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(57) ABSTRACT

The invention relates to the use of acetyl salicylic acid (ASA)
in combination with MRP4 channel inhibitors for the treat-
ment of all diseases related to so-called ASA resistance. Par-
ticularly preferred among the MRP4 channel inhibitors is
dipyridamole. The invention also relates to an in-vitro diag-
nostic method for identifying ASA-resistant patients and to
the associated kit for implementing the diagnostic method.
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METHOD TO IDENTIFY AND TREAT
SUBJECTS RESISTANT TO ACETYL
SALICYLIC ACID

FIELD OF THE INVENTION

[0001] The present invention relates to the use of acetyl-
salicylic acid in combination with MRP4 channel inhibitors
for the treatment of patients resistant to said acetylslicylic
acid. This invention is also related to a method of in vitro
analysis and its corresponding kit, to indentify such patients

BACKGROUND ART

[0002] For about thirty years now particular laboratory and
clinical evidence has been established for a condition which
immediately revealed itself to be a marked interindividual
difference in the response to therapy with acetylsalicylic acid
(ASA) (hereinafter the term ASA will be used to denote
acetylsalicylic acid, its derivatives and corresponding physi-
ologically acceptable salts) (Mason et al. J. Am. Coll. Cardiol.
2005, 46, 986-93 and Hankey and Eikelboom The Lancet
2006, 367, 606-17), accompanied by a progressive reduction
in its efficacy in long-term therapy (Pulcinelli et al. J. Am.
Coll. Cardiol. 2004, 43, 979-84). This evidence has been
defined as “ASA resistance”, and currently represents a prob-
lem, the actual clinical extent of which has yet to be demon-
strated and which continues to occupy the time and interest of
many researchers.

[0003] ASA resistance is identified as the inability of this
molecule to fully inhibit the production of thromboxane-A2
(TxA2) or TxA2-dependent platelet activation (biochemical
or laboratory resistance). This resistance may consequently
be responsible for the failure of therapy to prevent cardiovas-
cular events in patients on chronic treatment with ASA (clini-
cal resistance) (Hankey and Eikelboom, ref. cited).

[0004] Theapproaches adopted to reduce this phenomenon
are two and are based on two types of intervention: increasing
the daily doses of aspirin or combining aspirin with another
drug with an anti-platelet action, but both approaches have
failed to prove effective; in fact, in the former case, it has been
demonstrated that increasing the aspirin dose (above 150
mg/day) increases the risk of cardiovascular complications as
compared to patients taking 75-150 mg/day (ATC Br. Med. J.
2002, 324, 71-86); in the latter case, it has been established
that while this therapeutic approach is useful in secondary
prevention, i.e., after a cardiovascular event, it may be risky in
primary prevention, i.e., in patients with a high risk of athero-
thrombotic complications who have previously not suffered
cardiovascular events, in that it may increase the risk of haem-
orrhage.

[0005] Aspirin®, the active ingredient of which is acetyl-
salicylic acid (ASA), is the drug most sold world-wide; as an
analgesic it belongs to the class of the NSAIDs (Non-Steroi-
dal Anti-Inflammatory Drugs) and is the anti-aggregant drug
par excellence in the treatment of subjects who have suffered
acute coronary syndromes or who are at high risk of cerebro-
cardiovascular events or in the treatment of obliterating
arteropathies of the peripheral vessels. Among the numerous
studies indicating the efficacy of ASA in reducing athero-
thrombotic diseases, we may cite a recent meta-analysis con-
ducted on 287 randomised trials by the “Antiplatelet Trialists’
Collaboration” (ATC Br. Med. J. 2002, 324, 71-86): this study
has demonstrated that a daily intake of ASA at low doses
(75-150 mg/day) reduces the risk of cardiovascular compli-
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cations (myocardial infarction, cerebral infarction and vascu-
lar death) by 25% in patients who have previously had coro-
nary disease.

[0006] ASA is present in more than thirty pharmaceutical
specialties, is prepared in various forms and can be adminis-
tered via various different routes.

[0007] The importance of this drug in reducing athero-
thrombotic complications stems from the fact that such
pathologies present the ischaemic event as a result of platelet
activation.

[0008] Platelets are cell fragments that derive from the frag-
mentation of megakaryocytes. The morphology of these cells
appears to be complex, presenting at their ends a glycocalix
consisting of numerous membrane glycoproteins. More intet-
nally, microtubules and microfilaments make up the cytosk-
eleton, which has numerous granules embedded within it,
belonging to three distinct groups: a-granules, dense gran-
ules and A-granules. The c.-granules, which are present in
abundance, contain important proteins for coagulation and
for the regeneration of damaged tissue. The dense granules
contain chemical mediators such as ADP, ATP, serotonin and
adrenalin, which mediate the amplification of the platelet
response. The A-granules are identifiable as lysosomes. The
scanty presence of RNA gives rise to a reduced representation
of the rough endoplasmatic reticulum, whereas the smooth
endoplasmatic reticulum, referred to as the Dense Tubular
System, is present in abundance and is responsible for the
mobilisation of intracellular calcium.

[0009] The platelets play the physiological role of being
activated following vascular damage and forming the first
stage in arresting vascular rupture. In particular, following
endothelial damage, the platelets rapidly adhere to the newly
exposed collagen fibres, are activated and release chemical
mediators: ADP, released by the dense granules, and throm-
boxane-A2 (TxA2), produced by the activation of COX-1,
which activate other platelets at the site of the lesion, forming
the platelet aggregate that blocks the bleeding. This cascade
of events is entirely akin to that encountered in the pathologi-
cal event of such activation, which is the formation of the
platelet thrombus; in fact, in a vessel whose lumen is reduced
due to the presence of an atheroma in the subendotheliun,
events which are still unknown bring about the fissuration of
the plaque, with exposure of the collagen fibres and activation
of platelets, which by forming the aggregate within the vessel
impede the passage of red blood cells downstream of the
lesion. This interruption of the blood flow will therefore be
the cause of the ischaemic pathology, which may be transient
or may give rise to necrosis of the tissue, leading to events
such as angina or myocardial infarction, if the lesion occurs in
the coronary district, TIA (transient ischaemic attack) or
stroke, if the lesion occurs in arteries supplying blood to the
brain.

[0010] Therefore, secretion of the granules and the produc-
tion of thromboxane are two very important platelet events for
regulating the formation of the platelet thrombus. And it is for
this reason that the two main drugs so far used to reduce
cardiovascular events are aimed at reducing platelet activa-
tion by ADP (thienopyridine) and the production of throm-
boxane (ASA).

[0011] The efficacy of ASA in reducing platelet function-
ality is based on the inhibition of the cyclo-oxygenase activity

of prostaglandin H synthase, an enzyme present in platelets
and commonly defined as COX-1.
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[0012] The mechanism of action of ASA consists in the
acetylation of the amino acid Ser 529 of COX-1, which
impedes the access of the substrate, arachidonic acid, to the
catalytic site. It is therefore a matter of irreversible enzyme
inhibition.

[0013] ASA is rapidly absorbed in the stomach and small
bowel after oral administration: the plasma concentration
peak is registered after 30-40 minutes. The half-life is very
very short, amounting to just 15-20 minutes. Platelet inhibi-
tion, on the other hand, is manifested one hour after admin-
istration. Bioavailability is 40-50%, but this parameter does
not influence the effect on platelets, since COX-1 is acety-
lated in the presystemic circulation.

[0014] Considering that platelets have no nucleus, they are
incapable of synthesising new enzyme: since ASA inhibits
thromboxane-dependent function irreversibly, and consider-
ing that the mean life of platelets is 10 days, only 10% of
platelets presents fully active COX-1 24 hours after taking the
drug, and for this reason a daily intake of ASA reduces the
production of thromboxane almost entirely.

[0015] Inany event, the residual activity of platelet COX-1
following treatment with ASA is still unknown. Presumably it
varies from one subject to another.

[0016] Clinical and laboratory evidence has shown that not
all patients taking ASA benefit from the therapy; for this
reason the expression “ASA resistance” has been coined. A
recent study of ours (Pulcinelli et al. J. Thromb. Haemost.
2003, 3, 2784-9) has demonstrated that underlying this phe-
nomenon in some patients on chronic ASA treatment there
may be the inability of this drug to effectively inhibit platelet
COX-1, allowing the synthesis of low concentrations of
TxA2, albeit sufficient to induce platelet activation.

[0017] By way of confirmation of this hypothesis we may
cite a HOPE substudy in which Fikelboom et al. (Circulation
2002, 105, 1650-5) observed a positive correlation between
the concentration of 11-deihyro-thromboxane-B, in the urine
of patients treated with ASA and the related risk of infarction.
Furthermore, Zimmerman et al. (Circulation 2003, 108, 542-
7) detected the presence of a transient resistance to ASA due
to impaired inhibition of COX-1, in patients undergoing coro-
nary bypass, with risks of cardiovascular complications for
these patients. In none of these studies, however, has a treat-
ment protocol capable of reducing this phenomenon been
hypothesised.

[0018] Diabetic patients also appear to be less sensitive to
the action of ASA, related to a reduced action on COX-1; in
fact, one clinical trial (PPP study Sacco et al. Diabetes Care
2003, 26, 3264-72) has shown that diabetic patients on
chronic ASA treatment have more cardiovascular complica-
tions than non-diabetic patients and we ourselves have
recently demonstrated that the production of platelet throm-
boxane in diabetics treated with ASA is approximately 5
times greater than that in non-diabetic patients (Pulcinelli et
al. JLA.C.C. 47(4) supplement A, 364A-365A).

[0019] Multidrug resistance proteins (MRPs) are a family
of seven membrane glycoproteins, MRPs 1 to 7, which medi-
ate the unidirectional transport of organic anions in the cells.
In platelets, it has been demonstrated that type-4 MRPs are
present and have the function of transporting adenylic nucle-
otides into the dense granules; the MRP4s, in fact, belong to
the membrane protein family called ABC (ATP-binding cas-
sette)-transporters (Jedlitschky et al. Blood 2004, 104, 3603-
3610) and are responsible for the unidirectional transport of
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organic anions from the cytosol either towards the outside or
towards the interior of the dense granules.

[0020] The fact that patients affected by certain diseases,
diabetics or patients submitted to surgical operations, e.g,,
coronary bypass, show resistance to ASA prompted us to
postulate that the cause of the reduced ability of this drug to
inhibit platelet function may depend on the reduced accumu-
lation of the drug in the cell due to its being transported
outside the cytosol via the MRP4s (which therefore act as
“passage channels”, from which the name “MRP4 channels)
and that this phenomenon may consequently lead to a reduc-
tion in its pharmacological activity.

[0021] The mechanism whereby the MRP4 channel inhibi-
tors function is known (WO 2005/044244) and dipyridamole
is mentioned among the inhibitors.

[0022] Dipyridamole is normally used in patients with
coronary insufficiency accompanied or not by angina crises;
coronaropathies; senile heart and the prophylaxis of myocar-
dial infarction; cardiopathies, as a coadjuvant of digitalis
therapy; diseases at cardiac, cerebral and renal level, due to
increased platelet aggregability, since it is endowed with pro-
nounced anti-platelet-aggregation and therefore antithrom-
botic activity, attributable to its platelet phosphodiesterase
inhibiting activity which gives rise to an increase in AMPc.
There is no suggestion in the literature that dipyridamole can
increase the efficacy of ASA in inhibiting COX-1.

[0023] Combinations of dipyridamole and ASA are known
and used in therapies related to cardiovascular diseases. In
particular, U.S. Pat. No. 4,694,024 describes a system con-
sisting in the release in succession first of dipyridamole and
then of acetylsalicylic acid. U.S. Pat. No. 6,015,577, on the
other hand, describes the simultaneous combined use of ace-
tylsalicylic acid and dipyridamole, using lower doses of ace-
tylsalicylic acid compared to U.S. Pat. No. 4,694,024 and
establishes the ideal ratio of dipyridamole to ASA for reduc-
ing the formation of coaguli in mice and therefore postulating
a beneficial effect in the treatment of cardiovascular diseases.
[0024] Both patents refer to combinations of ASA and
dipyridamole or similar drugs and are aimed at determining
what the best dose of the two pharmacological ingredients is,
what the best ratio is between the two ingredients and what
are the best salts for bringing about a delay in the absorption
of both. However, neither of them mentions or suggests the
treatment of patients who prove resistant to ASA, nor that
there exists a resistance caused by a reduced availability of
ASA related, or which may be related, to the action of
MRP4s. All that is said is that the ASA-dipyridamole combi-
nation is useful because both inhibit platelets, without any
mention of MRP4s.

SUMMARY OF THE INVENTION

[0025] Ithas now been found by the inventors that ASA is
transported via the MRP4 channels; and it has also been found
experimentally that a different expression of MRP4s is
present in patients submitted to bypass, diabetics and in
patients on chronic ASA treatment as compared to healthy
volunteers.

[0026] Thus the inventors hypothesise that the cell, in the
presence of massive doses of ASA, such as those adminis-
tered to patients undergoing bypass surgery, or in the presence
of disease conditions such as diabetes or in patients at high
risk of thrombotic events on chronic treatment with aspirin,
seeks to reduce the concentration of organic anionic sub-
stances in the cytosol, exporting part of them from the cytosol
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to the outside and another part from the cytosol into the
granules. ASA, which is at physiological pH, presents as an
organic anion, taking on a negative net charge on its surface,
would thus constitute a molecular target for MRP4s.

[0027] This phenomenon has been proved by the inventors
who verified the involvement of MRP4 channels in altering
the intracellular path of ASA by measuring cytosolic concen-
trations of ASA and its metabolite salicylic acid (AS) or
concentrations of these inside the platelet granules, in a plate-
let combination or in a preparation of platelet granules, as
performed according to the method reported by Fukami MH
etal. (J. Cell. Biol. 1978, 77, 389-99), both treated with ASA
(50 M for 10 minutes at 37° C. or 4° C.) or by means of the
use of *C-labelled ASA, employing specific MRP4 inhibi-
tors, such as dipyridamole and MK-571 ((E)-3-[[[3{2-(7-
chloro-2-quinolinyl)ethenyl|phenyl]-[[3-dimethylamino)-3-

oxo-propyl]-thio]-methyljthio]-propanoic ~ acid),  and
selective investigation procedures such as HPLC, for measur-
ing ASA and SA according to the method described by Gas-
pari and Locatelli (Ther Drug Monit. 1987, 9, 243-7) and a
beta-counter for measuring the radioactive asprin.

[0028] The inventors then found that inhibiting MRP4-me-
diated transport is advantageous in treatment with ASA, in
that it reduces its extrusion from the cytosol, thereby increas-
ing its ability to inhibit COX-1. This second hypothesis was
verified by assaying thromboxane-A2 (TxA2), a marker of
COX-1 activation, released by aspirinated and non-aspiri-
nated platelets, activated with thrombin.

[0029] One object of the present invention is the use of
acetylsalicylic acid, its derivatives and corresponding salts,
and of MRP4 inhibitors, in combination or in succession, for
the treatment of all pathologies related to so-called ASA
resistance, as defined above. Preferred among the MRP4
inhibitors are dipyridamole and MK-571.

[0030] Another object of the invention relates to the daily
doses and the administration protocol which may advanta-
geously consistin daily doses of approximately 40 mg each of
ASA and approximately 75 mg of dipyridamole.

[0031] Another object of the inventionrelates to the relative
amounts of ASA and dipyridamole, which may range, respec-
tively, from 75 to 150 mg/day in the case of ASA and from 75
to 500 mg/day, preferably 75 to 200 mg/day, in the case of
dipyridamole.

[0032] Another object of theinventionrelates to the method
and kit for the detection of patients resistant to ASA, includ-
ing the resistances originating from genetic polymorphisms.
[0033] Other objects of the invention will be evident from
the detailed description of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0034] FIGS. 1 and 2 present the results obtained which are
representative of the elimination of ASA from platelets by
means of the MRP4s, achieved by measuring the concentra-
tions of ASA and its metabolite salicylic acid in the cytosol
(FIG.1) and in the platelet granules (FIG. 2) which had been
incubated with aspirin after different treatments, such as
inhibitors of the transport mediated by the MRP4s (dipy-
ridamole and MK-571), or systems that reduced the active
transport of such channels (incubation at 4° C. or with ATP
scavengers) and recording the percentage obtained as com-
pared to platelets or granules treated with ASA alone.
[0035] FIG. 3 illustrates the release of *C-labelled ASA
after activation of platelets radiolabelled with thrombin.
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[0036] FIG. 4 illustrates the MRP4 expression in a platelet
protein lysate of healthy volunteers as compared to patients
undergoing bypass surgery at 5 days after the operation (panel
A). In panel B there are reported control patterns obtained
using an anti.actin monoclonal antibody.

[0037] FIG. 5 illustrates experiments conducted using the
immunogold technique, which reveals the location of the
channel by means of electron microscopy; the resistant
patients present an increased cell concentration of the channel
(panel B), in comparison with healthy volunteers (panel A).

DETAILED DESCRIPTION OF THE INVENTION

[0038] According to the present invention acombination of
acetylsalicylic acid, its derivatives and physiologically
acceptable salts, and MRP4 channel inhibitors, formulable in
co-administration, is used for the treatment of ASA-resistant
patients, as defined above.

[0039] The medicament according to the present invention
can be obtained by mixing the active ingredients or their
corresponding derivatives and pharmaceutically acceptable
salts with excipients suitable for compositions for oral or
parenteral administration, or for intramuscular, venous, per
os or nasal administration. All the excipients, diluents,
vehicles and/or adjuvants necessary for the preparation are
ones with which the expert in the field will be familiar.
[0040] More specifically, what is meant by the term “com-
position” is a combination of active ingredients that is capable
of producing a pharmcological effect as indicated above. The
“composition” includes—in addition to the active ingredi-
ents—excipients, diluents, vehicles and/or adjuvants which
alone are not capable of producing a pharmacological effect
on the subject receiving the composition. These excipients,
diluents, vehicles and adjuvants are well known to the experts
in the field and can be selected from among the group of
substances such as water, saline solution, glycerol, ethanol,
emulsifying agents, buffer substances, preservatives and the
like.

[0041] Examples of pharmaceutical compositions which
may comprise the combination of active ingredients accord-
ing to the invention are those in solid, semisolid or liquid
form, in the form of lozenges, capsules, pills, tablets, pas-
tilles, granulates, syrups, ampoules, drops, solutions, suspen-
sions, emulsions, in unitary dosage forms or in separate
doses, ready-to-use syrups or ex tempore units, creams and
gels. Other examples of formulations are those for parenteral
use, injectable forms for intramuscular, subcutaneous, trans-
dermal or intravenous administration.

[0042] The compositions can be administered per os or
parenterally, rectally or cutaneously.

[0043] Co-administration means a pack containing unitary
or separate administration forms of the active ingredients,
accompanied by the instructions for simultaneous coordi-
nated administration or administration in succession of the
active ingredients according to the dosage prescribed by the
physician.

[0044] Administration doses, posologies and protocols are
decided by the physician on the basis of his or her own
experience, the severity of the disease and the patient’s gen-
eral condition and age.

[0045] Patients manifesting ASA resistance according to

the present invention present a higher platelet expression of
MRP4 compared to healthy controls (F1G. 4).
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[0046] A diagnostic method for the in-vitro detection of
ASA-resistant subjects is claimed in claim 1. A way to carry
out the method according to the present invention comprises
the following steps:

[0047] a. Take a sample of biological fluid from the
patient, generally purified venous peripheral blood,
from which a platelet protein lysate is obtained which,
after purification, i.e. through electrophoresis, is put in
contact with anti-MRP4 mono- or polyclonal antibodies
(available on the market) in conditions and for a time
period sufficient for the formation of a complex between
antigen (MRP4) and antibody;

[0048] b. Quantify the presence of the characteristic
band of the MRP4s, the identification can be done by
means of Western Blot by making a comparison with a
control standard made up of the MRP4 protein.

[0049] The Western Blot technique is well known to the
expert in the field, who, on the basis of the present description
and his or her knowledge, can easily identify the optimal
conditions for implementing the method.

[0050] Experts in the field are familiar with the definitions
of “polyclonal antibody” and “monoclonal antibody”.
[0051] Another mode of identification is based on the study
of platelet messenger RNA responsible for the synthesis of
this protein (MRP4), which is greater in resistant subjects
than in healthy subjects. In this case the determination can be
done using the Southern Blot technique or Real-Time PCR
(RT-PCR), both of which are well known to the expert in the
field, who will easily identify the necessary restriction
enzymes and the subsequent conditions for electrophoresis.
[0052] A detection kit according to the present invention
may advantageously contain, in addition to the material for
performing the assay (assay test tubes, titration plate wells,
reagents, etc.) and the explanations relating to the method of
use, anti-MRP4 antibodies for an evaluation assay by means
of Western Blot; or specific restriction enzymes for the
MRP4s (particularly profitable the TagMan Gene Expression
Assay kit) to be quantitatively analysed to determine platelet
mRNA by Southern Blot or Real-Time PCR.

[0053] The kit can suitably further comprise:

[0054] a system for the purification of platlets from the
other granular blood components (Platelet GelSep of
BioCytex for purifications carried out with centrifuga-
tion methods on gel); and

[0055] Reagents capable of quantifying theinterferences
due to non platelet components in the cellular prepara-
tion to be used in diagnosys, such as monoclonal anti-
bodies or anti CD45 restriction enzymes which reveal
the presence of leucocytes.

[0056] As for the evaluation of the results that can be
obtained with the method of the restriction enzymes, we can
hypothesize that values higher than 20 UA (Arbitrare Units),
preferably higher than 25 UA, more preferably higher than 30
UA, and even more preferably higher than 35 UA of threshold
cycles of MRP4/GAPDH are values that identify resistant
patients. Considering the pre-analytic and analytic variabili-
ties of the lab data obtained with the kit for mRNA, it is
recommended to create your own normal values, that can be
obtained after analyzing at least 15 healthy volunteers. As for
the kit with western blot, we suggest the acquisition of data
from resistant patients together with those of healthy volun-
teers. So, it is better add to the kit a standard preparation of
MRP4 with a known value and the patient will be considered
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positive with a proteic densitometry higher than 10%, pref-
erably 20%, better 35% and much better 50% comparedto the
standard.

[0057] Through the method of analysis of the invention and
the corresponding kit, it is possibile to identify and monitor
the subjects whose platelets show high levels of MRP4, this is
of fundamental importance in reducing the level of therapeu-
tic failures linked to aspirin chronic treatment. The kit of the
invention advantageously allows to identify both patients
ASA resistant and subjects who show such resistance because
of genetic causes.

[0058] On the basis of the hypotheses advanced, the inven-
tors have experimentally demonstrated that ASA can be con-
veyed via MRP4 channels and in patients with increased
platelet expression of this protein, a reduced capability of
ASA in reducing the platelet functionality is present and as a
consequence inhibition of MRP4-mediated transport
increases the therapeutic capacity induced by ASA.

[0059] The fact that ASA can be transported into the dense
granules or extruded from the cell via the MRP4s is demon-
strated by the following experimental results:

[0060] 1) inhibition of MRP4-mediated transport
increases the ability of platelets to retain ASA in the
cytosol; in fact, if the platelets are pretreated with dipy-
ridamole or MK-571 10 minutes before incubation of
the platelets with ASA 50 microM, the cytosolic con-
centrations of acetylsalicylic acid (ASA) or of its
metabolite salicylic acid are 285% and 293% greater,
respectively, in the platelets pretreated with dipy-
ridamole 100 microM, whereas they are 208% and
202%, respectively, in the platelets treated with MK-571
as compared to platelets treated with the solvent alone
both of dipyridamole and of MK-571 (DMSO, dimeth-
ylsulphoxide) (see FIG. 1). Dipyridamole, in addition to
inhibiting the transport mediated by these channels, is
also an inhibitor of platelet activity, in that it increases
the platelet concentrations of AMPc, inhibiting phos-
phodiesterase isoform V' (PDE typeV). The inventors
have demonstrated that the action of dipyridamole in
inhibiting MRP4-mediated transport does not occur via
inhibition of PDE type V, in that another inhibitor of this
enzyme, 1-(3-chlorophenylamino)-4-phenylphthala-
zine (MY-5445), molecular formula C,OH, ,CIN,, does
notincrease the cytosolic concentrations of ASA or sali-
cylate (110% and 120%, respectively) (see FIG. 1);

[0061] 2) treatment of the platelets with ASA at a tem-
perature below body temperature (4° C.) increases the
cytosolic concentrations of ASA and salicylate in the
platelets by 240% and 160%, respectively: this demon-
strates that the MRP4-mediated transport of ASA is
efficient at body temperature (approximately 37° C.)
(see FIG. 1);

[0062] 3)ASAisinternalised within the platelet granules
viathe MRP4s; this effect was demonstrated by assaying
ASA in the granules after these organelles had been
treated with ASA; that the transport can also occur via
the MRP4s is demonstrated by the fact that it is neces-
sary that the transport should occur at 37° C. and in the
presence of ATP in the external medium, in that MRP4-
mediated transport is an active transport. In fact, the
maximum concentration reached was obtained if ATP
was added to the external medium and the incubation
with ASA was done at 37° C., whereas it was substan-
tially reduced if the incubation of ASA was done at 4° C.
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(53.6%), in the presence of apyrase (56.1%), an enzyme
which degrades ATP, or if the platelets were pretreated
with dipyridamole (41.7%) 10 minutes prior to the addi-
tion of ASA (see FIG. 2);

[0063] 4) The platelets release ASA after activation with
thrombin, and this release is absent if pretreatment with
dipyridamole is performed. On incubating the platelets
withradiolabelled ASA we were able to verify thatifthis
platelet preparation was activated with thrombin, it was
possibile to assay the radiolabelled substance in the
external medium,; this effect is due to the fact that, after
activation, the platelets release the contents of the gran-
ules to the outside of the cells, such as ADP, ATP, Ca2+,
etc. The demonstration that ASA enters the granules is
provided by the fact that, in the case of pretreatment of
the platelets with dipyridamole, the release of radiola-
belled ASA was absent, whereas the release of the other
granular components was entirely normal (1.8+0.3
nmoles of ATP released by the platelets pretreated with
dipyridamole as against 1.9x0.1 nmoles of ATP released
by the control platelets) (see FIG. 3);

[0064] 5) in platelets from megakarocytes in culture in
which expression of the channel was suppressed by
blocking RNA transcription by means of specific siRNA
for MRP4, the platelets treated with ASA presented
intracellular ASA and salicylate values which were
159% and 144% higher, respectively, than those of a
platelet population that was similar but treated with the
vehicle alone (lipofectamine) and incubated with the
same concentration and for the same time with ASA.

[0065] Another important conclusion which the inventors
arrived at through the experiments conducted is that by reduc-
ing MRP4-mediated transport it proves possibile to enhance
the action of ASA in inhibiting COX-1. In fact, when dipy-
ridamole or MK-571 is added prior to treatment with ASA,
the production of thromboxane, a prostaglandin produced by
platelets as a result of activation of COX-1, induced by throm-
bin, is less than that of platelets which are aspirinated but not
pretreated with MRP4-mediated transport inhibitors. The
thrombin-induced production of thromboxane of the aspiri-
nated platelets was 343.7 ng/10® cells, whereas, if the MRP4-
mediated transport was inhibited by means of dipyridamole
or MK-571, thromboxane production was down to 142.7
ng/10® cells, a 58% reduction, and to 140.22 ng/10® cells, a
59.2% reduction, respectively.

[0066] The finding that platelets from megakaryocytes in
culture, in which expression of the channel had been sup-
pressed by treatment with siRNA, if aspirinated, presented a
51% reduced production of thromboxane as compared to
platelets from megakaryocytes in culture treated with the
siRNA vehicle alone clearly demonstrates that, if the platelets
do not present this channel, aspirin inhibits COX-1 more
effectively.

[0067] The correlation between ASA resistance and MRP4
is also evident from the fact that patients who appear to be
more resistant to the action of ASA, such as, for example,
those undergoing bypass surgery, diabetics and patients on
chronic treatment with ASA, have a different platelet MRP4
expression as compared to healthy volunteers (FIG. 4). In
fact, in all the tested patients a band related to MRP4 is
observed (Jedlitschky et al. Blood 2004, 104, 3603-3610)
which is densitometrically higher when compared with
healthy controls.
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[0068] We can hypothesise that in the platelets of resistant
patients there is a greater expression of the channel. This
hypothesis is confirmed by the experiments conducted using
the immunogpld technique (FIGS. 5A and 5B), where we saw
that resistant patients present an increased platelet concentra-
tion of the channel with respect to healthy volunteers. As
additional confirmation of the fact that the patients that are
less sensitive to the action of aspirine in reducing the platelet
response, we have verified for them that the platelet MRP4
genic expression, calculated by quantifying the specific
mRNA, is increased by 214% in plateles from patients sub-
jected to bypass as compared with platelets from healthy
volunteers.

[0069] Finally we have demonstrated that by reducing the
MRP4 mediated transport in platelets obtained from highly
ASA resistant patients, an increase in the therapeutic efficacy
of aspirine is obtained.

[0070] In fact, in platelets obtained from patients subjected
to aortho coronaric bypass and pretreated in-vitro with dipi-
rydamole before aspirine, the thromboxane production
induced by thrombin was 35% with respect to the platelets
treated with aspirine alone (499.8+247.7 ng/10® cells versus
1437.0+549.1 ng/10° cells).

[0071] To evalvate the MRP4-mRNA platelet values
capable of indicating the patients resistant to aspirin, dosages
in healthy volunteers and patients were performed at 5 days
from bypass operation and we verified that the healthy vol-
unteers showed values of 21.1+12.8 EM 3.2 mean 23.2 min
4.1 Mx 37.5 UA of theshold cycles of MRP4/GAPDH. It can
be hypotesise that values higher than 20 UA, preferably
higher than 25 UA, more preferably higher than 30 UA, much
more preferably higher than 35 UA are values that identify
resistant patients. Considering the pre-analytic and analytic
variabilities of the lab data obtained with the kit for mRNA, it
1s recommended to create your own normal values, that can be
obtained after analyzing at least 15 healthy volunteers. As for
the kit with western blot, our data demonstrated that resistant
patients showed a protein expression higher than 20% (den-
sitometry carried out with the computer program Imagel,
NIH, Bethesda, USA) in comparison with the controls of the
healthy volunteers and patients studied at the same time.
[0072] We can hypothesise that the higher expression of
these channels reduces the pharmacological effects of aspir-
ine in platelets in that it reduces its intacellular entrapment.
[0073] Ttis for this reason that the identification of patients
whose platelets show high levels of MRP4 is of fundamental
importance in reducing the level of therapeutic failures linked
to aspirin chronic treatment.

[0074] The final conclusion is that ASA can be eliminated
from platelets by means of MRP4-mediated transport: greater
expression of these channels would therefore be responsible
for the reduced cellular accumulation of the drug with a
consequent reduction of the pharmacological effect. An illus-
trative but by no means exhaustive list of MRP4s, includes, in
addition to dipyridamole [2,6-bis-(diethanolamino)-4,8-dipi-
peridino-(5,4-d)-pyrimidine] and mopidamole [2,6-bis-(di-
ethanolamino)-8-piperidino-(5,4-d)-pyrimidine]: MK-571;
pyrimido-pyrimidine derivatives such as those described in
U.S. Pat. No. 4,694,024; purine analogues such as the 6-oxo-
purines and pyrazol[3,4-d] pirimidines (described in J. Comb.
Chem 2007, 9, 210-218); quinoline derivatives, such as
mefloquine, amodiaquine, chloroquine, primaquine, quini-
dine and quinine, cilostazol and quinolinone derivatives,
polyphenols, particularly those of a natural origin and those
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of a synthetic one, such as those described in FEBS 1. Sep-
tember 2005, 272 (18): 4725-4740; diclofenac, celecoxib,
dl-buthionine-(S,R)-sulphoximine (BSO), probenecide,
S-(2,4-dinitrophenyl)-glutathione (DNP-SG), N-acetyl-(2,4-
dinitrophenyl)cysteine (NAc-DNP-Cys), a-naphthyl-g-D-
gluco-ronide, p-nitrophenyl-f-D-glucoronide, flurbiprofen,
ibuprofen,  indomethacin, indoprofen,  ketoprofen,
diclofenac, celecoxib, rofecoxib, disulphiram; corresponding
derivatives and physiologically acceptable salts of said com-
pounds, and mixtures thereof.

[0075] They all exert the action of reducing MRP4-medi-
ated transport, thus enhancing the inhibitory effect of ASA on
platelet COX-1.

[0076] The concentration of dipyridamole necessary in in-
vitro studies is high, but could be lower in vivo and range from
75 to 500 mg, preferably 75 to 200 mg.

[0077] This new mechanism of action of dipyridamole or
other inhibitors of MRP4-mediated transport may offer vari-
ous advantages, such as reducing the effect referred to as ASA
resistance, thus enhancing the therapeutic efficacy of this
drug in the diseases described above; it may also offer the
major advantage of being able to reduce the pharmacologi-
cally active doses in all diseases requiring chronic treatment,
thus reducing the complications of ASA treatment, and above
all its gastrolesivity.

[0078] The new-generation molecules which will be
capable of reducing MRP4-mediated transport, in addition to
reducing the phenomenon of resistance to chemotherapy
agents and antiviral agents in oncological diseases, will also
offer the advantage, as demonstrated by the inventors, of
improving chronic aspirin treatment in all diseases requiring
such treatment.

[0079] The advantages deriving from the combined use of
treatment with ASA plus inhibitors of MRP4-mediated trans-
port are the following:

[0080] 1) reduction of complications in cardio- and cere-
brovascular diseases, obliterating arteriopathies of the
peripheral vessels, retinopathy, atrial fibrillation, deep
vein thrombosis, cardiac rhythm diseases, thrombocyto-
sis, gestosis of pregnancy, recurrent miscarriages, and
ASA treatment of patients with a family history of vari-
ous types of tumours, such as colon cancer, to reduce the
incidence of these diseases;

[0081] 2)Reduction of cardio- and cerebrovascular acci-
dents (therapeutic failure) in patients on treatment with
ASA alonein primary prevention (patients at high risk of
atherothrombotic diseases); in secondary prevention
(patients previously suffering a thrombotic event);

[0082] 3) reduction of the daily dose of ASA with a
reduction of side effects;

[0083] 4) possibility of administering ASA to patients
who cannot take large amounts of it, due to gastric sen-
sitivity to the drug, but who need treatment for lengthy
periods, such as patients affected by chronic inflamma-
tory diseases;

[0084] 5) possibility of administering ASA at a reduced
dose for short periods and thus of reducing the risk of NSAID-
induced gastric damage.

[0085] The following examples are given to illustrate the
invention and must not be considered as limitative of its
scope.
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Selection of the Patients

[0086] The following patients were enroled for the study:

[0087] healthy volunteers who had declared they had not
taken any drug in the 15 days before the blood tests;

[0088] patients under chronic aspirin therapy (100-160
mg/die) for at least two months.

[0089] patients who suffered from diabetes mellitus type
11, that had been diagnosed according to the Interna-
tional Society of Diabetes guidelines (Diagnosis and
classification of diabetes mellitus. Diabetes Care 2006;
29 Suppl 1:543-8);

[0090] patients at 5 days from an aortic-coronary-by-
pass.

Exclusion Criteria

[0091]
research:
[0092] 1) those who had taken, in the last 15 days, drugs
that interfered with the platelet function (steroidal and non-
steroidal anti-inflammatory drugs, thienopiridines, antico-
agulant agents);

[0093] 2) those who suffered from pathologies that could
alter the platelet functionality;

[0094] 3) those who showed a number of leucocytes in the
PRP higher than 0.2x10 cells/microl.

The following patients were excluded from the

Preparation of the Biological Samples: Platelet Rich
Plasma (PRP), Platelet Poor Plasma (PPP)

[0095] Venous blood of patients was taken in a test tube
with 3.8% sodium citrate (dilution 1:10)

[0096] The blood sample with citrate sodium was centrifu-
gated at 200 g for 15 minutes at room temperature, thus
obtaining as supernatant platelet rich plasma (PRP). The PRP
was then centrifugated at 200 g for 5 minutes in order to
impove the purification from whole blood in the supernatant.
[0097] The PRP was then subjected to platelet count
through blood cell count Celltac Auto Nihon Kohden (MEK
8118K). The platelets were then moved away from plasma
through centrifugation of PRP, acidified at pH 6.5 with ACD
(citric acid, sodium citrate and glucose Y10 v/v), at 800xg for
10 min. and resuspended in Tyrode’s buffer (CaCl, 0.20 g/L,
KCl 020 gL, MgCl, gL, MgCl, g/, NaCl 8.00 gL,
NaH,PO,*H,0), at pH 7.35 and charged with glucose and
albumin. The preparation of a dense rich platelet granule
suspension was made according to the method reported by
(Fukami M H et al. J. Cell. Biol. 1978, 77, 389-99) and the
degree of purity was verified through mepacrine Fluorimetric
probe and the purity percentage was checked through the
cytofluorimeter. If the concentration of the dense granules
compared to the other organelles was lower than 80%, the
suspension of platelet granules was not used for the study.

Treatment of Platelets with Aspirin

[0098] The resuspended platelets in the Tyrode’s buffer at
the concentration of 2.5x10°® cells/m] were treated with aspi-
rin (50 microM) at 10° C. for 15 min and then kept at 37° C.
or at 4° C. for 15 min.

Reduction of the MRP4 Mediated Transport

[0099] MRP4 inhibitors were used such as Dipyridamole
and MK571 ((E)-3-[[[3-[2-(7-chloro-2-quinolinyl)ethenyl]
phenyl]-[[3-dimethylamino)-3-oxopropyl]-thio]-methyl]
thio]-propanoic acid), both at 100 microM and incubated 30
min at RT before aspirin addition.
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[0100] In the rich platelet dense granule suspension, ATP
and ASA were added to the preparation, then it was keptat 37°
C. for 15 minso a to reduce the transpost mediated by MRP4;
the suspension was pretreated either with apyrase, an ATP
scavenger substance or with Dipyridamole 30 min before
adding aspirin, or the treatment with aspirin was made at 4° C.

Measurement of the Cytosolic Concentrations of
ASA and of Its Metabolite, Salicylic Acid (SA)

[0101] The entrapment of aspirin inside platelets or in the
dense granules was measured through the method of Gaspari
and Locatelli (Ther Drug Monit. 1987, 9, 243-7).

Platelet Secretion of ASA Marked with (**C), in
Thrombin Activated Platelets

[0102] Aspirin labelled with '*C (American Radiolabeled
Chemicals, Inc. Saint Louis, USA) was added to the platelet
suspension for 15 min at 37° C. After removing the exces of
the substance marked by double centrifugation, the platelets
were activated with Thrombin (0.2 U/ml) and then centrifu-
gated. The reduction of the transport mediated by MRP4 was
made through the preincubation of the platelet preparation
with Dipyridamole 30 min before aspirin addition. The
results are reported by evaluating the percentage of the radio-
active present in the supernatant compared to the total radio-
activity of the platelet preparation. ATP secretion was ana-
lyzed as a control through the luminometric method with
commercial kit (Chronolog, Hevertown, Pa., USA).

Bvaluation of the Biologic Efficacy of Aspirin

[0103] The evaluation of the biologic efficacy of aspirin in
platelets was made by studying Thromboxane A2 production,
a specific marker of the cyclooxygenase pathway in platelets.
Aspirin and/or Dipyridamole treated platelets (see above)
were activated with thrombin 1 U/ml for 1 h at 37° C., and
then centrifugated 1 min at 8.000 g. Thromboxane B2, a
stable metabolite of TXA,, was measured in the supernatant
through a commercial ELISA kit (Cayman, chemicals Co).

Bvaluation of the Platelet Expression of MRP4
through Western Blot

[0104] The platelet expression of the MRP4 was studied
through an electrophoretic technique and the subsequent
transfer of protein on membrane through Western Blotting,
from a volume of platelet rich plasma (PRP) containing 5x10®
platelets.

[0105]  After carefully removing the supernatant, two plate-
let washings were made through suspension in Tyrode’s
buffer (pH 6.35) and centrifugation at 8000 g for 2 min.
[0106] The platelet pellet was resuspended in 200 pl lysis
buffer (RIPA buffer) and kept in ice for one hour.

[0107] Then, the Laemly buffer solution 5x and beta-mer-
captoethanol 5% were added and the sample was kept at 100°
C. for 5 min. After 15 min inice, the sample was centrifugated
at 12000 g for 4 min and the supernatant was then used for the
electrophoresis on a polyacrilamide gel at 4-12% containing
SDS 1% (SDS-PAGE). A marker containing a mixture of
coloured proteins at known molecolar weight were used in
order to identify the proteins dimensions.

[0108] Then the proteins were transferred through Western
Blot on a cellulose membrane.

[0109] The identification of the protein was made through
primary polyclonal antibodies heading against the MRP4
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(Santa-Criz and Alexis), and secondary antibodies conju-
gated with the peroxidase and then treated with ECL (a solu-
tion containing a chemoluminescent substrate), for the pro-
duction of light that can be detected with photographic film.

Evaluation of the MRP4 Platelet Expression through
Immunogold Micrography

[0110] Platelets were fixed with paraformaldehyde (2%)
and embedded in 10% gelatin and solidified on ice. After the
preparation was frozen in liquid nitrogen and cryosectioned
using an Ultracut EM FC (Leica). Ultrathin cryosections were
thus treated with polyclonal-antibody anti MRP4 (Alexis)
followed by the addition of 10 nm diameter proteinA-colloi-
dal gold conjugates of. After labeling all ultrathin cryosec-
tions, the preparations were fixed in 1% glutharaldheyd and
stained with a solution of methy! cellulose (2%) and uranyl
acetate (0.4%) to observe it under electron-microscopy.

Platelet Preparation from Megakariocytes in Culture
Treated with si-mRNA

[0111] Platelets from megakariocytes in culture were pre-
pared according to the method by Guerriero et al (Journal of
Cell Science 119, 744-752, 2006). The transfection with
siRNA was made according to the method by Dharmacon
Research using the SMARTpool product of four siRNAs for
MRP4. 3 days after transfection the produced platelets from
megakariocytes were isolated through centrifugation, then
aspirinated, and then aspirin entrapment and the pharmacho-
logical efficacy were measured (see above). Platelets from
megakariocytes treated with only vehicle used for the trans-
fection of siRNA were utilized as a control.

Measurement of the Platelet MRP4-mRNA.,
Concentration

[0112] Platelet DNA prepared with the reversal-PCR
method according to the method by Paul el al. (Methods Mol
Biol. 2004; 273:435-54) was amplified by using primers anti
MRP4 e GAPDH (Glyceraldehyde-3-phosphate dehydroge-
nase), both obtained from Applied Biosystems, at standard
cyclic thermic conditions. In parallel standard cDNA curves
have been made for the quantization of the results. The results
are reported as expression of the levels of MRP4-mRNA
standardized with GAPDH-mRNA. Other mRNA constant
platelet standards can also be used.

1-19. (canceled)
20. A method for detecting in vitro acetylsalicylic acid
(ASA) resistance in a subject, said method comprising:

(1) preparing a platelet rich plasma (PRP) from a biological
fluid obtained from said subject, said biological fluid
comprising platelets;

(ii) obtaining a purified platelet preparation from said PRP;

(iii) detecting the presence of type-4 Multidrug resistance
protein (MRP4) channel protein or the presence of
MRP4 mRNA by a method selected from the group
consisting of Western Blot, Southern Blot and Real Time
PCR, in the purified platelet preparation of step (i1);

(iv) measuring the increase in MRP4 channel protein or
mRNA levels with respect to a standard reference value
obtained in non ASA-resistant subjects.

21. The method according to claim 20, wherein the bio-

logical fluid is peripheral venous blood.

22. The method according to claim 21, wherein the periph-

eral venous blood is anticoagulated.
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23. The method according to claim 20, wherein ASA resis-
tance is due to chronic treatment with ASA, or to genetic
causes.

24. The method according to claim 20, wherein step (iii)
comprises detection of MRP4 channel protein by Western
Blot carried out using secondary polyclonal or monoclonal
antibodies radioactively labelled or conjugated with an
enzyme.

25. A kit for detecting in vitro ASA resistance in a subject,
comptrising:

reagents for carrying out a Western Blot assay; and

monoclonal or polyclonal antibodies against MRP4 chan-

nel protein, or primer oligonucleotides for detecting the
presence of mRNA for MRP4 channel protein in a
sample.

26. The kit according to claim 25, further comprising a
standard preparation of MRP4 channel protein at known con-
centration.

27. The kit according to claim 25, further comprising
primer oligonucleotides for detecting mRNA for the protein
GADPH.

28. The kit according to claim 25, further comprising
reagents and materials for carrying out platelet separation
from other corpuscolated bodies present in biological fluid
and for quantifying non-platelet contamination in a separated
platelets preparation.

29. A method for treating an ASA-resistant subject in need
of a treatment with ASA, comprising the step of administer-
ing to said subject a medicament comprising ASA, ASA
derivatives and pharmacological salts thereof, in combination
with MRP4 channel protein blocker(s).

30. The method according to claim 29, wherein the medi-
cament comprising ASA and MRP4 channel blocker(s) is
administered in a combined or delayed administration.

31. The method according to claim 30, wherein the medi-
cament is manufactured in formulations packaged as differ-
ent administration forms of the active ingredients, together
with instruction for the co-ordinate simultaneous or delayed
administration of the active ingredients.

32. The method according to claim 29, wherein the MRP4
channel blocker is selected from the group consisting of:
dipiridamole; mopidamole; MKS571; pirimido-pirimidine
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derivatives; 6-oxo-purine derivatives of pirazole[3,4-d]piri-
midine; cilostazol; quinolinone derivatives, natural polyphe-
nols, and synthetic analogs thereof; quinoline derivatives
selected from the group consisting of mefloquine, amodi-
aquine, chloroquine, primaquine, quinidine and quinine;
diclofenac; dl-buthionine-(S,R)-sulphoxymine; probenecid,
S-(2,4-dinitrophenyl)glutatione; N-acetyl-(2,4-dinitro-phe-
nyljcysteine; o-naphtyl-f-D-glucuronide; p-nitrophenyl-f-
D-glucuronide; flurbiprofen; ibuprofen; indomethacin;
indoprofen; ketoprofen; celecoxib; rofecoxib; and disulfiram.

33. The method according to claim 29, wherein the medi-
cament comprising ASA and MRP4 channel inhibitor(s) fur-
ther comprises excipients, diluents, vehicles, and adjuvants.

34. The method according to claim 33, wherein excipients,
diluents, vehicles, and adjuvants are selected from the group
consisting of water, saline, glycerol, ethanol, emulsifying
agents, buffers, and preservatives.

35. The method according to claim 29, wherein the medi-
cament is manufactured as a solid, semi-solid or liquid form.

36. The method according to claim 29, wherein the medi-
cament is administered in the form of tablets, capsules, pills,
lozenges, granules, injections, drops, solutions, suspensions,
emulsions, syrups, creams, gels, in single doses or unitary
form, ready to use or extemporary.

37. The method according to claim 29, wherein the medi-
cament is administered parenterally, by intramuscular, sub-
cutaneous, transdermal or intravenous administration.

38. The method according to claim 29, wherein the medi-
cament is administered orally, rectally or by topical adminis-
tration.

39. The method according to claim 29, wherein the medi-
cament comprising ASA and MRP4 channel blocker dipiri-
damole is administered in daily doses of 40 mg of ASA and 75
mg dipiridamole.

40. The method according to claim 29, wherein the medi-
cament comprising ASA and MRP4 channel blocker dipiri-
damole is administered in doses ranging from 75 to 150
mg/day for ASA and 75-200 mg/day for dipiridamole.
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