Characterization of the Monocyte-Specific Esterase (MSE) Gene

Cord C. Uphoff', Zhen-Bo Hu', Suzanne M. Gignac', Weili Ma', Fred A. Rainey', Marina Kreutz?, Wolf-Dieter Ludwig’,
and Hans G. Drexler’

'DSM, German Collection of Microorganisms and Cell Cultures, Department of Human and Animal Cell Cultures, Braunschweig,_
‘Universitit Regensburg, Medizinische Klinik, Department of Internal Medicine |, Regensburg, *Freie Universitit Berlin, Universitatsklinikum
Rudolf Virchow, Department of Medical Oncology and Applied Molecular Biology, Berlin, Germany

Carboxylic esterases are widely distributed in hematopoietic
cells. Monocytes express the esterase isoenzyme (termed
‘monocyte-specific esterase’, MSE) that can be inhibited by
NaF in the a-naphthyl acetate cytochemical staining. We exam-
ined the expression of MSE in normal cells and primary and
cultured leukemia-lymphoma cells. The MSE protein was dem-
onstrated by isoelectric focusing (IEF); MSE mRNA expression
was investigated by Northern blotting and reverse tran-
scriptase-polymerase chain reaction (RT-PCR). The following
samples were positive for MSE protein and Northern mRNA
expression: 20/24 monocytic, 4/32 myeloid, and 1/20 erythroid-
megakaryocytic leukemia cell lines, but none of the 112 lymph-
oid leukemia or lymphoma cell lines; of the normal purified cell
populations only the monocytes were positive whereas, T, B
cells, and granulocytes were negative; of primary acute (myelo)
monocytic leukemia cells (CD14-positive, FAB M4/MS
morphology) 14/20 were Northern mRNA and 11/14 IEF protein
positive. RT-PCR revealed MSE expression in 29/49 Northern-
negative lymphoid leukemia~lymphoma cell lines. The RT-PCR
signals in monocytic cell lines were on average 50-fold
stronger than the mostly weak trace expression in lymphoid
specimens. On treatment with various biomodulators, only all-
trans retinoic acid significantly upregulated MSE message and
protein levels but could not induce new MSE expression in sev-
eral leukemia cell lines; lipopolysaccharide and interferon-y
increased MSE expression in normal monocytes. Analysis of
DNA methylation with sensitive restriction enzymes showed no
apparent regulation of gene expression by differential methyl-
ation; the MSE gene is evolutionarily conserved among mam-
malian species; the half-life of the human MSE transcripts was
about 5-6 h. The extent of MSE expression varied greatly
among different monocytic leukemia samples. However, the
MSE overexpression in a significant number of specimens was
not associated with gene amplification, gross structural
rearrangements or point mutations within the cDNA region.
Taken together, the results suggest that MSE expression is not
absolutely specific for, but strongly associated with cells of the
monocytic lineage; MSE is either not expressed at all or
expressed at much lower levels in cells from other lineages.
The biological significance, if any, of rare MSE messages in
lymphoid cells detectable only by the hypersensitive RT-PCR
remains unclear. Further studies on the regulation of this gene
and on the physiological function of the enzyme will no doubt
be informative with respect to its striking overexpression in
some malignant cells and to a possible role in the pathobiology
of monocytic leukemias.

INTRODUCTION

Esterases represent a diverse spectrum of enzymes with an
ubiquitous tissue distribution that share certain features
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regarding substrate specificity (1). These esterases belong 0
the class of serine hydrolases that are defined as functionally
related hydrolytic enzymes containing a serine residue in their
active site (2). This enzyme class comprises the serine protease
multigene family as well as various carboxyl-, cholin-, aryk-
acetyl- and acetylcholinesterases (3).

The carboxylesterases (EC 3.1.1.1) are a heterogeneous
group of cellular enzymes capable of hydrolyzing a variety Of
aliphatic or aromatic esters under acidic or neutral conditio.fjS
(4). In hematology these enzymes are known as non-specific
esterases, acting most efficiently on short-chain (acetate an
butyrate) esters. The enzymatic activity can be inhibited by
sodium fluoride (NaF) in monocytic cells, but not in cells
of the granulocytic series (5); however, it should be noted
that NaF-resistance or sensitivity is here clearly a relative
phenomenon (6).

Nevertheless, the unique substrate and inhibitor specificity
of the esterase found in monocytes indicated early on that the
high activity in monocytes might be due to enzyme variants
that are not present in other leukocytes (7). This notion was
strengthened by data from electrophoretic analyses of enzyme
extracts, first by polyacrylamide gel electrophoresis and later
by isoelectric focusing (IEF) (reviewed in (8)). These zymogram
IEF studies of normal and malignant myeloid cells have con-
sistently demonstrated the existence of two main groups of
esterase bands. One group of IEF bands is common to all
myeloid cells (termed common esterase, ComEst, by Scott ef
al. (9)) and one is additionally detected in cells of monocytic
origin (termed monocyte-specific esterase, MSE). In the IEF
analysis the ComEst group appears as a series of bands with
isoeletric points (pl) ranging from 6.3-7.9 while MSE com-
prises 1-5 bands (depending on the IEF system used) with a
narrow pl range 5.5-6.2 (3,9).

For a long time it was not known whether ComEst and MSE
belong to a multigene family representing post-transcrip-
tionally modified variants of the same enzyme or whether they
are clearly distinct at the molecular and genetic level, being
related only in their substrate specificity (9). Recent exper-
imental evidence supports the second view, namely that Com-
Est and MSE are unrelated enzyme species: one appears to be
a monomeric acetylesterase and the other a trimeric carboxy!-
esterase, respectively (1,9).

We recently demonstrated the specificity of MSE as
expression at the mRNA (examined by Northern blotting) and
protein level (by IEF) were clearly restricted to cells committed
to the monocyte-macrophage lineage (10). In order to sub-
stantiate these conclusions in a comprehensive survey and to
further clarify the nature of MSE, we analyzed a greatly
extended panel of primary and continuously cultured leuke-
mia cells applying extremely sensitive detection methods,
examined the gene expression under in vivo and manipulated
in vitro conditions, and characterized the MSE gene in
further detail.
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MATERIAL AND METHODS

Primary Normal and Malignant Cell Material

Fresh leukemia cells were taken from peripheral blood (PB)
or bone marrow (BM) from patients with myeloid leukemia of
the morphological M4 or M5 subtypes according to the
French-American-British (FAB) classification. Samples were
sent to the reference laboratory of author W.D.L. for immuno-
phenotype analysis. PB or BM mononuclear cells were separ-
ated by standard Ficoll-Hypaque density gradient centrifug-
ation (Lymphoprep, Nycomed, Oslo, Norway). All samples
were examined with the following panel of surface markers
using flow cytometry: CD2, CD3, CD4, CD7, CD10, CD13,
CD14, CD15, CD19, CD33, CD34, CD41, CDw65, glyco-
phorin A, HLA-DR. Cells were pelleted and frozen in liquid
nitrogen.

Normal PB mononuclear cells taken directly by venu-
puncture of laboratory staff or from buffy coats (generously
provided by the German Red Cross Blood Transfusion Center,
Springe, Germany) were isolated by standard Ficoll-Hypaque
density gradient centrifugation. The cells were separated from
the vast majority of thrombocytes by repeated low-speed sedi-
mentations (200 x g for 7 min). Mononuclear cells were
adjusted to 2-20 x 10° cells/ml with macrophage-serum free
medium (M-SFM; Gibco BRL, Eggenstein, Germany). Tissue
culture dishes (Nunc, Wiesbaden, Germany) containing 10-
15 ml of this cell suspension were incubated for 1 h at 37°C
in a humidified incubator with 5% CO,. Non-adherent cells
were subsequently removed by washing the culture dishes
repeatedly with warm phosphate-buffered saline (PBS) con-
taining 0.5% M-SFM. For RNA preparation cells were washed
from the dishes with guanidinium isothiocyanate. T cells were
enriched by sheep red blood cell rosetting (ICN Flow, Meck-
enheim, Germany). Granulocytes were collected from the bot-
tom of the Ficoll gradient and separated from erythrocytes by
a dextran gradient (Dextran T-500; Pharmacia, Freiburg,
Germany). Normal B cells were obtained from surgically
removed tonsils after sheep red blood cell rosetting of the
mononuclear cell preparation. The purities of the normal cell
populations were verified by immunostaining and flow cyto-
metric analysis (FACScan; Becton Dickinson, Heidelberg,
Germany): T cells were enriched to 97% (CD3+), B cells to
97% (CD19+), monocytes to 86% (CD14+ and positive in
the a-naphthyl acetate esterase cytochemical staining), and
granulocytes to >95% (morphological analysis). In order to
increase the quantity and the purity of available normal mono-
cytes, monocytes were isolated from mononuclear cells (after
Ficoll-Hypaque centrifugation) by counter-current elutriation
(JGM-E Beckman centrifuge; Beckman, Miinchen, Germany)
using a large-volume chamber (50 mi) and a JE-5 rotor at 2500
r.p.m. and a flow rate of 110 ml/min in Hank’s balanced salt
solution supplemented with 2% human albumin. Elutriated
monocytes were >95% pure as determined by morphology
and antigenic phenotype.

Culture of Cell Lines and In Vitro Stimulation

All human cell lines were derived from patients with leukemia
or lymphoma (11). The continuous human and animal cell
lines were either taken from the stock of the cell bank (DSM,
German Collection of Microorganisms and Cell Cultures) (12)
or were generously made available for this study by the orig-
inating investigators. Cells were grown under optimal con-
ditions in 50 ml or 260 ml tissue culture flasks or 24-well
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plates (Nunc) in their appropriate media (RPMI 1640,
McCoy's 5A, Leibowitz’s L-15, Iscove’s MDM, Dulbecco’s
MEM, or MEM alpha; Gibco BRL) supplemented with 5-20%
heat-inactivated (at 56°C for 45 min) fetal bovine serum
(Sigma, Deisenhofen, Germany) at 37°C in a humidified
atmosphere of 5% CO, in air. The cells were examined daily
in the culture flasks under an inverted microscope. Cultures
were incubated without antibiotics in order to avoid sublimal
bacterial infection. Only mycoplasma-free cultures were used;
freedom of mycoplasma contamination was checked routinely
by DAPI staining and cultivation on agar. The cells were
harvested in their logarithmic growth phase with viabilities
exceeding 90% as determined by trypan blue dye
exclusion. Cell pellets were kept frozen at —20°C or pro-
cessed immediately.

In vitro stimulation of cell lines was carried out with two
protein kinase C (PKC) activators, the pharmacological 12-O-
tetradecanoylphorbol 13-acetate (TPA; Sigma) and the natural
Bryostatin 1 (Bryo 1; kindly provided by Prof G.R. Pettit,
Tempe, AZ, USA), the vitamin A-analogue all-trans retinoic
acid (ATRA; Sigma), and the calcium transport regulator 1,25-
dihydroxyvitamin D5 (Vit. D3; Sigma). The inducers were first
dissolved in ethanol or DMSO at 1073 m and then further
diluted in RPMI 1640 medium so that the final concentrations
of the solvent were maximally 0.01% in the experiments. The
cells were exposed to 1077 M solutions of the reagents for up
to 4 days. PB monocytes and some cell lines were stimulated
with 100 ng/ml lipopolysaccharide (LPS; Sigma) and 200 U/ml
interferon-y (IFN-y; Boehringer Mannheim, Mannheim,
Germany) for up to 24 h.

RNA Isolation and Northern Blotting

Total cellular RNA was isolated using the guanidinium iso-
thiocyanate-cesium chloride method (13). Northern blots
were prepared by separating 10 ug of total RNA in an agarose
gel containing 1% formaldehyde. The RNA was transferred
to a nylon membrane (Nytran, Schleicher and Schiill, Dassel,
Germany) and cross-linked with 1200 J ultraviolet light (UV
Stratalinker 1800; Stratagene, Heidelberg, Germany). After 2 h
of pre-hybridization the filters were hybridized with a nick-
translated (Gibco BRL) or random primed (USB, Bad Hom-
burg, Germany) [a-*2P]dCTP-labeled HMSE-1 probe overnight
at 62°C. The filters were then washed stringently and exposed
for autoradiography to X-ray films (Fuji RX) with intensifying
screens at —80°C. Filters were rehybridized with a housekeep-
ing gene as the control.

Probes

A 1746-bp EcoRl fragment cloned into pUC19 containing the
partial coding sequence (nucleotides —10 to 1512 from the
3'-end of the HMSE gene) was kindly provided by Dr F.
Zschunke (Gottingen, Germany) (2). A 238-bp fragment of the
HMSE-1 cDNA from the 5’-end (nt —10 to 228, obtained after
BamHI digestion and extraction from the gel) was employed
in some experiments. The B-actin probe pAct-1, a 1.25-kb Pstl
fragment (cloned in pBR322) from the cDNA of hamster B-
actin (obtained from Dr J.W.G. Janssen, Ulm, Germany) was
used as control.

Determination of RNA Half-Life

The half-life of the MSE mRNA was determined by exposure
of the cells to 10 ug/ml actinomycin D (Sigma), an inhibitor
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of transcription, for 0-24 h before harvest of the cells and sub-
sequent isolation of RNA.

Reverse Transcriptase-Polymerase Chain Reaction (RT-
PCR)

Five micrograms of total RNA was used as a template for first
strand cDNA synthesis using a reverse transcriptase preampli-
fication system kit (SuperScript; Gibco BRL) in a final volume
of 20 ul PCR buffer (containing 20 mm Tris-HC| of pH 8.4,
50 mm KCI, 2.5 mm MgCl,, 0.1 mg/ml BSA) supplemented
with 0.5 pg of oligo dT primer. After heating the mixture at
70°C for 10 min, 200 U of Moloney murine leukemia virus
reverse transcriptase and 1 ul of 10 mm dNTP mix were added
to the reaction system. The reaction mixture was then incu-
bated at 42°C for 50 min, at 90°C for 5 min and then quickly
chilled on ice. After brief centrifugation, 2 U RNase H was
added to the reaction mixture for 20 min at 37°C. RNA
samples from some cell lines were treated with DNase [
(RNase-free from Boehringer Mannheim) prior to reverse tran-
scription. The reaction was incubated at 37°C for 1 h and then
at 95°C for 5 min and immediately cooled on ice. Five
microlitres of the reverse transcriptase reaction mixture con-
taining the first strand cDNA was diluted with PCR buffer
(10 X: 500 mm KCl, 15 mm MgCl,, 100 mm Tris-HCI pH 8.3,
0.001% gelatin) containing 20 pmol of each upstream and
downstream primer, 10 nmol of dNTP mix and 1.25 U of Taq
DNA  polymerase (Amersham-Buchler, Braunschweig,
Germany). The primers used in the experiment were designed
according to sequence data published previously (2): sense 5'-
GGCAGTTACTCTCAGAGCTA-3' (sequence nucleotides 92—
111, MSE-P1) and antisense 5'-CTTCCACAGGAGTGAC-
ATGGC-3' (sequence nucleotides 960-940, MSE-P2). Oligo-
nucleotide primers were prepared on an automated DNA syn-
thesizer (Cylcone Plus, Millipore, Eschborn, Germany). The
PCR was then performed with a DNA thermal cycler (Perkin
Elmer Cetus, Heidelburg, Germany) for 32 cycles under the
following conditions: 30 s at 94°C for denaturation, 30s at
55°C for annealing, and 2 min at 72°C for extension. The
amplified PCR products were electrophoresed in 1.2% aga-
rose gels, stained with ethidium bromide and observed under
ultraviolet light. Gels were blotted onto nylon filters using the
Southern technique as described below. In order to assess the
quality of reverse transcribed RNA and successful PCR-ampli-
fication, aliquots from the same products obtained from
reverse transcription were amplified in parallel using the fol-
lowing two B-actin primers: sense 5'-ATGGATGATGATA-
TCGCCGCG-3' and antisense 5'-CTAGAAGCATTTGCGGT-
GGAC-3'.

Polymerase Chain Reaction and Single-Strand
Conformation Polymorphism (PCR-SSCP)

PCR-SSCP analysis was modified from the previous descrip-
tion (14). In brief, 6 ul reverse transcribed cDNA was ampli-
fied by PCR (30 cycles; the same conditions as under RT-PCR)
in the presence of 10 uCi [a-*?P]dCTP using the two primers
MSE-P1 and MSE-P2 (see above). From the amplification pro-
duct 4 ul were diluted 1 :25 with 0.1% SDS, 10 mm EDTA
and heated at 95°C after adding 1 volume sequencing stop
solution (95% formamide, 20 mm EDTA, 0.05% bromophenol
blue, 0.05% xylene cyanol, 20 mm NaOH). Then, 2—4 ul of
this mixture was loaded onto a 6% non-denaturing polyacryl-
amide gel containing 90 mm Tris-borate, 2 mm EDTA (pH 8),
and 10% glycerol. Electrophoresis was performed at 25 W for
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4 h with air cooling. Subsegently the gel was dried and
exposed to an X-ray film for autoradiography overnight at
room temperature.

DNA Sequencing

RT-PCR products were purified using Jetsorb (Genomed, Bad
Oeynhausen, Germany). RT-PCR products were sequenced
using the Tag DyeDeoxy™ Terminator Cycle Sequencing Kit
(Applied Biosystems, Weiterstadt, Germany). The primers
used were MSE-P1 as sense, antisense 5'-GGTTCTTGGCCAA-
TGGAGACA-3' (sequence nucleotides 526-506, MSE-P3),
antisense  5'-GGCTGGATCTTCATTCACAGC-3" (sequence
nucleotides 1526-1506, MSE-P4), and MSE-P2 as antisense at
a concentration of 4 pmol per sequence reaction. The sequ-
encing was performed with the DNA thermal cycler for 25
cycles under the following conditions: 30 s at 96°C for denat-
uration, 15 s at 50°C for annealing, and 4 min at 60°C for
extension. The sequence reactions were purified as described
by the manufacturer. The sequence reactions were electroph-
oresed using the Applied Biosystem’s 373A DNA Sequencer.

Southern Blotting

High molecular weight DNA was extracted from frozen PBS-
washed leukemic cells using standard methods (13). For the
different experiments 20 ug of DNA was digested overnight
with 100U of one of the restriction enzymes Hindlll
(Pharmacia, Freiburg, Germany), BamHlI, EcoRl, Pstl (Gibco
BRL), Mspl, Hpall, or Cfol (Boehringer Mannheim). To 1/10
of the reaction mix 200 ng lambda DNA (Pharmacia) was
added as control. The digested DNA was extracted with phe-
nol, precipitated in ethanol and separated in a 0.7% agarose
gel. The DNA was fixed with 0.2 N HCI and then denatured
with 0.5 M NaOH/1.5 M NaCl. After neutralization with 0.5 m
Tris-HCl (pH 7.0)/3 M NaCl the DNA was blotted with
20xSSC on nylon membranes and then treated and
hybridized as described above under Northern blot analysis.

Pulsed Field Gel Electrophoresis

Pulsed field gel electrophoresis (PFGE) is an electrophoretic
technique alternative to standard Southern analysis that uses
alternating pulses of current directed at angles through an aga-
rose gel to separate large DNA restriction fragments. Digested
genomic DNA was separated on a 1.5% agarose gel using the
Chef-Dr Il PFGE system (Bio-Rad, Munchen, Germany)
according to the recommendations of the manufacturer. In
brief, the gel was run for 5h at 14°C applying a 200V
inverting field. The switching cycle increased from 1 to 4s
over these 5 h. Following PFGE the gel was treated similarly
to a standard Southern blot.

Isoelectric Focusing

Enzyme extraction, separation by IEF and visualization of
esterase isoenzymes have been described in detail elsewhere
(10). In brief, enzymes were extracted by repeated cycles of
freezing-thawing and solubilized by addition of Triton X 100
(Serva, Heidelberg, Germany). After centrifugation, aliquots of
supernatant containing the enzyme preparation (extracted
from equal numbers of cells) were separated by analytical IEF
on horizontal thin-layer polyacrylamide gels (4.8% acryl/
bisacrylamide, pH range 2-11 of the ampholyte Servalyt;
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Serva) using an LKB Multiphor system (Pharmacia). Iso-
enzymes were visualized on the gels by submersion in a stain-
ing solution containing a-naphthyl acetate (Sigma) as substrate
and Fast Blue RR (Serva) as the coupling diazonium salt.
Addition of 40 mm NaF to the staining bath inhibited selec-
tively the MSE band at about pH 6.0 (3). Bands on autoradio-
graphed RNA films after Northern blot analysis or RT-PCR
Southern blotting and on dried IEF gels were quantified densi-
tometrically (LKB Ultroscan Densitometer; Pharmacia).

RESULTS

Expression of MSE

Detection of Protein by IEF and of mRNA by Northern Blot-
ting. MSE protein was demonstrated by IEF on polyacryl-
amide gels as a distinct band with an isoeletric point of about
pH 6.0. This band could be selectively inhibited by NaF. In
the Northern blot analysis a single band corresponding to an
MSE transcript of 2.0 kb was detected. Expression of MSE pro-
tein and mRNA were examined in all samples, i.e. normal cell
populations, primary leukemia cells, and leukemia cell lines,
by IEF and Northern blotting, respectively (Tables 1 and 2;
Figures 1 and 2).

Of the purified normal cell populations (n=10 from differ-
ent individuals), only the PB monocyte preparations consist-

ently displayed MSE protein and mRNA, whereas PB T cells,
PB granulocytes, and tonsillar B cells were all negative.
Twenty-two PB or BM acute (myelo)monocytic leukemia
samples, diagnosed as such on morphological-cytochemical
(FAB M4 or M5) and immunophenotypical grounds (CD14+),
were tested. mRNA expression was found in 14/20 cases
tested; 11/14 cases analyzed showed the MSE band in the IEF.
MSE expression was examined in 188 cell lines (Table 2).
All 112 lymphoid leukemia and lymphoma cell lines were
negative at the Northern mRNA and protein level (29 pre B-
cell leukemia, 17 B-cell leukemia, 21 T-cell leukemia, 13
myeloma, 8 Burkitt, 8 Hodgkin, and 16 non-Hodgkin lym-
phoma cell lines). In the category ‘myeloid leukemia cell
lines’ (n=32) four and five cell lines were MSE-positive in the
IEF and Northern analysis, respectively. One out of 20 cell
lines with megakaryocytic and/or erythroid features showed
the MSE bands in the IEF and Northern gels. The MSE iso-
enzyme and the MSE transcript were found in 20/24 cell lines.

Detection of mRNA by RT-PCR. To assess the detection
sensitivity of the IEF, Northern and RT-PCR analysis, positive
cells were diluted with MSE-negative cells. In preliminary
experiments we showed that it was possible with IEF to vis-
ualize an MSE-positive population in a mixture consisting of
1% positive cells (cell line THP-1) and 99% negative cells
(RC-2A). The dilution experiments performed here revealed
that Northern blotting had a maximal sensitivity of 2.5% posi-

Table 1 Expression of MSE mRNA and Protein in Primary Human Leukemia Cells
Patient no. Surface Marker Expression? FAB Subtype MSE Expression
CD13 CD14 CDi15 CD33 CDwses Protein IEF® mRNA mRNA
Northern® RT-PCRe
1 70 56 31 90 80 M5 ++  [2.89x]¢
2 10 5 75 35 70 M5 -
3 44 75 5 79 66 M4 (+) [0.71x]9
4 50 70 70 90 87 M5 +  [095x] +  [055x] +
5 75 60 37 76 60 Mdeo -
6 24 34 20 76 20 M4 + [1.24x]
7 24 40 30 60 68 M4 (+) [0.10¢]
8 12 52 44 20 80 M5a - - -
9 82 55 47 81 49 M5 - - -
10 71 85 1 85 83 M4 +  [101x] +  [1.06x]
11 37 34 26 83 63 M4 (+) [059x] (+) ([0.40x] +
12 6 44 34 56 56 M5 (+) [0.70x] (+] [0.25x] +
13 34 69 16 75 76 M5a - - +
14 34 47 20 80 86 M5b + [1.19%] +
15 30 55 12 80 80 M4 ++ [4.43x] (+) [0.24x] +
16 37 62 0 36 52 M4 (+) [037x] (+) [0.36x]
17 82 70 13 70 45 M4eo + [0.48x]
18 34 60 14 90 72 Mdeo (+) [061x] (+) [0.10x]
19 82 47 48 71 35 Mdeo (+) [0.08x]
20 21 19 32 73 66 M4/M5 -
21 14 33 77 82 87 M5 ++ [6.22x] ++ [5.61x]
22 16 57 23 50 70 M5 ++ [674x] + [0.18x]

2Expression of these surface markers (percentage of positive cells) was examined by indirect immunofluorescence staining and either
microscopic or flow cytometric analysis using the monoclonal antibodies My7 (CD13), VIM-13 or UCHM1 (CD14), VIM-D5 (CD15), My9
(CD33), VIM-2 (CDw65); other markers examined are not listed but confirmed the diagnosis.

bIntensity of bands on IEF gels and Northern gels; the intensity of expression (thickness of the band) was graded in comparison with those
from normal control monocyte samples: —, negative; (+), weaker; +, same intensity; ++, overexpression (stronger band).

‘Intensity of bands on Southern gels hybridized with the HMSE-1 probe after RT-PCR: —, negative; +, positive.

9Intensity of expression (thickness of bands in IEF and Northern) analyzed densitometrically in comparison with normal unstimulated mono-

cytes; data are given as X-fold of the normal values.
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Table 2 Expression of MSE mRNA and Protein in Continuous Human Leukemia-Lymphoma Cell Lines

Cell Line Origin® Protein mRNA

|IEFP Northern® RT-PCRe¢

Pre-B Leukemia Cell Lines

1 1E8 Pre B-ALL - -
2 207 Pre B-ALL - - +
3 380 ALL - - (+)
4 697 Pre B-ALL - - -
5 ALL-1 Pre B-ALL - -
6 BAY-91 ALL - - -
7 BV-173 CML-BC - - -
8 EU-1 ALL — -
9 HAL-01 Pre B-ALL - - (+)
10 HPB-NULL ALL - -
11 KARPAS-353 Pre B-ALL - -
12 KOPN-8 ALL - -
13 LAZ-221 ALL - -
14 LILA-1 Pre B-ALL - -
15 LK-63 Pre B-ALL - -
16 MIK-ALL Pre B-ALL - -
17 NALM-1 CML-BC - -
18 NALM-6 ALL - - (+)
19 NALM-16 ALL — -
20 OM9;22 ALL - -
21 PC-53 Pre B-ALL - - -
22 PRE-ALP Pre B-ALL - -
23 RCH-ACV Pre B-ALL - -
24 REH ALL - - +
25 RS4;11 ALL - - +
26 SUP-B15 Pre B-ALL - -
27 SuUP-B27 Pre B-ALL - -
28 TAHR-87 AUL - -
29 TOM-1 Pre B-ALL - -
B Leukemia Cell Lines
1 BALL-1 ALL - -
2 BALM-1 B-ALL - -
3 BALM-6 B-ALL - -
4 BALM-8 B-ALL - -
5 BONNA-12 HCL - - -
6 EH HCL - - (+)
7 EHEB B-CLL - - ++
8 ESKOL HCL - - -
9 HAIR-M HCL - -
10 HC-1 HCL - -
11 HK HCL - -
12 JVM-2 B-PLL - - ++
13 JVM-3 B-PLL - -
14 JVM-13 B-PLL - - +
15 KARPAS-231 B-ALL - -
16 MN-60 B-ALL - - -
17 WIEN-133 B-ALL - -
T Leukemia Cell Lines
1 BE-13 T-ALL - -
2 CCRF-CEM ALL - -
3 CML-T1 CML-BC - - -
4 DU-528 T-ALL - -
5 HPB-ALL T-ALL - -
6 JURKAT T-ALL - -
7 KE-37 T-ALL - -
8 LOUCY T-ALL - -
9 MDS CMMoL - -
10 MKB-1 AML - -
11 MOLT-3 ALL - - (+)
12 MOLT-13 T-ALL - -
13 MOLT-15 AMoL - -
14 MOLT-16 T-ALL - - (+)
15 MOLT-17 T-ALL - -
16 MO-T HCL - -
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Table 2 (Continued)

Cell Line Origin@ Protein mRNA

IEF® Northern?  RT-PCR¢

T Leukemia Cell Lines

(Continued)
17 MT-1 ATL - - (+)
18 P12/ICHIKAWA ALL - -
19  PEER T-ALL - - +
20 PF-382 ALL - - -
21 SKW-3 CLL - - -
Myeloma Cell Lines
1 EJM Myeloma - - -
2 IM-9 Myeloma - - -
3 KARPAS-620 Plasma cell leukemia - -
4 KARPAS-707 Myeloma - - -
5 L-363 Plasma cell leukemia - - -
6 LP-1 Myeloma - -
7 MM-1 Myeloma - - -
8 MM-S1 Myeloma - - (+)
9 NCI-H929 Myeloma - - -
10 OPM-2 Myeloma - - -
11 U-266 Myeloma - -
12 U-1958 Plasma cell leukemia - -
13 U-1996 Myeloma - - +
Burkitt Lymphoma Cell Lines
1 BJAB Burkitt - -
2 CA-46 Burkitt - - (+)
3 DAUDI Burkitt - - +
4 DG-75 Burkitt - -
5 EB-1 Burkitt - -
6 NAMALWA Burkitt - -
7 NAMALWA-IPN.45 Burkitt - -
8 ROS-17 Burkitt - - +
Hodgkin Lymphoma Cell Lines
1 CcO Hodgkin (nodular sclerosis) - -
2 HDLM-1 Hodgkin (nodular sclerosis) - -
3 HDLM-2 Hodgkin (nodular sclerosis) - - (+)
4 HDLM-3 Hodgkin (nodular sclerosis) - -
5 KM-H2 Hodgkin (mixed cellularity) - - -
6 L-428 Hodgkin (nodular sclerosis) - - +
7 L-540 Hodgkin (nodular sclerosis) - -
8 SUP-HD1 Hodgkin (nodular sclerosis) - -
Non-Hodgkin Lymphoma Cell Lines
1 DEL Malignant histiocytosis - -
2 DOHH-2 B NHL (immunoblastic) - -
3 HBL-1 B NHL (diffuse large cell) - -
4 HT-58 B NHL (centroblastic) - - (+)
5 KARPAS-299 T NHL (histiocytic) - - +
6 KARPAS-422 B NHL - - (+)
7 MC-116 B NHL (undifferentiated) - ~ ++
8 MH-1 Malignant histiocytosis - - (+)
9 PFI1-285 T NHL - - -
10 RL B NHL (undifferentiated) - -
11 SCC-3 NHL (diffuse large cell) - - -
12 ST-4 T NHL (convoluted type) - - +
13 SUP-T1 T NHL (lymphoblastic) - -
14 U-698-M B NHL (lymphoblastic) - - +
15 WSU-NHL B NHL (histiocytic) - -
16 WSU-WM Waldenstréom - - +
Myeloid Leukemia Cell Lines
1 EM-2 CML-BC - - +
2 EM-3 CML-BC - (+) +
3 EOL-1 AML-eosino + + +
4 EOL-3 AML-eosino + (+) +
5 GDM-1 CML-BC - - -
6 GF-D8 AML M1 - - ++
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Table 2 (Continued)
Cell Line Origin? Protein mRNA

IEF? Northern®  RT-PCRe¢
Myeloid Leukemia Cell Lines (Continued)

7 GM-153 AML - - -

8 GM/S0 CML-BC - -

9 HL-60 AML M2 - - (+)
10 HMCA Mast cell leukemia - - (+)
11 KASUMI-1 AML M2 - -

12 KBM-7 CML-BC - - ++
13 KCL-22 CML-BC - - -
14 KG-1 AML - - (+)
15 KG-1A AML - - (+)
16 KMT-2 Umbilical cord blood - - (+)
17 KOPM-28 CML-BC - - ++
18 KU-812 CML-BC - - +
19 KU-812F CML-BC - - +++
20 KY-821 AML - - +++
21 KYO-1 CML-BC - - ++
22 MOLM-6 CML-BC - - +
23 MOLM-7 CML-BC - -

24 MOLM-8 CML-BC - - +
25 MR-87 AML - -

26 NB-4 AML M3 (+) (+)

27 OCI-AML-5 AML - - (+)
28 PL-21 AML M3 + (+) ++
29 T AML M2 - - -
30 789,22 CML-BC - -

31 UCSD/AML-1 AML - - +
32 YS9;22 CML-BC - - +
Monocytic Leukemia Cell Lines

1 CTV-1 AML M5 - - +

2 DD Histiocytic lymphoma - - ++

3 JOSK-I AML M4 +++ +++ +++

4 JOSK-K AML M5 ++ ++ +++

5 JOSK-M CML-BC ++ ++ ++

6 JOSK-S AML M5 +++ +++ ++

7 KBM-3 AML M4 + +++ +++

8 KBM-5 CML-BC (+) +++ +++

9 ML-2 AML M4 (+) (+) +
10 MOBS-1 AMoL + +++ +++
11 MONO-MAC-6 AML M5 +++ +++ +++
12 MV4-11 AML M5 (+) (+) +++
13 NOMO-1 AMoL +++ +++
14 OCI-AML-1 AML M4 - - +
15 OCI-AML-2 AML M4 + ++ +++
16 OCI-AML-3 AML M4 + +++ +++
17 PLB-985 AML M4 + + ++
18 RC-2A AML M4 - - +
19 RW-LEU-4 CML-BC + + +++
20 SKM-1 AMoL ++ +++ +++
21 THP-1 AML M5 +++ +++ +++
22 TK-1B AML M4 +++ ++
23 U-937 Histiocytic lymphoma (+) (+)

24 X-376 AML +++ ++ +++
Megakaryocytic-Erythroid Leukemia Cell Lines

1 CHRF-288-11 AML M7 - - ++

2 CMK AML M7 - - +++

3 DAMI AML M7 - - +

4 F-36P AML M6 - - ++

5 F-36EGM AML M6 - - ++

6 HEL AML M6 - - (+)

7 K-562 CML-BC - - +

8 KMOE-02 AML M6 - - (+)

9 LAMA-84 CML-BC - - +++
10 M-07e AML M7 - - ++
11 MB-02 AML M7 - -

12 MEG-01 CML-BC - - (+)
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Table 2 (Continued)

Cell Line Origin® Protein mRNA
IEFP Northern®  RT-PCR¢

Megakaryocytic-Erythroid Leukemia Cell Lines (Continued)

13 MEGAL AML M7 - - ++

14 MKPL-1 AML M7 - - +

15 MOLM-1 CML-BC - - ++

16 OCI-M1 AML M6 - - +

17 OCI-M2 AML M6 - - -

18 7-33 CML-BC - -

19  TF1 AML M6 - - +

20 uTt-7 AML M7 + +++ +++

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; AMoL, acute (myelo)monocytic leukemia;
ATL, adult T-cell leukemia; AUL, acute undifferentiated leukemia; CLL, chronic lymphocytic leukemia; CML-
BC. chronic myeloid leukemia in blast crisis; CMMoL, chronic myelomonocytic leukemia; HCL, hairy cell
leukemia; NHL, non-Hodgkin's lymphoma; PLL, prolymphocytic leukemia.

aCell lines were assigned to the respective categories based on their origin and their phenotypic and func-
tional characteristics (e.g. surface markers, receptor gene rearrangements, expression of hemoglobin, etc.);
original diagnoses (types and subtypes of malignancies) are given as far as indicated in the original publi-

cations (see also (11)).

PIntensity of bands on IEF gels and Northern gels; the intensity of expression (thickness of the band) was
graded in comparison with those from normal control monocyte samples: —, negative; (+), weaker; +,
same intensity, ++, overexpression (stronger band); +++, strong overexpression (very strong band).
cIntensity of bands on Southern gels hybridized with the HMSE-1 probe after RT-PCR; —, negative; (+),
weakly positive; +, ++, +++, different degrees of positivity.

tive cells (PLB-985) in a background of 97.5% negative cells
(KG-1). RT-PCR was 50-250 times more sensitive than North-
ern as the RT-PCR product of MSE was reproducibly detect-
able at a 1 :2000 to 1 : 10000 dilution. These results confirm
similar levels of sensitivity in dilution experiments done to
detect the enzyme myeloperoxidase (MPO): 1-3% for North-
ern and 0.05-0.1% for RT-PCR (15). The more sensitive RT-
PCR method was carried out, both to confirm the results
obtained by Northern blotting, and to further characterize any
trace expression of cell lines negative at the protein and
Northern mRNA level. The RT-PCR generated a unique and
accurately sized product of 868 bp. The identity of PCR pro-
ducts from the cell lines was confirmed by Southern blots of
the PCR products (Figure 3). The intensity of expression shown
by RT-PCR is, of course, a gross estimate and not an exact
quantification (since we did not perform quantitative PCR),
but provides nevertheless a clear and reproducible picture of
MSE trace expression.

One hundred and fourteen cell lines were examined for
MSE mRNA expression by RT-PCR using primers MSE-P1
and -P2, followed by Southern blotting and hybridization with
the HMSE-1 probe (Table 2). Seventy-two cell lines were posi-
tive; upon significantly longer exposure of the films to the
radioactive filter a further 17 of the 42 initially negative cell
lines showed weak bands. Of the 49 Northern-negative
lymphoid leukemia and lymphoma cell lines, 29 (59%) were
positive, most of them weakly or very weakly. Systemic con-
taminations were excluded as negative control cell lines and
negative controls (H,O) were consistently negative in all
experiments; furthermore, the results were confirmed in 24
cell lines using the primer pair MSE-P1 and -P3. No particular
pattern of positivity or negativity was seen among the various
categories. Eighteen of 22 Northern-negative myeloid leuke-
mia cell lines displayed bands in the RT-PCR Southern blots.
All 21 monocytic cell lines investigated were RT-PCR-positive
including four cell lines that were both IEF- and Northern-
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negative. With one exception all samples (n=18) from cell
cultures with megakaryocytic-erythroid features were North-
ern-negative, but RT-PCR-positive. Scanning densitometry of
the RT-PCR Southern blots indicated that MSE mRNA was
approximately 10-50-fold and 3-10-fold more abundant in
monocytic cell lines (e.g. JOSK-I, JOSK-K, JOSK-S, U-937)
than in lymphoid leukemia (e.g. JVM-13, NALM-6, REH) and
erythroid-megakaryocytic cell lines (e.g. F-36P, LAMA-84,
OCI-M1), respectively.

Overexpression of MSE

Previously, we noted a striking variability in the staining inten-
sity of the MSE protein band in the IEF among different mono-
cytic leukemia samples which, however, was not evident in
normal controls. Compared with the bands from normal PB
monocyte populations a certain percentage of the leukemic
specimens showed increased expression of the isoenzyme. As
cell extracts were prepared from the same number of cells
and equal amounts of mMRNA (10 ug) were applied in the gels,
we compared the intensity of MSE, IEF, and Northern
bands between normal and leukemic samples by densito-
metric scanning.

Leukemia Cell Lines. The extent of MSE mRNA and pro-
tein expression varied greatly among the 26 positive cell lines.
Northern blot and IEF analysis showed that the steady-state
levels of MSE transcripts and isoenzyme bands were elevated
in 16/26 (62%) and in 9/25 (36%) cell lines, respectively, rela-
tive to normal purified monocytes (Figures 1, 2, 4, and 5). We
considered any abundant MSE expression as ‘overexpression’
when cases showed in the densitometric scanning at least
twice the amount of Northern mRNA or IEF protein found in
the normal unstimulated monocytes. According to these cri-
teria 16 cell lines overexpressed MSE mRNA and nine cell
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Figure 1

Analysis of MSE mRNA expression in a panel of leukemia cell lines and normal PB monocytes (Monos). Total cellular RNA from

the cell lines indicated was analyzed by Northern blotting and hybridized with the HMSE-1 cDNA probe. The MSE message has a size of
2.0 kb. Inspection of the ethidium bromide-stained gel confirmed integrity of the RNA. Hybridization with the B-actin probe was used as an

internal control for the loading of similar amounts of RNA

lines overexpressed the protein. The protein levels were not
closely related to mRNA levels in some cell lines. The levels
of protein expression in seven cell lines overexpressing RNA
message fell into the range of 80-200% of that of normal
monocytes. The intensities of the IEF bands of 16 cell lines
were in the range of 50-170% of those of normal monocytes.
Low MSE expression might be caused by deficiencies at vari-
ous levels, but are more likely based on the relative imma-
turity of the cells, i.e. cells were arrested at developmental
stages where physiologically this gene product is not yet
expressed.

Primary Leukemia Cells. Two out of the 14 (14%) mRNA-
positive cases expressed MSE at levels that were 2.8-5.6-fold
higher than the MSE mRNA levels found in normal monocytes
(Table 1). Abnormally high MSE protein levels were detected
in 3/11 (27%) MSE-positive leukemic samples (range 4.4-6.2-
fold) (Table 1).
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Induced Expression of MSE

Leukemia Cell Lines. In order to analyze whether MSE
expression can be modulated in vitro, positive and negative
cell lines were stimulated with ATRA, TPA, Vit. D3 or Bryo 1
and LPS + IFN-y. ATRA upregulated steady-state levels of
MSE transcripts in positive cell lines (n= 3); TPA was not very
effective and either up- or downregulated, albeit only slightly,
the mRNA and protein levels in positive cell lines (n=4)
(Table 3; Figures 6 and 7). Vit. D3 and Bryo 1 were not effec-
tive in altering the MSE expression, neither up- nor down-
regulation in positive cell lines nor newly induced expression
in negative cell lines (HL-60, NB-4). LPS + IFN-vy caused only
minor, insignificant changes (<25%) in MSE mRNA and pro-
tein expression in seven leukemia cell lines. Neither ATRA,
TPA, nor LPS + IFN-y induced new MSE transcripts or protein
in the initially negative cell lines HL-60, KG-1, and TI-1. The
morphological appearance of cell lines in which MSE
expression could not be induced or altered was, nevertheless,
clearly modified attesting to the efficiency of the inducers

UPHOFF ET AL.
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Figure 2

Expression of MSE protein in primary monocytic leukemia samples (a) and in leukemia cell lines (b) in comparison with normal

PB monocytes (Monos). Enzymes were extracted, solubilized, separated by IEF on polyacrylamide gels and visualized by a-naphthyl acetate
staining. The MSE isoenzyme is focused as a distinct single or double band at about pH 6.0 (indicated by arrows). This band could be selectively
inhibited by NaF (not shown). The group of IEF bands with higher isoelectric points (pH 6.3-7.9, the upper bands in the figure) have been
termed common esterases (Com Est) (9), but are expressed independently of the MSE isoenzyme; compare for example isoenzyme patterns of
EOL-1, EOL-3, JOSK-I, and JOSK-K and patients #8, #12, and #13. EM-3 and patients #8 and #13 are clearly MSE-negative. Aliquots of enzyme
extracts from equal numbers of cells were separated by IEF. Thus, the intensity of the MSE bands could be compared relative to the level of

expression by normal monocytes

used: adherence to the plastic flask in TPA- or Bryo 1-exposed
cultures; enlargement of the cytoplasma in TPA-, Bryo 1- or
ATRA-treated cells; cellular aggregation in cultures with LPS.

Normal Monocytes. Exposure of normal monocytes to LPS
+ IFN-y enhanced both MSE mRNA and protein levels by a
factor of 1.5-2. Culture in serum-free medium (M-SFM) with
or without ATRA showed a downregulation of MSE mRNA
expression in normal monocytes to 20% at 48 h, 1% at 72 h
and 0.3% at 96 h of the control values at 0 h, respectively.
Thus ATRA was not effective.

Characterization of the MSE Gene

Half-Life of MSE mRNA. The half-life (&) of the MSE tran-
script was determined by incubating the JOSK-I, NOMO-1

CHARACTERIZATION OF MONOCYTE-SPECIFIC ESTERASE

and PLB-985 cells in the presence of the transcription inhibitor
actinomycin D. The t, of MSE mRNA was about 5-6 h.

Single Gene and Gene Amplification. Genomic DNA of
the cell lines JOSK-I, KG-1, MOBS-1, NB-4, NOMO-1, OCI-
AML-2, OCI-AML-3, PLB-985, SKM-1, TAHR-87, THP-1, and
UT-7 were digested with the restriction enzymes EcoRl,
Hindlll or Pstl which have cleavage sites in the human MSE
gene (16) and probed with the HMSE-1 cDNA or with a 238-
bp fragment from the 5’-end (nt —10-228, obtained after
BamHI digestion and extraction from the gel) of the HMSE-1
cDNA. Genomic DNA from different cell lines cut with the
same enzyme (Hindlll) showed identical banding patterns in
Southern blots (Figure 8); the intensities of the various bands
were equal or very similar in all cell lines despite the fact that
these cell lines transcribed quite different amounts of mRNA.
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Figure 3 RT-PCR analysis of MSE transcripts in leukemia-lymphoma cell lines using ethidium bromide staining and hybridization after Sou-
thern blotting with the HMSE-1 cDNA probe. (a) Schematic diagram of the HMSE-1 cDNA showing the primers MSE-P1 and -P2 used for RT-
PCR detection of MSE mRNA and the primers MSE-P1 through -P4 employed for DNA sequencing. (b) Agarose gel electrophoresis of the PCR
products (868 bp) amplified using primer pair P1/P2 in a 32-cycle PCR. Molecular size markers were run in the outside lane (denoted as 1 kb
ladder). Lane marked H,O without template RNA represents the negative control. PCR products of the same RT reaction using B-actin primers
were used as controls for the quality of the RNA and successful PCR amplification. The cell lines OCI-AML-3 and RW-LEU-4 are here negative
which might have been caused by insufficient reverse transcription and/or amplification (see the weak actin band); on repeated experiments
these two cell lines were clearly positive. (c) The products were transferred to nylon membranes by the method of Southern and hybridized
with the HMSE-1 probe. Compare the weak expression in lymphoid cell lines (e.g. EHEB, REH) vs. the strong signals in monocytic cell lines

(e.g. RW-LEU-4)
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Figure 4 Overexpression of MSE mRNA in the cell line JOSK-I and the patient #1 in comparison with normal PB monocytes (Monos) (left).
Patient #8 is clearly negative. The filter was rehybridized with a B-actin cDNA probe. Laser densitometric scanning allowed for quantification
of the results (right)
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Figure 5 Overexpression of MSE mRNA and protein in leukemia cell lines. The intensity of the bands on Northern blots and IEF gels were
measured by laser densitometry and related to the values found for normal PB monocytes (Monos) which were set as 100%. Overexpression
was defined as 200% or higher of the mRNA or protein levels of the Monos. Thus, 16/26 and 9/25 leukemia cell lines overexpressed MSE
mRNA and protein, respectively (EM-3 was mRNA+, but protein-negative). The levels of signals from different blots or gels were not compared
with the levels from other experiments as different exposure times or staining periods might have been used; instead, positive control standards
(JOSK-1 and Monos) were included to which the densitometry data were related. (W), mRNA; (Z2), protein
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Table 3 Modulation of MSE Expression by ATRA, TPA, and LPS + IFN-y
Treatment Changes in Expression®
Cell Lines?®
mRNA (%) Protein (%)
ATRA
HL60, KG-1, TI-1 Remained negative Remained negative
KBM-3 +82 +158
MONO-MAC-6 +241 +43
NB-4 +427 +310
TPA

HL-60, KG-1, TI-1
EOL-1, MONO-MAC-6, NB-4
KBM-3

LPS + IFN-y
normal monocytes
EM-3

HL-60

JOSK-S, ML-2, MONO-MAC-6, NB-4, THP-1, U-937

Remained negative Remained negative

<+25 <425
-37 -53
+111 ND
=25 Remained negative
Remained negative Remained negative
<#25 <+26

ND, not done.

aCells were exposed to 1077 m ATRA, 1077 m TPA or 100 ng/ml LPS + 200 U/ml IFN-y; ATRA- or TPA-
treated cells were cultured for 96 h; RNA and protein of LPS-treated cells were harvested after 4 h and
24 h, respectively. There were no changes in MSE expression in cell lines cultured continuously in their
respective media; however, culture of normal monocytes for 96 h led to a clear downregulation of MSE

mRNA expression.

PChanges in MSE expression compared with the respective untreated control cells as assessed by densito-
metric scanning of the bands on the Northern blots or IEF gels.

ATRA

0 hr
24 hr
48 hr
72 hr
0 hr

TPA LPS + IFN-y
T T E sige i
Rl 8 i

MSE -

Figure 6

Expression of MSE mRNA during treatment of NB-4 with 10~7 m ATRA, of MONO-MAC-6 with 1077 m TPA, and of U-937 with

100 ng/ml LPS 4+ 200 U/ml IFN-y for the time courses indicated. Note the MSE upregulation in NB-4 (an about 5-fold increase) over 72 h of
ATRA-treatment and the lack of any significant changes in MONO-MAC-6 and U-937. Longer exposure to LPS + IFN-y (up to 10 h) also did

not produce any major changes

The fragments seen after restriction with EcoRI or Hindlll were
consistent with the gene map published previously (16). These
data indicate the presence of a single copy MSE gene in the
human genome and argue against any gene amplification as
causing high MSE mRNA expression.

DNA Methylation. Differences in DNA methylation were
determined in cell lines with different degrees of MSE
expression: 697 (negative in RT-PCR, Northern, IEF); HL-60
(RT-PCR+, Northern- and IEF-negative); PLB-985 (RT-PCR+,
Northern+, IEF+). For Southern blots and hybridization with
the HMSE-1 probe, DNA was restricted to completion with
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the methylation-sensitive enzyme Hpall, its insensitive iso-
schizomer enzyme Mspl and the sensitive enzyme Hhal
(=Cfol). Whereas Hpall and Hhal cut the sequence CCGG
only if the internal cytidine is unmethylated, Mspl will cut the
same sequence irrespective of the methylation status of the
nucleotides. No differential restriction patterns of Hpall, Mspl
or Hhal were detected between the three cell lines 697, HL-
60, and PLB-985 suggesting that demethylation of cytidine
residues in the sequence CpG of the MSE gene is not corre-
lated with its expression.

Expression in Various Species. To detect sequences hom-

UPHOFF ET AL.
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Figure 7

48 hr ATRA

72 hr ATRA
96 hr ATRA

Expression of MSE protein in the NB-4 leukemia cell line exposed to 1077 m ATRA for the time periods indicated. Treatment of

NB-4 cells with ATRA upregulated the MSE protein expression (arrow) about 4-fold

ologous to MSE in other organisms, Southern blot analysis of
human, hamster, porcine, bovine, fish, and insect DNA was
performed using Hindlll as restriction enzyme and the HMSE-
1 cDNA as probe (Figure 9). While under conditions of high
stringency a number of discrete bands were seen in all mam-
malian samples, no hybridization to fish or insect DNA was
detected indicating that the MSE sequences are conserved in
the mammalian genomes.

Rearrangements and Point Mutations. Given the apparent
MSE gene overexpression in a number of monocyte-derived
cell lines we used PCR-SSCP in order to detect any genomic
gross alterations or point mutations. PCR-SSCP was performed
on samples from normal PB monocytes and from the cell lines
JOSK-I, KB-3-1, NB-4, NOMO-1, and U-937. The HELA-
derivative cell line KB-3-1 was examined as we found pre-
viously that these cells expressed a significantly shorter trunc-
ated transcript (about 1.4 kb vs. normally 2.0 kb) (10). The
same migration patterns of the major bands were found for
the six samples. In the region of the minor bands the PB mono-
cytes and the KB-3-1 cells revealed differently migrating frag-
ments. To elucidate the nature of these SSCP patterns in more
detail we sequenced the cDNA obtained by reverse transcrip-
tion using an automated sequencer and the four primers MSE-
P1 to -P4 (Figure 3a). No point mutations were detected
within the first 1526 nt of the open reading frame. A compari-
son of the sequences published by other investigators from the
leukemia cell line U-937 (2) and alveolar macrophages (17)
with our data showed a differential occurrence of a nucleotide
triplet in the various samples. This triplet encompassed nt
892-894 (CAG coding for the neutral polar amino acid
glutamine). While the cell line U-937 studied elsewhere (2)
and our KB-3-1 lacked the triplet, these nucleotides were pre-
sent in the alveolar macrophages (17), the PB monocytes, the
cell lines JOSK-1, NB-4, NOMO-1, and in our U-937.

CHARACTERIZATION OF MONOCYTE-SPECIFIC ESTERASE

DISCUSSION

It has been asserted that human MSE should be one of the
few examples of a hematopoietic lineage-specific enzyme (9).
Here, we showed that MSE expression was indeed restricted
to cells derived from the monocytic lineage at the protein and
mRNA level when using IEF and standard Northern blotting,
respectively. Applying the extremely sensitive method of PCR,
more than half of the lymphoid leukemia and lymphoma cell
lines that were negative in the Northern analysis displayed
MSE expression as well.

PCR-amplified products were examined by direct visualiz-
ation in ethidium bromide staining after gel electrophoresis.
Southern blotting, hybridization with the HMSE-1 probe (thus
confirming the specificity of the PCR products), and extended
autoradiographic exposure added another order of magnitude
of sensitivity. Thus, the use of current RT-PCR technology
reflecting an extremely elevated level of technical sensitivity
is necessary to detect MSE message in lymphoid cells. Poss-
ibly, using nested primers and a second round of PCR might
show even more MSE-positive lymphoid cell lines. Despite
the frequent expression of MSE by lymphoid cell lines, ‘truly
monocytic’ cell lines could be readily distinguished by their
10-50-fold higher message intensity. mRNA trace expression
(defined as RT-PCR+, Northern-negative) was never paral-
leled by protein expression, at least not one that was visible
in the IEF gel. Future studies on the regulation of this gene
might elucidate the role, if any, of MSE mRNA trace
expression in the absence of any significant protein pro-
duction.

The lack of MSE protein or mRNA (Northern) expression in
some monocyte-derived cell lines and primary samples might
be explained as follows: (i) an inheritable monocyte esterase
deficiency with an autosomal dominant mode of transmission
has been reported recently; the incidences were 0.8%, 1.7%,
and 3.9% for normal individuals and for patients with either
non-malignant or malignant diseases, respectively (18); (ii) a
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Figure 8 Restriction pattern of the MSE gene in high molecular
weight DNA isolated from several MSE mRNA-positive and -negative
leukemia cell lines. After endonuclease digestion with Hindlll the
DNA fragments were separated by pulsed field gel electrophoresis,
Southern blotted, and hybridized to the HMSE-1 probe. The sizes of
the bands are specified in the figure. The bands from all cell lines
have approximately the same intensity; there were no gross alterations
of the restriction patterns

misdiagnosis (i.e. acute myeloid leukemia without a mono-
cytic component vs. acute myelomonocytic/monocytic
leukemia) of the cases from which the continuous cell lines
had been established and of our fresh leukemia samples can-
not be entirely excluded; regarding our primary leukemia
specimens the eligibility criteria included only cases that were
CD14+ and belonged morphologically to the FAB categories
M4 or M5; with regard to the cell lines we were left to rely on
the original publications detailing the features of the seeding
material; (iii) some cell lines appear to have lost characteristic
features still found on the original cells, e.g. most continuous
monocyte-derived cell lines are no longer CD14+ despite
strong expression of this surface marker on the initial popu-
lation (12); significant differences between cell lines and the
respective primary cells were reported for other surface anti-
gens, morphological appearance, etc. (11); (iv) this ‘dediffer-
entiation” during the establishment of the cell lines might have
led to an arrest at a more immature stage of differentiation
and some of the freshly explanted leukemic cells might corre-
spond to rather immature normal counterparts; it will be inter-
esting to assign by in situ hybridization the precise stage of
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differentiation (CFU-M, monoblast, promonocyte, monocyte)
at which the cells begin to transcribe the MSE gene physio-
logically. Previous studies detected the MSE IEF band in
90/146 (62%) primary M4 and M5 cases (reviewed in (3))
which is similar to the incidences found here, i.e. 11/14
(78%) at the protein and 14/20 (70%) at the mRNA level,
respectively.

In a series of experiments we sought to determine whether
the MSE protein and mRNA expression could be modulated
in several cell lines using a panel of pharmacological and
physiological bioregulators, i.e. the PKC activators TPA and
Bryo 1, the vitamin analogues ATRA and D3, and LPS+ IFN-y.
The results can be summarized as follows: (i) none of these
reagents could induce protein or mRNA expression in any of
the MSE-negative cell lines; (i) ATRA upregulated MSE tran-
scription and protein synthesis in positive cell lines; (iii)
neither TPA or Bryo 1 had significant effects; (iv) LPS+ IFN-y
stimulated MSE expression in normal PB monocytes, but did
not cause significant changes in gene expression in some
seven cell lines. Further studies on the effect of ATRA on MSE
expression will no doubt be informative with respect to the
regulatory mechanisms of this gene.

As documented previously, there is a considerable varia-
bility in the staining intensities of MSE in leukemic cells (19).
The comparison of bands from normal PB monocyte popu-
lations with laser densitometric scanning showed that a cer-
tain percentage of the monocytic leukemia samples expressed
increased levels of this isoenzyme. We extended these obser-
vations at the mRNA and protein level; Northern blot analysis
confirmed that steady-state levels of MSE transcripts were
elevated relative to normal monocytes (in 14% and 62% of
the primary and continuously cultured leukemias,
respectively); IEF showed that a large fraction of MSE-positive
leukemias were distinguished, in quantitative terms, by an
overabundance of MSE protein (in 27% and 36% of the in
vivo and in vitro leukemias, respectively). As all the enzyme
extracts were prepared from the same number of cells and as
identical quantities of total RNA were analyzed, clearly an
overexpression of the MSE gene appears to occur.

To determine whether genomic alterations might be respon-
sible for high expression, genomic DNA of negative cell lines
and cell lines expressing normal or overabundant levels of
MSE were subjected to Sothern blot analysis. No gross alter-
ations of the MSE gene were detected in these samples, argu-
ing against a possible amplification or rearrangement of the
gene and suggesting, instead, increased expression of a struc-
turally unaltered gene. Analysis of MSE genomic DNA, reverse
transcribed DNA, mRNA, and protein revealed identically
sized bands and the same isoelectric points, respectively, for
all normal and fresh or cultured malignant cells indicating that
any abnormalities did not result from differences in the gross
DNA, RNA, or protein structures.

Then, a two-step strategy based on PCR-SSCP and PCR-
directed sequencing was used to define any minute alterations
or point mutations of the gene. While no point mutations
could be detected in the cDNA, sequence comparison
between published data and our results unveiled the presence
of a base triplet (CAG at nt 892-894 coding for glutamine) in
our normal and malignant specimens and the lack of these
nucleotides in the U-937 derived HSSE-1 sequence (2) and in
a Hela-subclone aberrantly expressing this gene. The signifi-
cance of this finding is unclear at the present time; it might
possibly represent an insignificant polymorphism. In any
event, in our U-937 these nucleotides were clearly present.
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Conservation of the MSE gene in mammalian species. Genomic DNA from cell lines of different species was cut with Hindlll, size-

separated by agarose gel electrophoresis, Southern blotted and hybridized with the HMSE-1 probe. The cell lines used were as follows: AM-
C6SC8 (porcine kidney), BHK-21 (hamster kidney cells), D-11 (rainbow trout liver), KNR-028 (bovine embryonal kidney), MB-020 (insect,

cabbage moth larvae), OCI-AML-2 (human AML M4)

Precisely what the mechanisms are that led to overabundant
levels of MSE mRNA and protein is open to further experiments,
but our preliminary analysis has already excluded some possi-
bilities. It remains to be determined whether the high proportion
of blast cells overexpressing MSE is related to an abnormal regu-
lation of the MSE gene due to the leukemic process (possibly
caused by alterations, e.g. point mutations, in regulatory
elements controlling the level of gene expression) or is triggered
by a more physiological mechanism already present in normal
cells. In other words, does the MSE overexpression reflect an

CHARACTERIZATION OF MONOCYTE-SPECIFIC ESTERASE

abnormality or a process that is normal for a particular stage of
monocyte differentiation or activation?

Cross-reactivity was found with other mammalian species
suggesting that the MSE gene is evolutionarily conserved. The
lack of expression in many other human cell types (urinary
bladder, kidney, breast, skin, cervix, ovary, and colon) (10)
favors an exclusive role in the hematopoietic system. Analysis
of DNA methylation of the MSE gene did not show differential
restriction patterns of methylation-sensitive  restriction
enzymes between MSE-positive and -negative cell lines sug-
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gesting that demethylation of cytidine residues is not corre-
lated with MSE expression.

While a great deal of information about the expression of
MSE has been accumulated in the present and previous stud-
ies, only limited information has been gathered about (i) the
cellular function of MSE, and (ii) its regulation in cells. With
respect to the first issue, progress has been slow, in part
because the physiological substrate for this enzyme remains
unknown.

Further studies on the mechanisms by which this gene is
regulated should lead to new insights into monocyte-
macrophage differentiation and function. Identification of
regulators, e.g. transcription factors, of the MSE gene is a
prime objective of future studies. Overexpression of this gene
by transfection should enable us to provide further answers
on the up- and downregulation of MSE mRNA and protein
during activation, proliferation, and differentiation of mono-
cytes—macrophages. The next obvious step would be to ident-
ify and characterize the genomic regions for promoters and/or
other regulatory elements of the MSE gene; to this end the
thus far elusive 5'-region of the gene must be cloned.
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