Eur | Cancer Clin Oncol, Val. 21, No. 12, pp. 1485~1491, 1985.
Printed in Great Britain.

0277-5379/85%3.004-0.00
© 1985 Pergamon Press Ltd.

Expression of a Monocyte-specific Esterase Isoenzyme
in Cases of Acute Myeloid Leukemias

HANS G. DREXLER,*t MARY KLEIN,* NIRMALA BHOOPALAM, * MIRA MENON,* HARRY L.
MESSMORE,* GERHARD GAEDICKE? and JUN MINOWADA*

*Departments of Surgery, Medicine and Pathology, Loyola University of Chicago Stritch School of Medicine, Maywood, IL 60153,
U.S.A., Hines Veterans Administration Medical Center, Hines, IL 60141, U.S.A. and } Department of Pediatrics, University of Ulm,

7900 Ulm, F.R.G.

Abstract—The carboxylic esterase (E.C. 3.1.1.1) isoenzymes from cases of acute myeloid
leukemias were separated by analytical isoelectric focusing on horizontal thin-layer gels. Une
isoenzyme consisting of one or two components (bands) could be completely and selectively inhibited by
addition of 40 mM sodium fluoride (NaF) to the staining bath. The 105 cases were classified into the
groups M1~-M®6 according to the FAB proposals. The NaF-sensitive isoenzyme was not detected in
cases of FAB groups M1/2 (acute myeloblastic leukemia without or with maturation), group M3
(acute promyelocytic leukemia) or group M6 (erythroleukemia). Thirty-one out of 33 cases in the
FAB group M4 (acute myelomonocytic leukemia) and 9/9 cases in FAB group M5 (acute monocytic
leukemia) expressed the NaF-sensitive isoenzyme. The NaF-sensitive isoenzyme was found at
different staining intensities; all M5 cases showed the isoenzyme at strong or very strong intensity,
whereas most of the M4 cases displayed the isoenzyme at weak, medium or strong staining intensity.
The data presented are further evidence that the presence of the NaF-sensitive esterase isoengyme
indicates monocytic involvement or differentiation in cases of myeloid leukemias. The easy and fast to
perform method of isoelectric focusing can be used to distinguish the monocytic variants among the

acute myeloid leukemias and can supplement the morphological analysis of these cases.

TRIER AATLE TAVPINT AR T

INTRODUCTION

EnzyMATIC activity in leukemia cells can be iden-
tified in various ways: intracytoplasmic localiza-
tion of enzymes by cytochemical stains (1], quan-
titative measurement of intracellular enzyme levels
[2] and qualitative demonstration of isoenzymes
[3]. The enzyme carboxylic or non-specific esterase
(E.C. 3.1.1.1) has been studied extensively in
normal and malignant cells [2,3].

Non-specific esterase cytochemistry has been
used traditionally as a supplementary stain to
Wright-Giemsa staining in the classification of
leukemias. Intense, diffuse reactivity covering the
entire cell which is sensitive to inhibition with
sodium fluoride (NaF) is considered a marker for
monocytoid cells [1]. These monocyte esterases
have been identified by electron microscopy as
ectoenzymes on the plasma membrane [4]. Weak-
er, granular reaction products that are fluoride
resistant are detected in the cells of the granulo-
poietic series. A focal, discrete, intracellular mem-
brane-bounded pattern of reactivity that is fluoride
resistant has been described to be characteristic for
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T. lymphocytes, but has aiso been found in B
lymphocytes [1].

An additional definition of the enzymology of the
carboxylic esterases in hematopoietic cells was
made possible by the separation of the enzymatic
activity into its isoenzymes on the basis of elec-
trophoretic mobility and isoelectric points [5]. Li et
al. [6] were the first to show that defined popula-
tions of blood cells express characteristic esterase
isoenzymes. These and other authors applied the
method of disc electrophoresis in the analysis of
normal [6, 7] and leukemia—lymphoma celis [6, 8,
9]. The technique of isoelectric focusing in vertical
gel slabs enabled an even better resolution of
isoenzymatic components and led to the detection
of blood cell type characteristic or -associated
isoenzyme profiles [10~13]. Isoelectric focusing on
horizontal thin-layer gels allowed for a more easily
performed and better separation of the isoenzymes
yielding reproducible, clear isoenzyme patterns of
the esterase isoenzymes from normal cells [14, 15],
leukemia cells [16-19], lymphoma cells [20] and
cultured, permanently established leukemia—lym-
phoma cell lines {21, 22].

In the study presented here we analyzed the
carboxylic esterase isoenzyme profiles of 105 cases
of acute myeloid leukemias with regard to the
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expession of a particular isoenzyme which can be
completely and selectively inhibited by sodium
fluoride. All cases have been classified into the
categories M1-MG6 on the basis of morphological~
cytochemical criteria as defined by the French-
American—British (FAB) co-operative group [23].

MATERIALS AND METHODS

Cells

Peripheral blood and/or bone marrow samples
were obtained from patients with acute myeloid
leukemias. Diagnoses were established on the basis
of standard clinical, morphological, cytochemical
and immunological criteria. Mononuclear cells
were separated by Ficoll-Hypaque density gra-
dient centrifugation. Only samples containing 90%
or more blast cells were analyzed.

All cases were classified into the categories M1-
M6 on the basis of the described criteria of the
FAB-groups [23].

Preparation of enzyme solutions

Subsequent to the harvest of the mononuclear
cell populations, cells were resuspended in a Tris—
sucrose buffer, pH 7.4, at a concentration of 5 X
107 cells/ml [21]. Enzymes were extracted by three
cycles of freezing and thawing. Enzymatic activity
was solubilized by addition of 1% Triton X 100.
After centrifugation, the cell-free supernatant was
used for analytical isoelectric focusing. Aliquots of
‘enzyme solution’ referring to equal numbers of
cells were applied on the gels.

Separation into iscenzymes

Analytical isoelectric focusing was performed on
horizontal thin-layer gels using a LKB-Multiphor
system (LKB, Bromma, Sweden). Gel matrix was
composed of 4.8% (w/v) polyacrylamide, 12.5%
(w/v) sucrose, 0.015% (w/v) ammoniumpersul-
fate/riboflavin, 0.1% (v/v) tetramethylethylene-
diamine and 2% (w/v) ampholyt of pH range 2-11
(Serva, Heidelberg, F.R.G.). Runs were performed
for 1 hr at 5°C and 30 W constant power, with the
voltage limited to 1400 V [21].

Staining of isoenzymes and enzyme inhibition

Isoenzymes were visualized directly on the gels
using a solution of phosphate buffer (pH 7.2),
alpha-naphthylacetate dissolved in acetone and
Fast Blue RR. Gels were stained for 60 min at room
temperature [21].

For enzyme inhibition, 40 mM NaF was added
to the staining bath.

RESULTS

Classification of cases

The 105 cases studied were classified morpholo-
gically into main groups according to the FAB
proposals by three hematologists—pathologists
[23]. FAB groups M1 and M2 represented acute
myeloblastic leukemia (AML) without or with
maturation (M1/2, n = 51), group M3 represented
acute promyelocytic leukemia (APL, n = 7), group
M4 represented acute myelomonocytic leukemia
(AMMoL, n = 33), group M5 represented acute
monocytic leukemia (AMoL, n = 9) and group M6
represented erythroleukemia (n = 5) (Table 1).

Expression of sodium fluoride-sensitive isoenzymes in acute
myeloid leukemias

In 40 out of 105 cases analyzed one or two bands
were detected in the isoenzyme profile which could

~ be completely and selectively inhibited by addition
. of NaF (Fig. 1), whereas all other bands were

equally visualized in both staining baths with or
without NaF.

None of the cases in FAB groups M1/2, M3 and
M6 showed the NaF-sensitive bands; only cases of
monocytoid leukemias (FAB M4 and M5) express-
ed these bands (Table 1). Thirty-one out of 33
cases of FAB group M4 and 9/9 cases of FAB
group M5 were positive for this enzyme marker.
The staining intensity of the NaF-sensitive isoen-
zyme varied between the positive cases. The rela-
tive intensity of the bands was judged as weak,
medium, strong or very strong (Table 2). Most
cases of FAB group M4 displayed the NaF-

Table 1. Expression of NaF-sensitive esterase isoengyme in acute myeloid leukemias catego-
rized according to FAB criteria

FAB groups
M1/2 M3 M4 M5 M6 Total
(n=51) (n=7 (®=33) (r=9) (rn=235) (n=105)
Cases negative
for isoenzyme 51 2 0 5 65
Cases positive
for isoenzyme 0 31 9 0 40
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Fig. 1. Carboxylic esterase isoenzyme profiles of cases with acute myeloid leukemias separated by isoelectric focusing. (A) Acute
myeloblastic leukemia, FAB ML. (B) Acute promyelocytic leukemia, FAB M3. (C) Acute myelomonocytic leukemia. FAB M4
arrow: indicates two NaF-sensitive isoenzyme bands of strong staining intensity. (Top cathode, bottom anode.)
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Table 2. Relative staining intensity of NaF-sensitive esterase
isoenzyme in cases of acute myelomonocytic (FAB M4) and
monogytic (FAB M5) leukemia

FAB groups
Staining intensity M4 M5
of isoenzyme (n = 31) (n=19)
Weak 10 0
Medium 9 0
Strong 9 3
Very strong 3 4

sensitive isoenzyme at weak, medium or strong
staining intensity, whereas this isoenzyme was
stained strong or very strong in all cases of FAB
group Mb.

DISCUSSION

Several studies have demonstrated that the NaF-
sensitive carboxylic esterase isoenzyme is specific
for monocytes. Other authors used the term ‘lyso-
somal acid esterase (E.C. 3.1.1.6)° [24, 25].
However, the enzyme with the E.C. number 3.1.1.6
was named ‘acetylesterase’ (enzyme nomenclature
recommended by the International Union of
Biochemistry). Furthermore, it was shown that the
esterase activity 1s localized on the outer plasma
membrane of monocytes and not in lysosomes [4].
Gels stained at pHs 5.8 and 7.2 gave virtually
identical isoenzyme profiles, certainly identical
with regard to the NaF-sensitive isoenzyme [16,
21]. Therefore it was concluded that the isoen-
zymes described here and the ‘acid esterase’ men-
tioned belong to the group of carboxylesterases [18,
21].

Depending on the pH range of ampholyt used,
1-6 bands which were NaF-sensitive and with
isoelectric points of pH 5.7-6.2 were detected in
normal cells {14, 15, 18], leukemia cells {16, 26]
and leukemia cell lines [21]. In studies using
purified cell populations it was demonstrated that
this 1soenzyme is specific for monocytes [24, 27].
The same isoenzyme was observed in macrophages
[25], in myeloid leukemia cell lines of monocytic
origin [21, 28] and in monocytic leukemias [19,
26]. This isoenzyme, which was not expressed by
the untreated cells, could be induced by the phor-
bolester 12-O-tetradecanoylphorbol 13-acetate
(TPA) in the leukemia cell line HL-60 during
induction of differentiation [29, 30, Drexler et al.,
manuscript submitted]. HL-60 cells which origin-
ated from a case of acute promyelocytic leukemia
are triggered by TPA to differentiate into mono-
cyte-/macrophage-like cells [29].

In our analysis of 105 cases of acute myeloid
leukemias isoelectric focusing of carboxylic esterase
revealed the presence of the NaF-sensitive iso-

enzyme only in the cases of FAB M4 and M5
morphology, i.e. with myelomonocytic or monocy-
tic nature, but not in the non-monocytic leukemias
of FAB groups M1/2, M3 and M6. These results
are further evidence that the NaF-sensitive isoen-
zyme is an enzyme marker for cells of monocytic
origin. The cases of FAB group M5 (AMoL)
generally showed a stronger staining intensity of
the focused bands than the cases of FAB group M4
(AMMOoL); therefore it appears that the M5 blast
cells are more differentiated along the monocytic
cell lineage than the M4 blast cells as more mature
cells usually express stronger isoenzyme bands
[21]. We [Drexler et al., manuscript submitted]
and others [28] could demonstrate that the stain-
ing intensity of the monocyte-specific isoenzyme
gradually increased during induction of differentia-
tion in the monocytic leukemia cell lines ML-3,
THP-1 and U-937, paralleling the progression of
cellular maturation.

In the present and earlier studies [16, 21] we
found that cells committed to the granulopoietic
cell lineage without signs of monocytic nature also
show esterase isoenzymes focused at about the
same location in the gel (i.e. with the same or
similar isoelectric points) as the NaF-sensitive
isoenzyme; however, these ‘granulopoictic esterase
isoenzymes’ were NaF-resistant at the concentra-
tion of NaF used. Therefore, in addition to the
isoenzyme location, the NaF-sensitivity or NaF-
resistance of the isoenzyme is of importance for the
differentiation between cells associated with either
the granulopoietic or monocytic cell lineage.
However, staining of the isoenzyme in the presence
of NaF at concentrations of 100 mM or higher led
to a weaker staining intensity of most isoenzymes
and eventually to complete inhibition of most
isoenzymes [Drexler and Gaedicke, unpublished
data].

There are limitations to a morphological and
cytochemical subclassification of acute myeloid
leukemias using the FAB classification. The overall
concordance rate for subclassification into FAB
M-groups by independent observers was in the
range of 60-70% in several series [31-33]. The
most common discrepancies in these studies were
M1 vs M2, M1 vs M4 and M2 vs M4 classifica-
tions [31, 32]. The use of the monocyte esterase
isoenzyme for the reliable detection of the monocy-
toid element in these cases could improve the
reproducibility of the FAB system and diminish
especially the M1/2 vs M4 classification errors.

The findings presented here and those of other
investigators taken together demonstrate that the
NaF-sensitive esterase isoenzyme is an enzymatic
marker for monocytic involvement or differentia-
tion. Since the isoelectric focusing system using
several enzymes (carboxylic esterase, acid phos-
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phatase, hexosaminidase and lactate dehyd-
rogenase) is, on the one hand, an inexpensive
technique and fast and easy to perform, and on the
other makes a clear distinction between acute
lymphoid and myeloid leukemias [19] and between
myelocytic and monocytic variants, we are investi-

gating its utility in the classification of acute leuke-
mias as part of the multiple marker analysis.
Multiple marker analysis [2, 3] combines the disci-
plines of morphology, cytochemistry, immunology,
pathology and enzymology in order to establish a
diagnosis which is as accurate as possible.
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