansion of the TdT* leukemic subpopulation from 10% at dizgnosis to 48%
(patient B.B.) or to 25% (patient M.M.) &t relapse. Such an increase of the TdT ™ subpaopulation
was also observed in patient C.A. {Table 4), who had 81% TdT* cells at second relapse but
only 1.5% CD13*, TdT™* cells at first relapse. The expansion of the TAT* subpopulation within
an AML at relapse may reflect the reduced differentiation capacity of the leukemic cells {25).
These combined data lead us to speculate that the TdT ™ leukemic subpopulation contains the
AML cells with clonogenic properties.

We not only found a variation between the AML in the percentage of TdT T cells, but there
was also a marked heterogeneity with respect to the surface membrane markers expressed
by the TdT ™ cells (Tables 3 and 4). K is interesting to correlate the immunological phenctype
of all MNC and especially of the TdT™ cells with other features of the AML, such as cytomor-
phology and cytogenetics. We recently postulated a correlation between translocation (8;2) and
the immunological phenotype HLA-DR™, CD13™, partly TdT™ (26). However, such compa-
risons are often hampered by the morpholegic and immunophenotypic heterogeneity present
in most AML. This partly explains the poor correlation between immunophenctype and
cytomorphologic diagnosis as reported in the literature (19,21,27-29) and as found in this
study. These discrepancies can further be explained by the fact that Ficoll density separation
for immunoclogical marker analysis of MNC may enrich for more immature cells, while on the
other hand the morphologic diagnosis is based on the presence of maturation characteristics,
even when it concerns a minor leukemic subpopulation (e.g., 3% peroxidase or Sudan black
positive ¢ells for the diagnosis AML-M1) (17).

In our series of AML we did not find "mixed" acute leukemias, such as mixtures of relatively
large populations of CD10T, TdT™ lymphoblasts and CD13™", CD33™ myeloblasts {30,31).
However, in several AML a part of the leukemic cells expressed “lymphoid* markers such as
CDz, CD7, or CD19. Whether this represents aberrant leukemia associated expression or
whether normal counterparts of such cells occur can only be studied by careful double marker
analysis of normal BM samples.

I TdT is expressed by the immature cells within the leukemiz, it is interesting 1o monitor this
immature subpopulation in AML patients during and after chemotherapy. This follow-up can be
performed by use of double marker analysis for a particular myeloid marker and TdT. The
choice of the myeloid markers should depend on immuncphenotype of the leukemia at
diagnosis. For the interpretation of the results of these double marker analyses, it is important
to know whether each myeloid marker ™, TdT™" cell can be regarded as malignant or whether
such cells also oceur in normal cell samples. Previous studies revealed that CD13 ™7, TdT ™ cells
and/or CD33™", TdT™ cells are present in low frequencies {0.001% - 0.03%) in the majority of
the BM samples from healthy volunteers and non-leukemia patients, while these cells are
absent in most BM samples taken during and after chemotherapy from patients with an ALL
in continuous complete remission (CR) (32,33). in PB samples from healthy volunteers and
from patients with an ALL in continucus CR, such double positive cells are not detectable (32).
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Therefore, a single finding of a low percentage of myeloid marker™, TdTY cells (<0.03%) in
BM should be interpreted with caution. When higher percentages (>0.03%) of myeioid mar-
ker™, TdT™ cells are detected, residual AML can be suspected, especially when the number
of these cells increase during follow-up or when double positive cells are detected in PB. We
recently started 2 follow-up study using double marker analysis for a myeloid marker and TdT
in TdT* AML patients to detect minimal residual disease. Myeloid marker*, TdT ™ cells could
be demonstrated in BM samples from two patients in cytomorphologic CR who relapsed later
on. As illustrated in Figure 2, 2 gradual increase of CD33 ™, TdT ™ cells was observed in patient
B.B. during the 8-months period before relapse occurred. Patient M.M., who was in CR for 20
weeks, never obtained remission based on the results of immunoclogical marker analysis.
Therefare, double marker analysis for a myeloid marker and TdT may be useful for the
detection of minimal disease during follow-up of AML patients. Furthermore, such follow-up can
provide information about responses upon different chemotherapeutical drugs as well 2s about
growth kinetics of the tumor cells.

In conclusion, in the majority of AML, a TdT subpopulation can be detected. These TdT™
cells probably represent the immature leukemic subpopulation which may contain the
clonogenic AML cells. Furthermore, our results indicate that double marker analysis for TdT
and a myeloid marker may represent a2 powerful tool for detection of minimal residual disease
as well as the detection of early relapse.
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CHAPTER 4.3

DETECTICN OF RESIDUAL DISEASE IN AML PATIENTS BY USE OF
DOUBLE IMMUNOLOGICAL MARKER ANALYSIS FOR TERMINAL
DEOXYNUCLEQTIDYL TRANSFERASE AND MYELOID MARKERS™
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Herbert Hooijkaas1 and Jacques J.M. van Dongen1
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3. Department of Padiatrics, Subdivision Pediatric Hematology-Oncology,
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SUMMARY

in the majority of patients with acute myeioid leukemia (AML) immature leukemic
subpopulations expressing myeloid markers and terminal deoxynucleotidy! transferase (TdT)
are present. The normal counterparts of these double positive cells are rare in bone marrow
(BM) (<0.08%,; if they occur at all) and are not detectable in peripheral biood (PB). In 14
patients with TdT+ AML at diagnosis we have performed a prospective follow-up study to
monitor the myeloid marker™®, TdT* cells during and after chemotherapy.

One patient did not obtain compiete remission (CR), a second patient relapsed under
therapy, whereas the other 12 patients were in cytomorphological CR at the end of
chemotherapy. During subseguent follow-up seven of these 12 patients developed one or two
relapses (total of ten relapses). Nine of these ten relapses were preceded by a gradual
increase of myeloid marker™, TdT celis in BM and PB samples over a period of (14-38
weeks). In one patient the relapse was not preceded by a gradual increase of double positive
cells. This false negative result was caused by a phenotypic shift, since at relapse the AML
cells dig not express TdT.

In the five AML patients who still are in continuous cytomorpholegical CR for 32-46 months
we repeatedly detected relatively high percentages of myeloid marker ™, TdT ™ cells in BM (up
to 0.1%) and PB (up to 0.02%). Although we could not prove the leukemic origin of these
double positive cells, they might represent residual dysplastic AML cells which survived
chemotherapy but which are not capable of causing ieukemia regrowth as yet. This would be
in line with recent polymerage chain reaction (PCR) studies, which could demenstrate the

" Leukemia, in press.
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persistence of leukemic clones in the majority of AML patients in continuous CR.

itis concluded that double immuncfluorescence (IF) labeling for myeloid markers and TdT
is a powerful tool to detect residual disease in TdT AML patients. A gradual increase of
doubie positive ceils is highly suggestive for leukemic celf regrowth and can be used to predict
relapse.

INTRODUCTION

During the last decades progress has been made in the treatment of AML. intensive
chemaotherapy results in a remission rates of 60%-80%, but without bone marrow transplantati-
on {BMT) the majority of patients relapse (1-3). Depending on their age, only 15% to 40% of
AML patients are curred, i.e. achieve S-year disease for survival (1-3). Cure rates of 40%-50%
have been reported after allogeneic BMT (4,5) or after a combination of high dose chemothera-
py and autologous BMT (ABMT) (8). Apparently, low numbers of leukemic cells persist, in most
AML patients although they are undetectable by conventional cytomorphological techniques.
These methods have a detection [imit of 1% to 5% (1 to 5 leukemic cells between 100 normal
cells), which implies that over 10" 0 AML cells might remain undetectable (7-8). Therefore, more
sensitive techniquas are needed to evaluate the effectiveness of the applied treatment, i.e. the
reduction of tumor mass. Such information is essential for adaptation of treatment protocols.
Sensitive techniques can also be helpful to recognize the development of relapse in an early
phase and they can be used to determine the optimal time point for harvesting BM grafts for
ABMT and 10 screen the obtained autologous grafts for the presence of residual leukemic cells.

Several methods for the detection of minimal residual disease (MRD) in AML have been
evaluated, including morphology, cytogenstics (10-14), cell culture systems (15,186), cell kinetic
analysis (17), immunological marker analysis (8,18,19), molecular biological techniques (20-28),
cancer procoagulant assay (28), and magnetic resonance imaging (30-32). The application of
cytogenetics or molecular biological techniques requires the presence of a clonal chromosome
aberration, a gene rearrangement, or a mutation. If the aberration is known precisely, the PCR
technique can theoretically detect tumor specific sequences with a detection limit down to 1075
{1 leukemic cell between 10° normal cells) (9,25,26). At present, most methods for MRD
detection are only appiicable in 2 minority of AML patients. The PCR technigue can be applied
in AML patients with a specific well-defined chromosome aberration, such as £(9;22), t(15;17),
or 1(8;8), or with cross-lineage rearrangements of immunoglobulin (Ig) and/or T cell receptor
{TcR) genes (9,24-28,33-36). Cytogenetics and cell culture systems are only useful in AML
which proliferate in vitro. An additional problem in the application of most methods is that
guantification of the tumor burden is difficult or impossible.

The use of immunological marker analysis for detection of MRD is hampered by the fact
that the imrmunophenctype of AML cells is comparable 1o that of normal immature hematopoe-
tic cells (37,38). This implies that the presence of these normal cells limits the immunological
detectability of the leukemic cells. For most markers this results in detection limits, which are
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not lower than 1% to 10% (10_2 to 10”1 (8,18). Using double IF staining for TdT and the
pan-myeloid markers CD13, CD33, or CDw85, we could demonstrate expression of TdT in
~75% of AML (39). In contrast to acute lymphoblastic leukemias (ALL), in AML the TdT
expression is often restricted to a subpopulation of the AML cells, which is llustrated by the
finding that in half of the TdT ™ AML the frequency of myeloid marker™*, TdT™ cells is less than
10%. Interestingly, the precurser antigen CD34 is expressed in much higher frequencies on the
TdT leukemic cells than on the TdT— leukemic cells, suggesting that the TdT* cell fraction
represents an immature subpopulation, which might contain the clonogenic AML cells (3€).
Extensive control studies have revealed that normal counterparts of the myeloid marker™,
TdT™ cells are rare in BM (<0.03%, if they occur at all) and that such cells are not detectable
in PB (40,41). Using fluorescence microscopy, TdT cells are reliably detectable on
cytocentrifuge preparations with a detection limit of 0.01% to 0.001% (107 to 10™°), depending
on the number of cells scanned (42,43).

To investigate whether double IF staining for 2 myeloid marker and TdT can be used to
detect MRD in AML patients we performed a prospective follow-up study to monitor myeloid
marker ™, TdT* cells in patients with 2 TdT™ AML during and after therapy. Fluorescence
microscopy was used to identify the myeloid marker ™, TdT™* cells. Although double IF staining
for TdT and surface membrane markers can be performed by use of flow cytometry, the
detection limit of this metheod is not as low as the microscopic method (44-48). Furthermore,
microscopy enables the identification of the typical nuclear expression pattern of TdT as well
as some morphological aspects at the single cell level, whereas flow cytometry can not identify
subcellular staining patterns and only allows reliable analysis of cell populations instead of
individual cells.

MATERIALS AND METHORS
Patients

Fourteen patients (aged 3-73 years) were diagnosed to have AML. The diagnosis was based on the
cytomorphalogy of PB and BM smears stained for May Grinwald Giemsa and cytochemistry (Sudan black B,
myeloperoxidase, periodic acid-schiff, and @-naphtylacetate esterase). The patients were classified according to
the revised French American British (FAB) criteria (47). Treatenent was instituted according to the ANLL-87 protocol
of the Dutch Childhood Leukemia Study Group (DCLSG) in case of children (<16 years). Adults were treated
according to the AML~4 protocol (16-60 years of age) of Stichting Hemato-Oncologie voor Volwassenen Nederland
(HOVON} or AML-11 protocol (>80 years of age) of the EORTC leukemia group and HOVON. All three
chemaotherapy regimens are outlined in Table 1. According to the treatment protocols patients were examined
frequently. At regular intervals PB and BM samples were evaluated for cellularity and cytomorphology. CR was
defined by less than 5% blasts in a normoceliuiar BM with normal PB cell counts including more than 1 x 10%/1
granulocytes and more than 100 x 10? /1 platelets and the absence of extramedullary leukemic manifestations.
Partial remission (PR) was defined as a BM showing more than 5% but fewer than 25% blasts and PB showing
more than 0.5 x 10%/1 granufocytes and more than 25 x 10°%/1 platelets.
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TABLE 1. Treatment protocols.

DCLSG-ANLL-87 protocol

Induction treatment Ara-C 100 mg/m? 14x
DNR 30 mg/m* 6%
Etoposide 150 mg/m? ax

Consolidation treatment consisting of Prednisen, 6 Thioguanineg, Vincristine, Adriamyein, Ara-C, and Cyclophospha-
mide

Intensification treatment HD-Ara-C 3000 mg/m2 Bx
{2 courses) Etoposide 125 mg/m? 4x

HOVON-AML-4 protocol

Course | Ara-C 200 mg/m? 7%
DNR 45 mg/m2 3x
Course Il Ara-C 2000 mg/m? 6x
m-AMSA 120 mg/m* ax
Course il Mitoxantrone 10 mg/m? 5%
Etoposide 100 mg/m? 5%

Courses at 4 weeks intervals

EQRTC-HOVON-AML-17 protocol

Randomization 10 either standard therapy or standard therapy plus GM-CSF (5 pg/kg 28x or until granulocytes
reach 0.5x10% /1)

Induction treatment Ara-C 200 mg/m? 7%
DNR 30 mg/m2 3x

In case of CR ohe course, in case of PR two identical courses

Consolidation treatment Ara-C 200 mg/m* 7x
DNR 30 mg/m? X

Complete responders are randomized to no further treatment or maintenance treatrment of Ara-C (20 mg/m2 8x)

Abbreviations used: Ara-C = cytosine arabinoside, DNR = daunorubicin, m-AMSA = amsacrine,

immunological marker analysis

Cell samples.
Monenuclear cells (MNC) were isolated from BM and P8 sampies by Ficoli Paque {density 1.077 g/cma;

Pharmacia, Uppsala, Sweden} density centrifugation. Immunological marker analysis was performed on freshly
isolated MNC.

At diaghosis.

The MNC from BM and/or PB were incubated with monoclonal antibodies (McAb) as described (48). Several
McAb were used, including the B cell markers CD19 (B4; Coulter Clone, Hialeah, FL, USA) and CD10 (VIL-At; Dr.
W. Knapp, Vienng, Austria); the T cell markers CD2 (T11; Coulter Clong), CD3 {Leu-4; Becton Dickinson, San Jose,
CA, USA), and CD7 (3A1; American Type Culture Collection, Rockville, MD, USA); the myeloid monogytic markers
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CD13 (My7; Coulter Clane), CD14 (My4; Coulter Clone), CD15 (VIM-D5; Dr. W. Knapp), CD33 {My9; Coulter Clone),
and CDwss (VIM-2; Dr. W. Knapp); the erythroid marker glycophorin (Gp) A (VIE-G4; Dr. W. Knapp); the platelet
markers CD42a (FMC25; Seralab, Crawley Down, UK) and CD81 (C17; Central Laboratory of the Blood Transfusion
Service, Amsterdam, The Netherlands) and the non-iineage specific markers CD34 (Bi-3CS; Seralab) and HLA-DR
(L243; Becton Dickinson). Surface membrane markers were visualized by use of 2 fluorescein isothiocyanate (FITC)
conjugated goat anti-mouse Ig antiserum (Central Laboratory of the Blood Transfusion Service) and evaluated with
a FACScan flow cytometer (Becton Dickinson). A leukemia was regarded to be positive for a surface membrane
marker if more than 20% of the MNC expressed the marker. The expression of TdT was detected as described by
use of a rabbit anti-TdT antiserum and a FITC-conjugated goatanti-rabbit ig antiserum (Supertechs, Bethesdz, MD,
USA) (48). Double IF staining for TdT and several surface membrane antigens, i.e. CD2, CD7, CD10, CD13, CD14,
CD15, CD1g, CD33, CD34, COwSS, and a mixture of CD13 and CD33 were performed as described previously
(39,42,48). The binding of the McAb on the surface membrane was demonstrated by use of a tetramethylrhodamine
isothiocyanate (TRITC) conjugated goat anti-mouse ig antiserum (Central Laboratory of the Blood Transfusion
Service). The TdT IF labelings were analyzed on Zeiss fluorescence microscopes (Carl Zeiss, Oberkochen,
Germany), equipped with phase contrast facilities (48). The percentages of TdTY celis were determined by
analyzing at least 1000 MNC. In case of double IF staining at least 200 TdT * cells were analyzed if present; when
MNC samples contained less than 1% of TdT™ cells, two cytocentrifuge preparations (total ~50,000 MNG) were
scanned per double IF staining. In the latter cases the total number of MNC was calculated from the number of
MNC found in three different microscopic fields, which were representative for the whole cytocentrifuge slide.

During Follow-up.

If myeloid marker ™, TdT* cells were detected at diagnasis, the patient was included in the follow-up study.
BM and PE samples, regularly taken for cytomorphological evaluation, were investigated for the presence of
myeloid marker™, TdT* cells. For detection of myeloid marker epression we used a mixture of CD13 and CD33
McAb. In one case (patient P.Z}, we also analyzed the BM and PB samples for the presence of CDw85 ™, TdT+
cells, Labeling as well as analysis were performed as described above, which implies that at least either 200 TdT™

celis or all TAT* cells in two cytocentrifuge preparations were analyzed. The results of this immunological follow-up
were not used to adapt the treatment modality.

RESULTS

Patients

Age, sex, white blood cell (WBC) count, percentage of blast cells in BM and PB, and FAB
diagnosis of the 14 AML patients are given in Table 2. The five patients who were <18 years
of age were treated according to the DCLSG-ANLL-87 protocol, seven adult patients were
freated according to HOVON-AML-4, and two adult patients according to EORTC-HOVON AML-
11 (Tables 1 and 2). Follow-up data concerning the clinical phase and the treatment of each
individual patient are given in Figures 1-4.

Thirteen patients obtained CR within 3-41 weeks after start of treatment. One patient (V.V.)
did not obtain remission and died 18 weeks after AML diagnosis (Figure 1). Patient J.V.
relapsed under chemotherapy 24 weeks after diagnosis (Figure 1). Seven patients, who were
in CR at the end of chemoctherapy, developed one or two relapses (total of ten relapses) 7-27
menths after diagnosis (Figures 2 and 3). The cother five patients are in first CR for 3246
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Figure 1. Follow-up of two AML patients, who did not obtain CR (patient V.V.) or relapsed under chemotherapy
{patient J.V.), by use of double IF staining for TdT and a myeloid marker {CD13 (My7) or CD33 (Myg)]. Clinical
phase is based on both clinical observations and cytomorphology of 8M and PB samples. Symbols: -#, PB
samples; OO, BM samples. Abbreviations: D, diagnosis; CR, complete remission; Re, relapse; /, induction
treatment; C, consolidation treatment: MNC, mononuclear cells.

months (Figure 4).
To perform ABMT, BM from five patients was harvested 1-19 weeks after obtaining CR.
They received an ABMT 8-29 weeks after CR. Two patients (A.K. and R.G.) subsequently

relapsed (Figure 2), while the other three patients (M.K,, J.B., and C.K) are in first CR (Figure
4).

immunological marker analysis

At diagnosis.

Table 2 the results of the analyses for TdT, CD3, CD10, CD13, CD14, CD15, CD33, CD34,
CDw83, and HLA-DR as well as the expression of the various differentiation markers on the
TdT ™ cells are given. In patient K.B. analysis for TdT expression as well as double IF stainings
for myeloid markers and TdT were not performed at diagnosis, but 4 weeks after start of
treatment.

In all cases the AML cells were CD33* and in 11 patients also CD13%. Positivity for the
pan-myeloid marker CDWBS was also found in 11 AML (Table 2). The three AML classified as
gither AML-M4 or AML-M5b were CD14 ™. Three AML-M2 and one AML-M1 expressed CD15,
All but five AML were HLA-DR*. The AMi. were Gp A~ and CD42a™. in one AML (R.G.), 44%
of CD&1T cells were detected while other platelet markers (e.g. CD42a and CDS2) were
negative. In all other AML platelet markers were found to be negative. Expression of lymphoid
differentiation markers was demonstrated in six AML. This concerned weak positivity of CB18
in patients P.Z. and N.A,, positivity for CD2 in patients A.K. and M.V., positivity for CD7 in
patient J.B., and expression of both CD2 and CD7 in patients V.V. and R.G. Eight AML were
CD34 7, three additional AML contained 3%-10% CD34 ™ cells, and in the other three AML <1%
Ch34" were detected (Table 2).
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Figure 2. Follow-up of six AML patlents, who relapsed after termination of chemotherapy, by use of double IF
staining for TdT and a myeloid marker [CD13 (My7) or CD33 (My3)]. Clinical phase is based on beth clinical
observations and cytomorphology of BM and PB samples. Symbols: @@, PB samples; O-0, BM samples.
Abbreviations: D, diagnosis; CR, complete remission; Re, relapse; /, induction treatment; C, consoclidation
treatment; [nt, intensification treatment; P, palliative treatment; BMH, bone marrow harvest; ABMT, autologous bone
marrow transplantation; MNC, mononuclear cells.

In the 13 patients investigated at diagnosis the percentage of TdT ™ cells varied from 0.03%
to 32% (Tzable 2). By use of double IF staining we could demonstrate that in 12 AML the
majority of TAT™ cells expressed the myeloid markers CD13, CD33, and/or CDWE5 (Table 2).
in patient N.A. only 20% of the TdT + cells was myeloid marker*. The TdT* cells were CD34™
in nine AML while in the other four AML <5% of the TdT™ cells expressed CD34 {Table 2). In
each AML sample the percentage of CD10*, TdT* cells was <1% (Table 2). The TdT™ cells
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were negative for CD14 and CD15. Expression
of CO2 was found on the TdT™ cells in two
patients (A.K., M.V.}, CD7 in two other patients
(V.V.,R.G), and CD18 in patients P.Z. and N.A.

in patient K.B. analysis for TdT expression
was performed 4 weeks after start of chemothe-
rapy. At that time BM and PB contained 1.1%
and 0.11% of TdT™ cells, respectively. Double
IF staining revealed that 22% of the TdT™ cells
in BM and 4% of the TdT™ cells in PB expres-
sed CD33.

During Folfow-up.

We monitored the percentage of (CD13
and/or CD33)™, TdT™ cells in all 14 patients
during and after treatment. The results of this

Pationt B.5. (73:F)

=, myelold markert, TdT cells per MNG
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Figure 3. Follow-up of patient BS, by use of
double IF staining for TdT and a myeloid marker
[CD13 (My7) or CD33 (My9)]. Clinical phase is
hased on both clinical observations and cytomorp-
hology of BM and PE samples. Symbols: -, PB
samples; ©—3, BM samples. Abbreviations: D, dia-
gnosis; PR, partial remission; CA, complete remis-
sion; Re, relapse; /, induction treatment;, MNC,
mononuclear cells.

follow-up study are given in Figures 1-4.

PB from patient V.V., wheo did not obtain
remission, was manitored weekly. The percentage of myeloid marker*, TdT ™ cells only slightly
decreased during and after the first chemotherapy course. immediately after the second
chemotherapy course the percentage of myeloid marker™, TdT* cells declined, followed by
arapid increase to pre-treatment levels within 2 weeks. The third chemotherapy course seemed
not to effect the myeloid marker®, TdT™ cell population (Figure 1). In patient J.V., who
relapsed under chemotherapy, the number of myeloid marker*, TdT* cells declined under
chemotherapy but double positive cells remained detectable. At cytomorphological relapse the
percentages of myeloid marker™, TdT ™ cells were comparable with the percentages found at
diagnosis (Figure 1).

Figures 2 and 3 give the follow-up results of the seven patients who relapsed after
termination of chemotherapy. Three patients (A K., M.V., P.Z.} developed two relapses. During
treatment the percentages of myaloid marker*, TdT™ cells decreased, but low frequencies of
double positive cells remained detectable after cytomorphological CR was obtained. In the four
children of this group, who were treated according to the DCLSG-ANLL-87 protocol, the
percentages of myeloid marker®, TdTT cells decreased upon induction treatment, but
increased during subsequent consolidation treatment. Eventually the percentages of myeloid
marker*, TdT* cells decreased sharply after two intensification courses with high doses Ara-C
(Figure 2).

in six of the seven relapse patients we observed a gradual increase of myeloid marker ™,
TdT™ cells over a period of 14-38 weeks before cytomorphological relapss(s) (total of nine
relapses) (Figure 2). In six of the eight relapses analyzed, the percentage of myeloid marker ™,
TdT™ was higher than the percentages found at initial diagnosis or at previous relapse. in
patient P.Z. the percentages of CDW85 ™, TdT+ cells parallsled the percentages of (CD13
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Figure 4. Follow-up of five AML patients, who are in first continuous CR, by use of double IF staining for TdT and
a myeloid marker [CD13 (My7) or CD33 (My9)]. Clinical phase is based on both clinical observations and
cytomorphology of BM and PB samples. Symbols: @&, PB samples; C-O, BM sampies. Abbreviations: D,
diagnosis; CR, complete remission; PR, partial remission; /, induction treatment; €, consolidation treatment; BMH,
bone marrow harvest; ABMT, autologous bone marrow transplantation; MNC, mononuclear ceils.

and/or CD33)*, TdT™ celis. Two patients (R.G. and A.K.) received an ABMT during first
cytomorphological CR (R.G.) or second cytomorphological CR (A.K.). The autclogous BM
transplant of patient A.K., which was taken during first CR, was found to contain 0.1% of
myeloid markert, TdT+ cells.

in patient B.S. a decrement of the myeloid marker ™, TdT subpopulation was observed
after the third chemotherapy course when the patient obtained CR (Figure 3}. At relapse the
AML cells were TdT . This explains the lack of double positive cells during the period before
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relapse occurred.

In Figure 4 the follow-up results of the five patients in continuing first CR are given. After
termination of chemotherapy low frequencies of myeloid marker ™, TdT™ cells were repeatedly
detected in BM (<0.001%-0.1%) and/or PB (<0.001%-0.02%). Three patients (M.K., J.B., C.K)
received an ABMT. The transplant of patient J.B. was analyzed and was found to contain 0.1%
of myeloid marker™, TdT™* cells. |

DISCUSSION

We prospectively investigated the value of double IF stainings for myeloid markers and TdT
for detection of MRD in 14 patients with TdT* AML at diagnosis. During follaw-up, one patient
did not obtain remission and a second patient relapsed under chemotherapy, while the other
12 patients were still in cytomorphological CR at the end of chemotherapy. During subsequent
follow-up & total of ten relapses occurred in seven patients. Nine out of these ten relapses were
preceded by a gradual increase of myeloid marker ™, TdT™ cells over a period of 14-38 weeks
(median 31 weeks), which strongly suggests that it is possible to monitor leukemic cell growth
and to predict a cytomorphological relapse (Figure 2). Interestingly, the percentages of myeloid
markert, TdT™ cells in PB paralleled those in BM, indicating that AML patients can probably
be monitored by frequent analysis of their PB only. A comparable phenomenon has been found
during foliow-up of T-ALL patients using double IF stainings for a T cell marker and TdT (2,42).
The relapse in one patient (B.S.) was not detected earlier than by use of conventional
cytomorphology, because the leukemic cells of this patient at relapse were TdT— (Figure 3).
Although loss of antigen expression or lineage switching has not been reported frequently in
AML (8,49,50), this case demonstrates that such a phenomenon might be responsible for false
negative results in the detection of MRD. Comparable to previous resulis, in almost all relapsed
patients we faund a relative increase of the myeloid marker™, TdT* subpopuiation at relapse
when compared to the relative size of this population at diagnosis (38). The expansion of the
TdT* AML subpopulation and their CD34 paositivity in most patients supports the hypothesis
that TdT™' leukemic cells represent an immature leukemic subpopulation and provides
additional proof that it is relevant to monitor this subpopulation for the detection of MRD
{39,51).

Myeloid marker™, TdT™ celis were not only demonstrated in the patients who eventually
relapsed, but low frequencies of double positive cells were also detected in BM (up to 0.1%)
and PB {up to 0.02%) of the five patients who still are in first continuous cytomorphological CR
for 32-48 months (Figure 4). The myeloid marker™, TdT* phenctype is not lsukemia-specific,
since such cells have been found in BM samples of healthy volunteers and non-leukemia
patients (40,41). However, myeloid marker*, TaT* cells in normal BM are rare (<0.03%, if they
occur at all) and such double positive cells are not detectable in normal PB. Myeloid marker ™,
TdT* cells seem to occur more frequently in BM at older ages (40,41) and we have
demonstrated a relatively high proportion of mysloid marker™, TdT* cells in the BM and PB
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of patients with myelodysplastic syndromes (unpublished results). Given the refatively large
myeloid marker ™, TdT™ cell population in several of the AML patients in CR, it could be argued
that the cytostatic treatment induced expansion of the normal myeloid™ /TdT™ cells. However,
in most ALL patients In CR during and after chemotherapy no myeloid marker™, TdT* cells
were found (41). Therefore, we assume that the increased frequency of myeloid marker™,
TdT" celis iIn AML patients during first continuing CR is caused by residual dysplastic AML
celis, which survived chemotherapy but which are not capable of causing leukemia regrowth
as yet. This assumption is supported by data from the literature: A, Studies in AML patients
with polymorphic X-chromosome-linked enzymes demonstrated so-called clonal remission in
~30% of cases (52,53). B, In vitro culture in combination with immunolcgical marker analysis
demonstrated the persistence of leukemic clones in the majority of AML patients in CR (15,54).
C, Preliminary PCR studies on AML-M3 patients with 1{15;17) show that leukemia-specific
PML/RAR-c transcripts can be identified in the majority of patients during the first year of CR
(26-28). D, Late relapses can occur more than S years after diagnosis in AML patients (55-57).

To determire whether the residual myeloid marker ', TdT T cells in AML patients during first
continuing CR are indeed leukemic, the PCR technique and the double IF staining technique
have to be used next to each other. However in our group of 14 patients the PCR technigue
could not be used for MRD detection, since no suitable chromosome aberration was present,
nor could we demonstrate clonal ig or TcR gene rearrangements (34). Therefore, long-term
follow-up of our patients should reveal whether our assumption is correct.

The sensitive double IF staining method for the detection of low numbers of AML cells is
net only useful for the early detection of a relapse, but it can also give mare insight in the
binlogy of AML under treatment. The method can be appilied to determine the sensitivity for the
TdT* AML cells to the different courses of cytostatics and the results might be used for
adaptation or stratification of treatment protocols. After start of treatment we observed a decline
of the myeloid marker*, TdT™ cell population in most patients. In patient V.V., who did not
obtain remission, the results suggested that the TdT™ AML cells were only sensitive for a
combination of Ara-C and m-AMSA, but not for the other chemotherapy courses (Figure 1). In
the children who were treated according to the DCLSG-ANLL-87 protocoal, an increase of the
myeloid marker™, TdT™ cell population was seen during consoifidation treatment, followed by
a rapid decrease during intensification treatment (Figures 2 and 4). This observation suggests
that the TdT* leukemic celis are not sensitive for the cytostatic regimen during consolidation
treatment,

Although not the aim of this study, our data suggest that frequent analysis performed at
regular intervals may be used to determine the growth rate of AML cells during relapse (38).
The first relapse of patient P.Z. was preceded by a gradual increase of myeloid marker™, TaT™*
cells in the PB with a 3fold increase every 4 weeks (Figure 2). During this period both WBC
count and WBC differentiation stayed relatively constant. Thereiore, the doubling time of the
AML population during relapse in this patient was estimated to be 17 days. This is essentially
siower than the doubling time of 8.5 days, which was found in & T-ALL patient during relapse
(58). In a recently published case of inadvertent transmission of AML from an affected donor
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to a chronic myeloid leukemiz patient in CR, the recipient developed AML 8 months after she
received 1.2 x 10° myelnid blast cells per Kilogram body weight (58). Assuming that this AML

grew exponentially, a2 doubling time of ~15 days can be deduced, which is in line with our
results.

In conclusion, our results demonstrate that double [F staining for myeloid markers and TdT
represents a powerful tool for the detection of MRD in patients with TdTT AML. Low
frequencies of myeloid marker®, TdT™ cells {<0.1% in BM and <0.02% in PB) should be
interpreted with caution, while a gradual increase of double positive cells is highly predictive
for an imminent relapse.
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CHAPTER 4.4

IMMUNOGLOBULIN AND T CELL RECEPTOR GENE REARRANGEMENTS
IN ACUTE MYELOID LEUKEMIAS
Analysis of 54 cases and a review of the literature”

Henk J. Adriaansen, Petra W.C. Soefing,
ingrid L.M. Wolvers-Tettero and Jacques J.M. van Dongen

Department of immunology, University Hospital/Erasmus University, Rotterdarm, The Netherands.

SUMMARY

Fifty-four unselected acute myeloid leukemias (AML) were analyzed for their immunophe-
notype, especially the expression of terminal deoxynucleotidyl transferase (TdT), as well as for
rearrangements and/or deletions in the immunoglobulin (Ig) heavy {(IgH), gk, gy, T cell
receptor (TCR}-8, TcR-v, and TcR-6/« genes. In 15% (8/54) of the AML patients one or more
genes were rearranged. This especially concerned IgH gene rearrangements {seven cases)
and to & lesser sxtent rearrangements of Igs genes (one case), TcR-8 genes (three cases),
TcR-y genes (two cases), and TcR-§ genes (two cases). Combined results from this study and
from fiterature data on 378 unselected AML revealed that IgH gene rearrangements occurred
in 14% of AML and Igk gene rearrangements in 2% of AML patients. Rearrangements of Igx
genes have never been reported. Rearrangements of TcR-8 genes, TcR-y genes, and TcR-4
genes have been found in 7%, 5%, and 8% of AML, respectively. In this study it was not
possible to demonstrate an association between the presence of a TdT™ leukemic
subpopuiation and the occurrence of crossdineage Ig or TcR gene rearrangements in AML.
These rearrangements were detected in 13% (5/38) of AML with a TdT ™ leukemic subpopulati-
on and in 19% (3/16) of TdT™ AML. Review of these data and over 400 published AML cases
in which at least two different g and/or TcR genes had been investigated revealed that
cross-ineage rearrangements of these genes concur frequently. gk gene rearrangements were
only found in AML with rearranged IgH genes, whereas TcR- genes and TcR-y genes were
only rearranged in combination with rearranged TcR-é genes and/or IgH genes. Based on
these data, an ordered pattern of cross-lineage [g and TcR gene rearrangements in AML can
be postulated, in which rearrangemerits of igH genes or TcR-§ genes precede the other cross-

" Published in: Leukemia 1991;5:744-751. In the ariginal article eight leukemias were classified as acute
undifferentiated leukemia. According to the recently redefined criteria {see Chapter 1) seven out of these eight
leukemias were reclassified as AML-MO.
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lineage rearrangements.

INTRODUCTICN

The expression of Ig and TcR molecules by lymphocytes is preceded by a series of
higrarchically ordered somatic rearrangements of the variable (V), diversity (D), and joining (J)
gene segments which code for these molecules (1,2). From studies on acute lymphoblastic
leukemias (ALL), which can be regarded as malignant counterparts of immature lymphoid cells,
it is known that during B cell development igH gene rearrangement precedes rearrangement
of gk and Iga genes and that in the early stages of T cell differentiation rearrangement of TcR-§
genes is followed by rearrangement of TcR-y genes and TcR-g genes (3-7). Although ig and
TcR melecules are only expressed by B and T lymphocytes, respectively, rearrangements of
g and TcR genes appear not to be lineage restricted. Cross-lineage rearrangements of igH
genes have been cbserved in 10%-15% of T-ALL, while TcR-8, T¢R-y, and TcR-§ gene
rearrangements and/or deietions have been found in about 33%, 55%, and 80% of precursor
B-ALL, respectively (7-11). The occurrence of these cross-lineage rearrangements has been
explained by the assumption that B and T cells use a common recombinase for gene
rearrangement (12). TdT probably plays an important role during Ig and TcR gene rearrange-
ments by adding nucleotides at the junction sites of V-(D-)J gene segments, thereby increasing
the diversity of lg and TcR molecules (2,13-15).

AML can be regarded as malignant counterparts of either cells arrested at undifferentiated
stages or ceils arrested at early stages of the myeloid differentiation. Rearrangement of ig
and/or TcR genes have been reported to oceur in 0%-76% of AML (16-34). The precise
frequency of the cross-lineage gene rearrangements in AML is difficult to calculate from data
reported previously, because several studies have selected for particular subtypes of AML and
in most studies only a restricted number of Ig and T¢R genes have been investigated. Studies
in which all ig and TcR gene complexes (i.e. IgH, igk, Igh, TcR-8, TcR-y, and TcR-4 /) were
investigated are still lacking. Initially, an association between ig and/or TcR gene rearrange-
ments and the expression of the TdT in AML has been postulated (19,22,24,28), but this could
not be confirmed in some recent studies (25,26,30-32). In all these studies an AML was
considered to be TAT™ #the percentage of TdT™ cells was »10%, or even »25%. Recently, we
demonstrated that TdT ™ leukemic subpopulations occur in about 75% of the AML, but that the
percentage of these leukemic TdT™ cells is ¢<10% in 40% of AML (35).

The aim of our study was to determine the frequency of Ig and/or TcR rearrangements in
AML and whether these cross-ineage gene rearrangements correlate with the expression of
TdT. Fifty-four unselected AML patients were analyzed for the presence of a TdT+ subpopulati-
on using double marker analysis for TdT and myelcid markers (35), as well as for rearrange-
ments and/or delgtions in the IgH, Igx, ig), TcR-8, ToR-y, and TcR-§/¢ genes. To determine
whether Ig and TcR gene rearrangements in AML occur in an ordered fashion as found in ALL,
the results of these 54 AML and over 400 cases published previously were evaluated.
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MATERIALS AND METHODS
Patients and cell samples

Peripheral blood (PB} or bone marrow (BM) samples from 54 unselected AML patients were investigated.
Thirteen patients were chiidren (<18 years). Patients with a myeloid blast crisis of a chronic myelocytic leukemia
were not included. tn 50 patients the analyses were performed at diagnosis, in three patients at first relapse and
in one patient at second relapse. The diagnosis of AML was based on cytomorphology of PB and BM smears
stained for May Grinwald Giemsa and cytochemistry (Sudan black B, myeloperoxidase and -naphtylacetate
esterase). The patients were classified according to the revised French American British (FAB) criteria (36). AML
which were minimally differentiated were classified as either AML-MO or acute undifferentiated leukemia (AUL).
Mononuclear cells (MNC) were isolated from BM and PB samples by Ficoll Pague (density: 1.077 g/cm3;
Pharmacia, Uppsala, Sweden) density centrifugation. immunclogical marker analysis was performed on freshly
isolated MNC, whereas the MNC samples for DNA analyses were frozen and stored in ligquid nitrogen.

immunological marker analysis

The results of immunological marker analysis of 38 AML samples were published previously (35). Sixteen
additional AML samples were analyzed for the same markers, including the nuclear expression of TdT, the
expression of the 8 cell markers CD19 (B4) and CD10 (VIL-A1), the T cell markers CD2 (T11}, CD3 {Leu-4), and
CD7 (3A1), the myeloid monocytic markers CD13 (My7), CD14 (My4), CD15 (VIM-D5), CD33 (My9}, and CDwss
(VIM-2), the erythroid marker glycophorin A (GpA;VIE-G4), the platelet marker CD61 (C17), and the non-lineage
specific markers CD34 (BI-3CS) and HLA-DR (L.243). The rabbit anti-TdT antiserum was obtained from Supertechs
(Bethesda, MD, USA); the monoclional antibodies (McAb) 84, T11, My7, My4, and My9 were obtained from Coulter
Clone (Hiateah, FL, USA); Leu-< and £243 were obtained from Becton Dickinson {San Jose, CA, USA); VIL-A1,
VIM-D5, VIM-2, and VIE-G4 were gifts from Dr. W. Knapp (Vienna, Austria); the 3A1 hybridoma was obtzined from
the American Type Culture Collection (Rockville, MD, USA); the McAb C17 and BI-3C5 were obtained from Centrat
Laboratory of the Blood Transfusion Service (Amsterdam, The Netherands) and Seralab {Crawley Down, UK},
respectively. Immunological marker analysis was performed as described previously (37). Surface membrane
markers were visualized by use of a fluorescein isothiccyanate (FITC) conjugated goat anti-mouse 1g antiserum
(Central Laboratory of the Blood Transfusion Service) and evaluated with either Zeiss fluorescence microscopes
(Cart Zeiss, Oberkochen, Germany) or with a FACScan flowcytometer (Becton Dickinson). A leukemia was
regarded 1o be positive for an immunological marker if more than 20% of MNC expressed the marker. Binding of
the anti-TdT antiserum was visualized by use of an FITC-conjugated goat anti-rabbit Ig antiserum {Supertechs).
The surface membrane phenotype of TdT* cells was determined as described using double marker analysis for
TdT and membrane markers such as CD10, CD13, CL19, CD33, and COWE5 (35,37). The TdT immunofiuorescence
(IF} tabelings as well as the double marker analyses were analyzed with Zeiss fluorescence microscopes.

Southern blot analysis

DNA was isolated from MNC as described previously (38,35). DNA (15 [ig) was digested with the appropriate
restriction enzymes, obtained from Beehringer Mannheim (Mannheim, Germany) or Pharmacia. The restriction
fragments were size fractionated in 0.7% agarose gels and transferred to Nytran-13N nylon membranes (Schieicher
and Schuell, Dassel, Germany} (39). The probes were 32p random oligonucleotide labeled.

The configuration of IgH genhes was analyzed using a JH probe in Bgfll and in Hindlll digests (39). Igx
rearrangements were detected with a JK probe in Hindlll digests and a CK probe in BamHI digests (39). The



TABLE 1. Summary of the results of immunologlcal marker analysis of 54 AML patlents,

myeloid marker* TdT** CD2 cba Ch7 CDI0 CD13 CDi14  CDis CDI9 CD33 CD34 CDwss HLA-DR
Total group of AML ag/54" 5/52 0/54 8/64 0/54  40/84 17/54 17/84 2/52  48/53 29747  18/21 45/63
AML wih ig and/or TcR
gene regrrangements
patient FAB dlagnosis
P.M. AML-MO 0% - — — — — — —_ — + - + ¥
R.M. AME-M2 0% + — — — + + + - + — NT +
M.Z AML-M7° 0% — — — - + — — - " _ + —
R.S. AML-MO 7% — — + — — — — — + — NT +
4.C. AML-M4 8% + — — — + + + - + + NT —
AV. AML-M2 14% - - b - + — —_ + + NT +
B.M. AML-MO 65% b - —_ - + — + —_ + + NT +
H.B. AUL 78% - - - - — - + - — ' + +

Symbols used: +, at feast 20% of the MNC expressed the marker; -, <20% of the MNGC expressed the marker; NT, not tesied.
a. Cells exprossing hoth TdT and a myslold marker (CO13, CDI3 and/for CDwES),

b. Atteast 0.1% of the MNC was myelola matker*, TdT*.

o. The majorily of tha blast cells were CD61 ¥,

oLe

v HILAYHD
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configuration of the igh genes were analyzed using a CA probe in EcoR1/Hindlll double digests (39).

The CB and JB2 probes in EcoRl digests were used to detect TcR-8 rearrangements, which were confirmed
using the CB probe in BamHl digests (39). Rearrangements of TcR-y genes were detected with a Jv1.3 probe in
EcoRl and Kpnl digests, which allows detection of all rearrangements in both Jv1 and J¥2 regions (39). The
configuration of the TcR-§ genes was analyzed using the J§1 probe, J&2 probe, and Cé probe. The Jé1 probe
was used in Kpnl, Bgil, Hindlll, and BamHI digests, the J62 probe was used in EcoRl and BamHI digests, and
the C6 probe was used in BamH) digests. These analyses allow the detection of all rearrangements and deletions
in the D6-~J6-C§ gene region of the TcR-6 /& locus (38).

RESULTS
Cytomorphology

Cne leukemia was classified as AUL and 53 leukemias were classified as AML. According
to the FAB criteria these AML were classified as MO (n=7), M1 {n=8), M2 (n=19), M4 (n=12),
M5 (n=7), MB (n=1), and M7 (n=1).

Immunological marker analysis

The results of the immunological marker analysis of the 54 AML are summarized in Table 1.
Thirty-five AML were positive for both CD13 and CD33, whereas single expression of CD13 or
CD33 was found in five and 13 AML samples, respectively. The AUL (patient H.B.) was
negative for these two pan-myeloid markers but pasitive for the myeloid marker CDw85. All
AML samples were negative for CD10 and GpA. About 10% of GpA™ cells were found in the
AML classified as M&. The expression of CD&1 was found on most cells of the AML-M7 (patient
M.Z.). About 10% of CD51 7 cells were detacted in two AML patients classified as M1 and M4.
Thirty-gight AML samples contained myeloid marker*, TdT™, CD10™ cells in percentages from
0.1% to 83% of the MNC. In the AUL sample from patient H.B. the TdT ™ cells (78% of MNC)
expressed CO15, CD34, CDwSS, and HLA-DR.

Southern bict analysis

The results of the Southern blot analysis of the 54 AML are summarized in Table 2. The
AML are grouped based on the presence of myeloid marker™, TdT™ cells. Representative
examples of IgH gene and TcR-§ gene rearrangements are given in Figure 1. in eight AML
patients rearrangement of one or more ig and/or TcR genes was seen. In seven patients the
IgH genes were involved. In two of these seven cases gk and/or TeR gene rearrangements
also occurred (Table 2). in one AML patient (R.S.} igH genes were in germiine configuration,
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TABLE 2. Summary of Ig gene and TcR gene rearrangements in §4 AML patfents.

Rearranged genes

Types of AML taH lgk tgh TcR-B TcR-y TeR-§
I. noTdT* cells present 3/16 1/16 o/16 2/16 1/16 1/16
(n=16)
il. 0.1%-10% of myelold marker*, 1/24 0/24 0/24 1/24 1/24 1/24
TdT* cells® (n=24)
fil. >10% of myeloid marker*, 3/14 0/14 0/14 0/14 0/14 0/14 Q
TdT* cells® (n=14) -3
-.t
3
AML with Ig and/or TcR gene rearrangements® -j:
P.M. TdT= 0% R/R/R¥ G G R/G R/R B/R
R.M. TdT= 0% R/G G G G G G
M.Z, TdT= 0% R/R/G® R/R/G® el R/R/G® G G
RS TdT= 7% G G G R/G R/R R/R
J.C. TdT= 8% R/G G G G G G
AV. TdT=14% RY/R¥/R™/RY/R" /G G G G G G
B.M. TdT=65% R/G G G G G G
H.B. TdT=78% R/R/R¥/RV/RY/G G G G G G

a. Cells exprassing both TdT and a myelotd marker (CO13, CD33, andfor COWES).
b. G, germiine band; R, rearranged band; RY, waak rearranged band; D, defetion of the Involved gene (segment).
c. Only 25% of AML cells were present in the MNGC samples of patiant M.Z, which explains the presence of the germ¥ne band in addfien to tha rearranged bands (Figure 1).
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Figure 1. Southem blot analysis of the IgM and TcR-§ genes in some AML. Control DNA and DNA from AML were
digested with Hindlll (A) and Bgill (B), size separated and blotted ontc nylon membrane filters, which wers
hybridized with the 2P labeled Ju probe (A) and with the 2P labeled J&1 probe (B). The sizes (in kb) of the
germiine bands (), several molecular weight markers (A) and rearranged bands (B) are indicated. The patients
are indicated with their initials. A: The IgH genes were rearranged in § of the 11 AML presented. Rearrangement
of the JH gene locus on one allele was found in three patients (J.C., R.M., and B.M.) and on both alleles in one
patient {M.Z). The strong germline band in the lane of patient M.Z. is due to the presence of 75% non-teukemic
cells. In patient AV, more than two rearranged 1gH gene bands of different density were visible. In patient P.M.
three rearranged bands of different density were detected in Bgfll digests, whareas in the presented Hirdill digest
only two rearranged bands of different density were visible. This is probably due to co-migration. B: In two AML

patients TcR-é gene rearrangements were detected: patient R.S. had both alleles rearranged and patient P.M. had
one allele rearranged and the other deleted (see Table 2 for details).

whereas the TcR-8, TcR-y, and TcR-§ genes had been rearranged. Monoallelic IgH gene
rearrangements were found in three AML. and biallelic in one AML patient. In the other three
AML samples with IgH gene rearrangements either three non-germiine bands (patient P.M.) or
five non-germiine bands (patients AV, and H.B.) were observed, suggesting the formation of
at least two and three subclones, respectively (Figure 1).

The results of the immunological marker analysis of the eight AML patients with
cross-ineage gene rearrangements are given in Table 1. Five patients were CD13 7 and seven
CD33*. Positivity for CD34 was found in four AML patients. Interestingly, the three AML
patients with one or more TcR gene rearrangements were CD34™.
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TABLE 3. Ig and TcR gene rearmangements fn AML.

Reference® IgH Igk Igh TcR-# TeR-yY TcR-§
genes genes genes genes genes genes

Rovigatii et al. {18} 2/14

Haetal (17) 1/18 0/18 0/19

Cheng et al. {18} 1/24 0/24 3/24

Foa et al. (19) 10/52 3/46 0/26 1/47 4/51

Boehm et al. {20) 3/17 0/17 0/17 3/17 (12/17)°

Chen et al. (21} c/9 0/9

Serementis et al. (22) §/42 10/42

Goorha et al. (23) 2/12 0/12 0/i2

Lee et al. (24) 1/7 0/7 2/7

Wainscoat et al. {27) 0/17 0/17 0/17

Oster et af, (28} 10/69 1/69 3/69

Papadopoulos et al. {29} 2/39 0/39 0/39

Fontenay et al. (31) 10/57 4/57 3/57 8/57

This study 7/54 1/54 0/54 3/54 2/54 - 2/54

TOTAL (percentage) 58/423 (14) 5/268 (2) 0/116 {0) 27/3%4 (7)  11/207 {5) 10/111 {9)
23/224 (10)°

a. Only reports which describe at least seven AML cases were used for this table. AML were dlagnosed according to the FAB criterla
and the investigators did not mention selection criteria for inclusion in the study.

b. When the data from Boehm et al. are excluded (see text), TcR-y gene rearrangements appear to oceur in 5% (11/207) of AML ca-
568,

DISCUSSION

This is the first AML study in which all ig and TcR gene complexes were investigated. In
15% (8/54) of the AML patients one or more genes were rearranged. This especially
concerned IgH gene rearrangements (seven cases). Rearrangement of TcR-8, T¢R-6, TcR-y,
and igk genes were found less frequently, whereas rearrangement of igh genes could not be
demonsirated (Table 2). Since the first description of cross-lineage IgH gene rearrangement
in a case of AML (18), the configuration of IgH genes and/or TcR-8 genes of more than 400
AML patients have been reported (17-34). The other gene complexes have been investigated
less frequently (17-21,23-28,31-33) and TcR-§ gene rearrangements were investigated in only
one study (31). To determine the frequency of rearrangements of the various Ig and TcR genes
we reviewed studies in which at least seven AML patients were investigated (16-24,27-29,31,
and this study) (Table 3). Studies on a selected group of AML {e.g. TdT* AML, CD71 AML
or AML with specific FAB morphology) were excluded (25,26,30,32-34). It was found that igH
gene rearrangements occur in 14% of AML and that Igs gene rearrangements can be found
in 2% of AML cases (Table 3). As in our study, the rearrangement of Igi genes have never
been reported (17,18,20). In 7% of AML patients rearrangement of TcR-8 genes was found
(Table 3). The frequency of TcR-y gene rearrangements was 10% (18-21,23,24,27,31).
However, most of the rearranged samples were published by Boshm st al., who found
rearrangement of TcR-y genes in 70% (12/17) of their AML patients (20). In all other studies
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together the frequency of TcR-y gene rearrangement was only 5% {(11/207) (Tabie 3). This
discrepancy may be explained by the limited combinatorial repertoire of the TcR-y genes, which
resuits in a restricted number of rearranged bands when polyclonal T cells are present (38-41).
Although Boehm et al. (20) remark that contaminating T cells were probably not responsible
for the detected rearranged bands, they could not exclude this possibility. Rearrangement
and/or deletion for TcR-§ genes, which are located within the TcR-e gene complex (42,43),
were demonstrated in eight patients by Fontenay et al. (31) and in two patients in this study,
which together form 8% of the AML patients tested. Analysis of a larger group of AML patients
is needed to determine the precise frequency of TeR-é gene rearrangement in AML.

We could not find a correlation between a specific immunophenotype of AML and the
occurrence of cross-lineage gene rearrangements. The only remarkable finding was the lack
of CD34 expression in AML with one or more rearranged TcR genes. According to Fontenay
et al. (31) TcR-6 gene rearrangements in AML occur predominantly in immature myeloid
leukemias exhibiting immunophenotypic "ineage promiscuity”, of which the most striking feature
was the frequent expression of CD10. Our two AML patients with TcR-§ gene rearrangements
were both classified as AML-MO, but CD10 expression was not found.

Controversy exists about the relationship between the expression of TdT in AML and the
occurrence of cross-lineage Ig and T¢R gene rearrangements. Four initial reports claimed such
an association, as 82% (33/40) of the TdT™ AML had rearranged Ig and/or TcR genes,
whereas such rearrangements were found in only 3% (4/130) of the TdT~ AML patients
(19,22,24,28). When the results from seven additional studies are combined this association
cannot be confirmed (16,25,26,29,30,32,33). In these seven studies Ig and/or TcR gene
rearrangements, were found in 18% (11/61) of the TdT ™ cases and in 13% (9/68) of the TdT —
cases. The number of genes studied and the criteria to consider an AML to be TdT™* were
roughly identical. In a study on AML patients, using double marker analysis for both a myelgid
marker and TdT, we could identify a TdT ' leukemic Subpopulation in about 75% of the AML,
but we found that the percentage of TdTT AML cells was low (<10%) in 40% of patients (35).
In this study we investigated the occurrence of cross-lineage gene rearrangements in 16 TdT —
AML patients and in 38 AML. patients with a TdT* leukemic subpoputation (ranging from 0.1%
to 83% of MNC). The incidence of cross-lineage gene rearrangements were comparable in
both groups: 18% (3/16) in TdT — AML and 13% {5/38) in AML with a2 TdT ™ subpopulation.
If 2 10% cut-off percentage for TdT positivity was used, 21% (3/14) of the TdT+ AML were
found to contain an IgH gene rearrangement (Table 2). This percentage is in line with the
resuits of the seven studies mentioned earlier (16,25,26,29,30,32,33).

TdT plays an important role during lymphoid differentiation by inserting nucleotides at the
junction sites of rearranging lg and TcR genes, but this enzyme is not essential for gene
rearrangaement {12-15). This may explain why not all AML with rearranged Ig and/or TcR genes
express TdT. Sequence analysis of the junctional regions in rearranged genes of TdT — AML
may demonstrate whether thesz cells indeed lacked any TdT activity during gene rearrange-
ment. On the other hand, the finding of germline genes in most TdT™ AML patients raises the
question of whether exira nuclegtide insertion may occur outside lg and TcR genes. An
intriguing speculation is that TdT may add extra nuclectides at DNA breakpoints such as



TABLE 4. Colncldence of lg and/or TcR gene rearrangements In AML.

=] ¥4

Groups of AML The Indlcated groups of AML also have rearranged and/or deleted Ig and TcR genes In the following frequencles®
IgH genes lgk genes igh genes TeR-B genes TcR-Y genes TcR-§ genes
AML with {gH rearrangement 18 (6/33) 0 {B/10) 29 {20/68) 25 (9/36) 4t (7/17)
AML with germiine igH genes 0 {0/225) 0 (0/92) 3 (13/395) 2 (4/206) 3 (3/99)
AML with igk rearrangement 100 {6/6) 0 {0/3) 50 (2/4) 0 (0/4) o {o/1)
AML with germline Igk genes 11 (27/252) 0 (o/e7) 3 (8/229) 5 (5/96) 4 (2/53)
AML with germline fg) genes 10 (10/102) 3 (3/100) 4 (3/81) 2 (2/80) 4 (2/54)
AML with TcR-B rearrangement 61 {20/33) 20 (2/10) 0 {0/3) 54 {6/11) 86 {6/7)
AME with germiine TcR- genes 11 {48/430) 1 (2/223) o (0/78) 2 {8/236) 4 (4/104)
AML with TcR-Y rearrangement 69 (9/13) ¢ {0/5} 0 (0/2) 50 (6/12} 100 (5/5)
AML with germiine TcR-y genes 12 (27/229) 4 (4/95) 0 (0/78) 2 (5/235) 5 (5/108)
AML with TcR-§ rearrangement 70 (7/10) o (0/2) 0 {0/2) 60 (6/10) 50 (5/10)
AML with germline TcR-§ genes 10 {10/101) 2 (1/52) 0 (0/52) i (1/101} o (0/104)

¥ HILJYHO

The data ase derived from references 17-19, 21-34, and from this study (Table 2}, Dala from the sludy of Boshm el al, (20} were nat includad (see texi).
&, Valuss ghvan as percentage {number/total).
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chromosome translocations, inversions and deletions. Such a tumor associated expression of
TdT would explain the rare occurrence of myeloid ™, TdT™ cells in normal BM samples (44,45).

in three of the seven IgH gene rearrangements in our AML group this rearrangement
involved only one aliele. Combined data reported previously are comparable with our results
and revealed a frequency of 44% (19/43) of monoallelic IgH gene rearrangements in AML
(16-20,25,26,28-32,34). interestingly, in T-ALL with igH gene rearrangements this frequency is
much higher (~85%) (7.9}, whereas monoallslic igH rearrangements occur in only 15%-20%
of the precursor B-ALL (4,7). in threg other AML patients we detected more than two
rearranged bands, which suggests the formation of subciones (46).

A remarkable finding in our group of patients was the concurrence of Ig gene and/or TeR
gene rearrangements in three AML. IgH gene rearrangement was the only rearrangement
which occurred in an isolated manner. To investigate whether concurrence of cross-lineage
gene rearrangements occurs frequently in AML and whether these rearrangements ocour in
an ordered fashion, we reviewed AML patients in which the configuration of at least two
rearranging genes had been investigated (17-19,21-34, and this study). The results of this
comparison are summarized in Table 4. Rearrangements of TcR genes occurred more often
in AML with rearranged IigH genes than in AML with germline IgH genes. Furthermore,
rearrangements of the different TcR genes concurred frequently. These data support the
hypothesis for the existence of a common recombinase for Ig and TcR genes (12). However,
as in ALL, the rearrangements seem to occur in a non-random orderad fashion (3-7). igk gene
rearrangements were only demonstrated in AML with rearranged IgH genes. it was remarkabie
to find that in two out of four AML with a rearranged Igs gene the TcR-8 genss were also
rearranged (28 and this study). Within the group of AML which contained germiing TcR-§,
genes only one leukemia had a rearrangement for another TcR gene, i.e. TcR-8 gene. This
AML patient (M.Z. of this study) had rearranged IgH genes and lgk genes. Based on these
results, an ordered pattern of cross-lineage Ig and TcR gene rearrangements in AML can be
postulated, in which rearrangements of igH or TcR-§ genes precede the other cross-lineage
rearrangements.

Finally, it is intriguing to consider the possibility of using the polymerase chain reaction me-
diated amplification of the junctional regions of rearrangad lg and TcR genes for the detection
of minimal residual disease in AML patients with cross-lineage gene rearrangements (47-49).
However, it should be emphasized that oligoclonality at diagnosis, which we could demonstrate
in three out of the seven patients with IgH gene rearrangements, will hamper the application
of this technique and may lead 10 false negative results (48,50).

ACKNOWLEDGMENTS. We gratefully acknowledge Prof. Dr. R. Benner, Dr. A Beishuizen and Dr. A. Hooijkaas
for their continuous support, Dr. W, Knapp for kindly providing the McAb VIL-AT, VIM-DS, VIM-2, and VIE-G4, Dr.
T. Honjo {Kyoto, Japan) for kindly providing the Ju probe, Dr. Ph. Leder (Boston, MA, USA) for kindly providing
the JK probe, the CK probe, and the CX probe, Dr. J. Seidman (Boston, MA, USA) for kindly providing the CA
probe and the JB2 probe, Dr. T. Quertermous (Baston, MA, USA} for kindly providing the JY¥1.3 probe, Dr. T.H.
Rabbitts (Cambridge, UK) for kindly providing the J61 probe and the J&2 probe, Dr. P van den Elsen for kindly

providing the C6 probe, Mr. TM. van Qs for assistance in the preparation of the figure, and Mrs. A.D. Korpershoek
for secretarial support.



218

CHAPTER 4.4

REFERENCES

10.

1.

12.

13.

14,

15.

16.

17.

18.

18.

Tonegawa $. Somatic generation of antibody diversity. Nature 1983;302:575-581.

Davis MM, Bjorkman PJ. T-cell antigen receptor genes and T-cell recognition. Nature 1988;334:395-402.
Korsmever SJ, Higter PA, Ravetch JV, Poplack DG, Waldmann TA, Leder P. Developmental higrarchy of
immunoglobulin gene rearrangements in human leukemic pre-B-cells. Proc Nat! Acad Sci USA 1581,78:7096-
7100,

Nadiler LM, Korsmevyer SJ, Anderson KC, Boyd AW, Slaughenhoupt B, Park E, Jensen J, Coral F, Mayer RJ,
Sallan SE, Ritz J, Schlossman SF. B cell origin of non-T cell acute lymphoblastic leukemia. A model for
discrete stages of neopiastic and normal pre-8 ceil differentiation. J Clin Invest 1984;74:332-340.

Furley AJ, Mizutani $, Weilbaecher K, Dhaliwal HS, Ford AM, Chan LC., Molgaard HV, Toyonaga B, Mak T, Van
den Elsen P, Goid D, Terhorst C, Greaves MF. Developmentally regulated rearrangement and expression of
genes encoding the T cell receptor-T3 complex, Cell 19286;46:75-87.

Campana D, Van Dongen JJM, Mehta A, Coustan-Smith E, Wolvers-Tettero ILM, Ganeshaguru K, Janossy G.
Stages of T-cell receptor protein expression in T-cell acute lymphoblastic leukemia. Blood 1991;77:1546-1554.
Van Dongen JJM, Wolvers-Tetiero ILM. Analysis of immunoglobulin and T cell receptor genes. Part Il:
possibilities and limitations in the diagnosis and management of lymphoproliferative disease and related
disorders. Clin Chem Acta 1991;198:93-174.

Feltx CA, Wright JJ, Poplack DG, Reaman GH, Cole D, Goldman P, Korsmeyer $J. T cell receptor o-, -, and
Y-genes in T cell and pre-B cell acute lymphoblastic leukemia. J Clin Invest 1987;80:545-556.

Kitchingman GR, Rovigatti U, Mauer AM, Melvin S, Murphy $B, Stass 8. Rearrangement of immunoglobulin
heavy chain genes in T cell acute lymphoblastic leukemia. Blood 1985:65:725-729.

Loiseau P, Guglielmi P, Le Paslier D, Macintyre E, Gessain A, Bories JC, Flandrin G, Chen Z, Sigaux F.
Rearrangements of the T cell receptor & gene in T acute lymphoblastic leukemia cells are distinct from those
occurring in B lineage acute lymphoblastic leukemia and preferentially involve one V4§ gene segment, J
Immund 1$89,142:3305-3311.

Hara J, Benedict 8H, Champagne E, Mak TW, Minden M, Gelfand EW. Relationship between rearrangement
and transcription of the T-cell receptor &, §, and ¥ genes in B-precursor acute lymphoblastic leukemia. Blood
1989;73:500-508.

Yancopoulos GD, Blackwell TK, Suh H, Hood L. Alt FW. Introduced T cell receptor variable region gene
segments recombine in pre-B cells: evidence that B and T cells use a common recombinase. Cell
1986;44:251-259,

Alt FW, Baltimore D. Joining of immunoglobulin heavy chain segments: implications from a chromosome with
evidence of three D-JH fusions. Proc Natl Acad Sci USA 1982;79:4118-4122.

Desiderio SV, Yancopoulos GD, Paskind M, Thomas E, Boss MA, Landau N, Alt Fw, Baltimore D. Insertion
of N regions into heavy-chain genes is correlated with expression of terminal deoxytransferase in B cells.
Nature 1984;311:752-755.

Landau NR, Schatz DG, Rosa M, Baltimore D. Increased frequency of N-region insertion in a murine pre-8-cell
line infected with a terminal deoxynucleotidyl transferase retroviral expression vector. Mol Cell Biol
1987,7:3237-3243.

Rovigatti U, Mirro J, Kitchingman G, Dahl G, Ochs J, Murphy S, Stass S. Heavy chain immunoglobulin gene
rearrangement in acute nortymphocytic leukemia. Blood 1984;63:1023-1027.

Ha K, Minden M, Hozumi N, Gelfand EW. immunoglobulin gene rearrangement in acute myelogencus
leukemia. Cancer Res 1984;44:4658-4660.

Cheng GY, Minden MD, Toyonaga B, Mak TW, McCulloch EA. T cell receptor and immunogiobulin geng
rearrangernents in acute myeloblastic leukermnia. J Exp Med 1986;163:414-424,

Foa R, Casorati G, Giubellino MC, Basso G, Schird R, Pizzolo G, Lauria F, Lefranc MP, Rabbitts TH, Migone



20.

21,

23.

24,

26.

27.

28.

29,

30.

31

32.

34.

35,

lg and TcR gene rearrangements in AML 218

N. Rearrangements of immunoglobulin and T cell receptor 8 and 4 genes are associated with terminal
deoxynuclectidyt transferase expression in acute myeloid leukemia. J Exp Med 1987;165:879-820.

Boehm TLJ, Werle A, Drahovsky B. Immunoglobulin heavy chain and T-cell receptor ¥ and 8 chain gene
rearrangements in acute myeloid leukemias. Mol Biol Med 1987;4:51-62.

Chen Z, Le Paslier D, Dausset J, Degos L, Flandrin G, Cohen D, Sigaux F. Human T cell ¥ genes are

frequently rearranged in B-lineage acute lymphaoblastic leukemias but not in chronic B cell proliferations. J Exp
Med 1987;1685:1000-1015.

. Seremetis SV, Pelicci PG, Tabilio A, Ubriaco A, Grignani F, Cuttner J, Winchester RJ, Knowles DM II,

Dalla-Favera R. High frequency of clonal immunoglobulin or T cell receptor gene rearrangements in acute
myelogeneous leukemia expressing terminal deoxyribonuclectidyl transferase. J Exp Med 1987;165:1703-1712.
Goorha R, Bunin N, Mirro J Jr, Murphy $B, Cross AH, Behm FG, Quertermous T, Seidman J, Kitchingman GR.
Provocative patiern of rearrangements of the genes for the 7y and £ chains of the T-cell receptor In human
jeukemias. Proc Natl Acad Sci USA 1987;84:4547-4551.

Lee M$, Chang K8, Trujilio JM, McCredie KB, Keating MJ, Freireich EJ, Stass SA. T-cell receptor gamma chain
gene rearrangement in acute myelogenous leukemia - evidence for lymphoid lineage prematurity. Hematol
Pathol 1987;1:93-68.

. Norton JD, Campana D, Hoffbrand AV, Janossy G, Coustan-Smith E, Jani H, Yaxley JC, Prentice HG.

Rearrangement of immunoglobulin and T cell antigen receptor genes in acute myeloid leukemia with
lymphoid-associated markers. Leukemia 1987;1:757-761.

Parreira A, Pombo de Oliveira MS, Matutes E, Foroni L, Morilla R, Catovsky D. Terminal deoxynucleotidyl
transferase positive acute myeloid leukaemia: an association with immature myeloblastic leukaemia. Br J
Haematol 1988;69:2129-224.

Wainscoat JS, Fey MF, Pilkington S, Summers C, Oscier DG. Absence of immunoglobulin and T-cell receptor
gene rearrangements in myelodysplastic syndromes and acute nonlymphocytic leukemias. Am J Hematol
1988;28:85-97.

Ostar W, Konig K, Ludwig WD, Ganser A, Lindemann A, Mertelsmann R, Herrmann F. Incidence of lineage
promiscuity in acute myeloblastic leukemia: diagnostic implications of immunoglobulin and T-cell receptor
gene rearrangement analysis and immunological phenotyping. Leuk Res 1988;12:887-895.

Papadopoulos KP, Bagg A, Bezwoda WR, Mendelow BV. Clinical relevance of immunophenctypic and
immunogenotypic analysis in acute nondymphoblastic ieukaemia. $ Afr Med J 1989,76:335-338.

Davey G, Bradstock KF, Kefford RF, Wishart Y, Kabral A, Grimsley P, Hughes WG. Lack of correlation between
immunoglobulin and T cell receptor gene rearrangements and TdT expression in acute myeloid leukaemia.
Leuk Res 1990;14:77-83.

Fontenay M, Flandrin G, Baurman H, Loiseau P, Valensi F, Daniel MT, Sigaux F. T cell receptor § gene
rearrangements occur predominantly in immature myeloid leukemias exhibiting lineage promiscuity. Leukemia
1990;4:100-105.

Williere G, Stockinger H, Kaller U, Majdic O, Schnabl E, Lutz D, Beftelheim P, Knapp W. Terminal
deoxynucleotidyl transferase and CD7 expression in acute myeloid leukemias are not associated with a high
frequency of immunoglobulin and/or T cell receptor gene rearrangernent. Leukemia 1990;4:278-281.

Tien HF, Wang CH, Su 1J, Liu FS$, Wu HS, Chen YC, Lin KH, Lee SC, Shen MC. A subset of acute
nonlymphocytic ieukernia with expression of surface antigen CD7 - morphologic, cytochemical, immunocyto-
chemical and T cell receptar gene analysis on 13 patients. Leuk Res 1990;14:515-523.

Volkmann M, Mar P, Pachmann K, Thiel E, Emmerich B. Antigen receptor rearrangement and expression in
acute leukemias. Haemato! Bloodtransfus 1890;33:50-55.

Adriaansen HJ, Van Dongen JUM, Kappers-Klunne MC, Hahlen K Van 't Veer MB, Wijdenes-de Bresser JHMFM,
Holdrinet ACJM, Harthoorn-Lasthuizen EJ, Abels J, Hooijkaas H. Terminal deoxynucleotidyl transferase
positive subpopulations occur in the majority of ANLL: implications for the detection of minimai disease.



220

36.

37.

38.

41,

42,

47.

50.

CHAPTER 4.4

Leukemia 1$90;4:404-410.

Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DAG, Gralnick HR, Sultan C. Proposed revised criteria
for the classification of acute myeloid leukemia. A report of the French-American-British cooperative group.
Ann int Med 1985;103:626-628.

Van Dongen JAJM, Adriaansen HJ, Hooijkaas H. Immunological marker analysis of cells in the various
hematopoietic differentiation stages and their malignant counterparts. In: Ruiter DJ, Fleuren GJ, Warnaar SO,
eds. Application of monocional antibodies in tumor pathology. Dordrecht: Martinus Nijhoff Publishers,
1987:87-116.

Sambrook J, Fritsch EF, Maniatis T. Molecular cloning, @ laboratory manual, 2nd edn. Cold Spring Harbor
Laboratory, 1989.

. Van Dongen JUM, Woivers-Tettero ILM. Analysis of immunoglobulin and T cell receptor genes. Part I: basic

and technical aspects. Clin Chirm Acta 19$1;198:1-92.

Quertermous T, Murre C, Dialynas D, Duby AD, Strominger JL, Waldman TA, Seidman JG. Hurman T-celf ¥
chain genes: organization, diversity, and rearrangement. Science 1986;231:252-255.

Uppenkamp M, Pittaluga S, Lipford EH, Cassman J. Limited diversity and selection of rearranged 7y genes in
polyclonal T cells. J Immunol 1$87;138:1618-1620.

Chien YH, lwashima M, Kaplan KB, Elliot JF, Davis MM, A new T-cell receptor gene located within the alpha
locus and expressed early in T-celi differentiation. Nature 1987;327:677-682.

. Griesser M, Champagne E, Tkachuk D, Takihara Y, Lalande M, Baillie E, Minden M, Mak TW. The human T

cell receptor a-6 locus: a physical map of the variable, joining and ¢onstant region genes. Eur J Immunot
1988;18:641-644.

Bradstock KF, Kerr A, Kabral A, Favaloro EJ, Hewson JW. Coexpression of p165 myeloid surface antigen and
terminal deoxynucleotidyl transferase: a comparision of acute myeioid leukemia and normal bone marrow
celis. Am J Hematol 1986;23:43-50.

Adriaansen HJ, Hooljkaas H, Kappers-Klunne MC, Hahlen K, Van 't Veer MB, Van Dongen JJM. Double marker
analysis for terminal deoxynucleotidyl transferase and myeloid antigens in acute nonlymphocytic leukemia
patients and healthy subjects. Haematol Blood Transfus 1990;33:41-48.

. Belshuizen A, Hahlen X, Hagemeijer A, Verhoeven M-AJ, Hoolikaas H, Adriaansen HdJ, Wolvers-Tettero [LM,

Van Wering ER, Van Dongen JJM. Multiple rearranged immunoglobulin genes in childhood acute
lymphoblastic leukemia of precursor-B-cell origin. Leukemia 1991,5:657-667.

D'Auriol L, Macintyre E, Galibert F, Sigawx F. In vitro amplification of T cell 7 gene rearrangements: a new tool
for the assessment of minimal residual diaease in acute lymphoblastic leukemias. Leukemia 1989;3:155-158.
Hansen-Hagge TE, Yokota S, Bartram CR. Detection of minimal residual disease in acute lymphoblastic
leukemia by in vitro amplification of rearranged T-cell receptor § chain sequences. Blood 1989;74:1762-1767.
Yamada M, Wasserman R, Lange B, Reichard BA, Womer RB, Rovera G. Minimal residual disease in childhood
B-ineage lymphoblastic leukemia, Persistence ofleukemic cells during the first 18 months ¢f treatment. N Engl
J Med 1990;323:443-455.

Beishuizen A, Hahlen K, Van Wering E, Van Dongen JJM. Detection of minimal residual disease in childhood
leukemia with the polymerase chain reaction. N Engl J Med 1991:324:.772-773.



5.1

5.2

5.3

5.4

5.5

CHAPTER 5

GENERAL DISCUSSION

Associations between immunophenotype and karyotype
Detection of immature subpopulations in AML

Why is terminal deoxynucleotidyl transferase expressed in AML?
Detection of minimal residual disease

Conclusion

221

223

225

226

228

233






223

CHAPTER 5

GENERAL DISCUSSION

Acute myeloid leukemia {(AML) is @2 heterogenecus disorder with a marked patient to
patient variation in clinical presentation, cytomorphology, cyiogenetics, response to therapy,
and prognosis. in contrast to most acute lymphoblastic leukemias (ALL), also @ marked
immunophenotypic heterogeneity is found in the majority of AML patients. We performed
extensive immunological marker studies to determine the extent of the immunophenotypic
heterpgeneity in AML. The main cbjective of this study was to recognize specific subgroups
of AML patients and to characterize immature subpopulations of AML cells which might be
useful for monitoring the disease during follow-up.

5.1 ASSOCIATIONS BETWEEN IMMUNOPHENOCTYPE AND KARYQTYPE

As has been described in Chapter 1, alterations in critical genes play a central role in
the multistep process of leukemogenesis. The observation that most of the non-random
chromosome abnormalities are associated with specific clinical and phenotypical features
has given additional evidence for the biclogical importance of cytogenetic abnormalities in
AML. So far, most data on associations between genotype and phenotype of AML conger-
ned combinations of specific karyotypic aberrations and morphoiogical subtypes of AML
according to the French American British (FAB) classification (see also Chapter 3.1).
However, it is conceivable that, like in ALL, cytogenetic aberrations in AML are associated
with specific immunophenotypes as well. Literature data on such associations are scarce
and most cases reported concern associations between absence or presence of a specific
marker and & karyotypic aberration, such as CD19 expression in AML with 1(8;21)(022;q22)
(1-3) (see also Chapter 3.1). Another well-defined association between a karyotypic
aberration and immunophenotype concerns the expression of the CD9™, CD13™, CD15™,
CD33%, HLA-DR™ phenotype in AML-M3 or M3 variants with t(15;17)(q22;g21) (4,5). In
contrast to most other types of AML, the majority of AML cases with £(15;17) consist of
nomogeneous [eukemic cell populations. This homogeneity is in line with the assumption
that these leukemias are probably derived from a more mature myeloid progenitor cell than
other types of AML and that the maturation arrest seems to be complete (8). Hawever,
addition of retinoic acid (RA} results in further maturation, which indicates that the arrest in
AML. with t(15;17) can be overruled (7-9). This is illustrated by the observation that RA
induces maturation of the CD15~ AML cells into CD15% cells (9). It has been proposed
that AML with t{15;17) should be considered as a leukemia with unique clinical and
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biological characteristics, which differ from all other AML types (10,11).

The lack of associations between genotype and immunophenotype in other types of
AML is probably related to the intraclonal heterogeneity. Most laboratories do not use
double immunofluorescence (IF) staining but perform single color immunological marker
analysis for immunophenotyping of AML. Single color stainings are sufficient for immuno-
phenotyping of homogeneous celi populations, but have limited value in case of heteroge-
neous cell populations, especially if rigid cut off values of 15% to 25% positivity are used.
Therefore detailed immunophenotyping of the various subpopulations within heterogensous
celt populations needs multiparameter analysis with double F stainings. Our results
presented in Chapter 3.3 clearly demonstrate that double IF staining allows the identification
of various subpopulations in AML-M4Eg with inv(18)(p13q23). Although the proportion of
these subpopulations differed, each of the eight AML-M4Eo tested contained identical
immaturg and mature subpopulations. Interestingly, not only the presence or absence of
certain markers but also the fluorescence intensity of most markers was comparable,
indicating that antigen density might be used as an additional parameter. in addition,
heterogeneity in "morphological® parameters, such as phase contrast microscopy or light
scatter profiles, can be included in multiparameter analysis of AML (12,13).

As indicated above, multiparameter analysis of AML with (8;21) revealed a unique
CD19" immunophenotype (3). In addition 1o the weak CD19 expression, we have also
found weak expression of the pan-myeloid markers CD13 and CD33 but strong expression
of CDwB5. Furthermore AML with 1(8;21) contain immature CD34%, HLA-DR*, partly
terminal deoxynucleotidyl transferase (TdT)" cells and strong positivity for the CD15
antigen (ref.13; Adriaansen et al, unpublished results). It has been suggested that
expression of the CD1$ antigen in AML with t(8;21) reflects transformation of a multipotent
stem cell and that such leukemias should be regarded as hybrid leukemias (2). However,
no evidence of B cell commitment was found in these types of AML (1-3).

Future studies should clarify whether AML with other karyotypic abnormalities also have
a consistent immunophenotype. As indicated in Chapter 3.2, AML with t(6;8) may be
associated with & CD137, HLA-DR™, TdT+ phenotype. However, one of our two cases
tested expressed CD33 while the other AML case was CD337. Based on the finding that
t(8;8) can occur in different FAB types of AML and even in some myelodysplastic syndro-
mes, it has been suggested that the translocation event cccurs in an uncommitted stem cell
(14,15). It is conceivable that maturation is more variable in AML with t(6;9) as well as in
other types of AML, in which the oncogenic event is assumed to occur in an uncommitted
multipotential myelcid stem cell, such as in AML with chromosome 5 or 7 abnormalities, or
AML with 11g23 aberrations (16). Finally, it should be noticed that heterogeneity between
AML. with (apparently identical) chromosome aberrations may be determined by differences
in the precise location of the breakpoints, such as recently described for 5q~ aberrations
(7).
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5.2 DETECTICN OF IMMATURE SUBPOPULATIONS IN AML

By use of multiparameter analysis, in particular double IF stainings, we could recognize
several immature and mature subpopulations in most AML (see Chapter 4.2). Markers
which were expressed by immature cells include CD7, CD34, and TdT as well as pan-
myeloid markers CD13, CD33, and often COWSS. Our results are in line with other studies,
in which CD7, CD34, and/cr TdT have been associated with either immature types of AML
or immature subpopulations within AML. (see Chapter 2.2). Additional markers for immature
leukemic cells might be useful to further differentiate within the immature AML cell populati-
ons.

Recently, the monoclonal antibody (McAb) YBS.B8 was found to recognize the human
c-Kit protein (18-20). In the last year two other groups reported a McAb (17F11 and SR-1)
against this antigen {21-23). The c-kit proto-oncogene, which is localized on chromosome
4q11-912, encodes a 145-160 kDa transmembrane tyrosine kinase (24-26). The protein was
found to function as receptor for the stem cell factor (SCF) (see also Chapter 1). Both
YBS5.B8 and SR-1 McAb can inhibit binding of SCF 1o blast cells, although the two McAb
were found to identify distinct epitopes of the c-kit protein (20,22). Expression of the c-kit
antigen was found on 1%-5% of the mononuciear cells in normal bone marrow (BM)
samples (20-22). These c-kit positive cells have a blastic morphology. Double IF staining
revealed that in normal BM 40%-80% of the c-kit™ cells expressed CD34, whereas 50%-
75% of the CD34™ cells were c-kit™ {21,23). Colony assays demonstrated that CD34 %, c-
kitt, HLA-DR™ cell populations contain more primitive progenitor cells than CD347F, c-kit™,
HLA-DR™* cell populations (23).

Initizlly, about 30% of the AML cases were reported 10 be positive for YB5.88 (18,19).
Especially those AML patients with poor prognosis were found to be positive for this McAb
(18,19). However, an increased level of c-kit mRNA could be identified in the majority of
AML cases (20). Furthermore, 87% of the AML tested were positive for the McAb 17F11,
but more than half of the positive samples contained only a minor c-kit™ subpopulation {<
10%) (21). The results of the mRNA study suggested that AML-M3 and AML-M5b are c-kit
negative (20). However, it should be tested at the single cell ievel whether low levels of
mRNA are caused by a low c-kit expression in all AML cells or a low number of c-kit*™ cells.
The ALL cases tested so far were negative for the c-kit antibodies (21).

By use of double IF staining Blhring et al. showed that the majority of c-kit* AML
blasts coexpressed CD34 (21). In addition, CD34 ™, c-kit™ cell populations were demonstra-
ted in all AML, whereas CD34~, c-kit* cells were only found in 3 out of 26 samples tested.
At present it is not known whether CD34 ™, c-kit™ cells or CD347, ckit* cells represent the
most immature AML subpopulation. We recently obtained the 17F11 McAb and performed
double [F stainings for c-kit and several other antigens in six AML. The results are summari-
zed in Table 1 and Figures 1 and 2. In five out of the six AML, we could identify a c-kit* cell
population. The only c-kit negative AML concerned an AML-MO (patient R.S.). By use of
double IF stainings we could confirm the observations that the far majority of c-kit™ AML
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TABLE 1. Analysis of ¢-kit expression in PB of six AML patients at diagnosis®

Patients M.B. AK 1B NA B.M. R.S.
Age;sex (10:F) (@85:M) (5:M) (46:M) (76;F) (18:M)
FAB type MaEo M4Eo M2 M2 Mo MO
Karyotype inv(16) inv{16} t(e:21) (8;21) 5q -7 (9;9)
TdT 0.1(88)° 0.6(79) 10(15) 11{86) 37(35) 7(0)
cKit(17F11) 37 42 S 42 13 <19

immunophenotype of c-kit* celis

CDz (T11} g1 30 <1 <1 <1
CD3 (Leu-4) <1 <1 <1 <1 <1
CD7 (CLB-CD7} <1 <1 <1 <1
CD13 (My7) 98 g9 96 68 80
CD14 (My4) <1 <1 <1 <1 <1
CD15 {Leu-M1) 36 <1 <1 40
CD1% (B4) <1 [55¢] 656 <1
CD33 (Mvo) 42 T4 44 53 81
CD34 (HCPA-2) 89 98 87 96 87
HLA-DR ((243) 71 82 84 985 S8
|
a Figures represent percantages positivity per MNC (in ¢ase of TdT and ¢-kit) or percentages positivity per c-kit™ calls.
b. Camplox tetraploid karyotype with among othefs 5§~ and -7.
e. Between brackets are Indicated percentages of ¢-kit™ per TdT™ eslis as determined by double IF staining.
d.

Due to the virtual absence of c-kit expression in patient R.S., no reliable analysis of the c-kit™ colls could be performed.

celis expressed CD34. These cells were also CD13™, CD33™, and HLA-DR™. Interestingly,
in two CD2% AML-M4Eo with inv(18) and in two CD19™ AML-M2 with t(8:21}, the c-kit™
cells were positive for CD2 and CD18, respectively. This implies that the characteristic CD2
and CD19 expression in these two AML types are also present in the immature AML cell
fractions. Furthermore, coexpression of c-kit and TdT could be determined in all five c-kit™
AML, which further supports our hypothesis, that TdT+ subpopulations represent immature
AML cells (Chapter 4.2). These data illustrate that c-kit antibodies are valuable for phenoty-
ping of immature subpopulations within AML.

5.3 WHY IS TdT EXPRESSED IN AML?

In our studies we could demonstrate myeloid marker*’, TdT™ subpopulations in ~75%
of AML cases (Chapter 4.2). In contrast to the homogeneous expression of TdT in most
ALL, TdT expression in AML is often restricted to immature subpopulations of the leukemia.
Myeloid marker ™, TdT™ cells are rare in normal BM and not detectable in normal peripheral
plood (PB) (Chapter 4.1). It might be hypothesized that TdT+ AML cells represent a
malignant expansion of the rare myeloid marker™, TdT™ cell population in BM. On the
cther hand, it is possibie that expression of the TdT gene is dysregulated in these AML.

The TdT gene is located on chromosome 10023-g24 (27,28), a locus which is probably
not involved in acute leukemia. High levels of TdT expression are found in normal precursor
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Figure 1. Dot plot analysis of four double IF staining experiments on PE cells from two different AML. patients
at diagnosis to determing the phenotype of c-kit™ AML cells. Left: patient ALK having an AML-M4Eo with
inv16(p13g23), c-kit (17F11 + goat anti-mouse immunoglobulin (GeMlg) FITC), CD34 (HPCA-2 PE) (above)
and ckit (17F11 + GoeMig FITC), CD13 (My7 PE) (below). Right: patient N.A. having an AML-M2 with
t(8;21)(022;q22), c-kit (17F11 + GaMig FITC), CD18 (Leu-12 PE) (above) and c-kit (17F11 + GaMlg FITC),
CD3 (Leu-4 PE) (below). See also Table 1.

lymphoid cells and their malignant counterparts. TdT is a template independent DNA
polymerase (28), which adds extra nuclectides at the junctional regions of Ig and TcR
genes during the rearrangement processes (30-32).

It is not precisely known, how transcription of the TdT gene is regulated. The TdT gene
lacks TATA boxes, but an initiator (inr) motif has been identified which probably functions
as a transcription control element (33). it has been postulated that the Inr motif is unique for
the transcription of genes which reguire strict activation and inactivation during cellular
differentiation (33). The expression of the TdT gene in precursor lymphoid cell lines can be
influenced by use of phorbol esters, such as phorbel 12-myristate 13-acetate (PMA) (34-38).
Addition of PMA results in a rapid but reversible decline in TdT transcription and TdT
enzyme activity {34-36). This PMA-mediated reduction can be blocked by pretreatment of
the cells with protein kinase C (PKC) inhibitors, such as H7 and H1004, implying that PKC is
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Figure 2. Double IF staining fot c-kit and TdT on PB cells from patient N.A. at diagnosis. A: phase contrast

morphology; B: c-kit (17F11) positive cells (TRITC labeled); C: TdT positive cells (FITC labeled). Two of the
three TdT ¥ cells are c-kit™.

probably involved in down regulation of TdT expression in lymphoid cells (34). We added
the PKC inhibitors HY and Hi004 to the culture medium of the HL-T cell line, which is
derived from the promyelocytic cell fine HL-80 and contains a myeloid marker®, TdT+
subpopulation (37). Subsequently we observed both a higher expression of TdT per cell
and a slight increase of the proportion of myeloid markert, TdTT cells (unpublished
observations). These data suggest that also in myeloid cells PKC is involved in the
regulation of TdT expression.

We investigated whether the expression of TdT in AML was related to the incidence of
so-called crossdineage Ig or TcR rearrangements. In our AML group as well as in a review
of literature data we could not demonstrate such an association (Chapter 4.4). TdT activity
in ALL not only mediates random nucleotice insertion in the junctional region of Ig and TcR
genes, but alsc in fusion regions of chromosome breakpoints, especially in case of
chromosome aberrations involving Ig and TcR genes {38-40). This implies that TdT is active
during the development of the chromosome aberration and that nucleotide insertion is not
restricted to junctional regions of Ig or TcR genes. Although it may be hypothesized that
TdT activity during the translocation event in TdT+ AML could result in addition of extra
riucleotides at fusion regions of the chromosome breakpoints, such an effect has not been
demonstrated so far. In close coliaboration with Von Lindern and collagues, it was
investigated whether nucleotide insertion could be found at the dek-can fusion regions in
wo AML with t(8;9) and at the set-can fusion region in an AML-MU case with 1(8;9) (41,42).
Onz AML with t(8;8) and the AML-MO case were investigated for the presence of myeloid
markert, TdT* subpopulations and were both found to be positive (patient 2 Chapter 3.2
and patient R.S. Chapter 4.2). In the translocation breakpoints investigated we could not
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demonstrate any random nuclectide insertions (42). These results suggest that TdT was not
active during the transiocation event in these patients or that TdT was not capable of
adding nuclectides in this type of breakpoint fusion region.

5.4 DETECTION OF MINIMAL RESIDUAL DISEASE

The results of our study demonstrate that immunological marker analysis is not only
useful to obtain insight in the immunophenotypic heterogeneity of AML at diagnosis, but
that it is also a powerful tool to detect minimal (residual) disease during follow-up (see
Chapter 4.3). Athough 80% to 80% of AML patients achieve complete remission (CR), the
majority of patients develop relapse and die of their disease (Chapter 1). Apparently, low
numbers of leukemic cells persist, although they are undetectable by conventional cyto-
morphological techniques, due to their detection limit of 107" to 1072 (10 to 1 cells between
100 normal cells).

Development of methods to detect residual disease has become an important goal in
leukemia research. Such methods may not only be used to predict a relapse but also to
menitor the effectiveness of treztment. The lalter is important because new treatment
strategies are currently developed to improve survival rates of AML patients. Several
approaches to detect minimal residual disease (MRD) in AML have been proposed (see
also Chapter 4.3). Table 2 summarizes the methods which seem to be maost promising.

Iimmunoclogical marker analysis

The double IF staining technique used in Chapter 4.3 allows detection of one myeloid
marker*, TdT* celi among 10,000 or even 100,000 normal cells (detection limit: 10°% 1o
10‘5) {Table 2). This technique is applicable for the detection of residual disease in the
majority of AML cases, because myeloid marker*, TdT™ subpopulations occur in ~75% of
cases (Table 2). Our results show that a relapse of a TdT* AML is preceded by a gradual
increase of myeloid marker®, TdT™ cells during a period of 14-38 weeks. Based on the
data about c-kit expression on normat BM cells and AML cells, it might be interesting to use
the c-kit antigen in MRD detection. However, normal values for coexpression of c-kit and
other antigens (such as TdT) should be obtained first.

In addition to our double IF staining method, multiparameter flow cytometric analysis
has been suggested for MRD detection (12,13,43). 1t was found that in the majority of AML
patients the leukemic cells exhibit a unique phenotypic profile based on "aberrant” antigen
expression and typical light scatter profies (Table 2) (12,13,43). This might enable discrimi-
nation of leukemic celis from their normal counterparts. Despite promising results in mixing
experiments (43}, the application of multiparameter flow cytometry for the detection of MRD
in clinical practice is limited. First of all, for each "aberrant" phenotype one should determine
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TABLE 2. Techniques which enable detection of minimal residual disease in PE and BM of AML patients.

Techniques Detection limits Applicability

immunological marker analysis

- myeloid marker, TdT double 102 (BM) 10 107* (PB) ~75% of AML
IF staining
- multiparameter flow cytometry 102101073 30%-70% of AML

(scatter pattern and double or triple
labeling of membrane markers)

- immunological marker analysis unknown some AML
of in vitro cultured cells

Cytogenetics 107" 10 102 all AML. with a microscopically
(dependent on i vitro detectable numeyical or structural
growth of AML cells) chromosome aberration

Fluorescent in situ 107 1o 1072 AML with weil-known numerical or

hybridization (FISH) {dependent on type of structural chromosome aberration,

chromosome aberration) for which DNA probes are available
(e.g. -5, -7, +8)
PCR technigques
- junctional regions of rearranged 107% 10 10°® 10%-15% of AML

Ig and TcR genes (DNA lgvel)

- chromosome aberrations at mRNA levet 10% to 10°% 5%-10% of AML
{e.g. 1(8:22), 1(15:17), and t(5:9)]

the occurrence of such cells in normal BM and PB. Comparable to our study on the
occurrence of myeloid marker™, TdT cells in normal samples (Chapter 4.1), these should
include cell samples from healthy volunteers as well as non-AML patients under treatment.
Secondly, flow cytometry excellently enables the analysis of phenctypic markers of cell
paopulations but this technigue is not able to perform analysis at the single cell level. These
combined limitations will result in detection limits (102 to 10‘3), which are not as low as the
detection limit of the myeloid marker, TdT double IF staining technique with microscopic
analysis.

AML cells can be cultured in vitro and clonogenic cells can subsequently be analyzed. It
is obvious that for the detection of MRD this method is highly dependent on the in vitro
growth properties of the residual AML cefis and the growth of normal BM celis. It has been
found that cultured AML cells can be distinguished from normal cultured cells by use of
immunological marker analysis (Tabie 2) (44). A mzjor problem for the application of this
method is that an extensive study on the immunophenotype of non-leukemic cultured BM
cells as well as the clonogenic AML cells is required in each individual patient.
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Detection of clonal chromosome aberrations or rearrangements

Several other technigues for MRD detection use clonal cytogenetic aberrations or
chromosome rearrangements to distinguish AML cells from normal cells. These tumor
specific markers can be studied at karyotypic, DNA, mRNA, or protein level (Table 2).

According to & recent study karyotypic analysis of BM cells during CR can be used to
monitor some AML patients (45). Despite the occurrence of a high false negative rate, i.e.
the detection of only normal diploid metaphases in patients who subsequently relapsed, it
was found that detection of the ieukemic karyotype during CR was highly predictive for an
imminent relapse. Especially in patients with a "favourable” cytogenetic aberration, such as
inv(18) and (8;21), karyotypic analysis proved to be useful for the detection of MRD {45).
Depending on the karyotypic aberration, residual AML cells were demonstrated 10-50
weeks before cytomorphological relapse (45).

In AML numerical chromosome aberrations accur relatively frequently (see Chapter 3.1).
The technique of fluorescent in sity hybridization {FISH) permits enumeration of specific
chromosomes per cell and it can be used to detect some specific structural aberrations (46-
49). The technigus can be applied on both interphase and metaphase cells. For the
detection of MRD in AML with trisomies or monosomies the FISH technique could be useful,
although data about the occurrence of "aberrant” cells in normat BM are lacking. At present,
the precise detection limit of the FISH method is not known, but has estimated to be 107"
to 1072 (Table 2). Most probably the detection limit of the FISH technique depends on the
type of aberration, e.g. in case of trisomy the FISH technigue is more sensitive than in case
of monosomy.

Molecular biclogical techniques have enabled the study of gene rearrangements at DNA
and mRNA level. The detection limit by Southern and Nothern blotting techniques is usually
not much lower than 5% (50). However the polymerase chain reaction (PCR) technigue has
proven to be a highly sensitive method to detect low frequencies of specific DNA or mRNA
sequences, with detection limits of 10™* to 10~7 (50,51). At present in AML two types of
clonal specific DNA or mRNA sequences may be used as target for PCR-mediated MRD
detection, ie. cross-ineage rearrangements of Ig or TcR genes and genes involved in
specific chromosoms translocations (Table 2) (51).

As has been discussed in Chapter 4.4 cross-lineage rearrangements of ig or TcR genes
occur in about 15% of AML. This especially concerns IgH gene rearrangements. Therefore,
in principle the junctional regions of rearranged IgH genes can be used as PCR targets for
MRD detection. However, as has been emphasized in Chapter 4.4, the application of the
PCR technique may be hampered by the relatively high frequency of oligoclonal IgH gene
rearrangements in AML patients.

So far, three translocations in AML have been cloned and the breakpoints have been
identified, i.e. t(8;22)(g34;g11), t(15;17){q22;q21), and t(6;9)(p23;q34) (see also Chapter 3.1)
{41,52-58). In ali three translocations the breakpoints are spread over relatively large areas,
which hampers PCR analysis at the DNA level (41,54,59,80). However, tumor-specific hybrid
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transcripts are produced by the fusion genes in these AML, which can be used as target for
the PCR analysis after reverse transcriptase into cDNA (Table 2) {41,54,56,57,55,61-64). In
(15;17) two chimeric mRNAs are generated as consequence of the reciprocal translccation,
i.e. PML/RAR-x and RAR-a/PML (see also Chapter 3.1) (56,57,64,65). The former transcript
is expressed in all AML-M3 cases, whereas the other transcript is found in ~75% of the
cases (64,65). Most data on follow-up of leukemia patients by use of PCR analysis have
been obtained from studies in patients with chronic myeloid leukemia and t(8;22) (reviewed
in 66,67). Much have been learned from these studies about technical aspects of the PCR
technique, especially about preveniing false positive results due to contamination with
minute amounts of tumor specific MRNA and/or PCR producis. The value of the PCR
technique for the detection of residual disease in AML is under study. The first reports on a
small number of patients indicate that it is possible to detect low numbers of AML cells
(62,64,88). in one AML-M3 patient it was possible to detect a relapse 3 months before
clinical appearance (64).

Hybrid- genes might encode for a tumor specific fusion protein. In principle, antibodies
can be produced against the tumor specific epitopes, e.g. such as in case of the bor-abl
protein in AML with 1(8;22) and the dek-can protein in AML with t(8;9) (41,68-71). Such
antibodies might be useful for the detection of low numbers of AML cells, but reports on
this type of application are still lacking.

All together these data illustrate the promising results of using tumor specific chromo-
some breakpoints or their products as targets for the detection of MRD. However, the three
well-defined translocations menticned above occur in less than 10% of AML. i might be
expected that the precise breakpomnts of cther chromosome aberrations will be identified in
the near future. Nevertheless, it can be anticipated that the PCR technique can be applied
in only & part of AML cases (Table 2), since reciprocal transiocations, inversions and
deletions resulting in tumor specific fusion genes occur In only ~25% of AML (Chapter 3.1).

Comparison of methods for detection of MRD

Several methods to detect MRD in AML have been proposed (Table 2). However, it
should be remarked that at present for most methods large prospective follow-up studies to
evaluate the value of the approaches have not yet been performed. Data published so far
as well as the results of our study indicate that MRD detection in AML is possible and that a
relfapse can be predicted several months before cytomorphological/clinical appearance. At
the moment, there is not a single method which can be applied in all AML patients.
Therefore, it is likely that a combination of techmiques will be needed to monitor AML
patients (Table 2).

In general, immunophenotypic methods for the detection of MRD in AML can be applied
in the majority of cases and allow quantification of the tumor burden. However, in AML
these methods are not completely tumor specific. PCR methods which use specific
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chromosome rearrangements or their products as target for MRD detection can only be
zpplied in a smal subgroup of AML. Quantification of PCR-mediated MRD detection at the
mRNA/cBNA level might be possible by use of recently published methods with internal
standard mRNA (72,73). However, it should be remarked that the amount of PCR product is
also dependent on the extent of transcription per cell, the quality of the isolated mRNA and
the efficiency of the reverse transcriptase step.

In our study wa consistently detected a relatively high number of myeloid marker™,
TdT* cells during CR in those AML patients who are in first continuing CR according to
cytomorphological criteria. We speculated that these cells represent residual dysplastic AML
cells. The leukemic origin of these cells might be proven in a part of the cases by the
combined use of the PCR technique and the double IF staining technique. Alternatively,
techniques which enable /n sifu detection of a leukemia-specific clonal marker, such as
chromosome aberrations or g and/or TcR gene rearrangements might be useful (74,75).
However, it is not clear whether these methods as well as some recently developed
protocols for in situ detection of PCR products can be combined with detection of TdT (76).

5.5 CONCLUSION

It is concluded that immunological marker analysis, especially multiparameter analysis,
is a powerful tool to phenotype the various subpopulations in heterogeneous disorders like
AML. Such studies give insight in the differential maturation arrest of the various AML types.
The recognition and characterization of immature subpopulations within each AML clone is
important for the development of immunophenotypic methods for MRD detection. Applicati-
on of methods for MRD detection in AML patients during follow-up might be used to adjust
remission and relapse criteria, to monitor the effectiveness of the applied cytostatic
regimens, and eventually to adapt treatment protocols in patients with MRD. Sensitive MRD
techniques might also be useful to determine the optimal time point for harvesting BM grafts
for autologous BM transplantation and to screen the obtained autologous grafis for the
presence of residual leukemic cells. Whether adaptation of treatment protocols according 1o
MRD data results in lower relapse rates and higher survival rates, should be investigated in
prospective multicenter studies.
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SUMMARY

Acute myeloid leukemiz (AML) is a malignancy characterized by an uncontrolled
proliferation of immature myeloid cells in the bone marrow (BM). in AML there is a marked
genotypic and phenotypic heterogeneity, which is reflected in a marked patient to patient
variation in clinical presentation, response to therapy, and prognosis. In contrast to most
patients with acute lymphoblastic leukemia (ALL), in the majority of AML patients also a marked
intraclonal variation is present. To increase insight in this heterogenesity of AML, we applied
extensive immunological marker analyses to characterize the various leukemic subpopulations
which can be found in most AML patients. The results were correlated with other phenotypic,
genotypic, and clinical features observed in these patients. The main cbjective of this study was
to recognize specific subgroups of AML patients and to characterize immature subpopulations
of AML cells which might be useful for monitoring the disease during follow-up.

Chapter 1 summarizes the present knowledge of the processes invelved in normal
hematopoiesis and leukemagenesis of AML. Especially literature data on epidemiology, biology,
diagnosis, and treatment of this type of leukemia are summarized. AML is a clonal disorder,
which occurs at all ages with an overall incidence in the Netherlands of 2.4 per 100,000
inhabitants per year. In most cases the etiology is unknown, akthough occupational and
environmental exposures, such as radiation, benzene, and alkylating drugs are probably
important in some AML cases. Most probably, aiterations in the structure of critical genes, such
as oncogenes, growth factor genes, and growth factor receptor genes are important in
leukemogenesis. The occurrence of non-random chromosome aberrations related to specific
biclogical and clinical characteristics supports the important pathogenetic role of genetic
alterations.

Traditionally, AML is diagnosed and classified according to the French American British
{FAB) classification system, which is based on cytomorphology and cytochemistry. Despite
some correlations with biolegical features of AML, the prognostic value of the FAR classification
is limited. Application of more advanced techniques, such as immunological marker analysis,
cytogenetic analysis, and molecular analysis has enabled a further characterization of AML and
recognition of various AML subtypes. Chemotherapy is the primary treatment option for AML
patients. In addition, BM transplantation and more recently growth factors, differentiation
factors, and immunoctherapy are applied in some AML, patients. Although most AML patients
obtain complete remission {CR) {.e. no tumor cells detectable by use of eytomorphology), the
majority of patients will subsequently relapse and die of their disease. This indicates that
leukemic celis persist despite cytomorphological CR, which emphasizes the importance of
methods to detect low frequencies of leukemic cells to determine the effectiveness of the
applied treatment.

Chapter 2 describes the various immunological markers and techniques for marker
analysis. Most immunclogical markers represent differentiation antigens, which are well
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characterized. Data concerning chromosome iocalization of the encoding genes, molecular
mass and function of the antigens as well as (monocicnal) antibodies which recognize the
antigens are summarized. One of the most characteristic markers of AML is CD33, a pan-
myeloid differentiation antigen. In interlineage human-mouse hybrids, which were constructed
by fusion of leukemic cells from an AML-MO patient with a murine cell line we could
demonstrate that expression of the pan-myeloid antigen CD33 depends on the presence of
human chromosome 19 (Chapter 2.3).

Immunofiucrescence (IF) methods are extremely useful for immunological marker analysis
of hematopoigtic cells, because they allow the simultaneous evaluation of two or three markers
together with "morpholagical’ parameters. Several aspects of IF microscopy and flow cytometry
as well as the possibilities and imitations of both techniques are described in Chapters 2.1 and
2.2. tis obvious that for the interpretation of immunological marker analysis in AML one should
have insight into the expression of these markers during normal and abnormal hematopoigsis.
information concerning the expression patterns of the various rarkers is summarized in the
Chapters 2.1 and 2.2. Markers which have proven to be of value in AML diagnosis are
discussed in more detail in Chapter 2.2.

One of the aims of our study was to recognize subgroups of AML which exhibit & specific
phenotype. Since non-random chromosome aberrations are highly correlated with certain
biological features of AML, we investigated whether Karyotypic abnormalities are associated
with & specific immunophenotype. In Chapter 3.1 common recurring chromesome abnormaki-
ties and their associations with specific AML features are summarized. Except for the unique
CD9™, CD13™, CD157,CD33™, HLA-DR™ immunaphenotype in AML-M3 with t(15;17)(g22;g21)
and the CD19" immunophenotype in AML with t(8;21)(g22;q22), such associations are rare.

In two patients having AML-M4 with 1(8;9)(p23;434) we could demonstrate that the leukemic
cells were HLA-DR™, CD13™, partly terminal deoxynucleotidyl transferase (TdT)* (Chapter
3.2). The CD33 antigen was expressed in one patient but negative in the other patient. In the
former patient we analysed BM sampiles during follow-up for the presence of CD33™, TdT™
cells. We observed a gradual increase of CD33™, TdT* cells in a period of 6 months before
hematological refapse, which indicated that double IF staining for a myeloid marker and TdT
might be useful for detection of minimal disease.

Chapter 3.3 describes our extensive immunophenotyping studies with double IF stainings
to characterize the various subpopulafions in eight patients having AML-M4Eo with
inv(18)(p13g22). Despite heterogeneity within each patient, the immunophenotype of the
subpopulations was strikingly similar. Virtually all AML-M4Eo cells were CD18™, whereas
several other markers, including CD2, CD11b, CD11c, CD14, CD33, CD34, CD36, CDWB5, TdT,
and HLA-DR were expressed by a part of the leukemic cells. Expression of the CD2 antigen
was found within the immature (CD34 *) AML subpopulations as well as within the more mature
(CD14 ") AML subpopuiations, whereas TdT expression was exclusively found in the CD34 ™,
CD14~ subpopulations. Because in T cells the CD2 antigen is known to function as an
activation moiecule, we cultured three AML-M4E0 samples. A high spontaneous proliferation
was seen in all three patients. Addition of CD2 antibodies diminished cell proiiferation in two
patients with high CD2 expression, but no inhibitory effect was found in the third patient with
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low freguency and low density of CD2 expression. These results suggest that expression of the
CD2 molecule is involved in the proliferation of CD21 AML-M4Eo cells.

The finding of myeloid marker ™, TdT ™ cells in AML patients with £(5;9) led us to investigate
whether these double positive cells could be used as 2 ¢lue for the detection of minimal
residual disease (MRD) (Chapter 4). First, it was determined whether CD13%, TdT* and
CD33*, TdT™ cells occurred in normal BM and peripheral blood (PB) samples as well as in
cell samples taken from ALL patients in CR during and after chemotherapy {Chapter 4.1). The
latter group of controls was included to investigate the effects of cytostatic treatment and BM
regeneration on the occurrence of mysloid marker®, TdT* cells. The results demonstrated that
normal myeloid markert, TdT* cells are rare in BM (<0.03%, if they occur at all} and that
such cells are not detectable in PB (Chapter 4.1).

In the study of Chapter 4.2 the occurrence of myeloid marker™, TdT™ cells in various
subtypes of AML was investigated. In a series of 60 non-selected AML patients we found
myeloid marker™, TdT™ cells in 45 patients (=75%). In contrast to TdT expression in ALL
patients, TdT pesitivity in AML. was often restricted 1o a subpopulation of the leukemic ceils,
which in most cases constituted less than 10% of the AML cells. Based on the relatively high
expression of the CD34 antigen by the TdT* subpopulation as well as the proportional
increase of myeloid marker ¥, TdT cells in relapsed patients, it was suggested that the TdT™
cells represent an immature AML subpopulation, which might contain clonogenic AML cells.
Our first results on the use of myeloid marker, TdT double IF staining for detection of MRD in
AML patients are given in Chapters 4.1 and 4.2. In these patients a gradual increase of myeloid
markert, TdT™ cells was seen during a 3-6 months period before morphological relapse.

Chapter 4.3 summarizes the results of a prospective follow-up study in 14 additional
patients with 2 TdT+ AML. Twelve patients had obtained CR at the end of the chemotherapy
courses. During subsequent follow-up seven out of these 12 patients developed one or two
relapses (total of ten relapses). Nine out of these ten relapses were preceded by a gradual
increase of myeloid markert, TdT™ cells in BM and PB over a period of 14-38 weeks,
indicating that the double IF staining method is a powerful tool to detect MRD in TdT™ AML.
patients. The false negative result in one patient was caused by a phenotypic shift of the AML
cells towards TdT negativity. In the five AML patients who were in continuous CR relatively high
percentages of myeloid marker ¥, TdT* cells were repeatedly detected in BM (up to 0.1%) and
PB (up to 0.02%). Although the leukemic origin of these double positive cells could not be
proven, we speculate that these cells represent residual dysplastic AML cells which survived
chemotherapy but which were not yet capable of causing leukemic regrowth.

In precursor lymphoid cells TdT is expressed and functionally active during rearrangements
of immunoglobulin (ig) and T cell receptor (TcR) genes resulting in extra nucleotide ingertion
at the junctional regions of these rearranging genes. In the study of Chapter 4.4 we
investigated whether the expression of TdT in AML was related to the occurrence of cross-
lineage ig and/or TcR gene rearrangements. In contrast to other reports, we investigated all
Ig and TcR genre complexes, i.e. lgh, Igk, 1g), TcR-g, TcR-y, and TcR-5. in 15% (8/54) of the
AML one or more genes were clonally rearranged. This especially concerned IgH genes. No
relationship between the occurrence of crass-ineage rearrangements and TdT positivity was
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found. Analysis of our results and those of over 400 cases published in the lterature
demonstrated a high concurrence of cross-linegage rearrangements in AML. This finding
supports the hypothesis of a common recombinase for ig and TcR genes. In addition, the
results suggested that cross-lineage rearrangements probably occur in a non-randomly orderad
fashion, in which rearrangements of IgH and TcR-6 genes precede the other gene rearrange-
ments.

in Chapter 5 the results of cur AML studies are discussed in more detail. Furthermore,
some recently obtained data are presented and discussed in the context of the [atest data from
the literature. Prefiminary results of recently performed experiments using a monoclonal
antibody against the c-kit antigen revealed that this antigen is expressed on a part of the
immature CD34™* AML cells. in addition, we could demonstrate cosxpression of ¢-kit and TdT
in TdT+ AML, which supports our hypothesis that TdT* subpopulations represent immature
AML cells. Furthermore, these results suggest that c-kit might be an useful marker to apply in
double IF stainings for the detection of MRD.

The detection of MRD is 2 mgjor problem in AML patients. In Chapter 5 several methods
for MRD detection are described and compared. From this comparison it can be concluded
that multiparameter analysis, especially myeloid marker, TdT double (F stainings and PCR
techniques give the best results.

We conclude that multiparameter immunological marker analysis is a powerful teol to
phenotype the various subpeopulations in heterogeneous disorders like AML. These studies give
ingight into the differential maturation arrest of the various types of AML. The recognition and
characterization of immature subpopulations within each AML clone is crucial for the
development of methods for MRD detection. Application of methods for MRD detection in AML
patients during follow-up can be used to adjust remission and relapse criteria, to monitor the
gffectiveness of the applied cytostatic regimens, and finally to adapt treatment protocols in
patients with MRD. Whether adaptation of treatment protocols according to MRD data resuits
in lower relapse rates and higher survival rates should be investigated in prospective
muiticenter studies.



243
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Acute myelgide leukemie (AML) is een vorm van bloedkanker die wordt gekarakteriseerd
door een ongecontroleerde proliferatie van onrijpe myeloide celien in het beenmerg. Tussen
de patiénten met AML bestaat een duidelijke genatypische en fenotypische heterogeniteit, die
zich ondermeer uit in een grote variatie in klinische presentatie, therapierespons en prognose.
In tegenstelling tot de meeste patiénten met acute lymfatische leukemie (ALL), wordt bij vrijwel
alle patiénten met een AML tevens een duidelijke intraklonale heterogeniteit gezien. Om het
inzicht in de heterogeniteit van AML te vergroten en om de verschillende subpopulaties te
karakteriseren die aanwezig zijn bij de meeste AML patiénten, hebben wi uitgebreide
immunologische markeranalyses uitgevoerd. De resuitaten werden gecorreleerd met andere
fenotypische, genotypische en klinische bevindingen bij deze patiénten. Het primaire doel van
deze studie was om specifieke subgroepen van AML patiénten te herkennen en om onrijpe
leukemische subpopulaties te karakteriseren, die gebruikt kunnen worden om het verioop van
de ziekte en de effektiviteit van de behandeling te evalueren.

Hoofdstuk 1 vat informatie samen over de processen die een rol spelen bij de normale
hematopoiese en bij het ontstaan van AML In het bijzonder worden de epidemiologie, biologie,
diagnose en behandeling van deze vorm van leukemie besproken. AML is een klonale
azndoening met in Nederland een incidentie van 2,4 nisuwe patiénten per 100.000 inwoners
per jaar. In de meeste gevallen is de etiologie onbekend, maar blootstelling aan siraling,
benzeen en alkylerende chemotherapeutica speelt waarschinlijk een rol bij gen aantal
patignten. Veranderingen in bepaalde genen, zoals oncogenen, groeifakior genen en
groeifaktorreceptor genen, zijn waarschijnlijk van groot belang voor het ontstaan van AML. Het
pathogenetisch belang van genetische veranderingen wordt onderstreept door de associatie
tussen "non-random” chromoscom veranderingen en specifieke biclogische en klinische
kenmerken van AML.

AML wordt traditioneel gediagnostiseerd en geklassificeerd volgens het Frans-Amerikaans-
Britse {FAB) klassificatiesysteem, dat gebaseerd is op cytomarfologische en cytochemische
kenmerken van de leukemiecellen. Ondanks enkele correlaties met biologische kenmerken van
AML, is de prognostische waarde van de FAB klassificatie beperkt. Door toepassing van meer
geavanceerde technieken, zoals immunologische markeranalyse, cytogenetische analyse en
moleculaire analyse, is nadere karakterisering van AML mogelijk en kunnen verschillends AML
subtypen worden onderscheiden. Patiénten met AML worden in het algemeen behandeld door
middel van chemotherapie. Daamaast bestaat er voor bepaalde patiénten de mogelikheid ot
beenmerg transplantatie en, sinds kort, de toepassing van groei- en/of differentiatiefaktoren
en immunotherapie. Ondanks het feit dat de meeste patienten met AML een compiete remissie
(CR) bereiken (er kunnen dan cytomorfologisch geen leukemiecellen meer worden
aangstoond), krijgen veel patignten uiteindeliik een recidief en sterven zij aan de leukemie. Dit
betekent dat, ondanks de behandeling en de schijnbare CR, toch AML cellen aanwezig blijven,
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hetgeen het grote belang benadrukt van het ontwikkelen van methoden om kleine aantallen
leukemiecellen te detecteren. Dergelike methoden zouden kunnen worden gebruikt om
nauwkeurig de effektiviteit van de ingestelde therapie te bepalen.

In hoofdstuk 2 wordt gedetailleerde informatie gegeven over de verschillende immunologi-
sche markers en de technieken die gebruikt kunnen worden voor immunologische markerana-
lyse. De meeste immunologische markers zijn differentiatic antigenen en inmiddels goed
gekarakieriseard. Kennis betreffende de chromosoomilokalisatie van de coderende genen, het
molekuulgewicht en de funktie van deze antigenen, en van de (monoklonale) antistoffen die
deze antigenen specifiek herkennen, is samengevat in de hoofdstukken 2.1 en 2.2. Eén van
de meest kenmerkende markers voor AML is CD33, een myeloid differentiatie antigeen. In
mens-muis hybride cellen, die gemaakt werden door fusie van leukemiecellen van een patiént
met AML-MO met een muizecellijin, konden wij aantonen dat de expressie van CD33 afhankelik
is van de aanwezigheid van het mensetike chromosoom 19 (hooidstuk 2.3).

immunofiucrescentie (IF)’ methoden zijn uitermate geschikt voor het uitvoeren van
immunologische markeranalyse, omdat zij gelijktijdige analyse van twee of drie markers
tezamen met "morfologische” parameters mogelijk maken. Verschillende aspecten van IF
microscopie en floweytometrie worden respectieveliik besproken in hoofdstukken 2.1 en 2.2.
in deze hoofdstukken vergelijken wij de mogelijkheden en beperkingen van beide technieken.
Voor een juiste interpretatie van immunologische markeranalyse van AML is kennis van de
expressiepatronen van de verschillende antigenen tijdens normale en abnormale hematopdiese
belangrijk. In hoofdstuk 2.2 wordt het diagnostisch belang van verschillende markers bjj
patiénten met AML besproken.

Een van de doelen van ons onderzoek was cm subgroepen van AML patiénten te kunnen
onderscheiden op basis van een specifiek immunofenotype. Gezien de sterke associatie tussen
bepeaalde "non-random’ chromosocomafwijkingen en biologische kenmerken van AML,
anderzochten wij of bij AML associaties bestaan tussen chromosoom afwikingen en specifieke
immunofenotypen. In hoofdstuk 3.1 zijn de meest frequente chromosoomafwikingen
samengevat die worden gevonden bij AML patiénten alsmede hun associaties met bepaalde
kenmerken van de leukemie, Met uitzondering van het unieke CD@™, CD13™ CD15™, CD33™,
HLA-DR™ immunofenotype bij AML-M3 met t(15;17)(q22;q21) en het CD18 " immunofenotype
bif AML met t(8;21)(g22;q22), zijn geen duidelijke associaties bekend. '

Bij twee patiénten met een AML-M4 met t(5;9)(p23;q34) bleken de leukemiecellen positief
te ziin voor HLA-DR en CD13 en gedeeltelijk positief voor terminaal deoxynucleotidyl
transferase (TdT) (hoofdstuk 3.2). Het CD33 antigeen was aantoonbaar bij é&n van de twee
patiénten. Tijdens de follow-up van deze patiént werden beenmerg monsters onderzocht op
de aanwezigheid van CD33%, TdT T cellen. Gedurende sen periode van 8 maanden voordat
de patiént een morfologisch bewezen recidief kreeg, werd een geleidelijke toename van het
percentage CD33™, TdT™ cellen aangetoond. Deze bevinding toont aan dat de dubbel IF
kleuring voor sen myeloide marker en TdT nuttig kan zijn voor het opsporen van kleine
aanmtallen AML cellen.

Hoofdstuk 3.3 beschrijit de resultaten van uitgebreide immunologische markeranalyses met
dubbel IF kleuringen om de verschiliende subpopulaties te karakteriseren bij acht patiénten met
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een AML-M4Eo met Inv{16)(p13g22). Ondanks de heterogeniteit bi] elke patiént blesk het
immunofenotype van de verschillende subpopulaties bij deze acht patiénten sterk overeen te
komen. Vrijwel alle AML-M4Eo cellen waren CD13*, terwijl andere immunologische markers,
zoals CD2, CD11b, CB11c, CD14, CD33, CD34, CD36, CDwB5, TdT en HLA-DR, door een deel
van leukemiecellen tot expressie werden gebracht. Expressie van het CD2 antigeen kon
worden aangetoond binnen zowel de onrijpe (CD34%) AML subpopulaties als de rijpers
(CD14 %) AML subpopulaties, terwiji de expressie van TdT beperkt bleef tot de CD34 ¥, CD14~
subpopulaties. Omdat het CD2 antigeen bij T-cellen functioneert als een akiivatiemolekuul,
hebben we drie AML-M4Eo celmonsters in kweek gebracht. in de celkweken van deze drie
patienten werd een hoge spontane proliferatie gemeten. Toediening van CD2 antistoffen
resulteerde in een duidelijke vermindering van de proliferatie bij twee van de drie patiénten. Bij
de derde patiént werd geen inhibitie van de proliferatie aangetoond, hetgeen waarschijnlijk
samenhing met het lage percentage CD27 cellen en de geringe mate van CD2 expressie per
cel. Deze resultaten suggereren dat expressie van het CD2 molekuul een rol speelt bij de
proliferatie van de CD2% AML-M4Eo cellen,

De aanwezigheid van myeloide marker ™, TdT™ celien tidens en na behandeling van de
leukemie, in AML pati€nten met een t(5;9) stimuleerde ons om te onderzoeken of op basis van
deze markers kleing aantallen AML cellen konden worden aangetoond (hoofdstuk 4). Eerst
werd bepaald of CD137, TdT™ cellen en CD33™, TdT™ voorkomen in normale beenmerg- en
bloedcelmonsters en in celmonsters van patiénten met een ALL in CR tijdens en na het
stoppen van de chemotherapie (hoofdstuk 4.1). De ALL patiéntengroep werd onderzocht om
te bepalen of cytostatische behandeling en beenmerg regeneratie van inviced zijn op het
voorkomen van myeloide marker*, TdT™* cellen. De resultaten toonden aan dat myeloide
marker*, TdT™ cellen soms in lage percentages in beenmerg aanwezig zijn (<0,03%) en dat
zuike cellen normaliter niet in het bloed detecteerbaar zijn (hoofdstuk 4.1).

In hoofdstuk 4.2 wordt het vodrkomen van myeloide marker ™, TdT™ cellen in verschillende
subtypen van AML beschreven. in een groep van 60 ongeselecteerde AML patiénten werden
2ij 48 patiénten (=75%) myeloide marker™, TdT™ cellen aangetoond. In tegensteliing tot de
expressie van TdT in patiénten met een ALL, bleek de TdT positiviteit bij patiénten met een
AML meestal beperkt te zijn tot een leukemische subpopulatie, die bij het merendeel van de
patidnten <10% van de AML cellen bleek te beslaan. Omdat binnen de TdT ™ subpopulatie een
refatief hoge expressie van het CD34 antigeen werd gevonden, en er bij het recidief een
toename van de myeloide marker™, TdT ™ celpopulatie werd gezien, hebben wii gepostuleerd
dat de TdT™ AML cellen een onripe, mogelik kloncgene, leukemische celpopulatie
vertegenwoordigen. De eerste resultaten van het gebruik van myeloide marker, TdT
dubbelkleuringen voor het opsporen van kieine aantallen tumorcellen bij patiénten onder en na
AML behandeling zijn beschreven in de hoofdstukken 4.1 en 4.2. In de onderzochte patiénten
kon een geleidelijke toename van myeloide marker™, TdT™ cellen worden aangstoond 3 tot
6 maanden voér het ontstaan van een cytomorfologisch recidief.

In hoofdstuk 4.3 worden de resultaten beschreven van een prospectief vervolgonderzosk
van 14 patidnten met een TdT™ AML. Twaalf patiénten bleken na hun laatste chemotherapie-
kuur in CR te zijn. Vervolgens kregen zeven van deze 12 pati@nten één of twee recidieven



248 Samenvatting

{totaal tien recidieven). Negen van deze tien recidieven werden voorafgegaan door een
geleidelijke toename van myeloide marker ™, TdT* cellen in beenmerg en bloed gedurende een
periode van 14 iot 38 weken. Deze resultaten tonen aan dat de dubbel IF Kleuring een
geschikie methode is voor het opsporen van kleine aantallen leukamiecellen bij patidnten met
gen TdT™ AML. Het vals-negatieve resultaat bij één patiént werd veroorzaakt door verlies van
TdT expressie door de AML cellen bij het recidief. B de vijf patiénten, die in eerste continue
CR waren, werden regelmatig relatief hoge percentages myeloide marker™, TdT™ cellen
aangetoond in het beenmerg (<0,1%) en in het biced (<0,02%). Hoewel nist kon worden
bewezen dat deze dubbelpositieve cellen [eukemisch waren, is het zeer goed mogelijk dat deze
cellen resterende dysplastische AML cellen zijn die de chemotherapie overiesfden, maar die
(neg) niet in staat waren om een recidief van de leukemie te verocrzaken.

In voorioper lymfatische cellen speelt het enzym TdT een belangrike rol tijdens de
herschikkingen van de immunoglobuline (Ig) en T-cel receptor (TcR) genen, doordat het extra
nuclectiden invoegt op de verbindingsplaatsen van de herschikkende genen. In hoofdsiuk 4.4
werd onderzocht of TdT expressie in AML samenhangt met het plaatsvinden van zogenaamde
"cross-lineage” herschikkingen van Ig en/of TcR genen. In tegenstelling tot eerders studies van
andere onderzoekers, onderzochten wij de genconfiguratie van alle bekende 1g en TcR
gencompiexen, te weten IgH, igk, Ig), TcR-8, TcR-y en TcR-3. In 15% (8/54) van de AML
patiénten bleek dat één of meerdere genen kionaal herschikt waren. Dit betrof voornamelijk IgH
genherschikkingen. Er was geen correlatie aantoonbaar tussen de aanwezigheid van deze
"cross-lineage” herschikkingen en de expressie van TdT. Analyse van onze resultaten en de
gepubliceerde resultaten van meer dan 400 andere patiénten liet zien dat "cross-lineage"
herschikkingen van verschillende genen vaak samen voorkomen. Deze bevinding steunt de
hypothese dat er één ‘recombinase" enzymsysteem bestaat voor zowel Ig- als TcR
genherschikkingen. Daarnaast bleek dat de herschikkingen van de verschilende genen
waarschinlijk in een vaste volgorde verlopen, waarbij herschikkingen van de IgH en TcR-§
genen aan de andere genherschikkingen voorafgaan.

In Heofdstuk 8 worden de resultaten van het AML onderzoek nader bediscussieerd, Tevens
worden resultaten van enkele recente experimenten besproken. Zo werd met een anti-c-Kit
antistof aangetoond dat o-kit tot expressie komt op een deel van de onrijpe CD34™ AML cellen.
Daarnaast konden wij coéxpressie van c-kit en TdT aantonen bij patiénten met een TdT ™ AML,
hetgeen onze hypothese steunt dat de TdT™ subpopulatie inderdaad onrijpe AML cellen bevat,
Verder suggereren deze resultaten dat c-kit mogelik een nuttige marker kan zijn bij dubbel IF
kleuringen voor de detectie van kleine aantallen AML cellen.

De detecie van Kkleing aantallen feukemiecellen is een belangriik probleem bij de
behandeling van patiénten met een AML. In hoofdstuk 5 worden verschillende methoden voor
het opsporen van kleing aantallen AML cellen besproken en vergeleken. De beste resultaten
worden thans verkregen met multiparameter analyse (in het bijzonder de myeloide marker, TdT
dubbeikleuring) en PCR technigken.

Wi concluderen dat multiparameter immunoiogische markeranalyse een geschikte techniek
is voor het immunofenotyperen van de verschillende subpopuiaties bij heterogens aandoenin-
gen zoals AML. Zulke analyses geven inzicht in de mate van maturatie-arrest van de
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verschillende AML typen. Het herkennen en karakteriseren van onrijpe AML subpopulaties is
noodzakelik voor het ontwikkelen van methoden om kleine aantalien leukemiecellen op te
sporen. Toepassing van dergelijke methoden bij het vervolgen van patiénten met AML tijdens
en na behandeling zou kunnen leiden tot het aanpassen van de criteria voor remissie en
recidief, tot het verkrijgen van meer inzicht in de effektiviteit van de verschillende cytostaticaku-
ren en eventueel tot het aanpassen van het behandelingsschema van patiénten met residusle
AML cellen. Om te bepalen of het aanpassen van behandelingsschema's op geleide van
genoemde technicken uiteindelijk zal leiden tot een lager aantal recidieven en een batere
overleving, dienen prospectieve "multicenter” studies te worden verricht.
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