21 March 2005 WD 01164255 PCTI US01106318 -1 METHOD FOR DETZE®Er&62@08D

KI LLI NG EPITHELI AL CANCER- CELLS Field of the Invention This invention
relates to nethods for detecting epithelial cancer. In another respect the
invention pertains to nmethods for selectively killing epithelial cancer
cells. In a fwddisusgspect, the invention concerns nethodspefgdoideligct i ng
epithelial cancer cells in the presence of normal cells and/or for
selectively killing such cells, in which the mtochondria of cancer cells
retain a mtochondrial marking agent for ajtinme sufficient to permt
identification and/or killing such cells. 21 March 2005 WD 01164255

PCT/ US01/ 06318 -2 Definitions As used herein, the following terns have the
i ndi cat ed nmeani ngs: " Cancer MEGHOD (EQRC DETECTING |AND EIaLms®d i n t he broad
sense, to include invasive cance#PITHELIALCEMNCER (GRLLSi tu cel | s and severely
dysplastic cells. "Mtochondrial marking agent” neans a conpound t hat

Field of the Invention

This invention relates to methods for detecting

epithelial cancer.

In another respect the invention pertains to methods

for selectively killing epithelial cancer cells.

In a further aspect, the invention concerns methods
for detecting epithelial cancer cells in the presence of
normal cells and/or for selectively killing such cells,
in which the mitochondria of cancer cells retain a
mitochondrial marking agent for a time sufficient to

permit identification and/or killing such cells.



is selectively taken up by the mitochondria of I|iving cangemareh feosand i s
selectively retained in cancer cells for a tine sufficient to permt
identification and/or killing or incapacitation thereof. "Killing" of
cells nmeans either causing cell death -apoptosis or cell changes that
render a cel woewsezmpabl e of reproducti on and net ast asi zi nger/idddesss ' neans
the reaction product, either covalent or noncoval ent, of a mtochondri al
mar ki ng agent and a cancer chenot herapeutic agent. "Adjuvant” nmeans a

m tochondrial marking agent that, in conpjnation w th another

chenot herapeutic agent, causes inproved killing of cancer cells, either 21

March 2005 WO OR&6AREMETI USOL106318 - 3- synergistically or by additive
effects with the other agent. Back round of the .,-Invention In-vivo

di agnostic procedures for detecting malignant and prenalignant epithelial

| esions or carci nones., egpho]\_(i%g j:i‘% gog;os_i tions that selectively "color"
tissues that are abrior MEF dUETTET Y1 ATV FEFPF aR3 % hfnori genesi s and
other active suffi@c&td®rkNengsy € known in the art. These diagnostic

met hods

“Cancer” or “cancerous” cells are used in the broad
sense, to include invasive cancer cells, cancer-in-

situ cells and severely dysplastic cells.

“"Mitochondrial marking agent” means a compound that
is selectively taken up by the mitochondria of
living cancer cells and is selectively retained in
cancer cells for a time sufficient to permit
identification and/or killing or incapacitation

thereof.

"Killing" of cells means either causing cell death,
rapoptosis or cell changes that render a cell

J incapable of reproduction and metastasizing.

“Adduct” means the reaction product, either covalent
or noncovalent, of a mitochondrial marking agent and

a cancer chemotherapeutic agent.

"Adjuvant"” means a mitochondrial marking agent that,
in combination with another chemotherapeutic agent,

causes improved killing of cancer cells, either



enploy a dye that inparts color to a cancerous substrate, 2WMarbh2eod hen
det ect abl e under light at visible wavelengths or a fluorescent dye that
inmparts color to the substrate, which is then detectable when illum nated
by light at wavel engt hs outside the visible spectrum For exanpl e,
procedures e @6HI5§ fl uorescein and fluorescein derivat pgegsiioeigli scl osed
in Chenz, Chinese Journal of Stomatol ogy (27:44-47 (1992)) and Filurin
(Stomatol ogiia (Russian) 72:44-47 (1993)). These procedures involve
application of the dye, followed by exanipation under ultraviolet light to
detect the cancerous/precancerous tissue, which is selectively

fl uorescent. Anot hersyrdmyisaitaplpocedbyeaddolwesfrecisi RPct @ eepi t hel i um
with toluidine blue, followed by normal visual exam nation to detect any
sel ectively 21 Mar cHPB05 208En81/ 64255 PCTI USOl / 06318 -4- stained tissue.

Such procedures are disclosed, for exanple in the patents to Burkett (U. S
6, 086, 852), Tucci (U.S. 5,372,801) and Mashberg (U. S. 4,321,251). Use of

ot her thiazine g¥eBqRGOREZERE fRsdiBnan anal ogous nmanner is disclosed
in US Patent 5,882,627 to Pomerantz. Heretofore, it was theorized that
such dyes
In-vivo diagnostic procedures for detecting
malignant and premalignant epithelial lesions or
carcinomas, employing dye compositions that selectively
 7} "color" tissues that are abnormal due to dysplasia,
hyperplasia, tumorigenesis and other active surface
lesions, are known in the art. These diagnostic methods
employ a dye that imparts color to a cancerous substrate,
which is then detectable under light at visible
wavelengths or a fluorescent dye that imparts color to
the substrate, which is then detectable when illuminated

by light at wavelengths outside the visible spectrum.

For example, procedures employing fluorescein and

Y fluorescein derivatives are disclosed in €Chenz, Chinese

Journal of Stomatology (27:44-47 (1992}) and Filurin

{Stomatologiia (Russian) 72:44-47 {1993)). These

- procedures involve application of the dye, followed by

examination under ultraviolet light to detect the

cancerous/precancerous tissue, which is selectively

fluorescent. Another prior art procedure involves

rinsing the epithelium with toluidine blue, followed by

normal visual examination to detect any selectively



sel ectivel.y "marked" cancerous tissue because the dye was 2andisxtmedos n t he
relatively larger interstitial spaces between the cells of cancerous
tissue and would not efficiently penetrate the tighter intracellular
junctions of normal tissue or be selectively retained in such relatively
snmal | er spacwsoiGerssrary to the belief that toluidine bl ugcr/ghgeshs vely
mar ks cancerous epithelial tissue because it 1is selectively retained in
the relatively larger interstitial spaces between cancer cells, the
mechani sm of such selective staining of gpithelial tissue by cationic
dyes, e.g., dyes such as rhodam ne, fluoresceins, oxazine and thiazine
dyes (includi ngstéigted diiseubl uedudngrotbaireatdrenide ssuPsay,i trahy mar ki ng
agents, is the selective uptake and selective retention of the agent in
the m t ochondr i 8X@fPkaridetheepaentphits Bepkeddt | (We Smi 6 0k¥rfd2)al Tuptiake and

tention is her electrical potential 21 March
rzgognv\booﬁ 6425@‘9%%%2 ggé& Jg%aéhgﬁ’é?i (e Schér §ét ]th'e Us8i Eé Sf t he f

nb e) of cagpeer S h a m_tochondria o
ggrn;?ncélls. ége quﬁﬁQghgnd%ég pid 8gancerq§% QH %ﬁ Pansf or med

Phenot ype, 75- 8barfrGot d sSgtsagoddar her u. babesadar 3&,8@936@7 @Tp' dis, et al.,

Cancer Research 43,
Pomerantz,

Heretofore, it was theorized that such dyes

selectively “marked” cancerous tissue because the dye was

L

retained in the relatively larger interstitial spaces
between the cells of cancerous tissue and would not
efficiently penetrate the tighter intracellular junctions
of normal tissue or be selectively retained in such

relatively smaller spaces.

Contrary to the belief that toluidine blue
selectively marks cancerous epithelial tissue because it
is selectively retained in the relatively larger

j interstitial spaces between cancer cells, the mechanism
of such selective staining of epithelial tissue by
cationic dyes, e.g., dyes such as rhodamine,
fluoresceins, oxazine and thiazine dyes (including
toluidine blue) and other cationic supravital marking
agents, is the selective uptake and selective retention
of the agent in the mitochondria of cancer cells. This
selective mitochondrial uptake and retention is

apparently due to the higher electrical potential



716-720 (1983). In fact, the selective marking of cancer ge¢Masctbgoosand
retention in the mtochondria of cancer «cells of, supravital cationic dyes
and ot her supravital cationic marking agents, are related to one of the
very characteristics of cancer cells that appears to be responsible for
their rapi d stasweazssgrowt h and netastasizing ability, napelysorhddag the

hi gher electrical potential of the mtochondria of cancer cells is the~
source of cellular energy and is the driving force for ATP (adenosine

tri phosphat e) production by the cells. Sunma of the Invention W have now

di scovered a nethod for in-viva detection of cancerous epithelial cells by
sel ective nmarkilnggafiehehargochordiel anthee eoff thenmanetdiey) roespect, we have

di scovered a therageuti c nethod for selectively killing cancer cells in
the presence of2REFTRHS C&l1s mifochepdeis oif merRaded conmiitoshohdrss eps of

21 March 2005 0] 5 | US01/ 06318 -6- delivering a cationic
supravital mi t\(;\é) o%éi%z% §ﬁg${i ng?’%eéggng't oérfeinsse&ea?n' t99c §§14f a suspect

cancerous site 1pfhd heaeREbARLA WROWRLED, CRLER] N, DYt 4L, Mo r%B? .

cancerous cells), thus causing said agent to be taken up and se ectively

retai ned in thelLabé¢ooiveydr 18840f; thepidis, et al., Cancer Research 43,
716-720 (1%83). 1In fact, the selective marking of cancer
cells by, and retention in the mitochondria of cancer
cells of, supravital cationic dyes and other supravital

} cationic marking agents, are related to one of the very

characteristics of cancer cells that appears to be
responsible for their rapid cloning growth and
metastasizing ability, namely, that the higher electrical
potential of the mitochondria of cancer cells is the

source of cellular energy and is the driving force for

ATP (adenosine triphosphate)production by the cells.

Summary of the Invention

) We have now discovered a method for in-vivo
detection of cancerous epithelial cells by selective

marking of the mitochondria thereof.
In another respect, we have discovered a therapeutic
method for selectively killing cancer cells in the

presence of normal cells.

Our detection methods comprise the steps of



cancer cells. The cancerous cells are then detectable by amnwasch 2605 e

nmet hod, for exanple, instrunental or visual exam nation under visible

| ight or under light of selected invisible wavelengths. In a further
enbodi ment, after the marking agent is taken up by the mtochondria, a
rinse reagenwo®msmapplied to the |ocus of the suspect cangerosdnosshs e, thus
enhancing the rate of release of the agent fromthe mtochondria of the
normal cells and further increasing the selectivity of the diagnostic

met hods. According to another inportant egbodiment of the invention, we
provide a method for selectively killing cancerous epithelial cells

conpri sing the debpvarfingont estidigCanpesoiSaralibschondhiall aeuginf a suspect
cancerous site with a cationic supravital mtochondrial marking agent, to
cause cell deatf9ert tt® tépdes ithdhe daneverofal lsuspedisteandealoy Bimtapabl e of

mul tiplication. ﬁgb kbnglﬁge gn be dellvered to the cancer cells in
a single discre?® Hss&EPiEPeEY &I‘{}i’&ﬁ | GOPER105 PPER RRERPL dinscret e doses,
with or w thout.gmalQyisNgde iy %f n%u%eggggin% SNar %]dg@q'% after gach dose. 7
In a further enbodi nent of the invention netho of PnprOV|ng
t he selectlV|tyaﬁduhdm@ﬁﬁeverﬁlﬂedﬁﬂnbdngn Eﬁ§|mlkﬁcﬁ$naéﬂuﬁﬁf genot her apeuti c
agents conprising the

cancer cells. The cancerous cells are then detectable by

any suitable method, for example, instrumental or visual

examination under visible light or under light of

} selected invisible wavelengths.

In a further embodiment, after the marking agent is
taken up by the mitochondria, a rinse reagent is applied
to the locus of the suspect cancerous site, thus
enhancing the rate of release of the agent from the
mitochondria of the normal cells and further increasing

the selectivity of the diagnostic methods.

According to another important embodiment of the
} - invention, we provide a method for selectively killing

cancerous epithelial cells comprising the step of
contacting cancerous cells in the locus of a suspect
cancerous site with a cationic supravital mitochondrial
marking agent, to cause cell death or to render the:
cancer cells substantially incapable of multiplication.
The marking agent can be delivered to the cancer cells in
a single discrete dose, or continuously, or in repeated

discrete doses, with or without employing a rinse reagent



!
steps of either (1) form ng a reaction product of a cati oni2d Madp2@84 t al
agent and a chenot herapeutic agent and delivering the reaction product to
cancerous epithelial cells or (2) conbining the cationic supravital agent
with a cancer chenotherapeutic agent, to inprove the selectivity or
killing ability of the chenotherapeutic agent, either by additive or
synergi stic effects, or both. In one aspect, the present invention provides
a use of a cationic supravital mtochondrial marking agent having a

nmol ecul ar i_ght | ow 5000, other tHan toluidine blue 0 and rhodani ne
123, for F#Ee%hﬁﬁ%%c?@?gfof a conposition for detection of cancerous

epithelial cells. In another aspect, the present invention provides a use
of a cationic supravital mtochondrial marking agent having a nol ecul ar
wei ght of bel od"50808urthert REbadbneatt @f echofirwargdiai nevd grrdiidd rg

epithelia ef,£C .n_still her..aspecf, the present invention
provi des hggggg %f 3“@3?F%ﬁ9c£§%p?§£?%%&v%%%<%ﬂ§nﬁﬁﬂ%ﬂéﬂﬁ§¥§rﬁ}ﬁiﬁﬂﬁ
having a ebliédtvarfwergherothbed ohe bAGOut BXHgaditig dhgdand gy &3, and a

cancer che ther%peu%hc drgg for the manufacture of a medicine for killing
cancer cePFE§PS2T MEFERCS0057 - T9EM1Rg 3 ¥eafhicds pradugthe hraasmitidnigent i on

B ol ccu ot aet aht o bel o 600 e g o da e T13s Ay aHy havi 1o
the reaction product to cancerous epithelial cells or (2)
combining the cationic supravital agent with a cancer
chemotherapeutic agent, to improve the selectivity or killing
ability of the chemotherapeutic agent, either by additive or

synergistic effects, or both.

In one aspect, the present invention provides a
use of a cationic supravital mitochondrial marking agent
having a molecular weight of below 5000, other than toluidine
blue O and rhodamine 123, for the manufacture of a

composition for detection of cancerous epitheliai cells.

In another aspect, the present invention provides a
use of a cationic supravital mitochondrial marking agent
having a molecular weight of below 5000, for the manufacture

of a medicine for killing epithelial cancer cells.

In still another aspect, the present invention provides
a use of a cationic supravital mitochondrial marking agent
having a molecular weight of below 5000, excluding rhodamine
123, and a cancer chemotherapeutic drug for the manufacture

of a medicine for killing cancer cells.



a cancer chenot herapeutic drug for the manufacture of pairgfpMaesHZo05
chenot herapeutic drugs, in which the marking agent is delivered to
epithelial cancer cells in conbination with another cancer

chenot herapeutic drug that selectively kills cancer cells by a nechanism
different than the nmechanism by which the agent kills cancer cells. These,

ot her and further enbodi nents of the invention w/ll be apparent to those
skilled in the art and a better wunderstanding of the invention will be
obtained fromthe follow ng exanples yphich are provided to illustrate the

i nvention andRok &SnlaNdiegkleNstRE ﬁP@séﬁ@pfn%Qﬁ‘%f&tl PO £hes ! 3 el i ned

only by the appended cl ai ns. I'n the practice o e |n ention and 1n the
fol | ow n§f RocRiLAgrdgampbeevitali ohtecchopdayal ahankioghagent ahawhmndiag

agents, 1 0 0 255 PCTI,US01106318, - 8-
|nclud|ngB§o#§? %ngggﬁﬁg g? éﬁxm%ngéﬁﬁe SXGLrdEngt EhgiaBine %2%05%??anln
acr|flavaneancpyrahemetﬁerhpbuyi@n@r@@U@oﬁnﬂh@rméhhﬁaét@f@e@f Sagr-edon- dye
conmpounds, inclu eoni din, oxythiamne, tienoniumiodide, eII|pt|n|um

acetate SABC PﬁrﬁgSWPG EﬁpﬁPFaé dp@gdr dingwhach hehpreaskiny %ﬁ%ﬂbrl%d
e”b0¢|rm”HélQBered to eplthellal cancer cells in combination with another |

l
b
P

cancer chemotherapeutlc drug that selectively kills

cancer cells by a mechanism different than the mechanlsm by

which the agent kills cancer cells.

These, other and further embodiments of the invention
will be apparent to those skilled in the art and a better
understanding of the invention will be obtained from the
following examples which are provided to illustrate the
invention and not as indications of the scope thereof, which

is defined only by the appended claims.

In the practice of the invention and in the following
working examples, cationic supravital mitochondrial marking

agents, include



the invention, the preferred mtochondria) marking agents oargadyesonf the
oxazi ne and thiazine class. The thiazine dyes are especially preferred,
particularly toluidine blue 0, Azure A, Azure B and ring-substitution and
N substitution anal ogs thereof. In order to be selectively absorbed and
retained in weanp&esscell mtochondria, the marking agent @eriSafkkign
product of marking agent + chenotherapeutic agent, must have a nol ecul ar
wei ght of bel ow about 5, 000. Further, because of narked differences in the
sel ective marking and therapeutic activitgy of various closely related

anal ogs, it appears that the nolecular structure of the marking agent

significantly affects itsiyasi | ihylidingsebeaidved Yo1mRr b, asmdQln ik, ! i ving
cancer cells in the presence of nornmal living cells. These differénces in
cell marking and killing f%lth%'ye dFreeng| phetosaf 2hikhr atw 2OGE/iW0,01/ 64255

PCT/ US01/ 06318 -9- structural . 6%1 o[sJr iﬁ?g‘ | ocati on and type of ring-
substituents and N-substift4 Lfé’ﬂf’ge HHBYERR| Pl e Gt bribl el exeenat

inplicate one or nore or all of the follow ng nechanisns of action: 1. The
structure of the marking agent nolecule, e.g., position and nature of ring
and N-substitueahd on the cationic nolecule, affects the availability of

t he
"non-dye" compounds, including peonidin,
oxythiamine, tiemonium iodide, elliptinium

acetate and furazolium chloride.

According to the presently preferred embodiment of
the invention, the preferred mitochondrial marking agents
are dyes of the oxazine and thiazine class. The thiazine
dyes are especially preferred, particularly toluidine
blue O, Azure A, Azure B and ring-substitution and N-

substitution analogs thereof.

In order to be selectively absorbed and retained in
cancer cell mitochondria, the marking agent or reaction
j product of marking agent + chemotherapeutic agent, must
have a molecular weight of below about 5,000, Further,
because of marked differences in the selective marking
and therapeutic activity of various closely related
analogs, it appears that the molecular structure of the
marking agent significantly affects its ability to
selectively mark and/or kill living cancer cells in the
presence of normal living cells. These differences in

cell marking and killing ability are related to



positive charge and hinders the ability of the marking agentap&h 2adsacked”
groups of themto be attracted by the negative charges on the

m t ochondri al nmenbranes or within the mtochondria. 2. The structure of
the marki ng agent nolecule permts it to intercalate into or "stack" al ong
the exteri owodfi/eissi ochondrial DNA of cancer cells. 3. The-sStdoysdsid € of the
mar ki ng agent nolecule permts it or stacked groups of themto bind to
specific active sites, e.g., four specific proteins, in the mtochondria,
and/.or precipitate with cardiolipins at the .inner surface of the

m tochondri al nmenbrane. 4. The structure 0Of the marking agent affects its

reduction potenitalctnidli ESat @ALENQY ot O Eﬂﬁﬁﬂﬁnth&rﬁyp@QﬁhQEQGQ "l euco”
form 21 March 2005 WO 01/ 64255 PCT/USO | 06318 -10- 5." The strdcture of the

mar ki ng agent a$dlesgtituenssaandliNysubpkKyuemtnd, ofntharmarkiiey algehktty of the
cationic marking agent to deprotonate at physiological pH Thus, the
cationic form Jrotelgyetbah Hopkiatacere 2 mope opuakk ofurthace of the

m t ochondri al ran wher eupon the dye cation can | ose a proton and
E ?g Y,

conconi tantly |o%e O P8 BISHET V&% R4r §8S<Her eby Iiberating the neutral

form of the dye, which may nore readily penetrate the nonpol ar

1. The structure of the marking agent molecule,
e.g., position and nature of ring and N-substituents on
the cationic molecule, affects the availability of the
positive charge and hinders the ability of the marking
agent or "stacked" groups of them to be attracted by the
negative charges on the mitochondrial membranes or within

the mitochondria.

2, The structure of the marking agent molecule
permits it to intercalate into or “stack” along the

exterior of mitochondrial DNA of cancer cells.

3. The structure of the marking agent molecule
permits it or stacked groups of them to bind to specific
active sites, e.g., four specific proteins, in the
mitochondria, and/or precipitate with cardiolipins at the

inner surface of the mitochondrial membrane.

4. The structure of the marking agent affects its
reduction potential and its tendency to change to the

uncharged “leuco” form.



matri x of .the menbrane and gain access to the . interior of 41Warch 2005

m tochondrion. The internol ecular interactions of nmechanisns 1 dye-
menbrane), 2 (dye-base pair or dye-dye), and 3 (dye- protein or dye-lipid)
depend on the hydrophobicity- lipophilicity of the dye, which can be
assessed by wuestisass neans, one of which is the partitionpeegbdilsignt

bet ween aqueous solution and a | owpolarity organic solvent, such as
l-octanol (i.e., log P values). Mechanisnms 4 and 5 depend on

hydr ophobi city- lipophilicity, due to tth_ffect of differential solvation
of reactant and product on reduction potential (oxidized vs. reduced

forns) and pK, (neutgal vhe ghangesre 02 PR -mdiQinSX2QRLE phobicity
hanpers the solvation of protonated terti arrgl alﬁng?latgigc a?npyﬁée%%( Ezgngﬂ,

t her eby decr eastdifdithei (PRt} dind, rel atiwe the aPLDOEAryt w8 RESi&MZANH2) . 21
March 2005 WO 01/ 64255 PCT/ USOL/ 06318 -11- According to the presently

preferred embodPERDRIRE FAVESRTGIPNaER oigiivsyjiolagtasl apic Fhpsavi t al
about 5. The foll ow ng

oxanpl o5 are progbt R brd B abif ot 190 V8G9 B mierRGCaR (£4 6 nder st and
and practice theuter surface of the mitochondrial membrane, whereupon

the dye cation can lose a proton and concomitantly lose

its positive charge, thereby liberating the neutral form

of the dye, which may more readily penetrate the nonpolar

o matrix of the membrane and gain access to the interior of

the mitochondrion.

The intermolecular interactions of mechanisms 1 dye-
membrane), 2 (dye-base pair or dye-dye), and 3 (dye-
protein or dye-lipid) depend on the hydrophobicity-
lipophilicity of the dye, which can be assessed by
various means, one of which is the partition coefficient
between aqueous solution and a low-polarity organic
solvent, such as l-octanol (i.e., log P values).
Mechanisms 4 and 5 depend on hydrophobicity-
lipophilicity, due to the effect of differential
solvation of reactant and product on reduction potential
(oxidized vs. reduced forms) and pPK, (neutral vs. charged
forms). For example, hydrophobicity hampers the
solvation of protonated tertiary aliphatic amines (R,NH*},
thereby decreasing their acidity relative to secondary

amines (R,NH,').



invention.and to identify the presently preferred em_)odi nammar&]hg_g@
exanples are for illustrative purposes only are not intended to limt the
scope of the invention, which is defined only by the appended clains.
Exanpl e 1 Uptake and Retention of Mtoehondrial Marking Agents in Living
Carci noma Cemlasoiguister ent concentrations of the various cagtagiifessigar ki ng
agents, at 100, 50, 10 and 1 g/m are prepared in RPM nedium conplete
with 20%fetal calf serum 1 mm gl utam ne, hydrocortisone, insulin,
transferrin, estradiol, seleniumand growth hornone. The carcinoma cells
are incubated at 37EC in tissue culture incubators with 5% CO2 and 95%
rel ative humdity, HaorBingntbehenwptbsertly ageficrasd areapbhatoon there
and then rinsed twice using 2 minute incubations with 1% acetic’ acid.
After incubati ofP@ndvVen§iPAg, Odherpdpys @r@tﬁWﬁVestleui}VJaitadlBQanEhr_;gbl houlr,
2 hours, 4 hours_and.8 .hours. T el.ls are then extracted wt - but ano
and 21 March 20?3%9%"6&‘822%51%%6Bgofi%ﬁ?“-tlz-l- n&f yAReE thy -
spectrophotonetry for quantitation of the marking agent. The results show
that there is a concentration dependence in the rate of accunul ati on of
mar ki ng agent The following examples are presented to enable those

skilled in the art to understand and practice the

invention and to identify the presently preferred

embodiment. These examples are for illustrative purposes
:‘j‘ only are not intended to limit the scope of the

invention, which is defined only by the appended claims.

Example 1

Uptake and Retention of Mitochondrial
Marking Agents in living Carcinoma Cells

Different concentrations of the various cationic
~marking agents, at 100, 50, 10 and 1 pg/ml are prepared
in RPMI medium complete with 20% fetal calf serum, 1 mM
glutamine, hydrocortisone, insulin, transferrin,

) estradiecl, selenium and growth hormone.

The carcinoma cells are incubated at 37EC in tissue
culture incubators with 5% CO, and 95% relative humidity,
for 5 minutes with each agent and concentration there and
then rinsed twice using 2 minute incubations with 1%
acetic ‘acid. After incubation and rinsing, the cells are
harvested, at 30 min., 1 hour, 2 hours, 4 hours and 8

hours. The cells are then extracted with 2-butanol and



in the mtochondria of both carcinoma and normal cells an@{iMartheo0s

sel ectivity of release of the marking agent fromcancer cells, but this
concentration dependence starts to beconme | ess pronounced. The saturation
concentration for toluidine blue O occurs at concentrations of | Opg/m and
above. The saaewwuzssn concentrations for the other marki per/ggRiksis are
simlarly determned. The renaining experiments are conducted with a
concentration of 1Qpg/m for toluidine blue 0 and at the saturation
concentrations for the other marking agepis so-deternined, unless stated
otherwi se. Exanple 2 . Mtochondrial Localization of the Agents in Living
Cell's After incaiskyzen bpdspédisicihodbmetry Gt Gahhtldd@on o#SkRg the
different cationic marking agents, the mtochondrial |ocalization of the
agents is analy@%ﬁk”ﬁkﬁﬂen%onfocal hi gh resol ution m croscopy and phase
contrast mcroscopy. Living cells, are cultivated in conplete growth
mediumwith 20% fetal calf serun1and grom h factors, and 21 March 2005 WD

01/64255 PCT/ JSO1/ 463485 dre minhAichgd Aled/BC ; Thase qellg Accumul ate and
retain the marking agents in the mtochon Tesé céfl's are then
mai nt ai ned i n ademEgRIRhcér B YR iddPe 6@r§¢éUMﬁiatlon of marking agent
in the mitochondria of both carcinoma and normal cells
and in the selectivity of release of the marking agent
from cancer cells, but this concentration dependence
", starts to become less pronounced. The saturation
‘concentration for toluidine blue O occurs at
concentrations of 10pg/ml and above. The saturation
concentrations for the other marking agents are similarly
determined. The remaining experiments are conducted with
a concentration of 10pg/ml for toluidine blue O and at

the saturation concentrations for the other marking

agents so-determined, unless stated otherwise.

Example 2

Mitochondrial Localization of the Agents in Living Cells

e

After incubation and rinsing of various cell lines,
using the different cationic marking agents, the
mitochondrial localization of the agents is analyzed
using cénfocal high resolution microscopy and phase

contrast microscopy.

Living cells, are cultivated in complete growth

medium with 20% fetal calf serum and growth factors, and



cells retain the agent for |onger than about 1 hour, but gomMath 2005t hel i al
cells rel ease the agent within about 15 mnutes. In contrast to |iving
cells, dead cells or cells treated with agents that dissipate the

m tochondrial menbrane potential |ose mtochondrial staining and

accunul ate th@rges s in the nucl eus. Exanple 3 Rel ease ofcifigAgents from
Mtochondria Wth Dissipation of the Mtochondrial Menbrane Potenti al

Known agents that alter the mtochondrial electrical potential are used to
pretreat epithelial cancer cells, followgd by treatment with the cationic
supravital mtochondrial marking agents. These pretreatnent agents

i ncl ude azi de amd.ntyanédeaprEpar.at rpese and 1di BEéaRphenolandEpbthehi al cancer
cells are also pre-stained with the various dyes and then are post-treated
with these knowW® Agehirg agrntselinashe ofiittdebodgesa f r dthenhéhesk| selis t he

transfer of the d to of her, supgel lul ar caonpartnents, including the
nucl eus is analiffé%ﬁeﬁlmmtrﬁf‘ SOV A9 BH2 55 PCITHISHY/ GBIEBNORA- The

cells pretreat eéjal\_AL/isi bethEse 18RS +d torRGGUKL at es in th
m tochondria and the m tochondrlr&% o?o?ﬁleon re- g%‘%u naeaoq%éelil Ilswfme:re %% the dye
upon post - normal epithelial cells release the agent within about

15 minutes.

In contrast to living cells, dead cells or cells
. treated with agents that dissipate the mitochondrial
membrane potential lose mitochondrial staining and

accumulate the agents in the nucleus.

Example 3
Release of the Agents from Mitochondria With
Dissipation_of the Mitochondrial Membrane Potential
Known agents that alter the mitochondrial electrical
potential are used to pretreat epithelial cancer cells,
followed by treatment with the cationic supravital
-'j mitochondrial marking agents. These pretreatment agents

include azide and cyanide preparations and dinitrophencl.

Epithelial cancer cells are also pre-stained with
the various dyes and then are post-treated with these
known agents. The release of the dyes from the cells or
the transfer of the dyes to other subceéllular

compartments, including the nucleus is analyzed.



treatment with these agents. Exanple 4 Tissue E | ants of Sqiavargk 2005
Carci nomas Fresh explants of resected epithelial carcinomas are analyzed
for marki ng agent uptake and retention. After resection, the carcinonmas
are mcrodi ssected from surrounding tissue, cut into 3 nmsections and
mai nt ai ned a@wpisant tissue cultures at 37C. These expl apims@fofzigt hen

i ncubated with the various agents and then extracted for quantitation of
the agent. Oral carcinonma (SqQCHN) have rapid uptake and prol onged
retention of these agents. The agents stafj to be released fromthe cells
after about one hour of ~cultivation in agent-free nedium However, the
agents are rel easedTHastedr snpeat tdret ceie kil 8h afige ddN GRAL80ab MoydTedi UM t hat
does not contain growh factors, fetal calf serumand other medium
additives. The agewilafice dye§oin idieadsdcheandpia wneh thhemteddienareéagr own in

adverse condi t%_gn@hesuch _ag l ov&r t rrper?t ures. WO 01164255 PCT/ USO1/ 06318
-15- Exanpl e 5 Tisste ExXplrafithe fCEHg'PrrﬁF EPFE Hts AvecHpP’ Redt-s obt ai ned
surgically frompoimintah8ef Phedd@geptal epitheliumare cultivated as
normal epitheli al ’

Example 4

Tissue Explants of Squamous Carcinomas

Fresh explants of resected epithelial carcinomas are
analyzed for marking agent uptake and retention. After
resection, the carcinomas are microdissected from
surrounding tissue, cut into 3 mm sections and maintained
as explant tissue cultures at 37°C. These explants are
then incubated with the various agents and then extracted

for quantitation of the agent.

Oral carcinoma (SqCHN) have rapid uptake and
prolonged retention of these agents. The agents start to
) be released from the cells after about one hour of
cultivation in agent-free medium. However, the agents
are released faster when the cells are incubated in
medium that does not contain growth factors, fetal calf
serum and other medium additives. The agents are also
released faster when the cells are grown in adverse

conditions such as lower temperatures.



cultures. .These cultures are then incubated wth the markpngisgenpoes f or
anal ysis of the agent uptake and retention. Unlike the carcinoma cells,
normal epithelial cells quickly release the agents fromtheir mtochondria
and fromthe cell much nore quickly. By 10--15 minutes, nost of the agent
is rel eased fwowmeidse mitochondria. Exanple 6 Marking Ageni,cﬁammger apeutic
Agent Adducts In place of the agents of Exanples 1-5, the follow ng
adducts of cationic mtochondrial marking agents and various known

chenot herapeutic agents are enployed, w_jsh substantially simlar results,
except that the cancer cell kill rate and selectivity of the

chenot her apeuti c agent are substanti aExsmpi@rsved. Marki ng Agent

Chenot her apeuti ¢ Agent toI UI di ne bI ue 0 net hotrexate rhodam ne 123
nitrogen nustard %) (FXPALE B k- lneniil g Alls
CgRposi tions PCT/ U801106318 The foI | ow ng conbl nat| ons of known cancer
chenot heraputants with mtochondria) marking agents

Cells obtained surgically from normal areas of the

oral epithelium are cultivated as normal epithelial
cultures. These cultures are then incubated with the
marking agents for analysis of the agent uptake and

retention.

Unlike the carcinoma cells, normal epithelial cells
quickly release the agents from their mitochondria and
from the cell much more quickly. By 10-15 minutes, most

of the agent is released from the mitochondria.

Example 6

. Marking Agent-Chemotherapeutic Agent Adducts

In place of the agents of Examples 1-5, the

A

following adducts of cationic mitochondrial marking
agents and various known chemotherapeutic agents are
employed, with substantially similar results, eXcept that
the cancer cell kill rate and selectivity of the

chemotherapeutic agent are substantially improved.

Marking Agent Chemotherapeutic Agent
toluidine biue © methotrexate

rhodamine 123 nitrogen mustard



exhi bit synergistic or at |east additive cancer cell kil l 2ndlarth 2005:
Chenot her apeut ant Cationic Marking A ent taxol toluidine blue taxotere
azure A vincristin alcian blue Selective Therapeutic Effects In the
foll ow ng exanples, a toluidine blue drug substance is prepared in
accordance wwdottéazss nmanuf act uri ng procedures di scl ose i npghesddssis Pat ent
6, 086, 852, issued to Burkett on July 11, 2000. Conponents of the drug
substance are then fractionated and separated by sem -preparative HPLC,
yielding the analogs identified in the 2 patent as represented by
Peaks 5, 6, 7 and 8. The conpounds represented by peaks 7 and 8 are
tol ui di ne bl ue regioi soners, having tIBExampng 7nethyl group in the -2
position (peak 8) and the -4 position (peak 7). The conpound represented
by peak 5 is 21 March 2005 WO 012E&noemipCompis #i@@s18 - 17- t he
N-denet hyl at ed derivative of peak 7 and the conpound represented by peak 6
is the N-denethyl ated derivative of peak 8. Exanple 8 The conpounds

represented by peakspe, £811dwAM combinations of known cancer

chemotheraputants with mitochondrial marking agents
exhibit synergistic or at least additive cancer cell

killing effects:

Chemotherapeutant Cationic Marking Agent
taxocl toluidine blue
taxotere azure A

vincristin alcian blue

Selective Therapeutic Effects

In the following examples, a toluidine blue drug

substance is prepared in accordance with the

) manufacturing procedures disclose in the U.S. Patent
6,086,852, issued to Burkett on July 11, 2000.
Components of the drug substance are then fractionated
and separated by semi-preparative HPLC, yielding the
analogs identified in the ‘852 patent as represented by
Peaks 5, 6, 7 and 8. The compounds represented by peaks
7 and 8 are toluidine blue regiocisomers, having the ring
methyl group in the -2 position (peak 8) and the -4

position (peak 7). The compound represented by peak 5 is



8, obtained during the fractionation of the toluidine blug1®arei205nal yzed
for their selective toxicity towards |iving oral carcinoma cells (5gCHN)
conpared to living nornmal oral epithelial cells. Separate cultures of
‘squanous carcinoma cells and nornmal epithelial cells are incubated with

t he di fferentvodyss26s acti ons and then washed with dye-fregcPeshingdis The
cells are then re- incubated in growth nmedi um and observed over a period of

8 days to determine the extent of cell killing. The conpound of peak 6
results in 95%cell death of carcinoma gells, conpared to only about 20%
killing of normal cells. The conpound of peak 8 shows 89%cell death of

carci noma cel | shshreasethylated davses:iakovt @08k ki ldridigheobomsdurl cell s.
Thus, the selective retention of the conpounds of peaks 6 and 8 is

sel ectively toXiceredaRked b dregknbnds ddle ¥-dahethylatnd derinatbduetti on into
the mtochondria_of . cationic dyes |leads to disruption of the mtochondri al
el ectrical pot é’ﬁ?ga?'Mi ch is the source of cellular 21 March 2005 WO

01/ 64255 PCTIUSO /06318 _1$_ energy.-and the driving force of ATP

(adenosi ne triphosphate) production of the cells. The ability of
carcinoma cells to divide rapidly andekampied ®stasi ze i s dependent upon the
availability of this higher energy
The compounds represented by peaks 5, 6, 7 and
8, obtained during the fracticnation of the toluidine
{_;} blue O, are analyzed for their selective toxicity towards
living oral carcinoma cells (SqCHN) compared to living
normal oral epithelial cells. Separate cultures of
squamcus carcinoma cells and normal epithelial cells are
incubated with the different dye fractions and then
washed with dye-free medium. The cells are then re-
incubated in growth medium and observed over a period of
8 days to determine the extent of cell killing. The
compound of peak 6 results in 95% cell death of carcinoma
cells, compared to only about 20% killing of normal
) cells. The compound of peak 8 shows 89% cell death of
carcinoma cells whereas it only causes about 20% killing
of normal cells. Thus, the selective retention of the

compounds of peaks 6 and 8 is selectively toxic towards

carcinoma cells,

The selective introduction into the mitochondria of
cationic dyes leads to disruption of the mitochondrial

electrical potential which is the source of cellular



source. However, effects on electric charge do not appear t2d Mdreht2besonly
nmechani sminvol ved, because the conmpounds represented by peak 5 and peak 7
al so are cationic dyes and yet they do not exhibit the sane sel ective
toxicity towards carcinomas that Peak 6 and Peak 8 denonstrate. Thus, the

conpounds of eli@25 and 8 appear to have other nol ecul apcpusfgeiikes t hat
Iegg to thei?nzelective tox?city towards carcinoma cells. Exanple 9 S The
t herapeutic characteristics of the conmpounds of peaks 6 and 8 are
determned by further in-vitro tests, copgucted in the manner of Exanple
8, using other isolates of carcinoma cells and nornmal epithelial cells.
The testing pro¢htegy roidudbs dtheimgs quas®ust eareci(aagRssfe the head and
neck, esophagus, |lung, cervix and skin, as well as other types of cancers,

including adenbt:RRTHOREE) PYeicsiRs ahdtharasddss. ?h@\ﬂbnji%ggbay_ of

t owt h" "1 r _regressign.assay”, t.ests . using tunor-bearing
aﬁrﬁ;|gf inclugggﬁf %gi gﬁggﬁg %:%%Hdaﬁlr%kﬁ4ﬁ¥ 2@§5t91?%ﬁ9§§@?559 is

PCT/ USOl / 06318 ddlendetd upBhCLNORA118B! AP A RuBR! R $ndll GRe.3le Made to

sSource.

However, effects on electric charge do not appear to
be the only mechanism involved, because the compounds
fhj represented by peak 5 and peak 7 also are cationic dyes
and yet they do not exhibit the same selective toxicity
towards carcinomas that Peak 6 and Peak 8 demonstrate.
Thus, the compounds of peaks 6 and 8 appear to have other‘
molecular properties that lead to their selective

toxicity towards carcinoma cells.

Example 9

L4

The therapeutic characteristics of the compounds of

peaks 6 and 8 are determined by further in-vitro tests,

S

conducted in the manner of Example 8, using other
isolates of carcinoma cells and normal epithelial cells.
The testing profile includes other squamous carcinomas of
the head and neck, esophagus, lung, cervix and skin, as
well as other types of cancers, including
adenocarcinomas, lymphomas and sarcomas. In-vivo "delay
of tumor growth" and "tumor regression assay" tests

using tumox-bearing animals, including head and neck and



anal yze the in-vivo therapeutic benefit of these conpoundgi MBagszodsurt her

invitro and in-vivo tests confirmthe selective toxicity of the conpounds
of peaks 6 and 8 to the wider variety of cancer cell types. Having
described the invention in such manner as to enable those skilled in the
art to undergioidsannd practice it and, having identifiededigsopisent!y
preferred enbodi nents thereof, WE CLAIM 21 March 2005 -20 1. Use of a
cationic supravital mtochondrial nmarking agent having a nol ecul ar wei ght
of bel ow 5000, other than toluidine bluggl and rhodam ne 123, for the
manuf acture of a conposition for detection of cancerous epithelial cells.
2. The use of G cAREENSHY Aviph aht 83 tOC KNG bahi cdTREdNGaggep, having a
nol ecul ar wei ght of bel ow 5000, for the manufacture of a mnedicine for
Killing epitheldr@lyeantbe imetive. tBerdpmutiise behefiitcaifi amiesesupravit al

m tochondrial marking agent having a nol ecul ar wei ght of bel ow 5000,
excluding r hodaﬁﬁ“Wé’“TgS; afese @&ﬁgBPrc-Hérfb‘ttFFé?r apeutt wigicu§estsr the

manuf act ure of | CJ ro kil li cancer _cells. 4. The use of, a
cationic supraJﬁ?ﬁﬁqﬁitggﬁ%ﬁﬁ¥#§fe gg%ﬁ?hd’& eﬁbeH§WFﬁﬁn§Sn8?eEﬁ?5ﬁ wei ght
of bel ow 5000, & ex@l ¥ditHOtKQAATNGa 123y M AnERPCEN IChgIRLher apeutic drug
for the manufacture of paired cancer chenotherapeutic drugs,
Having described the invention in such manner as to
enable those skilled in the art to understand and
I, practice it and, having identified the presently

preferred embodiments thereof, WE CLAIM:



in which the marking agent is delivered to epithelial canced Mareth 2805 n
conbi nation with another cancer chenotherapeutic drug that selectively
kills cancer cells by a nechanism different than the mechani sm by which
the agent kills cancer cells. 5. The use according to any one of clains 1
to 4, in which the cationic supravital mtochondrial marking agent is
selected to provide a nol ecular structt2@that does not hinder attraction
of the positive charge of the marking agent nolecule by the negative
charges on the mtochondrial nmenbranes. 21 March 2005 -21 6. The use
according to ahy oneU8¢ efapngattienic siprawiiadh mtitedatridmiad suprkdwvigt al

m t ochondy} k I sel ect.ed t r.ovi nmol ecul gr. structure

t hat permé?ghgggg!ﬁg(?k?%gg%%ééﬁ%ajfow%Jr%latt%PiPeslﬁ ci%ﬁ@'siot ei%atlhr‘f‘él

m t ochondtoauidinghleluseo asedr tho@ahnam? pnedd Haimmulrddifbe idF aWhi ch
the cationic supravi tgl m tochondrial marking agent is selected to provide
a structu?%mPﬂﬁgtﬁPPI Pht e eaf bt en i pf ocrce s lepdithed ittHe afiltlschondri al
DNA. 8. The use according to any one of clains 1 to 4, in which the
cationic supravital mtochondrial nmarking agent is selected to provide a
mol ecul ar struéture Thatusd fetts ¢diel omge g ravedudt indre quoiceridiall to permt

: ?lt E)O Ch%@?kiﬁg‘@&en#ﬁ%ﬁ‘x?{%da ln?c:%fgcgfa{rmhperilg%rt toof bc‘lalirolwn%OO%r, affotrer entry
the manufacture of a medicine for killing epithelial cancer

cells.

3. The use of a cationic supravital mitochondrial
marking agent having a molecular weight of below 5000,
excluding rhodamine 123, and a cancer chemotherapeutic drug

for the manufacture of a medicine for killing cancer cells.

4. The use of a cationic supravital mitochondrial
marking agent having a molecular weight of below 5000,
excluding rhodamine 123, and a cancer chemotherapeutic drug
'for the manufacture of paired cancer chemotherapeutic drugs,

in which the marking agent is delivered to epithelial cancer
cells in combination with another cancer chemotherapeutic

d:ug that selectively kills cancer cells by a mechanism
different than the mechanism by which the agent kills cancer

cells.

5. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent is
selected to provide a molecular structure that does not
hinder attraction of the positive charge of the marking agent
molecule by the negative charges on the mitochondrial

membranes.



the mtochondria. 9. The use according to any one of clai ng{#Mdréh 2005 n
which the cationic supravital mtochondria) marking. agent is selected to
provide a nolecular structure that will deprotonate at physiol ogical pH
10. The use according to any one of clains 1 to 4, in which the cationic
supravital mtochondrial marking agent has a log P of O0-5.

_21_

6. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent is
selected to provide a molecular structure that permits the

marking agent to bind to a specific site in the mitochondria.

7. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent is
selected to provide a structure that will intercalate into or

stack along the mitochondrial DNA.

8. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent is
selected to provide a molecular structure that affects the
agents’ reduction potential to permit it to change to the
uncharged leuco form prior to, during, or after entry into

the mitochondria.

9. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent is
selected to provide a molecular structure that will

deprotonate at physiological pH.

10. The use according to any one of claims 1 to 4, in
which the cationic supravital mitochondrial marking agent has

a log P of 0-5.





