METHOD AND SYSTEM FOR DETECTI NG ELECTROPHYSI OLOG CAL
CHANGES | N PRE- CANCEROUS AND CANCERQUS Tl SSUE AND
WEBRNTIEIsBM CROSS REFERENCE [ 0001] The pr esent PCT/US2006/046570

application clains the benefit of United States

Provi sional Application No. 60/742,830 fil ed Decenber

6 , 2005, the disclosure of which is

her ebyi ncor porat ed herein by reference. BACKGROUND OF

THE |1 NVENTI ON [ 0002] The present invention relates
generally to the detection of abnormal or cancerous
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[0003] ~Cancer is a leéding cause of death in both men and
women in the Uhited States. Difficulty in detecting abnormal:
pre—éanceréus Or Ccancerous tissue before treatment options
become non*viableJis one of the reasons for the high mortality
rate. Detecting of the presence of abnormal 6r cancerous
tissues is difficult, in part, Dbecause such tissues are
largely located ' deep within the body,l thus reqﬁiring
expensive, complex, invasive, and/or uncomfortable procedures.
For this reason, the use of detection’ procedures is often
restricted until a patient is experiencing symbtoms related to
the abnormal tissue. ‘Many forms of cancers or tumors,
however, require extended periods of  time 'to attain a

detectable gize (and thus to produce significant symptoms or



detectabl e size (and thus to produce significant
synptons orsigns in the patient) . It is often too

wo ads/0bB2 ef f ecti ve treatnent by the tine the Ber/esitiogmes7o
is performed with currently avail abl e di agnostic
nodalities. [0004] Breast cancer is the nbst common
mal i gnancy affecting wonen in the Western Worl d. The
reduction in nortality for this comon di sease depends
on early detection. The nmainstay of early detection
are X-ray mammography and clinical breast exam nation.
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-diagnosis. Moreover, biopsies may be negative for malignancy
in up to 80% of patients. |

[0006] Accordingly,. mammography and clinical breast
examiﬁatioﬁ have relatively poor specificity in diagnosing
breaét cancer. Therefore many positive.mammoéraphic findings
or lesions detected on clinical breast examination ultimately
prove to be false positives resulting in physical and -
emotional 'trauma for patients. Improved methods and
“technologies to identify patients who need to undergo biopsy
would reduce healthcare costs and avoid unnecessary diagnostic
biopsies. ' ‘ . '

t0007] Other technologies have . beeﬁ introduced in an
attempt to improve on the diagnostic accuracy attainable with
mammography and clinical breast examination alone. | Breast

ultrasound is helpful in distinguishing between cystic or



ul trasound is hel pful in distinguishing between cystic

orsolid breast |esions and may be useful in guiding
woeadloe7éez open bi opsi es. However, such techni BOESSEN&046570

unabl e to determ ne whether a solid mass, or

calcifications are benign or malignant. Magnetic

resonance i magi ng has been introduced in an attenpt to

i nprove on the accuracy of manmography. Its high cost

and | ow specificity Iimt its general applicability

for diagnosing and screening for breast cancer.
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not di scuss_either an increase or decrease-in. ,
as W?ﬁbeﬂﬁnﬁ €a8L&GSfted with abnormal cells,. nor does it

[000SPeci f baal It casiassmeunpE. Eekd FeaI{lQﬁl@été'be:Lon of cancerous
dlsadvantage of this and S|Q%Iar gstens i's % ﬁ 1
and PECSCERGSTOHS pFOFERE L TFIIFR BFREHEEM gt electrical

impe@8n&kderethi Msyieanmen sxld gnaneiresxdanaloOp mnsan Patent No.
epithelium (the cell. Iayer that_lines a hollow organ,
-3, 94gu8ﬁ6asqyﬁglﬁﬁﬁs ow-level electric currdnt’ passed

through tissue, with a measurement of the voltage drop across
the tissue providing an indirect indication of the overall
tissue 'impedance. This method teaches that a change in-
impedance 1of' the tissue is associated with an abnormal
condition of the cells comp051ng the tissue, 'indicating a
tumor, carcinoma, or other abnormal biological condition.
This disclosure, however, does not discuss either an increase
or decrease in impedance associated with abnormal cells, nor
does it speCifically address tumor cells.

[0010]. ' The disadvantage of this and similar Systems is that
the DC -electrical properties of the epithelium are not
“considered. -Most common.malignancies develop in an epithelium
(the cell layer that lines a hollow organ,'such‘as'the bowel,

or ductal’ structures such as the breast or prostate), . that



or ductal structures such as the breast or prostate)

thatmai ntains a transepithelial electropotenti al
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its transepithelial potential, particularly when

conpared to epitheliumsone distance away fromthe

devel opi ng mal i gnancy. The conbi nati on of

transepithelial electropotential neasurenments with

I npedance are nore accurate in di agnosing

pre-cancerous and cancerous conditions. [0011] Another
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is  ghaFact&d stfERIGFEHe FAPEFanCES prBPFl e Iﬁ%%tlon Certain .
infoaRAE fehehisstdmsa ined udBotibe dlalay dBcbhaingspenseh®f range of
tissue to a_change in the applied electric field. _ For ,
frequenepPe, &F1&GHS%d AC %fFEE?nFeSlﬁrt%qq%?%n Feds  may Dbe
asso&Dapge anressatheetiscue il | obe rlelavieth«l aspects, of
phase shifted, because of the_inpedance
the éhﬁﬁ&@taw%ﬁ?cszF el ef - Pel De&ti-orPpgical Properties
of TULSRQY:S] Oﬂoﬁé@ﬁa%@a‘d%nlfé pletBe tdESUE ¥ArR. Foster, H.P.
———according to the frequency of t he applled si gnal.. :
SChW%@OlZP%ﬁ1¢QﬁE#Cfréé@é@?%&?ssu@ﬁ ad 1SEeS hatP@bofti ological

.mateﬂ‘?QlE‘Z D1 theisgicaldefled; dcSR]Y SiREy ! ABI®med. Eng., 1989,
alterations i n ion transport alnd Cnarge accunul at1 ons

17(1nt |3PgdOdel | nEfbrafsalpiler f atesPdom ndrequgpcies such as
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response of a tissue to a change in the applied electric

field. For example, an applied AC current results in,V91tage
changé, across the tissue which will . be ' delayed or ﬁhase
shifted, becéuse of the impedance qharacteristics ‘of the
tissue. ' Relakation and :dispersion chérac;eristics‘ of the
‘tissue vary according to the freguency of the applied sigmal.

. [0012]1 . At lower frequencies, such as 1less than about
100 Hz, or the so called ardispersion range,:alteratigns in
ion traﬁsportjand.charge éccumulations.aﬁ large ‘cell membrane
interfaces dominéte the relaxation characteristics of the’
impedance profile. In the-frequency'randé between a . few kHz

and about 1 MHz, or the so-called p-dispersion range, cell



epithelial inpedance profile. Wthin this range at |ow

kHz frequencies, nost of the applied current passes
whedmmets3t he cel s through the paracel |l ul ar paptwag20@6/046570

tight junctions. At higher frequencies in the

b- di spersion range the current can penetrate the cel

menbr ane and therefore passes both between and through

the cells, and the current density will depend on the

conposition and vol une of the cytoplasm and cel

nucl eus. Characteristic alterations occur in the ion

transport of n epﬁ&Pel dur.i.n brocess. of .
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epitlkdaiatct Gfmp:‘ddal'&:@f ptdmele,mthelwmmrreasmed Bdnge at low kHz
- frequencies int di spersj on ran Later int
freq‘ﬁ%‘[lgbﬁﬁnt cess, &‘?u@&?}?z‘aﬂ ‘gl FEF%ﬁ%spﬁF?ﬁsod%%?‘ﬁﬁen the
cell8f ttrh:%ddl'ghttrﬂeunﬁétaﬁélaﬁhdad:eréaIiWBg r@sasteinge: oOfunctions.

' the paracel | ul ar pathways, together with changes.in
at mu@éla;onpusguremlm ol ke of- ﬂhép@asuoeyt ophesm @il current
. can §H§ égi deasilf ed - d hiSre passes ‘both
_ sperS|on range Anot her. di sadvantage wt
. betwehn aetmi/ethebeghncte’tdesyualdm,l sanﬂatthdwecugp@gntapchqn@ity will

depef:’x‘c"lt gr e%hien'p Cseléisorgo%)f'xgx@@l%% o%y épé’dc!: %:ﬂgsm and cell

nmeasuring € rod erently the epit he can ,
nucleuebed toCUaféeltermsd:apI hsalTheadéptis thgtcus rreasureue ion

by t rface_e t 0 t f e
tranﬁ¥gf\§ﬁceyb§t vvegﬁl%%‘ %ﬁ%?:t F% g%%r Eérggférécg%ct%%dmallgnant
tranbﬁﬁrmaaﬁbmmdﬂfamasﬂgeuHaaim@mdamce @haﬂupuﬂuhgtymmgof the

epitheliumto a_depth of approxi mtel 500 crons., It -
eplth§1&H$wW93%Hr%§ | EXSFHEDTIRS t hic s lﬁBﬁEFlon range.

Late®Pi fdekindm hactgases aprbbesedgesofuardeyel opi fard ti®his with'
to 1356 208m conpared with 716 112m i n normal bowel .

openpng |@f sthe efight. PHIGEIFRS of Tt ofPFEFAEITE cRaRyBEance of

the 'Ba%)b%tﬁﬁ%derﬁ&eh&abgm C. g zqmﬁéhhl shahe@¥ in the.
and cell cycle nmarker expression. Pathol ._ Oncol Res

compegggion 43nd 299l8ws. TH) c‘R]éﬁl et (heertse and nucleus,
affeSQ'EE%'&%'éHB J@ £e&s §8e Erlng S% &H“?éﬂg

car ci nome ve ops. y conp & Measured.
[001Bnpedamm©tmenmeedlehévanma@&espaneu am@KDX|ahDeEy Zefrenced

'system Eartthaantd %% at%%o\@rlaphy of altered impedance is not
'examz.ned. By spac;ing the measuring electrodes differently the
epitheiium‘can.be probed to different depths. The'dep;h that
.is, meaéured by‘. two surface electrpdes .is approximétely half
the distance between the electrodes;' The‘reforev electrodes 1mm

apart will measure the impedance of the 'imderlyin'g“ epivt:helium

S of % "éac‘ilr g rac gahcsics of the

to a depth of approximately 500 microns. It is known, for

example, that the thickness of bowel épithelium increases ‘at
the edge of a developiné fumor.to 1356 £ 2081 compared with
716 * 112u in  normal bowel. D. Kristt, et‘al. pPatterns of
proliférative changes in crypts bordering colonic tumoréf
zonal histol_ogy aﬁd cell cycle marker express‘ion.‘ Pathol.

Oncol. Res 1999; 5(4): 297-303. . Thickening of ‘the ductal

epithelium of the breast is also observed as ductal: carcinoma



the i npedance of el ectrodes spaced approximtely 1.4
mm apart, information about the deeper and thickened
wepiazheisszm nay be obtai ned. See, for exanpl e, PCT/US2006/046570
Entestam & S . Olmar. Electrical inpedance index in
human skin: nmeasurenments after occlusion, in 5
anatomcal regions and in mld irritant contact
dermatitis. Contact Dermatitis 1993; 28(2): 104-108.
[ 0014] Anot her di sadvantage of the above referenced
met hods is that they do not probe the specific
in-si€Qndsid e Pat heaysoinpairiage tild eneslsduedngmpledance between
- mal_i gnant process . For _exanpl ot assi um cgnductance. _ ...
electrodeRd RRAF T THRTGHHPAEE L dp i MR fOTE T haogoFSRPated with
‘the -i8®ddaride the aBLLERBAESPERERSR dHpisSkhgatkbot nodesm apart,
. spaced less than 1 mmapart wth varying . . ”b ,
.lnforwéﬁéﬂﬂr%@PBHSQﬁeFﬁﬁ%@@FuﬁqﬁﬂBPFHEePﬁ% ﬁﬁ%ﬁﬂﬁhﬁwm may o€
obtaif@yduct anggs andsger maabidoitey, My, b emeskiBRt ed i 5.t heollmar:
surface eplthelluq1at a depth from|less than-500mto :
Electuticadur {mpedapgel 3dex uhb e RUFRIN ik ity as P SURSER e after
occl'dtgﬁ%gi,ng Lechai ques. bayeabeepcdevelsopethd N A0 abteiPtirritant
e 0 di‘agnose breast .cancer. Electrical inpedance ]
contagmulpaphyi t£5 T) $ensactnpedandd Sitaditye t ethh? h'ue104—108. .
roo1aiat eploys adh@E%@aﬂHgB@ S ehechpedes fIRGRAAM methods
. the body surface. The inpedance neasurenents obtained -
is théteadtteel dct rods @eohdethsr oepssadilsy aorduphiEe tRpthways
that 96PE" 34€ 35 daquﬁﬁlr:;om:ﬁxle HPaBi GhABRSiIANAess. For example, .
reconstructed tonographic 1 mage of. the inpedance and _
potasstisimli sondbgteose g wvedecdindmsi Ure. STRESCEp Sitvddiplium of
. relies _qQna.th [ r I cqﬂgy Lyit nd. ;
the ?é%%%iggf%gbgfge%%gdﬁ??§§gﬁ%ttissdgé%§be§ygﬁ%mfg i%%éctrOdes
spaceah Oaisa athabsilimn @mhitmgs tlecyastiie | gancentrations of
' al gorit i C e _difti t ' injcalky ‘74
pocaghiify] SHRE RGNy B B T s SRR aRp By e pérmeability
may beurgstimatéedi ngn notle, sumfrch anpl ilesl Bumordt aat dxpth from-
current between two or. nore current-passing ' :

less dihast r HORK, tAnB Re G EESES-he vol tage dr opbet ween ot her

100150l t agg- sensinperel e odesopnihkashedy suldpedance imaging
Anot her approach is to use a "voltage-driving .
techrw%%cr{lavevwfkp%ﬁn developed 1in n attempt to diagnose

breast  cancer. Electrical impedance tomography (EI.'I‘)" is an
impedance imagirg technique that employs ‘a large number of
electrodes placed on the body surface. ~ The imp'ecliance
measurements obtained at each electrod.e'are‘ then processed by
a  computer tb? generate a :2 dimensional or 3 dimensional
rleconstfucted Itomograpll"n'.c - image of the impedance‘ and Iits'
distribution 1n 2 or 3 dimensions. This approach relies on
-the ,diffefenées in conductivity @ and impedivity between
different tissue types " and relies on data .acquisition and

image reconstruction algoriti'uns which a:é difficult to apply

- clinically.

foole] The. majority of EIT systems empioy “current-driving -
mode, ” which applies a constant AC current between two or more’

current-passing electrodes, and measures -the voltage drop



applies a constant AC voltage between two or nore
current passi ng el ectrodes, and then neasures the
W@ roo7erte3Aat ot her current-sensing el ectrodes. BUT/USZB6046570
systens vary in the el ectrode configuration, current
or voltage excitation node, the excitation signa
pattern, and AC frequency range enpl oyed. [0017]
Anot her di sadvantage with using EIT to di agnose breast
cancer is the inhonogeneity of breast tissue. The
i mge reconstruction assumes that current passes
' .betwe%%”"c%ﬁ{‘&?“%itﬁpr Lough, £ihey béFéé{:rE)Héﬁu%ﬁ/‘htﬁE bddy surface.
rven the varying electrical properties of

Anotheixrf fa@‘zen'ﬁadlypes 0b tisss@e ‘conbrasengrivéngr é@proggh, ' which
addi ti-on

appll@?lcﬁlé?ﬁgﬁ? B %pn%%? éjdls? Eﬂs1ﬂﬁ9ncﬁhemore currept—.

e VO utlon on the surface
passiofg t Bt ebreasies, r oand kmm ummmnes dilst r icurtrient (elge other

'. so cal |l ed for m then esti n
xS, SRR TRE o | hPA e SR oaly ol {4V in cne

.'elecﬂﬁ&&yrednfebhagelmnnrcbntenm mmasmamtagahexanta¢eon mode,
. el ectrodes (the inverse obl em t|o

the Yot FEhAE ar €% enﬁ‘{%tﬁg’e'd oﬁng i ni réncy

empldiRdel i ng using Poisson's equation and mnth assunptlons

W th regard to quasistatic con ons,. bec th
mo”ﬂow f IRRRIENRT esTUEBAVRR CAEST E’il'Fﬁ”syslige]lﬂsg a%%§8] o h‘g%agnose
breadiit eBinserSUER ashd). Snifahesendlasy. &f 95h, &8t artdLssue The

5, 099844, disclose that surface el ectro otent 1
maca AP AR ERIS L Ha BEUBE G B aGHEEe b aRARE S PP eous 1Y

throdBaSHhe MBS s thaweySle ahectl fifd C&Jﬂlllk@lynbﬁwmttlﬁmdvarylng
use in di.agnosis. For exanple, the above reference

d
elecHri/tt | BROPEFEREs & aftt of SBFHeastr Thyofol fiiihe comprising.
the Whddgrences Gdidifiarantindge bebmglﬁr@mﬂceglmp@rﬁdg hepon the
' breast and anat her_and then conparing themwt .

- caloweaiiprnefit $hen TPkt 3PBoSi S HRRYSOT (FRNG ﬁ%“ﬁ?ece of the

vbreaé@asﬂircﬁxq %UrkﬁB%npoﬁﬁB@d@nJQYdﬁ%t&@}:ﬁiﬁ%ﬁ0 (the so called
differences in the inpedance characteristics

forwakovePFPhEMEki n. 2PRi s fAQT | s SPIRRBY thElt‘ﬁbovémpedance

dlstfﬁf)@tr_ﬁgﬁedw@eglﬁ' Michar ey OrEE'OIﬁ esgthé i NgehButed voltage
- di agnosti c accuracy of
~ distribution measured with surface electrodes (the inverse

range

problem). . Reconstruction algorithms are freqd_entl_y based on
finite . element modeling using Poisson’s equation and “with
"aésumptions'with regard to quasistatic conditions, because of-

the low frequéncies' used in most EIT systems.

[0018] Other patents, such as U.S. Patent Nos. 4,955,383
and 5,099844, disclose that surface electropotential
measurements may be used to diagnose rcancer. . Enmpirical

measurements, 'however',, are difficullt' to interprét and use-in .
dia‘gndsis. " For éxample, the above referenced inventions
diagnose ' cancer . " by . measuring {folﬁage differences
(differentials) between one region of the breast and another
“and then comparing them with measurements in the opposite -
breast. Changes in the measured surface poténtial may . be

related to differences in' the impedénce characteristics of the



72%or less. J . Cuzick et al . Electropotential

nmeasurenents as a new di agnostic nodality for breast
weamombie3tancet 199 8 ; 352(9125): 359-363; M pCHasp®b/046570

et al . Electropotential evaluation as a new techni que

for diagnosing breast lesions. Eur. J . Radiol. 1997;

24 (1): 33-38. Neither AC inpedance, or surface DC

nmeasur enent approaches, neasure the transepitheli al

breast DC potential or AC inpedance characteristics of

the breast epithelium [0019] O her inventions that

Zover%fﬁag\sﬁfgsur%ﬂ¥g féHEhlés ﬁ%réﬁuﬁgtposy%gége ?%gerenced

have a | ower. accuracy an nme
and sionbl amt nmvemxftmsa,otsesuhtlngaw earediagaond tAC accuracy of

: dance ts th t 0 _neasure the
725 Gf DR TS R S Y ok e TR R R St yreasurements
. as aeﬁéﬁrhdhla@mosli}mtmbaallltjrpefdﬁnaermﬁnbagc@a S) et 1998;

kno lLectrical inmpedance mappi ng. (EIM ayoids the |
352(354p) 'atléﬁg gf“corrpﬁ[ex Fﬁﬁﬁgi e%gnsg?'uctl onEYQCtrOpOCentlal
eval et gketh Wakhr EiJchﬁi@Jabm r@f f5806dgSYRIBL lesions.

di agnoses cancer by onlf/ measuring decreased i npedance
Eur. céAddct Zfcedt and® ehafges Nat g A< afegedance, or

sur fQUEIDE ﬁéﬁ%ﬁ"rerdetntd%f@écﬂ@§$Uﬁ\éahkh%é'fa;rﬁ@r&’ranseplthellal ,
transepithelial _i npedance .characteristics of the

breasf eRSt . PTRERE Iale SEvAAal HRRIANGH CRATGREG i HGs of the
breasapng&p@gelmﬁccuram es may occur because of air
ubbl es . Underlying bones, costal cartil ages, nuscle:

wo“’a’nd skP R ARy Jrfé‘é%FP'fl@’ﬁshltd}?tcoﬁél?ct%ﬁcé“?%’d?%?f&en%l dHich as,

U.Ss. pﬁ@@é&@@ fal.se, @@% M0vES. aDBPt HaOb BEADE B chifacy than may
: limted to 3-3. cm vvhlchvmll result in false

be ppegableeswi bR Iaéspéﬁ‘?l’élﬁttlﬁ’él chEsDGaPPLeptial gpggsurements

and ”QE: poﬁﬁbeSnTc% | ogakigeehesians UshAg. t NiBsdPPLRadire the
[0020] Another. potential source of information for the

EranqRRghEbRAG! SHMOFREFCL] SHRPEE Lhe RBCHRERSHY oFpithelium.
Elecéf Poﬁhﬁgééﬂég' BenhAn i?@éyh@ﬂsﬁnkﬁghhmﬁsaélectrlcal

li.ne the surfaces o body and act as a
mpectmcre ermappisg| at BIMhe @'@qyfisonthﬁe bdumgtas iwmysi d ofNorcomplex

mag(gn' A_Le@%n%@ﬁkeé 14 cehls seiuad 0 Ll atgrd he bodie  apove
they also nodify the body S envi ronnment -
referenced system diagnoses cancer by only measurlng decreased

,1mpedance glncreased conductance) and changes in capacrtance
over a .cancer, It - does 'not measure the mammary
transepithelial.‘impedance characteristics oﬁ. the Dbreast.
There . are severai other 1limitations to this approach.
Inaccuracies may' occur because of air bubbles. - Underlying
Bones, costal cartilagés, muscle and skin may-resultiin high
‘conductancé‘regions, which produce false positives. Depth of
_measurement is limited to 3-3.5 cm, which will result in faise
negatives for lesions on the . chest wall. = It is also not
possmble to locallze 1es1ons using this approach

[0020] Another potential ' source. of information .for the'
 detection of abnormal tissue is the measurement of transport
alterations in the epithelium. Epithélial.'cells. 1ine -the

surfaces'of the body and act as 'a barrier toﬂisolate-the body



by transporting salts, nutrients, and water across the
cell barrier while maintaining their own cytoplasmc
w@psi7neTsdENt Within fairly narrow limts. One PET/ISZUINGDI6570
by which the epithelial |ayer w thstands the constant
battering is by continuous proliferation and
repl acenent of the barrier. This continued cell
proliferation may partly explain why nore than 80% of
cancers are of epithelial cell origin. Mreover, given
their special abilities to vectorially transport

from Eﬂlemb%%sfiqu%nvg&gjlp&i. tongBUt $iAS A MhLEenELSR, cétéls serve to’

appedrs 't sease process Involving altere _
insulgtewtine dzpdat i lont nhelawd sgs sl idhedtiehaRgey ' sp environment
' transport._propserties ' i [ | L droKNOWMle cell
by tﬁ%pcgﬂél%‘gdi%ﬁotné ‘of ngfgﬁﬁ%%t%%qu?ggcent fbr'o.bl asts | e U
barriegsukh$len mapntatelhgrenbeane aepolcartiorsisasomic Carvironment

... .memhrane depolarization,is an early ant . assogci-at.ed: h

withip ??a&EﬁV dRGFEPEn &wﬁglsari aP % T%%lg%{éag%yo%*-ovﬁlch £ne
. epithbadtar s lappear svibipdesndsi nthenecbnstances battassing  is by

' .division may_be stinulated w.tho pol ari zat.i.on.. :
contiguqus R HhECTRPLPRr PYSY iF6Y Jiasc%l%éee.n%q'gr(g#l ghésggci Ay TS
contitiudd Negli nplruti fant e i mdy upapelyi seoleimr why more than

repol ari zation has ocgcurred.. A though.the initli Na+ .
80% ofh{FaRCTHES ‘?E?uf’? it g”pe&Ja‘—?Ji z%?fgh,gr%ﬂ(le%i'nclrlvfé)argée?‘il\%’ grven
theirSoghadi sl aasROLt ideest Bo eceasd adrge thenspbktmedingrms from
has been repol arized, possibly duye to LK A e .
blood, k3 £t ?oﬁ?d&’ﬁé?gst‘ﬁﬁﬁse%’ allio LRI t%gg‘_?mtal oprsease
procddiat Naw dIanspor talisedbd er egksithng cedhlacionat imay  have
In-addition to altered Na+-transport, , K+z . 'aﬁgegia
associFtad JIRINYEs al ek 887 FRATg FEAHSPreTs ot atPom =+
[002110022] 1A nynikelowef tSiakli esehavdiidaranss f aseduhato quiescent
) proliferating cells are relatively depol ari zgﬁl V\:hfn ization
fibrolgmtied 1P Hhee Yhat® 2 quiTste MO 3on- i % ar A’ B
Cell Qlér{ﬂ?a?&ﬂé! ééb@%a‘r&z%%&QﬁiAgid§daw élbrlb'e e_@é{@ftg%ge@;mbéted with
~ speci fic ion channels . i tional, studies indica .
cell t itkviel P2 nenbr BRBOYBPOFE 24t i &F’cﬁ%ﬁﬁ% H26a 58 F tactors
appedtd €EAPHARS d NihORidnd | Ux8EanicRlsr dset | Wearl | af’résion may be
conposition and transport_nechani;sns that arg ‘
- stimgkaedat edvithout epolarization. - ell | membrane
depolarization is temporally associated with Na* inflgx} and
the influx persists after repolarization has occurredf
" Although the initial Na® influx may result in depolarization,’
the increase in sodium transport does not cease ohce the cell

membrane has been repolarized, possibly .due to Na ./K ATPase

pump activation. Other studies also support the notion that . -
Na' transport is altered during cell'activation.,.In.additiOn
to altered Né*—transport,' K*—,' and Cl -transport is altered

during cell proliferation.

[0022] 'A  nhumber of studies have .c.ienllonstra_.teé.l that
proliferating cells are ‘relatively depolarized when compared
to those that are quiescent or non-dividing. Difféfentiation
is associated with the expreséion of specific'ion channels.

Additional studies indicate that cell membrane depolarization



with cell proliferation. [0023] Intracellular Ca2+
(Ca2+i ) and pH (pH ) are increased by mtogen
wacedo7watsspn. Cell proliferation nay be initiatPdI/us2006/046570
followi ng the activation of phosphatidylinositol which
rel eases two second nessengers, 1 ,2-diacylglycerol
and inosotol-1 ,4 ,5-triphosphate, which triggers Ca2+
| release frominternal stores. Ca2+ and PHL nmay then
alter the gating of various ion channels in the cell
menbr ane, which are responsible for maintaining the
.occurVO|15§<?£ $£ e cellb arabrane; , Thergfor £; yiher e :L'rﬁ:fét‘@ellular
for interaction betvveen other rntracellular
1on1mes_cm&mw@,omoanﬁr arspemottechreeihanbsmanghed] lare associated
‘ rane_.po Mbst st udi es have been perf.ornmed
with | lﬂ%‘?]o %%xaéléi‘é “¢ultured cells and not | g i nt act
[0023gpi t heﬂntarajcuelnglhhe Ct%vel(@@?feht agfd cpi C €pH; ) 0G24 imcreased :

f t L
by m}gpg?{lv\g@tﬁ\r@g?gﬁ zed f)ln'za? e%P\?mg%ﬁgﬁéﬁ% %gz}ﬁsbﬁo ln%ﬂtlawd
folldwelds. . Ithdas dwreinstiggest edf t hatharshat hédltebbitol  which

nenbr ane depol dari zation results in ¢ uous IIuIa
releaRial | { Wt | oRSCRIE nACIRRIETRRL ¢ DT OFREFFahveardl  and

inosd@sult 54 A5- er CORGEHHAREE Qvfﬁi@]nlsh:ailrge_;ia:ctepola%ﬁll zatliemse from .
and a failure of_ the cell tore alalze f.ter

L1
intexfiat spERTEED. . e Ur2AURT | 5‘8 “$e EE gating of .

varid@shanbam dnswaans MmMikoti €neonicenll arndembeageneswmldh are
. Theor. Biol. 1971; 30 1% 151-181; CD. g%se 11 CI\/lm
respEpHR1 ¢ ndaet MR iR Shen it RS nthr e+ memorane.

Ther&Edtd Al L VOUS] SYStiea kb’oﬁélﬁtﬂanedfdﬁp0iﬁtétﬁttﬁibn between
: Sci ence 1976; 192%4235% 155-158; CD. Cone q-
othe® olBLEACER U@ JRESEF @?F?calloﬂ aﬁEﬁBﬁBPﬁﬁe “beocflé?ﬁ“r%rps’ an

cell'lﬂelﬂﬁfgﬁe L R d gnant vist-0gaNesi &s - hAke. YéenY performed in
Acad. Sci . 1974; 238: 420- 435. A nunber of studies

tranggeenednind r srdd iRt Gl SrefBfanelepdt alfFaGonspithelia

Quriffothe QNG ptiedits gy gy and car ci nogenesis: Ot her
udi es have denonstrated that a si ngl eras- pvutation

[0024hy rekll twah ACsFediPsn $7BAsPdMe akfateefpncer cells are

relatlvely depolarlzed compared with non- transformed cells.
It. has been - suggested that sustalned cell membrane
depolarization results in continuous cellular prollferatlon,-
and that malignant transformation results as a consequence of
sustained depolarization aild a failure of . the cel_l to’
repolarize after cell division. C.D. Cone Jr., Unified t:llz‘e‘ory
on.- the basie mechanism of normal mitotic <control and

on'cogene'sis. J Theor. Biol. 1971; 30(1l): 151—181; C.D. Cone

Jr., C.M. Cone. Induction of mitosis in mature neurons in
_central nervous system by sustained depolarization. Science
1976; 192(4235): 155-158; C.D. Cone, Jr. The role of the

surface electrical transmembrane. potent’ia'l in normal and

malignant mitogenesis. Ann. N.Y. Acad. Sci. 1974; 238: 420-

' 435. A number of studies have demonstrated that cell membrane
depolarization’' occurs = during transformation = and

carcinogenesis. Other studies have demonstrated that a single
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menbr ane depol arization. Y . Huang, S .G . Rane,
Si ngl e channel study of a Ca (2+) -activated K+
WG noo7ertc3associ ated with ras induced cell PCT/US2006/046570
transformation. J . Physiol. 1993; 461: 601-618. For
exanple, there is a progressive depolarization o the
col onocyte cell nenbrane during 1,2 dinethyl hydrazine
(DWVH) - induced col on cancer in CFi mce. The VA
(api cal nmenbrane voltage) nmeasured with intracellul ar
m croel ectrodes in histologically "normal" col onic
: |theI|un1dep I ed.fro 9 to
ras-nifaritd R ERRE L A bet ey Mool Sorefofy, ana celd
membraeeksd@bolaehzgendn . They ceHhamenbrete. p&@eﬁtlﬁlngieichannel

stud)obgggc%glﬁr[ag{%e)re%%tg egl;re/g?lnl%gl %E%\%At n%sgxgialt% WAt h ras

indudadinkéi ¢ amtrby sdtepelariced av .- Eﬂaysllqsm/ (p99c3@ @%): | H01-618.
4 the sane cell line after _ras- trans
For BUEMEORT CHPETS nef ROURETSTRFESVEp: (HEPLE %éhl%n of the

: colorfBHf@é' )éellﬁl %@h]ﬂr&ﬁ@l raurdmigqcal,l2ul «atmeohlymhydra21ne (DMH) -
concentration wthi n a narrowr ange

- inducadc P cFBPFEHe Hhal s @%%@gestgh?ha\f“ céﬁ%e?acellinembrane

voltzd) bi e @S Mve tHOdi Ut patassilemrr at mxbsrblaatacaﬂr@des in

three to five tinmes greater than thase fo n t.he
histqlgELeaLhe (AR ICo N bPRPL b e Bbedryat Fateed from -

74.9 P:ﬁlvthizs exnl.a iy h&f@élﬁctsr healkgleppl armzatcleartmmﬂ:eram to -34
in malignant or prenalignant tissues cause of, the,
- mV by 4@ Ue?kR+°5rq€% %nts H@r&?iitm?ﬁﬁgﬁ %ﬁﬁﬁﬁ%ﬂglal in a
benidi®028limbA ad%éasﬂfl t epgehle 1MRIIDT 208l Uepotiaki zaMar,;10A) was’
and altered intracellular ionic activity, other

obsewstedi €s fve-Shown 4 hfd\f (mepa raySHE) aaaélcrv@eesmnlflcantlv“

el ectrqgenic d|u n ort ti.vat, .
depolpnl 2fecAtoge ? ﬁg ofz ers @u&?%g the t%Jlﬂgve oprren(fe:Ll line
afte@frﬁﬁLtbahb@brﬁ&ku@mamhhﬁsMdmeseAThaegkslMap)affect

or occur ,as a consequence of _altered |n acel .
[0025}n ¢ WBH&S&t?QﬂFW%&&%? ti BRTFB E¥H Wﬁﬁéﬁ% - their
intr&epol albzat kenswand o@iricﬂrﬁ:d:atnicﬁrac elithén ianinarrow range,

activity, other studies have shown that there naglge &hibit

| eleC’éPé%’f”éé%éoF’ﬁoéﬂee@F’ra&@fe?ﬁ% SYaPEREr or{aneer ©

cytoplasmic sodium/potassium ratios that are. three to five

times greater than those found in their ,non—transformed'
counterparts. These observations partly "explain the
electrircal , deb‘olarization observed in malignant.‘ ‘or .pre—"
malignant tissues,.because of the loss of_K*'or Na* gradients

across the cell membrane.

[0026] In addition to cell membrane‘ depolariiation, and '

altered 1ntracellu1ar 1on1c activity, other studles have shown

that there may be a decrease in electrogenic sodlum transport
and activation of non electrogenlc ‘transporters during the
development of epithelial malignancies. .These changes may
affect or occur as a consequence of aitered“‘intraoeilular

. ionic composition.
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and activation of non-electrogenic transporters during

t he devel opnent of epithelial malignancies. These
webangew3ray occur as a consequence of alteredpCT/US2006/046570

intracellular ionic conmposition. O her specific ion

transport alterations have been described in colon,

prostate, breast, uterine cervix, nelanom,

urot helium and pancreas during proliferation,

di fferentiati on, apoptosis, and carci nogenesis. [002 8

] Apoptosis or physiological cell death is

: downr egul at eq .durin the velo nt of an
100275 t 18nsBEAE TheEh %I q%r ?%Th%% and

| alterble .1'1'&“:‘&@%1@&@@"‘1onlﬂ@na%ﬂﬂlwdyd,e &Hﬂé‘rpeli:ﬂaablse have shown'
4 " cation channel s, caIC|un}aQt|vated chl orjde cg
that &Rene-TEY. DSt ParfkpBFease,) iia ol og R egent c . sodiim 'Stansport

Cand hB¥oL¥edemt ef Cadnt d1fdubodehide ﬁmﬁﬁéﬁé durlng the -

t anoxi-f eni nduced_apoptosis_in Hep2G human’
develn@p@rn@ol ait ofmitBeldalcanadi opercies 1999 Thea( 15hgnges maY
occurll 24235 A cdnseGUERBE €0 £t ahterRd i vahtopceh 121682+ ionic
rneagle cation channel by two different inducers of
compO@poqmqys-ls i PchehurRRe ¢ B¢ atlich chReBsPesly piRgrayions have

'been F’B&él:? bedlggg é&ioﬁpt pn}%stggel(ﬂbréasy uterine cerv:.x,
¢|eyra . aTva. Apoptosis and cell death

melanmmﬂmeleronhpﬂ@ynate @@@cepanmﬁﬂﬁshbéurﬂé§ 2&?ﬁlferatlonf
Aiff. ze(nsc)lat‘:]l?(jsn 1g§p BE ng El pllde’ca§c1lﬁog£1§é'gsis ‘Tunor

uprressi on roapoptotic Calci um Activated S
[0028Ch| or iAdleorChamhel Pr Mihwgioldieeli ugeld . dgagih is  down-.

regulcqi%Ht %ﬁl?zzggé"@eveﬁ%lrperﬁpség éQQ%%Janlc"}ss of.on transport

conmuri cat1on occurs durin
mecharairsamgogéfiesited EﬁlapQ§ﬂ¢338|nnm&uﬁﬁ|VEeaknﬁ1¢%an ca®’

non- s%&?lén b@éy\e%@tﬁ %ﬁh e WL ER LS cﬂ%%l%l &1 & PRR- Qeglvated

horecil e gap j uncti.ons, In .turn
chlodindéd uehees el ekect ersﬂ:l praperanssoot - epi tJhéI i aKim et al.

0030] . E | | t h -
'Invo%‘ﬁ?fg‘f‘]r”é pl}m%ac% cgﬁs%ll: I}ggllé?% o%%glﬁggldﬁwqis'tdfg bamosci fen
.mdué@die@pbpsdsfhssemd&m?@nhpm@nehepart@gmmteommecells Cancer
Lece B3 SCPLYL Ty kpIsROLt ohbachl e g, ol bELUEED oc L

Z===<¢ells am’' ¢ structures ten the
~ Actieptibel bfma- Tremengesbeenoaredent afannel by two different
- inducers of apopt:osis in a human prostatic cancer ‘céll“line.

J. Physiol. 1999; 517 (Pt. 1): 95-107; J.V. Tapia-Vieyra, J.

Mas-Qliva. Apoptosi's and cell death channels in prbState
cancer. . Arch Med. Res. 20017 2(3): - 175-185; R.C. Elble,
B.U. Pauli. Tumor Suprress1on by a Proapoptotic Calc.zum—

Actlvat:ed Chlorlde Channel in Mammary Epithelium. J. B;ol

Chem. 2001, ,27_6(44). 40510-40517. ‘

[0029]  TLoss of cell-to-cell communication occurs during
carcinogenesis. This results in defective electrical coupling
between'cells; which is medlated via .ions and small molecules '
through gap junctlons, which in turn 1nf1uences the electrlcal'
' properties of epithelia. ' _ .

[0030] Epithelial cells are bound together by tight

junci:io'ns, ‘which consist of cell-to-cell ad'hesionl molecules.
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substances, or |oosen allow ng substances to pass
between cells. Tight junctions consist of integral
woreetbnares2 pr ot ei ns, cl audins , occl udi ns and JAMEUS2006/046570
(junctional adhesion nolecules). Tight junctions wl|
open and close in response to intra and extracel |l ul ar
stimuli. [0031] A nunber of substances will open or
close tight junctions. The proinflamuatory agent
TGF- al pha, cytokines, |IGF and VEG- opens tight
junctions. Zonula occludens toxin, nitric oxide
: .dan and rbol est S e |
Thesq e e RPRER S ee PREAr e Tong iport of
moledukémdang(xbmsumedﬁéemtagdm&nsnén@naﬂdmnamsc structures

Var i ous, hor non s ch, ol actin c t
that Vaak at?]s%“?%ﬁul % ?Bé%ﬁl gﬁf'm] 'unet £ o gtgﬁg %% h‘%%g'g'ent ot
subs teisdanceasr addaskdr® HLwDRGUl Slibovanaet aso pass between. .
' non-speci fi,c tight junction nogulators |nmeﬁ¥r%ﬁ) ceins
cellsphi t BEERT aAH RSP Sy SIHUGYT uPE nitR T SEEGI 2 SFHE HidRr ot ns
. clau&ﬁﬂ@reBGQQu&ﬂmﬂEHE&SJQMQ(Mjﬁﬁétﬂ@ﬂaBChdmegmmiMm@lecules)
' |nd|rectly on the tight Junctlon pr.oteins, whic

- Tighty) JePER1ADA i khar EPRBg&TESi S OFG 1&m%°%f’§u&l n- 17ntra and

extrdde] PslaknNsbiRash . duqtal epitheliumduring the"
devel opnent of breast ccancer. The response . of the

[003%] ght furetlRs \of | SSREEBITRg ot heRRtt | é’ﬁanFlose tight

FunctSie, of thg eﬁk‘&ﬁ]ﬁ'ﬁ&ﬁ%@%ﬂ;}ﬂebbe‘h@ns’i‘GPuambha, ' cytokines,
proteins. As a result the ogenlng or cl osi ng of t@é&
IGF ppfctMEST PBOBF dciahtF byUPREIREF-gnafPPitdt T 4GRS toxin,

n:LtrJ.ecP' Etk%'dewﬁoxﬂ@@éﬂ alBel YMOPEOQV%'éﬂé%émERQBaMe\}%mﬁy open’
devel op in a background of disordered

tlgh@rojmmeﬁapnén andoﬁhﬁéYeﬁqﬁ%%ﬁﬁﬁﬁ?hé?%%?eloﬁlght junctions

inc1ddPRSPO alc%ﬂer ' ﬁfmﬁnté?bﬂglstg udihes ottharaashovel various
cancer ave nonstrated that transepithelial

hormaiepel asieht | 08 | Dradaskany fand urglefoepsticoids will also
 regu agew@hlegg%@hilgﬁﬁctgoﬂgsal cﬁ@ké@ stivdicesicddh®dded to drug

esions h ertransepi thel i al gotentlal but
formmheSEOheS|@ns wes e moR- ppefafignaft onk t AEnsskeTsefgeulators.

inc183if re[[t]_ g% ‘T‘ldorw a—&gé Ignélﬁé'lﬁehﬁ'ﬂhc pol yp, that
are usuall arize ectrical
[0032] The above referenced . substances and others may act

directly or indirectly on the tlght junctlon protelns, which
are altered during c¢carcinogenesis. For example‘clvaud:;.n—f is
‘lost in breast ductal epitheiium during the developfnent of"
breast caneef. The response of the tight jUnctibns varies
according to the malignant state of the’ 'e.pithe'li.um and their
constituent protelns As a result the opening. or closing of.

tight Jjunctions ls-affected by the mal.ignantustate of the

epithelium.

[0033] Polyps ox overtly mallgnant lesions may develop in a
background of dlsordered prollferatlon‘ cand - altered
tfansepithelial ion transport. Experimental -animal studies of

~large bowel : cancer have demonstrated that t’:ranslepithel'ial
depolarization is an early feature of the pre- mallg'nant state.

In nasal . polyp studies, the lesions had a higher:
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depol ari zati on has been found in biopsies of malignant
breast tissue. Recently alterations in inpedance have
whean/obwmand to be associated with the pre-nal i BOBUE2006/046570
cancerous state in breast and bowel. [0034] It has
been di scovered that transepithelial depolarization
was a specific event associated with col onic
carcinogenesis in CFi mce. The nore susceptible site,
the di stal col on, underwent about a 30% decrease in
transepithelial potential <V T) after only four weeks
: t ef t c -
ran O e R i T e Oy Eor R agent (Lop pre
mallgnmrtomractm: s amenisEnsterat aneadehemedeaspery der @fgalignant:

- _not ca a reduction_in h

‘COlonr“ecducR uj?)’r?ﬁ n %f‘ g/asgconf nggay %e§%{)ﬁe%3%néti st udﬁlecwlca:L

,depolMKﬂfhﬁﬂmmshaa(ﬁé%ﬂeﬂunndoﬂmeanSEe$edfmmaﬁlgnant breast
arC|no reat.nent. It has_al.sq been overed

ciesing . RELERGaGh AR CTSET HOAT, 461y T REC Sha fedeibgfound £

be abﬁo\éll\é(t,ed hei'thr eshéi gneertmdl tghantc @pi tdwidamus state in
usual |y depol ari zed when conpared to nornal col on. _

breaﬁ?xﬁﬁﬂ g%ectrlcal potential alterations have been

‘roo34sed tocdi agaese peannal idg@aiaivmaﬁi t it&mt Suchraﬁsepithelial
cystic fibrosis, cancer,in aninml nod

| , ,
depo%ﬁr%$§§h%naﬁﬁ“?nanaﬁpeE%FFgréﬁGQ%tlﬁﬁﬁﬁﬁﬁﬁﬁﬁ 'Zﬁ°l°nlc

carci¥bdBhesiSSus apd, CAREEY. haméaemerdews&a@dtimanygmde, the
nodels in vitro human tissue_i vitro and %ye Qgggrease

dlSt%kplléa P8I n WRACEERREr difRsi s.2[ 003

trané%ﬁfﬂﬁéﬁiaﬂeaﬁ%ﬁ%ﬁﬁﬂéihaV@TWOtabﬁéﬁ C@Mmyuxtdwﬁh weeks of
npedance neasurenents_to di agngse canc begau

in

'CarC%W%%?ﬁoﬁﬁﬁﬁQW%Eﬁcal TP Er HFONPEIRKS aBdS Changes
devef’@%@&‘)p”ﬁﬂt fn CHANEET £ {‘@V%Mt&@ﬁ:ﬂ \A%lelntundsf- §lﬁ6@‘o@ﬁ:‘a01l ),

'y characterized. Surface nmeasurenments of potentia
administapedanveratdia et P eahEdasife At ¢t @ reduction in

Vo 1rpe51f18r B RsS) t hepiieasd aptt hehi 8 BNdes€snPLbned in a

bel ow, where electrical contact 'is nmade between the
subs¢guentl Surdacehdre helaest afd ¢9% FRIYGFHIRskas observed

afte;r@Q§99hEB%h'%ré§¥5%ﬁ%!Za&toﬂa%Séﬂbéﬁﬁeéheaﬁgkovered that,
although VT ‘is 1nvar1ably higher when measured in vive, the
'“premallgnant" colonlc epithelium is usually depolarlzed.when.
compared to normal colon. ‘

[00351 DC electrical potentlal alterations have been used
to diagnose non—mallgnant conditions such as cystlc f;brosls,
cancer in anihal,models, human cells or tissue and in. man.
Differences in'impedance between normal tissue ‘and cancer have
been described'in animal models in vitro human tissue 'in vitro.
and have beén applied to in vivo cancer diagnosis. .
[0036] DC potential measurements have. not - been combined
with impedance measurements to diagnose' cancer becauee: the
electropﬁysiolegieal alterations . Ehat accompany Ehe"
development of cancer have not been'Well'understood'br‘fully
eharacteriied.u Surface measurements of potential or impedance

are not the same as measurements performed across the breast
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carci nogenesi s, which may affect a significant region

of the epithelium(a "field defect"). This
woegoloate3zat i on i s acconpani ed by functional chanysm06/mM6570

the epitheliumincluding ion transport and inpedance

alterations. Early on in the process these take the

form of increased inpedance because of decreased

specific el ectrogenic ion transport processes. As the

tunor begins to develop in the pre-nmalignant

eplthellun] structural changes occur in the

epitns rﬂr“.ﬁﬁ or ORg Cf?ééé SHCh %%l%vpr ﬁﬁQQ %éézﬁi‘é%l contact  is’

uncti’ons ‘and nuclear ura

made|h£ﬂWéemnthenﬁnh&daﬂe@mnﬁane|@fthhe|dpedamnd(ﬁhermwerlylng
The, radi-ent. of electrical, chan

skin | n"Tiansdoi pRel Gal TS ShobF s5B1 Eadders fFom uring

carcz&ad@iﬂﬁ&sﬁlﬂéjomzhﬁ.fcm.ﬂlfeaﬁflfleﬁﬁﬂ andllgmefdamﬂ: region of the

, asurernents . ot her reason that _
‘epithg op: Fentﬁa1qéﬁ €%§85 te neaéﬁ?bﬁen@?gﬂiﬁfﬁﬁﬁtlon 18
. accorfRelt SUCEHS Thuldui apnl | éahgesancer tHeagpashelitid hahcluding
transepithelial potential and inpedance may be quite

ion GEANSRCE tandlgr el BPPERPES byl FRESRY &P on Eﬁ"fﬂjﬁé on in the

proced Lt Bh¥ssalda ket ke, £iur bal Bicygd bqak mpatbaltcobddause of
hornonal | evel or_'non-'specific inflammtory changes

decreafrdt ﬁé’lecfl%t"or%l eCRrPHENAGs e GFARFERTE g%r%‘B%ﬁF es. As

the theoRPhYdplgi e8|l awrdialy e.s.;nV\hdl‘i-‘é"' bBELH@.‘lQ%nant epithelium,
transepithelial potential and.inpedance these kind of

SEruGhaHst e FERNIREY ABEUBe ‘conphet diyprefeapre 5 ldiTagfivse as 2

brea}&icﬁm‘ﬂm EENanRGGHY CRREEEiohQ03ndurhhiel 8nte, adypia. The
detail ed .understandi ng of the functional and -

SEruGHHpb | o@héﬁgeﬁltéﬁéﬂ-‘l s ¥hataocBarkegri mgduction  in * the-

1mpec‘fe?:[c9é nogenesiys PefhdS. appr aifd atgaetachr i 6ala PrPbidfent of
for a specifically i dentified ion transport change .

‘electmaﬁal schiengesd Har the cptereltval st Fbe edamiesis of
cancé%n &8\96‘ a haéon%ﬁ?aép&@m&fs%ur% é@f?&é?n é d n%>edance

duri ng cancerdevel opnent in breast epitheliu
measqnﬂmmmESthe use of sodi um channel bl ockers (amloride) .

(003 V21 h80,500) uELCOBEENt (ALION ik {he kM oporencsal and

, (el ectroconductive ne exam ne
vlmpedance measurements have not been successfully applled to

cancer dlagnosn.s _is that transeplthellal potentlal and
impedance may be dquite variable and are affected by the
"hydratlon state, dietary salt intake, diurnal oxr cycllcal'
variation vin' hormonal Ilevel or nmnon-specific ‘iﬁfiammatory

changes and'other factors. In the absence of knowledge about

the physiologieal variables which influence transepithelial .

potential and impedance these klnd of measurement ‘may nct be
~complete1y reliable to diagnose pre- mallgnancy or ‘cancer.

{0038] Furthermore, ' a detailed understanding of the
functional and morphological alterations that occur during
carcinogenesis permits appropriate' electricai probing for a
. specifically  identified ion transport change that is altered
during cancer development. . For example . kﬁowledge that

electrogenic sodium absorption is . altered during cancer



I's an inhibitable conmponent of sodi um conductance. By

varying the depth of the nmeasurenent (by neasuring the
woebtyagr3zir op across differently space el ectr OBEFUS2006/046570

is possible to obtain topographic and depth

i nformati on about the cancerous changes in the

epithelium Using a conbination of |ow and high

frequency sine waves probing at different depths we

are able to correlate the functional and norphol ogi ca

(structural) changes at different depths, mﬁth t he

: .1 npedance _profile of.the t ssue :

aevelgHiERi: fe" obaPaEy B RO AP (2ERRol ooy te) M pcof sodium

chann@leC]bI@@EéeBt [ eérﬁlDbrhd‘ﬁ&dam:evahfgliad‘lasedsug\nléd):ﬁ:caénhtratlon
[imtat

in thg &G k:ofeﬁgﬁgg?)%t e]anngde]cif éCI tgc\agl rWhether there.

is ad eRHiwok 251 80%oapdneddo s nesd vl ¥oaadc¥3%and 5% varying. .
for inpedance nmeasurenents. This would result in an

‘the QGRER| 0% BPRoMTETSHERIPREY (GF LWBEREBRIPS. 7985 WmidRae drop

acrodsS i AR 190shawe! @URsitdaddy W despeeabadopld Ol obtain
The nmeasurement of ductal transepithelial DC

LOPOGIGRRIKG af N d FERHD t FRRASEPREASR] FPORE | ﬁbadmerous changes

in tPRECEPISHRAY Al One, U%rlnbheacoﬂginﬁih'a‘@ﬂd?{ BE  1low and high
el ectri cal pot enti-al s and |npedance spectroscopy w1l

frequesill t Sinea WHRfoBEPRiAgC #tacy F cgrast A RHAR Yey2Tre able
to M Md | ér@d £ d sy ed S Nkl bt ¥all 0@§Q}uctura1)

Breast cancer 'is thought to originate fromepith
changss |at | ¢l f Rereatnidest ct@dthoﬁbﬁaﬁm@ﬁQﬁ9QEﬁﬂiﬁﬁlb$ of the
rissy@BMary tissue. These cells proliferate and have a

unctional role in the absorption and secretion of
IOOBWhrumﬁ%euﬁsaamga;mme@cquré§yaqfemdrﬁﬁytpmﬁﬁhnp¥@gk using-

DC eplﬁfﬁgow‘?@ﬁggalgun%ﬁ onﬁljne aglgeati ﬁ%ﬂéq tﬂ&‘?@t 51gn1f1cant

ave Tar en |gnore as a possib
limitapgprassh toSbneasnvaanceandlagm@%1ﬁlCBtEastepﬂKheel@ﬂtrlcal.

‘measgeﬁﬁ@gn?hbltﬁue Of:vrg'aglﬁ fk%[\{)@t bggndlfég{;&]l@é:cﬁ aBEO@O% and 55%

pr e- nenopausa east epit i um under goes
respe£t1w¢kﬂrsand f 8B %pr egdanép Wi tied nvigiredanceol heapngemerits .

This ”&‘7‘5‘&1& “9&&8& -D;lle Jrl %&SP&E':LGBEEBE s%Té?%P@é@éaéE‘?rSf between

- 72-79%, ‘which is probably too low to result in widespread
adoption. The . measurement of ductal .tran‘sepi;helial DC
potentlal . ductal t'ransépithelial AC impedan'ce‘ speccroscopy
‘alone, or the combination of DC electrical potentlals and

im]_oedance spectroscopy will result ‘.'!.‘n a dlagnost:lc accuracy of

greater than 90%, which will lead to improved clinical
utility. | |
[0040] Breast cancer 1is thought to originate from

epithelial ‘celvls in the terminal ductal lobularhnits, (TDLUS )
of 'mai'r,imary ‘tissue. These cells proliferate and have a
functional role in the absorption and 'secvreltion of wvarious.
substances when quiescent and may produce milk when lactating.
 Functional alterations in breast epithelium l'iav.e largely been
ignored as a possible approach to breast' cancer diagnosis.

Breast epithelium is responsible for milk formation 'during-
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columar as the epitheliumenters the |uteal phase

fromthe follicular phase. In addition, duct branching
wapah7iobm3nunber of acini reach a maxi mum duri NBCT/AIS2006/046570

|atter half of the luteal phase. Just before

nmenstruati on apoptosis of the epitheliumoccurs and

the process starts over again unless the woman becones

pregnant . [0041] Early pregnancy and | actation nay be

protective agai nst breast cancer because they result

in a nore differentiated breast epitheliumwhich is

lactatl%s suscepkbglﬁg tl%O%.%;lCiﬂg g.le%fc\?'?:\tdéé%.nc%ﬁréﬁ?é feéoprlthelium

e50Fogen or r environ ors
undergeems t hat dréheaeaaiatedfbreasmregmaHQY|unwlshlessivolution
kely to under grentiate

- o mal i gna change, . Di
£oL Loy E AT IRE SR o1 PRE 1 Gl GhdoBACEP B aF St bomes moxe
colu.m[’ﬁ%ﬁbr@ﬁe fekpithethabl centet® mAient hhtesdctpghase from the .
r ort function roduc i on of
folli &&Q:(ﬁpa%ﬁfferéﬂtgggé & s %%Fh?ﬁ?ﬂcg ﬁ?gﬁgé(ﬁﬁ? unber
of adBibre8gcROoke Riahd@mun® cnmanﬁ@orchevaram@rlnmf of the luteal
| act ul ose and ot her substances in and out of

e duct
Phasq.yrendufk BRI IMSRDFEUBFPPT SRR RS Ei OFelfhe ‘Sbitnelium

occurge! hahavgedepabsized catts MAneyaand aneesessthe woman
able to maintain vectorial ion transport. Recently the
becomgs M9 Na+ channel (ENaC) and the cystic fibrosis

[004 1t]r ans regeby d@”%ﬁ@@ﬂéﬂﬁ&ﬁmcénﬂeggb@k@ﬁ: ildeF TRahause besfotective:
dentified in mammary epitheliumand both | ocalized on
agalnﬁﬁé aBF@&ﬁt(HC?%ﬁ?ﬁalhﬁ?ﬁ?s%f {ReYepi FREPTEM Fhes@ More

dlffetr\@lélréﬂi@@%kg%tCaarblh_aa@Ip&ﬁdwh%hbylysnagsargdgﬁéﬂgble to
a bl ocker of the ENaC, or by opening up G channels

carcinegAmI@d byl TEHERETHg cANPERBD42] FOFr@RERDI e, ©20 m other

envirddHR&R a g | %besrgepol arl zed tpe t&ﬁ@%@&btﬂéel l a.J,eems that
potential from -5. 5 nV (nean. SEM

ai £ £ qRen tFor 6R3| Mre(q%M%mWﬁw ailfes 1@R|€P ihb‘eéyeﬁod undergo

malidhaiinebgakiya .t he %‘E%JB/&?&M@&I zed dihe ihfeaghs a distinct
epitheliumby--2.2 0.1 nV. These changes were

apicadccopdni basbyassrirdcr é‘@@m(aﬂ?% damasbbséquerpnable it to
main Q{ea§§c(:ézg%il' ntransport function -(the production . of .

milk) . In addition, differentiated cells maintain a higher
cell membrane potential to transport various ions, lactulose
and other substances in -and out of the duct Ilumen. In
contrast, fnore proliferative epithelial cells have depolarized
cell membranes and are less able .to maintain vectorial'. ion
transport. Récently the epithelial Na® channel (ENaC) and the -
éystic fibrosis transmembrane conductance ‘regulato‘r (CFTR)
‘have been identified in' mammary epithelium and both localized
_on the apical, or luminal side, of the epithelium.  These two
transporters can be probed for by using amiloride, a blocker
of the ENaC, or by opening up Cl- channels regulated by CFTR
using CAMP. , ' ‘ )
[0042] For example, 20 MM luminal émi]l.oride depolarized the

transepithelial potential from -5.9 % 0.5 mV (mean #* SEM) by
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transepithelial resistance respectively. In

transfornmed breast epitheliumthe ENaC is
woownioemgel at ed, whereas C secretion may i nCrPE@BES2006/046570

simlar to observations reported for carcinoma of the

cervi x. Non-lactating breast epitheliumhas relatively

| eaky tight junctions. This results in a paracellular

shunt current, which hyperpolarizes the apica

menbrane of the epithelial cell. The |arger the shunt

current the nore hyperpol ari zed the api cal nenbrane

and_ t-herefore the e lthellun1depolar|zes since:; TEP =

#3101 ) yAYng iFor 10yMer e WHERSTT BRESRFL FaMPyand opens
caghﬁ%tllsaIVla\/ol:h@g@FerfR tﬂ%@@é&i@%ﬁéé& ﬁﬁ@bw&stv%mthehum

vol tage of the apical . nmenbrane; = shunt current ;" . ,
by ~and Rt= pamamylIuIaThéshunthangesstaere 466dpanied by an

Evi denc t brea t carc enesi s be associ .
incregss, fuﬁ&%% nal %bnpe?gh %Bﬁn%reaggégﬁe?ﬁa |uw?g§%3 e
transe@iRhdI o a wﬁi@taﬁceot heespedtiesly .SOMe thansgeahsformed

strains of. mce have defectjve $actat|on

- breash 5 fEgdMiT SR nbiSe WRch HeveFops- ﬁ?ﬁ%?ﬁltﬁgtﬂi cwhereas. Cl°

secretliaol RAByNodud £8as 81 heriniSeievel aftss St Idhs mi'@w:}ted for
tree bu% h%ﬁbdefectlve | actati on. The npotch4 and K}
carciiifs g EhFo WX o dAIBHSFE R T e FReEt Sdthoium has

relat@ediy Dhchgiml esifiave Bemvitsien. | act atiian 6r@sfdRkhs in  a
- after. weaning, and TGFa m ce, which have a defect in

paraceldotiiRT s AR AP TEERndel'gd i PHBEFRPL PEGEESsi e apical

membﬂgﬁéﬂ@@ BMEeéﬁﬁQH@mﬁHl Jddiese daha 3uggest drhats ket ecurrent
is a relationship between epithelial function

©  RRNER eRPrRE PR TR dnthRi eRisrilectenpraref apg itGeemErre the

epltﬂéygﬂmc&@§$pgggggs si9@44] - Breast cysts occur in 7% of -
the femal e popul ation and are thought to develop in

T TOLUs ~VaAgBEr iing EFFY&shavderehi gher pot assi um

QQﬂientTfQﬁEe?hgﬂ%q1%MSE%teﬁ%¥¥¥1ne cysts may be
~associated with the subSequent devel opment of breast
Ve,= voltage of the basolateral membrane;

Va = voltage of the,aplcal membrane;
Tio= shunt current; and .

Rg = paraceliular (shunt) resistance.
[6043] . Evidence - that breast carCinogénesis, may ' be -
associated with functional incompeténce of breast epithelium
'also.cémes‘frdm'a number of other sources. Some transgenic
strains of.mice haﬁeldefective 1actatibh. The tréﬁsgenié src
mouse which developé hyperplastic alveolar nodﬁles{ otherwise
develops a normal mammary tree but has defective lactatiqn.
The notch4 and 'TGEB transgenic = mouse alSQ' demonstrate
defective lactation. Cyclin D1 females - Have persistént
lactation 6-9 months . after weaning; and TGFo mice, which have
a defect in apoptosis. and fail to undergo ‘ebithelial"
regressién develop hypersecretion. These data suggest that

" there is a relationship between epithelial'-functioﬂ and
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cancer. There may therefore be a fundanmental change in

the epitheliumat risk for breast cancer devel opnent
wowdn/oaresedi stribution of el ectrol yte content BCT/OS®06/046570

the cell nmenbrane resulting in altered cyst

el ectrolyte content and cell nenbrane depol ari zati on.

Al though it is commonly known that during |lactation

the breast transports l|lactul ose, proteins, fatty

aci ds, imrmunogl obulins chol esterol, hornones, ions and

wat er across the ductal and | obul ar epithelium and

| '. genet?%;it \é?lﬁyﬁ%&{&eswﬂhkh Iotf Ao d £SSp M HEE¥raBRbACT 3R  tumor

non pregnant and non-lactating state the
develbpeasit,. t hroughout life exhi bits excretory and

: . .absor Ve fu n di.f er,gncgqu,_thv@e@ Lhe ' 'O lation
‘[0044§act aiglfnegasand%?tset%no% ggt altli ng breast bei nS of edepgr%% X

and aﬁuiﬂﬁmughenmc&d&xn&ﬂptumlohaﬁTDHﬂSnlpbpecﬁa@ﬁ cysts have .~

uid. Ductal secretigns_ haye gd t t
a hlg&'}%n%%téaﬁﬁﬂi%‘gl etcrg:ndl ?%ns? grgﬁﬁ? g%%éast (ﬁp@(ﬁ% ne, cysts
may beinkessofi ppd oadhds h]aee sbsmlecmtsenltt cleobtlmpnentet gif breast

flurd | udi b
concell ! el 0500, 8. 61420, 60 10 AAEL AL e i e

epitHeaGent | Yat cappgkat fop obreaestof darrdr 1Bakuel cpmémt with a
open onto t

ni_ppl e surface. ub t ances an
redi st R agcﬁlﬁ% d’ tch%?lé aﬁgog’g’(:essedé%ﬁ membrane
-resuﬂﬂkﬂ&lfynamﬂﬂﬂﬁﬁedleGthatemﬂc&EbI$S®C|abedamdf1dﬂ@ cell
di seased state of, the br |sadvan of &
membLang ed FQPiﬁﬁhﬁﬁfﬁﬂbToa@ﬁé}9%§ﬁhégmﬁ%| Wﬁggl e that,
durirfPt alaidd Aslequdie NABagk Iayagepfotrwsd lLacpabeslem proteins,

anal ysis. Another _dis dvant e. ha n the i nab| I it
fatty oaraei { YBRRETARBIALES He HGageEnhire T Yons ' and

water@DRGHERIG t ¥nen dbecd] Uiaghdor 163{1Ilarrm$p:btehellum and actively
identified. 0046] Hung (US Patent 6, 314, Slaf qi} the non-
Secr%t‘t%e@tlé& ariLt'eIJe%tiltE 81 WASSloAcHPRBEF HBREFT ctifp the

pregidnf i 683 Q@oﬁhgaetal@lﬁg&gtﬁ@@é t|1'ie thatadtsclstpweghdut life
I's taught that DC potential aqr- n@edance nmeas eneg £f
exhibils f £FGTLEREY t Y dBREPFPEAMSN T BPC5PERi ngs OIS SH-Ference,

betwéh fiteRS 98ctheisly fa88 afnd haohi-pplctadiowevereakt ilseing of
not . taught that the characteristics of the DC ‘
degrgee@nﬁ| &xle chemical constitution of the nipple duct fluid.
' Ductal secretions have been analyzed to diagnoée b'iolqgical .
conditions of the breast.
[0045] A number of approaches have been .used to.'ebtain
ductai fluid, including a suction cup to obtained pooled
secretlons, nipple aspiration £fluid (NAF), and more recently,
cannulatlon of one of the 6-12 ducts that open onto the nlpple
surface. Substances and cells .w1th1n the duct fluid may
,therefor‘e "be .accessed' to identify abnormalities that may be
associated with the diseased. state of the - breast. One
disadvaﬁtage of the: abeve referenced"app:oaches ié 'Ehe
difficulty in obtaining adequate .NAF or iavage fluid ;ée
' perform analysis. Another disadvantage has been the 1nab111ty
to identify or cannulate the ducts where an abnormallpy in the

fluid or cells may be identified.
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signal or inpedance may characterize the condition of
the breast. Mreover, it is not taught that breast
wo renm®ewst hel i al DC neasurenents, transepithel pal/ustdo6/046570
i npedance spectroscopy, alone or in conbination nmay be
used to di agnose breast cancer. [0047] lonic gradients
exi st between the fluid secretions wthin the breast
ducts and the plasnma. For exanple, it is known that
the nipple aspirate fluid has a sodi um concentration
[Na ] of 123.6 33.8 nEg/1 (nmean standard devi ation)
npar.ed wt sep +] | y dggu an
~rooasf R iERg nj%um%‘g??‘[égg e i1 appLoK| T %Na+]gi£%at 4
electﬁﬁeaapmgpﬁmmmflyol@dﬂﬁﬂrﬁyu@mwtalh@mlﬁngg wenthe nipple

:  but still  si i cant |y bel ow ser Vv |
surfaggy as§|nurﬁh€ﬁ%cilrﬁ ??‘6% SRS S &4 L“‘%aneft?ﬂ(l:éatr:]t Ebn‘ﬁO%ﬁgjl%lal o
‘ 1mped§hcl>3| [ﬁeazureﬁiﬁﬂ/tl hﬂypalfaldﬁ.l\nmﬁe arrdhel 2 L@ierﬁ:l(f:lr@fiﬂlon of .
in nulliparous wormen conpared. W e N
openippsofOLp Fbﬁ%ﬁﬁ?erlStBenﬁ&@%aQiheé %%@%s zgé?or ,dg&ever’

it ishawr rengiiedhavethbAcHaNedt @f i 53l @s nef/ theuggestliegrrical

that significant ionic gradients,can established
signapet @Eent TPEIBPEETEIAK ARF2FRREH2En Egﬁ S8t B fgn of the

breaglkreast. hpdaRghancy iheselgradhents apegdmen hwgher breast
for sodiumwi th a [ Na+ 5 09rrE

1 d
exansEPHRTIGN | QR RRTATIFRS) | SAEP A T fehh, A Lfpedance

spectg@s@dﬁ/e CONGEAt bat 119D E&hbinkBibhl knays 1 masedon® diagnose
tenth of the concentration found in plasma with val ues
breaaﬁ CERGrQ .5 nMreported. Athough [Na+] and [O ]

[ooa7jevel Sldﬂhcguﬁrﬁbl%@fﬂ§t EQAS L I 58 waEnt hd Kfithlﬁal :kécretlons
H | owm ngt he cessation of |actation, significant gnl it 1s

w1thwnaﬂh@nb§aﬂﬁ§rﬁ#ﬁ?ﬁlmﬂﬁbEPﬁe@%%%%?dumFQEnﬁﬁaﬂﬁ

knownDI ashg. [0Q48] Fy gbﬁqrem)r QepliaMENfundey gohkg a  sodium

‘ ovulatory cycles during atlon di stinct changes -

concdiisea thisem dbséﬂvedf|n12m66ldm 3Rd8| geBaf bselmean * standard
oncentratlon

S st I finf.5t C ge -
'deVl%§¥9Qiys B@?%FSaov&i %}oﬁg;ngefﬁg sé@%ﬁ ?ﬁﬁ a@§§£8£§mately
150 n@dd AT QPutathBl)DurlNglﬂ_h@ae“opmmmmex[ll\lha]veam ClNp*] that

are %{‘gg?s.lﬁg gﬁ}/’ I%q/\w hlghegngthK E]ar%%%r Qrgoch?gn but still

significantly below serum levels. Slmllarly potass:.um
. concentration [\K*] is s:.gnlflcantly h:Lgher at 13.5 + 7.7 mEqg/1
in parous -women" and 12.9 + 6.0 mEg/1l in nulliparous wbmén
compared with serum 1evels of [K'] of approxlmately 5.0 mEq/l

Other 1nveqtlgatorq have reported lower NAF [Na'] of 53.2 mEq/l
suggestlng that s:Lgn:Lflcant ionic gradlents can be establlshed
between the plasma and duct lumen in non- lactatlng breast. In
‘pregnancy t;hese gradlents are even higher for sodium wrth a
' [Na*] of 8.5 ‘yt 0.9 mEq/l reported in milk which is almost 20,
fold lower than plasma. Chloride concentration' [C1°] in milk
is almost one tenth of the concentratlon found in plasma Wlthl
- values of 11.9 = 0. 5 mM reported - Although [Na*] and [C17])

levels in ductal secretions rise and the [K'] £falls. following
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1.5- fold. It is unclear whether changes in estrogen

or progesterone |evels before and after ovul ation are
w@bdemticay the i on composition of ml k. HoweverPCT/UB2006/046570
known that alterations in the ionic conposition of

m |k influences the transepithelial electrical

potential as neasured in manmals. [0049] Furt hernore,

it is known that various hornones affect breast

epithelial ion transport. For exanple, prolactin

decreases the perneability of the tight- junctions
, bet ween breast. epjt |.al « Stiul MYGQARHS e are
‘the C?@rs&tallorl\lag%flju gtﬁggéém a%gé—hilgi:éﬁilggd%%g(tzranspor? o .
maint@fefinbeeases tdhe [dGcy landenegndapéssthe [Na+] in

m | k. G ucocorticoids control f | O fq td - 1
[0048] ynct F8ﬁ§%ieﬁ€]°é7§s’i nd™t r RSEDI th%ﬁ?ggo:{g}sq S{&gﬁz&g&gﬁg} _cyc &8
durin%gqra&,ﬂﬁé@i}o:@pidi%ﬂrﬂit pehmeatisl | hyveAdmen sobaeroecf in the
) rtisol into breast duc%s | at e '%ngpre%q:an 1fds b@ﬁg first
ion  agkbwhAEEVL RS SRRt RRET R P End WeEFERSe [NaH]  of
" changdUd@tusSs§cretd onsysPrisgestar aneuiabi bnt sartd glihe second 6-7

‘ junction closure during pregnancy. and_may, be . = ., . -
days rabipoRs OBIE AGon he PUELRALISIES nPIcCRS [ HiRd 2nd [€17]

increbkegt ol yd esnahservsdesiud i RadTenstr uadceyakedi mpproximately
non- pregnant wonen, and di scussed above. Estrogen @lag en or
1.5-fbdén obsditvedst oupRdeedse @ NGt iiRIGHd 11~ 509

progegEQESﬂat?QbEQE AY £t d abnanda fieyr stovdllad o here affecting
openi ng of K+- channels in breast eglthel i,al cells. wh that
the The hopmoRes tiem i @hedMabbve vaR§Wa EFnal Iy and dOPPHY

altergﬁpﬁﬁkyakncyéﬁ§-jkﬁﬁk? Lbkpbyikhahn theseniviat i ahfonences the.
I'nfluence the tunctional properties of breas& ) 1
transemittietiim atlertngcehePPEANE IGdn @R TR wi B hPA™ e +S -

tooagqne! “%tﬁé‘g\%&ﬁﬂseﬁiﬁ held alkReieNt kaktand-drpadanceormones
dropertl es, Ich are-dependent upon the ion transport 1
 affeqy opereres ofembthabiadl ddns RANERETtranscefPHl ar€*amP1e. .

pfolaaq:d' rpafdae;ﬁ%ly%a%%%SQ:@féduﬁ%@ﬁ%%bqqtim&ay% £ £AB50dight-junctions

ccdt din e varrations can be used as N
betwetiragnose st ppditbied iofl ciebkes BbiBPAaSes FEKRS2nFRpserosat

e RGBS kel SPECNRLR,| B Tperb o reveiasaes cho
[K'] deidecdéngeabaer e bieadt in milk. Glucocorticoids control
the formation of tightfjunétiohs increasing transepi;helial
resistance. and 'decréasing epithelial permeability.

'Administration'of cortisol into breast ducts late in pregnancy
has been éhoWn to increase the [K']1 and decrease [Na'] of
ductal seéretions. ‘ frogesterone inhibits tight—junction
closure during pregnancy and may be responsible for the
fluctuations in ductal fiuid electrolytes opserved during
menstrual cycie in non-pregnant Women, and diécussed above.
Estrogén has been observed to increase cell membrane' and
transepithelial poteﬁtial and may stimuléte‘the opening of K'-
channels ‘in breast epithelial cells. The hormones mentioned
"above vary diurnally and during menstrual.cycie{. It is likely

| that these variations influence the functional properties of

breast epithelium altering the ionic concentrations within the
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tissue as well as other epithelial and/or ductal

ti ssue. [0051] The disclosures of the foll ow ng patent
wa@p@zioemB2 ons, each to Richard J . Davie e , tPe€I/US2006/046570

i nventor herein, are hereby incorporated by reference

herein: U S. Patent Application Serial No. 10/151, 233,

filed May 20, 2002, entitled "Method and System for

Det ecti ng El ectrophysi ol ogi cal Changes in Pre-Cancerou

e and Cancerous Tissue"; U S. Patent Application

Serial No. 10/717, 074 filed Novenber 19, 2003,

'1umenEIEb%Lg%ﬁ%g%%P zﬂa o@ghgﬁalagﬂﬂniﬁﬂedance properties,

n €s I'n Pre-Cancerous And
whlchcaéh@@rcwép&n@aﬁt Tupsue Ahd Eponhetranﬁpoam properties of

- Patent pl.ication Seri ed
eplthﬁ%%@ﬁbeﬁp ’3206§8 E?Fllegb E% ?ropé&gld% b cppracetiular
, Conduéggﬁegcgg%hu%yéssess Resecti on and Tunor - Ablatlon ' :
Mar gi ns” and Responses_ To Drug_Thera ‘ .
[0050THE | RVERTIAARG10052] tPhFsg prg?’éf?éagylﬁbodc ent %:)éf Sed as
dlagnbgtgaufﬂaftﬂﬁtBQdch%d§EQH&&dbféasdmﬁﬂgnuengwhlch have to

dace o o e (G ok o wn RGURCcoftee: SR TRo SEea for

effecklitl éﬂ@cbrgéﬁléﬁqtﬁEtﬁ¢§§UEorU@e¢&¢tim@ ab&ermmﬂ breast .
ﬁectrode In electrical contact o éyter |§sue
tissusupkavelir 6 reitee¥ hePepPeheriaP issue.

1005195t ablighi ng Atsdeasirone eleetri Qahe si gnf&i»lb@bima@n patent
' the first and second el ectrodes;

Sur i,

applld:@rm\nnﬁg atafbase dHeRAERt Vi céla"p}r or EjSpdfisat Fherein.

are %h &té&trBQG,rbh%r@b@ﬁﬁr&ﬁnﬁﬂhecteﬂ $rompatent

y e g oup conS|st|ng of ance, DC Eotentlal 2002,
Applisuedmitt helSexialesi an JeO/n&p]rt%%?r al FelfStandey 20 |

 entit aleclbIléaig&c?r agﬁﬁr %‘&tsec{ér@tf&rfEQGH@EﬁYlg ciﬁ.lﬂﬂl’cﬁf:‘a.5d>1gﬂli’gys1olog1cal

nsepi thelal 'potential; and (E
changt&i edni ang—@heCegndst | andolCanceepen O epithiel UalS. Patent

0)epst oPAE PEOPEA! YNobBmber 19, 2003,
Applﬂféhl%ﬁnar y pre#ﬂ§r2% énbodlnent the epithelial o

r o
ent i ttednttie theduanids Sy afed RRERCTHE D IR LT g Epiological
Chan%esacqﬁgﬂ l%\l\%%ﬁggg BBAW NEJ [ mer@@s acgPERapyi N¥ssue’ And -

are |ncorporate rn -
Epithelium” ;- and U.s. . Patent Appllcatlon Serial

'No. 10/716,789, filed November 12, - - 2003, ‘entitled :
"Electrophysiological Approachee To Assess Resection and Tumor
‘Ablation Margins and Responsee To Drug Therapy". )
SUMMARY OF THE INVENTION

[0052] « In a preferred embodiment of the invention .a method
is prov1ded .for determlnlng a condltlon of a region - of
epithelial or stromal tissue comprisingw (A) establishing a
connection . between a first electrode and the . tissue; -(B)
placing a second electrode in electrlcal contact on an outer
tissue surface. proxxmate " the eplthellal .tissue; (c).
establishing at least one electrical signal between the flrst'
and second electrodes; (D) measuring"or-deriving at least one
electrlcal property between the first and second electrode,

the property selected from the ‘'group con51st1ng of impedance,
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and constitute a part of this specification,

illustrate one enbodi nent of the invention and
woogeibms2 Wi t h the description, serve to expl apOr/UB®06/046570

principles of the invention. [0054] Figure 1 is a

schemati c diagram of a DC and AC i npedance neasuri ng

devi ce, consistent with an enbodi nent of the present

i nvention; [0055] Figure 2 illustrates an exenplary

enbodi nent of a device suitable for use with systens

and net hods consistent with the present i nvention;

' 0056] Figure 3. ill ates .a exe f
pC po%e%ﬂ]la&ceg%% aé)r rESi & QD%TD %ytﬁgg_@%i??@s Ytance, |
capac§¥§h%@5 aBﬂa&@bﬁ@d&s&ﬁRﬁlSﬁﬁmﬁuemdy1ttﬂegre&&&mn angle and

t 0057] F strat
cranseusshiai. GCELNSRFL el SRR o

of a S¥ehLebh iheds iGonstskene Wadelihorpresentat least one.
|nvent|on [ 0058] _Fi ure 5illustrates.an e

lary . .
‘propesiyodi r@ﬁtp@ﬂacahef Y Br&dk p‘?’B‘B%déﬁﬂFPgbl & goithelial

or stiSHaM i SYRL s @é@oa”f&laeasws%sweemreugm t he |
present 1 nvention; [0059 ure 6 illustrates varying

RIEFl@@SﬁHﬁﬁﬂEﬁW %de¥ﬁeD%5 @Hﬁgon transepit heli al

[0053§ondu%l‘?é‘lc§cé&n$§ﬂ§ﬂn8r%@%‘Wﬁﬁ}é helhueh £086@hdor@theated in
I lustrates nmeasurenents of cell nenbrane pot

al
and ¢onhuRBRtEr easPagsi togl it ceFPECEFASHE 1O yur élgustrate one

embodinldit F &k eéhehgn@tek%gono addCt §st REregtikaditdtle description,
concentratrons on the transepit Ilal potential in

servebemrgnqah@lmnthgnnﬁ%nﬁﬁéé§§ & tihe i VDT - Fi gure 9

[0054 iyl | us%]ﬁ%&?ecqﬂdﬁg agcesandnthecel gehgopat eptial pc and ac
asurenents made over the surface of the breast in

impedeomEn mealuaridon dérolite br ex0sis SRRl | VLGSR Fegiostifgent of

illustrat S £F§ asurenent o f electropotentlals at
- the %ﬁﬁf%ﬁﬁf%ﬁeeo ?ﬂg breast, and variation of the

[0055teasurEiwated® | A3leNTRtes epc| SXCTDBEY. FrHR@ingnt of a
'devicgell %%tlrt%tbﬁs E!Eggt r\%@y§z ‘tlh‘)gs§§teﬁga@?c§ methods consistent
with the present invention; ' '
[0056] Figure 3 1llustrates an ehemplary embod:.ment of a
~ surface ‘measurement probe sultable for use with systems and
methods cons:Lstent with the present :anent:n.on,

{oos71 - Flgure 4 illustrates an. exemplary embodlment of a
‘n:.pple electrode suitable for use with systems and methods'
consistent Wlth the present invention; |

.[00581 Flgure -5 illustrates an exemplary efnbodiment, of a

ductal electrode probe suitable for use with .systems and .

methods con51stent with the present invention; ,

[0059] Flgure 6 illustrates varying ionic. content and the
eff'ect' on transepithelial conductance in human breast
epithelium; ‘ | ' ' _

[00601 - Figure 7 111ustrates measurements of cell membrane

_potential in human breast epithelial cells;
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that occur within the ductal epitheliumduring the
devel opnent of breast cancer; [0065] Figure 12

w0 kéoambTeat es changes in the short circuit curreot/usf006/046570
human epi t hel i um exposed to a potassi um channel
bl ocker (TEA) or varying concentrations of potassium
[0066] Figure 13 illustrates how the information
obtained in figure 12 may be used to plot the
pot assi um gr adi ent agai nst the change in short circuit
current. [0067] Fi gure 14 illustrates nultiple Nyquist

~[0061aned nce |Ot thggg?@Egreaéﬁ a%%%%ghﬁg 59 tgﬁcrea51ng

. resent Pﬁ ent] on. igure 15 i ITustrates
estradipedanecatofat fohsr an- paheerttram:tapatheﬂmaﬂham*eentlal

. " cyst 69 16111 u s '‘a Bode pl ot of
-benlgmnﬁﬁéahég @%ﬁ? :%ﬁﬁﬁ%?KF%%ﬁﬁ%fig ‘with fibrocystic .
. [ooszﬂ' seapey@465) and biEhsstravesr (O@Qﬁc)luct{aﬁaéO] and the

igure 17 illustrates the sange data as Fi
eleCtEPEPF@H"—é@la RpGEHCENFE ] OFR u.réﬂ Eace of the

breastl L USTaees Wihe, | Amedanesospepteastaianiame f or
breast cancer tissue added to the curves of Fiqure
% %T %me of

[0063] [Q0F2P'iyurelP9 i |HUiPFEFBESEhe efPBects BF2 |

electkBpoteRl Ofs syiet kae %m%ﬁé&etéfaHMéH%feayﬁ,ebﬁdtmmhiatlon.
on a normal breast,[0073] Figure 20.illustrates the

of thef meesnrsmelt VREIS HBSPBYENf S¥§dSion applied to a
00643I ppl %‘1%@' qat r quu‘éﬁr%.t@seaélleldtr\dﬁt%imid)@jimby changes
L
I's present. [0074]. Figure 21|IIustratesthe %qoﬁe 1 .
that fomcue"stwmmgthﬁpéal fegtt el Mg hIegdtort Velopment.
abfdwi th cancer in Figure 20. [0075] Figure
of br%%% Als a represent ation of breast epitheliumwth

'[0065di f f erRirguyon 1@r ahkbes Fr pReRWS SR 76P Frigtr §793 tlls‘:erUlt
currelnI | Uégraﬁ&ﬁ%ﬁn ShechEl £ah Mmdedisg a4 Brepgstassium channel

el ium ennnstratlng the capacitive and resistive
blocker (TEA) or varying concentrations of potassium;

[0066] Figure 13 illustrates how the information obtained-
in flgure 12 may be used to plot ' the potassium gradient
'agalnst the change in short circuit current.
' [0067] ' Figure 14 illustrates multlple Nyquist impedance
" plots from human breasts according to the present inventiqh.
[0068] Figure' 15 illustrates the impedance‘;profile for a
patlent with a hemorrhagic cyst , - |
[0069] Flgure 16 111ustrates a Bode plot of 1mpedance data
comparing patlents with fibrocystic dlsease (0465) and breast
cancer (0099). , |
[0070] ‘ Figure 17 iiiustrates the same data as. in Figure 16
_plotted as a Nyquist plot. . , .
[00711 Figure 18 illustrates the impedance" spectra data
curve for breast cancer tissue added. to. theé curves of Flgure
17. .
' 10072] Figure 19 illustrates the"effeCts of altering the
1evel of suctlon applied to a nipple cup electrode on a normal

breast

24



el ements of the circuit. [0077] Figure 22-1C
illustrates a Nyquist plot denonstrating how the
wolRdo7esmat circuit paranmeters are obtai ned usi PQT/@S2006/046570
varyi ng frequency sine wave to probe the epithelium
[0078] Figure 22-1Dillustrates an electrica
nmeasurenent set-up on a breast with a specially
desi gned ni ppl e sensor cup whi ch makes el ectrica
contact with the ductal epithelium [0079] Figure
22-2A is a schematic representation of an electrica
. reasur enent -up-for r {. Figur =2
[0073] g aﬁFégﬁﬁﬁlzﬁ%flglfFﬂﬁég%?$hg?%3Ie%gggggncgﬁ(ﬁsﬁﬁ%§%§b the
level Pbot sabtabaedpplinai nad eontipplepavireriledoosdd Phgar dreast
. 22-2C is.an exanpl e of a transepithelial inpedance-
in whiqhqORLEFPBRGY £6r BF ifttent with .a carci noma of the -
[oo7aj eft bigast. DA082N gL 2R- 2hés matbrdnplferof estimating

N transepithelial, inpedance ( ui st |l ot _for a.patient .
impedapeR BEH G ithrdsi SUGhYOPnFEEMFe FHIE Grotgn di B cillcer in

Figurgoggg] Fi.gure 22-3A conpares open circuit potentials

I n beni gn and groliferative | esi ons. %Pq%b' Figur%E breast
[0075D2- 3BF&OHESr es 2€pilthel it& | Rped P& <& Psi oh
epith@D@hf (Bt (B A8 ONon PESEhERDRLI Yo tandiye | gnant.

'esi ons obtai ned using epithelia

: o D i L gdance ‘ m .elin of
[00763pect Foguasy 22 DETARL Eﬁﬁ?&ﬁ@%ﬁP@NqF ﬁggflﬁgﬂereﬂ%e g
breasM |dp OV PELBGRNdh Set &L ing 0 e eahpdiciritvedf ahlie resistive
- invention, an exanple of which is illustrated in the
elemeatsompamfieng g hgs. Wherever possible, the same
[0077?efer g%fgnggﬂfbvwll ihe Jsach ddy ougheut thﬁydﬁa%mngs plot
orefer to the sane or_|like parts. [0086]  The g&e%ent
demonsratringh obewcons’e pr SHIFERFeHd | FAdE j ggarameters  are

obtai?%%lochgﬁﬁg W, t r\/epfﬂfﬂ'ig WBEMeﬂé*_?déﬂ{e Chidwest &d zbpgbe th
apnor ma .

Or cancerous epithelial tissue. In

epithelium.
[6078] . Figure 22-1D illustrates an electrical measurement
set-up on a breast with a specially designed nipple sensor cup
which ﬁakes electrical contact.with,the ducta; epithelium.
[0079] | Figure '22-2A - is a schematic representation of an
electrical measurement set-up for the breast.

[00801 . Figure 22-2B is an example of a transepithelial
impedance (Nyqﬁist) plot obtained in normal contrd; patient.
[oosi] Figﬁre 22-2C is an example of a transepithelial
impedance (Nyquist) piot for a patient with a carcinoma of the
left breast. ‘ - |
[oosz2] Figure 22-2D is an example of a ;;ansepithelial
impedance (Nyquist) plot for a patient with benign fibrosis
and invasive ductal cancer.

[0083] - Figufe 22—3A compares open dircui; potentials in
bénign and proliferative lesions.

[oosal] Figure 22-3B _compares epithélial'vimpedance and

depression angle results in' benign, proliferative and



summary, various enbodi nents of the present invention

use DC and/or inpedance neasurenents, under anbient
wanay7os768ar i abl e suction, that pass the currenPCDUS2006/046570

signal across the breast epitheliumand tunor using

specially constructed el ectrodes. For exanple, a

ni ppl e el ectrode may be used to neasure the voltage

and/ or i npedance between ductal epithelium

surroundi ng breast tissue, skin and surface or other

el ectrode. The nipple electrode may al so be used to
, th nt Sy
mali egst fi%othgr t@b@%& tEJZfectroglé Sé gﬁﬁé%%gﬁo impedance
spectmeacope .t he voltage and/ or |npedance signal, and/or

; Sh nd neasure the signal at the
DETAI#ﬁ% v?g gﬁ%gggpa orifices at the .nipple surface. : :
[0085Anot hrefeypacef e,{ueb:tronewmybé)e (TS tomreasl@rteltlhe to an
‘ vol t age d/ |npedance signal . and/or ass cur rent .
embod] %nﬁea§%$ gh@ si ghaPR PR n i3I vis FH&bctgfusmgl%h LS
illus@@ﬁtéﬁedﬁhtﬁalgabeh@am%$%%t®ﬁ@®pﬁgmhlc?mﬁ?e¢ewepose;ble,

. nore el ectrodes attached t of . these.
the %?@@tr&ﬁgfﬁﬁﬂF?meQEERFFﬁdlWﬁg&wiRﬁ |9F%%nb€ﬁ5?P8HOUt  the
drawitgé htengedeet ey they IMrid carsmfcacpaptebe or

el ectrodes. Additional,l edance .neasur. qents
(0086} || EgeuseﬁrﬁﬁeeﬁnblhﬁpﬁﬁﬁlF@'noP CXGERFR ol PO and
inadeghataeker i a@ sl OrwiamCereHsoti SSKeshoBE ‘used  for
nmeasyr enent s provi de i nfornmation about %ﬁ %pcglona

charagpgrazefd h%b’éﬁF’i“ﬂ%I | U SRRGHT W i}a issue. In

summa £y €- Rl gnant cpRangasnd’d an &@ﬂeﬂcﬁﬁésaﬂtl gt idd use DC
particul ar, inpedance neasurenents at_ several

and/oF ; dRRARARES | MeRFEEaTIRHIT y HBAHed=PaNGBE (IGpT veriable

sucti&hf f efiedt | ypaspacedeel @t rodes ¢ okiidedephbrand the breast
topographlc information to give both structural (high

epithed gylier?YAr &VFEF andiRENCIRITERL LY oF FIEFIIS r Srgtrodes -
For XTI @h aboyi ot her dd Ssdige beiRy Beohatks ARBOrfBLSsA@Fe the

cancerous ti ssue can be detected and characteri zed b%l
voltaget ectdHy @hd NMBAPSSANES r anSPEPFESA t erditGiomk | nepitnelium,

surrOSHamsJ ' aﬁréaééuesﬁlyeugg | Qi SURSHA t uk(,@R8cand/ 8  other
phar macol ogi ¢cal and hornonal mani pul ations to

. electgederni B2¢ hBiPPESeRdE T At ORI 2PPE- O EFRsTEr Pass the
curreﬁenn%qrdﬂbs e8! SuctAl system of the breast.. Another type

of electrode may be used to measure the veoltage and/or

"1mpedance 51gnal and/or pass a current and measure the signal

at the individual ductal orifices at the nipple surface.
Another type of electrode may be ueed to 'mea‘su'rel. the voltage
and/or impedence signal, and/or pass a currént and measure the
signal within individual dﬁcts using a -modifieq. duc.tal prdbe
or ductoscope ‘which may have one or more ~e1.ect'1':odes attached
to it. All of these electrodes may be used individually, in
combination with one another, or with’ a.',sillr'face probe or
el'ec'trod.es. Additionally DC and impedence measurements will
~be used in combination to more adequately ch'é.ract:erize
abnormal or cancerous tissues. DC measureﬁleﬁts provide

information about the functional state of the _epit-l'ieliﬁm and
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basel ine | evel of transepithelial DC potential,
i npedance or other el ectrophysiol ogical property that
W0 300eRBLi ve to alterations in transport in epCT/istaoe046570

is measured in the tissue to be evaluated. An agent

may be introduced to enhance the transport or make it

possible to detect the transport alteration. The

transepithelial DC potential and/or inpedance of the

ti ssue (or other electrophysiological property that-

may reflect or nmake it possible to detect alterations

i_n the transport) are then asured. Based on the- .
can  dgEREY nt$d Lﬁﬁd"?h’é‘% red erec rogahri/ds]i 0 1ggi ggpacent
mal ig@%g%g};t erynt Eageaagj:iltaian i}ﬂpéch&ntésmfdéufe:eimrmsﬁ abdseveral
. - 37] A nethod and syste r.e ovi de or . .
frequeRE eRHi mhg SRESINdi9a og]ezl ct 3P Egi ‘687 fressrently
space@PbliBekidadd sstevide hHepsh tna ctupedtaphssi igformation to -

el ectrodes are located in contact with a first ciur ace : onal
give drothhe sereeterateglBho®f HHRALPRSYe. T2PIRY ndt 1V elY € ‘

(low tE?e&HE&%@; Rassidg e eedFRiesonny apass Cheente iaGnass being
the tissué or epitheliumas for exanple. betvveendt@e ted and
probegi. ppl dlermal @t alCanafEiuepitifddauncapy eREy detected a

chara?%%%%%@ﬂn%§“@%§é&&@ﬁ% ahd heeds@ashg Arbhaepatitvellterations

ucts ray be acceSsed by a central duct  catheter

in eowitheltivsbop&iskusisur al REYNSF OISR | n§UBFELLPEAQD S,y AR/ OF
pharn'nI %%ato%q.daﬁ C%Qltcﬁcho\ﬂnbplatlhemghﬁ.éhliltrifcﬁfse eb t@@terr_nine the

Breast as well. Initi ally, one ornore of the neasuri rl%
preseskect pddesbnormedd PEemEARERE MUfe OE poREFETPUS cellis. A
~eethefer toa Logleehnede, per ©IKE, Poidledace or
basel%lngenaf‘g‘lngesc%%abpfqéﬁggpgé:?l\%elé%qt hg@cgﬁ%-passi n @te L
otherel exteotesphyapedagdealas Fyaraedy wi ERafhe 1€st eﬁﬂ%%’h“ejdve to

signal, i %ﬁ of\¢ O IPre19Lk the mMeasynkea in - the
alperatg& rs"odelzr?L tersﬁgl??%el y a t%r ee-el ectrode system nmay
tissuke tusdde f evaiieasedeners agrrebpayndeeiagiaired tRegnRance

tne LERBReE nPFoaiabl Tt o i it on e e, (ipe eneport
altercanidid | onTok . thrensamih¢kiakt BENPREGHASEd (P impedance
or wEL{EELLGL e 30, 0 IERRULAI-BEILARSAP Sisbamty wrat mey.
reflect or make it possible to detect alterations- in the
transport) are then measured. Based on the agent intrqduced
and the mealtsuredv electrophysiological parameter, the condition
of the tiséue is determined.

[008'}]' A method and system are prdvided' for determining a
condition of ‘a selected region of breast epithelial tissue.
At least two cﬁrrent—passing electrodes are located in contact
 with a first surface of the selected region of the tissue.
Alternatively .the current passing electrodes may pass current
across the tissue or épitheliuni as for example between the
nipple ducts,-ductal lumeh,'epithelium,-breaét parenchyma and
surface of the breast. Alternatively, the ducts may be:
accessed by a central duct catheter. or - ductoscope. A

plurality of measuring electrodes are located in contact with

the first surféce of the breast as well. Initially, one or
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el ectrophysi ol ogi cal characteristic. The electrodes in
t he descri bed net hods and apparatus can be used in

weooesyaete3n th, in proximty to, over, or inserpPelUSTIDG046570
the tissues being exam ned. It should be understood
that where the nethod is described in an enbodi nent as
enconpassi ng one of these arrangenents, it is
contenplated that it can al so be used interchangeably
with the other. For exanple, where the nethod is
descri bed as havi ng an electrode in contact wth the

, met SO be used t.h the el ectrod
more |Ch€ F?‘&d T%?%u’c')imgn %f%?(# Sto hu\’é/I idsstﬁ(g neastid @ Ene DC
potendill afdferafesd tbeametdhmi Iamdéedoas resheirencen po:.nt

| d
P signeeml 4eed FRRTIEARPRct (BREVERR b SBbe (R GRSSInG

electWiddesor i nsefpediantsd, t hgstbesueed 068N i nthkderedtablished.
nore accurately detect transport-alteratio

signadpnoril PPESEEFCer oBY oP™EancRF oudO&Si t h%EI altgﬁ sdlgasuring

 elect@ Al mcoAPQéQﬁEt%%lty”By bBrbBt E0@UERGdded system may be
mani pul ate the tissue. Pharmacol ogi cal' agents may
used | fR¥ UBEAAYERMSNS-Sof WRBEEPYI ONnetpahspeRt ihgused for both

curre‘?JteCt{ﬁf@ct_@Sﬁ' Vidds apb8g98kst sedlorenardfic i an agent is
transport and electrical activity, ionic

introsinad { UbEenshandeer: ofordbn &l ssiegr owlRS a‘é?%‘?‘ltlon of ‘the

|l R nicdDi Bhkicen 8h etgstrdedlcr of th gent on
tlssu;efzt ?\%I ?ééF%JCT)SQn Dep endlegg on the: Iocatl%n oc% the? agen

measudastudd o tbéal’llﬁ?ﬁlé%t:hgéﬂ- povedrlof NEIPRARNGRY BE other
elecépcgcqn}é)l fcéiercﬂzg:?a@gé‘i@%@t:()g' Cahdr NYIWBYes in the’

exe thod includes introducing the
descrag:eeﬁ metcbetinsy qrtﬁtnépﬁirm:e beamgben SR d ghfe EORFACE “With,

in pglogctlﬂ'{ltaﬁf E%n ﬁvgfrfuéfonlnﬂf@é& CUHACHHY tissues be:.ng
i njec ot her exenpl ary net hod incl udes apgl yi.ng
- examitried agerfit t shohddsibe sodeasdoathekbph (e ek eadl‘%thOd is

desciilgcuianegysl gl %rr:&umést heidibad®indNObhe" of these

exenpl ary net ho es el ectroporation, Wwherein the
arrardyetabtepi titel |1l$m congerfrded 4% radd petms@@ne Hysehde used

1nte:§%f&sr?%ea19{yam.% ?gtﬂ t?rﬁe{‘ ent pyi.a e‘?éa?n%}lhé)d%éf‘? the method

a pene gan or epitheliumo
is dederigstd He atgvemngheanpaeteverddfef uses rFangact. with the

tissue, the method can also be used wlth _the. electrode
inserted into or in proximity to the tissue. 'Sim.ilarly, where .
the method is described as having an electrode in proximity to’
the tlssue, :Lt: is contemplated that the electrode can also be
in contact with or inserted into the tlssue . o

[oosesg] In order to more accurately detect transport . -
alterations in abnormal pre- cancerous Or cancerous eplthel:l.al
tissue, a pharmacological agent may - be .- 1ntroduced to
manipulate the tis'sue.. Pharmacological agents may include
agonists of specific ion transport and elec;r'ical activity,.
aritagonists of specific ion transport and electrical activity,
‘ionic" substitutions, and/or hormconal or growﬁh factor

stimulation or inhibition of electrical activity.
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the organ and its constituent cells. The agent may be

introduced directly into the breast ductal system
woige®eicde nodi fied nipple aspirator cup and ebPeTAUSHUEN46570

or | avaged into a specific duct using a ductal

cat heter or probe. Additional exenplary nethods

i nclude via inhalation, oral admnistration, |avage,

gavage, enenm, parenteral injection into a vein or

artery, sublingually or via the buccal nucosa, or via

i ntraperitoneal adninistration One skilled in the art

roogofi ! ?E%gnefhod c t QeféHEBEQQﬁ ang Pessl ke Aanfk o bpe

t'hat osen I's determ ned. by the tissue to
inveslyd dathesbt | gatednbg0000] m@tﬂsodsysrtaembandlami hbds administer

ene SEIRRSIGILAT HI° RSRIDN! DUBRLKED W58, exerptary mechod -

. :anlmwﬁﬂentiacungdlta]geowqme d&h:legmalycytor tdenceissue be:.ng :

Furt ste ds. consi st
inveslddba s YR T e, TSy SBErar P Ruehirggt, concact
or injecoldhnat ixbtHer cébaezapnatyza]éunudlmmuaesl applying the

structura alte ations i remal i gnancy. and. cancer Y
agentusiﬁ&'sp&%@d ef bProd%Er?ﬂE pres@ﬂ?rﬁﬁéentFBﬁ ey geng acts

transﬁnﬁ:\érﬁ&d@mgfaﬁhlt@r@iﬁmemt sikaal. (depthanother exemplary .

i nformati on about the epitheliuym under ex nati.on to
methag] SOCET cENBF FERBRES TR RS SL7 nE BRo embdd R chel dum

or sa¥shess aadmmihogerabalhe ppesaifie i pueRlicen dse alternatlng
el ectrodes with specjallyfornmulated ECVMs to grOV|d '
CuTremncrtonSL FFORE |0 SBBLECENE T THRFT it the organ or

epi tHE1BAROSSE p&at@mels@nanoyhandg@mcedhexﬁ 0993kilB @rideudds into
measure the transepithelial breast DC potential it is

‘the Qr@dsadid hdtts hE ARt o7t he“Bhts - be el 8Bt rF€ERFy may be

| intrRfLEssediRiR 1y pph@oelaeér%%a%%nsaﬁ@%@d dyst@ke u@ing the
-+ .electrical connection between the. Ag/ AgCl (or simlar

modi §igt ot et e pREPE AERPRY By HId t B BAFERTS | A7 dayaged into a

.specn.@:!c,OYdu@tCkﬁsn.nﬁl U 4B e 2 n%at@ﬁ:ftté?tna o PLbBE. aAdditional
- conductive neta conduct i ve ymer el ectrode)

exempﬂé%tme‘é?eeégeanwlm% e hﬁlb@fétéeﬁ THelc g pistration,
'lavagfé | gd Mideh a@ngﬁ:rM (eﬂt)ngth‘.&%ﬁdu§£b ¥@t'i'%ﬂ' U{‘i)xto) Wi Ghin  or |

tefs the ductal system passively, or after .
-arteIaSpl ravPbAnarelly syay ng@lér FAf, PERERY cBHCEER Wi tF via

1ntréﬂ5&1toneal admlnlstratlon . One skilled in the art will
apprecmate that other methods are possible and. that the method
chosen is determlned by the tissue to be 1nvest1gated

[0090] Thus, systems and methods consistent w1th the
present invention use transeplthellal electropotential or/and
1mpedance measurements to ‘diagnose pre- mallgnancy or cancer,
Further, systems and methods consistent with the present
invention use a defined set of frequenties, in combination, to
characterize functional and structural alterations in pre-
malignancy and cancer. By using spaced eieétrodes the bresent
invention may‘ pfovide topographic and geometrical (depth)-
' 1nformat10n about the. epithelium under examlnatlon to dlagnose
pre- mallgnancy and cancer. In one eambodiment, systems and

methods of the present 1nyention use electrodes with specially
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ductal lumen. A surface el ectrode placed at the
surface of the breast conpletes the electrica
WO R600W61632 SO t hat neasurenents of transepit hel pair/us2006/046570
potential may be made between the ductal epithelium
or center of the tunor and the skin surface. Simlar
consi derations have to be given to neasure
transepithelial AC inpedance whereby the neasuring
el ectrodes neasure the voltage drop and phase shift
across the duct al epitheliun1or tunor, by utilizing a

'.formuﬂ% %rcl)i(e]‘_ll\?smr%d J:gv E\?I&é&[]o S.h J.anEMaéHg a%%out the

oher® con I'gurations th I'S™ appr oac
eplthe&n@mlnaaénagnomhemﬂaﬁmﬁymgnammmtandncbacm&de betmeen

n electrode inserted via scope or. .ni
roosa £ 21 PRI LONEL S L 0L2,0 EHE T SSEAPEOT ILEPLE Wiidast o
potentilr avenaus) ,neddssatey nadhaor sbculne@uso®! atig odmict be
_ t her enbodi_nent, the.duct nay al so be accessed
clectyfeal Pkl H cEIPaaR ThE o BiPbl S nEd S E < popetricted to
. make EA0QAJedut ik &ler chbaneerbione YA waans epict he}jimcl (or similar
nmeasur enent W th |rrpedance rreasurerrents It IS

low Qidsat yPlE R/ MEERIThe ndaditendht of-ithd g8 alloy,

nickeP0t @ntindlnussi ngihhe \&iﬂmfe sersidh&t echhedie® ive metal. or
referenced to surface electrode with | owontact

condu?ﬁb%ﬂanEQIMmeqtuf%ﬁ%%ﬁog?feaﬁﬁ%%?Qn1q@Fe%ﬁe@héWithln ‘the

nipplénEpSti il dgdy: &l ei dixbawa creedl en@hectigderst conductive
el ectrodet hat perneabilizes the overlying epiderms or

mediug} hewhgit hEFIEGRS oFNBt KRICTHy SYS&rnBBSEAVRLY  THer after .

asplrskfsﬁr Qelesn My goptage dbif req, | ARG neONEBALRBLI ORSth the
har macol ogi cal agents or hornones in their. ECMs. As

ductaﬁsé&meﬁl £hi $ IBYEFAPEI ST EM Pl agatbdrimtiifarsurface of -
the RAJELS IRRAPISHON @heel eeiébe§llc%llgna&§reﬁween $8€ that

surface bel ng neasured and the el ectrode. An. agent
measu¥ﬁ@ﬁu§ésCﬁhyt¥@ﬂ$@pééﬁ§éﬁﬁﬂaﬂW%%enbhﬁinﬂ@dl6§?c@@de between,

‘the &Mm BEG TRRA ik Ot BT &apound added tQdde BGM Ofhe skin

ot herwi se introduced to the tissue under
surfa¢avest$iyatian, 0@@49@&%@@% ovieye fupt Rer dinfest nhei Sieasure

transgpn_gﬂgetlgglc RhB%d%%c@%ﬂéééﬂ? tlln% arﬁ‘@$§§f1ng electrodes

Iment t oncentrations o agents may be
. measurharige Ugh@%fﬁg@pt heodgPpeas emhift across the ductal

epithelium or tumor, by utilizing a nipple electrode in
combination with 'a ékin surface electrode. Other
'configuratiéns' of this approach are more invasive, whereby’
meésﬁremenf; can be made between an electrode inserted via a
ductoscope or nipple' dﬁct probe electrode referenced to the
skin or an IV (intravenous), intradermal, or subcutaneous
electrode. In another émbodiment, the -duct may . also e -
accessed ‘by a heedle—electrode inserted through the skin.

[0092]'.' In order to ‘combine DC .transepithelial measurement
with impedance measurements, it is hec_:és's_afry to obtain
baseline r measurement of ‘the DC pbtential using the voltage
~sensing electrodes, referenced to surface electrode with low-
contact impedance, 'or the blood stream via an IV, or -the

interstitial body fluid via a needle electrode or electrode
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[ 0093] El ectroconductive nedia can include conductive

fluids, creans or gels used with external or interna
wehectosmdes to reduce the i npedance (resi stancBCT/WS2006/046570

alternating current) of the contact between the

el ectrode surface and the skin or epithelial surface.

In the case DC electrodes it is also desirable that

the ECMresults in the | owest DC offset at the

el ectrode surface, or an offset that can be neasured.

The ECMw || often contain a hydrogel that will draw
chae | U ANAALLL Ol VERS T O0LIGERE, | AXBSadndle SN other
: est K ectrical contac MAth t sur ace
epltrsleom,ooker &thetr boely tﬁmﬁemrecelspdlno pa§shecuar]rmrodes may

concdSEULFREELE ML S coptieiences UL ib AN Grice agencs

. or h@ﬂmbﬁeé ithetlebiet muiMa €S ﬁ%ngsedlymmseular@déarlption, an . -

BCH righ 4 1yiO PhestTho POABIER fFEETSIHRTIM Sof ¢ ngfectrical

signal£chéodecnolaid zalt paces beany afessyprobl arnd hare V\blaéctrode
i ons of dlfferent nobility are useqai her ions suc 1 1
An  agent,qigq LygFShe Ai¥ed HAT MBI Hid oh¥? a ?ﬂ&aeo ogica

-agent gk@fm@h@beobythercw@rtwml sadeasybt dhe mome asﬁpodhermse |
el ectrode eqﬁillbratlon 0094 I'n sityations . .wh g

intrdicerdtitths MY | D THile ‘?’ﬁe IRFEREBIRFEG of fpgected to

proviep t HeLtHEXt OnFpeaiaftitrl Sout heraneentnaticnn of théntissue.
the ECMw || be varled so that the conductance of the:

In  2@9iRd | GO TSI Hs st NP IREHFA AR O agents ‘may. be
chanft@Chs ORRYSI £ o %ﬁ&lomgrﬁrsﬁﬂ@mcer or permeant. may be
‘ added to the ECM to increase the conductance of the
10093 hder | 5} AgtERFANAHCERY | eBEFRyt oCRR. t heNEENFECY h%Pnductlve
£fluid@PpProachgssi ndudeggi bd swdpce,obhasedt drdgdieduse internal
-~ surface skin resistance or silicon el ectrodes, which ,
electypiepehor maMIGhet Ber JMARIBIGRUATEE1FEARGE SIQ nalternating
currérmaef ted UNCEt [ BR¥Rd hdep1 berFBastfitfiece and the
depth of the iInpedance alteration, the voltage drop
skinwpr| opd tiedd et ABERasErf ackn eltBSt GRS WFt IPiEdFadar it is
:alsoSﬁégiPleép@ﬁngﬁﬂé|E@ﬁ g@&ﬁiﬁbngg R &N edgepsf orfser at

depth to be probed. Simlarly two
the electrode surface, or an offset that can be measured. The

pota55|g%$chlor|de becaus of _the si.ni|ar
y

ECM will often contauﬂ-a hydrogel that will draw fluld and
electrolytes from .deeper- lavers of the skin to"esteblish.
electfical‘ contact with the  surface electrode. Electrodes - .
that‘.are used to pass current ' require ECMs withﬁfhigh
conductance. 'Usually this is accomplished by using ECMs with
high electrolyte contenc.: The electrolytesl'frequently' used
are KCl _(pctassium chloride) because of the similar ionic -
,mcbility'df'these two ions in free solution, so that electrode
polarization is less of a problem than when 1ons of different
mobility are used. .Other ions such as sodlum may be used in
ECM formulaticns,' and the higher .electrolyte concentratlop-
~result in more rapid electrode equilibration. o

[0094] In situations where estimations will be made of the

pefmeability of the -epithelium - to "~ specific ions, the
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different frequency ranges will be used to neasure

functional and structural changes at different depths.
wQe@ORk7eBn order to nore accurately detect therPCT/US2006/046570

functional transport alterations at different depths

i n abnormal pre cancerous or cancerous epithelial

ti ssue, a pharnacol ogi cal agent is introduced to

mani pul ate the tissue, while electrically probing the

tissue at different frequencies and nonitoring the

vol tage drop between differently spaced el ectrodes.

' .conce?x rEB:LO(H O%'fcak tt%é n%bPld gnlgés voafr Sepc?c' fo' Ctpat the

ransport an electr V|ty, antagoni st's o
condwqmandecoiontheammmﬁhebndmehsmtpaﬂassmnmvnﬁwf benineasured

substi t.uti ons d/ or ._hor [.gro r
erectiiRbieat i ara P of erbrearaar Sk Fre gl pay pe aaded

to tHO0ST Pepdndirgrson the bondlulc&ramfe tdne thesuada:rlbe.ng skln,
, i nv ated, a.nu nmet hods are_used
‘to theyg i?g EPEth qﬂﬁ oggﬁlcm éheﬁmﬁﬂBESFCQESntnc%ﬁ%? mild

. 'surfoRXenmbasyisRt h@d dradlalesurfibeeduting teeiagente or silicon

oS ESA YAeAlE LSSl Belg, | Nestl dgted B LE'al veauc

skin Apthese exeaphaaicaet hod i ncl udes applying the: agent
to the skin surface, wherein the agent acts
(0095 ansciit arf¥siRY y ¢ dr RIRIR t HRS sKETFPENet© BrotRer ”,“pedance
alterexang ar Wt hedlieldider ) eetinapopat i nadeweeewaehhesurface
ep i thel i um or 'surface'is made. per nmeabl e bxe&ﬂtégas g a
elect&qd%ﬁf 1t it AhG EEERPENSRAG R ect PBRES™FN ] ermine
by KPRREIdAd NG hasdir fageref the ke eastoweaduct agimilarly two

epithelium of interest. The. agth t hen passi vel
diffefiqtsEECAHPB Y hE BIIRSt WahY Rt FPuBiRa g sfunctional -

and Addidioral exsABLar urmeliads-dmiclagiecwd a inhal ation,
. oral ‘adm ni stration, l|-avage, gavage, enens, parentera

[0096hj ectFBn Gufiay ateifOBe HIBHRALILY! (GRRAAT y Ehe yfanctional

vtrané];n?rtbucéplat!em% Ye Via dfdraper idnedl in abnormal pre-
admnistration. One skilled i'n the art will appreciate

canceiis ottfier CRBCREGY Sar BRSPS afhidSENG t e ReRFBICOlegical.
agentchosgn 'Sin@%d@é?fd Ry t hﬁlah'liﬁ;ll%ﬂéj b%l'ﬂenv_e%.'sgﬂttee,d while

'electrically probing the tissue at different frequencies and
monitoring . the ,voltage‘ drop " between differen;iy spaced
electrodes 'Pharmacological' agents include agoniéts of
'spec1f1c 1on transport and electrical activity, antagonists of-
spec1f1c ion transport . and electrlcal actmvmty, ionic
substitutions, and/or'hdrmonal or quwth factor stimulation or
inhibitioh,of electrical activity. '

[00971] Depending on the location of the- tissue to be:
investigated, a number of methods are used to admlnlster the
pharmacological or hormonal agents. One exemplary method
includes introducing the agent directly’ tq'the tissue being

investigated, via ductal perfusion, infusion, direct contact

~or injection. Another exemplary method includes applying the
égent, to - the skin surface, wherein the agent acts

transcutaneously, or through the skin. Yet another exemplary
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[ 0098] Based on the agent introduced and the tissue
bei ng i nvestigated, neasurenents of
webeciswmphysi ol ogi cal properties, such as i npePenTs2006/046570
are perfornmed. Ot her properties that can be nmeasured
i ncludes, transepithelial potential, changes in
spont aneous oscillations in transepithelial potentia
or inpedance associated with the nmalignant state, tine
delay in a propagation signal between el ectrodes,
whi ch indicates a | oss of gap- junction function. If

‘methodd] @ﬁ%&ha@@lew&r@ﬁﬂaﬂmhlympéﬁq one Céwlthellum or

exam ne the_ | oss .of coupling by phar macol ogi cal'|
surfagg; cilty ng\aaiﬁ elle%lfff‘@@aley Bvial thed pe&s@deng afhe alternating

'.curreﬁ'tg L3 PLARAGA] UL uﬁna%nq:%‘m: SBEe?‘&fe‘E%éuEE@C%urfeee

ial cells . This is functi measur enent
. of thehebga@sq uatt i Brstal wesriddee Isiuml @felremtereat The agent .

gn S shupti ng, rye %ﬁgp." '
then %%5 (é&%##% %rg1 neagﬁ%enen Sat gggs?Es tuent
cellsh|ghAﬁdmmyanqﬂrangmplaryommmhdae resulude ofiahdstalation,

oral' ﬁﬂ]r enr{eq__t S, &8 t he ausaedeto deterni ne.the condit] O teral
& AVEStigated ti%6S Ford &l e, Fedear ch s

injecitidircatiextct hat speéai f or |®ntergnsp9nblpnguaiies are via the

| tered during the develo nent of cancer. .For exanpl.e,
bucead | §uEO5E 01 B8 ¥l £ NOPTT ARSBSAL, SRTUPLPSGaraLTon O
skilliedd NahH exehange, wajdowappmamﬂaﬁe(nmhat Kbther methods are

poss il FERll Sl FRoe. SABoReyaPPE Ruehie) qeEaniAd oy cne

tissde—mpﬂbe:imwewhbgahaﬁe) stiml ated A" secretion have .

: een ser 100 m ni,sterj ng agents . -

toossde o RRELd s L L o ek ER bR a8t Rue peing

investHasidedg ﬁbesasemeh&tsed;ﬁl eréeeﬁbpﬁyehogb@alcal properties,
characterj stics, ossibl e to detect abnorpm

such %, LERRCEN ST o‘?r%aﬁ’@éjl%&fg‘ec ssu& T PTRRSTELes that can

be mée¥akepmenhcdhdsech trssseph shatlian epbkynstiags. l:hanges in
shoul d be understood that the method and szste

spon?ﬁ%?%ﬁ%seﬂ?cﬁﬁ&QﬁHQ5§|sl%ppﬁﬁﬁﬂﬂ§P%QP EplPHQQQQlal or

imped@@ide/ etk §8ALEE eASWERNAThD Wa ndh A1 Eedtk), timRSi@®y in a
colon, breast, esophageal, and nasopharyngeal cancers, '
Propaga i gégaeﬁepeﬁweQ%|e%ectrodes, which indicates 'a loss

" of gap- junetlon function. If adjacent cells are electrlcally
coupled, one '.can examine ° the loss of coupling . by
pharmacologlcally ellc1t1ng an electrical 51gna1 and measurlng
the signal propagation up and down-stream through Su:face
epithelial ceils. This is. a functional measurement of the
gap—junctions,' whereas simple electrical etimulatien will
neasure shuntihg of a current between the cells (a structural
_measurement, at least in the high frequency range) .

[0099] " The results of these measurements are then used ‘to
determiﬁe, the condition of the 1nvestlgated tissue. - For
example, research has indicated that specific ion transpe:t
' processes are altered during the development of cancer. For
example, a loss of electrogenic Na® transport, an up-regulation

in Na/H exchange, a down-regulation in X' conductance; a-
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mal i gnanci es, such as lung, gastric, uterine cervix,
endonetrial, skin and bladder. [0101] Specifically, in
weanoess3af f ecti ng nucosal or epithelial tissSuBST/US2006/046570

transport alterations may be sufficiently large to

suggest that they are a consequence of an early

mutat-ion, affecting a |arge nunber of cells (i.e., a

field defect) . In this case, they may be exploited as

potential biomarkers for determ ning which patients

shoul d be either nore frequently nonitored, or
'decrme&aelmsamycbe assdrpaibgentddd @adblmﬂbl-lraa“gdlegtms in c-

e |theI|un1that requ re bi gg y. .The %att
6f &

A6 oo 5t he edetie! meYppbarblase) stimulated

'c1 s*ad&%f&&sn@a@é B@éhabbeéﬁ:@iemrra in situ (DAS) , vvhi ch
are nore.difficult to detect nannngraphlcally qr

[010Q] i ni cBRUBr edlY exEMTRAEEEH 1R hog nﬁ§V|ﬁ§Hﬁ9ﬂﬁﬁﬁﬁq to the .

parti@uﬁﬂr'n¥ﬁ§tM@l@prSklééﬁ%xﬂaﬁﬁﬂﬂm%éﬁhfbﬁgnetﬂ@dsa@%oc1ated
resent invention, several observations have been
elec gréﬁsf(swlggﬂf:@rleﬁé@sr%t%hsf—b@&r iipddak@saflle to detect

abnoﬁk:zéfrvegr&bsanee%@@ ngomal i eaaeter%%ast T {Whfe bemrgrle the
or normal breasts . The total inpedance is higher

develoRPAREngEmENcEN dritSTeR befi 8RbPBaSEE Wi tHFadfR- t of &I Should be .

undefﬁpsgéntﬁa%x@%@mﬂgkﬁ%hOQQdogggtém'd%“%h@'ﬁb@&entoﬁnventlon
i gnant "breasts 2) To capaci tance was | ower

is appdigleblcorparirig mitlgﬁbh@lwdﬁnb@ﬁ gfaBEeHor fich as, but
not bifﬂ§£§d (gb Th EOER%Q§903<£§!J§S fﬁ%eQQEnaleQBBhegeal ‘and

I gnant” bréasts separate at |ower frequencies
nasofharzhagelof - chedansies dif f erwelibpend®ng ohhene eplthellal

mallggggg gglcal?ﬁgﬁdltégn O&uhge br§§§Er1Q5) Eh%%ﬁﬁkﬁ?' cerv1#,

sistanée o e tumor be
endomeequehcleklnf@méb%dﬁpkéertn t he range - of about lto

[o1oi‘5’°“t g ca% tcélﬂ;h' s glso depends og?fpﬁcuﬁgoa%cosal or

(6) Capacitance e tu
.epltbelhaghensﬂuqme tga@sport alteratlons may be suff1c1ently-

large to suggest that they are a conseguence of an early
mutatlon, affectlng' a large number of cells (i. -e., a fleld.
defect). In this case, they may be exploited as potential
" biomarkers for determining which patients should..be either
more frquentlyz monitored, or conversely, may be used to
identify particular regions of epithelium that.require.biopsy.
The latter is especially. helpful in .the case of atypical
ductal hyperpiasia or ductal carcinoma in situ (DCIS), .which
are more difficult to detect mammographlcally, or by'clinical
.,breast examination w1thout having to resort to an invasive
.blopsy.
[0102] Applying the methods of the present invention,
several observatlons have been made: - -

(1) Differences in the total 1mpedance are observed when-
' comparing mallgnant breasts with benlgn or normal breasts.

The total impedance is higher comparing nmlignantntg benign
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frequencies. This al so depends on the pathol ogi ca
type and size of the tunor. (7) D fferences exi st
woeimmerssphase angl e, characteristic capacitaneer/aszho6/046570
t he suppression of the center of the inpedance arc
dependi ng on the pathol ogi cal status of the breast.
(8) Wen current is passed across a nalignant tunor
from another site on the breast or body, rather than
fromthe nipple to the surface of the breast, the
I npedance may be | ower when the voltage drop is , '
.breas[tt_.%asw.riﬁﬂ at‘flrlﬁsscét!?l tYmedAtder Beigeen gtk ohms, or
nipple and the tunor i.e., across ductal epithelium
even THalsapaciemnchee isalsgnbhy brgestsvhen t he neasur ement

IS MR 0S l,.i t ¢ r, er ot 14Cr 0s; :
_ ﬁ%@ dﬁ%?%?fep??ﬁggﬁﬁﬁi ere %?e]égg%ﬁbi%a??gn'é ‘ébmparlng
maligmeasuvenentisenigmppbe norpedadireamtisace .

(tr.an i thelial inpedance spectrosco bo .
éb?face‘?o 5?839?n§ﬁ?fa%%rY?rangcghnﬁgx%ﬁ%%da%%¥5 ,mallgnant
breasand dapansepe t el Labepotferuaingicisct al epitheliumin

series w th skin provides the optimup di agnosti G.. | |
ilfor Gfoﬁr{a[pﬁog]f Tﬁ%ene?th%‘é%gof‘ﬁtﬁ?eerlps?eg%ﬂendlng on the .
pathdlivggidd Dcoui@i paohi ofil @hley busefsd. when use is rade of
t entjre frequency .range between about 60, 000 rt.z
B A SRl R i o SR ey BE ower ac
lowerdi SeegieRatiesy, | A6Pr ratdmpl é s dbsethed minde egfensbest 1 to
bel ow about 200Hz. The preferred protocol is to take .
abou%_(ﬁox\’e MRERE E‘%\%ESlﬁJe‘lgr%nfi?pﬁ eo%%cg?lereraycq%neg, size of
the thiase. angle, resistance, etc.) between about 60, 000Hz
%gg about 200Hz and then take as nan negsu enents as 1
pdsi BT RkPRGSI ffo TonsFUBPAL FGY, ForlPeR8Rpl &F (e  Lower

frequeaidiosd . of dHies pat kentdegespOnss tdHe PithbBogical type and
. equi prent, etc.) between about 200 and about O | Hz;
- size Qi hYpFYBEt ween about 150Hz and about O | Hz; nore

pief erspl ¥eabAdEs100Hzcgd rabout nO:-ivHen for graemle  angle, -
bet ween about 50Hz and about 0.1Hz. In practice, this

Char@ﬁﬁ??&%ﬁl?aﬁﬁﬂ?Qﬂﬁﬂﬂc?OaFézﬂ%ﬁtsﬂ@ﬂﬁ%%ﬁﬁ%heﬂ?sqnﬁ center
of tl@@ei%é&&ﬁze arc depending on the pathological status of

the breést.

(8) When current is passed across a malignant tumor from
another site on the bréast or body, rather than f:fom the.
"nipple to the surface of the breast, the. impedance may be
lower when the voltage drop is measured across the tumor
rather than between the nipple and the tumor i.e., across
ductal epithelium. The capacitance is usually higher when the

measurement is made acress a malignant tumor, rather than

across the dﬁctal epithelium. Therefore a éOmbinatio'n of
measurements ; nipple to Dbreast surface (transepithelial
impedance spéctroscdpy), body surface to Dbreast. surface

(transtumor impedance), and transepithelial potential (ductal
epithelium in series with skin provides the ‘optimum diagnostic-

information.



of the | ower frequencies ranges. [0104] It has al so

been observed that the application of alternating
werawioets3and rel ease opens up the nippl e duct speDustu@é/046570

-inpedances are generally lower if this protocol is

followed. This will typically |ower the inpedance in

the high frequency range. This reduces neasurenent

noi se and enhances current passage al ong the ducts to

the tunor site. Further inprovenent can be nmade in

| owering the inpedance of the nipple and | arger

101030l | e@‘hleng WOlSody USHRg algehol Ofc dodeker ahi,Bhel ng are

agent - such as Nuprep(r) to renovekeratin plugs in the
particuifndy diretwhenhegs WP t he masie eofurthe eentbr dodeequency

' range]c Bét%%[ﬁ é‘LR: t@@ Gib'ﬁt ﬁE{%&S%D‘?{Haaart?oMoaﬂmlf Bbrez. i é':itlthough

uct oscopy ining nipple asp
most HqﬁcichmF)deQMnmahatQVEge4ﬁ£qrmatwﬁwq 1dnnobhesved at

frequ%ﬁgh %gﬁsag%htprfdlél%ys' y e@;ngag lle% lpz}oht?ocol is to'

resent ‘i nvention. artrcu
take BHnDowahahmucmﬂmmbhsanpmemtanQﬂmpnmamdeSUEEacnamqu phase

' connected to a nmano to sucti rhyt

anglefTPEELE R PRI Sher ettt iy e il ana about.

- 200Hz s agid oaheneaﬁakee as alamyedmé@ssﬁréménltevas apdsbhbme (taking
change. t he ressure.to ot her | ev S

inco NGNS IO B ERHNSTI S T4 nEbresEBL R LhS marient,

responeelxnmse@ﬁﬁmhed@mymymentte&tc\NtBQUWennSMBuyﬁozoo and

b ound b t heor, s beli ved th a df nce'
avout; D JHAR Pt retihoeetisPoe 38015 gigh aboGE 0.1mz;

more |ﬁpedamm@ur\mpwl seduiie adiﬂ:t aalbcfmi | apsiia t lEdihe example
i.catjon of SUCtI%g@In a normal breast whereas th

perweBRPadut Ohotz REL Aot S | oife prietsee, (PRis can

mean &@IKiafseabb@t0Fo Aduabehuofs v anbabheBmeat® POSSbRkE or more
for devices to be used with the present invention.

of the lowsr AHIMINS Fevi2BI8Esign, there are a nurmber of

.[o1o4@spect19: that rEnsdebeari esbosIhesa vaidat icdrs, application of
-are descri bed bel ow. [0106] One probe, or_ ot her

alterﬂé\‘illé‘é’ |%%?EH€§ &% UTSH FRFSoPRATH atBr i6d RiRRIF oSS SO
‘that | Ampeeessash Welds . gbhapesadl e1eqamer giral lvhiavaidalecol  is

follox?vleldl Cor’]I‘l'?lhsl. P frogﬁﬁ'cg%lgzu%&gﬁsthe 1mpedance in the high
frequency :ange. This reduces measurement noise ar;d enhances
current passage ‘along the ducts to the tumor. site. Further
improvement can be made in' lowering the impedance  of the
nipple. and larger collecting ducts "by usiné alcohol I-'crr a
dekeratinizing agent such as Nuprep® to remove keratin plugs
i'n' the s'urface' duct openings on .the nipple surface. ' Methods
for opening. up the ductal system are known. for ductos’copy
(e.g., Acuéity), obtadining nipple .aspirate fluid (NAF). or -
ductal lavage (e.g., CYTYC), ‘but this technology has not
previousiy been applied to'.the field of -‘;he 'present‘invention.
A particulariy improved dévice . will employ an automate.cl:"l-
suction pump connected to a manometer' to suction rhythmically,'
analogous Eo ‘a breast pump, then: emp'lby a holding suction

préséure at a predetermined level and then ,c'hange the holding
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such as filtering, may perform surface recordi ng and
initial electronic processing. Each ECM sol ution or
wagenieTeey be specific to the individual electrodesane046570
reservoir on the chip. Thus, for one neasurenent, a
particul ar set of electrodes is used. For another
nmeasurenent, for exanple, at a different ionic
concentration, a different set of electrodes is used.
VWil e this produces sone variations, as the el ectrodes
for one neasurenent are not |ocated at the same points

' -pressrigﬁél g[ﬁ%nr i het N f%i%% e%p;?%{c%lgestﬂ@”eéf‘lfé%t of altered

ts . ' ernative approach is
suctign use tégerirgpedencdesrmutusecanf bewusedughs & diagnostic
' mcrefluidc S n lytj o d agents., . .
cest Spabrndut W ILBHER, 5% 3 "A5uRE By SMRBR0. 35y 1 perievea
that passidigf Seméhcanpiint s edecelrictali cadesponeat { Honovexample a

.. ecS0lution or agent through channels and oyt through .
a1 £EerRne PP eHaREE, PR Or THES T oS PHCTRTs PRI TRnpith the
. applidec ehecofodackemm N ia conhatt bwehls tt kheatses ege Opresence
, f. the ski.n or ductal, i.t.hel i um._.thus: el imnating
ot mflidlindt! Taoh o Auek R i SR EDS P
[0105PPr oag hnuedpsx eSEt il ifayi gl hirlr aldHi e WEeR devices' to
diéfe[egﬁ iplutions. [[Q108] I.n detecting thevpr sence .
be uged WALPNERSHRERSRREr ST B 1T hcer BYSTE F@ast“ﬁﬁEéhe? device
design handdiel dapeobg iundseyi dgd hepeelkai Phag sEY AR varied.
nmeasuyenents at the skin. The probe nag i hcl.ude
Thes &) T 1 DHER"F or 2ps ST Cur et RS TeHPedsProPy-

[0106TEASUrdHE. pAbLAPedANSEnSRaATH LRt {ABY uBRst akeplurality of
., between_the nipple cup el ectrode and the hand-held_, =
miniafghezedr - PP dREN Bt WweBRCBFEEEY 0831 b t he Disposable-

commd@dta e} d Rreheabpilet esnaticssl V.cra ghICtPseeRi§iQ§ functions,
non- opti cal ductal probe may be interfaced with one_or =

- such pgpe TilHiH AT 28R 2T 6AER. SAFT&CR akPRETARPEI Andcinitial

electBASLE Y Sos i MG LI NGRA! Meaki | 181 0gi88eNbr Mg de: may be
i ntroduced to reduce skin i-npedance. The agent may be

speciit¢ odivedNfsi AGH VHi RH¥ | FIRTER o aesREs@ibedn the
chip 8bovegnhg, mvef | Wt onbheusufbaes Ofa t RSl BELTOHESser  of
Al ternatively, surface ' ‘
. electrodes 1is usged. For another measurement, for example, at
a-different ionic concentration,'a different set of electrodes
is used. whilé ‘this produces some variationéf as the
electrodes for one measurement are not located at .the same
points as ﬁor'ahother, this system provides generélly‘reliable
results. | . | ' . |
{01071 An alterna;ive approach is to uée fewér eléCtrodes
and use a flow-~through’ br microfluidic system to chahge
solutions and'agents., Specificaliy; solutiQns'cr agents are
changed by passing'émall amounts of electrical current to move
solution or agent through channeIS'andiout'thfoughupores in
the surface of the probe. In this embodiment, theé electrode
~ remains in contact with the samé region of the skin or ductal

epithelium, thus eliminating region-to-region variation in
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el ectrodes that just penetrate the stratum corneum nay
be used to decrease i npedance. [0109] Regardl ess of
WO b@7061682 gur at i on of the device, Figure 1 is BCT/US2006/046570
schematic of a DC and AC i npedance neasurenment system
100 used in cancer diagnosis, consistent with the
present invention. The system 100 interfaces with a
probe device 105 including nultiple el ectrodes,
wherein the actual inplenentation of the probe device
105 depends on the organ and condition under test. The

lmeasu&r devi G, 105 a@&da{@@r RUALE-dde tehect fodeSequilibration
tached to a needl e, body cavity, ductoscopic,

betwaﬁmwdﬂﬁﬁ@%@n@u%@bmtb@n§urface probe. A reference probe

'[01og§10 nﬁ%ltGEEeEEQnBOQH%Qfp%@sbﬂk%ﬁ%ﬁ@oéﬁnﬁrﬁaﬁ’ﬁﬁ%lbancerous
face probe, nipple-cup or ductal epithelial surface

. or camﬂeweusebpeabe maﬁﬂuﬁngao@aﬂ@?hQ%ﬁ rYehat ien paRyided for .
obtairf a@ﬂ Ol Al 2ASh MDA ErNES hgal Ll AELO] KV Qibpe may

capacciances e el ectrodes may be connecte
include sdaitebdeddwsr esfqro apsebeoti orwwarth 120 wwisdh negs  for

sel ect a,sp b, W ay copmmid  fir o, th
.meas%ﬁﬁﬂfgltgp Iéﬁé r%c@géggrf%§b%:ﬂﬁ? ﬁe se%%c#%on een the
-nlpplsw tah m&calxsa@eselmwhehémaa@md apeokhel} t e -may - be ‘taken

i nter d to the p | o
betwqgn; 8¢ gr&%eg diiti %%%Dé‘}%g%sﬁggﬁe%{}g} aéﬁd/ o\%lz%%atlvely' a
ductdsrrtcazbiredoat aonr—o!mtgiwapiagsucﬁtal eprpbeused d@ iiptentaned with

dance .teasur enent s ctio t D
one %53?8§%ﬂﬂ§9ﬁﬁ? DAl g%egnpls#%%r agrg§%1}%%hM(ﬂﬁ?éflal ©
measxbﬁexﬁ@z:fmﬁ ]2 sed “gftfamgﬂgémemilgzenghagmﬁ ey the introduced -
nal s. fromdifferent electrodes. throygh '
€o r%ﬁ%??f?@?? BTN pl € %?e%?rogesagfg%%nﬁpgyéggg?d ysing a
mlcrc@thllﬁ?ied a@j‘ﬂmhcﬁ’egt ahi gdéabrmbea’lnadﬂmgwe, I l(m:kbmnved fluld to
ifiers are used tq detect ninute signa u i
the ngﬁgéacﬁ“ nabl'&s HeaUrenent 5?%%? ék é § Surface
electhb@egstnas qmgﬂnﬁeﬂemkaﬂéduhatsmmammﬂaaaﬁmﬁmmcmay be used

freq uencg g swi tching el enent may .average, sanple,
to derrsafEct™PREAE Hnal of interest depending on the

[oi0epnt exkeghriihesgeasif enené. Ebn&flgliﬂeﬁsmmg of thee device,
Flguglegr:]Lalls a schematic of a DC and AC impedance measurement
sYstem 100 used in cancer diagnosis, consiste‘nt. 'witl}"‘the
present invention The system 100 interfaces with' a probe
dev1ce 105 including multiple electrodes, wherein the 'a'ctual‘
J.mplementatlon of the probe ‘device 105 depends on the organ
and condltlon. under test. The probe device 105 may
i‘ncorporete the electrodesvattached to a needle, body cavity,
ductoscepic',. n.o‘n—opti‘cal- ductal or surface probe. A refer'ence '
probe 110 r‘nay take the form of 'an intravenous probe, skin
surface probe, nipple'cup or ductal eplthela.al 'surface
reference probe dependlng on the test s:Ltuatlon and reglon of
breast under investigation. }
[0110]. To avoid stray capacitances, 'the electrodeé, may be
connected \}ia ‘shielded wires to a selection switch' 120 which

may select a s‘pecific' probe 105 following a command .from the
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will be controlled by the DSP foll ow ng commands from
the CPU. The signals then pass to a nultiplexer 150,
waneasm3seri al i zed before conversion from an POBUSHNE046570

to a digital signal by the ADC. A progranmmable gain
anplifier 160 matches the input signal to the range of
the ADC 170. The output of the ADC 170 passes to the

DSP 130. The DSP 130 processes the information to
calculate the DC potential and its pattern on the
ductal epi thelial or skin surface as well as over the

DigitheQigary{1 sHspteseBr I<mmd|1wn t hhd npetiapeeont sw1tch 120

varyi ng depth and response of _the DC p otentlgl and

also | PR e the dRPPEPBRE-HEEM EbHEEAL r toREa6Rd] iy, the probe

1105, didighn hOLHRRES 5 Or1 6 hebaagent £ 81 eebised & 0 &ééarrati@rmg nC
the probability of cancer. The results.are then sent

.measut:@mteWéSCP@n@gQrt 02gi Vi ee¥pedipbgy| o 185.0lf OPRFF filter is

used %BEFH@ | vBLY ARe Sigo@hntat erﬁ@é@uf‘&in@ﬂtgay pasidy f¥1ection
conpletely take place in the CP ._An arbitrary

‘ sw1tcwa\ﬂé¥Q)rpﬁlg§ﬁ§r glh@( CLOx &t stﬁeam@np}%gmcerray 140 which
may weenerat or ”Oqunb‘}e%%?ro B9 & :1GeNPAst t 8, MRUET B signals

signal"fo the pro es and tissue under test.
from Tﬁefﬁeaeumedeéegﬁa“bﬂ@@pohbéoplgﬂﬂ t hbecasamgf amelifiers When

multlgggpo%i ? %’%éﬂgsfoar Se}n b rmyIﬂe %3%9%\15%!&6%6 Lé?ﬁﬂkgdlment

arier Trans ornrs in t
digita80 bn:onam/hlobutahelp:rbedancemmi@fﬁlleeﬂ s amgasused uﬁ@erdetect

e diff est .co ns n C
mmutreefselr%ﬁcl('e gméa%usl%ﬂ ’?Héilgnter’rr?glé éﬁ&%?% |%r11jegfn?é%1%ement'
of t]sgstsemrﬁa)l |dmedaMeea$¢asasermt$mmmaﬁ¢bm@tdtdraW on a

referlet qoerffor (Bd r?Xt er nal,&, & Cg I:LQr?l Ce e r?‘polnpéﬁ} ngaverage,

9 ze a arn an ar nal’ yt'e
sample9l ubh:onse[Lad:ﬂ:Z]tIEegw:sgrialnajﬂjdamt&mrdhdle@qmmbm on the

concofl®, 50! STy 0LE PTORRIL | MEBLLOT LN igmar.
will Ib’mlcmiet:aohaedl by4the TEP pfobkowdAgnapmivenast dofwed, the CPU.
e't“%S't%%%hhéﬁsgyt'o”?%re%%%ﬁ%'e%en&%@évfée W sepatizea
beford aendEbs ey IFeonefat easeloyaeand natrdygﬂmai signal by the
ADC. ﬁ: refgt &Odeé a""mﬁé‘ﬁfe uc_:?éf‘rge a?rlxpeft%logg 1é ensd the input
signal to the range of the ADC 170. The output of the ADC 170
passes to the DSP 130. The DSP 130 processes the information
to caiculate the DC potential and its pattern on the. ductal-
epithelial or skin surface as well as over the region of
susp:.c:.on In addition the impedance at varying depth and
response of the DC potentlal and impedance to different ECM
,concentratlo_ns'of ions, drug, - hormones, or other agent are
.used to estimate the probability of cancer. The results are
then sent to the CPU 180 to glve a test result 185.

(o111} Alternatlvely the signal 1nterpret:atlon may partly
or compietely take place in  the . CPU 180. An arbltrary-
waveform generator 190 or sine wav_e"frequency generator will
be used to send . a composite waveform‘signal to 'the. probe

electrddes and tissuye under - test. The measured signal
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el ectrode, or ductal probe electrode within the duct
or at the nipple orifice. In one enbodi nent,

wobéwambTeat ed in Figure 2 , the reference is a PCDPPE®06/046570
el ectrode or ductal probe 43 0, illustrated in
greater detail at close-up 440. One advantage of this
configuration is that DC el ectropotential and
i npedance can be neasured between the nipple el ectrode
430 and the probe 400. The neasurenent is thus a
conbi nation of the DC potentials or/and inpedance of

respditfe b‘(%@%hgueg% QR thel i(%’%ﬁllgigfﬂtgu(}&%!e W RAStst imulus) may

parenchyma, and the skin. Referring to close-up
be deqonveheeduusangrim® (EBaphsdlauved emtBransfotmsevdmalthe DSP
c o fi hat. . ape t f h ‘
130 GETGRY OLbl, EFed (3hiGASTTE BrbRBade Bfoflablls measurea
undessi pug 444 fewleindh dest nsoadiigers .col hectimpmhectt ddbibration

: 114] ot.her ant age. using a .ni.npl.e. el ectraqde
zetencld 19908 B Rl PP hinng Pad Ry PR dife evstem
. for impefenexchanrgad-éhenugh t MBC praldbrparivd thag be performed

. _Jdntroducti-qn.of .phar ol ogi cal and/.or har.onal .
excert B REISRAAT IS nidifl 1 PBHOR: (o 619 b ek Agginst an
exterfiall drefer decexehengedlytcougil vt issrdeport. Fl uid may

e infused into the, dyct and, aspirated at. the proximal,
toasdf | PHESE L0t he duel anduasplialed aloLhe O IRLiceent
with DitfHeer entesdract ridlydet S6h Ut | WRScARYmAe | BEUS@Ppllikd to the
t he duct .to neasure altered rmeabi ity of .the ductal
surfagl REL ISR BT eRBE T | CTRB e Mk e i e ARl e 410.
The probed.Awict malyf ber ent tachea, t @ittt | §yreegilono™f indirectly

., _abnormality. Estradiol, or other hornonal agents, may .
uSanEeiéﬁﬂséﬂy af%ikW%%%}eﬁ%ctt?%hﬂﬁéggVe t R aBndfRAPurement

devidd e£20 cafheeppomse AESafhRt BE Yok R edld GaNinefavenous
mal | gnant changes in_the g&itheliunl [0115] It should
eieCQEPQ%deﬁ%t68&‘Emﬁuﬁﬁ??%r SCHRPHGur aPFBRE nEYCHPde nipPle

electhoasedor SEGHLaY »rvkl fdRsSAE88T WS HEWD tHata@Ppl beSac the
) suction to the_nipple. Wth this configuration, gentle
nipblg cPFoAire - appfte®0 Feapiprated iVdiS tFRtpfdpphe Figure 2,

the S@HdremuINtis Ob- hlipid oV Bhiek tidiRid abge dueksii1angdrobe 430,
.illuék#%ﬁ;%Egafzﬁggg2£xgégg£lwgihéfg;£ﬂ§£t225¥teOne advantage
of this configuration is that DC electropotential and
impedance can be measured between the nipple electrode 430 and
the probe 400." The measurement is thus a combination of the’
DC potentials or /and impedance of ° the breast ductal
epithelium,'non—ductai bfeast— parenchyma, and the skin.

[0113] Referring to close~up 440, the ductél probe . is
inserted into one of sevefal ductal orifices ;hat open onto
the surface of the nipple. Ductal probe 443 1is shown within a
ductal sinus 444, which drains a larger collecting duct 445.
[0114] Another advantage of using a nibple electrode is:
that a solution for irrigating the ductal system may be
_ exchanged through the probe, permitting introduction -of
pharmacological and/or hormonal. agents. As showh in magnified

nipple probe 443, 443' fluid can be . exchanged through a side
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the Sartorius cup, establishing electrical contact
wth the fluid filling the breast ducts. DC or AC
worassBIENt S may then be nmade between the cuppenUdsS=06/046570

surface breast probe. [0116] Figure 3 illustrates the
probe 400 of Figure 2 in greater detail. The skin

contact of the surface 450 is placed in contact with

the breast. The surface el ectrodes 451 nmeasure DC or

AC vol tages. The current passing el ectrodes 452 are

used for inpedance neasurenents. Probe 400 may al so

port i NCEYUE ORRPIHAD L HSEESSREMRIHS RIH adrildl anBE]?aQEd at the
more ECMs. Miltiple sensor el ectrode arrays nay

proxinghch@ddt ol WY s FFAke ProbELirReE herofni: tqlpetur»rlémle probe.
‘pifedRSAENGRIACHS %ﬁ/@s‘é sol i@ i Vﬂngya'bee'ﬁ‘ffuggas '?P% b bEhe duct

recessed and E wth different” conposition m )
. to medsine pﬁaﬁm@olr@gmeabyh@wec@fomm|@uggaéalwlwellum to

spec%?%goqﬂdg' goQﬁérEb#%ﬁg %%ectﬁﬁﬁg ?&Hé&”%fgﬂ different

nder "test. Spacing o be .greater
drug$ okot Relamteaat neaforsir afi ebniokaalfidry ot Hestovaganl, or other

horm&xa% g@azqust h%a,g;sge&ntf'usssetae B, g ¢l %tsfe C&\Léy to measure

t'he'l ance of the deeper ti
the ebaburalaéd eIretmsrmwberaayensleeraslqula:mm \pasbl peleymarilgnant

or m&?E%ﬁ%bt cneu%}tes si‘Hf n[E Lhe, brgast or held in

I C su over the “regi on of
[0115hter egtt: Po st uisdy behpiacedzrﬂ@erssheoéxchangetof . different

utions or for_fluid exchange and suction (net ‘ .
cont EERNAF YR I 11 h0E. PRot ons oy 56 1 fEREpo §flefartoriue
cup tcr.l—m'teveappaﬁ.ess tabdkt behwearo el ehkr odeisppngl. t o f ovteh  this
conf Lrlgrgt fr ometl“\__elcontat sur.face into.the breast. !L d ove:

%ﬂ SRP g AR Ton TREFECRT &% cRPtiTFef Fassipgriaced over
the ah__ep&eodeﬁmﬁa@tlSB]amn:dntgostft ifandd raidiladh yt RO apage. ducts and

t tt b d dth
auct | By BURE i Al oL QWP EnP AIRe L ARG LORYS) L89G eipp within
the dzaacisoties wild, bestabarfsadesy vieaeeltedidalcabonkcbet Okith the

.Wreless technolo with the devi edescrlbedin
flul%?,gfﬁ"r ﬁn%b&g“@ ’P%%‘i%f #ﬂﬁﬁ%r en’B diHenfs d‘?e%‘ﬁﬁements may
thentBéhmbd@eF&yvee’m\/Qihéﬁ dlhg? atﬁ@ af sapdaee- ?x@ﬁtsrw(iﬁfoﬁ@ L

obe di.fferen ths of the preast,. and the us L
[011girmng§guﬁﬁugé iﬂd‘s&%qesaggg‘ﬁ I?Bb 200 ot Figure 2 in

' greater detail. The skin contact of the surface 450 is placed

in 'contact with the breast. The . surface electrodes . 451
measure DC or AC voltages. The current passing electrodes 452
are used for impedance measurements.e~ Probe .400 may ’also

include one or more recessed wells containing one or. more .
ECMs. Multiple sensor electrode arrays may_be-attached‘to the
surface probe together with current passing electrodes. The
 individual electrodes may be recessed and ECMs with different
composition’ may be-- used = to pharmacologically,
electrophysiologicelly, or'hdrmonally probe the deeper Eissuee
or epithelium under test. Spacing,of the electrodes may be-
greater for the breast configuratiéh than for other organ-
systems solthat deeper tissue may be electrically probed and

the impedance of the deeper tissue evaluated. This probe may
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differentially alter the inpedance and transepitheli al

potential from benign and malignant breast tissue,
worasmsmd2 at the skin surface. This enabl es fupthes2006/046570

i nprovenents in diagnostic accuracy. [0118] Figure 4

illustrates a nipple cup electrode [500] that may be

used as a reference, current passing, voltage

nmeasuri ng or conbination electrode [502] . in this

configuration suction and fluid exchange is applied to

the el ectrode housing [501] through a side port [510]
Do f S ] S
.elthegow%fggg%ﬁr ésel)ﬁ}@l T:PI?I go%‘gc%t%tsh%'a} Hﬁ%_h%ﬂrrlface of the
breaS[tso:Bq aelﬁhexrbaséagfe tkhe meumetapplstm:tmtheear e:@iea region

f the breast Pne '
of ?’ﬁ:egugsﬁc’c he - SI porlinagndggg &ﬁl%cg e?cf ho%’é?hange .Of\
solutliyrEassage f[d'x’LZ]stmChs ebatE@e n améeaekudﬁeimen(mdae czhown) .

. t he nipple el ectrode

cuardiEen | JAREs GHRTDN 187 0S8d i AT R HETChR BRI Cross-

talk &i@@ﬁéé:@ablé@mtrwe% atﬂndt he Faderd yduwgretet &hrofy e contact

id may be exchanged, harnacg %lcal and:

Surfal%’r rfﬁhta? BenbE <At oddifeot Yy SPPEyPHgAtLedtisRe are four

currefiCipadsang idyjeeiioged | gud3ar é&cugSpbemlbhxed:wmdlally 90°
t hrough, t he si de port. The pneumati ¢ suct

aparty, tp ﬂ%ctp%‘B%’n‘f g SPERHEIT e|tPhepeb)P"T‘slf%%‘%1 af:flgr “oltage

respdiisRparebi obe tedd €ed@!  0h dedegfaidnédlag. ageetlast 0 The
renpve keratln pl ugs at the duct openlngé at, the

electyindeievbt 1t RE At achtt Wi ppRieEhpiePdctitiddr [Fooyireless

techr®bdBE, lvﬂiﬁlﬁf gpedaby ieadesir idecel Bet £1§ake CONABEY QN
_4530] or by a wireless connection (not shown) -with the
10117 evi c VT FREE rSiRFPHRCRFGuUIRs 11§ o tEFERYSC may  1nvolve:!

the d&éeatlﬁ d@a'éE@@@ﬁ&&eQrt%O@%dﬁﬁlQﬂfﬁéﬁeﬁkem%ﬁéhs of the
[0119] F| ure 5 illustrates an alternative approach

- breasiher 8ngn thRli WSGuR Tt dBEFTPESSH ob@EUGF h 30F | BkPBFe 29ents to
dlffé¥§ﬂE¥éil%|eQéI@Q§ [ 56104 Euiﬁﬁé@%hée a SY8| NOErad®S&hithelial

his may be used when a ecific duct produces fluid
POteQﬁkﬁhl%@%@sp§nﬂ§ﬂx?4ﬁa ¥Qﬁ®%§ brepre dpaye c measured at

the ‘E%Jﬁ“ SYSE£RkProdughng t@ﬁéﬁl@éj I idesS  improvements in
configuration a sallne filled syrlnge |S connected to

~diagnostic accuracy.

[oiis] Figure 4 1llustrates .a nipple cup electrode [500]

that may. be used as a reference, current péSsing, voltage

"measurlng or ' combination electrode (502]. . In this’

conflguratlpn‘ suction and fluid exchange is appliéd: to the
electrode.hbueing [501]'throughea side port [SlO}Iconnected by
a flexible hose [515] to a suction device, aspirator - or .

syringe (not shown). The flange [503] at the base qf‘the.cup
is applied to the areola of the breast [520]. Pneﬁmatic
suction is applied through the side port and communicated to
the'housing by passage {512] so és to 6btéin a seal-between
the breast [520] and the nipple electrode [501]. Electrolyte
. solution is used to fill the cup and make electrical contact’
With the underlying ductal sysﬁem. Fluid may.be‘exehanged, or

pharmacological and hormonal agents intfoduéed, by' applying
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a flexible electrode [550] , which is inserted into
the duct [551] . Fluid nay be exchanged, or drugs and
whoesomoers2 may be infused into the duct, throughCT/ie2006/046570

catheter. An electrode within, or attached to the

syringe makes electrical contact with the individua

ductal system and the surface probe el ectrodes [552]
conplete the circuit so that the DC potential, AC

i npedance or a conbi nation of both may be neasured

across the ductal epithelium skin and intervening

llalter%?ﬁ%ﬁq‘éﬁﬁ@fg yag '&ﬁ?ﬁ@%fﬁ@'@ u@ht%fr@&ﬁgétgﬂ%o the cup

I gures 1- Anot her appr oac
throudfo tise sideicpostope The m::mnmnswthoa wﬂﬂa@men up the

'duct ro%%%gtg56?glgéﬁg.&o%> ( séf%e5£a8%@ﬁg1ﬂ}éﬂgiatlon with

op 0 neasureée’t
.alcohdﬂEmtrd@hysnauxpxzdn@hag&GMHwGﬂ|cemmvalbenetandnﬂugs at
di f f-erences bet we nornat and

sye
the d‘f“ﬁEI QRETRESe Bhow'S n°ThE2EFt osuc 33 T é%t 7 cgﬁ%e nipple
cup é&ﬁéﬁf@ddlgu5a913|mmw pbecei&mexfauﬂd netver swans of an
. osciltlators na cess pQtent| onet ers n
electshit EURBECHEEE b hihe Go W) Pagh FebiaEe CotnsTe Y (ot
shownﬂfﬁiﬁhamméCmevﬂbedaﬁﬂﬂusdﬁﬂﬂéd be mitentesal 1+8 to obtaln
ual |y nmeasyred _using a vol conS|st|n% %
DC POt e TREaRFBe T CRT i PE o AREBRSRRE -t vo
fo119iel leCtH‘ﬂ_ﬂEﬁe(@’leEMﬁEt:ﬁgtéﬁd @:ﬁ]eatl&feﬁ:rrestdmﬁ)e approach where
Vol tmeters e anal o r | de ese
an 1%‘?1b\ﬁ+‘auﬂgavedé%text3r%nep qﬁpﬂ? ré S|3la%8eb catheter.
elect @@ dissio | eat tecawd RO mtwfiﬁbemgsal]so kmmmasanyelde used

. wi th-an oscil] oscope. [0122] dance may be neasured
when gg; sReE b &udt Hﬁﬁ%gﬁesflggg ‘; APeRashy *

perfoﬁe@dmbﬁs | yeecpikage- é@@kaﬁrrwsfueecr sPrwuemn@aytm £luid.
either digital or anal og | ock-in: angllfl
J

In thigecoRpiPrradriohey HE1456d Gl sh YEEPER v rETRRected to

a flek%kte' nepeplibber (5B Ni phienstigy ieWdrads tarer o duct.
nproving accuracy. Di gltal | ock-_in anplifiers are

[551]bas@@wm$tWﬁynﬁﬁuﬁﬁQQ§ﬂ$%ﬁ oP Tt i U ety EOTTHIES may be
1nfus@§'Wﬁ@&mtﬁéWEﬁcﬁaﬂﬁﬂﬁKhémetﬂaﬂb&ﬁﬂét@ﬂh”ab@ﬂ electrode

w1th1$?f%?n§£ggcg2dlqagr%ﬂé gﬁglnge makes electrlcal contact
with the 1nd1v1dua1 ductal system, and the surface .probe.
electrodes [55'2] complete the circuit so that the. DC
potent"ial, AC impedance or a combination of both nia'y be
measured .across the-.duétal epithelium, skin . and intervéning'
breast parenchyma in combination with the systems desc;ibed in
f‘igures 1-3. Another approach would be to use 'a du‘ctéscope in
,combinatiori with a surface probe with the electrode(s)
.interfaced with the ductoscope.

[0120] Devices to measure' " the electrophysiological
characterlstlcs of tissue and the dlfferences between normal
and abnormal tissue may :anlude those known in the art such as-
" electrical meters, digital. signal processors, volt,meters,

o_scillators, signal processors, potentiometers, or 'any other
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the other being a reference signal with a specific
frequency and phase. A signal generator can be used to
w@r@dmer3t he si ne waves or conposite signal toPCT/US2006/046570
stinmulate the tissue. Analog |lock-in anplifiers
contain a synchronous rectifier that includes a
phase-sensitive detector (PSD) and a | ow pass filter.
O her approaches include the use of an inpedance
bridge with an oscillator to produce an AC sine wave.
These devi ces when automated are referred to as
“.devic CRuggheréoanﬂegéﬁrén'@&19a§é|angoﬁﬂugtaﬁgg teg88i g¥8nce or
stant current or constant voltage current sources
impedeepcepe used. In one preferred enbodi nent,. a constant
ro1213Uf " *He S;?BE%St&él“%%d 5&55?8 ‘rr[@bxﬁ!bc?sﬁékhét%r ¥bibreter, -
frequency S|gna a signal generator, Wwhich :
cons1ﬁmuduresf augeﬂvapome@emrmavwmeseaaylbé @séd&ﬂ{O@@%}stance,.
e tlss Les) onse I deconyol ved us fa Fo
gﬁsfo? Cgr Ser técﬁmqugg5< E o|§5g tr?%%laQEégérence)
. vOltnteaiermoh\aw Coer entalaowl ol tégglebéctrode?seaiﬂw behesed should
t.o rrakerreas

renments .. ln one pr ferre
nave  SRer BT olR PGad BT | HeP AP FBHECare BNy cd ppent-dray.
DC pdhénuhalwmayramsesbéhmbaemeednwrnhu&m dmellboscope
Iectrode ol ari zation el ectrod tissue |npeda
[oiz 5 gaan %nt

rror STPRETABF St h AR AU Font YRS t y? nay* Ser  of
apprdﬁﬁheﬂed uﬁiﬂgoaﬂ ahm@waﬁldmecmmmmniéﬁ tthelude phase—lock'

i thelial. skin's rface ang y al-so_b .
2D LR e LTy GFBer HmE RSt | RAgerion Gt nGIBLPFe LoCk-in
ampllrﬁeéjrsf or ebeetangeicoBkactnait bd haseli niwr conjunction with'

ithelium [Q124.. In order.to process |ar anount ‘
the GPlIin PHEHEERFISERr BT BBerct T entiRgl ¢ hedTouna

imprdvihemaeied day Sof baariesan TesruLar angsdahi ersredirembased on
and execut ed by conputerlzed equi pnent or central

' the pEdEdRdGCais. OEXANVEP E Siine BREXSE CARRER %’f?%] the signal

carr§§ﬁ§'Qﬁ%déﬁﬁmﬁkud@pﬁgéﬁﬁété@jﬂﬁié&ﬁ&&ioﬁabfmﬂﬁﬂéréét and
have been used separately at the skin's surface to

the QrAgRoREMTast TEHREGICRFLABA LW HRsE FRRIEIC frequency
and ﬂﬁﬁ@é[eSA151gnal generator can be used to produce the sine

- waves or composite signal to stimulate the tissue.- Analog

lock-in 'amplifiers contain a synchronous rectifier that

includes  a phase—sensitive detector (PSD) and a low—pasa
‘filter | Other” approaches include the use of an- impedance'
brldge with. an oscxllator to produce an AC sine wave. These

devices when automated are referred to as LCR meters and use

an auto-balancing bridge technique. Constant - current. or ..

constant voltage c¢urrent sources .may be 'used. - In one
preferred embodiment, a ‘constant current source is used.
Rather than. an oscillator with a fixed frequency signal a

51gna1,generator, Wthh produces, superlmposed SLne.waves may

be used.
{0123] The tissue response is deconvolved using fast
Fourier transforms or other techniques. .Bipolar, tripolar or

tetrapolar current and voltage electrodes may be used to .make
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the ductal transepithelial DC or AC el ectrica
properties of the breast. This significantly reduces
wo b@7acwaz acy of the approach, because the oriBCTESBIG6/046570
breast cancer are within the ductal epithelium and
not the surrounding breast stroma. Accuracy is further
i nproved when the transepithelial neasurenents of
i npedance and DC potential are conbined. The use of
phar macol ogi cal and/ or hornonal agents in conbination
with inpedance or DC electrical potential
measulRARMIEITENS, BLOVi ggea @E@f@ff@&tw@mﬂ@&fﬂgngor tetrapolar
det ect'i ng abnormal pre cancerous or canhcerous breas
electtnog?@ecopfmrasrm @afrﬁ:eem@é@e'laﬁpstwmvmd 1naccura01es-
that ba&i‘@““i'}& c§ s8rd %d PEgl i id gfeaéeﬁo Fgaarlzatlon . and
primarily a s the erntnal —ductal” 1obu .
- electfHddJiyissdae ﬂmmeﬂaace | énedrby epi Racheal ciedhs, impedance,
A ta| a JEP n |theI|aI otentia
currdll R P o S ISP LOEbD e hER b o fleccrodes
at tﬂepoé;aitlzeﬂha‘.[heoﬂem)dnarlsairlf@m:eof duthsedemee tieey also be
kin surface.results . in skin,depolarizatjon.
measuHich o0t 4P| SHTOT TG | HREY LT SHLERRRt cbfigarEed for
- electirpddatombhet wsthbsaeve@l:msldrg epitlaaseant hel i al
uct al__approach opposed to,a non-_transepit
[0124§k|n ST f % %5pr5%cﬂg£ Ueheas ﬁ?§9?os%ﬂ°?ﬁ%5at8ﬁtsdaka’ the
methd@s85hH66&nd, ;iﬁﬁeéélﬂt l@.r%&;ﬁﬁ&:ln }Nﬁeﬁla tbaoriggyehented by
in aregion of u regu at roliferation,
SOLLWRFRSG | yi° gb bFQQQP §Ki n Bﬁtgﬁggefurmﬁ }uﬂep6F5$|z§§ecuted' by,
computdiated srbbpather ofegietits aaf phecdseast uandst he
edance of the _cancerous breast tissue decreases.
EXAMPﬁEg

LhardREAPR HOGEEER epithelial inpedance are not

[o125fasured uneAgiexkest | a%otv%chn%@ﬁﬁﬁaé@&&ﬂdngm:n éllectrical
dimnution in . accuracy. Ateratjons in _TEP and

potentiddiahed S oReRT uREEH (IRPATATEYcE toft Mor AbABS Saprface to

diagnist pralastyCéencbPl27] YL@ Pbe, t¥ese methods measures
el ect rophysi ol ogi cal ,response of breast tissue to 17-

the ¢uektladitAniaR! beehidbsdlved 1 8Dt tPFFei €Al MFoPerties of
the BE8aGRNCE QUS <O CEACLE OUALER LhehidB:t Al | BcBOEEBY of the

breast epithelium In one nethod of the present

approach, because the origins of breast cancer are within the
" ductal epithelium, and ‘not the surrounding breaet stroma.
Accuracy 'is . further improved when the transepithelial
measurements of impedance and DC potential are combined. The 1
use of pharmacological and/or hormonal -agents in combination
with 1mpedance ‘or DC electrical pptential measurements, -
ﬁrovide a nmre effective method for detecting abnofmal pre-
cancerous or cancerous breast tissue.

. [0126]1 ' Breast cancer develops within a background of
disordered proliferatign, which primarily affects the terminal
ductal lobular units '(TDLUS).. - The :TDLUs. are lined by
epithelial cells, which maintain. a TEP (transepithelial-
' potential).  In regions ~of up—reguiated proliferation, the
- ducts are depolarized. The depolarization of ducts’ under the-

skin 'eurface results in skin depolarization. The



invention, estradiol is introduced directly into the
duct or system cally follow ng sublingua
wa@dernsmBz at i on of 17- b- estradiol (4 ng) . ThCHUSL®ED46570
produces a rapid response, which peaks at
approximately 20 m nutes. The el ectrophysi ol ogi ca
response depends, in part, on the stage of the
patient's nmenstrual cycle, as well as the condition of
the breast tissue. Specifically, in normal breast
tissue, arise in TEP will occur during the follicular
. depoldfiRAildn RBASEighh FARMAREERBES YA tERNCebapSred to that’
. _tissue, this response is abrogated. Post-nenopausal -
whichyorfenCBBe¥VER MSHLIHF edsCTERTEH: TRRL Hfedrftal -approach, as

obpos@éﬂaggfré‘tﬁéinj_g?ahgéﬁ‘i%lti%leséﬁﬁqi Shrkgeaus®foach such as
up-regul at ed estrogen recegtors,on.eplthetla cell: Co

disclogechc’. PROEREE Furifbr 6P e, Ses/Bodd.: pf oYeBi.éBdne, When a

'tumoﬂ"?%@%&éé%_Qﬂr%iqpéﬁﬁﬁﬁi@% Jﬁ“@@&&f&t@ﬁ PRl ARFdfSion, the
(all of ich alter"the ion transport characteristics
- overlafingiciateasyi t slirumhessams nfwithes plepmlaghaed, compared
with MBLLERAML AL UNGE | Bl-atek . ahBeraol Mhpdfince of the
i ntroduced either orally, i ntravenously, ,
cancemoass c irgasdus Fissuer depdeasesiuct all‘hien_stihahapéi%n.'in’ ductal
epit eqjlzdgﬂ Iq.ngf'%ﬁdaq{@é)dl nent Ofn tlf]e RESENENVERLLI QG | exist‘ing
reast or ther .cancers nmay be di agnose%l by exanning -
techrndiediasnl corslettange state eof tdeémjamdciedd ul ain accuracy.

“ﬁﬁy | i 4 hel r £xapl Lp the breasts
Alteé?%ﬁlstaﬁée&ggbﬁﬁh%ofé##g%PE%hg condd%?%%gekgg ?he ence of
hormdrigghtandimensnsuatycyelienf used into the duct, or

dni ni.st er ed ?% her_.ean ég@ f ithel jal _
[012%qued§%€§'§ﬁc rf%he p&%%n |€é£§#§%ﬁ£8§?gégt #%Eponse of
breagteasursshe befor el and-aktendild ad@mni et | ovbsdérvréd to be
. e agent, .using_a_conbination of surface, nipple. .ductal .
aieedl | F° PRel BREHAR Rt cPlfeRhy [HB el T 1n
normdl aksegEdtheldml tleébtni cal. Iesponse oéthbd tofhtthe present

iovedglh RS LA IG 05 AR IR SSTBRLSY v phg, duct or
systémiqaxiytqfdlagwmagttnhmmfm@mag.oadahae@maaﬁion of 17-B-
) estrégﬁéﬁ”?ECMg>; This agent produces a rapid reéponse, which
peaks a;'approximately 20 minutés. The electrophysiological
response ‘delpen'ds, in paft, on the stage of .the pé.tien_t’si
"ménstruél éycle, as well as the condition of the ‘breast
tissue. Sﬁecifically, in normal breast tissue, a rise in TEP
will occur'dufing the follicular (or early) phase. In pre-
cancerousl or cancerous tissue, this response ié -abfbgated.
Post-menopausal women at*fisk for breast cance;~may‘have'an
exaggerated TEP response. to estradiol because df'up—regﬁlated
estrogen receptors on epithelial cell surfaces.

[0128] . Furthermore) © estrogen, progésterone,‘ prolactin,
corticosteroids, tamoxifen or metabolites, (all of which alter
~ the ion transport characteristics of ductal épiphelium
depending on its premalignant, malignant aﬁdI functi6nal':

state), . thereof may  be introduced either  orally,
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[0130] In another enmbodi ment, the electrodes are
pl aced over the suspicious region and the passive DC
w@otenticat i s neasured. Then AC i npedance neasBCEUSHING/046570
are made as di scussed bel ow. The vari abl e i npedance
properties of the overlying skin nmay attenuate or
i ncrease the neasured DC surface electropotentials .
Al ternatively, inmpedance nmeasurenents at different
frequencies may initially include a superinposed
. conti nuous sine wave on top o f an applied DC voltage.
AintrdheseushDe, vol t ageraehrényobsage W | lorbe magsur edmmaductal
resi stance of the-skin or other eplthel|un1at AC and
instayltRELCRE resistance at DC are neasured. ~under DC

'[01269Ndi t LANSr NeALbRCHRAS 58 RIASELSBLELE idniéhtion, breast
possible . to nmeasure the transepithelial potential at

. OT  QYRER|GRARERTThadapRE t AR t ks @ha@nw:mqntrm basal -
he I'yi breast nd
conaSbLatel! JAEEI VU Pege SRLLLELIBLE LBy, or  cne
epitigatéuphe @Qﬂr%%ﬁmméevnlnMﬂher@reeStth@-ﬁuhs&nm¢achnown to
en ongnt n f.ace.
actelbeted SORMOCSRLOTNN AL JOEAL LIADEL KLY 1967 inrusca
-intot hehECMAgICt,us@n hradmbni feskdn &yd meker t meae, and the

cran€fBAVEERIga P ELY Bopauee Blaciateho B0ty oz one

breagecay mgaaum%%emﬁﬁmr@oandoa&tQM)ﬁWmaﬁhmmuwtaatmun of the

nd Std st hecg e t.he sk|n|
agen@ en é?g rmrr{eo conrg’1 ?1{1/686 Sluﬁ %\/] rhléo%laep’am <|§t\:/%l or other.
eleCCDG@ésng(ﬁhehélﬁﬁeﬁaued(nmhEhendmdqaenthﬁximlabl@ttrlcal
- t uppr th rround| epitheliumis Iost
resP%ﬁg? 6 ngégurg %%bteﬁtléﬂghdglre??ecgé an 8?F§etl§ndn°rmal
compairéﬁusn@nppr@t—matlllainamttbe‘ ehatigndatEGMteks o eplthellum is
thenlntlerfacegd &Ols%i ure 6 emonstrates the eff gg

var yihg t h |on|:'t:a RERnt TOF ¢ T BRERFRg RfngetRsence

mallgnhutyon on transepithelial conductance. The hunman

east eplthe s._were gro nol ayers on
[013§jll|poPe ?PP%%F§ aﬁﬂkﬁgéWeF§ co£%FUeﬁg%Ctﬁ . fFe placed
over days . stheiepioulsel ragwene &mM&n the passive DC pptentia-l isl

measured. Then AC impedance measurements - are made as

discussed below. The variable impedance ,propeftieS' of  the . -

overlying .skin may attenuate or increase the measured DC
surfage electropotentials, 2 Alternatively, impédancie
measurements at different frequencies may initially inclﬁde‘a
superimposed' éontinuous sine wave on top of an applied DC
vbltage. Phasé, DC volt;age and AC voltage will be rhéasured,
The resistance of the skin or other epithelium at AC' anhd ‘a
~different resistance at DC are measured. Under DC conditibns
since there is no phase shift, it is possible ‘to measure the
.transepi.thelial potential' at the surfa.‘ce.' .The .capalc':itive
properties of the skin may -allow the underlying breésvt‘_'
epithelial ~and  tumor. potential to be measured at the skin

surface.
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nmounted in nodified Ussing chanbers and the DC
conduct ances were neasured using a voltage clanp. The
waeondueicance was neasured by passing a 2 mA CUPCEUB2006/046570

pul se for 200 m|liseconds and nmeasuring the DC

vol t age response and cal cul ati ng the transepitheli al

conductance (y-axis), and plotting it against tine

(x-axis) . The conductance was neasured first in

standard Ri nger solution, then in a sodium free

Ri nger, then returned to standard Ringer, then in a
,[013m>t assoune r extheRi B ambxﬁiﬁallynr etuwelitAgt'0 of the skin
surfs % rd Ri nger solution .while, talnlnghnornal ) , -

6§ﬁo| 45 Hor PRG0S SR 134 1 SFa¥he tupple pkin surface

poteﬁtnhued;ssm@r@aeandbaoél d-d f S¥edn HEADBHP TR L N€ Tons  in the‘
conductance of benlﬂ human br east eglthella grown :as

ECM Fhbheray erhrapgh ctSkice Pachi ghee |httrﬂP¢ﬁﬂn%$ﬁdUCtlve:

partephlibehial BethéselheoNat @fthds conpeneRhs ofsxin parallel
conductance ar'e approximately, 10 and 5 n5 .cm 2~

- resipEapeeri vel§g 0FAAR TRENFBARE pie¥ (Whid edespicl bs dmyversely
propget;g_@aalll ngd d&r@nabhe%%rta%&pngﬂat a{@ﬁlef ;@én%ra{“ of the

human breast epithelia %romn as a nonol ayer.
gel.coRBGE &l $]§l%| §fi repderieg Imprs GORERET P guathie ECM the

capa@@t&b@“dﬂuﬁ%ﬂﬂé oghghébﬁué%%égkéﬁ”@ﬂ@ﬁghaeggylng potential

conduct ance are approximately, 4 and 1
of thgspEaan QY. tqmclggrrpnndamgmthem as dppbsed tthat the

measﬂP@elaiﬁm%ﬂgl§?J'ﬂ?? g@ﬂ%%'éfﬂaﬁeloﬁfs%ge ghgptdlffu51on

junction between ce reak own and t
POteBéééﬁe@hn&h?(ﬁﬁﬁﬁﬁx¢@%—E%MnSBnnhenﬂ@aﬁqye&w

[o138%! i gnant, | ? the é{i‘}%ﬂﬁl AVEL S e ld S PPSEL VL4 Ofﬁ/a{ﬁymg the-

be exploite agnosi s of reast cancer.
ionifonecosdeiict anee of thhe ehaﬁﬁehunn1aknugdra solution on

,: [ tu er Wi t r 0 h . ..
erenSEUELARIAN | Iinal 0Ote; 1iind | SRAAN, Ll gpipnetian
cellsowenree acewnaﬁéiymdnagamsESbﬂaasM1¢ampere umlmprs and grew

to @éx‘[?fiﬁ&q@é V‘i{ﬁh FONG, Whigh gL fefemThgn' ¢ Cg?”gfs'thvggﬁe tHen,

rmt t eC|f|c i oni ¢ ‘conduc
mountﬁdcancemqﬁnﬁym¢|§ss1ﬁgrtamampéesazhughtbenductmmnauctances

) werer%géé@u%&h &f’%ﬂ&r%‘”%ﬂ%a%f o oW K-goduclance i3ce was
measured by pa531ng a 2 na current pulse for 200 mllllseconds
and. measurlng the DC voltage response and calculatlng the

'transeplthellal ‘conductance (y-axis), and plotting it against’
time (x-axis). The conductance was measured first‘inlstandard
Ringer solution, then in a sodium-free Ringerf then returned
to standard Ringer, then in a potassium-free Ringer and -
finaily returning . to standard IRinger solution while
malntalnlng normal osmolallty during the studies. o
[0133] The upper .plot (filled squares and solid line)
demonstrates the conductance of benign numan breast epithelia
grown as. a monolayer. The conductance is hlgher in the benign

. epithelial cells. The Na' and K components of conductance are

approximately, 10 and 5 mS.cm 2 respectlvely
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i ndicative of breast cancer; a high conductance area
Wi th a surroundi ng regi on of normal conductance may be
wones/obTed2 cati ve of fibrocystic disease (a benPQIus2006/046570
process). [0136] Figure 7 denonstrates nmeasurenents of
cell nmenbrane potential (y ) in human breast
epithelial cells. Measurenents were nmade using a
potentiometric fluorescent probe, and rationetric
nmeasurenents, which are calibrated using valinonycin
and [K ]-gradients . ys were neasured in the presence
.[013@a| osed‘hcei ralo&\@r am:dcabse(rmﬂ](émercm&d‘ré§s)a1®cﬁ dotted line)’
d adi ol Ee actl nmet.abol i te of e tro%@r Each
emo?ﬁ S‘I S5s ASERRAENt OfrheMf & orhp@en; g breast

eplthlée.l&t an@ﬂbﬁner faQé’ Ofa t hRoAB a8y cand the'I‘Il'l@Nercgfl&QE:tance ‘ ‘is
is the 95% confidence | evel for the observations. '

Slgn?lfrécéﬂlrﬂﬁlty IPVRE &5t r BB bienpntr R ifhelsiakrehks i al The Na’

‘and Gel | SohBEHERS S| rb@nbwmsa!r@cr%sommxtgsﬂ&ta 4 and 1
noj . shown) as well as the transepithelial potential

. MS.CHee #@W‘étgvelﬂ'r ansepi t hel i al pot enti al (Vt ) of an -
[0138R1 ¢ helﬁn“"lﬂaifd?far?@m&l{o:tg‘e cfat 3 {'}?t“ n?ofﬂclayers of

menbrane potentral (V A) and the bas
maligagrdn ¢l hedi f ety ke ﬁbﬁen‘ﬂ%\mt(vusl_ct)mu’hebetw&en cells

brea¥l dowf d¥aB rnd changes ddtoe andLeL & d\ﬁéél e than elther

: therefore alter Vt or transepithelial potenti
benipp137 mRdeeantderphshedtied ttenobaveya - br e'alsms observation

may %@ theliale&el s, Eﬂeedga%n gl@%@’%ﬁégkycaﬁgﬁl ' inI‘She lower

t he absence of estradi en estra
COHd&G@é@Gt@o totfe dite urephieliebiumkl fgoand and Seaedfogrimed  tumor,

toget Bl vjlac\ff & ¥e§gl g]etovie hséoﬁﬁﬂct%n%\ér%/n%gﬁsite of the:

absence of estr pr oxlmate
maligoepgdi.ol My pgeesarsted n tichemeoukt Lauecmr.eeltaﬁry [@i3&hodbe breast

ffere [y e c 0 es, b C
-Céncgg'(:pl oi tggg?g d%ggﬁgse%tbréeagjtltggn%gﬂé n Vi vo. c%ur’?‘earc%nt ronic,
compeléttiompoticht | pbrmé&s wherespscaféca iconin nadbhducoéntbe to be
transepit el i otentlal urmr otetlal d :
useadovic"jellllrgl y('lrangg]s |% a’cgﬁnen?l al . PAysi of a'mg F ddsed P conductance
regiest r aditdl rey sbneradnndnsxger ecttden tde pabwenK—tc@nductance is

. 1nd1cgqﬁ%%s of %Q% e égﬁEgl neda high conductance area with a

surrounding region of normal conductance .may be " more
indicative. of flbrocystlc.dlsease (a benign process). .

" [0136] ' Flgure 7 demonstrates measurements of cell‘membrane'
potential (y) in human breast epitheliai cells. Meaeurements
were made ‘using a .potentiometric‘ fluorescent probe, and
ratiometric measurements, which ere calibrated using
valinomycin and [K ] gradlents EN were measured in the
presence (closed c1rc1es) and absence (open circles) " of
estradiol (the active metabolite.of estrogen). Each symbol is
the mean measurement. The upper error bar is the standard
.error"of' the mean, and the lower error bar is the 95%
. confidence level for the observatlons The, addition of

estrogen to cultured breast epithelial cells 'results in) an
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effect of estradiol results in an increase in
transepithelial potential and tunor potential neasured
w@so0maneiedZr ease in surface el ectropotential. TP€T/US2006/046570
i ncrease follow ng sustained exposure (as opposed to
the instantaneous response) is less in malignant than
beni gn breast tissue. [0139] It should be noted that
t he i nstantaneous response, illustrated in Figure 8 ,
is greater in malignant epithelia, whereas the chronic
or sustained exposure to estradiol results in a | ower
instabighease | 0 TERCLr ansepl thelial qelectyangl ead aldiiNas che
gnant cel'lTs - "Concurre neasurenent of surface
t ransepdaihedpot entpat emtdlal npedanc e iahloay t Be nor fr@cEemtthelial

- i,agnosi s, of cancer. Fiqure 8 denpngtrat th P
pOterﬁ%rJréa[%ant(é{ﬁéou%, efafrbctepdftq’?er?tlr%%silr?g %El).‘éeesgg’fn egiﬁr afhg apical
(1umi@1ra|1_t)he c@l&ﬂsm@h\bgelnieal potemr?ila!l (TEEl)l oén@rﬁrﬁlgal lamisolat_eral
i gnant human breast epithelj cells. cells . 4
(LU o s OHOT 2y 8r SYEMTRT et 1 | ¢ efBORRGOGFen™= V2
+Vg, l@reagdsience i) 7ah@/é2 days. wiha ephidhelfcreaeraddienvy, - or
nmounted in nodified Ussing chanbers and -t he TEP.was
transepRidifted 5 PRt VdPLtAge cl anp. | ncreasing doses of

(013785t I adk Qhubet neferbranth Ae 8s Mihwer oatited bxeaxits)epithelial
The transepithelial potential was measured after each _
cellsadtavieonaand Kﬁé'aaprwaénwﬁééuredSQy-insvl.tF@149Psence IOf
estralitfll LhE" &g dR5e RIPONSE L1 APA £Nhdfla PEY! GhdNu1cure
mali-gnant epithelia. I rgnant epi thelia have a | ower
medialEP hat ighdargerdn tetahdanequselner ease ia JEROfbetween -
%iproxlnately 9 nvV_(becones_nore el ectronegative and 1 0
31 anaches™y PévéPeofab@e-IB:erer‘a‘FFEFaQ%B&s@F’@Q PR A rely S
mv whén M4 esidagdi ol sapdetber depaay iael t@rappeaxiumat el y -
' -2 mv wth increasing doses of estradiol gg to about b
[0138) 5 mbe peifdersmidhel Pa it eedeFESIER )y 2HOREETLES ™aY be

expldicé®astBy dasRmdde eshradkel athdle- noinpeakviti|  surface
almost 0.3 mM and then remain persistently el evated

electRRMerRELaLt r FGTFEGHTVERYS |, AFR i k8 t HPTRIPYRARE ©f the

tran$dhifebl 821 Ml ntGlz0as AEMERS @ tintesd 1 adhal .oddddling skin
~ This difference in dose response may be exploited to :
potential. Physxolog;cal doses of estradiol nay be -

administered to the patient to increase Y and the sustained
effect.of estradiol results in aﬁ increase'in transepithelial
potential -and ﬁumor poténtial measured as an increasé in
surface electropotential. The increase fplloWing sﬁstained
exposufe (as opposed to the instantaneoué response) is less in
malignant than benign breast tissue. : ' | '

[0139] Tt should be noted that the instantaneous résponse;ul
illustrated in Figure'é, is greater in malignant epithelia,
whereas the chronic or sustained exposure to estradiol results
in a lower increase in TEP (transepithelial eléctropotéﬂtial)
in maligﬂant. cells.. Concurrent meééurement of surface
electropotential and impedanée allow .the more accurate
diagnosis of ‘cancer. Figure 8 demonstrates the instantaneous

effect of increasing déses of estradiol on the transepithelial



di agnose breast cancer. Estradiol, or other estrogens,
at a low dose will be adm nistered systemcally ,
WO can®6168aneously , intraductally , or by ot hePCT/O82086/046570
The i nstant aneous response of the surface
el ectropotential and/or inpedance may then be used to
di agnose breast cancer with inproved accuracy over
exi sting diagnostic nodalities using i npedance or DC
nmeasur enent al one. [0142] Figure 9 shows conductance
measurenents nmade at 2000 Hz at the surface of the
.potermmlst (AI‘EP)t hi ®ff r eqernon t hendnf Imﬁe'lnioga'lantthémman breast

epit oev]e ﬁtl n i dance |s I(‘eﬂsesr There is stil nolavers on
P E e s% vari aple CSponentc:st i H"I}nﬁgdaﬁlg 2y ‘

'Millmm fesubtrs lamdcsigyred i cantondl hahickl tin of tdel0 days. - 'I‘he

neasur enent asevi denced by .t he overl apping error bars.
eoicHELA BN FOBheBATLCERY Hharal Sty URRRPS wHTSers and

the BEPOWwakanscdd\ersdandang dewdl i e oblbh® .Meamhcifdd8hy doses
Qpen synbol s represent neasurenents made in patients .
of egtrRdicdi dpeywpenvén ardli nd8ndi wietee addedd (syﬁ”éFGJSs) The

trané%ﬁ?@ﬁgmkaﬁegbps%@?Hf SBQQm%QSBQ B?@f%é%“%ﬁ%h addhtlon and

. uent b y prove eni-gn process suc
the BRPfwhsovpesucedi seaseiisVhl i gnant 1esions are often

[014%‘]2500' Bgdﬂ{fb:?é’ﬂ{o%@ proﬁS?:gEeeFié hS#;‘ﬁH%h'Eatfor benign

monstrat es regul areq ration €Se regions
arid fdhdgneeft apegﬂmi"n)a ar eMabpohantz epidie iy Yeve a lower TEP

but uﬁﬁEER%PQQ%C%ﬁQESBEQ%Qo%'tﬁ%&ane etES &%g;qyfog 8rox1mately‘

&¢reased con ance nay
9 mVoKbdeomeasadmer eorcuceeegat et hadadqmﬂs amdlevel of < -6

premal i gnant epitheliuma observed i n_human
mv) GEBﬁr [ PRASERh bP t K& %tyhr e@ gr oHffs SSEAMGs and then

depol&pPiLEENLS weméwmm OMET WiBHSPikdEPESs1 8§ Ubses of
. or region, then the adjacent region, and then over -

estradiedl ubr dastabeutnOufi Wbl velaelqmgdr gotl tdfeltike hrease. lesser
'respcﬂf&ef'éc?t 1%"&5%@}9% dfide! 89 Lo \M?%Il ?hegﬁﬁ .té‘ée%ot peak

roups are 1 npe measurenent s ere

‘untll/a|aMnd)§t ploii eqlmgalnrcnst thea | Qéhay.naxp&r@&stently elevated
‘ conduct ance in cm.2 . The second two symrbol s
(hlg?§ﬁu£&£5tr% Pﬁ@%ﬁﬁ%ﬁ%@ unllke the n@llgnant eplthella,'

~with increasing doses of estradlol

[0141] This dlfference in dose response may be exploited to
diagnose breast cancer. Estradlol or other estrogens, at a
low dose will’ be administered systemlcally, transcutaneously,
1ntraductally, ‘'or by other route. The instantaneous response
of the'surface'electropotential and/ox impedance may. then be
used to diagnose breast cancer with 1mproved accuracy over
'eXlstlng. diagnostic modalltles using 1mpedance or DC

measurement alone.

[o142] . Flgure 9 shows conductance measurements made at 2000
Hz at the surface of the breast At this frequency the
influence of the overlying skin 1mpedance.is less. There is

still however some variable componerit of skin impedance, which

results in significant variability of the measurement as



el ectrical potential nmeasured in nV and plotted

agai nst the right y-axis, each division equals 5 nV.
wObe7iobiesr two synmbol s (triangles) are the el er¢T/USHI06/046570

i ndex for benign and malignant | esions and are in

arbitrary units and are derived fromthe conductance

and surface potential neasurenent. It is imediately

apparent that there is less overlap in the error bars

(standard devi ati on of the nean) . Therefore breast

cancer can be nore accurately diagnosed using a
evidengbiinatdvon vhesuoivaed appiient | abrneas ubermnt andEach symbol

e C r ts. Further enhancengnts of

epr e R T | RREDLP st e’ T Ef5cBaTs the standara
devieatéonr ofleshteo maobe dif f erent depths of the breast,

d the use of .t hor nones,. drugs '‘and ot her a ents .
ro14300, ¢ ¢ PSRy AR LS  BPPERS ShipBihsal GRRRLS made in patients
'Withtransebibbeylwpqmﬁ@mtlmaﬂygﬂaﬂgyngnWQQQénﬂéggggg symbols

br east tlssue and neasured at the skin or duct -

TP EBFP hce MORTIE ST CenaBReet urPhe P3RS e meNgsSen subsequent
blopdyaWed aceursey.a [ Bldblgr t prusaddl beymderst 0@ procystic

ai that the suiface pot enti al nmeasurenment of breast
TSSEPSsue varfesIBased oh°the PosiAion BFtERe wwhepciated with

surrbehdIRGSiEt@ds €Y s ti DUR khdd | BRALRS-4dU S Up-regulated
prolhgrlance This figure denonstrates electropotentl

GE5aFLABNt s tak'@he%%er RHEQF f ack astiaeentbr ezegien’) are

depoBaditéar enld IReat hate W tToddr akbA%L: 5. & e@ﬁér‘ﬁd8§tggr over
each breast referenced to an el ectrode on the 0

the Fﬁglﬁﬁxﬁfaﬁééﬁﬁﬁaqﬂ%mur@ﬁmﬁsﬁ%ﬂ%ﬁ@éﬁénqmnduqﬂamne may be

becalgés ofUdbct8atb8 StandHdl & dke OF £t hﬁq %érl and pre-
circles and filled squares represent an val ua
malignantt el 1amy as grm Etif%af%lt)s@?é‘sp@cnnvhhﬂy\anﬂwlon

[0144BrticahcHot bed lpe i dde fdf%.(e day, pf g?ﬁ?ﬁ pdceRFesents.

C menstrual cycle. [0146] It can seen tha
measYReMERLE of FOHC PR st Stendciousr dcs iame camordagxom, thhen the

adjadOMEr r48kees idhd h@hghr %tv%glr(oﬂfnafegge JI 1. %n uninvolved

follicular phase) and hi ues in
quadipnt f c§Reebpaastal p@@)flrmtmhsmomasmmles) in

 each ebgCthiCaln V@l Ugsoahe Nale Cﬁﬁ@é&éﬁgé measurements where the
median value is plotted against the left y-axis as conductance
in mS.cm™, The second two symbols (squares) is the surface
electriéal"poténtial measured in mvV and plotted‘ against the’
right y-axis; each division equals 5 mV. The third two
symbols (triang.les) are the electri.cal index for benign and
malignant lesions and are in arbitrary units and are derived .
from the conductance and sﬁrface potential measurement. It is
immediately apparent that there is less overlap' in the error
bars (standard deviation of the . mean). Therefore breast
cancer . can be more aécurately diagnosed using a combination of
surface potential measurement and AC-impedanée measurements.
. Further enhancements of this technique will 1nvolve the use of
spaced electrodes to probe different depths of the breast, - and

the wuse of the hormones, drugs and other agents to



superi nposed, because of other factors affecting the
el ectropotential of the breast, it can be seen that
wo be7loewest | evel s of el ectropotential are obsecTes2006/046570

8- 10 days before nenstruation and the rise to the

hi ghest | evels around the tinme of nenstruation. This

may be because estradiol |evels are higher in the

second part of nenstrual cycle and directly affect

breast surface electropotential. [0147] The cyclical

pattern of el ectropotential activity when a breast
diffeagmosirably pr dlidfer at itiee | esirgredanpe eseamdi s raneepithelial
|ffere t SIn1Iar hi gher vels f-s rfac
S rogo Bnt P EFE o %grvegei 0 %eas%F Ezts Gasane. and
measurmﬂa iat t theaf tsexrlmnomcompan:edswthctehe norhieg. wihis enable

i nformati on canbe,expl.oited i,n a nunber of different

 furthgh ImpEoVoRERER 151 CLRETER T AHOUATY al and

[0145)pedanee sabudid 168 eRinddMPASOSHIN tRgtCWHE enaFee abotentlal
nmore accurate di agnosis because of a different '
| measynretal ofh&HfPdth SucFiCe VLT oBB?@ﬁtl%ﬂl tree Poﬁh“elon of

the WR&Rkn! an@@als: m@rual peientd al F:ﬁ?uﬁés l@V%.rlla.xstrates this
: nal i gnant gé relative to normal areas of_the
variggeest) fdi y, Eii¥adi ofeBPRaRsates ageﬁFPfe‘tFﬁ’é‘PPOtentlal -

meas EENEESs t h@al@éx@Cté@QPt ephbal sQbrhbe bbeastabBy Beecast at 8
adm ni stered systenically, topical lé (transdernmal ),

dlff%ﬁ%d&a%ﬁ%%% M- T8t hep né5ﬁ§y 8 theed@sfrdes on each

breadtol FRRFQy et edoChange ik 13 WdACcEn Palifht L&k ey rbane upper
used as a provocative test to -diagnose breast cancer.

abdoreyy 18] MPRUFETENGSs A€ AGKEM WiWst19BXPRgDRRE equal to the

‘standd&d obpgbsabrand LGl ophysi pbagiak1ehanggs fbﬂed squares
occur during the devel opnent of breast cancer.

represant ndine f Relasr nHRldgct roepi tiel |11ﬁﬁtti¢rf¥ﬁjgwlght breast
respée/@f&a?i S|S)a'T1§'eyg'e%| Jmpegekeéaah%t,@g &l B ';_r%t' NMay of

, to invasive breast cancer Is thought
each tpgmsoued ¢Bcyears. Sonme of the steps may be ski pped

014 t ho E] |1 Cc ﬁ‘l e l ‘
,[ 6’gjackground ? sor%ered é‘{:j%n 5 ed ?ﬁ%fﬁ%?& :A%’tr?liufléhsa For each
breastor fendiute ntalrémlm e tam’cé"@m tWeIthaI lpeeentvalues in the

flI‘Sél H§ ‘%e cS’E %lé Emi Y:?Ac»ieCh@Eﬁfglcul\ﬁ@ Cgphase) and higher |

poten

epo ari zes and | npedance,
values in the latter part of cycle (luteal phase) Although
the measured".electrical values are not cbmpletely
superimposed, because of ' other factors affecting  the

electropotential of the breast, it can be seen that the lewest
Ilevels of electropotentiai, are observed '8-10 days Dbefore
m‘enstruation ahd the rise to the highest 1levels around the
,time of menstruation. - This may be beclause estradiol levels -
are higher in the second part of menstrual cycle,end directly
affect breast surface electropotential.

[0147] The .cyciical pattern of electropotential aetivity
when a.breast cancer or proliferative lesion is’ present 'is"
'quite different . Similarly  higher 1levels of | surface
electropotentlal are observed when measurements were made in

the afternoon compared w1th the morning. This :Lnformatlon can



i ncreases during the devel opnent of cancer. Once an
i nvasi ve breast cancer devel ops the inpedance
woear@ases W th | oss of tight junction integriPgr/uszug6/046570
conductance through the tunor is enhanced. The
di sordered ducts have altered el ectrophysi ogical and
ion transport properties. These properties are
illustrated in the | ower aspect of figure 11. These
el ectrophysi ol ogi cal and transport alterations will be
expl oited to di agnose cancer and premal i gnant changes
be epplidi-dii east a hOkdRl |of t HaSeE anmyrer biweast cameggueement of

‘ be re accurately diagnpsed.using transepithelial .
the §BrbAG ROt oBF Bt AT aOBISRRBeddin bt (RTENT times during
cycleomhibdldsora afotsansepirbiel iclagnyd s apoteatbabr a  different
L feasurement , AC- i npedance neasurenents and, Do o
CYCL bhRar miCHTT cHf Rt pEFat G ToRDtatRl (i crEMopREy peak to
peak ENIHdhyE AND PR CidSE1E@ES0byER agldidd Odfnt Neregion,
I oni c, pharnmacol ogi ¢, and hornonal agents descri bed
- relabpyfe tq MOEYRL eRESRE M hBldS o PE ogse )pr esSaEORAkENt issrEradiol

or dRYtRErUSEfeMit hcigdPCeindigyent@ld Veélaé@tfcg}ﬁéé?ﬁﬁ'iéi of the
agents and treatnents. Specifically, electrical - i :
breagtasur®iént P al PHERIRTIRIYr e HVE T bHY topically

(trafRb@¥irAad )a nehpedahetatyal Ut i ng &dall eRb-5s  eSAPISRhe arug
to the ggggs W thout requiring a biopsy and Wi 't hout -

or h@EMPRRY UGeR ERABER e (Y heredposioliamant be used as
a pr¥bechesrendd- %&'dﬂbﬁ?_@@lﬂfégﬁgt LI Or '

t herapeutic agent would likely s ow restoration o f
[0148}i t heFiguraunkk i bx foddagmes ridrstsaaing Phti dritstological -

and N&é&%ﬂ@%%&ﬂé@%' d élj? g'éni r@latghag%%u(}r 2?%5%:1@ the

even denonstrate progression To a nore advanced
devepopmens diPfeabreabhti scapsieam and Tinet hedn ttiusim nefrdm e normal

‘duct&fe@ﬂﬂkﬁgégﬁﬁ,ckhgdﬁ“ ShPbe AL YE S QTPAN P&y i
: assessi ng drug responé@forg%y %FlnlcVans‘ 1%%%ngﬁgﬁ?las1a,
dUQCQheCQmﬁynﬂmaoinaSp&vimﬁCESHJséasénma$ﬂw&%%nem$t gancer is
thoudRB! tQ | Rgxthe; pragessso cinogenest s (gancer

_ %Evelopnenr) , @efore an4§é§% naﬁ%ﬁﬂ%ngé hedS s fiHSpS may be
skipgledelabelough usually a breast cancer develops within a
 background of disordered ductal proliferation. = The normal
duct maintains a transepithelial potential (inside of duct
negatively charged), which depolarizes and impedance, which
increases duriﬁg the development of cancer. Once an invasive’
breast cancer develops the impedance decreases with loss of

tight jungtion integrityf and conductance through the tumor is

enhanced. The disordered ducts have: altered .

electrophysiogical -and ion transpdrt properties. Thése.
properties are illustrated in,thellower aspect.df figufe 11.
These electrophysiological and transport alterations will be
exploited to.diagnosé cancer and premalignént éhanges in the
breast. | |

- [0149] In these ways breast cancer can be more éccurately
diagnosed using transepithelial measurements of'potential, or

impedance, . or a combination of transepithelial surface
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EXAMPLE 3 . ELECTROPHYSI OLOG CAL CHANGES | N OTHER
EPI THELI A [0151] The exanples illustrated by figures
wa2o00ana7638 were perfornmed in human col on speci PETYUS2006/046570

renoved at the time o f surgery. Based on in vitro

studies in breast epithelial tissues, simlar changes

i n human ductal epitheliumthat can be neasured in

vivo are expected. [01523 Figure 12 denonstrates the

short circuit current (lsc) of human col onic

epi thel i um ex-vivo. The figure denpnstrates the tine
‘potepdipde alwagsumemeraxi s wad-dmpaddmge t he ot AHSehdh t s and

' oss th tissue. The potassium perneability
'phargégg?ﬁgﬁc %ﬁ% %°f human col oni ¢ nucosa (Pk a

EXAMPLRAS . deCHrEMOIHTEVEN’BNPmIEaANBDEHEMtﬂ‘IfC @ rol s
' dgrossly n -appearing nmucpsa,obtai ned 10-3 0 ¢cm '

"[01SSFOXI P to? %é?gFQEtalt%de gfhrc?ﬂﬁﬁﬁs PRAFRSBOUAS, - and -

hormonaht a@dﬂtébdéﬂgrﬁbéﬂib%ﬂ]&)@d the Q@%Qle%t &) method of the

: Eb -ane resistance and voltage were nullified b y. .
 PreSEPevatPh thePK B8Y n eneu§§fjos‘8{|LtBat‘Fﬁ%@“—’%olRﬁ@Wtqﬁéve and

therﬂpéﬁahcsc&béhﬁté Naarrd ) t%@:ﬁ@%@h@:@ce Vs, OEketh Wt h 8 actrical
am | orjde.” This_protocol reduces the eqU|va1en

"meaSEF?‘EGPF nBdel ad Fengk @tmwéwm tandn Apheaiomempravides  a

methﬁﬂndﬁékanéeaﬂ%tﬁrﬁft r@”‘-ﬁét\.@ezﬁgrge LBspal %lel elt:oWI ttﬁle drugs
t he paracel |'ular Eathma a s has been veri '

withgub, seppdeiche at &P@§YI%ﬁ@éﬁSFh9U§eM§¥ﬂlng4f@au§é@Icancer
to ElechesC (berope: negal 40 C orggl
° col on after whic '3 O|t%%§%éﬁ%sarH$EAq%%L§ggf t8 a. given

chemgpr gpentasiesse 9m I§be€@P?é§p§nmaﬂﬁnQ)kWkado fikely show

rest8Ph€abnK gt Chagnehsiial N Ganceisheard ng. cpleg t state.
reduction in I'sc is to -65 uAlcm 2 . The serosa é%%

Patigpes, pihg dQ BoSstERRPend ¥RRldMShow. mieiBsE]l Ritameelor may
3 g RERRT: S eLm ec

even SoURPRALE SRt Bak sBtttn (P ChTAL MRDRRERICHeddy o ene

disegsepe &ﬁ%ﬁHﬁY%F?@na@ﬁamQQHOd[)Fh&s Beeausee theed by either

cla.ni’@iéﬁgeo%‘:dgﬁ.gg ESmﬁEh‘fl%l éé‘gg %§n§e@u%nd§éség§§g or by

condi tions e paracel

clinjghaps edfi VRO L herPiga Ylapi pabgress of -a patient’s disease -

and treatment, or monitoring the process of carcinogenesis
' (éancer developmenti, before an overt malignanéy"has fully
developed. . _ ' ‘l |
E}xAMPLE 3. ELECTROPHYSIOLOGICAL CHANGES IN OTHER EPITHELIA
[0151] ' The examples illustrated by figures 12 and 13I ",were
performed in hHuman colon specimen removed at the time .of
surgery.‘ Baséd on in vitro studies in breast epithelial
tissues, ‘similé.r changes in human ductal epithelium that can
be measured in vivo aré expected.

[0152] | Figure 12 demonstrates the short circuit current
(Isc) of .human colonic .epithelium. ex-vivo. The figure
demonstrates the tlme course along. the x~-axis while varylng'
" the pota551um gradient across the tlssue The potassium
pemeablllty of the apical membrane of human colonic mucosa -

(Pa) was determlned 'in surgical specimens of controls and

n
h



pot assi um perneability) can b e cal cul ated using the
Fick equationi.e., Isc = F-Pk a-DJ[K] where Fis
wo b@7Bareaziay constant and D [K] is the concentpal/iusz006/046570
difference for K + across the epithelium Figure 1 3
denonstrates nmean semvalues for Isc in both nornal
and premal i gnant human di stal colon. The apical K +
perneability o f controls was 9.34 x 1 0 6cm e ec and
this was significantly reduced b y 50%in prenmalignant
human nmucosa to 4.45 x 1 0~6cnisec. Pk a could also b
ca e 'C i Ny hhe oK
ros S bk SdpbRla ity HANE s RIS EN B30T proxinal o'
colohtorkl Ftesocesuliemas. sofbwhatudaser waal wesintdd 614 Ussing

0" ecni se n QLLES ondln
chantids (aRETRE Aol avdy Onlmlage coLLespondLg g folcage
weret hnﬂlt:h‘ewerll dya kilevdtchangehen Khe i perlmeablelnots)alanﬂxathlng
conduct he devel o

So1ugfRTC AIEe a0, ball TS0 e J AU JEE ) QRETRL Qe wien
0. 1mwpmmhebrmﬂe |ﬁpﬁﬁﬁﬁQ@r@E@Gdleﬁ&dh&e&ﬂﬁﬂe(Eqﬁlﬁalent circuit

el ectrodes with different pota sium
mode {PAE! EREC SRRt REREN £ PbciT) cobr DSEE e, Soaductahoe and
electafmh@ti.de tf@rbieocknt bereqnigl but tonshe fpaa&e@élng.‘e&GCathway
| Sl a+. transpaq the el ect perti;es o
as R e el P p T RP T bR R St h5 8y tiereasing
sero€aNCer. gémsle@r :jﬂeinuyc Et@ ﬂdaiddﬂ@lCIng&bﬁ.Oégf‘(—tlg@ p.A/cmZ) in
ea uct _and tnhen t N-concentration_vari e
norm 1E:M‘Clﬁ?gl&ll i HEERE  WSTR gped‘il‘? oE}BCSSPt-H r?l?‘bgaf:é-l&sler# A abrupt
incréfseddat 1.0 MRASKESHIHEL igdeeedbnotassicunpasdaealt | thinnels.
observed .in the surroundi ng breast ductal epithelium

In CRRLeR- H??Erl&'lg UL CHFp&HIES P 1l edrd y-DCFY) 0 r‘*‘A/cm

The é@ﬁé@&ﬁeﬂaﬁﬁr maeblxlér&aﬁnéat&@né@ghenae fiokhewm (x].
| opi ng i nvasi ve breast cancer. [0155] : Fiqure 14

' Wls?llust agégenujr%uﬁ%“%ﬁ%?%FeFm%‘a%Ecé%ﬁ%ts tspmined with
resp&dfBobERAS S, - a €Ul LENIMVaS RISk betyegn] anBbPPFEnction of

the ggpﬁtealpg%% Cgﬁégighﬂg aA[ph]y-SI olsgg'a%%'e StalleI n*\goltage across. .
the apical membrane. :ts zero under these condltlons and the
', paracellﬁlar pathway is nonselectlve, the PX, (ap:Lcal
potassium permeablllty) can be calculated us:Lng the Flck'
equation i.e., Isg' = F.PX,.A[K] where F is the Faraday constant’
'ahd A[K] ls the concentration difference for K' across the’
epitheliu.m.. Eigure 13 demonstrates mean + sem values for I:c

in both normal and 'premalignant hjuman:distal colon. - The

apical K pefmeability of controls was 9.34 X 10 %cm/sec and . -

this was s:Lgn:Lf:Lcantly reduced by 50% in premallgnant “human
mucosa to 4. 45 x 10 %cm/sec. an could also be calculated for
the change in I when the K' channels were blocked with TEA,
assuming complete block. This resulted J.n eomewhat lowe.r.'
values of 6.4 x 10 °cm/sec and 3.8 x 10 %cm/sec corresponding to
'a 40% reduction in P¥,. | "

t0154-] These observations show that there is:a fleld change

in the K' permeability and conductance of human colcn, ‘durin'g



suction to open up the breast ducts on the surface o f
the nipple, and an el ectrode placed on the surface o f
wo be7hbsmast . Vol t age was t hen nmeasured betweenpt1v@s2006/046570
ni pple and the region o f interest using a separate
set o f voltage neasuring el ectrodes. Al neasurenents
were made a t 59 frequencies |ogarithmcally spaced
bet ween 60,000 hertz and 1 hertz except for the
fibrocystic with atypia case (filled squares), which
was neasured a t 59 frequenci es between 60,000 hertz
‘the aBdedobmbert! Zof TRaridgedanceiiryes réammnsd r ake tdiected in
| owest' ipedance a, t highest frequencies . A s the
breagt eguehey Bitheldppri edIEPREAHLTFe THRRFBASEENERe - @and/or DC

'meas&f@m&&tshlﬁélﬁgom bebbchr@ddght walang therXeAXhe - potassium
0156] Fig 1 5 i'llustrates the inpedance profile for a

. gradirntentogeher Hekbhr FRAC et IrvHSse SHCkli 88 \iilloride to -

bloc%eEﬁgr@%ﬁé&beEﬁﬂ%@nBEe%fééﬁgégéﬂpg R%ﬁt%ﬂéﬁéﬁdkt to the

ertz. Measurenents were nade over the nass (Il esion)
electnichk Bropekrddles oeht. tbﬁ brieadte mrgabe areiontvel diagnose

'lbrea$ﬁa§gﬁganE§nW%&e "%QE %5@19a9 ok, L 0CALLOR Phrough the

ame breast requencymaasur ement
breasiemdusitr aded tumaetnt hélecuﬁive@mretwpeonu mﬁa:smﬂieln the ECM .

usedsﬁgxar?lgeorxll Seatecqgordeequggcylxkfjhg téﬁe COTJ]et e duct to

r ési stance e nmass was ‘hi gher ntro
measgoad e @rfedtfcecbre:wasnurmwpfmmm:clew Qpferceed in the

surropgg ﬁ?lZa¥eaggte855?glnE%%£Eﬁer { Sne&ﬁgl gtyplcal ductal,

on of ~on e .nass
hypetmbaei@renﬂemrbﬁ mems m1qauuncﬁaaﬂmdapeemaﬁhﬂinﬂy in the

: . [.Q157 ure 1 |II strates a -
regl%%dggp?gF 2ﬁ§ﬂﬁﬁ%é‘biﬂ lv%gﬁpg??gg 3 %a i'ent with ,
[0155]brocy$gured|SGaselmmﬁﬂﬁaunmiemmkmlphe WN hubsgastimpedance

plot%n %{%ﬁeﬁgm ;bsreealeﬁt,]tgecg)n genggpetwgatast #J‘ﬁé&mﬁ?é%gn[ é] nipple

.cup émequebdeeedhuamnfﬁm alphydlsym@wcal séhﬂndaSalﬁonon under
sus tif

suct}PB, dySPPET; Sadton CEEART odPe ERhe ROt il SFEGRER OF the

nippasad the emﬂéxéctegdanpﬂem@drmnbthaseuxﬁumﬁ @f ethe breast.
.Voltgggnagssg %H (§§ﬁ¥§a bé'wggn éﬂg nipple and the region of
interest using a separate set of voltage measuring electyedes.
All measurements were made at 59 frequencies 1ogarithmically
spaced between 60,000 hertz and 1 hertz except for the
fibrocystic with atypia case (filled. squares), whichf was
measured at 59 frequenc1es between 60,000 hertz and 0.1 hertz.
The impedance curves demonstrate the' lowest 1mpedance at
highest frequehcies.‘ As the frequency of ‘the applied sine
wave decréases the curves shift from left to right along -the
x-axis. ' :

[0156] | Fig 15 illustretes the impedanée profile for a .
patient with a hemorrhagic cyst. These .studies were performed'
" at frequencies from 60,000 hertz to 0.1 hertz. Measurements
were made ever'the,mass (lesion) in the 4 o'clock location of

the Dbreast, and control measurements were made in the



frequency end of the spectrumthe cancer (0099D-fill ed
circles) separates fromthe control quadrant
woraswsmIENt (0099C-open circl es) at approxi maP€er/ysA06/046570
Hz. [0158] Figure 17 illustrates the sanme data as in
figure 16 plotted as a Nyqui e t plot. The mass (a
region of fibrocystic di sease 0465A- open squares) has
a 5000W 1| ower inpedance at the | ow frequency end of
the curve to the right side of the xaxis, conpared
with the control region (0465B filled squares) . Plot
©.10 O(KEHKk(apeauﬂmmleﬁ)iﬂas aasienibreeas ot al Thpeda@ﬁe Epequency
the breast with fibroc hanges but the curyv
meas ARG BRBHBEC TS HAF cAringotaboh MebRf b FRbmposable.
Sepa:fé)tftlsdh I&inbﬁg(l.hs) dor at @é@?}:&f\yﬂ }@Iegbwf r@gw;ency 'l&_flgﬂsréélstance
t he i npedance ,spectra in the nali nt breast i 8
of thePART MRS | gg’p?ﬁ?sa"rl'é(me tR&ncaps Ofe qAdiaw 98 hhe breast

‘at dloa@nomree;ufe@faled 0159]  Eug¢keel8 dp@mnst ratesithe potential
i npedance spectra_when the curve (0099D-f illed -

- MeASWy GRPREY ?§°&’@@eod?%?l?ﬁéz%l:é8§t@a‘-nc%?llfo f PYurvepy the mass

and therkebale iopedange dlssc%.-gmrﬁa@@@ﬁlfﬂungheanetermi’e%wte the
conpared to 45447Wfor the control quadrant,.and the

high | eedRFYh frequency) curves begin to separate bel.ow

[Ols'ﬁfJOUt 20QuFR. 15N8 103108k vEs gepelar lpa_%ﬂc te/f 2§mﬁa/dance plots .
conpared with the control quadrant, ‘and

compay gyt B i tas iy a‘-éﬁﬂogrx%@dcmﬂﬂss%aw ﬁ%SS and a

patlé@@bWQQE'@&éHSEHGQﬁEe&”p@QﬁﬂQ?)andiﬂgeééﬁrbe seen that the
depol ari zation enabl ed di agnosis of breast cancer in

impedprepat Féntanthd thiebrociaee dPesdse i epatabeh@t the lowest
freq@&&@ié@ tgkgoéhbré’&ds%foi?éé' enfbavi Ng '”pﬁ?@”(‘cﬁéta for the-

close to , a hi.gh val ue typlcally, but not
suspheteysamasy sugheshi mps hadpnsddies os c friduracy0160] disease

N 9 t foakt ering hh
on REEIGY e KRR LR R T AL SRR e spgion £rom
the HFolediaty s@gtdon \meﬁlaftytstsh@dlm@sarblef salAthe the low

freq&@ﬁ?)ﬂSpr‘ﬁt eq, { rogpthe é\%}e"cﬁéﬁuﬁ“p ¢ARd 'éaﬂz%ﬁ“(@b@gn filled

e | npedance curve open squares
c1rCle®bdaﬁepar9t@§prdwnnmtetye26co0&wpl Wra@nant measurement

(0ooSdditionat 1218 & SRlddedsaspisated fromthe

[0158] Figure 17 lllustrates the same data as ln flgure 16
plotted as, a Nyqulst plot The mass (a reglon of flbrocysplc
'dlsease 0465A—open sguares) has a 5000Q lower impedancé at the
low frequency‘end'of the curve to the right Siaé'of ﬁhé'x—
axis, compared with thevcontrol.region (0465B filled squares) .
Plot 0099C (open circles) has a similar total impedance to the -
breast with fibrocystié changes butlﬁhe curve shows a “double
hump".indicating'twq different time constants (1) for the low
and high fiequency .ehds of the impedance spectra in the
malignant breast. This characteristic appearéncé can also be
utilized as a diagnostic tool. . )
-.[0159] Figure 18 demonstra;eé the imbedancé, spectra when

the curve (0099D-filled circles) is added for the breast



ni ppl e cup el ectrode the inpedance curve coll apses to
an i npedance of approximtely 3000Wfilled squares.
wdb@7acuit i on of 1-2 ml of saline resulted in BOT/US2006/046570

i ncrease in inpedance (open circles), which increased

to approximately 15000Wafter 5 m nutes (closed

circles) . [0161] Figure 20 illustrates simlar

suction pressure experinents on a nalignant breast:

aspirating 3 m of physiological saline fromthe

ni ppl e el ectrode, after holding suction is obtained,
cancéesuld s fiilguaedetrease The tebahli MMgseAsecEr QR 45&%?1W1cantly

to 29,029Win the control quadrant whereas inpedance
highgscpsadds FHRNFPBPOTRA tte 625 66BN dnar the cencepl Thedrant,

‘ at e e nc een, at_the hj
sna SHEAUEHICASEASAR® A BEANCELL3 8 B 108 Didllrace netow
- aboutef00side. of The Nanqe@ waﬁoﬁepqﬂqtfzedhewnnmedﬂmceompared_

i eh T SR aitl] BT obirov 8RO HENR arker: OOREERG Gl pvese vas

depohandzeﬂhéoych&n@em\l n i Mesdagoebdna tideh bessrlig”;hé:he :meedance
I fre uen pectra (curves. o the ri ght

and Pﬁ SAxi S SreA] aﬁé?’“ VTG e@b??&oﬁﬁ% %éc’PEﬁéét cancer

in orre ippetiance afr[d)ﬁlflﬁ&&ﬁ:y@:.lﬁSdBH‘éaBetquQwer Obther despite -

uadrant whereas the changée is even l.ess. over the

the géﬁEQFyﬁéd&d%ﬁ’ﬁ’gelf‘FoﬁﬁYZ@M impedanoge . cégsscitanz@. 0002, a
highl NGLEASES a8 16PNt nQlr qyasr a :
g frequencyt?gﬁge mﬁgn suéilon ,S”$%%%§gé£§ #ron1?g§6é5§g the
Presepce. 96ECSRCETar ads) , decreased from 1. 17E-5 to :
101683 32E- BEqQves ibe 1C%Eratésc%é’ee%q%é§ab a'éf{éf‘ﬂng the
' t he suctlon on the nipple cup el ectrode manua '
1eve¥~. Ph &ﬁca&mmml:s%@tr@ntbamlmeecmeelectrode Holding
suctgbﬁt Lol i dmld gnang fhmpden g bB@assafPﬁeh%asjmaksg)irated
. observing different responses of the inpedance spectr
fromt ghehind oo uver . apdl16X Fib@$br§§edlEusttm@esmphéance curve

e d r estinatin he i nmpedance for, th
with :ﬁ)é%r % ?%ctl otﬁhcurvgg?%aln—‘ﬁﬁurles 25pp\ﬁl’?éﬁl§‘a§|’?lé’r c26,0004Q.
‘Whenl sarf i atiddth_@riame Qn:pedxancmﬂiatsalamb exr apebatedelo from the
e x-axis. at e ~of ,.the curve. The difference

mpp%%t we'dh t‘ﬁ]ee%ﬁf’gﬁd ﬁ?‘&h FRPEFEESTSs TR SSYTTRRRP to an

. impedance of approximately 3000Q-filled squares. The addition

of 1-2 ml of saline resulted in an increase in impedance“(open |
circles), 'which increased to approx1mately 1500052 after 5
minutes (closed circles).

[0161]‘ Figure 20 4illustrates similar 'suction pressure
experlments on a malignant breast: aspirating 3 ml  of
phy51ologlcal saline from the nipple electrode, after holding
suction is obtained, results in a decrease in total impedance

from 45,447 to 29,0290 in _the control quadrant whereas

1mpedance decreases from 76, 937Q to 62,568Q over the cancer.

The greatest decrease in impedance 'is seen at the high.
- frequency end Qf the impedance spectra (curves on the 1eft.
side of thé X-axis). For example, the :meedance decreases

from 29216 to lSSOQ in the control guadrant, and fromv35824 to



resi stance of 72674W. The Capacitance (C) is
estimated fromthe reactance at the maxi num hei ght of
wob@7asw32 and i s 1. 1652E-5. The Depressi on AngbP€T/US2006/046570
(15.932) is the angle between the x-axi e and a line
drawmn fromthe origin of the x-axis to the center of
the plotted arc. [0163] The nethods of the present
invention allow one to obtain multiple curves fromthe
measur ed i npedance information, typically two or nore
curves; for exanple about 2 to about 4 such curves;
' 10106@CudingeRe, caridad. CUTOLES thEACHL 16 V 81630 pEHé' Q:Qlanges in
- different information about.the condition of the
1mpedﬁ%ﬁﬁm§¥%nmu§hrG@#ﬁ%égld@@%ci@W@é wWrEEmehreeeetra (curves
hi urv 0
o D0 LS S ovT Hac TR or hht | Bn " aBodr (I i gprEdules in
a deandaseenhylmgpeﬁanc@|fﬁ@mn&dsaﬁetamrQGS@&hDutnﬂHhétconLrol
t o aboyt 10 FE) rovi.des information about the lar

quadrcﬁfb s %?%ast( St IHIand S FORY r dGFencPVEET vE € cancer
- t abe 6 f xa

B
contnqﬂbugaadmnts (Mo Ehe lc[vo16n§eq\¥anporusraarmst;>©dwhent swition is

1ncré§§%£r%%3ﬂ hn%%@”§mao|ﬂpl tW%gy§J§5S %@%reased from

apparat us as déescribed and alned permt the u of
1. 178 @@s ﬂkBBéréﬁ‘t $yequdrics esaan@rfreqmcyaanglee seen that

altef’%ril natl & %1%9\/\0 Host%g i ﬁiﬁglg .a gﬁggg deo ma%’mally or

or nor e
with peovi dungmad:@dl snaltllon.f OPWBPI Mhme ca:rsseaissrtst dhstinguish
0 the ne
meLs IRURL DPLER, BIE, GERAL 2ol ERERSLE W "l P8R e corene

reSPQﬂEeir@ﬂuéhey1m@ege&c@esmmxhsdaabmveblssmananvbe nade
ener at.ed d on fre cy. rang
[,016221{)0ut Cl'f’i%%&ﬁg 0gr aly sg:ni_it tﬁe f“ %% lgl ){1 é] or estlmatlng

. . t 5 abou as wel S48 Curte
the Bwbedarder émg:esthuzthanceheh(i‘mr aehhctja@gecpwte in Figure 20,

Whergegcrlbed agpl e gput 60, 000 Hz :
Te8sC fﬁﬁ6€ éfﬁpgobr ast™ %?C8a9§%§ §nﬁin%§Fr6?Olated
to tﬁkﬁU&%HR&b at each. end of the curve. The difference
. between = the ‘1ow and high intercepts is the. estimated
' resistance of 72674%Q. ‘The Capacitance‘(é) is estimated from
the reactance . at the maximum ﬁeight of the arc, and is
_1.1652E—5L - The Depression Angle (15.932) is the angle between
the x-axis and a line drawn from the origin of thecx—axis to
the center'of'the plotted arc. ‘

{0163] The methods of the present.in?ention allow one to
obtain mﬁltiple .curves © from the measured 1mpedance
information} tybicaiiy two or more curvés; for example about 2
to about 4 such curvés/ including 2, 3 or 4 curves Each
curve can provide different lnformatlon about the condition of
the tlssues and structures associated with the' breast[

,inéludlng. , )
a high frequency curve (about 60, 000 Hz to about 100 Ha).

prov1des 1nformatlon about the nipple and overlylng ‘skin;

60



and functional changes to the breast, it is possible,
usi ng the nethods and apparatus of the present
woreenticen, as well as suppl enental infornmati OPCT/US2006/046570
determ ned from ot her nethods known to those skilled
in the art, to devel op conprehensive information in
order to diagnose cancer. For exanple, it has been
found that an increase in resistance as neasured and
calculated fromthe curves in the | ow frequency range
suggests hyper pl asi a of the ducts, which is associ ated
W Uhype obinLgi ableve GiaRges Moganceho A pnalidaci 1o 1)
i's observe at a: reduced epression angl e
providier g hednitépnt kbawastiked argeal d&ﬂca:tsecﬁr@rbleeast stroma;
i ndi cates the presence of nulignancy. [0166] As C ‘
di scussed above, several discrimnatory features can =
kze ereEm@gméhayn¢hevdaKAeasduhﬂweabgenememad for example
: cmm r osemo ent s. of the net
ress SEEEH PR, FA) R ST M e S SR PR, W commina
duct&lﬂﬂd@@laﬁ ShiBtssulmepitel i al resistance - the

S|st nce val ue e inters t|on of th
to16qf s S TRETelye SRS R R axi&E ot H G PRESEtcy sgpncion,
lnclmd%mmlehe&méﬁﬁbdﬁ)anEPbpmaﬁduﬂsahsrd@sﬂnmnﬁd -ahdleclaimed,

i f b h d.th
pernil | EBESRES PSSR iRvE i fofaS BrtlndiR ke & erequency
rangébff@hémﬁam@yth@eﬁ&aﬁtahoeeaﬂismé@ndbhw¥1and each or a
quency

% Ba0|tance (@) derj ved frogéthe % a1
Combiﬁﬁ?if?he forHiPa 25 (17BE ancB¥n Pfie 72R% /2prOVl 1ng
addipisal Ghofaaiefishi aHatequencaddLat - i‘tzhedé{remugﬁlﬁy; a more

__at_the highest point on the inpedance curve;
accuts o SPENGRI o CPRY tarigie. PBRTRdEDy AR agFocedures
For bkeiweare thaend ogugitcent ecp afhd he& repegane e reingdse dRdcribed
the Ro or Rintercept on the x-axis; and en ci.rcui

| abovent T alCHr RANIEAR h&lT alP pGlEMS adRRESted  fpased on a

freq@hdpge-dmasuicrd hebweeny phexsi pp&eaaimzﬂ: hg sutr,f age well as

el ectrode ,
curves 1n selected ranges within the overall range 3just

and

described,‘fo: example about 60,000,Hz to about 1.Hz or less.
[0165] - Since breast cancer -causes a number of structural
and functional changes to the breast, it is possible,‘using

the methods and apparatus of the present invention, as well as

"supplemental information determlned from other methods known’

to those skllled in the art,, to develop comprehens1ve
information in order to dlagnose cancer. .'qu example, it has
been found that an increase in resistance as measured and
calculated from.the curves in the 1ow frequency range suggests
hyperplas1a 'of the ducts, Whlch is assoc1ated with
proliferatiVe changes or cancer. Additionally, it is observed
that a reduced depression angle as ‘decerminedl from the
measuredg or calculated curves indicates thef presence of
“malignancy. o .”

[0166] As discussed above, several discriminetory features

can be developed from the data and curves generated according
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DEVI CES FOR USE W TH THE PRESENT | NVENTI ON [ 0167] A
nunber of variations are possible for devices to be
wosed/oeisBh t he present invention. Further, as POL/@82006/046570
above, within a device design, there are a nunber of
aspects that may be varied. These variations, and
ot hers, are described below [0168] One enbodi nent o f
a probe or other device for use in the present
invention includes a plurality of mniaturized
el ectrodes in recessed wells. Surface recording and
to vanibual. @hle@ﬁmahcspr@ﬁesm‘mgmesn@kﬁsaSaﬁal teaspap t @Y of the

be perforned by dis abl e commercj a avai |l abl e
preseiy rARTTR: ” ERFPEERPSOr R AT Sagint may be.
- RES T Eapkpitdheliindl vidyaktaheet rodenandr&£5€E¥AEE QUhlue at

‘ the chip. Thus, for_ one neasurenent, a particular set
Re, thy %ﬂ%%%?@@ééoﬂoﬂﬂjQﬁﬁtkﬂﬁﬁdﬁ%?eaﬁﬁFMQ'Wﬁ%%ﬂﬁ%%eﬁfaX1s at

hlthﬁ¥eéﬁ%ﬁﬁ&6(fék gxamgﬁ@re@blduucygpncentratlon a
different set of electrodes would be used. Wile this

Feetuc €P1idd1A ik | AESGRSANEe t he EhectHddersnre oetween R«
and I{ma(stl'z'{§”ﬁﬂ%hara%cf‘oﬁh!eoqr&ﬁdlr%efgé pEalgE p@h@t %u@‘%ef Qith the

anot her I's system provides generally reliable
X-axifesuPrs. tl}@lég]ffmeaﬂqeerh%t ithe appebdathnce tak udew and high
freqicaV®f) £l ectrodes and use a flow through or

nlcrofIU|d|c systen1to change sol uti ons and drugs. ,

Sradieants, 460 ut ronslesi vagentfyam e Eangedryy. using  the

£orm P35 S) NerRPBALAREOUN! $0f velaGldY Caly phLEgAf Lo Move

uti on ‘or agent rough c anne s and ouf t hr ough
gorassatperhetsgr f frequenche dévi cer | phehi §requency at the

| qhePadi nept ot el; eetrads in contact with the
h d% %U?*?
hig sanggéeg?oﬁno ﬁ?hé agggo e’ breast, thus
ébe‘pﬂemiwg reggbae-to- rtége orarnvare atficomed rpaseér edeme drawn

betwe St AEPH Y r?&é‘ﬁESf) eé(}?é ngﬂ#ﬁhéﬁr Ll 'c‘{r]rcble% "‘ESH the Ro

f érent "solut i ons € presence o
or R%ﬂmnnemwepteonanberauaxuﬁ,c&nutrous breast tissue,

ba0d; hel dRLebed el dsd Lohgatalg S:Hu[gd@eeentlal (1EP)
. asur ement may inc
- theleublodee fmeapasedngbeuweent abemedipw$efcnnd the surface
clec urlng An i npedance neasurenent may be taken

%) tween t he ni ppl e cup el ectrode and the hand- hel d
DEVIQEDIEQR USE WITH THE PRESENT INVENTION

[01671] A number of variations are possible for devices to
be used with the present invention. Further, as noted above,
within a device design, there are a number of aspects that, may
be varied. These variations ,» and others, are described below.-
['0168] One émbodiment of a probe or other device for use in
the present invention includes a plurality of miniaturized
electrodes in recessed wells. Surface recording and initial
electronic processing, such as filtering, may be performed by
disposable commercially-available silicon 'chips. . Each ECM
solution or agent may be specific to the individual electrode:
and reservoir on the c¢hip. ’I‘hus," for one measurement, a
particular set of electrodes would be used. For another

measurement, for example, at a different ionic concentration,
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bet ween a ni ppl e cup el ectrode and adhesi ve skin

el ectrodes, between el ectrodes on a mniature
woraroswmepe, bet ween el ectrodes on a duct oscopPCBUS2006/46570

skin surface el ectrodes, or may be taken between

el ectrodes on the hand-hel d probe. After taking

initial DC nmeasurenents, a wetting/perneabilizing

agent may be introduced to reduce skin inpedance. The

agent may be introduced using a m crofluidic approach,

as descri bed above, to nove fluid to the surface of

a dikberehectiadesorAldrsnatbiely, wouldagse ehaedd odesyhlak this
just penetrate the stratum corneum may be used to

PrOdUG@@rea§@nﬁhpeaéﬁ@@tlF0§VO] Blsui d§heor ~ @3echirelieshe .for one
measul eﬁ%ﬁ"ﬂf éPgeﬂﬁtoﬁ%c%%@dj d@%l’x‘ge YA FBin%lse‘"atsr Ofd/f eanother,

sol utions such as physi ol ogi ¢ sal|ne Ri ngers)
this wiytstean mww%o@espﬁanﬁﬁééﬂwgm&ﬂlaﬁﬁﬁnﬁﬁswkespreferable

tozegfl S A1 VG ROl Q/L LOLBALUSR 11U O LS, JUCLRLAYS! b et rodes

represent "a p yS|o glca nger ution.
. and 'ﬁﬂecxdlyf1@wsthnqsghtsouf NACr o lgidiKC . yDF&g o change
Cad_ 2

'S
SOlutcl(?r?csen?réjh%ﬁlslg }_E:gg}rjgt} Caﬂ rid ggglolg%ospha?% gtgents are
chanqﬂ@mbplpgssahngn@ﬂI7amounteroéle&Ecmbﬂnakyﬁuannt to move
be used wer the ecirol e rls
so1uti oRF APy 1A B Aot SBFONE B TRE Sty ghroven pores in
the éﬂﬁﬁﬁéénbﬁ mhén@mﬁboec saruttlons ehbbdamequ%uhm electrode
| ess. t han used in_provocative._t in t he .
remaigs i CORCARS SE Thnehe FANRL Rt s obts Migtadd s ene
breasand Ctiwid | kﬁﬂfmﬂnéﬁimblnmkégﬂbﬁﬁEDGBEQdondItwaﬁiatdon in’

eval uat e the conduct ance, and erneabl
measURARHIE | im TR B e CHra s TRt e alC Ul £ e o SR i bration

betwet | @riffeddroc bisealatelens r ogennc @@ﬂe@ﬂiﬁbsml Pesence of

F kol d t cl AMP)
G AELINSE SUT o dLles L0 Lol Ul S D) S rera

probe Nigsashrdi-i Beliher &t Ngit asalid OBuﬁrQaeéarﬂlél@s{lB@ments at the

el ect rophysi ol ogi cal response of the epithelium and
skin ¢ ynbRet BrPRhes @3RG et sy n?%sf:rcyodteﬁe{% qffffing current as

well CRECEBET alda¥uOinghe RAf usEaiamdte ﬁ@a‘éafrleeéntto el €be  taken
_ betweteelgrgcit::l}gﬁlgt %Jgelgon e{gﬁ%%q an%drrec’il:%uer ehapx%—held probe,
between a nipple. cup electrode and adhesxve skln electrodes,
between . electrodes on a miniature. ductoscqpe, between
'electrodeslen a ductoscope and the. skin surface electrodes, or
may be taken between electrodes on the hand-held brdbe. “After

taking initial DC measurements, a wetting/permeabilizing agent

may be introduced to reduce skin impedance. The agent may be -

introduced using a microfleidic approach, as described above,
to move ,f‘lﬁid 'to. the surface of 'the' electrodes.
Alternatively, surface electrodes. that 3just penetrate the
stratum corneum may be used.to decrease iinpedar;ce. )
[0170]1 - Fluids for use with the present inventions could
~include wvarious electrolyte solutions such as .p'hysliologi.c
saline (e.g. Ringers) with or without pharmacolegical agents.

One preferable electrolyte solution to infuse into the ductal
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the epitheliumto this mani pul ati on. Dexanet hasone may
be infused to decrease the perneability of the tight
w@ rocib®as, and the el ectrophysi ol ogi cal respoPeSEUS2006/046570
be neasured. [0171] Although specific exanpl es have
been gi ven of drugs and hornones that may be used in
"“chal | enge" testing of the epitheliumand tunor, any
agoni st or antagonist of specific ionic transport, or
tight- junctional integrity, known to be affected
during carcinogenesis may be used, particularly when
systéh T SvKIOWN Hepriddfdritenca t ished £6169PBYSI OllohgaF solution.
_properties of the epitheliumor tunor., [0172] :
T¥plﬁé§ Vdﬁ@%?(ﬁOQ%%ﬁ%%n?Fgﬁﬁgﬂi&1§ﬁ K¢k Belifeegracaclz 0.1 g,
NaHC8) 902k i, Uagd thdERSHN ecticlheirdthetilichal dddinNgn hyper and
: epithelial potential by itself, or the transegltherla '
hypophpephate ame%,ephmlﬁiagapéﬁremﬁs qfay’ then BEhesniglearrolyte
solukt@ophargglerige theslectrigal pr rt'e%%d?:frc;ﬂﬁcle' ' comprises
epl thel 1 um associ ated wth a devel opi ng abnorral ity o
- approfamptedst , Landfardie h‘éﬁlwﬁp@rfedtmtﬁg&mtmol vBgpertonic or
: . p i t, r € tas
hypofbATE XotlfPAr® Halrars KGR’ b dg@ftehan 18 nay be
usedneas upewsica tinee t hestinde ¢6 dfie acpéthed itdre and/or tumor.

- 1L Lthel Lal ecty i prepesties of the. .
e [OBLEASRRLERE L ELoctt Sala PSS oL, iiuacea under
diffaeestr enepnsliviens t h&éosur feamd ysdtent itdle | s qaefdrarmede  and
.e| ectrode.that . ..in con jrectly, .
penbg S e L0 LR T, COPLASE el Phmoflacotogi car
agenkrpedamnie neasurcendmiside e $toi | lockmdelbetwegrnic sodium
sur f.ac eJ;ctr des_or, a surfgfe el.ectrode an

absopprdPlice BreetPodd St iSn“‘éon?léctdraﬁgrsec‘%?yr%rige cyclic-AMP) -
and i hdrmeaidsy Eultougls apre@dctwint h dihe eltctadidlinemen also be
. These neasure ts are ' then conpared and conbi-ned_w.th
infuphd (| WERD (hEfCal dTETT cal SRR d ehent & to FOATHES  the
el ectrapasisard 1zsyidel bireapbrisessoe. HH¥l 78pi Ehell hamndel akumor to
_ under st andi ng of .the el ectrophysiaol.ogi cal basi's _of. the o
thesg| | 2P RHC Ppedantdl BTG potentral Bal nPRCRREEatIon of the
infusagw atwililagnesi svakkdredexagpl e danpedanedeor BXght junction

0 tial may .increase or decreasée hecause 0 '
permgaLSQ1ty and measure the electrop yéﬁological response of

the epi;helium to this manipulétion. Dexamethas_one may be
infused to decrease the bermeability of the tight junctions,
" and the‘eleétfdphysiological response will be measured.

[01’71] Although'specific examples have been gilve‘nllof 'drugs

and hormones that may be used in “challenge" ‘testi'ng of the

epithelium . and tumor, any agonist or antagonist of specific -

ionic transport, or tight-junctional integrity,”‘k_nown to be
affected during carcinogenesis x'nay‘ be used, .part':'icularly'when
it is known to influence the electrophysiological properties
of the.epithelium or tumor. - .
{01721  Regardless of the configuration of the device, a
“signal is used to measure either the ductal traljls"epithelial
potential by itself, or the trénsepithelial impédaﬁce. These

two measurements may then be combined to characterize the
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several factors. Increased stromal density of the
breast may alter its inpedance. This is a non-specific
we bangeresmnhi ch may not have bearing on the probabub20ny046570

of malignancy. On the other hand, a decrease in the

pot assi um perneability of the epithelia around a

devel opi ng mal i gnancy woul d i ncrease i npedance and

woul d be nore |likely associated with a devel opi ng

cancer than a non-specific inpedance change.

Addi tional information is obtained fromny nethod by
elecprmbamg bheptirssee tofd|thereapldegﬂhsmusawgquanﬂﬂ with a

nsin ectr The use of
evelBpLARC SIS PLEC UL IERe IEHSE, Plang, Apprugn comparea
withnanmuloatwe@nsﬁesa@ldﬁrtlﬁzé: paientdralomisk Dte Dbreast. Surface
otential di.fferentiall in nornma] coppared to
eLecBRREaEeRrons, BRESHERTGHAR SROmaTRraRicE) Sensenents are

chenamad@r t8i Jhd+£apédi zéerans enonhicehrehianges 14l electrical
i agnostic accuracy of ny invention over the above
ProP?EFéPénc@é oRBE. P%mf -Al t hOB§R St hBeGS¥TEMeRES phiwolve DC

potefilRagl echeagderbasnheen Wrseki beghin tdiscamel i Gdtiditial  is
for use in breast cancer diagnosis, a cup electrqde

refergPche FSedn rebRRRFODP ghhe tuaer élqthe”ép‘i:?‘lﬁ@??&miﬁﬁﬁ‘:tly' or

indibecehff i enkbugn apcessmendosenpi©@d | iuc¥ afimen.  Impedance
endoscopi ¢ approach is not desired. An exanple would ,

measﬁéeﬂﬁ@tﬁwﬁﬁ%aﬁFﬂléﬁalmIW?Q%CP§tWﬁﬁPCW%?ﬁ%?%ﬂ@lgﬁEﬁOdes or

a su@f&&@ arpull-aaef a¥ad ek widdiedhe seeerdopal thddf  {He contact

duodenum Bile duct tunors devel op fromthe

direghdyt K8l iid@diTefhly of ChREUER| eéndd) (igh, the ductal lumen.

Theséh%é‘é‘guﬁéﬂéﬁtgo@ﬁe tHerd he o %tpdatx@d I ahdl 'Ebrﬂﬁlﬁédt hgitn - the
pancreatic duct, i.e pancreatic carci nomas).

tranggpiatheld@l be ﬁ%ﬁ%%@ﬁcéhdosc@@ﬁﬁﬂﬂ%ﬁ%ﬁﬁﬁa cuEO further

char§keetiode appldad oy suctign to the anmpulla.
Physi ol ogi cal saline can be infused into the ducts and

[0178hen aFWﬂéﬁéﬁaﬁvﬁéllal Pot ent i avndagsiapédasce coupli . the
elec@%ogﬁ%lir qh iU PORGY AL Vedﬁ’ t d deptidyed h%n&?&ié’:‘i‘céf or. DC
in the pancreatic, or e duct using a second

pOteéFéétlr oderhideed Bare heasépnrta@maldwm%es of thBor example
'1mpe8§H%%e%Sr OIBC bbbgeﬂlégal %éﬁrfﬁ@régé)é c;xhed@@fééggeﬂlecause of

. surface el ectrode may be rep aced y a skin surtace
sevegplj rﬁa{ca:\;:yfﬁ)us Increased stromal density of the breast may

alter its ;.mpedance. This is a non-specific change, which may
not have bearing on the probability of malignancy. On the
~other hand, a decrease in the potassium perméability of'. the
epithelia around a developing . malignancy would increase
impedance and would be . more likely associated with a
developing ‘caﬁcer than a non-specific impedance change.
Additional information is obtained from my method by probing
the tissue to different depths using spaced voltage-sensing
electrodes. The use of électrophysiological, pharmacolégical
and hormonal manipulations to alter DC potential and/or DC
potential dlfferentlally in normal. compared to cancer-prone,

pre malignant or - malignant tissue is another significant



el ectrode when used in a mninmally or non- invasive
manner. [0175] Drugs may be infused though the cup
webeciswmde as a provocative test and descri bedpd€DUS2006/046570
breast. Secretin for exanple, stinulates bicarbonate
secretion by the pancreatic ducts. This response nay
be abrogated by changes in the epithelium associ ated
wi th pancreatic carcinonma. The distribution of
muscarinic receptors, particularly M and M3, may be
altered in the epitheliumduring pancreatic
'.dlffeznmnmogenbsch Fhbeetese $@anfdxagnmxﬁacnlacagnacstsOf my
non1 é 9 sters(9nd hat ur al aIkaI0|ds)
'lnveQﬁﬁPQHﬁ Agontgts %gtfbplne FRTENEPTRe (M),
[o174djar i f extachaudhB thle nmeye bef usechitmplsd i eup &l@mﬁﬂdﬁdéhas been
el .ect rophysiol.ogi cal response due to chlorld
descrihedt | bR |ﬁ%dﬁct£p3ﬁﬁﬁ#i*?%n1 S%ocifffeq 10 breast cancer
'dlagr\Mshf‘Ep,anar eaip CeEéﬁCEbdeSlnmy abe apadRChies ok rbes tigats where
in the_intra and extr¥$€£ ic bile ducts to di aghose
. the ?P%EPEEAHFEW@YO??md T3t F c tOarREr SRy FER! y., or

an eH8bBHopidl eibabagHp il eabt OdRAinfdd ed th t BRaMler Mbuld be
uret hral nmeatus.: h¥510lo ical saline s |nfused into
the PRACHEHNHG. 2B Rt 18 TR al ‘éb’lﬁécti'lodﬁl jgnd open at the

ampuﬁiﬁfﬁilﬁaeérWWJtﬂﬂﬁiiﬁésé@ébﬁddBQE@ dﬁ“kﬁ%”dﬁ%denum Bile
itheliumvia prostatic_ducts_that open _into the

o :
- Quct EB%‘Pgﬁl ceiretaPa froR uFpgcendREre bl eyt BE the bile

duct pl aced . percHEEAM SB4 fcih8mal! f ae ohet R iRtRILalE Bging of .
el ect rophysi ol ogl cal neasurenents nay be nmade in a

the (paRcEpRtiRel IWCHasht o as H@F}EF@@&}Q n qarecm%w The '

ampuﬁam @k} YbePr Queeakiye éﬁéé§c8§¥c§§l?er£ﬁ{inecg W electrode -
drugs and hornones that differential[y affect the

applig@chy ot WP gitlal ththapBBYéAPst | cBRYFigBRGEFR! saline can

 be iREQSLALkacePitiReldur yheRgcenpar ed % AEFPEnPL 051 abbeential
tissue. [0177] Endonetrial cancer may be di agnosed '

and HFPRAARCE eenbde RaipmpraEEadont RHEAGPEFRAEVENViGe identify
the PE¥;§bH|Q9£CEhm§§J 118 FRE %rﬂ&f‘é@@gcthr&u%ligedﬁct using a

cervical canal to nake electrical contact wth
Seco@dcﬁﬂe@qﬂm@nﬂe El Eé@?@éhy@ﬁol BHPC aPeﬁéé§@|e@ﬁﬂen§$1r|¥'é§¢eoe of the

. pancrBde Wit l?)ielé e&l@&@nceZ?lt?ééﬁ@@?ve@&ac%@leorberitoneal surface
electrode may be replaced by a skin surface, or 1ntravenous
electrode when used in a mlnlmally or non-invasive manner.

'[0175] ' Drugs may be infused though the cup electrode as a
prévbcative test and described for breast. Secretin for
example, stimulates biearbonate sec.retionrby 'the, pancreatic
ducts. This response may be abrogated by changes 'in the
epithelium associated wi"th,‘ pancreat;ic- careinomaL. ©  The
distribution 'ef muscarinic receptors, particulariy M1 and M3,
may be altered in ' the epithelium during pancreatic
carcinogenesis. Therefore specific 'mu's‘carinicl -agonists.
(cholinomimetic choline " esters and natural alkaloids) and
Iantagohists (atropine, Pirenzepine (M1), Darifenacin (M3)) may
be used to elicit a particular electrophyeioloéical response

due to chloride secretion in ductal epithelium associated. with
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the skin, intravenously or at a suitable reference
point. Alternatively, this approach nmay be used during
weuasgesyp3nhere the cervical cup el ectrode is UBETUSZV06/046570
conjunction with a reference el ectrode used on the
peritoneal or outside surface of the uterus . [0178]
Salivary gland tunors open through small ducts into
the oral cavity. For exanple in the parotid gland,
Stensen's duct opens inside the nouth opposite the
second upper nolar tooth. A cup el ectrode nmay be used
pancrasri¢ heaoped ng ofimhdagucepbropdbeshemapute used in the
0 L1.n Iq0f u d
ance DR DOGLAALERRLE BIY, WP ] Mt s Eh et R sapse
[017ﬁelp|thelPrcuatatithe:ae'a:iawamytygllamddlAgwrsf@ceusmg a urethral

. el ct odei s the ver e ski sur ace. of '
- Cup g?g § el @al% gsuré‘ﬁentgx tsLedutr thrael meatus.
Phys:&ﬂ@@id:&h té‘@l:}jmegﬁnsl sgxﬁumwrntcﬁ OHQQ Ah:telmt@hh Direct
cific exa es have e, IS
electbiin | CaTHET Che L a e ST T LENEER Angh i Prgasacic ductal

and eﬁdﬁaeommmpﬁ&ntmtah@mntté}eicumw@tsno&h@@ss»pbhe tto the

: sired. The appl.icati of si ol.ogi cal sali e Vi :
pros%ﬁ}bl%rugﬁSPFacat I%‘Etsé}rﬁ??a%ﬁ fﬁé‘é‘dofi& TeXartpte® | gaced per .

rectonel &ic®t hercws gan systegewher geel ect;hecal §Q6fsﬂéte and
iumpernts a transe |the al ‘

t he epithe .
elece%%e%bﬂ}g%fzsé. calSASIRFARTRIE t o"B¥ mads wi AR n @
trand@SOEhéENYal 0 FABHASEORIS @é@@fméa ﬁha&eféerﬁreame ‘Similarly,

second el ectrode is then used to _externall scan the

| PrOvQRRfahv e ort 4HeS plésenk® RERIPERER o¥i@BnsiiHgs and hormones

that epi tdef £ 4PbnSieeyt he plyelcd 0gi aale sal | Mt dgtSpBgs@Blogical
el ectrode in direct contact with the epitheliumthis

char%ﬂﬁﬁ%%&ﬁlgﬁnﬁﬁrﬁq§9$m%1d%ﬁoﬁgeﬁlpoeplthellum when compared-

to néﬁﬁgirﬁpgggbghgghqggu@pasurenents Depol ari zati on and
t he i npedance characteristics of t he epitheliumw ||

l[°17%b nor Engergtat e lwhefeRA8rsurfare- RANNIHFEI®IF odavith  an

electifodd WisepR@EddN by t ond e, pndesd yidag-abpor maby s:LologJ.cal
epi theliumor tunmor, [0180] EXAVPLES [0181] EXANﬁ{

saline pmast REand&f Usisshns4EeUg nd ki CAT Esidheldeaal to make ;
- elect FPELANEEHSRGE! LBSGPPYhe endometrium. Electrophysiological

' measurements may be made  with a .refererice electrode,v plaoed on
| the skin, ‘intra’venously or at a suitable referenoe point.
Alte:natively,'this approach may be used during surgery where
the cervical cup electrode is used in conjunction with a
reference electrode used on .the peritoneal or outside surface
of the uterus. , ' ,
‘[oi7s] _Salivary glend tumors open through small ducts into
‘the oral cavity. - For example in the parotid gland, Stensen's
duct opens inside the mouth opposite the second'upper molar
tooth. A cup electrode may be used over the .opening of the
duct inside the mouth. Phy51olog1cal saline is infused 1nto-
' the duct and electrical contact is thus established with the

ductal epithelium of the salivary gland. A surface electrode
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Alterations in ion conductance and transport [1]
(bracketed nunbers identify references at the end of
wo boosnerwanpl e) represent early events in cel |l ub@r/us2006/046570
proliferation and malignant transformati on. Breast
cancer develops within the ductal or |obular
epithelium of the breast. Furthernore, functiona
changes occur in transgenic nodel s of breast cancer
[2, 3], and it has been denobnstrated that a
down-regul ati on of specific ionic conductances occurs
.is thenhused oveasttlapidkahi auﬂlﬂab@gokﬂﬁﬂ'ﬁé ghaMe&lrand electrical

evel opnent_ [ 4, Al t ho ectrl i npedance
meas GEHRRRRE PEF SECoris TRt e BRel L AORARLS. Dingamcer
 [0179pSS Isstaaslgwtgpacihecbr@ﬂampaed fRével Skeen given above,
assessnent, epithelial inpedance _spectroscopy has not o

thlskxﬁﬁF?ﬁ%P??edm?BdlE@nd%%eéanE@r AhapResepi PRY i Ghmor, where.

‘endodEpechr gagleseancy Oofhdi Nabeehe 1@ enmhodipgent: ﬁosklﬂ%le or
present invention illustrated in_this exanple is an

- Gesidefect B CRBGERtiany AbnPPHFASLPaLFaldeTR #52 bybash cup or
shor€abgehdtd hﬁa%pbteh@isédn £50182Lathods: tWet Bbowel or other

Institutional Review Board (I RB) and patient.consent,
organ| ¢gY$redl ‘haractehpehrige aIC@pFEWQ i Withas the epithelium

permﬁ@é al%' '@P@gsgﬁﬂth@‘igﬁﬂve&]}’ec%dﬁﬂygl @%E;':Lélally ﬁ@ésQP%ent to

i ppl e sensor in 70.worren sche breast bi opsy.
be mwiaqs%bﬂl%n aeamcéomsemw verec tomde nedacement .

The S¥E6n8 BRGIENIe "8008n0h QsdabQ '@c%ﬂﬂ‘;eéégg the organ

using a frequency response anal yzer Si ne-wav
for teherpresemse echri quemotpen ebpeuitalpotehthiel iynhe Since the

phys £b£64 8ReL ;?:L) cAGlQ3s Lhe A}{ea%c%@oté@ &ﬁ a&hdré& Nontact |

Wwas neasure er |n'pedance neasurenents were
with cgiwel e@mﬁth@e!«amvvé?rm%nappzedctwEn?gnraletest the approach to

ctect BRI LRtk e acMQuasy 2ot SRty DALALLS b the
1mpe¢eecareshamaQQymuat;@s asntleeméy smpmhenmuﬁugwnél be more
cconfedl WAOLE UEZLIBCAI IRy, g, crome
proximangpbpt that hwades 1 yEirguraor@:md] Epécheildaim wodehimy: .

: [01861_bre§§kmagkkpeliun1dennnstrating t he ‘

[0181]  EXAMPLE 1. Breast Cancer Dlagnos:.s U51ng Ductal
Eplthellal Impedance Spectroscopy

Alteratlons in ion conductance and transport [1] -(bracketed:
numbers identify ‘references at the énd of this example)
represent early events in cellular proliffefation and malignant
transformation. Breast cancer develops within the ductal or
lobular epithelium of thev breast. . 'Furthermo;;e-; functional
changes occur in transgenic models of breast cancer . [2 31,
and it has been demonstrated that a down-regulation of
specn.f:.c ionic conductances occurs in human breast epithelia. -
during breast cancer development (4, 51. Although electrical
. impedance scanning {6] or tomography, have been used to image
mass - lesions within the breast and for risk assessment,

epithelial  impedance spectroscopy has not been utilized_to
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capacitive and resistive elenments of the circuit.
Figure 22-1C. A Nyquist plot denonstrating how the
wobké7@esmat circuit paranmeters are obtained usi PQT/@S2006/046570

varyi ng frequency sine wave to probe the epithelium

Figure 22-1D. Measurenent set-up with a specially

desi gned ni ppl e sensor cup which nmakes el ectri cal

contact with the ductal epithelium [0184] Figure

22-2A. Schematic representation of measurenent set-up.
: Current is passed between the nipple sensor and ‘
.diagnogg ac@aréc@%str@des the t BPd thedipie usvhgra f dyieast cancer

ode sy, eq cy po lyz
,orlgﬁlaﬁ'té%res 226‘5% t hrou ﬁﬁnégé gﬁgnptg%sofgﬁgaéﬂg fﬁ‘)’entlon
:Lllus:timattsecbbt:m nethis r@rmleoms olaxf B)“@helcpabnent SBiopsy” to
No] bi o S h g,22-2B
- non-RUAI AL Bk Fra Brbaro bl S o Mt Fagths 58’
[01823]nd 22\4@@10@@185\]1&8%%81&&1:8@]@& gRen?léﬁf 3BoafPpen IRB) and

pat s GLLHbAAE AR 0 L A4S B LRGSR o ves

estabmﬂﬁmé@dnbﬁbwmma§ﬂﬂﬁlyw ﬁﬁﬂth@%SﬁE@ingpnﬁﬁﬁl nipple

breast_cancger (n=32 medi n tetla dlff ence (p
sensc¥r S o 79 0 rEpRRL | v Legre (Piopsy.

Tranéeq:Sitﬂméliéllt henpb@:ﬁmg@egnmasw&ﬂaeﬂw@emmﬁél aalytﬁsfnﬁ'led over a
£ i ncl uded V\Atht\fx(g cagi gro nificant

r eq‘beébco\f af P2EFi OF Wast obler ¥ da\ﬂ%erP POPFFERatisi®d & bhegauency
respm@ aaerngrrzé& vahd kapigivdesi eosrel@tidn FtguhRique. Open

cirodly ShatRLISl 2L | pedonce Socolinscopy The the bresst

‘epitckbTier ent \qum)banagnmiéca@;aﬁted esf eas \A@ip%d‘a@{wr@élawrements
mal i %Pant |l esions. Epithelial resistance in breast

were caROBPd kg 393, 2 P¥R 9 KRFEea 2 SERFd conpatRe t &  t-test,
Mann-baﬁ@qe324t%s+ﬁ\Nlarb@n\tcgmlagl iSp PoriQcB2) . bBrhhEs of the
ients with hyperplasjia or atypical ductal
'examFE]y%e?%PaE’?a“(r)Q%B steed 7yt & THE | &P ﬁ@é’esrtaélnc%e%‘éres in
Flgufré“;ei nmedi as e bgiwgenybenisgbwand 18 | gNBYLIESEHNSA  through
ure 22-3B) . .At uItranwfrequenc:les ot her - ‘

'Flgu’iﬁf%ﬂ%‘ﬁces in the electrical signature were observed. ,
[018§¥”theﬁi§urénp§ﬂaﬁ§e a@épresentatlon of breast epithelium

" with dlfferent ion transport pathways. - Figure 22 1B.
Electricall modeling of breast epithelium demonstrating. the
capacitive and: resistive elements of . the circuit.
Figure 22-1C. A Nyquist plot demonstfating'how the différent'
circuit‘paraméters are bbtéined using a- varying fregquency sine
wave to probé the epithelium. Figure 22-1D. Meaéurement
set-up with a‘Specially'designed nipple sensor cup which makes
electrical contact with the ductal epithelium.

[0184] Figure 22-2A. Schematic representation of
measurement set~ﬁp. Current is passed beﬁween the hipple
sensor and surface electrodes, in this example using a fouf
 electrode- system and FRA (Frequehcy Response Ahalyzer)
Flgures 22- ZB ‘through 22-2D Examples of’ Nyqulst Plots obtalned

in normal control (B) and : patients prior to blopsyl(c, D).

69



the depression angle of the Nyquist plots were greater

in malignant epithelium (Figures 22-1C and 22- 3B)
wObh@7fos7632 pair of bars are the inpedance and PCT/US2006/046570

depression angl e values for a benign |lesion; the

second pair of bars for a proliferative |lesion and the

third pair for a nmalignant |lesion, in each instance

the bar to the right in each pair indicating the val ue

of the depression angle. [0188] The val ues for

"depression angle at |ow frequency" illustrated on the
".The Nyghishapdot &diguoeé RRgdBe iZ22-BB/eveed campdradedto Nyquist
- fromthe syr.enent according to the above
p;OC%éﬁ%q?E ?2%2‘?% Fﬁgs§§g§%§|e, | ow frequency refers
[0183pfr eqREBULES bet ween 10 Hz and 0.1 Hz. The units for

' pressi on_angl e degrees. The val ue for Benign. -
ro18¢El] ooFi@nB"Y £7-205 CSBPERS CiRebleng EEhsEEYAE.  mo
signSEManberd SEM éscédie widmndabd eefe@ whehheth@ampedt circuit
. t he itandard.deviatioa d%deed by.the s%uargvfoot of beni
poteniials i iversi 29™PaLRE  RECVSFTe £6F PRSI i fORL: | YETS Penion
(n=38pSkad 15rdd3st? tardr degeees ,anted Din Mplowgnadial eqlii Gfierence

-0.7 +/-5.0 _degrees. A popsitive value shows that t g
(0Q) ekt Py Ue Mo SHRETTAY oLV e | HOHT Ny qUret i L5 Lestons

in tHePrEsSeen belrog heiXnaxiweioThgise wkeof ihbeupest atith the

. (by convention, ;a Nyquist_ plaot is‘frpn1botton}§ositiv

canced’ t BpALPat FyEPIEHE Ry ERMIINFEF RN i Ho8rt 8 |

prol BEE8LELEGkE) es i BRisS WdrraomhoMsdt hathabehd¥n lesions.

f requenci es ditjerences in the electrical signature .
[018%hn beFbg8Eryed213P par EPELPEL 1adpi RGN FRpedRREETOSCOPY -
The A dHRa depr eaparnrgl srokitike MU Rl GlEWere different-

greater in malignant epithelium  [0189] DI SCUSSI ‘

- when[BEOpPITRE SAFA YIS PaSelSER CREDSIREy T Tl pafABht §eSions.
 mpicfEIROR! LALES: Lo 2 160MREDALEON Mo Lansal (955 18! Dog s ko
T Telect i cal” ‘measur enment s and i npedance spectroscopy (an

(mean e+eIHVONI eohbeRrsW' ) tbderdd f3 ex pat.icenk® Wihh benign lesions

proliferative or malignant breast disease. Alihou%p

(p <nBtPghant tihordhabd $ epbrited WE RS e ©

ducthPegaReEes ddiah  bRDHYN (AHDNS théhepithelial resistance was

. intermediate Dbetween Dbenign and malignant. lesions (Figure

atypical

22—3B)." At ultra -low frequencies .othér‘.difﬁerences in the
electrical signatﬁré were observed. Epithelial impédance and
che .depression“angle of the Nyquist plots were greater in
malignant epithelium '(Figures 22-1C and 22-3B). The first
pair of bars are the impedance and depreséion angle values for
a‘benign lesidn; the seéond‘pair of bars for a'pfoliferative
lesibn and the third  péir for a Jnalignant lesion,  in each
instance the bar ‘to the ‘right in each pair ihdicating ‘the
value of the depression angle.

[oissl 'The values fof."depression angle ét low .fregquency"
illustrated on the right-hand Y-axis of Figure 22—3B, were
calculated from the measurementé made aécording to the above

description. In this example, low frequency - refers to
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ductal epithelial elenents have a higher inpedance,
which may be related to alterations in secretory or
wa@beonpissye function of the epithelium during PCT/US2006/046570
carci nogenesis. The nethods of the present invention
are tolerated without side-effects or disconfort
[0191] Acknow edgenents and references: This work was
funded in part by DuCac Technol ogi es. References: [1]
Quadi d- Ahi douch H , Roudbaraki M, Delcourt P, et.al.
Am J Physiol. Cell Physiol. 2004 Jul ;287 (1.
fregquencdis- 3hetwiezh Dalf ez Rahd | lenﬁz D . A ThBaviwsiors for

e e

16.4 Belri ssbnd@grHes &Qﬁﬁmeéhedemsaﬂﬁamnd/Fnﬁﬂm V@hé&& SEM is

. the %g %%PFG; Lr%%%za%a %%%%er2004 kél bStgé?PgLE@éddev1atlon :

divideal .by). BnA sHREE Q2% IB8E96F8TEhe [eﬁa}m;ﬂi‘l@ppalae)c and the value

rdan, . C ,. Bagher,i

for (Edflsetaeive “Veadln Cadn 189 850 cagqress,q ana  for
Maligvkidt NDesCon EMBO Ji/-59933&3r&835- 1&45poéﬁk1ve value shows -

- St.oj adi novic A Ni ssan A Gl limdi et .al

that 1%, CHROPT 2685 s SAPL ST 7T AproshrsTe hrmsst plot is

deprdo$¥PLbed ow Expansk oaxand fwr @ﬁ%z@Vﬁbommt&fﬁd&Qer (by .
- observations and net hods of mple.1 . [0193]. The

convegitifyst ifc NYERE S caPIEEar’a%t efﬁc’é‘ll PO LY RIS Hpvde  top-

negatiane, berarapp! ikt OhS eE MatiO N PSseEd08efAMk@1e) .  This
Si zes varying between_ 110 and 150 patients as

flounfs FHHE eldth. Fhe ERYr alf&AVSRTELS ndhiker e, in the

‘elecéiﬂE&chghb@st&%!St@aﬁe bd heopgsirga@nce valte gbaR-icular,
the intersection of the inpedance curve with the

~ epitheligdk AFPRAGRCE RRnEP fSPPERBFDPE, W MOOkz)the Nyquist

plota?EPéreE%f@&éal 18%%1&&%91%%5 ddyerif{@rence between R
nd hi and the lowintercept of the curve

'[0183Atr1t @U%&F@ or the difference in the resistance

[o19ct | owad at}a.giwyéisqusas%h oﬁapeﬁét aQEngfC) in d%lvlsgtlents
fromthe curve using the fornula Z (1 npedance on

demongtgatgs = (YT cCa  ChaRRénatison ¢ pﬁequéﬁeysepe)thellal DC
electhhiedT eqWRNM Abnd e hi 0hESt impedance  spectroscopy (an

“electronic biopsy”) identifies patients with proiiﬁeratiﬁe or
malignant breast disease. ' Although malignant tumors have been
repo;téd to have lower impedances than benign tumorsf' the
ductal .epithelial elements have a higher impedance, which,may
be related to alterations in secretory or absorptive function
of the épithelium‘during carcinogenesis'. The methods of the
present iﬁveﬁtion aré' tolerated without side-effects or
. discomfort.’ o '

[0191] Acknowledgements and references: This work was
funded in part by DuCac Teéhnologies. Reférénées: |

[11 ouadid-aAhidouch H, Roudbaraki M, Délcourt P, et.al. Am. J‘
" Physiol. Cell Physiol. 2004 Jul;287(1):C125-34.

[2] Davies, R.J., Quinn, D.A., Davisson T.H. Breast Cancer.

Res. and Treat.Vol 88, (Suppl. 1) $221: 6005, 2004.
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poi nt on the inpedance curve; Depression Angle - the
angle fornmed by a |ine drawn between the |ocus
wQ centtoetep2 of t he i npedance circle and the RO oPCRUS2006/046570
intercept on the x-axis; and Open Circuit Potential or
Transepithelial Potential (TEP) the voltage neasured
bet ween the nipple and the surface el ectrode . [0194]
For the follow ng anal yses: Goup 1 refers to benign
(BN) lesions; Goup 2 refers to larger cancers (CA) ,
>1 cm Goup 3 refers to AH (Atypi cal Hyperplasia) or
(3] Dgypeepl asRaJand QJ.tn’amfermtA ve Desiicrsin afd@r.ouprdast Cancer

refe Si t
s. @ALarE %<:%Pl%¥né%1gag |’t%§|2|2a‘|3 é@%fad%@g?mge] |
[4) vxﬁﬁﬁlteiub&p]}thﬂ Calrﬁlriffil stpam:e,, ﬁecﬁ:mem&@rR mbposmﬁocof Natl.
tlsana SIS I stance val ue at ere’the
acad.; ﬁﬁé‘daﬁ’c vﬁg?%t g? Eéf@j}%%x axis at high ..
[5] jm@gy@ﬂs:y c(60 QRO &), on Ahe. | efdordon le EGUT Ve Bagheri, D.,

|IIustrated for exan‘pl in Fig., 22-1C For
' Hennl@h&gwg{ purB@@@sr St haB: beSHetdr m%é@l t hahdr¥gyline, G.

 EMBO | BCreases i 2pn@idersid ve mﬁemmlﬁ@wsr AOneNi/@yan A,
Anal ysis of Variance Nornallt% Test: Faile é

Galll@‘l@SO)Z'KﬁFskaa]r VAl FLANCRB ORAy 2R08 s 4t - \,za ﬂh%be2893 -15.

ro1g2fanks gxpfum@pi thel i al Eqphbsianee, axEGSLﬂ%ﬂﬂeﬂablé@%lopment of
expressed in ohnms (25% and 75% = value at the 25ch

the CRFETMRH Qs cnlli methgps=odt M\Qﬂ-%e\n ation; SEM =

[01933t andand eB&QEn%fs ttlh:e g@é&krk‘cal%cl@é:?a%é?l%t%%r €fSscribed
of freedom ( 01). The differences.in the

abovengHiem b@?t}e§p§—rﬁﬂﬁ§}ith@ phssrvett Qoupasafeofr sample sizes

varyitd¥@h ég?bﬁl%xgﬁﬁ%eﬁS@prQ?%ﬁ%e JE”&eéérﬁbS below. The"

st atlstl Iy si icant difference 1).
chara[q;m?l]smcrml nmlel%npamsor&memeﬂneéleén Ersigeance - the

'_re51§ ol e %egr%%o QL. 9r eyps E‘% %lef:ft:%r ” tPﬁe impedance

ers, exanpl e, ‘Dunn’s net usi ng a Pal rwi se
curvqw“w;@me cbepmxfﬁﬁps at high frequency . (for example,

60,000 Hz); Rgp1, Epithelial Resistance - the difference
between Re and Ro (the high and the low intercept of the curve
~with the X-axis, or the difference in the resistance at low
and high frequency); Capaeitence {cy - derivedefrom the curve
using ‘the. formula 2 (Impedance on the Y-axis) ‘= i/2nch;
l'Characterlstlc Frequency (fc)‘; the fregquency at the highest’
p01nt on the 1mpedance curve; Depression Angle 1-'the‘éngle
formed by a 'line drawn between Ehe locus -(éentef) of the
impedance circle and the R; or R= intercept on the x-axis; and
Open Circuit ' Potential ér' Transepithelial Potential - (TEP) -
the voltage ‘measured between the nipple ‘and“ the surface
electrode.
[0194] For the'foliowing analyses:

Group 1 refers to behign {BN) lesions;

Group 2 refers to larger cancers (CA), >1'cm;

Group 3 refers to - AHI (Atypical Hyperplasia) or’

hyperplasia and proliferative lesions; and .
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Procedures :[0198] Epithelial Resistance [0199] REPi
or epithelial resistance, is the difference between R
wanah7Be{e8he hi gh and the |ow intercept of the BOTNS2006/046570
with the X-axis, or the difference in the resistance
at low and high frequency) . Note the actua
resi stance depends on the shape o f the plot and where
t he conponent curves separate, such that the circuit
conmponents can be derived. This value tends to
increase in proliferative disease (AH Lesions) and .
DEoBipor 4snalddf exanceios PDESS, (SmmidalCAarcindmalentiessed) and
|n I rger cancers (Iarger CA) when-the tight junctions
A gﬁﬁ% Fet weth €8s, Typical val ues obtained are
[01950bt ai rrb@asi theéusalakedikshahite exanpl es bel ow, -
i,ncludi ng data based.aqn the results of peasurenents at

- [01963) f|RéqWenEP§§p|l(’feﬁJ1lﬁledre’FFéﬁﬁgﬁ@i esd?ﬁl’?ﬁ% fQKgPUrPOoses -

of tﬂis60a19£> K st 0240 tize andJTAOMEAST 85aNie 6 dt t @=<0. dhere the
[0200] The follow ng exanple conpares the tota

lmpedﬁ&ﬁ%ﬂzﬁﬂﬁy? elNtERECHITHS ertdfite Pebhedn Bffe Aiigh arfeF equency
(60, Ol0@WH s epheOf otelie dﬂmc@r@@r%rml%ttr'&%é& a@cﬁr Sxample,
' even if there are_nultiple curves in the plot, [0201] ,
in Figyskar 1l | |F§mlW9°%EaFy§L§CRﬁS%HJaﬁcéaFOZ‘@Z]detemlned :
that Fg&ﬁhﬂé¥%§§@§0§n(BPHEXf%%%%h@%ﬂdﬂ%@agevéﬁﬁecéﬁcéPe
and 75th Eercentlle [0203] H = 36.551 wt
One WaygrPewslifis reBdBaripnee<0. 001). The differences in
Normahﬁ%ﬁ“%ﬂéﬁ‘Va|Ue§a§ﬂEBQ bhe o @afgyent groups are.
greater than woul d be expected by chance; there is a
Kruskalgilads) i) Oye sWavi Anadweisi offeMamiere :oncoR@@ﬁ -.
Sub- eb%@lﬂelll%meépéeaﬁeapae 50N SRNOGRAUI & %@ppgsﬁégdl}xookm's
Isolate the group or groups rom t
(25% grier’$% f o exahpeeat DEhs' QSrretm@ mgf’hgaemqemww S =
stand¥¥ld q@em@ﬁr' st Braeaduhes ‘ol A20%: T ALLAY N9
: exanpl e conpares the resistance of e curves for
frequenC|es bet ween 60, 000 Hz and 10 Hz, i.e., it

Group q&dﬂ5uc M% lgﬂlfulcygg UCLWE%%%FHU Hlﬁgaﬁuu 'GWQD : SEM

1-BN ﬂééE%ECEUll 4000 135.403 194.397 169.874 | 46.514 6.785

2-Larger CA 291.700 254.000 353.000 310.637 85.678 22.898 .

3-AH Lesion 244.500 192.275 284.225 233.775 | 57.985 10.767

4-DCIS and 271.550 - 220.520 325.100 272.572 73.198 15.606
| small ca ' - ‘ '
H = 48.243'with 3 degrees of freedom (P = <O 001) The"

differences in the median values among the treatment groups

are greeter than would be‘expected by chance, there is a
statistically significant difference (P = <0.001).

[0197] A multiple cempérison procedure' can be:' used to
'isolate the group or groups that differ from the others, for

‘example, Dunn's method using all Pairwise Multiple Comparison

Procedures ,
Comparlson {Rgyn) Diff of | Q- P<0.05
Ranks
Gp 2 vs Gp 1 54,867 5.549 Yes
Gp 2 vs Gp 3 23.681 2.241 No
Gp 2 vs Gp 4 10.659 0.960 (Not Tested)
. Gp 4 vs Gp 1 44.208 5.270 - Yes
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t he i npedance curve on the X-axis drawn for
frequencies 60, 000 Hz-10 Hz. [0206] One WAy Anal ysi s
wo 2007MaT63aNce [ 0207] Normality Test: Fail ed (Pper@stio6dp46570
Kruskal -Vl lis One Way Anal ysis of Variance on Ranks
Resi stance 60,000 Hz-10 Hz, - val ues expressed in ohns
(25% and 75% = value at the 25th and 75ch percentile)
[0208] H = 40.762 with 3 degrees of freedom (P =
<0.001). The differences in the nedi an val ues anong
the treatnent groups are greater than would be
expépt édvh\Grrtiance; |t héife 028 a [sflafil§t { cANPE Tested)
si §@Dbf 8 camtCrlil f er erlce IR 1B86<0 [0G1P67[ 0209] Aeful tipl
,[019&bnparmgonnglmaéd@eguamannﬁLmed to.isolate the group
gr oyps that dlff m t for._.ex l e
[plg%inn ggﬁﬁthgd usPng agalﬁ%%éet%ﬁﬁ%e' { B8 Saifference

rrpar 1 Son

' betwdsncrduras H,024RE Etlrgt‘rherr@rehethewf alnltmmcmgotanrafyshs curve

ares the resistance,. the curves f.0 S
with bég%eeeﬁ Y ar(?tf Ot11 I_&n.()c'lffegenc:c e%arﬁl}lées %qlé% %c% at 1ow
and - Hitbher@neguestypen tNecki gtthandcltcm'h nresu:spancfe t(ilsepends on
edan urve on th aX|s guenci es
the §£g %Hf% Ggfi §rﬁn§ suf%ﬁoaﬁﬁ? ﬁ%EVFBZTEFarate'

such“ﬁhﬁ@lﬂné765tcuEw|dﬂhﬁ&héh9$05@h [BR18krived.
Kruskal -Wal lis One

Vay _An SIS o f_.Vari anc
tendfoifﬂ]1?@§?§F§nd€169#?%55%¥ 'V%I@Rﬁﬁﬁﬁ% ZQ%réﬁﬁ%Pns) and
DCISi No®hmEnd 1256 %tk by mand ue Siﬁali‘le &b, ansht75ctecreases  in

percentile) [02 H = 26,623 th 3 .degr ees, of .
1ar9?¥e€68ﬁ?€§ L"éG’QO%Fl) EX G bl o CHet nRaF afpFeak down

betwdadhUegeamang th@ﬁ@ﬂﬁﬁﬂﬁ”ﬁalﬁéwpSoBtalgéaata&eth&mtalned as .
woul d he expected by chance; there |S(§Eitaé|st|% n
L11ugPERFPRCARL T (eFRRRECE PPE1CY 0GP L 1ORB] SR TPEREe 07 the
resufegpard $0N LA AN e usgdl t o fixsohadecide gﬁ@whtlfled
. or groups that differ fromthe others, for exanp
EreqpanfisSmarhddust #Roal PLP&0HHSe il ¢ pt€- Eﬁnﬁaﬁ Expaquencies

of 6Procedupes Hz.

{02001 . The following example compares the total resistance

i.e., the difference between the high andllow intercept of the

impedance curve on the X-axis even if there are multiple

curves in the plot.

This wvalue '

[0201] Kruskal-Wallis One Way Analysis of Variance o

[0202] Total resistance (ohms) (25% and 75%, = value at the

25" ang 75t percentlle)

| Group (Rgpy) | Median 25% 75% Mean SD SEM

1-BN Lesion 68374 34712 166602 | 119923 | 131472 | 19177
2-Larger CA . 30715 21068 49460 33643 18684 4993
3-AH Lesion 100800 28466 315802 | 217858 | 269369 | 50020
4-DCIS and 319370'} 142455 | 590040 | 460010 | 384245 80120
small CA '

[0203] H = 36.551 with 3 degrees of freedom (P <0.001).

The. differences

in the median values

;ambng‘ the. treatment

groups are greater than would be éxpected by chance; there is’
a statistically significant difference (P = <0.001).
[0204] 'A multiple comparison procedure can be used to

isolaté.the group oOr groups that differ from the others,
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Conpari son ( REPI

) Diff of Ranks Q P<0.05 Gp 4 R VS Gp

2 54.267 5.019 Yes G 4 RVS (@ 1 29.037 3.538 Yes &

wd 200700876@ 3 25.316 2.842 Yes (G 3 R vs (& 2 2BCDD5$2006/046570
2.789 Yes G 3 RVS (@ 1 3 .720 0.488 No G 2 Rvs @GP
1 25.231 2.578 No [0217] Capacitance [0218]

Capaci tance (O

formul a: [ 0219] Z (I npedance on the Y-axis)

Not e that capacitance increases as cell
i ncreases and becones el evated with |arger cancers as
exampflies riwmpef sofnetdldds wwineasdd. FxirwisbeMultiple Comparison

PFOCG&]I |

=1/2
mass

curves
[ 0221]

Comphr gore N3
One Wy Anal ysi s

et meeh &0, (
of Ré&tksance

00 ¢ z
[ 0222]

PG
Nor mal

Test: Fépl édvéRex D. 050

[ 82231 8Kr (

ska493

V3afds 1 S

Way AnalpsiésvefGivaki anc

h

7

03 9%RAARSs |

022491

Capsed t 3

60, 000 | Bp- 40v#ZGr A | va

uesOefRpFess

edl. 387

Farags

and 75 @D:3g/‘a$u%pa?t t he

258R .and 79

ch. pyY

entad e)

[ 0225] =3 ith

deBir¥es of

Iresy

m P =

Gpha *dﬁf@léﬂem:es

in2ehé7fedi

ah- 2/

lesNanor

is derived fromthe curve using the

pfcC

e%cterl stic frequency defined bel ow. [0220] The
owi ng exanpl e conpares the capacitance of the

Ity
One

nce

25%

g the

0.012)
[02050; eat RNR P bLPYiALe cfeomler compRANes dhbe regisstaatdyof the

curved ?ﬁ’&e’?eﬁtéle&([‘%ﬂ—élo@soi%)gw%? 2

6 Yo§b

A mu

Al

e,

1G] 10 1y

I"e conparléon

.e., it

examigmesc dehe edd £ eyengse g ovéso| ahe tmlgrmqi dpwgriguEscept of

cre_ihghitler diom

t g, Ot PALS

Parrw se

l\/uf(t ple

Conpari

8&1%"&'31]51% D”Por

frequencies

60, 00 gigedft 68z: Conparison (O D|ff of Q P<0. 05 Ranks Gp
[02063] V SdRe 2P Ard19: 186, ¥ AR B L S G 4 9.839 1.086

[0207] Normallty Test:

Failed

(P < 0.050)

.K;uskal—Wallls One Way Analysis of Variance on Ranks

(25% and

Resistance 60,000 Hz-10 Hz; values expressed in ohms
75%, = value at the 25™ and 75" percentile)
Group (Rgpr) Median 25% 75% Mean SD SEM
Gp 1 BN Lesion 53728 124862 125580 79316 69764 10286

‘1 Gp 2 Larger CA 24229 14591 41977 26856 16754 4477
Gp 3 AH Lesion 98352 22535 242457 164089 187015 34727
Gp 4 DCIS and ‘
small CA 273880 133087 520662 421298 506953 105707
[0208] H = 40.762 with 3 degrees of freedom (P = <0.001).
The differences in the median wvalues among the treatment
groups are greater than would be expected by chance; there is
a statistically significant difference (P = <0.001).
[0209] A multiple compérison procedure used to

isolate the group or groups that differ from the others,

can .be

for

example, Dunn's method using all Pairwise Multiple Comparison
Procedures: ' . ' .

Comparison (Rger) Diff of 0 P<0.05

Ranks . .

Gp 4 vs Gp 2 63.491 5.767 Yes

Gp 4 vs Gp 1 43 .348 5.227 Yes

Gp 4 vs Gp 3 31.313 3.453 Yes

Gp 3 vs Gp 2 32.177 3.045 Yes




G 3 VSG 14578 0.593 (Not Tested) G 1 VS & 2
28.780 2.929 Yes 3 1 VS & 4 5.261 0.640 (Not
woeat®)e3tsp 4 VS G 2 23.519 2.156 No [0227] BOEUS2006/046570

foll owi ng anal ysis conpares the capacitance of the

curves for frequencies between 6 Hz and 0.1 Hz.

[0228] One WAy Analysis o f Variance[0229] Normality

Test: Failed (P < 0.050) [0230] Kruskal-Vallis One Wy

Anal ysis o f Variance on Ranks [0231] Capacitance 6

Hz-O 1 Hz; all values expressed in Farads x 106 (25%

and 75/@p‘3V@¢UBo&I t hg 25tilR.88d 75{ H .5éBcentid e) '

Goup (G Neds arp 25% 79% Mean 18D SEMAG932 BN Xesi pn
[021(0.1 298 @uﬁﬁﬁefimib%ezo Ghé6 fHILBUMYP 2ahatgeisCAcOmPdBes

resiqtining o oihe Pras 1oa0 ST o iR S8 e

0.1 ﬂﬂ4914eu84ik(Exémﬂhéscéhboﬂﬁﬁfétendé 688 waicnh the high
- grees of freedom%t 002). The dlfferences in the
low LBHPARSPH s EhSng H’?éiaﬂ%%t RV egrBlpElgr & Grdat Fravn
freqi&ed; ¥9uUbdube gexpeet.ed by chance; there is a .

- statistically si gnlflcant dlfference (P = 0. 002)
[0211H233] OpSniipYi pré ladifard S off pt¥eeBure can be used to
[021250! at fot-ha19EQuUARt ngQathlSed haﬁ di df esofirom t he

others. Al Pairw.se l\/UIt| pl e . ( Co. arlson Procedures

(0213 bunn' X

'[021@ 2 VRé@@tén%Ze 7@4{%(54% 1¥§§ @12%1316@3 éxﬁﬁes&@& in ohms
No Gp 2 VS G 3.12.768 1:230 (Not Testedl
(25% \ﬁrsdcia52t 2% 964 uE g6 the B 3avds7éo 1%508261 e2147

the

and.

for

and -

Grou’p'\'QhEp} Sl ed)] Wealay Pt 15 . 988 1.j/Ul4edW 8D SEM
Gp I BN Lesion | 105995 | 27555 | 219090 | 147991 | 158990 | 23968
Gp 2 Larger CA | 26756 276 50172 | 30576 | 30417 | 8129
Gp 3 AH Lesion | 107020 | 19234 | 292435 | 224563 | 307154 | 57037
Gp 4 DCIS and 277090 | 151015 | 540850. | 432011 | 402275 | 83880
1 small CA T

[0215]) H = 26.623 with 3 degrees of freedom (P = <0.001).

The differences in the median values among the treatment

groups are greater than would be expected by chance; there is

. a statistically significant difference (P = <0.001) ..
[0216] A multlple comparison procedure can be wused to
1solate the group or groups that differ £from the others, for

'example, Durnn' s ‘method using all Pairwise Multiple Comparlson'
Procedures:. ' ' |
Comparison (Rgp:) | Diff of Ranks Q P<0.05
Gp 4 Rvs Gp 2 54.267 5.019 Yes
Gp 4 R vs Gp 1 29.037 3.538 Yes
Gp 4 R vs Gp 3 25.316 . 2.842 Yes
Gp 3 R vs Gp 2 28.951 2.789 Yes
Gp 3 Rvs Gp 1 3.720 0.488. No
Gp 2 Rvs Gp 1 25.231 2.578 No
[0217] " Capacitance
. [0218] Capacitance is derived from the curve-using the

(CY
formula: '
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[0234] Characteristic Frequency [0235] Characteristic
frequency (fc) is the frequency at the highest point
wonoahersszrpedance curve. I n the high frequencyPCuSBm®6/046570

this tends to increase in |arger cancers and tends to

be I ower in smaller cancers or DCIS. In the | ower

frequency curves there tends to be | ess discrimnation

for the larger cancers, but fc tends to be | ower for

smal l er cancers and proliferative disease. [0236] The
foll owi ng anal ysis conpares the fc of the curves for

[0215F equenci esZbetimerdBecQ00H Bhe I0-zis] 0237} /@RécVay Note

i, PRGBS AR DT TRk 58008 Bacomes

elevakedathhoﬁaRgﬁkSCb@ﬁﬁﬁ#sGharahEenumbE¢ Erfequelnty increases.

. 000 .Hz- |l val ues_expre dlans (25%
fe ls 51875@’&1@?/ ?’Eﬁeségcctﬁge%Fﬁ gesfsgnpeedr cr:i%en Me) Goup
[022(1]c c> MeHéant @5RowhHde Meatanghl SEMdapalr &N ltes orafacdfaince of

42 . 857_167_.910 483. 63 156 .1 rger
the @uryay £3p0figauense=sglhe %‘ﬁ?%@%@gl 2621 2?03%
[022:2]73 QooﬁeAwayeanamyaaslaﬁ Aakne21 225 504. 181 1383

61 395 Gg DCI' S and 21, 435 9 %07 4 Zg? 29. 06
l°222214 27§°§maé1 maFEtea [ 0248136 28. tR
[ozzsipgr ee’r@skafraedoms( Brie ¥ \0WMalfhes doff eaenaesde mn Ranks
he nedi an val ues annng &ﬁé tr atnent %ﬁgyp ﬁg a
[022'@} eat e2PRAA CRBGED B0 cUBXpHETEH B -charfte: S segpresse
in Fa%:?@asswsal bvasheni, f i-cant1 b f{erense26™ aned.1001) percentile)

0?4?1 A nuLLlan Pnnhquqon Irnrpdurp Ls used to

| GroPSoI‘%t ef 3185 r bwpaorngl oups t nat7 s f flenidano 1thsa: SEM

ers- AI | Da"IlALCQ NMultinlalCanna can Dr

S5 18 LES88 nodh O riBhaal Oplst, [0 & mm% HEES o023 |

Gp ,‘znmg%:; ¢7Lo et Qelta 0. 710 1.0, The d B I39 ] 0,082 | 0.0227
g 1use ] 5. 399 qubCsa] 0011 L h.0778

A
. L V& ATC v L LA Dl < Ul vdl T AlTU e

it yoTEs? : | Faillad (P 289.{080343 | 0.205 | 0.0427

n
3
V]
FHO
N
Nﬁ*
E
E
w.‘jc
3 W
~ Eq

[0225]. H = 11.012 with 3 degrees of freedom (Pp = 0. 012)
The ' differences in the median values among the treatment'
groups are greater than would be expected by chance; there is
a statistically 51gn1f1cant dlfference (P = 0.012).

[0226] A multiple comparison procedure can be “used Eo
isolate the group or groups that differ frpm the othéré, for

example, Dunn's method using all Pairwiée‘Multiple Comparison

Procedures:
Comparison (C) Diff of Q P<0.05
Ranks

Gp 3 vs Gp 2 33.357 3.166 Yes

Gp 3 vs Gp 4 9.839 1.086 No

Gp 3 vs Gp 1 4.578 0.593 (Not Tested)
Gp 1 vs Gp 2 28.780 2.929 Yes

Gp 1 vs Gp 4 5.261 0.640 | (Not Tested)
Gp 4 vs Gp 2 23.519 2.156 No

. [0227] The following analysis compares the capacitance of

the curves for frequehcies between 6 Hz and 0.1 Hz.

[0228] One Way Analysis of variance
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[0246] Kruskal -Wallis One Wy Analysis o f Variance on
Ranks [0247] Characteristic Frequency 6 HO 1 Hz. All
woalums7expr essed i n Radi ans (25% and 75% val peT/as20nbre46570
25th and 75th percentile) .[0248] H = 4.131 with 3
degrees of freedom (P = 0.248). The differences in the
nmedi an val ues anong the treatnent groups are not great
enough to exclude the possibility that the difference
is due to random sanpling variability; there is not a
statistically significant difference (P = 0.248) .
. [0229[]0249|NdDepakisy oNedngl e [ OFBAJLddepr ese® on @n@ﬁs@) S

[0230qef' nelgrui tgg agglie farmed bé agl i he drevs(n ﬁtvveen n Ranks

[ozsmr R icupscepanon t BenX-axi Hzhhi emrograex&séyelmressed in
smal | cancef

decre t.h pr0|f atlve cha
Faradg, f it be&tﬁ% £ i th I‘é?g'g? c&hceFge nzl'.she 3R 75%
percddtaquency (< 6 Hz) part of the curve.. [0251] The '

following analysis conpares-the deDLEQSIDD angl e of
Eﬁﬂ&fgﬁ\/gf‘ for M% r‘i&%ij Lef EHY He ;—]%H 10 SEM
] _ O 9%, 4 0 Az alne20 1612316 .4 7.00
T T OIS O RN
Sogpuelalotier L By 2200 Sadi O e TSBol o8 pinks 175
. i“’D’%?J esyi on }?hgl 500D OBI'—I;??LO I—?zﬂfAl %aﬁgvﬁe} t.o1
)\pT cUﬁ """"" '/Ucu at -
1023 5th and 75’% %gegrjcgﬁthl ‘:3; &’ e(S’De%f ﬂgﬁe%()%a an 0-002).

The ﬂ&%ﬁéﬁéﬂ@a& SDh SEM &P MEd%amesvmhuéQ 7§ﬁoﬂg 98he’ treatment

group%% % é%f£%%r1g§i999 1 gé 2 Lar Aﬁ@Lg Z%QL there is

a stal8 375cdBlH48igRi486ab8. ﬁd&@z&lﬂ:‘d an7—ep aoms and
[023330: 287A1 6 ég 3.891 19.154 7 126 1 486 snall CA
0256]™ H T 8648 wi tR™8H&§ Ees Pd%o?‘?de“éla%m P=0C

- isoldkd3dhe §If¢e>u@>| fder@neess i phake etk an ﬂﬁbmesmrrméﬂ‘w. All
pai SRR £ 8] 8 PSR Rt A vl 8,08 expeehed) Y

vused to

Comparison (C) . Diff of Q P<0.05
Ranks
Gp 2 vs Gp 4 37.764 3.493 Yes
I1Gp 2 vs Gp 1 23.808 . 2,432 No .
Gp 2 vs Gp 3 12.768 1.230 (Not Tested)
Gp 2 vs Gp 4 24 .996 2.806 1| . Yes
1Gp 3 vs Gp 1. ©11.040 1.447 (Not Tested)
Gp 1 vs Gp 4 13.956 1.700 No
[0234] Characteristic Frecquency
[0235] Characterlstlc frequency (fc) is the frequency at the
highest pomnt on the 1mpedance curve. In the high frequency

curves this tends to 1ncrease in larger cancers and tends tol
be lower in smaller cancers. or DCIS. In the lower frequency
-curveSfthere tends to be less discrimination for the larger
cancers, but f. tends to be lower for smeller cancers and
preliferative disease. | _ | |
.[0236] The following analysis compares the fc of the curves
for freguencies between 66,000 Hz and 10 Hz. |

[0237] .One way Analysis of Veriance
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a statistically significant difference (P = 0.034).
[0257] A multiple conparison procedure is used to
wo sal7at®3t he group or groups that differ from pOEUS2006/046570

others. Al Pairwise Miltiple Conparison Procedures

(Dunn's Method) : G0 4 VS & 3 5 .121 0.632 Not Tested

G 4VS G244 .6340.421 N Tested G 2 VS & 1 16

.758 1.691 NO Tested G0 2 VS G 3 1 .094 0.103 Not

Tested G 3 VS G 1 15 .664 2.034 NO Tested [ 0258]

The foll ow ng anal ysis conpares the Depression Angle
[023&)]‘ theNonmaést&orI‘efsrtequenc|P@lfb%@vveen(B #20aR800. 1 H z

tozsq%[025° { 3 Of o).
[oz24déwal ySC&a@afct\é&tﬁ.lsa:ﬁ_G:e om*rlamienc{so%z]o @Iﬁ)air&tztew sz c - All
. Fre uenc Iue ressed _iLn th '
: Valu?%d a’lﬂj 5%91ansvah% ath ahg)é%Sth and 75t ﬁt the 25 '
and mg?f’c@gﬁdeﬁitl@e@)up Medi an 25% 75% Mean SD SEM - '

(Depression Gp1 Bh|=ec|n‘ 22 758 132 009 30-8
;%1 Q

a)
GI‘OU.Bdf h'] 24 7M4edL 2. mn? A Sod SEM .
| Gp 1 BN Hy 5135':3829%5§ ig-gég“cﬁéz 10 483635 11156154 | 170.466
gi&%a

I
Cp 2 ITpxrosy GA, 1. B1g EQ‘OL 10, TARB-407 1 1276,927 1,341.273
EE 4 Q 4 1

Gp 3 i Lesiong *50v£§3il}?oﬁg§f 1,72

gg‘é? ] 5 F261.395 |-
T O 40 b} .
Gp 4?’%“[5?@ éldg%g%r ees9o ofr edom (P} = .'853).12%"573 5-061

small

T et ||b€b T atl Al CadidiEl]l
wMTi'oups are gérgea%grc“;t%gin %I\D§|%8%%§Sex%férgtf!é§ b;(/) chg%ce <0.001).

The t@eféersnaest atnst tbel | pedigmi f vedmesdi fiﬂ@m@ncéh(a:’ £réatment, .
0Q3 4 ti a u us
oxonfs 08 FERLr (YL DB E MR LiRRe PSS BBl setere 1
a statlilelticag.é.ya smgrtiiﬁailcaambn@affenanpeod@dargo Adl) . :
I r'w arison Pro (Pun ' . K
[024§Ethod [ éiﬁ qﬁﬁﬁﬁoﬁbpengggu%% £y ué%d.to 1solate»
the §ran$emﬂi§ﬁouﬂsF%mantdaﬁf@TEE#om,the others. All Pairwise

'Multlple Comparison Procedures (Dunn's Method):

Comparison (fc) Diff of ‘ Q P<0.05
. Ranks :
Gp 2 vs Gp 4 55.102 5.050 Yes
Gp 2 vs Gp 3 32.857 3.119 Yes
Gp 2 vs Gp 1 22.255 2.265 No
Gp 1 vs Gp 4 32.848 3.996 Yes
Gp 1 vs Gp 3 10.602 1.374 No
Gp 3 vs Gp 4 22.245 2.456 No ‘
[0243] The follow1ng analysis compares the fc of the curves

for frequencies between 6 Hz and 0.1 Hz..

[0244]  One Way Analysis of Variance

[0245] Normality Test: Failed {P < 0.050)

[0246] Kruskal-Wallis One Way Analysis of Variance on Ranks
[0247] * Characteristic Frequency & H-0.1 Hz. I.All values
expressed in Radians (25% and 75%, = value at the 25 and 75
percentile) . ' ' - B

| Group (f¢) | Median 25% 75% | Méan SD - SEM

Gr 1 BN Lesion 37.699 | 4.301 37.699 | 25.464 17.304 2.609
Gp 2 Larger CA .| 37.699 8.882 37.700 28.577 18.757 5.013
Gp 3 AH Lesion 13.566 4.556 37.699 20.718 20.394 3.787
Gp 4 DCIS and .| 12.250 7.572 21.274 16.315 | 13.122 2.736 .
small CA ' :
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[0266] Open Circuit Potential or Transepithelial

potential (TEP) is neasured between the nipple and the
woasdaes3el ectrode. No difference is noted bet neewstdoe046570

Cancer group and the Benign Lesion group (BN)

However when the proliferative benign and the cancers

are conbined (CA or Prolif . Lesion) and conpared with

the non-proliferative benign |esions, significant

depol ari zati on was observed [0267] Difference -6.951

[0268] t -2.763 with 125 degrees o f freedom (P =
.[0248]0. 008 . =[ G26F1 9%1ipbr cendeagrsdsdente frredom| (For= 0.248).

dlffere ce of. ne 9 7 0]i-.-.The

mhe  oGFFPERERES i et Rl B Bl Ol preatmen
groupayaméemdﬂwmrmmul@ﬂnngnpeotamd@udeamne pbeskbidiagy that
che aifASlieal] Vashonlicant i IIGEPe belvess;uhe | Ml 1s
not a @etbftdrsmd:anesy y\igﬂmaiphatocﬂamex@n‘aﬁ (§ G270}248 e

0249 Const ant !0272! Tlﬁg Constant (T c ) is defined as the
L lval u g Resi st ance and Capaci tance) .

[0250]i t S vRipiedSidh &e86DadSs. Adfemddeadi ghef apglendommsll by a

| ow frequenc ents of the inpeda ce curv have
Line dxint(SUBHERD G oISt (FE Cad: dih <L oRe psORe circle
and tH¥ Ok§ §m|ﬁé5iﬁt@r&é@tobﬂnwﬁecﬂﬁhﬁﬁ.(domhhg(ﬁrdéﬁé&§lvely
“hunp For conveni ence of analysis, reference can

decreagesy Wélﬁaégql&ﬁ?@?’e\’ﬁw HEERS 7 efliBndy CanFeRS. A may

becomd MBSYRNCYe alviWhl G AYEr CHEMESrECAd aile . 1dWE MQicilency (< 6
frequency value may provide further discrimnatory
Hz) pagl QhethercBeEYSeen cancer and. benign |esions, further

cozsnenhaWélgféhgowhge@fnatm% idat doRpiabsednby o SESH Sanigle
' of the present invention. It i's observed that Tc

of the fyiRestoR RBIRFRRIPFGFENSETY iy’ §h iF o@il?eilat Hée

[02521di Seaste afgh CAASEYsianNd i YHighete in the | ow frequency
range for grollferatlve disease, small cancers and

[02531pg) SNTJUQEI 1EYhBeEbE| owi nFadd@dsi s orpa? e25Phe Time
102541°00NSti8Alskal-wallis One Way Analysis of Variance on Ranks

[0255] Depression Angle 60,000 Hz-~10 Hz. ©Aall values
',expressed in Degrees (25% and 75%, = value at the 25" and 75"

percentile) ' . ’
Group {(Dep. Angle) ‘Median 25% 75% Mean SD SEM
Gp 1 BN Lesion 13.723 8.900 20.094 14.130 10.999 . 1.622
Gp 2 Larger CA 18.249 15.207 23.381 44,852 102.133 27.296
Gp 3 AH Lesion 18.375 13.640 22.485 | 18.145 6.013 1.117
Gp 4 DCIS and 20.287 '} 16.225 23.891 19.154 | 7.126 1.48¢06
small  CA ' . e

[0256] H = 8.648 with 3 degrees of freedom (P = 0.034).

- The differences in_'the median va;ues among the treatment
groups are greater than would be expected by chénce; there  is .
a statistically significant difference (P = 0'034)

[0257]‘ A multiple comparison procedure is used to 1solate
the group or groups that dlffer from the others All Pa1rw1se

Multiple Comparison Procedures (Dunn's Method):

Comparison | | Diff of Q P<0.05
(Depression Angle) Ranks
Gp 4 vs Gp 1 21.391 | 2.579 No
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(Tc) of the curves for frequencies between 60,000 Hz

and 10 Hz. [0274] One Way Analysis o f Variance [0275]
wlasomabisty Test: Failed (P < 0.050) [0276] PCT/US2006/046570

Kruskal -Vl lis One Way Anal ysis of Variance on Ranks

[0277] Tinme Constant (T c ) 60,000 Hz-10 Hz. Al

val ues expressed in seconds (25% and 75% = val ue at

the 25th and 75ch percentile) Goup (Tc) Medi an 25%

75% Mean SD SEM Gp 1 BN Lesion 0 0114 0 .00576 0 0223

0.0272 0 0544 0 00801 Gp 2 Larger CA 0 .00284 0 .00167
0[.6P0618s O3H(E388 0 . P03BA4AT . 0009632 Gp FoAHTEssedn {0
OLlez2 0 vO0364 0:0732]0.0688 0. 22820 |. 0228 TpsdedCl |S
apgp0204$4cH) 1 0198 0. 1627681361062B13 Olot0BEStadml |
CAGP02783 @b =3 31. 343 (Wil P ddgfebd3 o f Note@doned P |=
<p6P031)vs Gihel differendesébh tlhe. hedilan Ne&l Testadon ‘ ,
- [02581t he ﬂ‘heatﬁ’célrﬂtovgxmpanaﬂysgseatompémﬂm woal Debzession Angle -

o eneSKRRSHET . SSen  LOET el BpRratesthonld e

[0259]conpmnesmwrmmnymﬁslefu‘s‘edlancesol ate t he group or
grou t hat, differ,fromthe.others. I

[OZGO]I\/UIt & eCpar Soh Procegurlggg(Dun & <l\/lecfl ; [0280]

[0261]The ﬁ(&idsOWlﬂ-gNaImislSOﬁecwapaAﬁalmasTldﬁe Gonisdrard ¢ cRanks

rozenl, PR AIER Lol e | tﬁgnﬁﬁ[%ga”d fid varves

expres@i@ﬁnﬁln tRadbsts FabkedndP 76%0. 050y£0283kt the 25 and 75t
Kr, gskal -Wallis One Way Analysis of Variance on Ranks
percentdled] Tinme Constant (T ¢ ) 6 Hz-O . 1 Hz: all val ues

Group expressed 1 seaeads| (Z2% and /5% = Valieenat] thep25t b sEn
(Depres@iwh Abighepericentile)| G oup (T ) Medign 5% 75% Mean SD) ‘

Gp 1 BNSEMiGm 1 BN |Legi.GA80] 0Z68300. 0237. 884 423001467 @4..233 | 3.690

Gp 2 Lafpyd¥382 (p 2 |Lak dev4 CA-B80492071D. TI®GY 07054Y 10350836 D S.522

Gp 3 AH UG o 0440 |G3734A8 Lelsi.ord60.) 07AB &4 0249 .823 2113 604233! 3.050

Gp 4 DCUS .80 0. 048218pd49001-9 @ 0. DY9H.90.[044F0 . [L28 -6890p 4479
small CB 0973 0.0203 _

[0263] I-I = 13.851 with 3 degrees of freedom (P = 0.003).
The dlfferences in the median values among the treatment
.groups are greater than would be expected by chance, there is '
a statistically significant difference (P = 0.003).

[0264] A mlult,iple comparisonv procedure is used to isolate
the group or groi;ps that differ from the others use a muI‘Lt'iple
comparison procedure. All Pairwise Multipie Coxﬁparison

Procedures (Dunn's Method) :

Comparison Diff of Q P<0.05
(Depre531on Angle) " Ranks : )
Gp 1 vs Gp 2. 30.117 3.077 Yes

Gp 1 vs Gp 4 23.71¢9 2.890 Yes

Gp 1 vs Gp 3 12.339 1.617 No

Gp 3 vs Gp 2 17.778 1.713 No

Gp 3 vs Gp 4 11.381 1.278 | Not Tested
Gp 4 vs Gp 2 6.398 0.592 Not Tested
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smal |l CA [0285] H = 10.684 with 3 degrees of freedom
(P =0.014) . The differences in the nedi an val ues
wanur@eiche treat nent groups are greater than weOr/sh®e/046570
expected by chance; there is a statistically
significant difference (P = 0.014). [0286] A nultiple
conparison procedure is used to isolate the group or
groups that differ fromthe others. Al Pairw se
Mul ti pl e Conparison Procedures (Dunn's Method): [0287]
The above data and anal yses denonstrate the
' [026%hpr ovenent Sitdrati ttahobensdhileved Tnadsegnddied igd aPotential
(Tep)cONSequence of the nethods and apparatus of the-
———present invention. [0288] The enbodi ments descri bed
[02661kr ei NO@en genensld deEemtnlaéd o t Irpebepdtrdeliial potentlal
humans. However g}n ers in. nhumans may be. aI S‘%h urfacel
(TEP); agfios T hehi (?ach ﬁd THE S s AP ny i off
‘electBo@ésO lmbemieictetxceritae/emetxedstmr%e&mdamathens:ancer group
range. o.f nunbers recited in
- and sﬁéa fl%%{%/:'r%ﬁ hEPEARboVE BRI n (Pﬁ?‘z ‘par agpgﬁﬁgeﬁnd when = the
proltf&aBiber ebeab gar, aﬁﬁfethéngchﬁcéaélOaﬁeaSﬁembSn@df (cA or
the invention, such as that re ent i ng ar){l cul ar
Pr°1%%t BeﬁlﬁPép@ﬂﬁeﬁ9mRﬁﬁ%§ UlF &&#% Yretive benign

1e51$$W$|§@bnitaba&toBdﬁﬂﬂ&ﬁﬂiﬁﬁibn|ﬁaénbﬁﬁéﬁdeﬁo

literall X P essl \ herein h\J/ reference or
ot herwi s er flal I”?"ﬁ‘@‘ Wi |t hlerdsuch Sibe,

i ncl udi ng—aRy—subset—ofl Ay oF subsuped -
within g 'r%‘?ﬁ*’@nslo reﬂifzg;ygﬁrﬁ.ﬁ £2 thadt grm
"about " Qg&?&? a¢ a rrﬁarf?%$ lfof2-3P%f n coﬁjgunction

, CIIClT rUl Sllb‘UI bUIIUTI urmrT1o
mzsﬂwtendga%?o convey that t ei nunbers, ranges,
[0268har acteki sRi.G$3anvicondi2s ociheg:deesl ogedrhedemn (@re 0.007).

.[025%L6X| bésl ?S%EEQ% égg%tl oS of t he pr es | nverclig.lf%rérbéflce of

ose g €&
meanéreqmmeaestot|—n:e§7300ncentrat|ons armunts contents,

[027@{1?2?3 cfl%gqerrgeﬁrb& Zeh %%rfazﬁ:eeariar\?gluggcof tl'hat &18 groups
is greater than would be expected by chance; there is a

. statistically s;gn:.f:.cant dlfference between the input groups

(P = 0.007) by Student t-test. Power of performed test with
alpha = 0.050: 0.733. |

' 10271]) . Time Constant

[0272] Time Constant (Tc) 1is define& as the .vallu.e R x C
(Product of Res1stance and Capac:Ltance) Its value .is in

seconds. When the high frequency and lo_w frequency components
of- the impedaﬁce curve have .significantl.y d,’i.fferent time
constants the Nyquist plots splits into two or more cﬁr{res
(doublé or .tripl'e “_humps”). For convenience of analysis,
reference can. also be made to the tefm *notch frequency,”
i.e., the frequency at wh:Lch two curves separate The notch
..frequency value may provide further dlscrlmlnatory :Lnformat:.on

between cancer and benign lesions, further enhancing the value

82



different froma single value,

W ||

achi eve

t he

desired results as described in the application,

waoamelogiesziet ecti ng el ect rophysi ol ogi ca

changeBCT/NS2006/046570

pre-cancerous and cancerous tissue and epithelium for

exanpl e,

breast tissue.

[0290-J All

docunen

ts

descri bed herein are incorporated by reference herein,
i ncl udi ng any patent applications and/or testing
preferred enbodi nents,

pr ocedur es

The principl es,
nmodes o f operation of the present )
_.of'tmms@a;@e@btnynﬂdfhwegmbnglgﬁaﬁﬁi%%ttbﬁ.qng§EQt invention.
re 1 SAQUahd hg,dpv

~rererence to par

illustrative

f the,

and

i nvention have been

nt J iLn:ha eg e ' it .
PAOr O8LEL L HARHECH P YRR Hange in
proliffedertsitond dilssasehesadenbadceent siradt e iserbigher in the: low
r.inci pl.es and licatio of "t he )
%% oPeSEaThs URIRI Lt GoRCoES and -

- Er e nt P RTentonP TP TR

DCIgs.that nunerous nodifications may b e made to the
nts .and. t hat ot her

PR T nG PG The

ati

Ry

Pt

nbodi
S by

a

SAORIR Sconscant

(Te) BEOREEO durtes PFES et eyi¥ABE bBNbaswéedi rexd, do tie and 10 Hz.

vari ous as

ects o

(02741, ent970n YRY sbfa

s

ik

nts of the present .

g 1 B19%wi ng enuner at ed"

[02750Rr agnéphita BDgyt besappendedrzaliaids . CLAl 50: 0%0) A
- et hod fork '

10276 { g

(02778t abljshé ng
, and the tissue;
exprefgsrd r1R afeE8RHAS L

determ.nin

g a

0
S

a reg

(B). placi ng_a second _el ectrode
%% APdul 8 t Fs ¥ urac

i on of
griance

on Ranks

values.

n
ghe 25" and 75

percditoxidgpte the epithelial tissue; (O estainShing at

| east one electri |_siqgnal bhetween the first and '
GrounﬂiQ&hd.plprmﬁﬁHQE; (DPSEpadur 758 arl dBERD ng affbl east SEM
Gp 1 Fib Lepdeprli @201 ohid, DOSTE: d £ P2¥2h #0544 0.00801
Go 2 diaseeroh, | S bar ULE] LA OR5EP LA 4070 LA 005€4 1000057
Op 3 Bghdiesiphg O DLigendaRAS e Rollan ilal - CapBep: Vrdtd of 0.0229
giaifDegsﬁssfﬁﬁcq, \dér%l’ﬁe i %1995 [ s Land } cana]tmnc ; 0.0653
{0278] H = 31.343 with 3 degrees of freedom (P = <0.001).
The differences in the median values ‘among the treatment

groups are greater than would be expected by chance; there is

a statistically significant difference (P

[0279]

<0

.001) .

the group or groups that differ from the others. All
Multiple Comparison Procedures (Dunn's Method) :
Comparison (T¢) Diff of Q P<0.05
‘ Ranks
Gp 4 vs Gp 2 59.506 5.405 Yes
1Gp 4 vs Gp 1. 32,239 3.887 Yes
Gp 4 vs Gp 3 24,159 2.664 Yes
Gp 3 vs Gp 2 35.347 3.344 Yes
Gp 3 vs Gp 1 8.080 1.049. No
. Gp 1 vs Gp 2 27.267 2.751 Yes
[0280] The following

A multiple comparison procedure is used to isolate

Pairwise

analysis’ compares the Time Constant:

(Tc) of the curves for frequencies betWeen'G Hz and 0.1 Hz.

[0281]
{02821 -

Normélity Test:

One Way Analysis of variance

Failed.
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characteristic frequency,
transepitheli al

pot

enti al

depressi on angl e and

and (E) determ ning the
ti ssue baBewusm06/046570

weeediobieen of a region of epithelia

t he at

| east one property. 2 .
wherein the electrica
met hod of claim 1 wherein said electrica

property is inpedance.

Si

The nethod of claim1l
The

3.

ghal is

a frequency of about 0.1 Hz to about 60,000 Hz. 4 .
| east two response

The nethod of claim 2
curves are obtained fromthe inpedance data. 5 .
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The nethod of claim1l
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[0285he cained al 0 s6@4 dudttdl Pr clegirek: Fhe fmdvbuhm of Pel=ai . 014) .
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The e
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feds ! %

T3t elFectnl} eg

tabh
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A

hi ng
delD)

fréffarebe

pon

treatment
| ssue

groups dyeagrelagcty oclomduebnid Mﬂhexpédteahbmnaﬂant@f there is

a Sta lq@}lo wherm

- ?oglg gaFi

[ozadyrtheﬁ mmmnmpmmgcompamd@mnmpaﬂcagené|ﬂﬂ0usbd to isolate.
electroconductlve nedi

t
ne

e

conduct

455 T AT

©="5

clal

¥¥

db?é's a

humans may be also diagnosed with this approach and the

present
applications.
[0282]

hereinabove

referring to various aspects of the invention,

invention

oxr

is

in the

also

paragraphs

intended
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and

'tQ.

claims

have

such

the group or oups: that éhffer from the others. All Pairwise
Multiple Comparlson Procedures.(Dunn's Method) :
' Comparison (Te) Diff of Q pP<0.05

' ‘ ‘ Ranks ‘

Gp 4 vs Gp 2 32.096 2.968 Yes

Gp 4 vs Gp 1 14.875 1.812 No

Gp 4 vs Gp 3 4.567 0.513 Not Tested

Gp 3 vs Gp 2 27.530 2.652 Yes

Gp 3 vs Gp 1 10.309 1.351 Not Tested

Gp 1 vs Gp 2 17.221 1.759 ‘No
' [0287] The above data and analyses demonstrate the
imprbvemen;s that can be achieved ' in diagnosis as
consequence of the methods and apparatus of .the present
invention. |
{0288] The embodiments described herein are generally
described with reference to humans. However, cancers in non-

veterinary

Any range of numbers recited in the'speéification'

hereinafter,

as that




13. The nmethod of claim 12, wherein the agent is a
hornmone . 14. The nethod of claim7 for determning a
weoeendiotieden of a regi on of epithelial breast tiBeD®S2006/046570

conprising: (A) establishing a connection between a

first electrode and the epithelial tissue of the

ni pple of a breast with a ductal probe, an

el ectroconductive nedia or both; (B) placing a second

el ectrode in contact with the surface of the breast;

(C) establishing an electrical signal between the
.reprégénﬁlﬁﬁmbspanﬁﬂcalaﬁtmmﬁesqf(ﬁjoperabésshmmguaunftmmasure,

conaslBRLE Uk O e IRl 1€ O0RR-DL LD BEISUEBMaca co

11 cerall 1Bpoutinbodpbiranent &xpgeesdives hareéhe range @éfwmmﬂce or

. Otheﬁ“ﬂﬁgﬂﬁﬁ%%y23&6%99?5% i Sufé%ﬁ%egﬁﬁéﬁégﬁéggglzgsfudlng any -

subsétea%tf opemiRitodogel eahg@sf r iibheed Ouwp tedmsi ahiyngrahge so

<%pappl |Q%§uct|on and_rel ease of suction to the a a
recitg P9FRg aFB&holtS<Fhd (%O‘Jatpm YVt g used  as |
modlﬂ%&eratféwl NgAagenin; (3pndg@idtik@ASUmingaihe a  variable, .

- npedance bet ween the first and sec g el ectrode at ,
Char%ﬂﬁﬁﬁl%FH?fﬁé%eﬁPnﬁﬁédﬁghcﬂés IRtERESHanR SOt that the

numbégg)Ftr&ﬁgéQOUtc@%ﬂggtéﬂiéﬁﬁéé0|QBH t @ liadl dred aﬁlsclosed
“ i npedance curve and conparing the inpedance curve
hereighiaF fedl e5iPhat 201t &ittied Pﬁafé}celff fi\fe BT qEgAt  invention

by tﬁSQ@atshﬁgllSécﬁp§n( Dhandre3uditid | tehpeirapedance cueMeencies, .
, obtained in step (D) (3) is substantially unchanged in
timespr dEPCETESHHIIANT haPPNE thuct SORFENSfen PYEySTties such as.

s:.ze,ne?:%'afrf'a% bgitugen dihe, fi $iarandrsecing eh€cigfodehe( Hange or
dlfferentpoésgglag 51ggle velue, ‘will ‘achieve the desired
results as described in the -applioation[ namely, detecting
‘electrophysiological changes in bre-cancerous and cancerous
tlssue and eplthellum, for example, breast tissue.

‘[0290] All documents described herein are incorporated by
reference herein, including any patent appllcatlons and/or
testing procedures. The prineiples, preferred embodlments,
and modes of operation of the present invention have been
described in the foregoing specification. ,

[0291] . Although the invention herein has been described
wmth referenoe to particular embodiments, . it 1is  to be
understood that these embodlments are merely illustrative of
the principles and appllcatlons of the present invention. It
_is therefore to be understood that numerous modifications may
be made to the illustrative embodimerits and thatzlother
arrangeﬁents may be devised without departing from the spirit
and scope of the‘present invention as defined by the various
aspeots or.embodiments of the preseﬁt invention as set forth
in the following enumerated paragraphs and theV.appended

claims.



(2) inpedance at about 5 different frequencies in the

range of about 10 Hz to about 200 Hz and i npedance at
woramoalseut 5 to about 50 different frequenci eBCTSLA0&046570

range of about- 0.1 Hz to about 10 Hz; and (F)

determ ning the condition of the region of epithelial

ti ssue based on one or nore electrical properties

nmeasured between the first and second el ectrodes or

el ectrical properties derived therefrom said

el ectrical properties selected fromthe group

' .CLAIM®NSI Sting of DC potential i mpedance, subepithelia
resi stance el i resi stance, ci tance,
Char ack SPEEPPE 1980 SRESERBIRES S SoaGF bolngt @ region of

epitﬁémpofhgtrainamottq%@u@ cormx i diheg et hod of claim
: 14, wherein the electrical connection between the
£kt %$%%P%b§€1§ﬂj%r@OBB?FFHQHzQGEW%%%eﬁﬁf%WﬁF eleCtrOde

‘and {ﬁ@p&fsguea breast is facilitated by placing over the
ni ppl e-a cup having an_interior,_ and first and second
bgh MR52CARE &n ePEeRfofd SHtEPedi N EARFtEHgal contact on

an oﬁf@@rtpésuéh§u§%€c@ﬁ#ﬂ8&f&éﬂé”@ﬁé0@9§Hﬁél931'@1ssue,
conmuni cation with firstopening, the second

offehi ngs habiaghbash 3t abeassvams helarppiealarional between

the f£iFiDeEnGORBELSING1E $IERS; of 1 (G applying suction
~~ to the cup sufficient to effect ductal collapse in a

n6P hal "BRSHEANGR iYhanfegivindandread@riSty iR dafégctrical
propé‘f‘t%gﬁétwéegl' ff1ed e@&rgﬁew%@éoﬁa the Jange oftﬁéog%perty

to about 200 and 1 npedance at from about ,
selegbedt fsemdutheergemuzf reeueher&ngi pft Hawedrpecof BBomptential,

subeg? &hé‘hé? ghaut . 10 £z, apd td fe&'egg.sté%%ééém t9Pacitance,

evel and again neasurlng | npedance at
chara¢teet %m of fequrrias, | Aephessange agfglahcaurd 10rppsegithelial
pote@??% gtz and |npedance at from about 5 to about 50
: erent frequenC|es in the range of about 0.1 Hz to '
abBut deteymiadag MHheletendiniiog td® gomdiziicon of ehathelial

tlssﬁé%gé‘egf oﬁpgk'ée' 'ca'léa{sst?%?né’aﬁfgpg&yhe one or nore

nmeasur e .
2. The method _of claim 1, wherein the electrical

) property is impedance.
3. The method of claim 1 wherein said eiectrical Signal
1s at a frequency of about 0.1 Hz to about 60,000 Hz.
4. The method of claim 2, wherein at least two response
curves are obtalned from the 1mpedance data.
5. The method claim 4 wherein the curvesiinclude:
(a) a high frequency curve at a freqgquency of about
60,000 Hz to about 100 Hz; § ‘ |
{(b) a 1ntermed1ate frequency curve at .a frequency of
about 100 Hz to about 10 Hz; and
(¢) a low frequency curve at a frequency of about 0.1 to
about 6 Hz. ’
' 6. The method of <claim 1, wherein the. electrical

property is a DC potential.
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el ectrical properties and the affect on the properties

of varying pressure conditions. 16. A nethod for
waoebwneicdz ng the |l ocation of a tunor in a bodypPCT/US2006/046570

conprising: establishing a connection between a first

el ectrode and the epithelial tissue of the duct of an

organ; placing a second el ectrode at a second | ocati on

on the body ; establishing an electrical signa

between the first and second el ectrodes; neasuring an

el ectrical property between the first and second

‘@l .ect rnes meanbdeber nrd:namrg the eordidiron tbie tepithelial or

| ected regi on of e e e based on the ~
S?ro“ﬁ(igrﬁa‘ls%‘é‘? %na%ﬁ%"f* E l”s&&”cﬁw Tkt rode. 17. The

et hodrige cl pbond 8, wiEer ejmutnhe secopHekegal i @hd S Mdhod 'of
the surface of the body.18.. The nethod of claim 16, - ‘
eStahMﬁﬁhﬁﬁgtﬂecéﬁqﬁﬁﬂﬁ%ﬂ ??E@ﬂ@nl§WQM£&%%th%ﬁFﬁqﬂ@? and the

'epltﬂzerle'aasi c19sudhes nByhadcahnehai. m 16, wherein the =
|theI|aI tissue 1s located within the prostate. 20.

conptiter atgdird| efhediladmhadi ngveorpiRertdi@c feaBiela is a
ductdﬂugfdgglons for perforn1ng a method for detern1n|ng

' the presence of  a tunmpr in the human breast

édhprﬁ%h%g neshabl | S ng ke ibnnkct | BheseiReerrhe f imgghod  of

esta 1%@&:9&%“&%&&%&(‘ Bét@@bkh%'ﬂea'fifééuél\é\ﬂctt@daé Nena the

of " a breast est abl i sh Ing a connectl on between a
epltlweaom elesueode by ahe eé@dwmduﬁ@‘beelagdla

&St abl 44301 ng ﬂ@tﬁbgﬁ riggl signapetwegy the Jﬂhé:?ém the

and second el ectro . measuring an el’ectrical
electprapmdycbéveernadihe ifi Bsphurd Feawmie stbiteode or

QEffv'ﬁﬂean ﬁé@ﬁ&&'ca$fprQPP££M frfﬂ]thefurther‘ comprising
introducing an agent into the electroeonductive media.
13. The method of ”claim 12, wherein the agent is e‘
hermone. o .
14. The method of ¢laim 7 for determining.a condition of
a region of epitheliallbfeast tissue_comprisingr'
(A)‘ establiehing‘a connection between e first electrode
and the epithelial tissue of the nipple of a. breast with a
ductal probe, an electroconductive media or both; | ‘
(B) piacing a second electrode in contact “with the’
surface of the breast; ' |
(C) .establlshlng an electrical 51gnal between the first
and second electrodes;
(D) establishing thatvthe nipple ducts of the breast are
open by: ' | ‘ - o
| (1) measuring the impedance between the first and
second electrode at about 5 differeht_frequencies in the
'ran‘ge of about 200 Hz to .abeut 60,000 Hz ..sufficient to
establish an impedance curve; o '
(2) treating the nipple using at 1eaét,one method

selected from the group . consisting of. (a) applying
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nmeasured el ectrical property, the neasured or derived
property selected fromthe group consisting of
wonpedareee, DC potential, subepithelial resistpROT®S2006/046570
epithelial resistance, capacitance, characteristic
frequency, depression angle and transepithelial
potential; and determ ning the presence of a tunor
based on the signal between the first and second
el ectrode.
© suction énd release of sucﬁion to -the nipble; (b)
.applying alcohdl; and (c) -applying a dekeratinizing
agent; ' - ,

(3) agéin measuring the impedance between the first
and second electrode at about 5 différent frequencies in
the range of about 200 Hz to about 60,000 Hz éufficienﬁ

' to éstablish an impedance curve and comparing the
impedance curve bbtained to that obtained in (D) (1)
above; ' ‘

(4) repeating steps (2) and (3) until the impedance
curve obtained in step (D)(3)_is substantially unchanged.
in order to confirm that the.ducts are open;

(E) measuring between the first and second electrode:
{1) a DC potential; and
(2) impedance at about Sidifferent fréquéncies in
the range of about 10 Hz to about 200 Hz and impedance at from-
about 5 to about 50 different frequencies in the range of
abdut;o.l Hz to about 10 Hz; and
(F) determining the condition | of the region of
epithelialltissue based on one or more electrical properties
measured between’ the first and second electrodes or electrical
properties derived therefrom, said electrical properties
selected from the group consisting of DC potential, impedénce,
subepithelial.resistance, epithelial resistance, capacitance,
éharacteristicIfrequency, depression angle and transepithelial
.potential.. '
| 15. The method of claim 14, wherein the electrical
connection between the first electrode and the eptithelial
tissue 6f the nipple  of 'a breast is facilitated by piacing
over the nipple a cup having an interior, and first and éecond
openings, and an electrode disposed'Within the intefior, the

cup having a source of suction in communication with the first
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" .opening, ‘the second " opening having been placed over the
nipple; and further comprising'the'stebs of: ' _

‘ (G) applying suction to the' cup sufficient tb‘ efféctl
ductal collapse in a normal 'or hon-maligﬁan; duct; and’
‘measuring impedancé at about 5 different frequeh¢ies in the
range of ébout'io Hz .to about 200 Hé and impedance at from
about 5 to about 50 different frequencies in‘“;he range of
about 0.1 Hz to about 10 Hz; and - |

(H) “altering the suction leve; and 'agaih measuring
impedance at aboutl 5 }iifferent frequencies in Ehé range of
about 10 Hz to about 200 Hz and'impedance atvfrém‘about 5 to
about 50 different frequencies in the range of about 0.1 Hz to
about 10 Hz; 'and '

(J) determining the condition 6f the region of
" epithelial tissue based oﬁ the one or more‘measdred'or derivéd'
.eiectrical properties énd: the affect on the. properties of
varying pressure conditions. |

16. A method for determining,the'location'Qf-a tumor in
~a body comprising:

establishing a,connection between a firsp electrode and
the epithelial tissue of the duct of an organ; |
| plécing a second electrode at a second location on the’
body ; ' | o

establishing an electrical signal between the first and
second electrodes; ,
"measuring an electrical property between' the ‘first and
second electroées;'and ’ | |
détermihing the condition o©f the selected region of
epithelial tissue based on the signal.betwéén‘the,first and
second electrode. . |
17. The method of claim 16, wherein the Secqna location

is on: the surface of the body.
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18. The method .of claim 16, wherein the épithelial
tissue is 1oqated within the breast. | S
| 19. The method of claim 16, wherein the epithelial
tissue is located within the prostate. | | ’

20. a computer-readable mediumn havihg'j COmpuEeré
executable instructions  for performing‘ 'é méthod for
‘ detérminiﬂg the presence of a  tumor. in the human breast
comprising: - | |

'establishing a connéctioh_between a first elecfrode and a .
region of epithelial tissue within the duct of a breast;
establishing a connéction betwéen'a second elect:odé on
the surface of the breast; ‘ | - :
' establishing an electricél‘sighal between the firSt‘and
second electrodes; .
| measuring"an' electrical property between the first and
second electrode or deriving an electricallproperty from the
measﬁ:ed electrical property, the measured or derived prope:ty
'éelected from the grbup consisting of impedance, DC potential,
subepithelial resistance, epithelial rééistance, capacitancé,
- characteristic freqﬁency, depression angle and transepithélial
potential; and ' , . '
vdetermining the presencé of a tumor based,on the signal

between .the first and second electrode.
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