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Expression of the calcium-binding proteins MRP8 and MRP14 in monocytes
is regulated by a calcium-induced suppressor mechanism
Johannes ROTH,* Matthias GOEBELER, Verena WROCKLAGE, Christian van den BOS and Clemens SORG
Institute of Experimental Dermatology, University of MOnster, von-Esmarch-Strasse 56, D-48149 MOnster, Germany

MRP8 and MRP14 are two calcium-binding proteins of the S-
100 family the expression of which is restricted to distinct stages
of monocytic differentiation. Heteromeric MRP8/MRP14 com-
plexes have been shown to represent their biologically active
forms. However, it is not as yet clear whether biochemical
modification of complexes, or regulation on the transcriptional
level, are responsible for the control of MRP8/MRP14 ex-
pression. Employing Western-blot analysis and metabolic label-
ling we have demonstrated that patterns and metabolism of
MRP8/MRP14 complexes do not change during up- or down-
regulation of MRP8/MRP14. By Northern-blot analysis it was
shown that MRP8/MRP14 are regulated at the transcriptional
level rather than by biochemical modification of the complexes.
Elevation of intracellular calcium levels by A23187, as well as by

INTRODUCTION

MRP8 and MRP14 are two calcium-binding proteins which are

expressed by granulocytes and monocytes ([1-3] for reviews).
Both molecules belong to the S-100 family which comprises low-
molecular-mass proteins such as for example S-i OOa//, calcyclin,
intestinal calcium-binding protein and p1, all of which are

characterized by two calcium-binding EF-hands [1,4]. Members
of this family show a tissue-specific distribution and are supposed
to be involved in calcium-dependent intracellular processes such
as activation of calcium-dependent enzymes, cytoskeletal-
membrane interactions, regulation of cellular differentiation and
cell-cycle progression [4-8].
MRP8 and MRP14, which have also been referred to as LI

heavy and light chains [9,10], cystic fibrosis antigen [11,12], p8
and p14 [13,14], or calgranulin A and B [15] show molecular
masses of 10 and 14 kDa respectively [1]. They assemble into
non-covalently associated complexes of 25, 35 and 48 kDa in a

calcium-dependent manner [16]. The complexed forms of MRP8
and MRP14 have been supposed to represent their biologically
active state [16-20]. Elevation of intracellular calcium levels leads
to the translocation of these proteins from the cytoplasm to the
plasma membrane, as well as to intermediate filaments which
have been shown to correlate with phagocyte activation [21-23].
MRP8 and MRP14 are expressed by granulocytes and mono-

cytes, but are absent in lymphocytes [1,2,24,25]. In many
inflammatory disorders infiltrating monocytes are positive for
these proteins [1,2,14,24,26,27]. MRP8 and MRP14 represent a

major portion of the total cellular protein content in early
differentiation stages of monocytes, whereas mature macro-

phages do not contain these calcium-binding proteins at all

thapsigargin, was found to lead to specific down-regulation of
MRP8/MRP14 mRNA which is in contrast with data reported
for inflammatory factors such as interleukin- 1 or tumour necrosis
factor a. Concomitant application of actinomycin D and calcium
ionophore indicated that this suppressive effect is mediated by
decreased synthesis rather than increased degradation of
MRP8/MRP14 mRNA. Finally, we demonstrated that calcium-
mediated down-regulation ofMRP8-MRP14 can be antagonized
by cycloheximide, suggesting that a calcium-induced repressor
protein is responsible for suppression of MRP8-MRP14 at the
transcriptional level. Our data indicate that the function of
MRP8-MRP14 is restricted to events associated with early
stages of myelomonocytic activation.

[1,2,25,28]. Thus, expression ofMRP8 and MRP14 by monocytes
reflects distinct stages of cellular differentiation which appear to
differ in their modes of calcium-dependent signalling. However,
mechanisms being responsible for down-regulation of MRP8
and MRP14 are currently not understood.
We therefore initiated the present study to analyse events

regulating the expression of these proteins. We now report that
elevation of the intracellular calcium concentration leads to the
suppression ofMRP8 and MRP14 mRNA levels, suggesting that
the function of these proteins is restricted to processes occurring
before or during activation of monocytes.

EXPERIMENTAL
Cells and cell culture
Human peripheral blood monocytes were isolated from buffy
coats by Ficoll-Paque and Percoll (Pharmacia, Freiburg,
Germany) density-gradient centrifugation. Purity of monocytes
was > 900%, as demonstrated by flow cytometry employing
monoclonal antibodies raised against CD14, CD15 and CD16
(Dianova, Hamburg, Germany). Monocytes were cultured in
Teflon bags using McCoy's 5A medium containing 2 mM CaCl2
and 20% (v/v) human serum for 0-12 days as previously
reported [24]. In some experiments cells were incubated with
O.O-1OuM calcium ionophore A23187 (Sigma, Deisenhofen,
Germany), 300 nM thapsigargin (Sigma), 5 mM CaCl2 or 2 mM
EGTA. To suppress de novo synthesis of mRNA or protein,
actinomycin D (1 jig/ml; Sigma) or cycloheximide (10 g/ml;
Sigma) were added to the medium. Cell viability was assayed by
Trypan Blue exclusion staining and determination of lactate
dehydrogenase activity in the medium at the end of exposure

Abbreviations used: BS3, bis-(sulphosuccinimidyl) suberate; IL-1, interleukin-1; M-CSF, macrophage colony-stimulating factor; rh, recombinant
human; TNF-a, tumour necrosis factor a; NP-40, Nonidet P-40; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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periods as described [29]. Viability was found to be over 90% in
all experiments; lactate dehydrogenase activity in the medium
did not differ significantly between control and treated cells.

Cross-linking of MRPB-MRP14
Cross-linking of MRP8/MRP14 complexes was carried out
employing bis-(sulphosuccinimidyl) suberate (BS3) (Pierce,
Cologne, Germany) according to Staros [30]. Briefly, monocytes
were harvested after 0-12 days of culture and lysed in PBS and
1% (v/v) Nonidet P-40 (NP-40). Lysates were diluted to a
protein concentration of 1 mg/ml and a 10 mM stock solution of
BS3 was added to a final concentration of 1.5 mM. Samples were
incubated for 45 min at 20 °C and the cross-linking reaction was
subsequently stopped by addition of 0.17 (v/v) of a stock
solution of 50 mM ethanolamine, 20 mM N-ethylmaleimide in
50 mM sodium phosphate, pH 7.4, and stored at -80 °C before
Western-blot analysis.

Immunostalning of MRP8-MRP14 on Western blots
Samples cross-linked by BS3 were separated on SDS/PAGE
(15 % polyacrylamide) under reducing conditions [31] and sub-
sequently semi-dry-blotted [32] on to polyvinylidene difluoride
membranes (Immobilon P, Millipore, Eschborn, Germany).
Non-specific binding of antibodies was prevented by immersion
of membranes in 1 % (w/v) milk powder in PBS for 16 h at 4 'C.
Primary antibodies diluted in 100 mM Tris/HCl (pH 7) con-
taining 150 mM NaCl and 1 % (w/v) BSA were allowed to react
with their antigens for 1 h at 20 'C. After several washes, bound
antibodies were detected by goat anti-(rabbit IgG) alkaline
phosphatase-conjugated second-stage antibodies (Dianova).
Blots were developed using 0.15 mg/ml 5-bromo-4-chloro-3-
indolyl phosphate (Sigma) and 0.3 mg/ml Nitroblue Tetrazolium
chloride (Sigma) in 0.1 M Tris/HCl (pH 9.5) containing 0.1 M
NaCl, 50 mM MgCl2 and 0.05 % Tween 20.

Metabolic labelling and immunoprecipitation
Monocytes of culture day 1 were harvested, washed three
times, and preincubated in modified Eagle's medium without
methionine (Gibco, Egginstein, Germany) at a density of
1 x 108 cells/ml. Monocytes were then pulse-labelled by adding
100 ,tCi/ml [35S]methionine (Amersham, Braunschweig, Ger-
many) to the same medium for 4 h. Medium was removed and
after washing cells three times was replaced by McCoy's SA
medium supplemented with 20 % (v/v) human serum. Some cells
(3 x 107) were harvested directly after the pulse phase, 6 x 107
cells were cultured for another 24 h and 1 x 108 for 48 h. After
these chase phases cells were washed three times and lysed in
PBS with 1% (v/v) NP-40 and 2 mM phenylmethanesulphonyl
fluoride (Sigma). MRP8-MRP14 complexes were stabilized by
adding 1.5 mM BS3 and processed as described above. Lysates
were preabsorbed by incubation for 1 h with 100ltg/ml rabbit
IgG (Calbiochem, Bad Soden, Germany), followed by incubation
for 1 h after addition of 100ltl/ml Protein G-Sepharose Fast
Flow (Pharmacia). After centrifugation for O min at 13000 g,
1 ,ug/ml non-specific mouse IgG1 or 1 ,ug/ml monoclonal anti-
body 27E10, which is directed against the MRP8-MRP14
heterodimer [21], were added to the supernatants and incubated
for 2 h. Protein G-Sepharose Fast Flow (30u1l/ml) was then

by centrifugation and the bound antigen was eluted with
SDS/PAGE sample buffer after washing three times in PBS
containing 1% (v/v) NP-40 and undergoing an additional
washing step with 50 mM ammonium bicarbonate, pH 7.
Samples were separated by SDS/PAGE, gels were subsequently
treated with Amplify (Amersham), dried and exposed to X-ray
films. The relative amounts of MRP8 and MRP14 monomers
and their heterodimer were determined densitometrically by
scanning of autoradiography bands with a Fast Scan supplied
with Image Quant software (Molecular Dynamics, Sunny Vale,
CA, U.S.A.).

Northern-blot analysis
Total RNA was prepared according to the guanidine hydro-
chloride method [33]. Human monocytes, freshly isolated or
cultured for 1-12 days, were lysed in 4 M guanidine isothio-
cyanate and RNA isolated by centrifugation through 5.7 M CsCl
at 100000 g for 21 h at 20 'C. Denatured RNA (20 jug), quantified
by u.v. absorption at 260 nm, was separated on a 1% (w/v)
agarose/formaldehyde gel and subsequently vacuum-blotted on
Biodyne B membranes (Pall, Dreieich, Germany). Filters were
u.v.-cross-linked and hybridized with cDNA probes specific for
MRP8 (279 nucleotides), MRP14 (342 nucleotides) or glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), which were
labelled with 32P by a random-primer method (Multiprime DNA
labelling system; Amersham). Membranes were reprobed with
the cDNAs described above after stripping the blots in between
using 0.1% SDS at 95 'C. Autoradiography was performed
using Kodak X-Omat AR films. Specific mRNA was quantified
densitometrically by scanning of autoradiography bands. Data
obtained from MRP8 or MRP14 mRNA bands were normalized
to the corresponding GAPDH mRNA bands.

RESULTS
Expression and complex formation of MRP8-MRP14 during
maturation of human monocytes
First we investigated whether modulation of MRP8-MRP14
during monocytic maturation occurs at the transcriptional or
post-transcriptional level. Human peripheral blood monocytes
cultured in Teflon bags were harvested at days 0, 1, 3, 5, 8 and
12 and processed by Northern- and Western-blot analysis.
Monocytes showed parallel amounts of MRP8 and MRP14
mRNA, with maximal levels at day 1 and declining values
thereafter. Between days 8 and 12, mRNA for MRP8 and
MRP14 could not be detected any more (Figure 1). A similar
time course of MRP8/MRP14 expression was observed at the
protein level. After covalent cross-linking with BW3 and Western
blotting MRP8/MRP14 complexes of 25, 35 and 48 kDa were
seen the pattern of which did not change qualitatively during
culture (Figure 2). These protein bands were the same as those
described in detail by Teigelkamp et al. [16]. Labelling of
monocytes with [35S]methionine, subsequent immuno-
precipitation with monoclonal antibody 27E10 and densitometric
analysis of autoradiographic bands demonstrated that MRP8
and MRP14 are translated at similar rates (MRP8, A 0.9 + 0.2;
MRP14, A 1.1 +0.2; mean+S.D., n = 3, normalized to meth-
ionine content). Since [35S]methionine incorporation persisted
for a relatively long period we chose a pulse phase of4 h, followed
by chase periods of 0, 24 and 48 h, to study the metabolic fate of
MRP8-MRP14 complexes. At the end of the chase phases
monocytes were lysed and protein complexes stabilized by cross-
linking with BS3 before immunoprecipitation and SDS/PAGE.
Densitometric analysis of autographs revealed that the ratio ofadded and samples incubated for I h. Sepharose was collected
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Figure 1 Northern-blot analysis of MVRP8 and MRP14 mRNA expression
during culture of human peripheral blood monocytes

Cells were cultured for 0 to 12 days and RNA subsequently isolated as described in the
Materials and methods section. Total RNA (20 gg) samples were separated on an
agarose/formaldehyde gel and filters successively hybridized with MRP8, MRP1 4 and GAPDH
cDNA. Equal loading of the gel was controlled by ethidium bromide staining.
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Figure 3 [35SJMethionine incorporation into MRP8 and MRP14 monomers
and complexes during pulse-chase labelling

Monocytes of culture day 1 were pulsed with [35S]methionine for 4 h. Cells were harvested
immediately after the pulse phase or after a chase period of 24 h and 48 h respectively. After
covalent cross-linking with BS3 MRP8 and MRP14 were immunoprecipitated with monoclonal
antibody 27E10 or mouse IgG, as control as described in the Materials and methods section.
The relative distribution of [35S]methionine incorporation in MRP monomers (U, MRP8; U,
MRP14) and heterodimers (E3, MRP8-MRP14) was determined by densitometric analysis of
autoradiographs. Data (mean + S.E.M.) from three independent experiments are shown.
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Figure 2 Complex pantern of MRP8 and MRP14 during culture of monocytes

Lysates of monocytes obtained after 0-8 days of culture were cross-linked by BS3 as described
in the Materials and methods section. Each sample (50 ,ug) was separated on SDS/PAGE (15%
acrylamide), blofted and stained with (a) anti-MRP8 (left-hand side) and (b) anti-MRP14 sera

(right-hand side).

Figure 4 Influence of intracellular and extracellular calcium concentrations
on MRP8 and MRP14 mRNA levels

Monocytes cultured for 1 day in McCoy's medium containing 2 mM CaCI2 were treated for 3 h

with (A) medium as control; (B) 5 mM CaCI2; (C) 2 mM EGTA; (D) 10,M A23187; (E)
medium as control; (F) 300 nM thapsigargin and processed for Northern-blot analysis as

described in the Materials and methods section. In addition, densities of MRP8 and MRP14

bands were determined by laser densitometry, normalized to GAPDH mRNA bands and

presented as arbitrary units. Results were essentially similar in three independent experiments.
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Figure 5 Influence of variable concentrations of A23187 on MRP8 and
MRP14 mRNA levels

Monocytes on culture day 1 were incubated for 3 h with 0, 0.01, 0.1, 1.0 and 10.0,M
A23187 in McCoy's medium containing 2 mM CaCI2 and studied for MRP8 (A) and MRP14
(0) mRNA expression by Northern-blot analysis. Autoradiographic bands were quantified by
laser densitometry and normalized to GAPDH mRNA bands. Data from one of three independent
experiments are provided.

MRP8 monomers:MRP14 monomers:MRP8-MRP14 hetero-
dimers was independent of the duration of the chase periods
(Figure 3). Essentially similar results were obtained when poly-
clonal antisera were used for immunoprecipitation ofMRP8 and
MRP14. Thus, the [35S]methionine turnover is similar for mono-
mers and heterodimers of MRP8 and MRP14.

Regulation of MRP8 and MRP14 expression at the mRNA level
Elevation of intracellular calcium levels in macrophages by
treatment with the calcium ionophore A23187 was found to be
associated with a marked down-regulation ofMRP8 and MRP14
mRNA expression. In contrast with A23187 treatment, variation
of the extracellular calcium concentration by 5 mM CaCl2 or

2 mM EGTA did not affect mRNA levels (Figure 4, lanes A-D).
Exposure of macrophages to thapsigargin, which causes calcium
release exclusively from intracellular stores by inhibition of the
endoplasmic calcium-ATPase [34], led to down-regulation of
MRP8 and MRP14 mRNA as well (Figure 4, lanes E and F).
A23187 revealed a dose-response relationship with maximal

effects at > 1,utM and still a pronounced suppression with
100 nM calcium ionophore (Figure 5). To analyse further whether
A23187-induced elevation of intracellular calcium acts either via
inhibition ofMRP8/MRP14 mRNA synthesis or via accelerated
degradation of their mRNA, time-dependent effects of actino-
mycin D and A23187 were compared. Application of 1 ug/ml
actinomycin D to cultures of monocytes led to a faster time-

Figure 6 Influence of the mRNA synthesis Inhibitor actinomycin D on (a)
MRP8 and (b) MRP14 mRNA levels

Monocytes of culture day 1 were incubated with either 1 ,ug/ml actinomycin D (A) or 10 ,uM
A23187 alone (0) or concomitantly treated with both agents (-a-) for 0, 0.5, 1 or 2 h
respectively. Autoradiographic bands were quantified by laser densitometry and normalized to
the 18S rRNA. Data were essentially similar in three independent experiments.

dependent disappearance of MRP8 and MRP14 mRNA com-

pared with the reduction seen after A23187 treatment (Figure 6).
Concomitant application of actinomycin D and A23187 did not
accelerate MRP8 and MRP14 down-regulation compared with
treatment with actinomycin D alone, suggesting that suppression
of MRP8/MRP14 mRNA by elevation of intracellular calcium
levels is due to inhibition of de novo synthesis. An
A23187-dependent effect, leading to increased degradation of
mRNA, does not appear to be likely, as such a mechanism would
enhance the effects of actinomycin D. The delayed response of
MRP8/MRP14 mRNA to A23187, compared with the action of
actinomycin D, may rather be explained by indirect mechanisms,
e.g. induction of a specific suppressor protein. We therefore
analysed the effect of the protein synthesis inhibitor cyclo-
heximide (10 #ug/ml) on A23187-mediated down-regulation of
MRP8/MRP14 mRNA. Indeed, compared with transcription of
GAPDH, cycloheximide was found to be capable of almost
completely antagonizing MRP8/MRP14 mRNA suppression by
A23187 (Figure 7), indicating dependency on protein synthesis.
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Figure 7 Influence of the protein synthesis inhibitor cycloheximide on
MRP8 and MRP14 mRNA levels

Monocytes cultured for 1 day in McCoy's medium containing 2 mM CaCI2 were treated with
lane A, medium as control; lane B, 10 ,uM A23187; lane C, 10 ,ug/ml cycloheximide; and lane
D, both 10 #M A231 87 and 10 ,ug/ml cycloheximide for 3 h. Data are presented as described
in Figure 4.

In addition, neutralization of A23187-mediated suppression of
MRP8/MRP14 mRNA levels by cycloheximide appears to
exclude that potential toxic effects are responsible for down-
regulation by A23187.

DISCUSSION
Differentiation of monocytes is associated with changes in
morphological, biochemical and functional properties [35]. One
striking event is the down-regulation of the two calcium-binding
proteins MRP8 and MRP14 during monocytic maturation
[1,2,24,28]. The molecular processes leading to this suppression
are not yet clear.

In the present study MRP8 and MRP14 mRNA levels were

found to decline during culture of human peripheral blood
monocytes. Time kinetics thus paralleled those seen earlier after
immunocytochemical staining of cytospin preparations [2,24],
indicating that MRP8 and MRP14 expression is regulated at the

transcriptional level. It has previously been proposed that
MRP8/MRP14 complex formation is a prerequisite for their
biological function [16-20]; changes in their complex patterns
may therefore also be involved in modulating MRP8/MRP14
function during differentiation. Besides quantitative changes at
the protein level, which paralleled mRNA expression, no quali-
tative alterations of the MRP8/MRP14 complex pattern were
detected. Furthermore, pulse-chase experiments revealed that
the different protein bands ofMRP8 and MRP14 monomers and
complexes do not represent a sequence of successive metabolical
stages; as the pattern of MRP8/MRP14 protein bands did not
change throughout a chase period of 48 h. This is in accordance
with the assumption that complex formation is a calcium-
dependent process as previously demonstrated [16] and not
modulated by events associated with differentiation. Our data
thus indicate that suppression on the transcriptional level, rather
than biochemical modification, appears to be responsible for the
control of MRP8 and MRP14 function.

Elevation of intracellular calcium levels by the calcium iono-
phore A23187 significantly down-regulated the mRNA ofMRP8
and MRP14. Since A23187 may lead to equilibration of extra-
and intra-cellular calcium concentrations, resulting in a non-
physiological calcium overload suppression of MRP8/MRP14,
transcription could be due to a more or less toxic effect. However,
mRNA levels ofGAPDH were not affected by A23187 treatment.
Furthermore, the suppressive concentrations of A23187 were
already effective at 100 nM and led to maximal down-regulation
of MRP8/MRP14 at > 1 uM. The concentrations of A23187
employed in our study were thus at a range comparable with
those ionophore concentrations which had been described earlier
to be effective for induction of inflammatory cytokines such as
IL-1, TNF-a, platelet-activating factor, JE/MIP-1 [36-39],
colony-stimulating factors as macrophage colony-stimulating
factor [40], oncogenes such as c-fos [41], and for modulation of
arachidonic acid metabolism [42,43] in myelomonocytic cells. In
addition, exposure of macrophages to the calcium-ATPase
inhibitor thapsigargin, which releases calcium exclusively from
intracellular stores [34], caused down-regulation of MRP8/
MRP14 mRNA as well. Concomitant application of A23187
with actinomycin D did not accelerate suppression of MRP8
and MRP14 compared with treatment with the mRNA synthesis
inhibitor alone. Thus A23187 seems to interfere with the syn-
thesis, rather than the degradation, of MRP8 and MRP14
mRNA. Down-regulation of MRP8 and MRP14 mRNA as it is
mediated by the ionophore requires substantially more time than
transcriptional suppression by actinomycin D, thus indicating
that calcium acts via an indirect mechanism. Concomitant
application of cycloheximide antagonizes the inhibitory effect of
A23187 on MRP8 and MRP14 transcription, suggesting that
protein synthesis is necessary for suppression of MRP8 and
MRP14 mRNA. Thus, de novo synthesis of repressor protein(s)
seems to be responsible for calcium-dependent regulation of
MRP8 and MRP14 expression. Interestingly, in a recent study
binding of nuclear factors to the 5' promotor region of MRP8
and MRP14 genes has been shown which correlates with vitamin
D3-dependent induction of MRP8 and MRP14 transcription in
HL-60 cells [44]. However, these factors have not been charac-
terized at the molecular level so far.

Down-regulation of MRP8 and MRP14 mRNA by A23187
treatment appears to be a rather specific event during in-
flammatory activation as elevation of intracellular calcium levels
leads to the induction of mRNA, for, e.g. TNF-a, JE and c-fos
[37,39,41].

Expression of other S-100-like proteins has been shown to be
tightly regulated by various mechanisms [8,45,46]. However,
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there is so far only one member of this protein family, CaN19 (a
protein preferentially expressed by mammary epithelial cells
during G1/S phases), which has been described to be down-
regulated at the mRNA level in a calcium-dependent manner
[47]. The physiological role of CaN19, however, is yet not clear.

Regarding MRP8 and MRP14, calcium-induced down-regu-
lation may be of functional relevance since these proteins
comprise a major portion of the total cellular protein content in
distinct differentiation stages of monocytes. Elevation of intra-
cellular calcium levels has been shown to lead to assembly of
non-covalently linked complexes of MRP8 and MRP14 [16],
which are supposed to represent the biologically active forms
[16-20]. Furthermore, calcium-dependent translocation of these
proteins to membrane structures [21,22] and intermediate fila-
ments [23] refers to a modulatory role of MRP8 and MRP14 in
the network of cytoskeleton-membrane interactions. Thus, the
same initial stimulus, i.e. a rise in intracellular calcium, is not only
responsible for biochemical alterations of these proteins, but also
for their transcriptional down-regulation. MRP8 and MRP14
therefore do not appear to be just calcium buffers maintaining
homoeostasis of calcium in monocytes, but seem to represent
proteins interfering with cellular functions in a more specific
manner. Calcium is known to be involved in events associated
with monocytic activation [48]. Accordingly, calcium-induced
translocation of MRP8 and MRP14 to membrane structures has
been shown to coincide in vitro with secretion of proinflammatory
cytokines by macrophages [21] and enhanced superoxide release
[22]. Thus, our data suggest that the biological role of MRP8 and
MRP14 is restricted to processes occurring before or during
calcium-dependent activation. Monocytic activation appears to
be associated with marked changes regarding their mode of
calcium-dependent signalling, which is reflected by down-regu-
lation of MRP8 and MRP14. Further analysis of this calcium-
induced repressor mechanism will help to elucidate the role of
MRP8/MRP14 in the complex sequence of events during mono-
cyte activation and differentiation.
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Technologie, Bonn, Germany.
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