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(54) Title: METHOD FOR DETECTING AND KILLING BPITHELIAL CANCER CELLS

pay (57) Abstract: A diagnostic method for detecting cancerous epithelial cells by selectively marking the mitochondria of the cancer
cells, by delivering to the epithelium a cationic supravital mitochondrial marking agent. Selective killing of cancerous epithelial cells
in the presence of normal cells is effected by delivering a cationic supravital mitochondrial marking agent to epithelial cancer cells.

The killing agent can also comprise the reaction product of the m

with drug,

arking agent and a cancer chemotherapentic drug or in admixture

cells by selectively



cells, by delivering to the epitheliuma cationic supravi t2dlMarch 80fondri al

mar ki ng agent. Sel ective killing of cancerous epithelial cells in the
presence of normal cells is effected by delivering a cationic supravital
m tochondri al marking agent to epithelial cancer cells. The killing agent

can al so conwbpiegesrshe reaction product of the marking ageptrreswdnsigancer
chenot herapeutic drug or in adm xture wth drug. 21 March 2005 WO 01/ 64255
-1 METHOD FOR DETECTI NG AND KI LLI NG EPI THELI AL CANCER- CELLS Field of the
I'nvention PCT/USCL/ 06318 This invention relates to nethods for detecting
epithelial cancer. In another respect the invention pertains to nethods

for selectively killing epithelial cancer cells. In a further aspect, the

i nventi on concerns net hodsMETEED (RQFe DETRGTENG tA) KILLE¥Ecer cells in the
presence of normal cells and/ FEXTHEIFBLERNGER \WHENS i ng such cells, in

whi ch the mtochondria of cancer cells retain a mtochondrial marking agent
for a tine suf%.%béntst% %rn‘ié.identification and/or killing such cells.
21 March 2005 06318 -2 Definitions As used herein, the
followi ng terns have the

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.



i ndi cated meani ngs: "Cancer" or "cancerous" cells are use@iiMartih20ts oad
sense, to include invasive cancer cells, cancer-in- situ cells and severely
dysplastic cells. "Mtochondrial marking agent” means a conpound that is
selectively taken up by the mtochondria of |I|iving cancer cells and is

sel ectivel ywoafigied in cancer cells for a tinme suffici eotuba/opasm t
identification and/or killing or incapacitation thereof. "Killing" of
cells nmeans either causing cell death apoptosis or cell changes that
render a cell incapable of reproductionsand netastasizing. "Adduct" neans
the reaction product, either covalent or noncovalent, of a mtochondri al
mar ki ng agent péffinixieascer chenot herapeutic agent. "Adjuvant"” neans a

m tochondri al marking agent that, in conbination w th another

chenot herapeuti c agent, causes inproved killing of cancer cells, either 21

March 2005 WD 01/ 64255 -a ECTIUSO%%%@%lﬁ S ner%istic |1y or by additive
effects with the hE8FeEgBRT S Badiigr 6ANLCHS FETMRvBAYF o

indicated meanings:

“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,
‘apoptosis or cell changes that render a cell

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



I n-vivo diagnostic procedures for detecting nmalignant an@iiachR0ghant
epithelial |esions or carcinomas, enploying dye conpositions that
selectively "color" tissues that are abnornmal due to dyspl asia,
hyper pl asi a, tunorigenesis and other active surface |esions, are known in
the art. Thesandimgnostic nethods enploy a dye that inpatigsaetas to a
cancerous substrate, which is then detectable under light at visible
wavel engths or a fluorescent dye that inparts color to the substrate,
which is then detectable when illumnated by |ight at wavel engths outside
the visible spectrum For exanple, procedures enploying fluorescein and

fl uorescein derivatépasqrse idasty aaetyi BdEhende (FHcresewideumal of
Stomat ol ogy (27:44-47 (1992)) and Filurin (Stomatol ogiia (Russian)
72:44-47 (1993)), Tdwr agessedures invol ve application of the dye,

foll owed by exam nation under ultraviolet light to detect the

cancerous/ precancerous tissue, which is selectively fluorescent. Another

prior art procgg&%,;&h\g)lo\fe%herimdﬁoghe epi theliumw th tol uidine blue,
foll owed by normal visual €xaminatlon to detect any selectively 21 March
2005 WO 01/64255 PCT/USOL106318 4  stained tissue. Such procedures are
di scl osed, for
In-vivo diagnostic procedures for detecting

malignant and premalignant epithelial lesions or

carcinomas, employing dye compositions that selectively

"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 ocutside the visible spectrum.

For example, procedures employing fluorescein and
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



exanple in the patents to Burkett (U.S. 6,086,852), Tucci 21(Margh 260872, 801)

and Mashberg (U. S. 4,321, 251). Use of other thiazine dyes and oxazi ne dyes
in an anal ogous manner is disclosed in U S. Patent 5,882,627 to

Ponerantz. Heretofore, it was theorized that such dyes selectively

"mar ked" cawean@ussti ssue because the dye was retained portbmosasatively

| arger interstitial spaces between the cells of cancerous tissue and would
not efficiently penetrate the tighter intracellular junctions of normnal
tissue or be selectively retained in such. relatively snmaller spaces.
Contrary to the belief that toluidine blue selectively marks cancerous
epithelial tissueimeraiseuet! Sisereectdvedy dret ainellosed t el atively

| arger interstitial spaces between cancer cells, the mechanism of such
sel ective st ai gkanplsf i@pitbhepﬁlfaﬂnttﬁ §ouBubketicalid.Sni & B9@s8523 .,gTucdyes such

as rhodam ne, fI uor.e [ ne nd thi a2| e e i ncludin
t ol ui di ne bl uejV=hd > ogﬁgrgﬁ%& Bg?‘éﬁl I?%ggmfag'entusse Ps the
sel ective uptakg, éa,{:q:hgglszgﬁgl (yfeg eatn%ng& E':.n@f ak;e@e ;a9 Htaﬁé}é&% gm tochondria

of cancer cells. ectlive mtoc ondrl upta retention is

apparent|y duemitndhashdgbelosd®echy UCEl potert isglsg2ledar civ 2005 WO 01/ 64255
PCT/ US01/ 06318

Pomerantz.

Heretofore, it was theorized that such dyes
selectively “marked” cancerous tissue because the dye was
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
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 mitochendria of cancer cells. This
selective mitochondrial uptake and retention is

apparently due to the higher electrical potential



-5- (negative charge on the inside of the nmenbrane) of candaroug0¢el | s’

m tochondria as conpared to mtochondria of nornmal cells. See, e.g., Chen
et al., Cancer Cells 1/ The Transforned Phenotype, 75-85 (Cold Spring

Har bor Laboratory, 1984); Lanpidis, et al., Cancer Research 43, 716-720
(1983). In Hwaalyssdshe sel ective marking of cancer cells byrusnfssiget ention
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 appgars to be responsible for their

rapid cloning growth and netastasizing ability, namely, that the higher

el ectrical pot{eegdtalveothbihge Mt ablzondeside 0df cdrCcaemoednes) icef t he source of

cellular energy and is the driving force for ATP (adenosine
tri phosphat e) pFdRERRIUSN CBY L $ hanidelchendgigmes cbarpd Favertadwndéinave now

di scovered a ne%ﬁgq:f r iT-vivo det ecti opn, of %gnﬁero s epithel.ial cells by
sel ective marR®t i 8P RE-HFt ocifSiid®i-d - ¢ NePEbIet - anbiMeF: (Edpdct, we have

di scovered a th@f@@%&gfom&1%efn%y?sl,e%ia/aelocoﬁhl 5hAthSanGfocel s in
the presence of normal cells. Qur détection nethods conprise the steps of
21 March 2005 WHE&Ht42551 POTY USGHQ8338 et al., Cancer Research 43,
716-720 (1983). 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




-6- delivering a cationic supravital mtochondrial marki n@1 MaemR0@5 tissue
in the | ocus of a suspect cancerous site on the epithelium (which contains
both normal and cancerous cells), thus causing said agent to be taken up
and selectively retained in the mtochondria of the cancer cells. The
cancerous celd@sase then detectabl e by any suitabl e net pogpsdiessigxanpl e,
instrunmental or visual exam nation under visible light or under |ight of
sel ected invisible wavel engths. In a further enbodi nent, after the nmarking
agent is taken up by the mitochondria, g rinse reagent is applied to the
| ocus of the suspect cancerous site, thus enhancing the rate of rel ease of

the agent fromyéhereniingoshese drii Ofsublievied mali teehbsaang fiindkhag i ncreasing
the selectivity of the diagnostic nmethods. According to another inportant
enbodi ment of adent itovénspon, imehesr decde of retsiogetdr camtestusveliyeki | | i ng
cancerous epithelial cells_conprising the step of contacting cancerous
cells in the | Feud%ePAtaELhWRt (Wishc 6PBERIRT POt PR L A% %DNi ¢ supravi t al

mtochondrial cHRdIRG BAENL)  !GhiAUAEERY | o LIRALALRE 10 fENdL,l ig,  cancer

cells substantrally 1 ncapable of multip I on. i ng age an be
delivered to tied caGRLi¢ELY Srdthin@dSiATLE: dhiSTBbRIEOS 6o QIheCONt i NUOUSI Y,

or in repeated discrete doses, with or without enploying a rinse reagent
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 cancerocus 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.

Accoxding 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



21 Nhﬁch_ZOOS after each dose. - 7 |In a further enbodi mera Mdrch BE05

i nvention, we provide a nethod of inproving the selectivity and cancer
cell killing ability of cancer chenotherapeutic agents conprising the
steps of either (1) form ng a reaction product of a cationic supravital
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 chenotherapeati/c-agent, either by additive or

syner gi seéfterfeachsdo®e. both. In one aspect, the present invention provides
a use of a cationic supravital mtochondrial marking agent having a

nol ecul ar wei ght of bel ow 5000, other than toluidine blue 0 and rhodam ne
123, for the mmnafeagitiier odmiBod adPOSHL | e f Diivelet 864 ) one qfr BANLEr0US
epithelial cells. In yet,[ the present invention provides a use of a

cati oni cméﬁ%‘?%v?ﬁa}m%@‘é%%%nﬁkﬁ‘? af e HRF ki vy agenl CW%&%W@C@% wei ght

of bel ow.5000; . f o wﬁcgﬁnemﬁéw&ag @Jheem%é&a{@é Middda el thel i al

cancer cells. 1n still another aspec esent entl provi des a
use of astaps$onfcestpeavital fcm:mnm@omdrreeaitm kpmglagett Shandtigra ¢
nDIecuIar melgltaffaggégméggoo cﬁg%% é%e&%%%”gégnt and delivering

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 mitoéhondﬁial marking agént
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 yetim_‘ c t, 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 catiocnic supravital mitochondrial marking agent
having a molecular weight of below 5000, excluding rhodamineé
123, and a cancer chemotherapeutic drug for the manufacture

of a medicine for killing cancer cells.

3
|
]
z
|
i




123, and.a cancer chenot herapeutic drug for the manufact u2é Maxth a0dgedi ci ne
for killing cancer cells. 21 March 2005 7a In a final aspect, the present
invention provides a use of a cationic supravital mtochondria) marking
agent having a nolecular weight of bel ow 5000, excluding rhodam ne 123,
and a cancer chenotherapeutic drug for the manufacture of paired cancer -
chenot herapeutic drugs, in which the marking agent is delivered to
epithelial cancer cells in conbination with another cancer
chenot herapeutic drug that selectivel yaki-lls cancer cells by a nechani sm
di fferent thap theimpahasbertbytnwhpehsthe aa%ehtlibhl Er@%’i@@% geliks. These,
ot her and further enbodi nents of the invention e apparent to those
~ ski | | edoifnat ka@tdenignguarpeital maﬁaéhméﬁrlgm@ﬁrkﬂhg pagakt PeNinDl B be
obt ai neq fr e oWin Le p | u ate the
|nvent|gﬁleggh%%twgl%hkdp%a Fg§§n§P66 W%%%HU% gﬁeEgéggﬁ%ﬁ 5 3héflned
only byathaﬂ@pmenﬂedomhamapeutmctHeugraatimheohahheabnme@tbﬁnpamdedn t he
follomnn wor Ki §%-exa npl es, .cationic supraV|taI m t ochondri al marking

agent s, CPRCFEAENSHOGRFCPSBHECVEF BIF64355 "ARG "PERFUBRE FOB189eNE 1S

| delivered to eplthellal cancer cells in combination with another g
;E cancer chemotherapeutlc drug that selectively kllls |
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




-8- dyes, including toluidine blue 0, alcian blue, malacl#it\argho0s
acriflavine, pyronine Y, toluylene blue and brilliant
green; "non-dye" conpounds, including peonidin, oxythiamne, tienonium

phenosaf r ani n,

iodide, elliptinium acetate and furazolium chl ori de.

presently pmaf@arsins enbodi nent of the invention, the preteusamss
mar ki ng agents are dyes of the oxazine and thiazine class.

m t ochondri al
The t hi azi ne

dyes are especially preferred, particularly toluidine

According to the

bl ue

0, Azure A, Azure B and ring-substitutiog and N- substitution anal ogs

thereof. In order to be selectively absorbed and retained in

m t ochondri a,

chenot herapeuti c agent, nust have a nol ecul ar wei ght of bel ow about 5, 000.

cancer cell

t he marki ageagentciardihgaebliondiny eduet opfate@irdd mguagent +

Further, because of nmarkédcHitd arestesrhenedrfalinct agel Mwkineg and

t herapeutic activity of various clos?l rel ated anal ogs
the mol ecul ar struct ur ePgFrHE® %ﬂaﬁﬁ'ﬁé
ability to selectively mark and/or Kil

legermiug gRer PERhE13ntafreens
I

living cancer cells in the

presence of normal living cells. These differences in cell marking
kKilling abilityndére related to 21 March 2005 WO 01/ 64255 PCTI USO1/ 06318

"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
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

it appears that

its

and




-9- structural features, e.g., location and type of ring- 2uMatchoehts and
N-substituents, of the marking agent nolecules that inplicate one or nore
or all of the follow ng nechanisnms of action: 1. The structure of the

mar ki ng agent nolecule, e.g., position and nature of ring and

N substi t uenionigsess t he cationic nol ecule, affects the avactabiesiiy of the
positive charge and hinders the ability of the marking agent or "stacked"
groups of themto be attracted by the negative charges on the

m tochondrial menbranes or within the mgtochondria. 2. The structure of
the marki ng agent nolecule permts it to intercalate into or "stack" al ong
the exterior strudtaGnogdatakeNA Qf.,Canestiditland tIpe ThE Sitdguct ure of the
mar ki ng agent nolecule permts it or stacked groups of themto bind to
specific actigebstiittaents. gnd Foanbsgpsoehis, privtibienmarking hegenti t ochondri a,
and/or precipitate with cardioljpins at the inner surface of the
nitochondri al ReMAFHRE. ThatTREPLIGATS: QP oF MM ®&r REAgeRgem affects its

form 21 March oot V8 BEPRbERRed aebifbhats (10 UM oot e

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.



5. The structure of the marking agent affects its acidity 1fach 2608, in
turn, the ability of the cationic mnarking agent to deprotonate at
physi ol ogi cal pH. Thus, the cationic formof the dye can be attracted to
the outer surface of the mtochondrial nenbrane, whereupon the dye cation
“can | ose a pioaheesand concomtantly lose its positive chargsiobiier eby

| i berating the neutral form of the dye, which may nore readily penetrate
t he nonpolar matrix of the nenbrane and gain access to the interior of
the m tochondrion. The internol ecular injgractions of mechanisns 1 dye-
menbrane), 2 (dye-base pair or dye-dye), and 3 (dye- protein or dye-lipid)
depend on the hydr gphobitgiet ¥t rhéfioRhiolfi €hé YmOF kiR ad¥ar W LdrCaRsbe
assessed by various neans, one of which is the partition coefficient

bet ween aqueouschditt i @K, hncarad, dw petrr itthe @ebgante ofdiheerttisnid as
1-octanol (i.e., log P values). Mechanisns 4 and 5 depend on

hydr ophobi ci t yR2FFBhIRaenE| £9, RRIC T8t Red kBBt Frdrpt grfent iTAMSs0l vat i on

neutral vs.

of reactant ang?gr%qﬁgii%nfggﬁugfit%% Egrgrergs%)ll q#eo a(t(p%iadi Z

forms) and pKa arge

CtF
r examle

§

d. vs. reduced
,t%sfd‘r%phobi city

hanpers the soby@di GfurGfachl 80 o thehbhaf ¥a Blridibatine, aphdiesgoR3NHY) |

t hereby decreasing their acidity relative to secondary

am nes (RZNH2+)

21 March 2005 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

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 pK, {(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,*).



[

WO 01/ 64255 PCTI US01106318 -11- According to the presentl| pimatisoes

enbodi nent of the invention, one enploys a cationic supravital marking
agent having a log P of fromabout -1.0 to about 5. The foll ow ng exanpl es
are presented to enable those skilled in the art to understand and
practice thevosmymation and to identify the presently pretentsamess

enbodi nent. These exanples are for illustrative purposes only are not
intended to limt the scope of the invention, which is defined only by the
appended cl ai ns. Exanple 1. Uptake and Retention of Mtochondria) Marking
Agents in Living Carcinoma Cells Different concentrations of the various
cationic nmarking ageotrdinattdOhe pReséftbnprefegled aneodimepared in RPM
medi um conplete with 20%fetal calf serum 1 mm glutani ne, hydrocortisone,
insulin, transtR® rinyentéshr RRDIeMPIOVENR R EIRPigr WP Ha hidradomarking

carci noma cells_are.incubat at, 37EC in tissue ulture ingubators with 5%
CO2 and 95% re?%?r}tvéjaﬁﬁﬁ?d??%g ‘F{‘(():’rf rﬂ’lmn%lfoeué: v-\,ilt'ﬁ é%c?‘Poalbte t" and
concentration there and then rinsed twice using 2 mnute incubations with
1% acetic acid. After incubation and rinsing, the cells are harvested, at
30 mn., 1 hour, 2Theufslldwihalrexaapde8 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
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-butancl and



hours. The cells are then extracted with 2-butanol and 21 2¢March200% WO

01/ 64255 PCT/ USQOL/ 06315 -12- anal yzed by spectrophotonetry for quantitation
of the marking agent. The results show that there is a concentration
dependence in the rate of accunul ati on of marking agent in the

m t ochondr i waofi/skess h carci noma and normal cells and in phevusalegasi vity of
rel ease of the marking agent fromcancer cells, but this concentration
dependence starts to becone | ess pronounced. The saturation concentration
for toluidine blue O occurs at concentrgiions of | Opg/ M and above. The
saturation concentrations for the other marking agents are simlarly

det ermi ned. ThenalgmeidnbngsEeerdipienbscare fronduehedestidn o e@acentrati on
of I0pg/m for toluidine blue 0 and at the saturation concentrations for

t he ot her mar kKidigkinggafaest so- det ermi ned, unl ess stated ot herwi se. Exanple 2
M tochondrial Localization of the Agents in Living Cells After incubation
and rinsing of various cell lines, wusing the different cationic marking

agents, the mtochﬂ@dgemw%@ld@%hew&ré & 29EPhSeASANyZzed using
confocal high resolution mcroscopy and phase contrast m croscopy.

dependence in the rate of accumulation of marking agent
in the mitechondria 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

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



Living cells, are cultivated in conplete growth nedi um wliMae820@k al cal f

serum and growt h factors, and 21 March 2005 WO 01164255 PCT/ US01/ 06318 - 13-
mai nt ai ned at 37EC. These cells accunulate and retain the nmarking agents
in the mtochondria. When these cells are then nmaintained in an agent-free
medi um cargio@mss cells retain the agent for |onger thapcaBsubesdis hour, but
normal epithelial cells release the agent within about 15 mnutes. In
contrast to living cells, dead cells or cells treated with agents that

di ssipate the mtochondria) nenbrane pofgential |ose mtochondrial staining
and accumul ate the agents in the nucleus. Exanple 3 Rel ease of the Agents
from M t ochondidimtihbhd &£t s¥igmat i dhesé ¢diE Malceahangt¢ alndVerheane Potenti al
Known agents that alter the mtochondria) electrical potential are used to
pretreat epitHédld dRrrkangerdediy dn the| pbveahapdripeat Wegnt thiesk cablzati onic

supravital mtochondrial narki agents. These pretreatnent. agents
i ncl ude' azi de aa%edqg\?gnf“aén%arb’beéﬁgpi gﬂsa?ﬁﬁt_ it B‘thlé‘?folcfarﬁdi”f’ﬁél i al cancer
cell's are al so g stakpgdid talbentth?o¥aféﬂjr“|ésr g)llgﬁ ?ﬁ'&‘ué EhRe pest-treated
with these known agents. The release of the dyes fromthe cells or

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
Digsipation 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
mitochondrial marking agents. These pretreatment agents

include azide and cyanide preparations and dinitrophenol.

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 subcellular

compartments, including the nucleus is analyzed.



the transfer of the dyes to other subcellular conpartnentd Mamehl20d5ng t he
nucl eus is anal yzed. 21 March 2005 WO 01/ 64255 PCT/ US01/ 06318 -14- The
cells pretreated with these agents do not accunul ate dyes in the

m tochondria and the mtochondria of the pre-stained cells release the dye
upon post- iwcealkmeat with these agents. Exanpl e 4 Ti ssuepExfgdiagiis of
Squanous Carci nomas Fresh explants of resected epithelial carcinoms are
anal yzed for marking agent uptake and retention. After resection, the
carci nomas are mcrodi ssected from surrggnding tissue, cut into 3 nm
sections and mai ntained as explant tissue cultures at 37C. These explants
are then incubat edrivé tdelflhepyet iecaitedagenh Stinauk thentexds acdted for
guantitation of the agent. Oral carcinoma (SqCHN) have rapid uptake and
prol onged r et eAFFERIIGILe HE¥se &pyeihes mithehagdnis andatthet witgghanglréased from
the cells after out_one_ hour  of cult'hvati on in agent-free nmedi um

However, the aﬁgﬁ € PFe SFEIRed i itgs CE CARR NI &YE PP R i heubat ed i n

medi um t hat dogs. NQfeiORL RN REM AN factors, fetal calf serumand other
medi um addi tives. The agents are al'so released faster when the cells are
grown in adverse

Example 4

Tissue Explants of Squamcus 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.



conditions such as | ower tenperatures. 21 March 2005 WO OZ2A 446K 2005

PCT/ US01/ 06318 -15- Exanple 5 Tissue Explants of Normal Epithelial Cells
Cells obtained surgically fromnormal areas of the oral epitheliumare
cultivated as normal epithelial cultures. These cultures are then

i ncubat ed wwiohiikdres mar ki ng agents for analysis of the agentswuptake and
retention. Unlike the carcinoma cells, nornmal epithelial cells quickly

rel ease the agents fromtheir mtochondria and fromthe cell nmuch nore

qui ckly. By 10-15 minutes, nost of the_ggent is released fromthe

m tochondri a. Exanple 6 Marking Agent- Chenot herapeutic Accent Adducts In
place of the agents of Exanples 1-5, Exhspléos| owi ng adducts of cationic

m t ochondri a) marking agents and varlous known chenotherapeutlc agents are
enpl oyed, with subst afissue \Exp of doumad Epgithelialhfellshe cancer cel
kill rate and selectivity of the chenDtherapeutlc agent are substantially
i nproved. Marking Agent Chenot herapeutic Agent toluidine blue O

met hot r exat e

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
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 éelectivity of the

chemotherapeutic agent are substantially improved.

Marking Agent Chemotherapeutic Agent
toluidine blue O methotrexate

rhodamine 123 ' nitrogen mustard



rhodam ne 123 nitrogen nustard 21 March 2005 WO 01/ 64255 -2l@MarEx20@i e 7
Adj uvant Conpositions PCT/US01106318 The fol |l ow ng conbi nati ons of known
cancer c. henot heraputants with mtochondrial marking agents exhibit

synergistic or at |

east additive cancer cell killing effects:

Chenot her ansug @sizs€at i oni ¢ Marki n Agent taxol tol uidine kpbu@sooaxet ere
azure A vincristin alcian blue Selective Therapeutic Effects In the

fol |l ow ng exanpl es,

a toluidine blue drug substance is prepared in

accordance with -the manufacturing proceggres disclose in the U S. Patent
6, 086, 852, issued to Burkett on July 11, 2000. Conponents of the drug

subst ance are then

fractionated and Deswiated by sem -preparative HPLC

yielding the analogs identified in the '852 patent as represented by
Peaks 5, 6, 7 and 8. The conpoufdiuvand Lomppsgtionsmeaks 7 and 8 are

t ol ui di ne bl ue regi

oi soners, having the ring nethyl group in the -2

position (peak 8) and the -4

The following combinations of known cancer

chemotheraputants with mitochondrial marking agents

exhibit synergistic or at least additive cancer cell

killi

ng effects:

Chemotherapeutant Cationic Marking Agent
taxol toluidine blue
taxotere azure A

vincristin alcian blue

subst

mapnuf

6,086

Selective Therapeutic Effects

In the following examples, a toluidine blue drug
ance 1s prepared in accordance with the
acturing procedures disclose in the U.S. Patent

+852, issued to Burkett on July 11, 2000.

Components of the drug substance are then fractionated

and s
analo
Peaks
7 and

methy

eparated by semi-preparative HPLC, yielding the

gs identified in the ‘852 patent as represented by
5, 6, 7 and 8. The compounds represented by peaks
8 are toluidine blue regicisomers, having the ring

1l group in the -2 position (peak 8) and the -4

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



position.(peak 7). The conpound represented by peak 5 is 21 MéckR02D05 WO
01/ 64255 PCTI USO1106318 -17- the N-denethyl ated derivative of peak 7 and

t he conpound represented by peak 6 is the N-denethyl ated derivative of
peak 8. Exanple 8 The conpounds represented by peaks 5, 6, 7 and 8,

"~ obt ai ned dumiogsidae fractionation of the tol uidine bluep@rissssanal yzed
for their selective toxicity towards |iving oral carcinoma cells (SqCHN)
conpared to living nornmal oral epithelial cells. Separate cultures of
squanous carcinonma cells and normal epitfyelial cells are incubated with
the different dye fractions and then washed with dye-free nedium The
cell s are thenthee N-idecebhy battéd dprdwk hiwve diilmpeand70bsérvted comebuad peri od of
8 days to determne the extent of cell killing. The conpound of peak 6
resul ts in 95%sRHESeAESEhLHIPAET & ASnbbhe dbideyetiyhphrd e vaniyeadbut 20%

killing of nor@% 8ceIIs. The conpound of peak 8 shows 89% cel |l death of
carci noma cel I8 ereas it only causes about 20%killing of normal cells.

Thus, the selective retention of the conpounds of peaks 6 and 8 is
selectively toxic towards carcinoma cells. The selective introduction into
the mtochondria of _ Example 8

The compounds represented by peaks 5, 6, 7 and
8, obtained during the fractionation of the toluidine
blue O, are analyzed for their selective toxicity towards
living oral carcinoma cells (SqCHN) compared to living
normal cral epithelial cells. Separate cultures of
squamous 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



cationic.dyes |leads to disruption of the mtochondrial -el2d¢ddarcie2D05
potential which is the source of cellular 21 March 2005 WO 01/ 64255

PCT/ US01/ 06318 -18- energy and the driving force of ATP (adenosi ne

tri phosphate) production of the cells. The ability of carcinoma cells to
di vi de rapi Wopiamdst o met astasi ze is dependent upon therawesdiabiki ty of
this higher energy source. However, effects on electric charge do not
appear to be the only nechani sminvol ved, because the conpounds
represented by peak 5 and peak 7 also atg.cationic dyes and yet they do
not exhibit the sane selective toxicity towards carcinonmas that Peak 6 and
Peak 8 denonsteratrgry afHushe tdwelvdanpbonds «of ATeakadénasihe3 appear to have
ot her nolecular properties that lead to their selective toxicity towards

carcinoma cel |'s5i0ERgRPRECD FRduCKépApRiitthe ceddact eFdstakidisy phie conpounds

of peaks 6 and 8 are. det nlne by further in-vitfro tests, , conducted in
the manner of ERATPLE ?ng %ﬂhé?e T4 yéfnngBaT%ﬁﬁﬁ5%5158IF§ and

nor mal epi t helde@:’en@%hkzsupoﬂ_k@lé %%Eh]@gbpfﬂw o it L ULEo Qﬂ%éaguam)us

carci nomas of the head and neck, esophagus, |ung, cervix an as
source.

However, effects on electric charge do not appear to
be the only mechanism inveolved, because the compounds
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

The therapeutic characteristics of the compounds of
peaks 6 and 8 are determined by further in-vitro tests,
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 tumor-bearing animals, including head and neck and



wel | as other types of cancers, including adenocarcinonag! MamipR8dtas and
sarcomas. In-vivo "delay of tunor growth" and "tunor regression assay"”
tests using tunor-bearing aninmals, including head and neck and 21 March
2005 WO 01/64255 PCTI USOL/ 06318 -19- lung carcinonmas inplanted in Bal b-C
m ce, are nadaiieess anal yze the in-vivo therapeutic benef ptrafoiobmse
conpounds. These further in vitro and in-vivo tests confirmthe sel ective
toxicity of the conpounds of peaks 6 and 8 to the wider variety of cancer
cell types. Having described the inventign in such manner as to enable
those skilled in the art to understand and practice it and, having
identified thelypresantiyomps efgrlaad eanbodamircsmi befy enfe MAReCEAl M 21 March
2005 -20 1. Use of a cationic supravital mtochondrial marking agent
havi ng a nol ecinadyafeithht Lofviia dlWwesepeutior ienefhhnof tigiadedi ne bl ue 0 and

rhodam ne 123, for t uf act of a conposition for detection of
cancerous epi t HEROKR Eeragh éﬁﬁihﬁ§el6fv FrCatPBni BB HASEAN

i t ochondr i al cmrlk_-&nngh@g@ﬁe&awen@o gyeepl horBofbbuls BY 8LaR000. for

t he manufacture of a nedicine for cancer
6 and 8 to the wider varlety of cancer cell types.

Having described the invention in such manner as to
enable those skilled in the art to understand and
practice it and, having identified the presently

preferred embodiments thereof, WE CLAIM:



cells. 3. The use of a cationic supravital mtochondrial 2hddccm8d0Ggent

havi ng a nol ecul ar wei ght of bel ow 5000, excluding rhodam ne 123, and a
cancer chenot herapeutic drug for the nmanufacture of a medicine for killing
cancer cells. 4. The use of a cationic supravital mtochondrial marking
agent having a nol ecul ar wei ght of bel ow 5000, excluding rhodam ne 123,
and a cancer chenot herapeutic drug fe20+t¢he manufacture of paired cancer
chenot herapeutic drugs, in which the nmarking agent is delivered to
epithelial cancer cells in conmbination with another cancer

chenot her apeutic dr[ﬂ@emﬁta sedlebenie| %/umamstaﬂan@elroqimncsrﬂwl a:nan:é@h@m sm

differen chanj which the cells. 5. The
use acco‘%'1 %ﬁgn}%%yh%é}eone 0 f m‘%ejlr}f% 04f V\’/ﬁdi t e dilt(;}‘ﬁ
supr avi tabloidoehantie ab amd kingdagend 153, seleced dayramgde afmel ecul ar
structure that. does not hinder attraction of the positive charge of the
mar ki ng SGBRES LbPleciite BHCEHEL Hegat | SRR e SRINF e 4 tHdndr i al
menbranes. 21 March 2005 -21 6. The use according to any one of clains 1 to
4, in which the cationic supravital mtochondrial marking agent is .
selected to pfovidelze mdecuf e s riuet i esuthatv iperlnintistddieondreiri ng agent
to bind %Qrﬁiﬁ&ec'éﬁg ﬁ%&fﬁérhtéﬁﬁégﬁf§¥“¥5¥§§% of below 5000, for

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
”ﬁér the manufacture of paired cancer chemotherapeutic drugs,

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

drug 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.




7. The use according to any one of clains 1 to 4, in whi & Mdreh2883 onic
supravital mtochondrial marking agent is selected to provide a structure
that will intercalate into or stack along the mtochondrial DNA 8. The
use according to any one of clainms 1 to 4, in which the cationic
supravital mtochondrial marking agent is selected to provide a nol ecul ar
structure that affects the agents' re#luetion potential to permt it to
change to the wuncharged |euco formprior to, during, or after entry into
the mtochondria. 9. The use according to any one of clains 1 to 4, in

whi ch the cationic supravital mtochondrial marking. agent is selected to

provi de a nol gcul a tructure taat i |1 _deprotonate at physi ol pgi cal pH

10. The use agéord?Hé P%gaﬁﬁc het ?m%?a?%¥ 1"t o° ,C}%lm§h¥c$9t e Cationic

supr avi t ghight ehbosdtiahiaaskp gy agentmheschend®fa P WirRidy 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 prier 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,



