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Variable detection of myeloid antigens in
childhood acute lymphoblastic leukaemia

M R Howard, L Thomas, MM Reid

Abstract
Aims-To determine whether the use of
different sources of anti-CD13 and anti-
CD33 monoclonal antibodies leads to dis-
crepant results in childhood acute
lymphoblastic leukaemia (ALL), which
might contribute to the wide variation in
the reported incidence ofmyeloid antigen
expressing ALL in childhood.
Methods-Stored leukaemic cells from 10
children with previously defined myeloid
positive ALL were examined. A range of
commercially available anti-CD13 and
anti-CD33 monoclonal antibodies,
directly conjugated with phycoerythrin or

fluorescein isothyocyanate, or both, was

used. Positively reacting cells were

detected by flow cytometry.
Results-There was a noticeable discor-
dance between the different commercial
sources of antibody and between the two
fluorochromes in their ability to detect
myeloid antigens, as well as variation in
the intensity of staining. For CD13, one

antibody reacted with eight cases and
another with only four. Similarly, CD33
was detected in all 10 cases by one anti-
body and in only three by another.
Conclusions-The lack of any consistent
pattern of results suggests that various
commercial antibodies against the same
CD antigen might recognise different
epitopes and that the number of mole-
cules per cell might vary from case to
case. These observations partly explain
the variation in reported incidence and
the failure to establish the clinical impor-
tance of myeloid positivity, and they
highlight the importance of standardisa-
tion in multicentre studies in which
immunophenotypic data are collected.
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The co-expression of myeloid and lymphoid
associated antigens in acute lymphoblastic
leukaemia (ALL) is well recognised. A review
of early studies of childhood ALL, comprising
over 2000 cases, concluded that 7% were

labelled by monoclonal antibodies to myeloid
associated antigens.' However, the incidence
of myeloid antigen expressing ALL (myeloid
positive ALL) in different paediatric series
ranges from less than 5% to almost 30%.2 10

This discrepancy can be partly explained by
use of different panels of monoclonal antibod-
ies. Thus, in addition to the well established

myeloid antigens CD13 and CD33, different
workers have variably included antibodies to
other "myeloid" antigens including CD 11,
CDw12, CD14, CD15, CD36, and CDw65.
Significant differences occur even where inci-
dences are derived from the use of mono-
clonal antibodies to the same CD antigens.
Thus in two recent studies the incidence of
childhood ALL expressing CD13 or CD33,
or both, was 4% and 16%, respectively.5 10

Standardisation of the definition of myeloid
positive childhood ALL is important because
several groups have drawn entirely different
conclusions concerning its clinical impor-
tance.279 It is important to clarify the factors
leading to the wide range of reported inci-
dence. In this study we compared the use of
different commercial sources of anti-CD13
and anti-CD33 monoclonal antibodies in a
group of children with previously diagnosed
myeloid positive ALL. Our objective was to
establish whether the use of different mono-
clonal antibodies affected the diagnosis of
myeloid positive ALL.

Methods
Between December 1991 and November
1993, leukaemic cells from all 47 new cases of
ALL in children aged less than 15 years pre-
senting within the Northern Health Region of
England were immunophenotyped in the
Department of Haematology at the Royal
Victoria Infirmary. The diagnosis ofALL was
based on the morphological and cytochemical
criteria of the French American British (FAB)
cooperative group." There were 42 cases of B
cell precursor and five cases of T-ALL.
Twenty (43%) cases (all B cell precursor
ALL) expressed myeloid antigens, defined as
> 20% of mononuclear cells expressing
CD1 3, or CD33, or both, as demonstrated by
immunofluorescence using a FACscan flow
cytometer. Of these 20 myeloid positive ALL
cases, 10 had sufficient cryopreserved
leukaemic cells to permit repeat immunophe-
notyping and were included in this study.
Four further children with ALL (two B cell
precursor and two T-ALL cases) not express-
ing myeloid antigens before (that is, CD13
and CD33 negative) and one adult case of
acute myeloid leukaemia FAB M5a, previ-
ously strongly expressing CD33, were
included for comparison.

MONOCLONAL ANTIBODIES
The original definition of myeloid positive
ALL was based on results of staining with
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Percentage of mononuclear cells expressing C(D13/CD33 antigens with the specified monoclonal antibody andfluorochrome in 15 cases of acute leukaemia

Monoclonal antibody-fluorochrome

Case No Diagnosis BDCD13-PE BDCD33-PE SCD13-PE SCD33-PE SCD13-FITC CCD13-PE CCD33-PE CCD33-FITC HLA-DR

1 BP-ALL* 71 23 53 22 78 67 63 3 90
2 BP-ALL 65 77 38 79 12 53 79 27 92
3 BP-ALL 7 19 <1 51 2 2 40 <1 99
4 BP-ALL 53 <1 3 56 21 30 23 10 99
5 BP-ALL 5 10 <1 9 10 4 63 11 82
6 BP-ALL 47 37 9 39 34 15 87 6 97
7 BP-ALL 50 23 1 10 30 24 62 40 99
8 BP-ALL 93 16 73 72 74 88 53 1 98
9 BP-ALL 44 74 3 69 38 15 95 61 99
10 BP-ALL 47 9 26 67 65 29 44 3 90
11 BP-ALL <1 15 1 16 29 <1 19 <1 94
12 BP-ALL 23 <1 2 62 50 4 27 1 96
13 T-ALL 4 1 1 4 1 3 13 3 4
14 T-ALL 5 2 3 4 18 <1 13 2 7
15 AML 27 99 13 99 55 8 44 97 97

ALL = acute lymphoblastic lymphoma; AML = acute myeloid leukaemia; BD = Becton Dickinson; S = Serotec; C = Coulter Electronics; PE = phycoerythrin;
FITC = fluorescein isothiocyanate.
*BP-ALL = B cell precursor ALL. Percentages in bold type are positive results (> 20%).

Becton Dickinson monoclonal antibodies.
The following antibodies were used in the
study: (a) anti-CD13 antibodies: Becton
Dickinson, CD 13-phycoerythrin (PE) (anti-
Leu M7), clone L138, IgG1K; Coulter
Electronics, San Jose, USA, CD13-PE (My7),
clone 336, IgGlK; Serotec, Hialeah, USA,
CD13-PE, and CD13-fluorescein isothio-
cyanate (FITC), IgG clone B-F10; (b) anti-
CD33 antibodies: Becton Dickinson, Oxford,
UK, CD33-PE (anti-Leu M9), clone P67-6,
IgG1K; Coulter Electronics, CD33-PE and
CD33-FITC (My9), clone 906, IgG2bK;
Serotec, CD33-PE, IgG clone WM-54.
Leukaemic cells from all 15 cases included in
the study were immunophenotyped with all of
the above antibodies. HLA-DR expression
was also measured to assess the accuracy of
electronic gating in those with B cell precursor
ALL and the case with AML.

IMMMUNOPHENOTYPING
Patients' cells were originally separated on a
Ficoll-Hypaque gradient and preserved in liq-
uid nitrogen. For this study, cells from all
cases were thawed, washed, and stained on
the same day in one batch. Cells were
adjusted to a concentration of 2 x 1010/1 in
20% normal rabbit serum in buffered saline
(pH 7.2). A total of 2 x 105 cells was added
to each tube along with the volume of fluo-
rochrome labelled monoclonal antibody speci-
fied in the manufacturer's instructions. A
single batch of antibody from each supplier
was used. The volume was made up to 50 ul
with normal rabbit serum in buffered saline.
Tubes were incubated at 4°C for 30 minutes.
Cells were then washed in 3 ml buffered
saline and fixed in 0-5% paraformaldehyde in
buffered saline.

FLOW CYTOMETRY
A Becton Dickinson FACscan was used for
flow cytometric analysis. Three thousand
events were collected using the Consort 30
acquisition program with four parameter data
collection: FSC = forward light scatter; SSC
= 90° angle light scatter; FL1 = fluorochrome
channel 1 (FITC); FL2 = fluorochrome
channel 2 (PE). Analysis was performed using
Becton Dickinson LYSIS software.

Leukaemic cells were gated electronically
using the FSC/SSC dot plot. The percentage
of positive cells was derived from the appro-
priate fluorescence histogram. An isotype
matched negative control was used to set
acceptable negative or positive discrimination,
permitting up to 2% "positivity" in the nega-
tive control samples. Results were deemed
positive if >20% of leukaemic cells expressed
a myeloid surface antigen.

Results
The table shows the percentage of mononu-
clear cells expressing CD13/CD33 antigens
with the specified monoclonal antibody and
fluorochrome for the 10 B cell precursor ALL
cases and the five others. In all but the two T-
ALL cases (cases 13 and 14) mononuclear
cells were strongly HLA-DR positive. The 10
myeloid positive ALL cases (cases 1-10) were
originally defined using the same Becton
Dickinson antibodies used in this study. On
repeat testing, cases 3 and 5 no longer fulfilled
the criteria for myeloid positivity using these
two Becton Dickinson antibodies.
Conversely, of the four ALL cases previously
defined as myeloid negative (cases 11-14),
case 12 was positive for CD13 on retesting
with the Becton Dickinson antibody.
The results show a noticeable discordance

between different commercial sources of the
monoclonal antibodies anti-CD13 and anti-
CD33 and between the two fluorochromes.
Thus for CD13-PE, the Becton Dickinson
reagent identified nine ALL cases as being
myeloid positive compared with six and four
cases using Coulter and Serotec reagents,
respectively. When Serotec CD13-FITC and
CD13-PE were compared, the FITC conju-
gated reagent identified nine ALL cases as
being myeloid positive compared with only
four using the PE conjugated antibody.
Similar discrepancies were seen with CD33-
PE. The Coulter reagent identified 11 cases as
myeloid positive, the Serotec reagent nine and
the Becton Dickinson five only.

Both cases of T-ALL reacted negatively
with all antibodies in the study. The single
case ofAML demonstrated a positive reaction
with all anti-CD33 reagents and with two of
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Figure 1 Histograms
showing positivity for
CD13 compared with the
appropriate negative
control (blocked in
population) in case 7. The
y axis shows number of
cells; x axis shows intensity
offluorescence. A Becton
Dickinson CD13-PE; B
Serotec CD13-FITC; C
Serotec CD13-PE; D
Coulter CD13-PE.
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the anti-CD13 antibodies (Becton Dickinson
CD13-PE and Serotec CD13-FITC).

In addition to discordance between propor-
tions of blasts which reacted with individual
antibodies, the intensity of fluorescence also
varied. Examples of such variation in cases 7
and 10 are presented in figs 1 and 2.

Discussion
This study was prompted by the apparently
high incidence (43%) of myeloid positive
results in new cases of childhood ALL pre-
senting to this centre since December 1991.
Cases before this period were excluded from
analysis because detection of CD13 and
CD33 was accomplished using a variety of
reagents and techniques, and the high propor-
tion of myeloid positive cases had not become
apparent.

While the incidence of myeloid positive
ALL in our cases seems higher than in other
reported series of childhood ALL, any com-
parison with other series is fraught with diffi-
culty. Firstly, panels of monoclonal antibodies

used to define "myeloid positivity" vary as do
the required number of positive cells. We
restricted our "myeloid" panel in this study to
CD13 and CD33 as only these two reagents
are universally regarded as myeloid specific.
Data for particular antibodies are often diffi-
cult to extract from other reports. Where data
for CD13/33 positivity are accessible, results
remain inconsistent although the level of over-
all positivity is generally lower than in our
cases.4 '° Other possible reasons for discrepan-
cies include different patient groups, differ-
ences in immunophenotyping methodology
(such as choice of electronic gates, thresholds
for discriminating between positive and nega-
tive cells, and the use of indirect immunofluo-
rescence or direct conjugates) and the use of
different monoclonal antibody sources. There
is no evidence from results of our participa-
tion in the National External Quality
Assurance Scheme for flow cytometric
immunophenotyping (unpublished results)
that subtle differences in cell preparation, gat-
ing, or interpretation are responsible for a
consistent bias in our laboratory.

Figure 2 Histograms
showing positivity for
CD33 compared with the
appropriate negative
control (blocked in
population) in case 10.
They axis shows number
of cells; x axis shows
intensity offluorescence. A
Becton Dickinson CD33-
PE; B Coulter CD33-PE;
C Serotec CD33-PE; D
Coulter CD33-FITC.
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In contrast to such potential methodologi-
cal variation, it is relatively easy to compare
different monoclonal antibody sources. As
many centres using flow cytometry now use
directly conjugated antibodies, we decided to
compare a variety of commonly available,
directly conjugated, commercial monoclonal
antibodies to determine if this is an important
variable.
To minimise possible variation in results

arising from the inevitable changes in labora-
tory personnel, recalibration of equipment
and use of different batches of reagents which
would accompany a prospective study carried
out over several years, all tests were per-
formed on the same day by a single operator
on stored samples. The use of stored, frozen
samples might have affected the expression of
myeloid antigens or particular epitopes by the
leukaemic cells. However, it seems unlikely
that this in itself would lead to the important
differences observed between antibodies.
The results show extreme variability

between these various anti-CD13 and anti-
CD33 monoclonal antibodies in the definition
of myeloid positive ALL. The degree of dis-
cordance, both in proportions of labelled cells
and intensity of fluorescence, suggests that
antibodies to the same CD antigen were
directed against different epitopes on the cell
surface and that there was variation in the
number of molecules of particular epitopes
from case to case. Discrepancy was not lim-
ited to different commercial sources of anti-
body. A difference in fluorochrome could
fundamentally alter the results. The only area
of consistency emerging from the study of
patients with ALL was that both cases of T-
ALL were identified as myeloid negative by all
reagents. This observation is supported by
other unpublished local experience; no case of
T-ALL, whether in adults or children, investi-
gated at presentation to our centre has been
myeloid positive.
Use of different commercial sources of

monoclonal antibodies against putative
myeloid antigens probably at least partly
accounts for the enormous range of reported
"myeloid" positivity in ALL. Studies of
myeloid positive ALL do not routinely state
the source of reagents. Our observations sug-
gest that this is a serious omission. Clinicians
should be cautious in their interpretation of
studies suggesting a prognostic role (or other-
wise) for myeloid positivity in childhood ALL.
Their own laboratories may be using an
apparently identical panel of monoclonal anti-
bodies, but differences in the source of anti-
body or fluorochrome may lead to the
definition of different subgroups of patients
with different clinical outcomes.
The high rate of myeloid positive ALL

defined by some reagents may also possibly
lead to diagnostic confusion. For example,
there is potential for ambiguity in the diagnosis
of null ALL. Should the blasts of some such
patients react with anti-CD13 or anti-CD33
antibodies, these cases could be confused with

the FAB defined diagnosis AML-MO." To
avoid further confounding the results of clinical
studies by inaccurate diagnosis, it is important
to understand the range of reactivity of the
specific monoclonal antibodies used.

Are myeloid antigens worth detecting in
childhood ALL? If we continue using anti-
bodies indiscriminately, myeloid positive
results will remain uninterpretable. A more
consistent picture of the incidence and clinical
importance of what we term myeloid positive
ALL will emerge only when there is increased
standardisation of monoclonal antibody pan-
els with explicit description of the identity of
the antibodies. In the shorter term it is impor-
tant for coordinators of prospective studies of
childhood ALL which gather immunopheno-
typic data to ensure that participating centres
specify, and ideally standardise, the source
and fluorochrome of their monoclonal anti-
bodies.

In conclusion, we have shown that the use
of discrete, commercially available mono-
clonal antibodies in childhood ALL leads to
important differences in the identification of
"myeloid" positivity. This observation partly
explains the wide range of reported incidence
of myeloid positive ALL and the failure to
establish its clinical significance.

Flow cytometric facilities were provided by the Tyneside
Leukaemia Research Association.

1 Drexler HG, Thiel E, Ludwig W-D. Review of the inci-
dence and clinical relevance of myeloid antigen-positive
acute lymphoblastic leukemia. Leukemia 1991;5:637-45.

2 Mirro J, Zipf TF, Pui C-H, Kitchingman G, Williams D,
Melvin S, et al. Acute mixed lineage leukemia: clinico-
pathologic correlations and prognostic significance.
Blood 1985;66:1115-23.

3 Pui C-H, Behm FG, Singh B, Gaston K, Schell MJ,
Roberts WM, et al. Myeloid-associated antigen expres-
sion lacks prognostic value in childhood acute lym-
phoblastic leukemia treated with intensive multiagent
chemotherapy. Blood 1990;75:198-202.

4 Wiersma SR, Ortega J, Sobel E, Weinberg KL. Clinical
importance of myeloid-antigen expression in acute lym-
phoblastic leukemia of childhood. N Engl Jf Med
1991;324:800-8.

5 Pui C-H, Raimondi SC, Head DR, Schell MJ, Rivero GK,
Mirro J, et al. Characterization of childhood acute
leukemia with multiple myeloid and lymphoid markers
at diagnosis and relapse. Blood 1991,78:1327-37.

6 Cantu-Rajnoldi A, Putti C, Saitta M, Granchi D, Foa R,
Schiro R, et al. Co-expression of myeloid antigens in
childhood acute lymphoblastic leukaemia: relationship
with the stage of differentiation and clinical significance.
BrJ Haematol 1991;79:40-3.

7 Basso G, Putti MC, Cantu-Rajnoldi A, Saitta M,
Sanostasi T, Santoro N, et al. The immunophenotype in
infant acute lymphoblastic leukaemia: correlation with
clinical outcome. An Italian multicentre study (AIEOP).
BrJHaematol 1992;81:184-91.

8 Hanson CA, Abaza M, Sheldon S, Ross CW, Schitzer B,
Stoolman LM, et al. Acute biphenotypic leukaemia:
immunophenotypic and cytogenetic analysis. Br 7
Haematol 1993;84:49-60.

9 Buccheri V, Matutes E, Dyer MJS, Catovsky D. Lineage
commitment in biphenotypic acute leukemia. Leukemia
1993;7:919-27.

10 Fink F-M, Koller U, Mayer H, Haas OA, Grumayer-
Panzer R, Urban C, et al. Prognostic significance of
myeloid-associated antigen expression on blast cells in
children with acute lymphoblastic leukemia. Med Pediatr
Oncol 1993;21:340-6.

11 Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton
DAG, Gralnick HR, et al. The morphological classifica-
tion of acute lymphoblastic leukaemia; concordance
among observers and clinical correlations. BrJ Haematol
1981;47:553-61.

12 Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton
DAG, Gralnick HR, et al. Proposal for the recognition of
minimally differentiated acute myeloid leukaemia
(AML-MO). BrjHaematol 1991;78:325-9.

1 009

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.47.11.1006 on 1 N
ovem

ber 1994. D
ow

nloaded from
 

http://jcp.bmj.com/

