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A. Introduction

The comparative study of normal and leu-
kemic cells by means of immunological
phenotyping has provided insights into the
origin of the malignant cell clones and the
putative “target” cells of malignant trans-
formation. The similarity found between
normal and leukemic cell phenotypes sug-
gests that leukemic blasts represent lym-
phoid cells which are arrested at a given
stage along the individual differentiation
pathway [4].

In the majority of childhood ALL (ca.
70%) the blasts exhibit the composite cellu-
lar phenotype of normal lymphoid bone
marrow precursor cells: they are positive
for the “common” ALL antigen (CALLA)
and the HLA-DR/Ia antigen complex and
express the nuclear enzyme terminal trans-
ferase (TdT) [5). In approximately 20% of
“common” ALL cases the cells additionally
show small amounts of cytoplasmic mu
chains [13], thus reflecting the phenotype of
normal bone marrow pre-B cells [7]. There-
fore during childhood this cell type prob-
ably represents a main candidate for leu-
kemic transformation. Other childhood
ALL subclasses are T-ALL (ca. 20%) and
the rare B-ALL (1%-2%). In 10%-20% of
ALL the origin of the blasts is unknown
(U-ALL). It has been documented in sever-
al studies that the biological heterogeneity
of leukemic cells is linked to a remarkable
clinical heterogeneity. Thus T-ALL is usu-
ally associated with a higher initial blast
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count than “common” ALL. A possible ex-
planation for the latter finding could be a
different site of proliferation of malignant
clonogenic cells (bone marrow in “com-
mon” ALL versus thymus in T-ALL).
Prognostically the immunological pheno-
type is not an independent parameter since
it is linked to other important clinical
features (e.g., tumor load). However, the
enormous importance of leukemic cell
phenotyping for our understanding of the
biology of malignant cells, for the improve-
ment of diagnosis, and for a better defi-
nition of patients with high-, standard-, or
low-risk disease is undoubted.

In the following we report on our ex-
periences with leukemic cell phenotyping.
The main aims of this study were (a) to
investigate the heterogeneity of ALL
subclasses with special emphasis on the
U-ALL subclass and (b) to analyze the
prognostic value of ALL subtyping.

B. Materials and Methods

Leukemic cells were derived from
heparinized bone marrow and blood sam-
ples of children with previously untreated
ALL. All patients have been treated in a
cooperative study (COALL 80) according
to the Hamburger protocol ALL V/79,
which is a less aggressive modification of
the West Berlin Study Programm BFM 76/
79 [14]. In all cases diagnosis had been con-
firmed by conventional morphological and
cytochemical methods. Immunological
multimarker analyses was performed using
the following reagents: an extensively ab-
sorbed rabbit antiserum against non-B —



non-T ALL cells was used for the detection
of the “common” ALL antigen. Later in
the study this serum was replaced by
monoclonal antibodies J-5 [11] and VIL-A
1 [10]. A cytotoxic heteroantiserum against
T-cell antigen (anti-HUTLA) was prepared
in rabbits which were immunized with
thymic cells from children undergoing car-
diac surgery. After absorption with normal
and leukemic B cells this antiserum exclu-
sively reacted with thymocytes and T-cell
leukemias. Membrane immunoglobulin
(Ig) was detected with commercial FITC-
labelled polyvalent F(ab}, rabbit anti-hu-
man Ig antiserum.

For TdT detection an affinity-purified
rabbit anti-calf TdT antiserum was used
([2]); BRL, United Kingdom). Monoclonal
antibody DA2 recognizes a framework
structure of the HLA-DR/Ia antigen com-
plex [3] whereas monoclonal antibody Y
29/55 reacts with an epitope restricted to
cells of B lineage [6].

Monoclonal antibodies BA1 [1] and BA2
[8] detected determinants highly specific for
cells of lymphoid origin. Furthermore
mononclonal antibodies from the OKT ser-
ies (ORTHO, New Jersey) namely OKT3,
OKT4, OKT6, and OKTS, were used. The
E rosette assay was performed with neu-
raminidase-treated sheep red blood cells
according to standard procedures. Binding
of peanut (Arachis hypogaea) lectin was
studied using TRITC-labelled affinity-puri-
fied peanut agglutinin (MILES) [12].

C. Results and Discussion

I. Heterogeneity of Phenotypes

In a prospective clinical study between
1979 and 1981 the blast from 54 children
with previously untreated ALL were classi-
fied by immunological marker analysis.
Table 1 shows the marker profile of the
four ALL subclasses detected in this study.
In 34 cases the blasts showed the typical
phenotype of “common” ALL cells, ie.,
CALLA +Ia+TdT+. In three cases a con-
siderable number of cells (over 30%) were
positive for B-cell specific markers: Ig or
Y29/55. These findings indicate a partial
differentiation of the blasts along the B-cell
differentiation pathway and can be ex-
plained by the fact that ca. 20% of “com-

mon” ALL are pre-B cell leukemias [13].
The absence of T-cell markers in “com-
mon” ALL and recent results from Ig gene
rearrangement studies [9] in ALL cells may
suggest that a higher proportion of “com-
mon” ALL is derived from transformed
pre-B cells. In our study ten cases could be
identified as T-cell malignancies (seven
T-ALL, three T-NHL). In every case the
blasts were HUTLA positive and HLA-
DR /Ia negative, whereas only one case was
CALLA positive. Using the E rosette assay,
anti-TdT, and the monoclonal antibodies
of the OKT series a remarkable heteroge-
neity within this ALL subclass was detect-
able; e.g., in five of ten cases the T blasts
did not bind sheep red blood cells; one of
seven cases was TdT negative, and only
three of eight reacted with OKT antibodies.
The one patient with B-ALL showed blasts
with monotypic surface Ig composed of mu
and kappa chains.

Nine patients had blasts which were un-
classifiable with the marker panel used in
this study. However, as is shown in Table 1,
the so called acute “unclassifiable” leu-
kemias U-ALL do not represent a homoge-
neous subclass. The exact delineation of
U-ALL cells is of utmost clinical impor-
tance in that some U-ALL may be of
myeloic origin and need a different treat-
ment. For this reason we used among other
markers the monoclonal antibodies BAI
and BA2 and a plant lectin — the peanut ag-
glutinin — in an attempt to further dissect
this subclass.The results are shown in
Table 2. Per definitionem all cases are
negative for B- and T-cell markers and
CALLA.

The following different U-ALL pheno-
types could be identified: (1) la—TdT—; (2)
Ia+TdT-; (3) Ia+ TdT-BA1-BA2+; (4)
Ia+BA1+BA2+; (5) la+TdT-BAl+
BA2+; and (6) la—TdT-BAI1-BA2-.
Two out of five cases were positive for
peanut lectin receptors. One of these cases
(F.H.) was negative for all other markers.
Of special value in the subclassification of
U-ALL are the antibodies BA1 and BA2 in
that these antibodies recognize de-
terminants which are highly restricted to
lymphoid lineage cells. However, the many
questions concerning the origin and clinical
features of U-ALL subclasses can only be
answered in a larger study.
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Table 1. Reactivity of ALL

n (%) “Common” ALL T-ALL/NHL B-ALL U-ALL blasts of 54 children with
different markers
34 (62.9) 10 (18.5) 1(1.9) 9(16.7)
Anti-CALLA  34/34 1710 0/1 0/9
Anti-TdT 20/21 6/7 0/1 3/9
Anti-Ia 34/34 0/10 1/1 5/9
Anti-Ig 2/34 0/10 1/1 0/9
Y29/55 1/13 0/8 1/1 0/7
Anti-HuTLA 0/34 10/10 0/1 0/9
SRBC 0/34 5710 0/1 0/5
OKT3 0/21 0/7 0/1 0/5
OKT4 0/21 3/8 n.t. 0/5
OKT6 0/21 3/8 n.t. 0/5
OKTS8 0/21 3/8 n.t. 0/5

II. All Subclasses and Response to
Treatment

Table 3 shows the clinical data in relation
to the immunological ALL subclasses of
the 54 children included in the prospective
study. The most striking differences be-
tween the different subclasses are (a) a
higher mean age in U-ALL and T-ALL/
NHL, (b) a predominance of males in
T-ALL/NHL and U-ALL, (c) a higher
mean platelet count in T-ALL/NHL, and
(d) a lower mean WBC in “common” ALL.
The two patients with mediastinal mass
both had T-NHL. High-risk and low-risk
patients were defined on the basis of initial

WBC (high-risk WBC over 25X 10°/liter).
Children with high-risk disease received a
reinforced reinduction therapy. As shown
in Table 4 relapses occurred in all ALL
subclasses. With respect to the patient frac-
tions in first CCR a life table analysis re-
vealed no significant difference between
the only immunologically defined ALL
subclasses. A remarkablely worse outcome
showed patients with T-NHL but not those
with T-ALL. These data confirm the find-
ing of the BFM study group that with in-
tensified treatment programs the T-ALL
shows no worse prognosis than non-T ALL.
However, on the basis of the immunologi-
cal subtype and initial WBC count we were

Table 2. Reactivity of U-ALL cells with a selected marker panel

Patient Age (years) Sex CALLA Smlig HuTLA Ia TdT BAl1 BA2 PNA
1. S.H. 16 m - - -
22ER.  '13 m - - -
3.GA. 8 m - - -
4.G.C. 10 m - - —
5.HK. 18 m - - - +
6. R.M. 10 f - - - + -
7.B.S. 11 f - - - + + -
8.C.C. 1.5 f - - - + +
9.S.P. 19 f - - - + +
10. HR. 11 f - - - -
1. V.G. 8 m - - - + - (+)
12. HM. 1 m - - - + + - + -
13. C.G. 12 m - - - + - + + -
14. R.R. 9 m - - - + + +
15. H.F. 7 m - - - - - - - +
16. Y.B. 12 m — — — +
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Table 3. Clinical details of

n “Common” T-ALL/ B-ALL U-ALL : .
immunologically  defined
ALL NHL ALL subclasses
34 10 1 9
Age (mean) 4.5 6 11 9
< 2years 1 1 1
> 10 years 4 4 4
Sex
m/f 16/18 9/1 0/1 6/3
Platelet count (mean) 32 111 134 60
(x10%/1)
HK (1/1) 21 26.5 38 28
WBC (x 10°/1) (mean) 5.9 10.2 5.8 10.2
<25 29 6 1 5
>25 5 4 4
CNS involvement 2 2 0 0
at diagnosis
Mediastinal mass 0 2 0 0
at diagnosis
) } Table4. Immunologically
ALL subclass Relapse frequency (cumulative proportion defined ALL subtypes and
in first CCR) response to  treatment.
. . Modified from Winkler
High-risk Low-risk Total et al. [15]
“Common” ALL 2/ 5 (0.6) 1729 (0.97) 3/34 (0.91)
T-ALL 0/ 4 (1.0) 1/ 3 (0.67) 1/ 7 (0.86)
T-NHL 2/ 3 (0.33)
B-ALL 1/ 1 (0.0) 171 (0.0 )
U-ALL 1/ 4 (0.75) 1/ 5 (0.80) 2/ 9 (0.78)
3/13 (0.77) 4/38 (0.89) 9/54 (0.84)

able to define a patient fraction with a
cumulative proportion in first complete
clinical remission CCR of 0.97: these pa-
tients had “common” ALL and less than
25X 10° WBC/liter. The cumulative pro-
portion in first CCR of patients with “com-
mon” ALL and over 25X 10° WBC/liter,
T-ALL/NHL, B-ALL, or U-ALL taken as
one group is, at 0.68, significantly lower
(P <0.05). From the results of this study it
is concluded that for further approaches to
individualized therapy programs (i.e., re-

duction of ineffective toxicity) immunologi-
cal phenotyping is a powerful tool for the
identification of patients with high- and
low-risk disease.
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