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Matrix metalloproteinases (MMP) are a family of over 20
enzymes that play an important role in normal physiological
as well as in many pathological conditions. In healthy indi-
viduals, a finely tuned balance between tissue/matrix degra-
dation and synthesis must be maintained. An imbalance in
tissue remodeling will lead to a variety of pathological
manifestations. Accordingly, MMP are involved in nearly all
aspects of life — normal fetal development, wound healing,
normal as well as pathological cell migration, angiogenesis,
the activation of cytokines, intercellular communication,
and apoptosis1,2. MMP play a key role in pathological cell
growth and in the development of many forms of cancer3-9. 

Rheumatic diseases are another cluster of ailments in
which MMP are involved in disease progression10-13. Among
the many forms of MMP, collagenase (MMP-1) has been
among the first molecules shown to be able to induce
arthritis14. Since then, many reports have described the pres-
ence of active MMP-1 in synovial fluid as well as in carti-
lage samples of patients with rheumatoid arthritis (RA) or
osteoarthritis (OA). Moreover, MMP-1 has also been impli-
cated in the pathologic loss of articular cartilage15-20.

Mepacrine (quinacrine) alone or in combination with
other drugs has been used for many years to treat certain
forms of rheumatic diseases. Interestingly, mepacrine, orig-
inally employed as an antimalarial drug, has recently been
proposed as a possible remedy to treat prion caused
diseases, including Creutzfeld-Jakob disease21. 

High doses of mepacrine are known to inhibit phospholi-
pase A2 (PLA2)

22. For a long time it has been assumed that
most of the beneficial effects of mepacrine are due solely to
this effect. Only recently is it becoming evident that
mepacrine exerts many effects independently of its inhibi-
tion of PLA2. Sargent, et al23, for example, concluded that
the cardioprotective effect of 1–50 µM mepacrine in an
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MMP have been shown to exert detrimental effects. Mepacrine is used alone or in combination with
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ficial effects might be due to its influence on MMP.
Methods. Human fibroblast-like synoviocytes were used to study the effect of mepacrine on phorbol
myristic acetate (PMA) induced activation of MMP. Western blot, reverse transcription-polymerase
chain reaction, and electrophoretic mobility shift assay (EMSA) experiments were used to investi-
gate the effect of mepacrine.
Results. Mepacrine selectively inhibited MMP in human fibroblast-like synoviocytes. Mepacrine
inhibited MMP-1 as well as MMP-9, but had no effect on MMP-3 at the mRNA level. Possible
mechanisms to explain these findings were investigated, and it was found that mepacrine had a strik-
ingly different effect on c-Jun, as opposed to c-Fos activation. While mepacrine treatment alone led
to increased concentrations of c-Jun within the nuclear compartment, c-Fos translocation into the
nucleus was blocked in synoviocytes treated with mepacrine and stimulated with PMA. Accordingly,
EMSA showed reduced AP-1 binding in mepacrine treated synoviocytes. These results imply that
the observed effects of mepacrine on immediate early genes resulted in reduced AP-1 binding. That
ultimately led to a selective suppression of genes that rely on unhindered assembling of these tran-
scription factors for their activation.
Conclusion. Selective inhibition of MMP by mepacrine might in part explain the beneficial effects
of this drug in the treatment of certain diseases. (J Rheumatol 2003;30:2330–7)
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isolated rat heart model is independent of possible effects of
mepacrine on PLA2. Bugge, et al demonstrated that
mepacrine did not inhibit PLA2 while protecting the heart
during hypoxia and reoxygenation24. In other reports, the
modes of action of the well documented antiinflammatory
properties of mepacrine also seem to be less clear but likely
independent of the inhibition of PLA2. This drug has also
been shown to affect polymorphonuclear leukocyte activa-
tion and migration25,26 and prevent cyclosporine-induced
nephrotoxicity27, and has even been shown to stimulate
PLA2 activity in polymorphonuclear cells28.

Mepacrine has been available for more than 60 years and
has been administered to millions of individuals with no
significant side effects, while its antirheumatic properties
have been well documented29,30. In the management of
patients with lupus, use of mepacrine, alone or in combina-
tion with other drugs, has had some success31-34. Due to the
reported beneficial effects of mepacrine and because MMP
are important in the progression of rheumatic disorders, we
investigated to what degree MMP might be influenced by
this substance. For comparative reasons, we included
several other MMP; however, the focus of this work was on
MMP-1.

MATERIALS AND METHODS
Reagents. Mepacrine (quinacrine) (6-chloro-9-[4-diethylamino)-1-methyl-
butyl]amino-2-methoxy-acridine dihydrochloride; lipopolysaccharide
(LPS) (Escherichia coli serotype 055:B5); protease inhibitor cocktail;
phorbol myristic acetate (PMA); TRIzol; and MTT were from Sigma
(Sigma Chemical Co., Vienna, Austria). Anti-MMP antibodies were from
NeoMarkers, Fremont, CA, USA. The mouse monoclonal antibodies anti-
MMP-1 [AB-5 (clone III12b)], recognizing doublets of 52 kDa/57 kDa and
42 kDa/47 kDa, which are identified as glycosylated and unglycosylated
species of latent and active forms of MMP-1; anti-MMP3 (clone SL-1
IIIC4), recognizing latent and active forms of MMP-3; and the anti-MMP-
9 (clone IIA5), recognizing proteins of 92 kDa and 86 kDa (the latent and
activated forms MMP-9), were used. The antitubulin antibody [tubulin AB-
4 (clone DM1A + DM1B)], recognizing alpha-tubulin at 57 kDa and beta-
tubulin at 54 kDa, was from NeoMarkers.

Anti-c-Jun [c-Jun/AP-1(D): sc-44], and anti-c-Fos [c-FOS(6-2H-2F):
sc-447] antibodies were from Santa Cruz Biotechnology, Santa Cruz, CA,
USA, or from Sigma (rabbit anti-AP-1/c-Jun). Horseradish peroxidase-
conjugated secondary antibodies (ImmunoPure goat antimouse IgG,
#31430; goat antirabbit IgG, #31461; and rabbit antigoat IgG, #31403) and
the bicinchoninic acid protein assay (BCA) kit were from Pierce Co.
(Rockford, IL, USA).

Cell culture. Human fibroblast-like synoviocytes isolated from patients
with RA were a gift from Dr. G. Partsch, Vienna. Synoviocytes were
cultured as described35. In brief, synoviocytes were cultured in T75 tissue
culture flasks or culture dishes (10 cm diameter) in RPMI-1640, supple-
mented with 10% heat-inactivated fetal bovine serum (Hyclone), L-gluta-
mine, and 50 U/ml penicillin/streptomycin. Medium was changed every 3
days. Cells were split at a ratio of 1:3 and used at passage numbers from 3
to 9. For experiments, cells were transferred to 6-well plates (for poly-
merase chain reaction, PCR) or 15 cm diameter tissue culture dishes (for
Western blotting). Complete medium [10% fetal calf serum (FCS), L-glut-
amine, penicillin/streptomycin] was replaced with medium without FCS or
with medium containing 1% FCS 16 h before experiments. The inhibitory
effects of mepacrine were independent of the amount of FCS used.

Viability assay. Viability of cells was confirmed after harvesting by staining

aliquots of mepacrine-treated cells with a trypan blue solution. Further, in
some cases, cells were incubated up to 6 h with mepacrine (50 µM), after
which the medium containing mepacrine was replaced with complete
medium (without mepacrine). Viability of these cells was monitored in
intervals ranging from 4 to 48 h. At the conditions and concentrations used,
viability of synoviocytes was not affected by mepacrine.

Western blot experiments. Proteins in culture supernatant were recovered
by trichloroacetic acid precipitation36. Cytoplasm and nuclear extract were
prepared as described37. Equal amounts of proteins were combined with
reducing Laemmli sample buffer and separated on 10% polyacrylamide
gels. Gels were blotted onto Immobilon-P transfer membranes (Millipore,
Vienna, Austria); nonspecific binding was blocked by incubating the blots
in phosphate buffered saline (PBS)-Tween-20 solution containing 5%
nonfat milk for 45 min at 25°C (or overnight at 4°C). Each lot of primary
antibody was tested and diluted accordingly (1:500 to 1:2000). Secondary
antibodies were used at a dilution of 1:5000. Antibodies were diluted in
PBS-Tween-20, 5% nonfat milk. Blots were incubated 1 h in each antibody
solution, then extensively washed in PBS-Tween-20 and exposed to chemi-
luminescence substrate for 1 min. Bands were visualized by exposure of
blots to x-ray films for times ranging from 10 s to 45 min.

Electrophoretic mobility shift assay (EMSA). Nuclear extract was prepared
as described37, with the exception that 0.7% Igepal was used. The double-
stranded, blunt-ended oligonucleotides used in all experiments were end-
labeled using T4 polynucleotide kinase and (32P)ATP. Oligonucleotides for
AP-1 (5’-CGC TTG ATG AGT CAG CCG GAA-3’) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). After labeling, 5 µg of
nuclear extract were incubated with 50,000 cpm of labeled probe in the
presence of 1.5 µg poly(dI-dC) at 4°C for 30 min, followed by separation
of this mixture on a 6% polyacrylamide gel in Tris-glycine-EDTA buffer at
pH 8.5. For specific competition, 5 pmol unlabeled AP-1 oligonucleotides
were included in the reaction. Gels were transferred to 3MM filter paper
using a vacuum device and exposed to x-ray films.

PCR. RNA was isolated using TRIzol according to manufacturer’s instruc-
tions. RNA was resuspended in Tris-EDTA buffer, quantitated on a spec-
trophotometer, reverse transcribed (RT-PCR kit, Amersham Biosciences,
Freiburg, Germany), and stored at –60°C. A Techne cycler (Techgene,
Cambridge, UK) was used for PCR under the following standard condi-
tions: initial denaturation, 5 min at 94°C; annealing, 1 min at indicated
temperatures; amplification, 1 min at 72°C; denaturation, 1 min 94°C;
followed by final extension at 72°C for 5 min. GAPDH was used as control.
Primers were from MWG Biotech AG (Ebersberg, Germany), and were
dissolved at a concentration of 100 pmol/µl in Tris-EDTA. Primer
sequences: MMP-1: 5’-CTG AAG GTG ATG AAG CAG CC-3’ and 5’-
AGT CCA AGA GAA TGG CCG AG-3’; MMP-3: 5’-CTC ACA GAC
CTG ACT CGG TT-3’, and 5’-CAC GCC TGA AGG AAG AGA TG-3’;
MMP-9: 5’-CGC AGA CAT CGT CAT CCA GT-3’ and 5’-GGA TTG GCC
TTG GAA GAT GA-3’. GAPDH: 5’-TCA AAG GCA TCC TGG GCT
ACA-3’ and 5’-GAG GGG AGA TTC AGT GTG GTG-3’. PCR was
carried out in 0.5 ml tubes containing a total of 50 µl of the following
reagents: 5 µl (10× buffer), 1 µl dNTP, 2 µl each (forward and reverse)
primer, 1 µl TAQ polymerase (5 U final) cDNA, and double distilled H2O.
Different numbers of cycles were tested regularly to ensure linear-phase
amplification of the cDNA. Fragments for GAPDH were amplified using
20 to 24 cyles, and for amplification of MMP 29 to 34 cycles were used.
The lengths of amplified fragments were: MMP-1, 428 bp; MMP-3, 294
bp; and MMP-9, 406 bp. Aliquots of PCR were separated on agarose gels
and scanned and analyzed on a Fluorimager 595 (Amersham Biosciences).

RESULTS
MMP-1 release and protein synthesis is inhibited by
mepacrine. Stimulation of human fibroblast-like synovio-
cytes with PMA or tumor necrosis factor-α (TNF-α) leads to
the release of MMP. First, we tested whether preincubation
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of synoviocytes has any effect on PMA or TNF-α induced
release of MMP-1. Synoviocytes were kept in serum-free
medium for 16 h, then mepacrine (75 µM) was added. PMA
(33 ng/ml) or TNF-α (10 ng/ml) was added 45 min later.
Cells thus treated were incubated an additional 16 h, then
the supernatant was taken off, centrifuged at 12,000 g for 10
min, aliquoted, and stored for further analyses at –60°C.
Proteins in the supernatant were precipitated using TCA,
resuspended, and quantitated using the BCA kit. Equal
amounts of proteins were mixed with reducing Laemmli
sample buffer and separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) as
described in Materials and Methods. Figure 1 shows repre-
sentative data illustrating that stimulation of synoviocytes
with PMA or TNF-α for 16 h leads to enhanced release of
MMP-1 into the cell culture medium. The figure also shows
that preincubation of synoviocytes for 45 min with
mepacrine reduces PMA (MEP+PMA lane) as well as TNF-
α (MEP+TNF) induced MMP-1 secretion to background
levels detected in unstimulated cells (MED). These effects
are dose dependent, as lower doses of mepacrine led to
lesser reduction of PMA or TNF-α-induced MMP-1 release
(data not shown).

Next, we investigated whether mepacrine affects the
release of MMP-1 or interferes with protein synthesis mech-
anisms of this proteinase. Western blot experiments were
performed using cytoplasm extract of synoviocytes. Cells
cultured overnight in serum-free medium were preincubated
with mepacrine (10 or 50 µM) for 30 min. PMA (33 ng/ml)
was added for 3 h. Cells were washed with ice-cold PBS and
removed from culture plates using a rubber policeman. After
collecting cells by centrifugation (500 g for 5 min) at 4°C,
cytoplasm proteins were collected as described. The data
shown in Figure 2 demonstrate that mepacrine interferes
with MMP-1 protein synthesis. In cells treated only with
PMA for 3 h, increased levels of MMP-1 could be detected

in the cytoplasm (PMA lane). Preincubation of synoviocytes
blocked MMP-1 synthesis in a dose dependent manner, as
incubating cells with 50 µM mepacrine resulted in complete
inhibition of MMP-1 release (MEP50+PMA). Adding
smaller amounts of mepacrine led to a less pronounced
inhibitory effect. In cells pretreated with 10 µM mepacrine
for 30 min, PMA (33 ng/ml, 3 h) was able to induce the
synthesis of small amounts of MMP-1 (MEP10+PMA).
These low levels of MMP-1 induced by PMA in the presence
of mepacrine are still lower than the basal levels of MMP-1
found in untreated cells (MED). That mepacrine could also
suppress the basal level of MMP-1 synthesis (which might
be elevated due to cell handling, medium changes, etc.) is
shown by a comparison of MMP-1 levels in cells cultured in
medium (MED) without stimuli with cells treated with
mepacrine only (MEP 10 and MEP 50). All Western blot
membranes were stained for tubulin, confirming equal
loading and protein transfer (data not shown).

PCR reveals selective effects of mepacrine on MMP. To
further investigate the mechanisms by which mepacrine
interferes with MMP-1 upregulation, PCR experiments
were performed. Mepacrine was added to synoviocytes for
30 min, then non-incorporated mepacrine was removed by
washing cells once with medium. PMA was added to indi-
cated culture dishes for times ranging from 30 to 120 min,
and then total RNA was extracted. RNA (3 µg) was used for
reverse transcription performed in a total volume of 33 µl
using the Amersham reverse transcriptase kit. From the
resulting cDNA, 2.5 µl was used to amplify the house-
keeping gene GAPDH and 5 µl each was used to amplify
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Figure 1. Mepacrine inhibits MMP-1 release. Fibroblast-like synoviocytes
were left untreated (MED) or were treated with PMA, TNF, or mepacrine
30 min prior to stimulation with PMA or TNF for 16 h. Supernatant
proteins were concentrated and separated by SDS-PAGE. These Western
blot data show that mepacrine blocks PMA (MEP+PMA) as well as TNF
induced MMP-1 release (MEP+TNF). The antibody used recognized both
the pro (latent) and activated forms of MMP-1. Position of size markers is
indicated on the left.

Figure 2. Levels of MMP-1 protein found in cytoplasm of fibroblast-like
synoviocytes are suppressed by mepacrine. After preincubation with
mepacrine, synoviocytes were stimulated with PMA, and levels of MMP-1
found in cytoplasm were compared to cells left untreated (MED), treated
with 10 µM mepacrine (MEP 10), 50 µM mepacrine (MEP 50), pretreated
with mepacrine (10 µM) followed by PMA (MEP 10+PMA), or pretreated
with mepacrine (50 µM) followed by PMA (MEP 50+PMA). Treatment of
synoviocytes with mepacrine reduced basal levels of MMP-1 and
suppressed PMA induced MMP-1 dose dependently, as 10 µM was not
sufficient to completely block PMA induced MMP-1 production. The
MMP-1 antibody used recognizes pro and activated forms of MMP-1.
Position of size markers is indicated on the left.
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cDNA using primer pairs for MMP-1, MMP-3, and MMP-
9. Figure 3 illustrates findings from one representative
experiment, showing that mepacrine suppresses MMP-1 and
MMP-9, but does not influence transcription of MMP-3.
PMA (33 ng/ml) was added for 2 h to cells pretreated with
mepacrine (50 µM) for 30 min. The data reveal that in such
experiments, PMA induced upregulation of MMP-1 is
suppressed by more than 90% and MMP-9 expression is
reduced to levels observed in unstimulated cells. While in
these cells basal levels of MMP-3 mRNA are high, as
reported38, there is still a further induction upon PMA stim-
ulation. As illustrated in Figure 3, mepacrine neither reduces
basal levels of MMP-3 nor does it affect PMA induced
MMP-3 mRNA levels. These data testing the effect of
mepacrine on MMP-3 correspond to findings in Western
blot experiments (data not shown), which showed that
mepacrine did not suppress basal MMP-3 or PMA induced
MMP-3 release into the culture medium.

EMSA to test the effect of mepacrine on transcription factor
AP-1. AP-1 seems to play an important role in the activation
of MMP-139. We tested whether mepacrine had any effect on
the AP-1 protein complex using EMSA and nuclear extract
isolated from human synoviocytes. Cells were pretreated for
30 min with increasing amounts of mepacrine (20 to 75
µM), washed once with medium, and stimulated with PMA
(33 ng/ml) for 2 h. Nuclear proteins were isolated as
described37. EMSA experiments using consensus AP-1
oligonucleotides and control experiments were performed as
described40. The data shown in Figure 4 indicate that in
mepacrine-treated synoviocytes, AP-1 binding to its
consensus element is diminished in a dose dependent
manner. Out of several control experiments conducted to
confirm specificity of the AP-1-DNA interactions, 2 are
illustrated in Figure 4. “Free probe” indicates the lane where
no nuclear protein was added, and in the lane marked

Figure 3. Suppression of mRNA production for MMP-1 and MMP-9 but
not MMP-3 by mepacrine. Equal amounts of mRNA were amplified with
indicated primer pairs (right side of panels). In unstimulated fibroblast-like
synoviocytes (MED), MMP-3 is constitutively expressed, while mRNA
levels for MMP-1 and MMP-9 are low. Stimulation with PMA led to
increased levels of mRNA for the tested MMP. Mepacrine treatment only
(MEP) did not lead to changes of mRNA levels, but prevented induction of
MMP-1 and MMP-9 by PMA (MEP+PMA). GAPDH was included as a
control.

Figure 4. EMSA revealed reduced binding of AP-1 proteins in fibroblast-
like synoviocytes treated with mepacrine. Synoviocytes were treated with
the indicated amounts of mepacrine prior to stimulation with PMA. After 2
h, nuclear proteins were isolated. Equal amounts of protein were incubated
with labeled AP-1 binding elements and separated on a native gel. For
“Unlabeled probe,” nuclear proteins of PMA-only treated cells were used
and incubated with excess of unlabeled AP-1 oligonucleotides. No protein
was included in the reaction mixture loaded onto the lane labeled “Free
probe.”
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“Unlabeled probe” a competition experiment with unlabeled
AP-1 oligonucleotides was performed.

Differential effect of mepacrine on Jun and Fos. c-Jun and
c-Fos are members of the AP-1 family. In order to bind to
the AP-1 sequence these proteins have to be translocated
into the nucleus. We tested whether mepacrine interferes
with protein translocation mechanisms and therefore
contributes to the reduced binding of AP-1 proteins to the
AP-1 binding element observed in the EMSA experiments.
Human synoviocytes kept in medium containing 1% FCS
for 16 h were pretreated with mepacrine (50 µM) for 30 min.
Then, cells were left untreated or were treated with PMA (33
ng/ml) for indicated periods of time. Cytoplasm and nuclear
proteins of these cells were isolated and tested for the pres-
ence of c-Jun and c-Fos by Western blot. While there was no
apparent difference in the levels of either c-Jun or c-Fos
detected in the cytoplasm of treated and untreated cells (data
not shown), there was a remarkable differential effect of
mepacrine on the translocation of these transcription factors.
Figure 5 shows results of Western blot experiments where
equal amounts of nuclear proteins were blotted onto
membranes and located and quantitated using indicated anti-
bodies. Figure 5A illustrates that PMA stimulation (30 min)
led to translocation of c-Fos into the nucleus (PMA lane).
Interestingly, in cells pretreated with mepacrine and subse-
quently stimulated with PMA (MEP+PMA), c-Fos could not
be detected in the nuclear fraction of synoviocyte proteins.
Furthermore, mepacrine itself did not lead to translocation
of c-Fos into the nucleus (MEP 50), as levels of c-Fos found
in mepacrine treated nuclei equaled those found in the
nuclei of untreated cells (MED). When blots containing the
nuclear protein fraction of synoviocytes were stained for the

presence of c-Jun, the results where remarkably different.
As shown in Figure 5B, no c-Jun was detected in unstimu-
lated cells (MED). PMA stimulation for 30 min resulted in
a weak band (PMA), and preincubation with mepacrine (30
min) followed by PMA (30 min) yielded a strong band
(MEP+PMA). Interestingly, incubating synoviocytes for the
same period of time with mepacrine only also led to translo-
cation and detection of c-Jun in the nuclear fraction of these
cells (MEP). This effect is dose dependent, because incuba-
tion of cells with lower amounts of mepacrine (5 µM) for a
similar time resulted in less c-Jun detection in the nuclear
fraction.

The above data on the differential effect of mepacrine on
PMA induced c-Jun and c-Fos translocation were confirmed
by stripping blots of anti-Fos antibodies and restaining the
same blots using anti-c-Jun antibodies. Moreover, the
method of staining blots with Ponceau red after exposure to
x-ray films was used to confirm equal loading and even
protein transfer in cases where nuclear proteins had to be
detected.

DISCUSSION
MMP are involved in nearly all aspects of life. These
enzymes take part in embryonic development and growth, in
wound healing, tissue remodeling, cell communication, and
cell migration, and in apoptotic as well as in necrotic
events41,42. In contrast, abnormally regulated MMP are at the
center of many pathological conditions ranging from cancer
to neurodegenerative and cardiovascular diseases43.
Involvement of MMP in rheumatic disorders is well charac-
terized. For a long time, inhibiting MMP has been a major
goal in the treatment of RA and OA. Mepacrine, which has
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Figure 5. Western blot experiments revealed differential effects of mepacrine on PMA induced c-Jun and c-Fos translocation. Fibroblast-like synoviocytes
were treated with mepacrine (50 µM or 5 µM) 30 min prior to stimulation with PMA (33 ng/ml). After an additional 30 min, nuclear proteins were isolated
and separated by SDS-PAGE. Blot shown in Figure 5A, stained with anti-c-Fos antibodies, shows that PMA induces nuclear translocation of c-Fos (PMA).
More importantly, 50 µM mepacrine prevented PMA induced c-Fos translocation (MEP+PMA). Compared to levels of c-Fos found in untreated cells (MED),
mepacrine 50 µM and 5 µM did not lead to significant change in c-Fos detected in the nuclear fraction. The c-Fos-specific antibody recognizes a protein of
roughly 62 kDa. Figure 5B shows a representative Western blot where such nuclear extracts were stained to detect the presence of c-Jun. The antibody reacts
specifically with AP-1/cJun, a protein of roughly 39 kDa. As shown here, 50 µM mepacrine alone led to detection of high levels of c-Jun in the nuclear frac-
tion [MEP (50 µM)], and 5 µM mepacrine still induced c-Jun translocation [MEP (5 µM)]. In such experiments, PMA was the weakest inducer of c-Jun
translocation. Position of size markers is indicated on the left.
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been used to treat rheumatic disorders and is currently used
as a lupus remedy, has a long history of clinical use. It was
first introduced as an antimalarial in 1930 and is known for
its few adverse side effects that are generally minor or
reversible30. Recently, it was suggested that mepacrine may
be an immediate candidate for the treatment of Creutzfeldt-
Jakob disease, as it prevented formation of the disease-
causing form of prions in in vitro experiments21.

We report that mepacrine dose dependently inhibits the
release of MMP-1 in cultured human fibroblast-like
synoviocytes stimulated with TNF-α or PMA. We tested the
mechanism involved in this phenomenon and found that
mepacrine does not inhibit constitutive or PMA-induced
MMP-3 mRNA formation, but has a profound inhibitory
effect on induced mRNA formation of MMP-1 as well as
MMP-9. Since AP-1 seems to be important for the regula-
tion of MMP, EMSA experiments were performed. These
studies revealed that mepacrine dose dependently
suppresses AP-1 binding to its consensus sequence in
human synoviocytes. These findings are in accord with
earlier findings, following the unpublished observation that
mepacrine improves the survival of transplanted organs, in
which treatment of endothelial cells with mepacrine-
suppressed AP-1 binding, albeit by yet another mecha-
nism44. 

Several proteins make up the family of AP-1 factors that
bind DNA as homo- or heterodimers45. Classically, AP-1
dimers bind to AP-1-binding sequences that consist of 2
subunits that are formed either by heterodimerization of a
Fos family protein (c-Fos, Fos B, Fra, Fra-2) with a Jun
family protein (c-Jun, JunB, JunD) or homodimerization of
the Jun family members1,2. The effects of mepacrine on the
activation/translocation of AP-1 proteins might account for
the observed results. We therefore investigated the extent to
which mepacrine affects 2 members of this multimeric
complex. Of note, we found strikingly different effects of
mepacrine on c-Jun activation in contrast to c-Fos activa-
tion. In cells pretreated with mepacrine and subsequently
stimulated with PMA, no c-Fos could be detected inside the
nucleus, while at the same time mepacrine treatment alone
led to increased levels of c-Jun within the nucleus. It is
tempting to speculate that these events contribute to the
observed inhibition of MMP by mepacrine. Since little is
known about the functions of specific AP-1 dimers in the
regulation of MMP, it will not be possible to judge the
consequences of our findings with certainty without further
study. However, there are reports supporting the concept
that mepacrine-induced blockage of Fos translocation might
indeed be one of the mechanisms affecting the activation of
AP-1 dependent genes. As an example, it was observed in
cotransfection experiments that c-Jun and c-Fos
heterodimers bound 25 times more efficiently to the AP-1
DNA site than a c-Jun homodimer46.

Further complicating the issue is that the AP-1

complexes are not limited to Jun and Fos dimers, since
certain Jun and Fos proteins have been shown to dimerize
with other factors such as activating transcription factor-2,
musculoaponeurotic fibrosarcoma oncogene homolog, and
their related proteins47. This results in myriad possibilities
for these factors to interact with each other. As reported48,
the combinatorial character of the AP-1 transcriptional
complex makes even the interpretation of overexpression
experiments difficult since introduction of an AP-1 binding
protein may affect homodimerization as well as
heterodimerization with usually unidentified binding
proteins. Further, even subtle changes in relative protein
levels can have significant effects49. The situation becomes
even more complex if one considers that AP-1 DNA binding
does not necessarily correlate with transcriptional activa-
tion50. Shemshedini, et al51, investigating the effect of c-Fos
and/or c-Jun coexpression on transcriptional activation of
genes, reported that c-Jun could either inhibit or further
stimulate induced transcription. All these effects were
receptor, promoter, and cell type-specific51. Although it
seems plausible that the differential effects of mepacrine on
MMP could be explained, at least in part, by the observed
differential effect on Jun/Fos, only careful promoter
analyses in combination with reporter assays will reveal the
significance of these changes.

In any case, suppression of MMP could be beneficial in
rheumatic diseases, where enzymes like MMP-1 and MMP-
9 are overabundant. But there might be indirect beneficial
effects of inhibiting MMP as well. MMP-1, for example, has
been reported to be involved in cleaving TNF-α into its
active form. Thus, blocking MMP-1 might result in lower
levels of circulating TNF-α. Indeed, such observations have
been made, specifically that the antimalarials chloroquine
and mepacrine had inhibitory effects on zymosan-induced
expression of interleukin 1α and TNF-α52. Although it was
noted that mepacrine reduced these cytokines at both the
mRNA and the protein level, others found similar suppres-
sive effects of chloroquine and mepacrine on LPS-induced
TNF-α expression in peripheral blood mononuclear cells
(PBMC)53. This group also confirmed our observation44 that
mepacrine does not interfere with the activation of nuclear
factor-κB. Another group observed that chloroquine, a
closely related compound, did inhibit LPS-stimulated TNF-
α release by interfering with TNF-α processing and
membrane release54. Since no investigators to date have
tested the effect of these drugs on the transcription factor
AP-1 or the synthesis of MMP-1 in PBMC, it would be
worthwhile to investigate whether mepacrine affects the
activation of AP-1 in such cells by mechanisms similar to
the one reported here on human synoviocytes.

Mepacrine also intercalates into DNA in a sequence-
specific manner55,56. It has been shown that such specific
binding of mepacrine can result in reduced binding of tran-
scription factors44. Whether suppressing the binding of tran-
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scription factors or the modulatory effect of mepacrine in
the translocation of Jun/Fos proteins is of greater relevance
for the inhibition of MMP mRNA accumulation is currently
under investigation.

Mepacrine has been described and used in many studies
as an inhibitor for PLA2. It might seem that this widely
accepted mechanism is solely responsible for the beneficial
effects of mepacrine. There are reports that only weak PLA2
inhibitory activity of mepacrine, e.g., 400 µM mepacrine, is
necessary to achieve significant effects on PMA-induced
platelet aggregation57. As well, several studies have
suggested that the protective effects of mepacrine could be
independent of such a mechanism. It has been shown, for
example, that mepacrine prevented acute lung injury in rats
after hypoxia-reoxygenation-induced injury, while another
potent PLA2 inhibitor had almost no effect58. A study
showed that doses of mepacrine used to protect isolated rat
hearts during hypoxia and reoxygenation did so without
affecting activity of PLA2

24. Another group reported that
mepacrine even stimulated PLA2 activity in polymorphonu-
clear leukocytes59. Nevertheless, the possibility that the
observed effects of mepacrine on MMP activation are ulti-
mately due to inhibition of PLA2 cannot be excluded until
further experiments are performed, especially in light of a
recent report that mepacrine, at concentrations used in this
study, was able to completely inhibit PLA2 activity60.

Findings from this study indicate that the observed differ-
ential effects of mepacrine on AP-1 transcription factor
family proteins might contribute to many of the antiinflam-
matory effects of this drug. Although the antimalarial prop-
erties of mepacrine might, at least in part, also be attributed
to the observed modulation of Jun/Fos, or whether the
potential of mepacrine to selectively inhibit enzymes
involved in pathological tissue destruction plays any role in
prion diseases, such hypotheses have yet to be tested. The
observation that mepacrine prevents upregulation of MMP-
1 and MMP-9 might explain the favorable effect of this drug
in rheumatic diseases, especially in the treatment of lupus, a
disease where mepacrine is used successfully31,32,61 and
where elevated levels of circulating MMP-1 can be
detected62,63.
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