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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the field of probes for the determination of cell apoptosis.

[0002] More specifically, the present invention relates to 3-hydroxyflavone (3-HF) derivatives and their use in biomem-
brane studies. It also relates to a method for the determination of cell apoptosis and a method to assay the degree of
cell apoptosis involving the use of these compounds as a probe, a kit containing such compounds and their use as a
probe in cytometry analysis for separating apoptotic, necrotic and living cells, respectively, and a method for following
the evolution of a patient’s disease involving the apoptosis of cells and the action of drugs capable of activating or
modulating this process, said methods being carried out in vitro.

BACKGROUND OF THE INVENTION

[0003] Apoptosis is a programmed physiological mode of cell death that eliminates compromised or superfluous cells
and that plays an important role in tissue homeostasis.

[0004] Apoptosis is involved in pathological conditions in which the delicate balance between cell proliferation and
death is disturbed. Apoptosis can be induced by endocrine and other stimuli, negative selection in the immune system
and a substantial proportion of T-cell killing. It also accounts for many cell deaths following exposure to cytotoxic com-
pounds, hypoxia or viral infection. It is a major factor in the cell kinetics of tumours, both growing and regressing.
[0005] Many anti-cancer agents exert their effects through initiation of apoptosis, and even the process of carcino-
genesis itself may depend upon a selective critical failure of apoptosis that permits the survival of cells after critical
mutagenic DNA damage.

[0006] Apoptosis probably contributes to many chronic degenerative processes including Alzheimer’s disease, Par-
kinson’s disease and heart failure. Because of efficient multifactorial mechanism of cell death, apoptosis itself does not
induce inflammatory response in vivo.

[0007] In contrast to apoptosis, necrosis is an accidental cell death due to chemical or physical injury of the cell
membrane. Morphological criteria of necrosis include cell swelling (instead of shrinking), cell lysis, lysosomal leakage
and loss of the membrane integrity. The cellular changes that are characteristic for apoptosis may also be found for
necrosis.

[0008] Necrosis in pathology occurs when cells are exposed to extreme variance from physiological conditions (e.g.;
hypothermia, hypoxia, strong UV and ionising radiation), which result in damage of plasma membrane. Necrosis is
commonly accompanied by intense inflammatory response and tissue damage because of the leakage of the lysosomal
enzymes into extra cellular fluid.

[0009] Itis known that normal cells exhibit remarkable asymmetry of lipid distribution between inner and outer leaflets
of cell membranes, which is lost during the early steps of apoptosis and necrosis. Most characteristic in this change is
the exposure to cell surface of amine-containing phospholipids such as phosphatidylethanolamine (PE) and phosphati-
dylserine (PS). This exposure is functionally important as it provides the signal for recognition and elimination of apoptotic
cells by macrophages. This change of cell membrane properties allows also to identify and characterize apoptotic cells.
[0010] One of the first approaches for the determination of cell apoptosis was based on the detection of the exposure
of amino groups on the cell surface that can be detected by chemical reagents specific for amino groups. However, the
low specificity of these reactions and their strong dependence on the environment limit their application in apoptosis
research.

[0011] Therefore, more specific methods based on molecular recognition of surface-exposed PS and PE were devel-
oped.

[0012] The most popular of them is based on the property of annexin V to interact with PS exposed on the surface in
a Ca2+-dependent manner. Different variants of this method were developed. For instance, in one of this variant, annexin
V labelled with fluorescein was used for flow cytometry while annexin V labeled with red-near infrared dyes is used for
tissue imaging. This protein was also labeled with colloid gold for electron microscopy, with radioactive tracer for auto-
radiography on the tissue level and with peroxidase for histochemical studies. In all these tests, a high (up to 2.5 mM)
extracellular concentration of Ca2* ions has to be provided for complete binding of annexin V to PS. Since Ca2* ions
activate the protein scramblase that randomises the phospholipids distribution, this enzyme can move PS to the cell
surface in a calcium-dependent manner and lead to false positive results.

[0013] Furthermore, annexin V can associate with membrane surfaces containing byproducts of lipid per oxidation
that modify amines by producing negative charges.

[0014] Moreover, detergents in the medium can also change the annexin V lipid binding specificity.

[0015] Inaddition, routinely used cell harvesting techniques for adhering cells, such as trypsinization, can also produce
false results in application of this method.
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[0016] Finally, for complete annexin V binding, pre-incubation times of up to 1 h are in principle needed, making kinetic
measurements problematic.

[0017] Alternative methods include application of monoclonal antibodies against negatively charged lipids. However,
these antibodies found a limited application, probably because of their lability, high cost and complicated procedures
for visualization of their binding. Moreover, it was shown that their binding inhibits Na/K-ATPase activity. Meantime,
mimicking the behaviour of antibodies allowed to find peptides that can specifically recognize and bind PS and PE.
Biotinilated peptides can be conjugated with fluorescently labeled streptavidin providing fluorescent labeling of apoptotic
cells.

[0018] Tracing of lipid exchange between leaflets can also be made with the aid of fluorescently labeled lipids. However,
intervening in the lipid distribution between leaflets is not well tolerated by the cells, and cell treatment with exogenic
PS can itself induce apoptosis.

[0019] Probes for the exposure of PS on cell surface can be designed by synthetic organic chemistry. For instance,
an organic molecule composed of a fluorophore and an artificial zinc-containing receptor for PS recognition was suggested
for apoptosis detection. Providing a significant simplification of the detection procedure, this probe is still far from the
ideal solution for detecting apoptotic cells, mainly because of the requirement for the presence of chelating ions in the
medium.

[0020] Theincrease of the negative charge of apoptotic cells due to PS exposure can also be used for sensing. Cationic
liposomes with incorporated fluorescent phospholipid analogs bind to apoptotic cells and provide their labeling. Based
on the same principle of selective binding to negatively charged surface, some positively charged nanoparticles have
been selected from chemically derived library.

[0021] The membrane-specific detection of apoptotic cells can be based on a quite different concept. The randomisation
of lipid content should provide a decrease of lipid order and membrane rigidity. The small size of the lipid head of PE
and the repulsion between negatively charged PS heads should increase hydration of the outer leaflet, and these changes
can be detected by fluorescent dyes.

[0022] There are many observations that apoptotic cells exhibit increased binding of not only cationic amphiphilic
drugs, such as chlorpromazine and verapamil, but also of the negatively charged lipophilic dye, merocyanine 540 (M540).
This dye is known to bind most efficiently to structurally destabilized lipid bilayers and therefore can distinguish apoptotic
cells. However, the approach based on M540 binding is rarely used because of its low specificity.

[0023] Therefore, another approach for the detection of cell apoptosis based on the change of order/hydration in the
outer leaflet of cellmembrane has been developed. This approach is focused on the unique properties of 3-hydroxyflavone
(3HF) derivatives as environment-sensing dyes with two-color ratiometric response. These dyes were functionalised for
binding to phospholipids membranes. This allowed observing a strong two-color response of fluorescence emission to
variation of phospholipids composition. The most significant effect was due to variation of the surface charge observed
in comparison between neutral and negatively charged phospholipids bilayers.

[0024] However, these 3-hydroxyflavone (3HF) derivatives are characterized by a rapid penetration inside the cells
and present a low selectivity to cell plasma membranes.

[0025] In Biochimica and Biophysica Acta, Biomenbranes, Amsterdam, NL, vol. 1712, n°2, pages 128-136, Shynkar
et al disclose two-color fluorescent probes for imaging the dipole potential of cell plasma membranes. Fluorescent
compound F8N1S is used in the radiometric imaging of membranes in living cells.

[0026] WO 03/105814 (Gen Hospital Corp. et al) relates to in vivo imaging of apoptosis. It generally teaches that
certain fluorescent molecules such as indocyanines are suitable for the in vivo imaging of apoptosis.

[0027] The present inventors have thus underlined that the key problem for the selectivity of these 3-hydroxyflavone
(3HF) compounds was to incorporate the dye selectively into the outer leaflet of the plasma membrane. The inventors’
work demonstrated that this aim could be realized by coupling a long hydrocarbon chain and a zwitterionic group to the
3-HF moiety, in order to mimic the lipid structure and to place the fluorophore close to the membrane surface. The
inventors have thus developed a new 3-HF compound that possesses a zwitterionic group and a long hydrocarbon chain
which significantly diminishes the penetration rates of the probes through a bilayer. As a consequence, this compound
is not redistributed into the cell interior and remains located in the cell plasma membrane.

[0028] Experiments by the present inventors have shown that, compared with the known non-invasive methods for
the detection of apoptosis, the use of the new 3-HF compound as a probe for the detection of cell apoptosis presents
the following advantages:

- itis easier to handle and to prepare,

- itenables quantitative measurements that are independent on the local probe concentration,

- it requires shorter incubation times, and

- its response to apoptosis does not depend on the presence of Ca2* ions or on any other compound present in the
cell environment.
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[0029] The presentinvention will become better understood and other aspects, advantages, objectives of the present
invention will become apparent from the following description taken in close conjunction with the accompanying figures.
These are for illustration only, and thus are not to be considered as limiting the present invention.

DISCLOSURE-OF THE INVENTION

[0030] The invention relates to a 3-hydroxyflavone (3-HF) compound having the general formula (1)

- R6 ~R2

0...C A AN
’/S\Z—I%l-—Y | R3
R1 R4 “Rs ][ ©OH
© (1)

wherein:

- R1 represents a linear alkyl group of 4 to 20 carbon atoms;

- Y represents a linear alkylene group of 1 to 5 carbon atoms or a group of formula -R-O-R’-, -R-CO-R’- or -R-CO-
NH-R’-, in which R represents a linear alkylene group of 1 to 3 carbon atoms, R’ represents a linear alkylene group
of 0-3 carbon atoms, Y being linked to the bicycle in position 6 or 7;

- Zrepresents a linear alkylene chain of 3 or 4 carbon atoms;

- Arepresents an oxygen atom, a sulphur atom, or a - N(H) - group, or an aminoalkyl group - N(R") - in which R"
represents an alkyl group of 1 to 20 carbon atoms;

- Arrepresents an aromatic cycle or polycycle consisting of 6 to 14 carbon atoms, or an aromatic heterocycle, said
heterocycle containing 4, 5 or 6 carbon atoms and at least one heteroatom selected in the group consisting of N,
S, and O, or a condensed aromatic heterobicycle, said heterobicycle consisting of 6 to 9 carbon atoms and at least
one heteroatom selected in the group consisting of N, S, and O ;

- R2 and RS, which are identical or different, each representing a hydrogen atom or an alkyl group of 1 to 8 carbon
atoms, R2 and R3 optionally forming a 5- to 7-membered ring with the nitrogen atom;

- R4, R5 and R&, identical or different, represent an hydrogen, a linear alkyl group or a linear oxyalkyl group of 1 to
4 carbon atoms.

[0031] Preferably, A represents an oxygen atom, a sulphur atom, or a - N(H) - group and R’ is absent (represents a
linear alkylene group of 0 carbon atoms).

[0032] Examples of aryl group Ar according to the invention include phenyl, naphtyl, furfuryl, benzofurfuryl, isobenzo-
furfuryl, pyrrolyl, indolyl, isoindolyl, indolizinyl, thienyl, benzothienyl, oxazolyl, pyrazolyl, thiazolyl, imidazolyl, triazolyl,
pyridyl, quinolyl, isoquinolyl, phtalazinyl, naphtyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, pyrazinyl, pyri-
midinyl, purinyl, thieno[3,2-b]thiophene.

[0033] Among these aryl groups, mention may be made of phenyl, naphtyl, furfuryl, benzofurfuryl, isobenzofurfuryl,
pyrrolyl, indolyl, isoindolyl, indolizinyl, thienyl, benzothienyl, pyrazinyl, pyrimidinyl.

[0034] Preferably, R4, R5 and R6 represent an hydrogen or a methyl, methoxy, ethyl or ethoxy group.

[0035] The compounds according to the invention are prepared as a racemic mixture. However, they can be further
purified to separate each enantiomers.

[0036] Amongthe compounds of general formula (1) above which fall within the scope of the present invention, mention
may be made in particular of the following compounds:

- compound of formula (2)
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2)
- compound of formula (3)
Q. H N
S |
* ’,\’)ﬁ) NS °l s D
o}
o M
(3)
- compound of formula (4)
.-e -
SO,
@rﬂ
~ N\
“

[0037] According to the invention, the compound of formula (2) (1-dodecanaminium, N-[[2-[4-Diethylaminophenyl]-3-
hydroxychromon-6-yl]-methyl]-N-methyl-N-(3-sulfopropyl)-, inner salt, "F2N12S") is obtained by a process comprising
the steps of:
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a) reacting 6-bromomethyl-4’-(diethylamino)-3-hydroxyflavone with dodecylmethylamine to form the corresponding
tertiary amine (4’-(diethylamino)-6-(dodecyl(methyl)aminomethyl)-3-hydroxyflavone); and
b) reacting with propansultone to form the compound of formula (2).

[0038] The compound of formula (3) (1-dodecanaminium, N-[2-[[3-hydroxy-[2-[5-(1-piperidinyl)-2-thienyl]-chromon-6-
ylJamino]-2-oxoethyl]-N-methyl-N-(3-sulfopropyl)-, inner salt) may be obtained by the following process, comprising the
steps of:

- reacting N1-(4-acetyl-3-hydroxyphenyl)acetamide with 5-piperidino-2-thiophenecarbaldehyde in the presence of an
alkoxide base, preferably sodium methanoate followed by addition of excess of hydrogen peroxide and an alkoxide
base to form N1-[3-hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]acetamide;

- hydrolysing of N1-[3-hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyllacetamide in an acid affording 7-amino-3-hy-
droxy-2-(5-piperidino-2-thienyl)chromone;

- reacting the latter with chloroacetylchloride which results in N1-[3-hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]-
2-chloroacetamide;

- reacting the latter with dodecylmethylamine to form-corresponding tertiary amine (N1-[3-hydroxy-2-(5-piperidino-2-
thienyl)-7-chromonyl]-2-dodecyl(methyl)aminoacetamide, and

- reacting with propansultone to form compound of formula (3)

[0039] The compound of formula (4) (1-dodecanaminium,N-methyl-N-[3-propoxy-[2-[5-Diethylamino-2-thienyl]- 3-hy-
droxy-8-methylchromon-7-yl]]-N-(3-sulfopropyl)-, inner salt, "TCN12S") may be obtained by the following process, com-
prising the steps of:

- reacting 3-methyl-2,4-dihydroxyacetophenone with a base, preferably potassium carbonate, followed by the addition
of 1-bromo-3-chloro-propane to form 4-(3-chloropropoxy)-3-methyl-2-hydroxyacetophenone,

- reacting the latter with N-methyldodecylamine in the presence of a base (preferably potassium carbonate) and iodide
(preferably potassium iodide) to form 4-[3-(Dodecylmethylamino)-propoxy]-3-methyl-2-hydroxyacetophenone,

- reacting the latter with 5-(1-(N,N-diethy)amino))-2-thiophenecarbaldehyde in the presence of a base and a peroxide,
preferably sodium methoxide and hydrogen peroxide, respectively, to form 2-(5-Diethylaminothiophen-2-yl)-7-[3-(do-
decylmethylamino)-propoxy]-8-methyl-3-hydroxychromone,

- reacting with propansultone to form compound of formula (4).

These compounds could be further purified on silica gel column chromatography.

The compounds of the invention are useful as fluorescent probes for studying cells. Particularly, the compounds according
to the invention can be used for studying lipid asymmetry of cell plasma membrane, its surface charge and/or other
related structural changes of the plasma membrane. Furthermore, they are useful as fluorescent two band ratiometric
probes for detecting changes in the lipid composition of the cell membrane, notably for detecting changes in the lipid
distribution between the leaflets of said membrane, because of their peculiar properties. The sensitivity of the probe to
said changes of the membranes has been evaluated in lipid vesicles by variation of their lipid composition as well as in
living cells by induction of apoptosis with actinomycin D.

[0040] Indeed, the compounds of the invention are strongly solvatochromic and electrochromic, and thus very sensitive
to the lipid composition and the electrostatic interactions in the membrane. Secondly, the compounds of the invention
exhibit two emission bands well separated on the wavelength scale that are differently sensitive to the probe environment.
As a consequence, an asymmetry loss in the plasma membrane can be measured from the intensity ratio of the two
bands, independently from the local concentration of the probe. Third, the compounds of the invention bind exclusively
to the outer leaflet of the cell membrane and do not significantly move to the inner leaflet of the cell interior during the
measurements.

[0041] The probe TCN12S is an analog of F2N12S and was synthesized to improve the fluorescence properties.
Indeed, substitution of the 2-phenyl group with 2-thienyl shifts the absorption maximum from 420 nm to 445 nm, making
this probe suitable for excitation with a He/Cd laser (442 nm). Moreover, the resolution between the two emission bands
increases from 90 nm (F2N12S) to 120 nm (TCN12S), favoring two-color ratiometric detection.

[0042] Thus, the compounds of the invention are used for detecting apoptotic cells, since they present a strong
sensitivity to the lipid composition of the bilayers, especially to the presence of the negatively charged lipids phosphati-
dylglycerol and phosphatidylserine. The compounds of the invention are particularly suitable to sense the anionic lipids
that appear during cell apoptosis at the outer leaflet of the plasma membrane.

[0043] More particularly, the compounds of the invention are involved in a method for detecting cell apoptosis and a
method to assay the cell apoptosis degree.

[0044] The method for detecting cell apoptosis according to the invention comprises the following steps:
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i) contacting a compound of the invention with the cells;

i) incubating said cells;

i) washing the cells; and,

iv) detecting the apoptotic cells by observing the fluorescence emission spectra of the probe at an excitation wave-
length varying from 350 to 500 nm, preferably from 380 to 470 nm and, most preferably at its maximum of absorption
(depending on the probe used 420-445 nm), wherein the probe demonstrates a two-band response, one of the
bands belonging to the initially excited normal N* form and the other band belonging to the reaction product tautomer
T*form.

[0045] A higher relative intensity of the short wavelength band is correlated with an increase in the negative surface
charge at the outer leaflet of the plasma membrane during apoptosis.
[0046] The method to assay cell apoptosis, comprises the following steps:

i) contacting the compound of the invention with the cells;

i) incubating said cells;

ii) washing the cells; and,

iv) detecting the changes in the membrane composition of the cells by

a. collecting the emission spectra of the compound inserted into an apoptotic cell by exiting said compound
with an excitation wavelength varying from 350 to 500 nm, preferably from 380 to 470 nm and, most preferably
at its maximum of absorption (depending on the probe used 420-445 nm),

b. selecting the T* band and the N* band in the emission spectra; and,

c. quantifying the loss of asymmetry of the cell plasma membrane during apoptosis by dividing the intensity of
the T* band by the intensity of the N* band.

[0047] Preferably, in the above-mentioned methods, the cells are incubated during an elapsed time varying from 5 to
10 minutes.

[0048] The selection of the T* band and the N* band in the emission spectra is made by collecting the emission light
with two broad-band filters in two spectral regions : at 470 nm-500 nm (blue-green region) to monitor the emission of
the N* band and above 585 nm (orange-red region) to collect the emission of the T* band. As mentioned above, the
quantification of the loss of asymmetry is obtained by dividing the intensity of the T* band by the intensity of the N* band.
A lower ratio of said two bands is correlated with an increased loss of asymmetry of the cell plasma membrane during
apoptosis, thus providing information about the degree of the apoptotic transformation.

[0049] The proposed method for detecting apoptosis is characterized by the following advantages compared to the
commonly used method based on fluorescently labelled annexin V:

1) The fluorescence ratiometric measurements with the use of a compound according to the invention provide
absolute values that are independent of the probe concentration. Therefore, this technique is more precise and
allows quantitative estimation of the level of apoptosis.

2) the method is simple and inexpensive because it is based on use of synthetic organic molecule as a probe.

[0050] The present invention also relates to a kit suitable for detecting and/or quantifying and/or isolating apoptotic or
necrotic cells comprising the compound according to the invention, optionally conjugated to a reagent. Such a kit is
useful not only for research purposes but also in medical or veterinary fields, for example to test the quality of spermatozoa
before an artificial fertilization. Examples of reagent that may be used in the kit of the invention include a compound that
reports on cell necrosis but does not sense cell apoptosis. Preferably, the reagent is propidium iodide, whose fluorescence
intensity increases due to penetration into the nucleus of dead cells.

[0051] The kit containing the compound of the invention associated/conjugated to propidium iodide may be used as
a probe in cytometry analysis for separating apoptotic, necrotic and living cells.

[0052] The present invention also relates to a method for screening compounds that induce or modulate apoptosis.
Such a method comprises the following steps:

i) contacting the compound/drug to be tested with the cells;

i) applying the method for detecting cell apoptosis or the method to assay cell apoptosis according to the invention;
iii) comparing the results with those obtained with a control (cells that were not in contact with the compound/drug
to be tested).

[0053] The presentinvention further considers a method for following the evolution of a patient’s disease, said disease
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involving the apoptosis of cells, by applying, to a patient sample, the method for detecting cell apoptosis and/or the
method to assay the cell apoptosis degree. Advantageously, said method is used to follow the evolution of diseases
such as Alzheimer, Parkinson, heart failure and cancers.
[0054] The following examples illustrate the invention.

SHORT DESCRIPTION OF THE FIGURES
[0055]

Figure 1: (a) Formula and location of 3-HF probes of the prior art F and F2N8 and of the probe of the invention
F2N12S in phospholipid bilayers (a). Confocal fluorescence images of L 929 cells stained with probes F (b), F2N8
(c) and F2N12S (d). All images were obtained by collecting fluorescence in the 585-700 nm wavelength range 10
min after probe addition. Scale bar, 10 um (b).

Figure 2: Fluorescence response in the emission spectra of F2N12S to variation of liposome composition: EYPC
(solid line), EYPE (dot line), EYPG (dash dot line) and BBPS (dash line). The spectra were excited at 400 nm. Final
probe concentration was 0.1 wM.

Figure 3: Emission spectra of the probe F2N12S in living (solid line) and apoptotic (dash line) CEM cells. Excitation
wavelength was 400 nm. Final probe concentration was 0.1 uM.

Figure 4: Ca2* dependence of F2N12S emission spectra in apoptotic CEM cells. The excitation wavelength was
400 nm. The spectra were recorded at Ca2* concentrations of 0.2, 0.4, 0.8, 1.2 and 2 mM and normalized. Final
probe concentration was 0.1 wM.

Figure 5: Confocal fluorescence ratiometric images of CEM cells stained with F2N12S: normal cells (a); apoptotic
cells, obtained by FITC-annexin based sorting of cells treated with actinomycin (b); and actinomycin-treated without
cell sorting (c). The images were recorded after a 10 min incubation of the probe with the cells. Scale bar, 10 um.
Figure 6: Flow cytometry analysis of T lymphoblastoid cells treated by actinomycin D. Cells were stained by annexin
V-FITC, Pl and F2N12S. In (a), Annexin V - FITC and Pl were selectively excited at 488 nm. Cells are sorted into
living, dead and apoptotic cell populations. In (b), F2N12S is selectively excited at 407 nm. Living cells are discrim-
inated from apoptotic and necrotic cells. In (c), the PI fluorescence intensities are plotted versus the T*/N* ratio of
F2N128S. Living cells are in green, apoptotic cells are in cyan and dead cells are in orange. In (d), the populations
sorted using the F2N12S/PI couple were colored according to their response with the annexin V/PI couple. The
wavelengths of maximal transmission and bandwidths of used filters are indicated in brackets.

Figure 7: Comparison of the intensiometric response of annexin V-FITC (a) with the ratiometric fluorescence re-
sponse of F2N12S (b). Living, dead and apoptotic cells were identified as described in Fig. 6, by using either the
annexin V-FITC/PI (a) or the F2N12S/PI (b) couple of dyes.

Figure 8: Comparison of the response of annexin V-FITC and F2N12S on non-treated T lymphoblastoid cells stained
by annexin V-FITC, Pl and F2N12S. In (a), annexin V - FITC and Pl were selectively excited at 488 nm. In (b),
F2N12S is selectively excited at 407 nm. Cells are sorted into living and dead cell populations.

Figure 9: Laser scanning confocal imaging of T lymphocytes stained with annexin V-FITC (a) and F2N12S (b and
c¢). Combination of transmission and fluorescence images of cells treated with actinomycin D for 18 hours (please
complete this sentence). FITC intensity is displayed in pseudocolor by using the color code on the right scale. Due
to their low binding to annexin V, normal cells are not visualized in the fluorescence images. (b and c) Ratiometric
images of normal (b) and actinomycin D-treated (c) cells stained with 0.2 uM F2N12S. The ratios of intensities of
the two bands T*/N* are displayed in pseudocolor by using the color code on the right scale. The size of the images
is 60x73.1 um.

Figure 10: Time-series of confocal fluorescence ratiometric images of actinomycin D-treated T lymphocytes stained
with F2N12S. The cells were treated with actinomycin D for 18 hours and then, incubated with the probe (0.2 wM)
for 5 min. Images were recorded at 1 min (a), 10 min (b) and 20 min (c) post incubation. Ratios of intensities are
displayed as in Fig. 9. The size of the images is 60x73.1 pm.

MATERIALS AND METHODS
Materials
[0056]
Actinomycin D, propidium iodide (PI) and type I-A RNAse A : from Sigma Chemical Co. (St. Louis, MO).

HBSS: from Gibco.
Annexin V - FITC (Fluorescein IsoThioCyanate) Kit: from Immunotech.
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Synthesis of 3-hydroxyflavone probes

[0057] 3-HF Probes of the prior art F and F2N8 were synthesized according to the method of preparation described
in Ormson, S.M., et al. (Switching Between Charge-Transfer and Proton-Transfer Emission in the Excited-State of A
Substituted 3-Hydroxyflavone. J. Photochem. Photobiol. A: Chem., 1994. 81: p. 65-72).

[0058] The 3-HF probe of the invention F2N12S, having the formula (2) was synthesized using the following procedure:
primarily, 0.1 g of 6-bromomethyl-4’-N,N-diethylamino-3-hydroxyflavone was reacted with 0.2 ml of dodecylmethylamine
in 3 ml of dry THF at room temperature for 3 h. After rotor evaporation, the crude product (sufficiently pure according to
thin layer chromatography) was dissolved in 2 ml of toluene and 50 pl of dimethylformamide followed by addition of 45
wl of propansultone. The reaction mixture was refluxed for 20 h. After cooling the mixture was diluted with hexane and
the product F2N12S was filtered. Purification of F2N12S was done on silica gel column chromatography (dichlorometh-
ane/methanol; 4/1, v/v). Yield 40%; UV max in acetonitrile 416 nm, e=34,000 Ixmol-1 Xcm-1; 1H NMR (300 MHz, CDCI3)
0.86 (3H, t, J 5.80 Hz), 1.16 (6H, t, J 6.8 Hz), 1.2-1.3 (20H, multiplet), 1.75 (2H, m), 2.13 (2H, m), 2.94 (3H, s), 3.10-3.30
(2H, m), 3.40-3.60 (6H, multiplet), 4.70 (2H, s), 6.84 (2H, d, J 8.1 Hz), 7.84 (1H, d, J 8.4 Hz), 7.91 (1H, d, J 8.4), 8.13
(2H, d, J 8.1 Hz), 8.33 (1H, s); MS (FAB) m/z 642.4 (M+).

Cell culture and induction of apoptosis.

[0059] Human lymphoid CEM T cells were cultured in X-vivo 15 medium (Cambrex, France) at 37°C in humidified 5%
CO2 atmosphere. Cell viability was checked by trypan blue exclusion. Cells were seeded at 5 x 105 cells/ml in the
presence or absence of actinomycin D (0.5 p.g/ml) for 18h. Cells were pelleted by centrifugation at 1500 rpm for 5 min
and resuspended at 1 x 106 cells/ml in X-vivo 15 medium for experiments.

Determination of hypodiploid DNA

[0060] To verify the proportion of apoptotic cells, measurements of hypodiploid DNA with PI by flow cytometry have
been performed. After apoptotic treatment, cells were harvested and numbered. Concentrationin a 70 % ethanol solution
in H20 was adjusted to 5 x 105 cells/ml and fixation was allowed to proceed for at least 1 h at 4 °C. Cells were washed
once in Hank’s balanced salt solution (HBSS) before resuspension in HBSS containing RNAse (0.5 mg/ml), PI (0,1
mg/ml) and incubation for 15 min at room temperature in the dark. Samples were analysed by flow cytometry using the
CELLQuest software (Becton Dickinson, San Jose, CA). Under these conditions, the content of hypodiploid DNA in CEM
T cells was 30 = 2% (mean = SEM).

Cell preparation

[0061] The cells were washed twice by HBSS before each experiment to eliminate fetal bovine serum. In sorting
experiments, cells were resuspended in the binding buffer and labeled with the annexin V-FITC kit. For fluorescence
measurements with the probe of the invention F2N12S (fluorometry, flow cytometry and confocal microscopy), cells
were resuspended in HBSS with 0.1 uM F2N12S. Then, the cell suspension was placed in a shaker bath for 10 min in
the incubator. The staining pattern of the cells was checked with a Confocal Imaging System MRC-1024 (BioRad) to
ascertain that fluorescence originates from the plasma membrane.

Flow cytometry

[0062] Cells treated for induction of apoptosis by actinomycin D as described above were sorted into living, apoptotic
and dead cells using FITC-labeled annexinV and propidium iodide (Pl) with a FACStar + cell sorter (BD Biosciences,
CA, USA) equipped with an argon laser (488 nm) and emission filters DF30 and DF22 centered at 530 nm and 630 nm,
respectively. The populations of sorted cells were used for subsequent fluorescent analysis with the new dye.

[0063] For the validation of F2N12S in cell cytometry, we used a FACSAria Cell Sorter (BD Biosciences, CA, USA)
equipped with an argon laser (488 nm) and a diode laser (407 nm) and emission filters DF30, DF42 and DF20 centered
at 530 nm, 585 nm and 610 nm, respectively. The optical pathways corresponding to the argon laser and to the diode
laser are independent. Data were analyzed using the FACSDiva Software (BD Biosciences). The granulation, size and
fluorescence intensity were recorded at a rate of ~1000 cells per second.

Toxicity test

[0064] The toxicity of the F2N12S molecules was tested by flow cytometry using Pl (19 wM). Cells were washed twice
as described above and separated in nine batches: three batches for control measurements, three batches with 10-7
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M F2N12S and three batches with 10-6 M F2N12S. The batches were incubated for 0.5 hour, 1 hour and 4 hours,
respectively. The 488 nm line of an argon laser was used as the excitation light source. Emission was collected by using

the 630FD22 filter.

Spectroscopic measurements

[0065] Fluorescence spectra were recorded on a FluoroMax-3 (JobinYvon Horiba) spectrofluorometer. The excitation
wavelength for fluorescence emission spectra of F2N12S probes was 400 nm. All spectra were corrected for lamp
intensity variations and signals from the blank.

Fluorescence imaging

[0066] For collecting cell images, a Laser Scanning Confocal Imaging System MRC-1024 (Bio-Rad) was used. Cells
in chambered cover glass were prepared by following the preparation procedure described above. The 442 nm line of
a HeCd laser was used as the excitation light source. Emission was collected by using two filters: 485/30 for the N* band
and 585LP for the T* band. Collected images were analyzed by the Amira 3.0 software.

EXAMPLES
EXAMPLE 1

Development of a new probe with high selectivity to cell plasma membranes and drastic sensitivity to surface
potential.

[0067] Confocal laser microscopy have been performed on adherent L 929 cells stained with these first generation
molecules (Fig 1.b, ¢). The obtained fluorescence images reveal a rapid penetration of these dyes inside the cells.
[0068] Images of adherent L 929 cells stained with probes F2N12S (Figure 1.d) demonstrate emission exclusively
from the plasma membranes. The probes stay in the membrane during the whole observation time under the microscope,
which is limited by the lifetime of the cells in HBSS buffer (approx. 1 hour). Moreover, F2N12S probe was found to be
of sufficient brightness for fluorescence microscopy of individual cells. Some inhomogeneity in the distribution of the
fluorescence intensity at the plasma membrane has been observed. This is probably connected with the heterogeneous
lipid distribution in the bilayer that affects the probe distribution.

[0069] Next, the cytotoxicity of the newly synthesized probe, F2N12S, was evaluated on the human lymphoid cell line
CEM T. F2N12S was added at 0.1 wM (working concentration) and 1 uM and, incubated for different times (0.5, 1 and
4 hours). No cytotoxicity was observed with 0.1 .M F2N12S evenfor a4 hincubation time. Even with a 1 ..M concentration,
the cytotoxicity of F2N12S was very limited, since the percentage of dead cells did not exceed 4%.

EXAMPLE 2
Effect of surface potential on F2N12S fluorescence.

[0070] To model the increase in the negative surface charge at the outer leaflet of the plasma membrane during
apoptosis, large unilamellar vesicles (LUV) composed of neutral (phosphatidylcholine PC and phosphatidylethanolamine
PE) and negatively charged (phosphatidylglycerol PG) and phosphatidylserine PS) phospholipids have been used. The
probe of the invention F2N12S demonstrates strong two-band response to the surface charge in large unilamellar vesicles
(LUV). Indeed, in anionic vesicles (PG and PS) this probe shows a higher relative intensity of the short-wavelength band
as compared to neutral PC vesicles (Fig. 2). A significantly smaller increase in the short-wavelength band relative intensity
is observed also for neutral PE vesicles.

EXAMPLE 3

Response of F2N12S to apoptosis in cell suspensions and Ca2*- dependence of this response

[0071] CEM T cells apoptosis was induced by actinomycin D, an inhibitor of DNA-primed RNA polymerase. Then,
apoptotic cells were separated from living cells by cytometry using the FITC-annexin marker. Next, the living and apoptotic
cells were labeled with F2N12S and their emission spectra were recorded at an excitation wavelength of 400 nm. At

this wavelength, the excitation of FITC is minimal and its residual emission was subtracted from the emission spectrum
of F2N12S. The results are presented on Fig. 3. Apoptosis results in dramatic changes of the fluorescence spectrum of
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probe F2N128S since the relative intensity of the short-wavelength band is nearly 2-fold higher than that in living cells.
This result is in line with the model experiments on the surface charge effect in lipid vesicles of example 2 (Fig. 2). In
living cells, the separation of the two bands of F2N12S is significantly larger than that in lipid vesicles. The dependence
of F2N12S response to the concentration of Ca2+ in the medium has been tested (Fig. 4). The results show that the
response of F2N12S in apoptotic cells is insensitive to Ca2* in the concentration range 0-2 mM. This independence on
Ca2* concentration is a significant advantage over the commonly used methodology based on annexin V.

EXAMPLE 4
Ratiometric imaging of normal and apoptotic cells

[0072] Two-color confocal fluorescence microscopy of CEM T cells stained with F2N12S was performed. Emission
light was collected in two spectral regions: at 470-500 nm to monitor the emission of the N* band and above 585 nm to
collect the emission of the T* band. Ratiometric images were obtained by dividing the intensity of the T* band by the
intensity of the N* band and were used to monitor the cell plasma membrane changes induced by addition of actinomycin
D (Figure 5, a-c). The ratios of intensities of the T* band to those of the N* band are displayed in pseudocolor by using
the color code on the left scale.

[0073] F2N12S probes provide strong and well-detectable ratiometric response to the changes of membrane asym-
metry on a single-cell level.

[0074] In non-treated cells (Figure 5 a), the fluorescence intensity ratio at the plasma membrane is close to 1, as
expected from fluorescence measurements in cell suspensions (Figure 3). In apoptotic CEM T cells (obtained by cell
sorting), the emission ratio of the dye from plasma membrane is very different, being around 0.25 on the average (Figure
5 b). This 4-fold change in the ratio is even higher than that observed in cell suspensions.

[0075] Fluorescence ratiometric imaging of cells treated with actinomycin D but not sorted by cytometry (Figure 5 c)
have been performed. A strong heterogeneity of the fluorescence ratio on the cell membranes can be observed. In
Figure 5c¢, the living cells in green pseudo color (ratio close to 1) could be easily distinguished from the apoptotic cells
in red pseudo color (ratio close to 0.25). Cells with an intensity ratio between 0.25 and 1 are also observed. In those
cells, the apoptotic process may be on an intermediate state. These cells are characterized by a strong heterogeneity
of the ratio (color) distribution, which can be connected with different levels of membrane asymmetry at different parts
of the plasma membranes during of apoptosis. Thus, the method to assay the apoptosis degree allows not only detection
of apoptosis but also provides information about the degree of the apoptotic transformation of the cell membranes as
well as on the spatial and kinetic evolution of this transformation.

EXAMPLE 5
Validation of F2N12S in flow cytometry analysis

[0076] T lymphoblastoid cells were treated with actinomycin D and labeled simultaneously by FITC-labeled annexin
V, propidium iodide (P1) and F2N12S. Selective excitation of FITC and Pl was obtained at 488 nm, a wavelength where
F2N12S does not absorb. The emissions of FITC and Pl were collected in the spectral regions of 515-545 nm and
600-620 nm, respectively. The bi-parametric representation of the fluorescence intensities (Pl versus FITC) shows three
distinct populations, i) viable cells which have low FITC and PI signals, ii) apoptotic cells which have high FISC and low
Pl signals, and iii) dead cells which exhibit both high FITC and PI signals due to disruption of cellular membrane integrity
(Fig. 6a). The percentage of living, apoptotic and dead cells were found to be 33, 18 and 49 % respectively. Selective
excitation of F2N12S on the same cells was achieved with a second laser source at 407 nm. The emission light in this
case was collected in two spectral regions: at 515-545 nm to monitor the emission of the N* band and 564-606 nm to
collect the emission of the T* band (Fig. 6b). The bi-parametric representation of F2N12S data (N* band versus T* band
intensities at 530 and 585 nm) (Fig. 6b) clearly shows two populations. The first one exhibits a low N*/T* intensity ratio
and can be assigned to living cells according to our spectroscopic data. The second one is characterized by a high N*/T*
intensity ratio (shown in red) and can be assigned to apoptotic and dead cells. Noticeably, when probe F2N12S was
used without annexin V-FITC and PI, the T*/N* ratios were very close to those observed in the triple staining procedure,
indicating that in our cytometry experiments, the fluorescence signal of F2N12S dye is not polluted with the fluorescence
of the other two dyes.

[0077] The probe of the invention F2N12S has been combined with Pl and the fluorescence intensities of Pl have
been represented as a function of the T*/N* ratio of F2N12S (Fig. 6c). In this case, the populations of apoptotic and
dead cells are clearly discriminated by using the differences in the Pl intensities. Interestingly, the percentages of living,
apoptotic and dead cells were found to be 32.5, 19.5 and 48% respectively and thus closely matched those obtained
with annexin V-FITC/PI. This conclusion was further strengthened when the populations discriminated by the F2N12S/PI
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couple were colored according to their response with the annexin V-FITC/PI couple (Fig. 6d). Comparison of Fig. 6d
with Fig. 6¢c shows a very good overlap between the populations identified by the two couples of dyes, validating the
use of F2N12S/PI in cell sorting. Moreover, very similar F2N12S intensity ratio values were obtained when T lymphob-
lastoid cells were substituted by 3T3 fibroblasts or HelLa cells (data not shown), indicating that the F2N12S response is
general and not specific to a given cell line.

[0078] Tofurther compare the two couples of dyes, the distribution of the single-wavelength intensity values for annexin
V-FITC (Fig. 7a) was compared with the distribution of the two-band intensity ratio values of probe F2N12S (Fig. 7b).
The relative standard deviations for living, apoptotic and dead cells are respectively 0.84, 1.06 and 1.17 in (a) and 0.14,
0.21 and 0.16 in (b). Then, for all three cell populations, the dispersions of the distributions were found to be much
narrower for F2N12S than for annexin V-FITC, enabling a more accurate separation of the populations, especially
between living and non living cells.

[0079] In a next step, the response of F2N12S (Fig. 8b) was compared with the response of the annexin V-FITC/PI
couple (Fig. 8a) on non-treated T lymphoblastoid cells (Fig. 8). Two distinct populations of living (green) and dead (red)
cells could be easily discriminated in both cases with the same percentage of dead cells (5%). This indicates that F2N12S
alone can be used to control the percentage of dead cells in non-treated cell populations.

[0080] Taken together, the data show that cells can be sorted by F2N12S/PI to provide the subpopulations of necrotic,
apoptotic and living cells with improved separation, simpler preparation protocol, and less precaution than with the
annexin V - FITC/PI couple.

EXAMPLE 6
Application of F2N12S in confocal microscopy

[0081] To further compare F2N12S and annexinV-derived probes, two-color ratiometric images of F2N12S-labeled
cells undergoing apoptosis were recorded -by laser scanning confocal microscopy and compared with intensity based
images obtained using annexin V - FITC. Since annexin V - FITC labels only apoptotic and necrotic cells, it does not
visualize normal cells in fluorescence images (Fig. 9a). Moreover, the fluorescence intensity of apoptotic cells varies
considerably from cell to cell. These differences are difficult to interpret since the intensity depends on the probe con-
centration as well as on the size and confluence of the cells. In contrast to annexin V-FITC, F2N12S stains both normal
(Fig 9b) and apoptotic cells (Fig. 9c) but in different colors. Normal cells stained with F2N12S exhibit intensity ratios
between 4 and 6. Cells treated with actinomycin D exhibit more heterogeneous intensity ratios (Fig. 9¢) since cells with
ratios close to 5, corresponding to normal cells, are observed together with cells that exhibit much lower T*/N* intensity
ratios, between 1 and 2. According to our spectroscopy and flow cytometry data, the latter cells are apoptotic. Interestingly,
cells with intermediate ratios between 2 and 4 are also observed and correspond to cells on the initial steps of apoptosis.
This indicates that the probes according to the invention can not only identify apoptotic cells, but also quantify the level
oftheir apoptotic transformation: Thus, unlike annexinV - FITC, these probes provide an absolute parameter, the intensity
ratio, which can be calibrated, and can characterize the level of apoptosis independently of the probe/cell concentration
and the excitation light intensity. In addition, the inventors have observed that in normal cells and cells on the initial steps
of apoptosis, the T*/N* intensity ratio is not evenly distributed within the plasma membrane of a given cell. This may
indicate an inhomogeneous lipid composition of their plasma membranes that is likely related to the presence of lipid
domains.

[0082] The inventors also follow apoptotic transformation of the plasma membrane as a function of time. Normal and
actinomycin D-treated cells were stained with the corresponding probe and the fluorescence images were subsequently
recorded during 20 min. When annexin V - FITC was used, it was not possible to detect any time-dependent changes
both in normal and apoptotic cells. Using F2N12S, it was observed that actinomycin D-treated cells exhibit relatively fast
change in the emission color of their membranes (Fig. 10), while normal cells do not show significant color change within
the same time period. The color of the cells changes from blue-green to orange-red, indicating the evolution of the
apoptotic process that occurs within 20 min.

[0083] In conclusion, the most important advantage of the probes according to the invention relies on its fluorescence
ratiometric response to apoptosis. This ratiometric response provides a self-calibrating absolute parameter of apoptotic
transformation, which does not depend on the probe concentration or on instrumental factors, such as fluctuations of
light source intensity or sensitivity of the detector. In this respect, these probes are especially interesting for two-color
ratiometric confocal imaging using a single excitation light source. Using these probes, the degree, the spatial distribution
and the kinetics of the apoptotic changes over the cell plasma membranes can be sensitively monitored.
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EXAMPLE 7
Synthesis of probe TCN12S
4-(3-Chloropropoxy)-3-methyl-2-hydroxyacetophenone

[0084] 3-methyl-2,4-dihydroxyacetophenone (0.3 g) and potassium carbonate (0.5 g) were refluxed for 30 min in
acetone. Then, the flask was cooled and 1-bromo-3-chloro-propane (0.3 ml) was added. Then, the mixture was refluxed
for 24 hours. The product was purified on column chromatography by using ethyl acetate/heptane as an eluent (EtOAc/
Hept = 20/80). Yield 82%.

4-[3-(Dodecylmethylamino)-propoxy]-3-methyl-2-hydroxyacetophenone

[0085] A mixture of 4-(3-Chloropropoxy)-3-methyl-2-hydroxyacetophenone (0.1 g), N-methyldodecylamine (0.5 ml),
potassium carbonate (0.5 g) and potassium iodide (0.1 g) was refluxed in butanone for 48 hours. The product was
purified on column chromatography by using ethyl acetate/heptane as an eluent (EtOAc/Hept =60/40). Yield 72 %.

2-(5-Diethylaminothiophen-2-yl)- 7-[3-(dodecylmethylamino)-propoxy]-8-methyl-3-hydroxychromone

[0086] 4-[3-(Dodecylmethylamino)-propoxy]-3-methyl-2-hydroxyacetophenone (0.4 g) and 5-(1-(N,N-diethylamino))-
2-thiophenecarbaldehyde (0.2 g) were dissolved in a minimum volume of DMF followed by NaOMe (0.2 g). After the
mixture was stirred overnight, it was diluted with ethanol and then, subsequently, 1.5 g of sodium methoxide and 1.5 ml
of 30% hydrogen peroxide were added. The mixture was refluxed for 3 min, cooled to room temperature and poured
into water. After neutralization with diluted HCI, the resultant precipitate was filtered and the product was purified on
column chromatography by using ethyl acetate/heptane as eluent (EtOAc/Hept = 20/80). Yield 30%.

Probe TCN12S

[0087] Hydroxychromone 4 (60 mg) was dissolved in acetonitrile followed by addition of propansultone (30 pl). The
mixture was refluxed for 24 h. Then the solvent was evaporated and the purification of the product was done on silica
gel chromatography by using dichloromethane/methanol mixture as eluent (CH,Cl,/MeOH = 90/10). Yield 70 %.
[0088] 'H NMR (300 MHz, CDCls) 0.89 (3H, t, J 5.80 Hz), 1.2-1.3 (26H, m), 1.75 (2H, m) 2.05 (2H, m), 2.3 (3H, s),
2.44 (2H, m), 2.9 (2H, m), 3.12 (3H, s), 3.20-3.30 (6H, m), 3.48 (2H, m), 3.76 (2H, m), 3.9-4.1 (2H, m), 6.03 (1H, bs),
6.81 (1H, bs), 7.72 (2H, bs).

Claims

1. A compound of formula (1)

- 2
0,0 | 6 A Ar-N<R
~N
1P ~Z—N-Y | R
0 |
R1 Ra “Rs ©OH
© (1

wherein:

- R1 represents a linear alkyl group of 4 to 20 carbon atoms;

- 'Y represents a linear alkyl group of 1 to 5 carbon atoms or a group of formula -R-OR’-, -R-CO-R’- or -R-CO-
NH-R’-, in which R represents a linear alkyl group of 1 to 3 carbon atoms, R’ represents a linear alkylene group
of 0-3 carbon atoms, Y being linked to the bicycle in position 6 or 7;

- Z represents a linear alkyl chain of 3 or 4 carbon atoms;

- A represents an oxygen atom, a sulphur atom, or a -NH group, or an amminoalkyl group -NR" in which R"
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represents an alkyl group of 1 to 20 carbon atoms;

- Ar represents an aromatic cycle or polycycle consisting of 6 to 14 carbon atoms, or an aromatic heterocycle,
said heterocycle containing 4, 5 or 6 carbon atoms and at least one heteroatom selected in the group consisting
of N, S, and O, or a condensed aromatic heterobicycle, said heterobicycle consisting of 6 to 9 carbon atoms
and at least one heteroatom selected in the group consisting of N, S, and O ;

- R2 and R3, which are identical or different, each representing a hydrogen atom or an alkyl group of 1 to 4
carbon atoms, R2 and R3 optionally forming a 5- to 7-membered ring with the nitrogen atom;

- R4, R5 and R6, identical or different, represent an hydrogen, a linear alkyl group or a linear oxyalkyl group of
1 to 4 carbon atoms.

2. The compound according to claim 1, wherein A represents an oxygen atom, a sulphur atom, or a -NH group.

3. The compound according to claim 1, wherein Ar is selected from the group consisting of phenyl, naphtyl, furfuryl,
benzofurfuryl, isobenzofurfuryl, pyrrolyl, indolyl, isoindolyl, indolizinyl, thienyl, benzothienyl, oxazolyl, pyrazolyl, thi-
azolyl, imidazolyl, triazolyl, pyridyl, quinolyl, isoquinolyl, phtalazinyl, naphtyridinyl, quinoxalinyl, quinazolinyl, cinno-
linyl, pteridinyl, pyrazinyl, pyrimidinyl, purinyl, thieno[3,2-b]thiophene.

4. The compound according to claim 3, wherein Ar is selected from the group consisting of phenyl, naphtyl, furfuryl,

benzofurfuryl, isobenzofurfuryl, pyrrolyl, indolyl, isoindolyl, indolizinyl, thienyl, benzothienyl, pyrazinyl, pyrimidinyl.
5. The compound according to claim 4, wherein Ar is selected from the group consisting of phenyl and thienyl.

6. The compound according to claim 5, of formula (2):

2)

7. The compound according to claim 5, having the specific formula (3):

14
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S | N; >

0o H
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8. The compound according to claim 5, having the specific formula (4):

@

9. A process for preparing the compound according to claim 6, comprising the following steps:

- reacting 6-bromomethyl-4’-(diethylamino)-3-hydroxyflavone with dodecylmethylamine to form the correspond-
ing tertiary amine (4’-(diethylamino)-6-(dodecyl(methyl)aminomethyl)-3-hydroxyflavone); and,
- reacting with propansultone to form the compound of formula (2).

10. A process for preparing the compound according to claim 7, comprising the following steps:

- reacting N1-(4-acetyl-3-hydroxyphenyl)acetamide with 5-piperidino-2-thiophenecarbaldehyde in the presence
of an alkoxide base followed by addition of excess of hydrogen peroxide and alkoxide base to form N1-[3-
hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyllacetamide;

- hydrolysing of N1-[3-hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]acetamide in an acid affording 7-amino-
3-hydroxy-2-(5-piperidino-2-thienyl)chromone;

- reacting the latter with chloroacetylchloride which results in N1-[3-hydroxy-2-(5-piperidino-2-thienyl)-7-chrom-
onyl]-2-chloroacetamide;

- reacting the latter with dodecylmethylamine to form corresponding tertiary amine (N1-[3-hydroxy-2-(5-pipe-
ridino-2-thienyl)-7-chromonyl]-2-dodecyl(methyl)aminoacetamide, and

- reacting with propansultone to form compound of formula (3).

11. A process for preparing the compound according to claim 8, comprising the following steps:

- reacting 3-methyl-2,4-dihydroxyacetophenone with a base, preferably potassium carbonate, followed by the
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addition of 1-bromo-3-chloro-propane to form 4-(3-chloropropoxy)-3-methyl-2-hydroxyacetophenone,

- reacting the latter with N-methyldodecylamine in the presence of a base (preferably potassium carbonate)
and iodide (preferably potassium iodide), to form 4-[3-(Dodecylmethylamino)-propoxy]-3-methyl-2-hydroxyac-
etophenone,

- reacting the latter with 5-(1-(N,N-diethylamino))-2-thiophenecarbaldehyde in the presence of a base and a
peroxide, preferably sodium methoxide and hydrogen peroxide, respectively, to form 2-(5-Diethylaminothiophen-
2-yl)-7-[3-(dodecylmethylamino)-propoxy]-8-methyl-3-hydroxychromone,

- reacting with propansultone to form compound of formula (4).

Use of the compound according to any of the claims 1 to 8, as a fluorescent probe for studying in vitro lipid asymmetry
of cell plasma membrane, its surface charge and/or other related structural changes of the plasma membrane.

Use according to claim 12, as a fluorescent two-band ratiometric probe for in vitro detecting changes in the lipid
composition of the cell membrane, notably for detecting changes in the lipid distribution between the leaflets of said
membrane.

Use according to claim 12 or 13, for detecting apoptotic cells.
A method for in vitro detecting cell apoptosis, comprising the following steps:

i) contacting the compound of any of claims 1 to 7 with the cells;

ii) incubating said cells;

iii) washing the cells; and,

iv) detecting the apoptotic cells by observing the fluorescence emission spectra of the probe at an excitation
wavelength varying from 350 to 500 nm.

A method to in vitro assay cell apoptosis degree, comprises the following steps:

i) contacting the compound of any of claims 1 to 7 with the cells;

ii) incubating said cells;

iii) washing the cells; and,

iv) detecting the changes in the membrane composition of the cells by

a. collecting the emission spectra of the compound inserted into an apoptotic cell by exiting said compound
with an excitation wavelength varying from 350 to 500 nm,

b. selecting the T* band and the N* band in the emission spectra; and,

c. quantifying the loss of asymmetry of the cell plasma membrane during apoptosis by dividing the intensity
of the T* band by the intensity of the N* band.

A kit for detecting and/or quantifying and/or isolating apoptotic or necrotic cells comprising the compound according
to any of claims 1 to 8, optionally conjugated to a second reagent.

Kit according to claim 17, wherein the second reagent is propidium iodide.

Use of the kit as defined in claim 18, as a probe in vitro in cytometry analysis for isolating apoptotic, necrotic and
living cells.

In vitro method for screening compounds that induce or modulate apoptosis, comprising the following steps:
i) contacting the compound/drug to be tested with the cells;
ii) applying the method for detecting cell apoptosis or the method to assay cell apoptosis according to claims
15 or 16;

iii) comparing the results with those obtained with a control.

In vitro method for following the evolution of a patient’s disease, said disease involving the apoptosis of cells, by
applying the method according to claims 15 or 16 to a patient sample.

Method according to claim 21, wherein said disease are selected in the group consisting of Alzheimer’s disease,
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Parkinson’s disease, heart failure and cancers.

Patentanspriiche

1.

Verbindung der Formel (1)

; _R2
O\\ ,O l R6 A Ar-N\R3
/7 \Z—f?lLY ]
RT R4 T Rs OH

"0 )

wobei:

- R1 fir eine lineare Alkylgruppe mit 4 bis 20 Kohlenstoffatomen steht;

- 'Y flr eine lineare Alkylgruppe mit 1 bis 5 Kohlenstoffatomen oder eine Gruppe der Formel -R-O-R’-, -R-CO-
R’- oder -R-CO-NH-R’- steht, wobei R fiir eine lineare Alkylgruppe mit 1 bis 3 Kohlenstoffatomen steht, R’ fiir
eine lineare Alkylengruppe mit 0 bis 3 Kohlenstoffatomen steht, wobei Y in Position 6 oder 7 an den Bicyclus
gebunden ist;

- Z fur eine lineare Alkylgruppe mit 3 oder 4 Kohlenstoffatomen steht;

- A fir ein Sauerstoffatom, ein Schwefelatom oder eine -NH-Gruppe oder eine Aminoalkylgruppe -NR", wobei
R" fiir eine Alkylgruppe mit 1 bis 20 Kohlenstoffatomen steht, steht;

- Ar fir einen aromatischen Cyclus oder Polycyclus, der aus 6 bis 14 Kohlenstoffatomen besteht, oder einen
aromatischen Heterocyclus, wobei der Heterocyclus 4, 5 oder 6 Kohlenstoffatome und wenigstens ein Hete-
roatom, das aus der Gruppe ausgewahlt ist, die aus N, S und O besteht, enthalt, oder einen kondensierten
aromatischen Heterobicyclus, wobei der Heterobicyclus aus 6 bis 9 Kohlenstoffatomen und wenigstens einem
Heteroatom, das aus der Gruppe ausgewahlt ist, die aus N, S und O besteht, besteht, steht;

- R2 und R3, die gleich oder verschieden sind, jeweils flr ein Wasserstoffatom oder eine Alkylgruppe mit 1 bis
4 Kohlenstoffatomen stehen, wobei R2 und R3 gegebenenfalls einen finf- bis siebengliedrigen Ring mit dem
Stickstoffatom bilden;

- R4, R5 und RG, die gleich oder verschieden sind, fiir ein Wasserstoffatom, eine lineare Alkylgruppe oder eine
lineare Oxyalkylgruppe mit 1 bis 4 Kohlenstoffatomen stehen.

Verbindung gemaf Anspruch 1, wobei A fiir ein Sauerstoffatom, ein Schwefelatom oder eine -NH-Gruppe steht.
Verbindung gemafR Anspruch 1, wobei Ar aus der Gruppe ausgewahlt ist, die aus Phenyl, Naphthyl, Furfuryl, Ben-
zofurfuryl, Isobenzofurfuryl, Pyrrolyl, Indolyl, Isoindolyl, Indolizinyl, Thienyl, Benzothienyl, Oxazolyl, Pyrazolyl, Thia-
zolyl, Imidazolyl, Triazolyl, Pyridyl, Chinolyl, Isochinolyl, Phthalazinyl, Naphthyridinyl, Chinoxalinyl, Chinazolinyl,
Cinnolinyl, Pteridinyl, Pyrazinyl, Pyrimidinyl, Purinyl, Thieno[3,2-b]thiophen besteht.

Verbindung gemafR Anspruch 3, wobei Ar aus der Gruppe ausgewahlt ist, die aus Phenyl, Naphthyl, Furfuryl, Ben-
zofurfuryl, Isobenzofurfuryl, Pyrrolyl, Indolyl, Isoindolyl, Indolizinyl, Thienyl, Benzothienyl, Pyrazinyl, Pyrimidinyl be-
steht.

Verbindung gemaf Anspruch 4, wobei Ar aus der Gruppe ausgewahlt ist, die aus Phenyl und Thienyl besteht.

Verbindung gemafl Anspruch 5 mit der Formel (2):
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7. Verbindung gemafl Anspruch 5 mit der speziellen Formel (3):

) H M
%Sw N o
S O
O H

8. Verbindung gemafl Anspruch 5 mit der speziellen Formel (4):
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9. Verfahren zur Herstellung der Verbindung gemaR Anspruch 6, umfassend die folgenden Schritte:

- Umsetzen von 6-Brommethyl-4’-(diethylamino)-3-hydroxyflavon mit Dodecylmethylamin unter Bildung des
entsprechenden tertidren Amins (4’-(Diethylamino)-6-(dodecyl(methyl)aminomethyl)-3-hydroxyflavon); und
- Umsetzen mit Propansulton unter Bildung der Verbindung der Formel (2).

10. Verfahren zur Herstellung der Verbindung gemaR Anspruch 7, umfassend die folgenden Schritte:

- Umsetzen N1-(4-Acetyl-3-hydroxyphenyl)acetamid mit 5-Piperidino-2-thiophencarbaldehyd in Gegenwart ei-
ner Alkoxidbase mit anschliefender Zugabe von Uberschiissigem Wasserstoffperoxid und Alkoxidbase unter
Bildung von N1-[3-Hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]acetamid;

- Hydrolysieren von N1-[3-Hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyllacetamid in einer Saure unter Bil-
dung von 7-Amino-3-hydroxy-2-(5-piperidino-2-thienyl)chromon;

- Umsetzen des Letzteren mit Chloracetylchlorid, was N1-[3-Hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]-
2-chloracetamid ergibt;

- Umsetzen des Letzteren mit Dodecylmethylamin unter Bildung des entsprechenden tertidren Amins (N1-[3-
Hydroxy-2-(5-piperidino-2-thienyl)-7-chromonyl]-2-dodecyl(methyl)aminoacetamid); und

- Umsetzen mit Propansulton unter Bildung der Verbindung der Formel (3).

11. Verfahren zur Herstellung der Verbindung gemaf Anspruch 8, umfassend die folgenden Schritte:

- Umsetzen von 3-Methyl-2,4-dihydroxyacetophenon mit einer Base, vorzugsweise Kaliumcarbonat, und an-
schliefende Zugabe von 1-Brom-3-chlorpropan unter Bildung von 4-(3-Chlorpropoxy)-3-methyl-2-hydroxyace-
tophenon;

- Umsetzen des Letzteren mit N-Methyldodecylamin in Gegenwart einer Base (vorzugsweise Kaliumcarbonat)
und lodid (vorzugsweise Kaliumiodid) unter Bildung von 4-[3-(Dodecylmethylamino)propoxy]-3-methyl-2-hy-
droxyacetophenon;

- Umsetzen des Letzteren mit 5-(1-(N,N-Diethylamino))-2-thiophen-carbaldehyd in Gegenwart einer Base und
eines Peroxids, vorzugsweise Natriummethoxid bzw. Wasserstoffperoxid, unter Bildung von 2-(5-Diethylami-
nothiophen-2-yl)-7-[3-(dodecylmethylamino)-propoxy]-8-methyl-3-hydroxychromon;

- Umsetzen mit Propansulton unter Bildung der Verbindung der Formel (4).

12. Verwendung der Verbindung gemaf einem der Anspriiche 1 bis 8 als fluoreszierende Sonde zur in-vitro-Untersu-
chung der Asymmetrie einer Zellplasmamembran, ihrer Oberflachenladung und/oder anderer, damit zusammen-
hangender Strukturveranderungen der Plasmamembran.

13. Verwendung gemafR Anspruch 12 als fluoreszierende ratiometrische Zweibandsonde fur den in-vitro-Nachweis von
Veranderungen der Lipidzusammensetzung der Zellmembran, insbesondere zum Nachweis von Veranderungen
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15.

16.

17.

18.

19.

20.

21.

22,
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der Lipidverteilung zwischen den Schichten der Membran.
Verwendung gemaR Anspruch 12 oder 13 zum Nachweis apoptotischer Zellen.
Verfahren zum in-vitro-Nachweis einer Zellapoptose, umfassend die folgenden Schritte:

i) In-Kontakt-Bringen der Verbindung gemaR einem der Anspriiche 1 bis 7 mit den Zellen;

ii) Inkubieren der Zellen;

iii) Waschen der Zellen; und

iv) Nachweisen der apoptotischen Zellen durch Beobachtung des Fluoreszenzemissionsspektrums der Sonde
bei einer Anregungswellenlange, die von 350 bis 500 nm variiert.

Verfahren zur in-vitro-Bestimmung des Grades der Zellapoptose, umfassend die folgenden Schritte:

i) In-Kontakt-Bringen der Verbindung gemaR einem der Anspriiche 1 bis 7 mit den Zellen;
ii) Inkubieren der Zellen;

iii) Waschen der Zellen; und

iv) Nachweisen der Veranderungen der Membranzusammensetzung der Zellen durch

a. Aufnehmen des Emissionsspektrums der in eine apoptotische Zellen eingesetzten Verbindung durch
Anregen der Verbindung mit einer Anregungswellenlange, die von 350 bis 500 nm variiert;

b. Auswahlen der T*-Bande und der N*-Bande in dem Emissionsspektrum; und

c. Quantifizieren des Verlusts der Asymmetrie der Zellplasmamembran wahrend der Apoptose durch Di-
vidieren der Intensitat der T*-Bande durch die Intensitat der N*-Bande.

Kit zum Nachweisen und/oder Quantifizieren und/oder Isolieren von apoptotischen oder nekrotischen Zellen, der
die Verbindung gemaf einem der Anspriiche 1 bis 8 umfasst, die gegebenenfalls an ein zweites Reagens konjugiert
ist.

Kit geman Anspruch 17, wobei es sich bei dem zweiten Reagens um Propidiumiodid handelt.

Verwendung des Kits gemal Anspruch 18 als Sonde bei der cytometrischen in-vitro-Analyse zum Isolieren von
apoptotischen, nekrotischen und lebenden Zellen.

In-vitro-Verfahren zum Screening nach Verbindungen, die Apoptose induzieren oder modulieren, umfassend die
folgenden Schritte:

i) In-Kontakt-Bringen der zu testenden Verbindung/des zu testenden Wirkstoffs mit den Zellen;

i) Anwenden des Verfahrens zum Nachweis einer Zellapoptose oder des Verfahrens zur Bestimmung der
Zellapoptose gemaf den Anspriichen 15 oder 16;

i) Vergleichen der Ergebnisse mit den Ergebnissen, die mit einer Kontrolle erhalten wurden.

In-vitro-Verfahren zur Verfolgung der Entwicklung der Krankheit eines Patienten, wobei die Krankheit die Apoptose
von Zellen beinhaltet, durch Anwenden des Verfahrens gemaf den Anspriichen 15 oder 16 auf eine Patientenprobe.

Verfahren gemaR Anspruch 21, wobei die Krankheit aus der Gruppe ausgewahlt ist, die aus Alzheimer-Krankheit,
Parkinson-Krankheit, Herzversagen und Krebserkrankungen besteht.

Revendications

1.

Composé de formule (1)
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- 2
R6 A Ar-N<i 3

1 R4 RS OH
0 )

dans laquelle :

- R1 représente un groupe alkyle linéaire de 4 a 20 atomes de carbone ;

- 'Y représente un groupe alkyle linéaire de 1 a 5 atomes de carbone ou un groupe de formule -R-O-R’-, -R-
CO-R’ ou

- R-CO-NH-R’-, ou R représente un groupe alkyle linéaire de 1 a 3 atomes de carbone, R’ représente un groupe
alkyléne linéaire de 0 a 3 atomes de carbone, Y étant lié au bicycle en position 6 ou 7 ;

- Z représente une chaine alkyle linéaire de 3 ou 4 atomes de carbone ;

- Areprésente un atome d’oxygene, un atome de soufre, ou un groupe -NH, ou un groupe aminoalkyle -NR" dans
lequel R" représente un groupe alkyle de 1 a 20 atomes de carbone ;

- Ar représente un cycle ou polycycle aromatique consistant en 6 a 14 atomes de carbone, ou un hétérocycle
aromatique, ledit hétérocycle contenant 4, 5 ou 6 atomes de carbone et au moins un hétéroatome choisi dans
le groupe consistant en N, S et 0, ou un hétérobicycle aromatique condensé, ledit hétérobicycle consistant en
6 a 9 atomes de carbone et au moins un hétéroatome choisi dans le groupe consistanten N, Set 0 ;

- R2 et R3, qui sont identiques ou différents, représentent chacun un atome d’hydrogéne, un groupe alkyle de
1 a 4 atomes de carbone, R2 et R3, formant facultativement un cycle a 5 a 7 chainons avec I'atome d’azote ;
- R4, R5 et R6, identiques ou différents, représentent un atome d’hydrogéne, un groupe alkyle linéaire ou un
groupe oxyalkyle linéaire de 1 a 4 atomes de carbone.

Composé selon la revendication 1, dans lequel A représente un atome d’oxygéne, un atome de soufre ou un groupe
-NH.

Composé selon la revendication 1, dans lequel Ar est choisi dans le groupe consistant en les groupes phényle,
naphtyle, furfuryle, benzofurfuryle, isobenzofurfuryle, pyrrolyle, indolyle, isoindolyle, indolizinyle, thiényle, benzo-
thiényle, oxazolyle, pyrazolyle, thiazolyle, imidazolyle, triazolyle, pyridyle, quinoléyle, isoquinoléyle, phtalazinyle,
naphtyridinyle, quinoxalinyle, quinazolinyle, cinnolinyle, ptéridinyle, pyrazinyle, pyrimidinyle, purinyle, thiéno[3,2-b]
thiophéne.

Composé selon la revendication 3, dans lequel Ar est choisi dans le groupe consistant en les groupes phényle,
naphtyle, furfuryle, benzofurfuryle, isobenzofurfuryle, pyrrolyle, indolyle, isoindolyle, indolizinyle, thiényle, benzo-

thiényle, pyrazinyle, pyrimidinyle.

Composé selon la revendication 4, dans lequel Ar est choisi dans le groupe consistant en les groupes phényle et
thiényle.

Composé selon la revendication 5, de formule (2):
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7. Composé selon la revendication 5, répondant a la formule spécifique (3) :
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8. Composé selon la revendication 5, répondant a la formule spécifique (4) :
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14.

15.
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Procédé de préparation du composé selon la revendication 6, comprenant les étapes suivantes consistant a :

- faire réagir de la 6-bromométhyl-4’-(diéthylamino)-3-hydroxyflavone avec de la dodécylméthylamine pour
former 'amine tertiaire (4’-(diéthylamino)-6-(dodécyl(méthyl)aminométhyl)-3-hydroxyflavone) correspondante ;
et

- faire réagir avec de la propansultone pour former le composé de formule (2).

Procédé de préparation du composé selon la revendication 7, comprenant les étapes suivantes consistant a :

- faire réagir du N1-(4-acétyl-3-hydroxyphényl)acétamide avec du 5-pipéridino-2-thiophénecarbaldéhyde en
présence d’une base alcoxyde, puis ajouter un excés de peroxyde d’hydrogene et de base alcoxyde pour former
du N1-[3-hydroxy-2-(5-pipéridino-2-thiényl)-7-chromonyl]acétamide ;

- hydrolyser le N1-[3-hydroxy-2-(5-pipéridino-2-thiényl)-7-chromonyl]acétamide dans un acide pour obtenir de
la 7-amino-3-hydroxy-2-(5-pipéridino-2-thiényl)chromone ;

- faire réagir cette derniere avec du chlorure de chloroacétyle, ce qui conduit a du N1-[3-hydroxy-2-(5-pipéridino-
2-thiényl)-7-chromonyl]-2-chloroacétamide ;

- faire réagir ce dernier avec de la dodécylméthylamine pour former I'amine tertiaire (N1-[3-hydroxy-2-(5-pipé-
ridino-2-thiényl)-7-chromonyl]-2-dodécyl(méthyl)aminoacétamide correspondante, et

- faire réagir avec de la propansultone pour former le composé de formule (3).

Procédé de préparation du composé selon la revendication 8, comprenant les étapes suivantes consistant a :

- faire réagir de la 3-méthyl-2,4-dihydroxyacétophénone avec une base, de préférence le carbonate de potas-
sium, puis ajouter du 1-bromo-3-chloro-propane pour former de la 4-(3-chloropropoxy)-3-méthyl-2-hydroxya-
cétophénone,

- faire réagir cette derniere avec de la N-méthyldodécylamine en présence d’une base (de préférence le car-
bonate de potassium) et de l'iodure (de préférence de l'iodure de potassium), pour former de la 4-[3-(dodécyl-
méthylamino)-propoxy]-3-méthyl-2-hydroxyacétophénone,

- faire réagir cette derniére avec du 5-(1-(N,N-diéthylamino))-2-thiophénecarbaldéhyde en présence d’une base
et d’'un peroxyde, de préférence le méthoxyde de sodium ou du peroxyde d’hydrogéne, respectivement, pour
former de la 2-(5-diéthylaminothiophén-2-yl)-7-[3-(dodécylméthylamino)-propoxy]-8-méthyl-3-hydroxychromo-
ne,

- faire réagir avec de la propansultone pour former le composé de formule (4).

Utilisation du composé selon I'une quelconque des revendications 1 a 8, comme sonde fluorescente permettant
d’étudier 'asymeétrie lipidique in vitro d'une membrane de plasma cellulaire, sa charge de surface et/ou d’autres
changements structurels apparentés de la membrane de plasma.

Utilisation selon la revendication 12, comme sonde ratiométrique permettant de détecter in vitro les changements
dans la composition lipidique de la membrane de cellule, notamment pour détecter les changements dans la dis-
tribution lipidique entre les feuilles de ladite membrane.

Utilisation selon la revendication 12 ou 13, pour détecter des cellules apoptotiques.
Procédé de détection in vitro d’apoptose cellulaire, comprenant les étapes suivantes consistant a :

i) mettre en contact le composé selon I'une quelconque des revendications 1 a 7 avec les cellules ;

ii) incuber lesdites cellules ;

iii) laver les cellules ; et

iv) détecter les cellules apoptotiques en observant les spectres d’émission de fluorescence de la sonde a une
longueur d’onde d’excitation variant de 350 a 500 nm.

Procédé de dosage in vitro du degré d’apoptose cellulaire, comprenant les étapes suivantes consistant a :
i) mettre en contact le composé selon I'une quelconque des revendications 1 a 7 avec les cellules ;
ii) incuber lesdites cellules ;

iii) laver les cellules ; et
iv) détecter les changements dans la composition de membrane des cellules par
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a. collecte des spectres d’émission du composé inséré dans une cellule apoptotique par excitation dudit
composeé avec une longueur d’onde d’excitation variant de 350 a 500 nm,

b. sélection de la bande T* et de la bande N* dans les spectres d’émission ; et

c. quantification de la perte d’asymétrie de lamembrane de plasma de cellule pendant I'apoptose en divisant
lintensité de la bande T* par l'intensité de la bande par l'intensité de la bande N*.

Kit permettant de détecter et/ou quantifier et/ou isoler des cellules apoptotiques ou nécrotiques comprenant le
composé selon I'une quelconque des revendications 1 a 8, conjugué facultativement a un second réactif.

Kit selon la revendication 17, dans lequel le second réactif est I'iodure de propidium.

Utilisation du kit tel que défini dans la revendication 18, comme sonde in vitrodans 'analyse par cytométrie permettant
d’isoler des cellules apoptotiques, nécrotiques et vivantes.

Procédeé in vitro de criblage de composés qui induisent ou modulent une apoptose, comprenant les étapes suivantes
consistant a :

i) mettre en contact le composé/médicament a évaluer avec les cellules ;

ii) appliquer le procédé pour détecter I'apoptose cellulaire ou le procédé pour doser I'apoptose cellulaire selon
les revendications 15 ou 16 ;

iii) comparer les résultats avec ceux obtenus avec un témoin.

Procédé in vitro permettant de suivre I'évolution de la maladie d’'un patient, ladite maladie impliquant 'apoptose de
cellules, par application du procédé selon les revendications 15 ou 16 a un échantillon de patient.

Procédé selon la revendication 21, dans lequel ladite maladie est choisie dans le groupe consistant en la maladie
d’Alzheimer, la maladie de Parkinson, une insuffisance cardiaque et les cancers.
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