W02007/067632PCT[US2006/046570 METHOD AND SYSTEM FOR
DETECTING ELECTROPHYSIOLOGICAL CHANGES IN
PRE-CANCEROUS AND CANCEROUS TISSUE AND EPITHELIUM
B RASHREFERENCE [0001]The present application claimsthedkengfitefo
United StatesProvisionalApplicationNo.60/742,830filed December
6,2005,the disclosure of which is hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION [0002]The present invention relates
generally to the detection of abnormal or cancerous tissue, and more
particularly, to the detection of changes in the electrophysiological
characteristics of abnormal or cancerous tissue and to changes in those
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attempt to improve on the diagnostic accuracy attainable with
mammography and clinical breast examination aloneBreast ultrasound is
helpful in distinguishing between cysti or WO
2aD700606632PCT/1JS2006/046570 solid breast lesions andmaysb® /046570
useful in guiding needle or open biopsies.However, such techniques are
unable to determine whether a: solid mass, or calcifications are benign dr
malignant. magnetic resonance imaging has been introduced, an
attempt to improve on the accuracy of mammography. Its high cost and lo
W specificity limit its general applicability for diagnosing and screening for
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would reduce healthcare costs and avoid unnecessary diagnostic
biopsies. ' ' _ ‘
fOOO?] Other technologies have . been introduced in an-
attempt to improve on the diagnostic accuracy attainable with
mammography' and clinical breast examination alone. Breast
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is that the frequency range is not defined.Certain information is obtained
about cells according to the range of frequencies selected. ' Different
frequency bands may be associated with different structural or functional
[spastso@iihe tissue. See, for example, F.A. Duck, Physical PreRretigssso
of Tissues, London: Academic Press, 2001; K. R. Foster, H.P. Schwan,
Dielectric properties of tissues and biological materials: a critical review,
Crit. Rev. Biomed, Eng., 1989, 17(1): 25-104. For example at high
frequencies such as greater than about 1 GHz molecular structure has a
dominating effect on the relaxation characteristics of the impedance
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S. Oilman Electrical impedance index in human skin: measurements after -
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Contact Fesmatitis 1993; 28(2): 104-108: [0014] Another disadVantage of
the above referenced methods is that they do not probe the specific
conductive pathways that are altered during the malignant process. For
example,. petassium conductance is reduced in the surface epithelium of

the colon early in the malignant process. By using electrodes spaced less
than 1 mm anart with vvarvina conceantratinne 'nf notaceinim chloride the



techniques have been developed in an attempt to diagnose breast.

cancer. Electrical impedance tomography (EDT)' is an impedance imaging
technique that employs a large number of electrodes placed on the body
sHbfafenifis,impedance measurements obtained at each elgetrade are ...
then processed by a computer to generate a .2 dimensional or 3
dimensional reconstructed tomographic image of the impedance and its
distribution in 2 or 3' dimensions. This approach relies on the differences

in conductivity and impediVity between different tissue types and relies on
data acquisition and image reconstruction algorithms which are difficult to
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U.S. Patent No. 6,308,097, also have a lower accuracy than may be
possible with a combinatiOn of DC potential measurements and AC
impedance mmeasurements, that also measure the ' transepithelial
flecliicakRygperties of mammary epithelium. Electrical impegaggR2006/046570
scanning (EIS) also known as electrical impedance mapping (IM) avoids
the limitations, of complex imags reconstruction encountered with EIT.
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jon.channels. Additional studies indicate that cell membran
71%0e'50 -a\rri])iqzj{ti()lnn W&%/?&%’PCI SZ%%&/%&%S?(? ?)C&,IEI‘é bec%augtéegfn © Of
proféfaonsinfonie eSS intfdtelGRAYRSFC copnstRitovand ebrRpert tumors:
- zomechanismsithalare:assesiated witb rell proliferation {023 Upacellarnol .
' Ongoﬁl._.(cizéiél) ?Qg %),H(B'('B ?reé@qggﬁ‘%d by Wﬁ%%ﬁr{‘e&%@“%‘fceé%e ductal

may be initiated following t [

e activati

eppRBSphATyHRoSTS WHIER Féledse eonaTigSsetiyefiictal - carcinoma
1,2-diacylglycerol and inosoto1-1:4,5-triphosphate, which triggers
Ca2+i'release from internal stores. Ca241 and pHi may then alter the
gating of various ion channels in the cell membrane, which are
responsible for maintaining the voltage of the cell membrane. Therefore,
there is the potential for interaction between other intracellular
messengers, ion transport mechanisms, and cell membrane potential.

Most studies have been performed in transfoiwed and cultured cells and
Nnot in intact anithelia diririna the devvelonment of cancear [OO2A11F wac



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 potential
ndermalase malignant mitogenesis. Ann. N.Y. Acad. Sci. 3344%288046570
420435. A number of studies have demonstrated that cell membrane
depolarization occurs during transformation and carcinegenesis. Other
studies have demonstrated that a single WO
2007/067632PCT/US2006/046570 ,ras-mutation may result, in altered ion
transport and cell membrane depolarization. Y Huang, S.G. Bane, Single
in-&hannakstiudy of a Caf2+)-activated Kt surepib-assaciatedithhras between
’ induced cell transformation. |. nggiol. 993; 461: 6015618:('iF%roex%rggI§,w,th
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may e|BetrogRRicSdHam Hanspsit S SRGRLGR OF REAEIBCtdFerfic depth from-

1estapspertersaiuring thesdevalepment of epithelial malignancies. ‘These'
- .changes may affect or occur.as a_conseguence of altered- intracellular
w“%%’ccom%ositi’éﬁ.m%’é 20071067835p¢ 7(5’§2‘6’§6/04é§‘?(?% 7in
techadiaufto deivFenibhe, RFIaRAfiont Bndterd8 HHFRCellREr ighiganese
breaslvitysQther studies saveishownithattrere smayde-g desrgase IT) is an
1 mpRESHRgeNiG Sodiym transport, andactvation,of Hon'eleciiogenic numper  of
transporters during the development of epithelial malignancies These -

elegiHRemal BrEGFas 82 cordbtuehits™br altdretififfacellulati6nic * ™ edance
meacompusition. Otherispetdifietorarensgoreakacdions have heenrescrbsgd by
a GRlaReRrostafe, beeastaHtering cervigimelanonm urodielium, anfensional

' pancreasgluging roliferati%n, differentigtion,fap%leltgsis r%mdda ce and its
TeCOAHogenaSs.. APRptcsis 6F Physiological cell c}eftﬁ IS down-— T
1 stegiiated euriig the devepriheds iriignancyon tapepeAch relies on .
. theMechanismsadfestedihy apaptesis inchide thednfiux ofgadinem-selestivercen

. Ca24-peimeable catipn channels, calcium-activate loride channele
L et e i ton and
imagechEfsUTianokFeninddead BpptosisiF Hepss Hihtdtcult to apply
- c1ikepatobkastoma cells. Cancer Lett.-1999; 147(1-2): 115-123;A.A.
rodfHiere2 £hal ASHYaUaN O3 Cazt PEmeaRe GHODANANIELALNO arsving
Ifferent inducers of apoptosis in a human prostatic cancer cell line. :

mode, ” which applies a constant AC current between two or more’

imaging

current-passing electrodes, and measures -the voltage drop

6



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

Mas-Oliva.Apoptosis and bell death channels in prostate cancer.Arch.

Med. Res. 2001; 32(3):175-185; R.C. Elble, B.U. Pauli.Tumor Suprression

totic Calcium- Activated Chloride Channel in

%%‘Eﬁ%?nggp Biol. Chem. 2001; .276(44): 40510-40517. [o%@%iﬁ%’ 46370

cell-to-cell communication occurs during carcinogenesis. This results in

defective electrical coupling between cells; which is mediated via ions and

small molecules through gap junctions, which in turn influences the

electrical properties of epithelia. [0030]Epithelial cells are bound together

by tight junctiOns which consist of cell-,to-cell adhesion molecules.

| betYRERIHYE T 3P CRUSARBIORE5 7 PRESE ABfeSiBn phitesFégdafsace:
Anothepakggeutacirahspar ofseolecules anddensibétniern eglisrandare which

 appflyRami¢ siyuCiures that can,tighten dhe epithelivm  preVeRtingdhe. « current-

. moVement of substances, or loosen allowing. substances to pass " . -
- PashRfech ST TR juntiiths CORRIsTIIHTHRGRAT meNTbrde piRt&ing s other
curchaudinssrocthuling hadrdAMsjunctiorial ehesion motscules) VEght in the
- erelUnetigns willonen.and clase. insespansedrintra ansbextrageliwar stimulioge,
L. nitric oxide donors, an phorboéesters aleg eVTZ{ ib‘nyolpen' tiaht ian o
ERe N &GS BEPsubSianeas C.Icps%ttlg%xfﬁlUnctigns incltding carctumy/ F2 g
empantegdnists and retinoids.Various ho mones such as prolactin and ‘
[ooghcocorticeids will alge saglate: thestightsjunctiansi nQtherisubstances agnose

rcBgded 0.dru f°£@‘%'%&%°”5 adl gz nonsshedific dghtyynction madulalors oy
~ “Iincluding chi osan.an Wheat germ agglutinin. [0032]The above . '
imaggefRRRaSSHDAER. &fd UlsersTay aci angtlly Bﬁﬁﬁﬁ%cﬂﬁ%ﬂgﬁeeoug ly
thrbghijurtiorpresains, vikish areaiterediduringlbareinpgenesis. Edre varying

eleweﬁclg&&@igéé&'%t ip preast Auctaepithelium dering thee comprising

development of breast cancer, The response of the'tlghtj%ecngrr;% varles . o
- the iy to the nilighah?Btatdd? the THRE M AN el BShstitush .
- calproteinsoAs afresbie thecdpardng & slosidy ofigght fanctions faffeceddy the
brhigdmatignant stateefihe epithalisnsd0033iRelpsrayeriymaalignantallea
forlgasxlxocgs m8¥oq3ei/eex!z8p,maand then estimating the  impedance
distributipn within the breast £rom the measured voltage
" distribution measured with surface electrodes '(the inverse
problem). . Reconstruction aigorithms are freq@ently based on
finite.A element modeling using Poisson’s equation and - with
i'a.ssumptions'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 - cancer. Empirical

measurements, however, are difficult to interprét and use in .
dia‘gno's'is, " For example, 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 Qpposit:‘e‘
breast. Changes in the measured surface poténtial may-  be

related to differences in'the impedance characteristics of the



. Eur

background of disordered proliferation and altered transepithelial ion
transport. Experimental animal studies of large bowel cancer have
demonstrated that transepithelial depolarization is an early feature of the
-mali t state. In nasal . polyp studies, the lesions hac%a r)% her .
\%%%bgg%? 632PCPUS2006/046570 transepithelial poten igIT, %Ot feag™0
lesions were not pre-malignant in the same sense as an adenomatous
or'pre-maliynant, .colonic polyp, that are usually depolarized. Electrical
depolarization has, been found in biopsies of malignant breast tissue.
Recently alterations in impedance have been found to be associated with
. the pre-malignant or cancerous state in breast and bowel. [0034]It
OVERAX¥BEE BiseBvered HdttraAsEpittieliar@aFsiariZation asidpspecitie tosanced
andassociated withealenisa/ciregenesiain Chl wicaithimpore suseeptitiey of
723318 e distalcolon, ynderwentaboytp30%pscreasein tansepitnelial, | o,
: potential. E./T) a»fter.qn]i/ four weeks of carcmogen‘?r,ea ment. This was o
- 45 BefBRVYhiRIcIgFesIPérafydidédelopét AbToPRSfe it GRbtoxiclagemtt 1998
352(@laenouradisadramistered ovesibe sametperiat did notpeserapotential
- evalAENGR ILYT I the same mortal ot hed pdue R o T wap coIME LY o
a subsequent study where almost a 60% reduction was observe
‘ - treatinent 4t has It baEn distBvEreRthat dfBagRPE. oF
surisaneafdblyeigher svtrertmaasuredimedvo rhe Spremalignatt’acelepict helial |
pre8Rithefidm jsusyally depelarized whgn.ermparedip pg al gelan {0Q35IRC 1o

b elegtricaj ggtelnlial alterations have been used to diagnose non-malignant .

T e RSdifiBAS SGich A8 cystic fibrosis, cancer in animal models, human cells or ‘
[00f85ue an@tiAtan IDIfferERCES N pedaree béfverrariranizsbe andch as,
U scaneafdiayenkeensdesmsipestin animal mogelssinMiie humanubissye than may
be (R anghhave, begn applisdhio 10 viva cangergiayngsis, UT03610DC, o rones
. potential measurements have not Been combinied” with Impedance ‘ '

andme&SurenBREBHiSgnoBETANCEF BREAuse: tHePdlectbtysiogfarre  the
traakenatiohsthatlacedmpany the. 'devetepmerisof o@nceahade notdpgarhel iumn.’
z1e¥ellyUpderstood orm flly characiarzedss Syrfagemeasiyements ofi ecerical

) p%tential or impedance are not the same as measurements perfoLrued
PSS e BIBRAP VO (F007/1 1878 39P C OIS 2006465 70PE5th&ium S0P L ex
imagfd dessrietitrelow aherecaleetidat coftackis thadeB8tween tiithe  above
refhiminabauriacereitha dushaang thesoverlyingsidRi JranseRitheld) cecreased
Dl larization | early event during carcinogenesis, which may affect
lmp%%%%%nt'zrjéa%%%stﬁ%e{ 'ecg?tﬁcgﬂg r}irjlg a_g'? ield gefegt%‘)?q%el’s? delp%lari%gﬁgﬁ ?sance
ovezccofparff@d® 6§ Sfunctional Ehang@sSn thB@pitheRGAFRERIdIngM6n  mammary
traarspot ahdadmpedanesiaberatiOrisa Eatly eniin theprocess thase takeeast .
rnhe foup of ingiaasedhimpgdante becausg of decreased’ sReGIfic opproach.
g electrogenlc ion transport rocesses. As the tumor begins to develop in
- ISR HERgHARY epitheham SGredERl Granged ocRbPi-fi trandfoitiéd Y g
boneslls stehitasla breakdbagen tight furictiorsdnd hieleasatypi@ iltte in high
‘conﬁﬂ&éf_ﬁl‘@l@%@@%ﬂg?|Ivﬁlé;@k€n§¥¥8éﬁ@@uﬁf@t?éa'H‘@si{?]ﬁe@.cell%gﬁn of
- _tumor, The Pattern adient ectrical changes in the epithelium ‘
'meaﬁélrrrﬁﬁlﬁ?etdfésgnegéfé\a{c}f%%rnggr%r’ggnfeé c%“Mbir‘%‘tho%go réi&elé:&silé%f‘:aﬁ‘ﬁl talse
negpipgeiincd Aeasirehmetts. (03¥BAncthesfeaserilthat DCIt is also not
poselestrepetentiatand apedanea Mmeasuiementishaye nekegen 3 h
rooifpessiullyanplied B cancer diaonosis je that yansepihelial potential . ;.
, and impedance, may be quite variable andaare affecte %y the ydration 2
detgate, letaly ARIRERRL dibitfa% cyelichPeariatshi i ABRRGHR feverspsport
alwrorspeniic inflammatoryrchargesiand otheptackarsi ktthe-abhsence Dhe the
sux@é@’&@%% a@QHt @Qﬂhyas}f?iogﬂ&@' -\é%“ay%a\g@_fgfnfw.nfsolate the bod}?
transepithelial potential and impedance these kind of measurement may
not be completely reliable to diagnose pre-malignancy or cancer,
[00383HFurthermore, a detailed understanding of the functional and
morphological alterations that occur during carcinogenesis permits
appropriate electrical probing for a specifically identified ion transport
change that is altered



during cancer development.For example knowledge that electrogenic

sodium absorption is altered during cancer WO

2007/067632PCT/US2006/046570 developMent in breast epithelium

' e of sodium channel blockers (amiloride) or varyi odium_

g’gﬁggﬁt’%ﬁo&?ih the ECM (electroconductive mediiim) to ex?rélgfgs\%”ghg?m

there is an inhibitable component of sodium conductance. By varying elle

depth of the, measurement (by measuring the voltage drop across

differently space electrodes), it is possible to obtain topographic and depth

information about the cancerous changes in the, epithelium. . Using a

combinatiOn of low and high frequency sine waves probing at different .
Erofeptif e b ABICRF ¢orrelatithe®RnY I\ﬁ?&pﬁBFng]?tfa}ll(?fu&ﬁHif serve to
inschangesatdiffedent depths;iwith tibsimpeatanty profielofdhe sswezironment
" by [PO3Ne: diagnostie accuracy of eurrent: teaRNoResingRGs the cell

- electrOpotentials or impedance alone have significant imitations. Do _n

bargLaLitivil amd SpRticry 19PBC eitticalBastrermBRtS i the FFEALECIMeRE
‘withave beenaleported-as®0% antt55% respeetivelcand 959 dnyl 65%ifor  the
 epilmRedance measuremepis ddiswould iesulidnareverall diagnostis is oy
accurac of between 72-79%, which is probably tog low o result in This
Wﬁleus%xrl'eag raao;b IS TRE. measuren?enat ot ductal ?ransepltheaffélfb%r' '
conpaptidl, datlal FEALSSiETERl AT MpeJARES KpeCHBICHYY dbive, PTRe than
80% combination-of RCLleetricpl poientials anshimpadance spertoseaytWilhiven
tnelESUlLL §id§§9 %%%F 53GeHacy, Of\;%@%%ri“&%ﬂ;?o%awg%?&‘ﬁ"!'é%%@es f£rom

improved clinical utility. (0040]Breast cancer is thought, to.originate from
blogfithefal Gl it the 3BfniNa Fuctafotfular LhitSPRSWS) of dmfiarf-sease
protissue. Theseodelisproliferateand haverafimictionatgoledn the absetptionhave
ass¥d secretionof parious. substapces Whesusieseantand-mayHuoduce -

mﬂk When:tlaqtatin : Functgpaéalt'g%ratiog%intb-reast %pitherlium réave i escent
[OOI%.I‘deW beeh ifjﬁor%‘%loa‘{‘rsr‘jl a po%s.lble aepp?oaéh o breast é:’aenctclanr1 dla?gn%lels. .
£ 1Bzt epitheligaribtrespbnsisiersmilk¢éAnaneieEang Wepolarization.
Céla_o%%zéagp €dHbiS2000{10465/ Q lactationzuery Rt associated with.
‘celelie_@fxpl?g%ggal bre?&éﬁ@ﬁ@%‘i“éﬁé‘i’g&rg‘i%?aﬁéreec{‘eaé&a"'&fo%@”an)étors‘

with involution following menstruation. The flattened'epithelinm becomes .
2PPRRFE cOlRIRTHS the efitHRfium EHters R IfiBa phabd fridm e Rhicliy  be
~ stiphdsecdd additidrduct brandkingl andzhe homber of acinCegech a membrane
sedbaxMundyipgibe latgrbalfof fheluteql phase. dysdbeife infiux, ang

men,strulatlon aégogtq&% of theggltlr._lellurrrge oggtérrs,aznd the pro essstarts o
Cl,"eove%ﬁéal"ﬁ‘cunl _ses fie"w8man beGomes p?egnan]t. f&(ﬂfﬁEary pregnancy =’
O Al tiwidetdion ray begdrolietivé ahinist Broast EaNGET betads®tHayiesation.
thdn arneea differantiaied breast epibelivmaieh isdess suseepiibtatothe cell

arcinogenicinfluenceswhether . 0genoft nyranmental factors.,| ‘
meﬂ?ﬁgﬁé}gre%s%se'm%etﬁ%t gi?fg?eanafﬁec% gfeazs)r%)ég %%?ﬁm\%%%e&?ikﬁé to}?{ rhease
PUihdRFgd iafiGRant cRERGE. DiffefErttetisithBiaRnds SBRtRG Htal T2t -
Na'and-basplateral meribranedomhairi tyeralle itdo maiatainwectoial -.addicion -
to RSt finglion (the, production,of milk) | addition, differentiated cells ¢ o eq
maintain a higher cell membrane potential to transport various ions,

UL o | SR dn & Dt St in and out of the duct lumen. In contrast,
[0anaie proliferativergpitheliab €ells havd dspolaiizececell drembranestadl  that
pr A€ #23%:2hle10 maintainyectorial ign fanspog Recently dbe epithelidlonparea

Na+ channel (ENaC) and the cystic fibrosis transmembrane conductance .

- to EhNEfr YERETRY v E heeRaBhtifSd iRomammany 8Fitheliim-and Both 2=+

is |oeatized ahafie wpidal, ohkimine siges iofithecdpitheR@ht fTkhesenwghannels.

addranspRHerssean peprobed fordy using amdondesanblosker efdpeNaGation
or by opening up CI- channels regulated by CFTR using cAM2. [0042]For -
example, 20 RM luminal amiloride depolarized the transepithelial potential

from -5.9 D.5 mV (mean SEM) by WO

2007/067632PCTfUS2006/046570 +3.1 0.5 MV, Forskolin (10p1), which

raises CAMP and opens CI" channels via the tFTR hyperpolarized the,

breast epithelium by -2.2 0.1.mV:' These changes were accompanied by

an increase (17%) and SUbsequent decrease : (19%) in

con



transepithelial resistance respectively, In _transformed breast epithelium
the ENaC is down-regulated; whereas. C1- secretion may increase,

similar' to observation's reported for carcinoma of the cervix. Non-lactating
kveastepitbelium has relativelY leak’ tight junctions. This resgls3¢@s/046570
paracellular shunt current, Which hype.Lpolarizes the apical membrane of
the epithelial cell. The larger the shunt current the.more.hyperpolarized

the apical membrane and therefore the epithelium depolarizes since: TEP
= VaL-VA and d = TFP/Fs, where TEP'= Transepithelial potential; V2m=
voltage of the basolateral membrane; VA = voltage of the apical

tﬂgrgsm rane; 1e, shunteurrent; and 1=f = paacellular (shunt) a%%&tgggmlar

°“°ltoa3 \ﬁaiélﬁceethatbreastcarelnogene5|s, may be associated wit ‘
ionfifmcHBMRPHEBHRTRIENRE SPHBABCENItIAMTHT25EEDNELFofS niiffT 12 ted
‘witef e¥IET Sertas &ome transgenic strains of mice have defective C

- roolStation. g URusaenG arcipOusevhioh davelons Myperplastic abigolilasea

nodules Otherwise develops a. no al mammary tree but has defective -

by | JeaRERPTIRERSRERE 0TI TG FpHansBER MEnSE Af¥d déffonSfratemttiated
foldefettive lactation. Syclin Dlifemalest havelpersistentdadtatios 6:@1  which
re1MO0Lhs aftgrweaning and TGRa giggewhich have agefectip AROPIOSIS  ang
- and fail to undergo -epitheljal regres%lon develp hé/xpersec;gtlon. Ihese from
InogaECsugydst INATHBH A it onSAlY Betled rand CCon

Lpitheld fanéton an

1 NG 2D0BIO67632PC A I82008/0465 7 ngenctioexprSiston which affetry of

varpeliferatign andiumes develgpment e [0044]Breasteysispesur ind%wf are
resiig emale population and are (hought to develop i the JRLYS, APQRURG e
E’ysrfs fiave a higher p&assmm Content ﬁ"f_lan simple cysts. f&p‘ crine cysts
ThepayBeassShiaks with thERebseyteht dévelopffent'stiteastdaiteoetween
othdhemmaycibelefDee banadurtamental thangerirtbeepithaluncat dsis,  and-
el RisastgADCEr devalopment with a redistribution of electialyte LoPEMed 1n
across the cell membrane .resulting_in altered cyst electrolyte content and _ |
T oS EERRBrafE de JolariZation. A h3PR cBRmonfy kiGwAThat Witngst e
dudactationethédreasttramsports lagtutess, proteins., fatty acids,,”
[odﬂu&r:mbogl@bulws?hm§wohmrlnea% iof}.ﬁ[@lﬂkdmtler @caaa%liheéaﬂal are -
- .andlobular epithelium and actively secretes milk, it is less wi
B
It thréaghoubierexhifitseraersty arfdabsorpive FanetRih. TIREdifferefigBPTane
degheweerathedactating.ang themordaatating bseastheinyof degrebiardation, -
andNg gREMICA ig,m%ut@.@a%g@%fug@@&y%_@gm'tQucatél secfionsfiavee ot
been analyzed to diagnose biological conditions_of the breast. [00451.A . .
susRinBEFof S5oheReS AtvE Beetledto obf Hhttal fidid, intfudifgat  ©°
~ rersubtioh2Bup & ebtahwdd pedled skeretiorns; Rippleaspifation flid {laF) rheory
on-angxporeygeently, cappulation of pre ohthe Al 2 ducisthat opereptehe and

-nipple surface. Substances and cells within th fluig: erefore
o %%%&eégslssed togﬁeﬁﬁ%%éﬁoﬁ%%%gés %{ﬂirﬁaygtgiyg}séoc%?egyv%ﬁ?ﬁ trée“ 5. cone
Jr disedskd 'statecof the breasttope disadvamagé of ‘e dnveiefereieawrs in
cerdpproachesisdie difficudly ingbtainingadequate Al of lavagenfluid t©cience
19 PETOTD ANPYSIS. Anpiher fisadvaniage fias beenyine inabilly tq Jdeptify, .,
or cannulate the ducts where an ak normaﬁty In the fluid or cells may be .
suld@stitieds IR 2007106 T63ZFOITUS 2066/086% AR EHBA6 1 fflngiggmal  and
- maPajeait:3 L4 3bh)hassuggestechan electricahaparoast ta identif; dactal  420--
43 21ices aRbe.nigple SUfaFeInbpL diplosie I I AMIREIRE) menorane
potential or impedance measurement may facilitate the identification of
ey &t Stifices oNtHBEurface SFHETpple HEWRTES, FEHot THught 3¢
cathaitbescharasteristichefrthe tDC islectnisaksigralorsmpedadcelmay a single
characterize the condition of the breast: ' Moreover, it is not taught that
breast . transepithelial DC measurerlgents, transepithelial AC impedance
spectroscopy, alone or in combination may be used to diagnose breast
cancer.. (b047]lonic .gradients exist between the fluid secretions within
the breast ducts and the plasma. For example, it is known that the nipple
aspirate fluid has a sodium concentration [Nat] of 123.6 33.8 mEqg/1

(mean standard deviation) compared with a serum [Na] of approximately
150 mEM/1 (Peatralkkic1) ' Niillinarorie women have NNAP!' [INlat]l that ara




WO 2007/067632PCT/US2006/046570 the cessation of lactation,
significant ionic gradients are maintained between the duct lumen and
plasma. [00483Furthermore, in women undergoing ovulatory cycles during
aetatipmaistinct changes have been observed in the lon ang{daeides8o46s70
concentrations of breast milk. The first change occurs 5-6 days before
ovulation and the second 6-7 days after ovulation. During these periods
[De] and [Cr] increased more than two-fold and [K+] decreased
approximately 1.5-fold. It is unclear whether changes' in estrogen or'
progesterone levels before and after ovulation are affecting the ion
, composition of milk. However, it is known that alterati i ioni
ras RSN oF ik iabtos b (aneBD il Bloch i Al Pt i e ce1d
menhrraretepriharimall (9049 Flnthénwese, itSs knol@nfat varistke channel
stubgrmepes:afiest breast epithelial donxtranspet-Eor examnple; prajactini tn  ras
inai20§3505 he bemeabiily T he oy junslions hetweey breast epithglals, 5 .
, cél S, stimulates Mucosal to serosal Naffux; upregutates cotransport and
Forin@sased the [KERE désredsePIRIRRET Y Ml BALeEotiRbtR corftfol the
. colthedfeymatiarenf tightdunetions increasing.transapitelial ¥bsidtancenand ( DMH) -
i nafleggasing spitheliglaermeability, -Agnministratipn Of GortiSaLN.Bregslyrane
' ducts late in pregnancy has been shown to increase theJK4 nd )
volgagahse A B Hhictalséttetio PrRGRSIEISAE inhibifs'iiy %ﬁr‘f&% i
hisclosomidaiidy prograney ‘andeiay be resporisitle for thedlkaritiorns ifrom -
74 .Quctal fluid electiolytes gbsenved dudpgdneIstisal Cysledrnencpregaart -34
v YRMED. S0d s esed Anove, FUrogen hag Pren apseiied o INgIRase, 1 &
™V &l menbrane and transepnllt%e ial po entiaci and may sti.mu?al% the opening ‘
bengfar4- dhariiels H1RRESt efftheliBPdeIR THeSAdrmohE_ merltiifed - 8Bove was
obs@¥ydiurpgliyand daring IMegstruglLygles It istikelythat thasesaiationsantcly -
influence the functional properties of breast epithelium altering the ionic . _
depgifdehtrfioAs within the Yumén, We frafis@fithelidfpotBftiafafig ceit 1ine
a f timpedancepropérties; wihich arhdependaritaiporethie ibhttransport :
[ od¥opertiespfigrithelial:cells;and the tanscellula, and paracglulgtzin . their
.. conductance pathways. [OOSOrlAccordirg%ITg}, these é/}?riations canrl%e used = =
InCLLGRYNBEAE ihditE ST Eharyes 6 bréast tissué, which have 16 date yef 679
el gt oploitcdEHRb thereatifains 8 1eedTor effdtivecanF practiealts exhibit
cydpgthadsifer dejacting pbragsakireast tissue asnuell asretherrepibelisb  five
t3-;m%”sdfpg%%%t@'egssw%£%05lJIsted'sci%%ﬂ{as of the following RaeNt -2 s formed’
applications, each to Richard I. Davies, the inventor herein, are hereb S
| COYREaTIRRALET by referdhGE RerePELS VR AppliRaHGh Berid g 2™ the
el fft5t283, ledMay 28%t2002, entitlee ‘MdthodandSyistemefor  or  pre-
naRgtesting Electiophysiglogical Changes dn PissCapgerpusanddaaneeiQdsents
Tissue"; U.S. Patent Application Serial No. 10/717,074, filed.November -
2cTRE90RRC efifitidd §d'And System For Detecting Electrophyslological

[0@Hdnges FrPre@lncerous fnd CahteraBrems Tidspe M zation, and '

a1 depithelivay rand .81 RaterirArplicatiorn Sepial Nend0/ 76,882 diledve shown
November 19, 2003, entitled "Electrophysiological Approaches To As .
P ooEeT8 ARET o AISEG AT s e RoCa et rs iy Ceaiepore
andh&apyVSUNMMARY CPTHE APERIFON(005D AR prétefied during the
ae-embediment Qfﬂhee'@ayeﬂti@ﬁ@]meﬂaadmmicm.for detesgdninghanges may
£ £9001IOILOf gJggion of brgast saltaelial ok stramadpele EOMPURIDICUh w1 ax
- establishing a connection between afirst electrode and the tissue; (B)
- LOPETinG ERSECdntPlectrode in electrical contact on an outer tissue surface
proximate the epithelial tissue; (C) establishing at least one electrical -~
signal between the first and second électrodes; (D) measuring or deriving-*
at least one electrical property between the first and second electrode, the -
property including impedance and DC potential, and optionally
subepithelial resistance, epithelial resistance, capacitance, characteristic
frequency, depression angle and transepithelial potential; (E) determining
the condition of a region of epithelial tissue based on the electrical
properties; and wherein at least two response curves are obtained from

the impedance data and the curves are selected from the group
roncictinA Nnf (a) a hiah freairienecy crirvve at a frendirienecyy of ahoirit AO ONON



BRIEF DESCRIPTION OF THE DRAWINRC [0053]The accompanying
drawings, which are incorporated in and constitute a part of this
specification, illustrate one embodiment of the invention and together with

e Aesetiryonv serve to explain the principles of the inventigBr us2006/046570
[0054]Figure 1 is a schematic diagram of a DC and AC impedance
measuring device, consistent with an embodiment of the present.

invention; [0055]Figure 2 illustrates an exemplary embodiment of a device
suitable for use with systems and methods consistent with the present
invention; [0056]Figure 3 illustrates an exemplary embodiment of a

surface measurement probe suitable for rvr use with systems and

100373 thods BongiSebrt4ith tife préSant indiEFivr 1605 ARG % Mastrates and
al t@fb@(eimlata@temhmhmemt;ﬁﬁa nippid electrode uitabledfotiies Withve shown

‘tha Sy%&?méea%%@%godé cansisienLwih the preseptioyeptin [0aRIRgUES o ¢

illustrates an exemplary embodimbnt.of a ductal electrode probe suitable
- and foﬁ8§é\0ﬂ1’?ﬁ%te ARG MEHOASTORE Nt iR 78 Bresent inBHtighY . =P -
dev400a]Eigurecd illusttates Vaajingnenit womteniteand the Bffeseonchanges may

ocadsansepithelial ngﬁg%@\@éﬁd@ hugan b&%%ﬁ@&helmx@gé@]ﬁ%@ 7 jonic

ilustrates measurements of cell memprane potential.in hurgan breast

compaghEiatells: %Fbefoo‘%ﬁ%cfe%’z’%cﬁﬂﬁ‘sz oy heve

|gure
beenjluﬁmggim@ﬁemofqn»é@asmgbrostate, breast, utera_ne cerv1x,

melanoma, urothelium, 'and pancreas during proliferation,
'diff'erentiation, apopt051s, and carcinogenesis.. ‘ . A
[00281 Apoptosis or phy51olog1cal cell death 1is downu_
regulated during the development of mallgnancy Ion transport
’mechanlsms affected by apoptos:ns include the J.nflux of ca?*
non- selectlve Ca ——permeable cation- channels, calcium- act:t,vated
chlorlde channels, and K Cl —cotransport , J.A. Kim et al.
~Involvement: of Caz+ 1nflux in the ‘mechanism of tamoxifen-
.1nduced apoptos.zs in Hep2G human hepatoblast:oma cells. Cancer
'Lett 1999; 147(1-2): 115-123;  A.A. ‘Gutierrez et' al.
4 Act1vaz:.10n of a- Ca2+—~pemeable cation channel. by two different

" inducers of apoptoszs in a human prostatic cancer cell line.

J. Physiol. 1999; 517 (Pt. 1): 95-107; J.V. Tapia-Vieyra, J.
Mas-Oliva. Apoptosis and cell death channels in prostate
cancer. | Arch.. Med. Res. 2001; 32(3): - 175-1B5; R.C. ‘Elble,
B.U. Pauli. Tumoxr Suprresszon by a Proapoptotic Calclu,m-
Actlvated C‘hlorlde Channel in Mammary Epithelium. J. B;ol

Chem. 2001, ,276(44): 40510-40517.

[0029]  Loss of cell-to-cell communication occurs during
carcinogenesis. This results in defective electrical coupling
between .cells;h which is médiated via .ions and small moiécules
through gap junctions, which in. turn influences. the electriéa‘l‘f’
' properties of. epithelia. B . o

[0030] Epn_thellaT cells are bound together by tight

junc:"cio'ns, whlch consist of cell-to- ~cell adhes:.on molecules

12



estradiol concentrations on the transepitheliai potential in benign and
malignant breast epithelia; [0002]Figure9illustratesconductance andthe
electropotential measurements made over the surface of the breast in

yith. and without breast cancer; CTIUS2006/046570
[0065],Figurel0illustratesthemeasurementof 'electropotentia]i,s at the )

surface of the, breast, and variation of the measurement during menstrual
cycle; [0064]Figure 11 illustrates electrophysiological changes that occur
within the ductal epithelium during the development of breast cancer;
[0065]Figure 12 illustrates changes in the short circuit current of human
epithelium exposed to a potassium channel blotker (TEA) or varying

" TheggnGsHtRibMR G HEEdS SN RIOEEIEG U £3 IRIEAGES Hoftthéransport of ™
mo1 édameatioarabtaines infigtwe =12 may be used teplet tHempotdssiumructures

chafradient agajnstifie ehanag;inshort cireuit cuprent, 0A671EIUIE 4 ement ot
. 1llustrates multiple Nyquist impedance plots from human breasts according -
s ubfFHEresenPnverRRPET00B8TERIGBEL 5 MUSHARRIARE inffedd&iteSprdtmeween: -
‘celfor a patiestt withuachemosrhagiescyst. [R069h tEgusd 18ekustrates axBoge ns
- c1aRi9tfimpedance;data compaing patieniswith fbrogysiicdissase (Q48R)es ) .
. and breast cancer (0099). 0070%?(9ure 17 illustrates the same datg as in
- TLoRfurd 6 PGS He ANy it [00"ATigar fETBSiEfes e *ntre and
extimpeddnceaspettiandbaia curve for breast cancer tissue added to the

[oo8HIVes of FignienlZ-[0Q/R2]Figwe Q- ustrajesithe effests ehaltering the cight
SuaiSyeLsuction,applicd (o, nipple cup elegliade on.anarmalreast oy nes,
IGF and VEGF 6pens.ti§ht jﬁnctibns._ Zonula.bccludensftoxin,
nitric‘oxide‘dbnors, and phofbol esters ‘also reversibly open’
tight Jjunctions. .. Other substances close " tight . junctions -
including 'calciuﬁ,' H2 antagonists and .retinbids. Various
- hormones such as prolaétin and g;ucdcoxticoids ‘will alsb.
'régulate the tight'juncﬁidnsh Other substances added to drug
| formulations act as non—specific tight junction. modulators
including chiﬁcsan_and wheat germ aggiutinin.

[06032] ' The abdve referenced . substances' and others may act
directly or indirectly on the tight 5unction proteins, which
are altered during Carciﬁogenesis. For examplevclaudin»7_is
‘lost in breast ductal epitheiium during the development of-
breast canéef. The response of the tight junctions varies
according to the malignént state of the epithelium and their
constituent proteinst As a result the opeﬁing.of closing of .

tight Jjunctions is . affected by the malignant‘ state of the

epithelium. |

[0033] PolypS'of‘overtly malignant lesions may develop in a
background of disordered .proliferation ~and - altered
tfansepithelial ion transport. Experimentai‘ahimal studies of

. large Dbowel  cancer have demonstrated that transepithelial
depolarization is an early feature of the pre-malignant state.

In nasal . polyp studies, the lesions  had a higher:

13



WO 2007/067632PCT/US2006/046570 [0073]Figure 20 illustrates the

effects of altering the level of suction applied to a nipple cup electrode on

a breast in which malignancy is present. 100741Figure 21 illustrates the

W6 thed.faEgstimating impedance for the high suction curve gsseeiatedss7o

with cancer in Figure 20. [0075]Figure 22-1A is a representation of breast

epithelium with different ion transport pathways. [0076]Figure 22-18

illustrates an electrical modeling of breast epithelium demonstrating the

capacitive and resistive elements of the circuit. [0077]Figure

22-1DillustratesaNyquistplot demonstrating how the different circuit
‘ parameters are obtained ysing a varying frequengcy sine wave to probe the
EraRaeRAFG {0078 R FE 221D iIlb f%/até%shgr? %Ie%l%%éﬂ%%asﬁ?@%erﬁm pre-
malsghaptonia bréest withea spasiallydesignedeipie sensocsuprfickp L ignant:
co18kes glectrical contact withdhe ductalgpithelivean 100723Figure 22=24:8 cal
3 a_schematic. represen]gation og an glectricglirgegs%remept setu for hebreés c
- AePRIEEd =008 Fifure 25 2818 Al example of a transapithétial hpedance
tisgNyquistipistrgbiained ieHaFharsont | 5%@{0@‘81@%@%@2232@@8@ Lo
ve exwBRlenfautransenithetial ippedanae ghyquist)plot farma-patiest witheae in
' brecg@cig% a]ﬂog tgﬁ left breast. [0082]Figure 22-2D is an example of a
: ?ransepl e |§'i’|mp')edance (Nyquist) plot for a patient with benign fibrosis
(00344 invadiVe dulest canBEET008SIFIRRESZESA comifdres dpeHaifgitPetial
deppotentisds ithenignsand pealiterative lesionst . [6684)Figure®2+8&h. colonic

carS‘.%?ﬂcPS‘é%%SEEheliﬂ' '@Pfdxﬁﬂggand The more sqsceptible site, the

distal colon, underwaht about. ra 30% decrease in,
transepithelial - potential (VT)"aftér‘ only four weeks of
‘carcinogen - treatment. This was before histoiogical‘changgé
developed. ‘ A)ﬁohespecific éytotoxic agent (5-fluorouracil),

administered ovér}the same period did not cause a reduction in
Vr in the same model. ' The reduction in Vp was. confirmed in a
subsequent étudy‘ where almost a '60% reduction was observed
afte:-ﬁaréindgen treatment. . It has also been discqvered that,
although Vg -is invariably higher when ﬁeasured in vivo, the
' “premalignant” colonic epithelium is usually depdlarizedkwhen
compared to normal colon. ‘ |

[0035] DC electrical potential alterations ‘h‘av»e .beeﬁ"uséd
to diagnose’non—malignaﬁt conditions such as cystic fibrésis,
cancer in anihal4models, human cells or tissue and ‘in. man.
Differences in impedance bétween normal tissue ‘and cancer have.
been described'in animal models in. vitro human tissue in vitro.
and have been applied to in viveo cancer diagnosis. .

[0036] DC potential measurements have. not  been combined
with impedance measurements to diagnosev cancer becauéé: the
electrophysiolbgiéal alterations . that accompany ﬁhe-
' development of cancer have not been well understood br}fully
qharacteriied.  Surface measurements of botential or impedance

are not the same as measurements performed across the breast

14



depression angle results in benign, proliferative and WO

2007/067632PCT/ES20116/046570 malignant' 'lesions obtained using

epithelialimpedance spectroscopy. DETAILED DESCRIPTION

WO ShIARigsence will now be made in detail to an ‘embodimegtafdhs/o46570

invention, an example of which is illustrated in the accompanying

drawings. Wherever possible, the same reference numbers will :be used

throughout the drawings to refer to the eame or like parts. [00863'The

present. invention overcomes problems and inadequacies associated with

prior methods used for characterizing abnormal or cancerous epithelial

. fissue. In summary, varioys empodiments of the present invention use DC

'em%%%#&ruﬂfpeagrr%ce\érﬁg%ﬁkerﬁen%?,qt?r‘{"d'er_ g?‘n%?éant %?L\ﬁfotrrvlacfﬁa le"QRIWBRE. 15
madehdtqiassthe tomrehtoi sighat nefssethetbrehst duittelrmianieumeerlying
skinsingspeciallyicansirustedielestiade -Eor exampleaa nippleelectede guring
carfi3k0e sed 10 measure the voliage andior impedance between ductal .

U épi ﬁgﬁum, SUrrounding breast t?ssue, skin and Surface or other electrode. =~ ¢
“epitieliipple eléctrotibinas alstebeeséd to passiivescurfsRaleng getion  is
, acc&h&ﬁ&ﬂiﬁéﬂteﬁwf‘ﬁh@@i@@&bfmﬁﬂﬁ{éﬁ@e. efelectrodg-may e useditoc 1uding

son MEBSHIENE Voliage andiorimpedance slonal, sndior passAdnentand oy,

measure the signal at the In ,.|V|8ual aupta orlf}ces at the nipple surface:
ProgGftndrit§se of SleetréHE nf&F Be agedﬂ?ﬁl%%%ﬁf%, e SORAGE aRgfepuse of
decirapedancersignd i andéoepassaeciirtent and measkisethe gignabwithin.  as
the ingiMidyal dugtsiising,4 gaodified dugtalpiobe,or. dUcoscORA-WRICH MAY ; iy,
have one or more electrodes lattached to it. All of these electrodes may
S ErRE R indADERT iPESHbinstorr iith GREAMOMEISSr Wik Hosuffdcd 25 2
brepksisevor, electrotdéghaddilionaly DGsandidpedancbaneasureymerds will  The
striewisasin combigation teMore adgquatelY gharacterizealBenBal Ofin - the
cggc%ré)usc'gigsu . DC Measuremen rovidgéréfgyrrllatigplgbout the, v c
finctional State of the .ebjft'heﬁiUm an oP . o gra‘ Len ©
eleobb IR 632PCTAIS Z006FDF6 TR CHIPdétett Gl ie-rRlifgridheonosis of
canebangesand an adigsent malignancy. Imparticidar: opedangad  impedance
meaMEASILETENTS at several frequent_:les in specifically deflne_d ranges using
differently spaced electrodes provide depth and topographic informationto . °
LO03RA pothSRICHTAI (higRtfsitiencyahge) Bfd fulidtisnal PR fBGdEHcy and
_ impesiege)dnioenaticreabousthbaissuebsing pesbeduiisrormal by camgeroesl to
canlissue _@%Fﬁqgﬂ%@t‘?di%n_dh@?%{@?teﬁ%%@l@&ﬂﬁ_{@@mglnq ,'ﬂSéléHfti_ridg;l and
. __transport alterations in epithelial tissues, using ipnic substitutions and/or
i tteal 2 Normional A o 15 e f6 brcseris €0
- hydppapRBrmalFrescancErBbd™or cdiftbfouStets Shaseline kel opr  cyclical
variransepithelial DEcpatential, impedanceer othen elgatrophysiolagigalammatory
cnaRERETYBatissepsitive Jg alteratigns in, ransparf inepihelia I measured,
In the tissue to_be evaluated. An agent may be introduced to er‘%ance the
Ehe RIRPOHVIIAAKE ft poSSibRAb TeteCt i trahBidit AMERatiGH 2fepi thelial .
rottansepithetidl DEpadentisd andésrampedancefofthe tisseaéarothery not be
. comBleSHOPRYsiotogical propery fhalynay seflect or raake itpossible fo detect

alterations- in the transport) are then measured. Based on the agent

§ > ag
LO0RRbducelidri e tiEasured elefiidghyslogicaP paraihedife ©f  the

fungondition ofthé tissoenbdedeteiriried JDO8Y A iatisod tatmlt'systequare during
car@&%@%@i&i@t%@ﬁﬂgﬁ C%gﬂ@r@@céele@i%mealm I J.egﬁgng for a
<o ERithelial |ssuedé¢\ttlze§_ St two current-passin telec rodes are located In 1 ]
- SPeEantact with afirst Surtace of the selected regionof thetissgg s s altered
durpernafitBlythe cofent pRBSME electroties maspass currentatrigahe that
el elisstigyenepithelivan as forlexample betwaen theniepleducts:dusipl cancer:

lumen, epithelium, .breast parenchyma and surface of the breast. T

Alternatively, the ducts may be accessed bycentral duct catheter or

ductosCope.A plurality of measuring electrodes are located in contact with

the first surface of the breast as well.Initiallyy, one or WO

2007/067632PCT/US2006/046570 more of the measuring electrodes is

used to measure the DC potential referenced to another electrode, or

reference Point. A signal is established between the current-passing
alectrodee Imnedance acenciated with the actablichedeainnal i

imp



WO 2007/067632PCT[US2006/046570 [0089]Depending on the location

of the tissue to be investigated, a number of methods may be used.to
administer the pharmacological or hormonal agents. One exemplary
Wethrddprides introducing the agent directly to the tissue BeiRg,i06/046570
investigated, via ductal infusion, perfusion, direct contact or injection.

Another exemplary method includes applying the agent to the skin

surface, wherein the agent acts transcutaneously, or through the skin. Yet
another exemplary method includes electroporation, wherein the ductal
epithelium or surface is made permeable by the passage of alternating

current via electrodes in contact or penetrating the organ or epithelium of

' 'devﬁﬁgi&@?he%geﬁﬁ‘ﬁ%ﬁtpa%i%l&ﬁiﬂs‘ééirﬁ&’fﬁ@&%ar’?%ﬁd i$ eorRfitueReium
chanehd The agkatmay baintseddesd directyaingd the hredshductebsystieration

in 40040G Mdiled PIRRIR ASBIRIAL GHDANMGICEROUEAARIBLIINE chere

. specific duct using a ductal catheter or probe. -Additional exemplary )
1S Aethodd et GiatRARISHER Codt adRitisPafiR e Gavagsy verving. .
‘theer@mahparéntera: infectiontintea veitiar antepssubtingualy ovviatthee drop
acrByecalmueosa, orviapliapediQnaal adauRistration. One skillgd in the 8l ain
~owill ag reciate tha oth%r methods areé)oss&t)lle‘and that'the method
EOPRREEE IS AR MIREH by thE figgﬂg T3 BB iRt Gatkd® (6B PROYES changes
in sybemsmhidheabinges condistert with theprégent imentioh udew and high
f retraBsepitheliabeloctiepotential RN tMpedance-MeasHBRNSI are able

diagno re-malignapcy or cancer, ,Further. tems and methods
o B e e agmay
ChaE@ﬁﬁ)ir?ﬁio‘?ﬁﬁ,@ﬁ%‘été?%%ﬁcti%%ﬁ&‘ﬁrdﬁm@aﬁ%ﬂ@ﬁ@frirle. of the

tispre=malignancy and cancer: By using spaced electrodes the present

roo¥ention may arovide,tappgraphic, and gegMeltical (dept)s INfQENAtoN & s ng
about the. epithelium under examination to diagnose pre-malignancy- and
PC c&i&t ThBe EmboaittentO8y steRESRE TFethddS BFthe rdtenf i oni ficant
limivehtionuse el€etrodesiwithspecidllys@ificity for DC ‘electrical
meadQ0URETE32PE TAYS200640465 70 formulated EGMstodrowde fwictional sss
_resinfotétati(éq abogt g1e g.gi%heliun&to géa%gnofse re:-.mali ancy and cancer. . |
_5385 137 drdef to mgaasure?ﬁle transeoit_h&lal bregsef Cpoterrﬁ‘laﬁslﬁgements'
Thifepaskily HRathe ldmeAOHB R bE AIGERASAIICacteIYEaBY #Rigphsween
, 72-e@etrod&ﬁ@ms_tryg'te@i@ﬂaai@ant@ecﬁrieabcmegﬂa@_xhﬁtw_eﬁn the despread
acoPARGCT (or similar jow offselBlafinumghydiggen, titapipm, digsleadallay, e
nickel; aluminum, zinc, carbon, or other conductive metal or conductive .

POt 5B ek el H8) peliErREeREA SthiT th& NippIBRTEPFAE ciP RFkRF copY

- alowith a@ECWh@IeGmUQ@bndCI@We médiupg), vilielr enfars therdhictaltsysiem and

impRassively sgeatte-aspipation:with asyiinge OF PyMid: foaldag contact Wity o
e@&g”d% lume surf%%ei g?ctr‘gdg Iacl'ed %t thg surface of th%-breals,t L cal
gr completes fhe electrical Gircui , SO thia mea%ﬁremer?ts. ~6‘W§r?§’éaplthe<ﬁaf“mca
utipéfential may be made betwéen the ductal epithelium, or center of the o
Foowmor anghe: skin swiacesSimitas Considekations have toche givetl®  from

. tr ithelial [ ance whereby.th suring_electrode:
eplgﬁggg%g th%gé_o %aggr%jrct)%%n'g %%%ls%% iﬁglélg?%%% tt?eg%%%t%feplt le% i m%?ws )
of taRBFBYULFZiRE Bhipple eldltfsie irf Edmbin&ifohWwitiFaodign stitfacdrave &
funelectrode. Gthee' configtisatioasofthis approash arﬁeme&a:'trwmiw, various,
sundERN measirement can bedpads hetyernaa lgdinde nseried a f g
_ ductoscope or nipple duct probe electrode referenced to the skin or an |
- Pun@ht QR8Hos], iftradémia, orsubittsteots : BRstriotR IRAN ot raely been
ignembddimeniz theakrei ey alsbezadtessed by easeedleselectrodéiagnosis.
srdisertedthraugh the skin.” (092 In grder toscombing DG transapitheligl 4.
measurement with impedance measurements, it is necesSary to obtain -
baseline measurement of the DC potential using the voltage sensing
electrodes, referenced to surface elctrode with .low-contact impedance,
or the blood stream via an 1V, or the interstitial body fluid via a needle
electrode or electrode WO 2007/067632PCT/US2006/046570 that
permeabilizes the overlying epidermis or other epithelium, or other body

reference point. The electrodes may contain different ionic
roncentratinne ' nharmacoloaical anente nr hormonec in their ECMce Ac



permeability of the epithelium to speCific ions, the WO

2007/067632PCT/US2006/046570 ..coneentratien of IK in the ECM will be

varied so that the conductance of the epithelium to potassium may be

RS2 ctrophysiologicalay. An enhancer or permeant

added%@%f%fECM to increase the conduCtance of the Unde‘rgl?/?rl)ﬁgpsz,eil(}?l/ut%f570

the electrolyte in the .Erm. Other approaches include mild , surface

abrasion to reduce surface skin resistance or silicon electrodes , which

just penetrate the:seratum corneum to reduce skin surface resistance.

[0095]In order. to measure the depth Of the impedance alteration, the

voltage drop will be made :between surface electrodes with different i
Lacepading: Spacing’#iMbe BetdrhinBd S5y RRORRSUTR of tHeSaEth fRPhehelium
underepets . Similary aveaifferent frefuencyoranges Wil bewset to measuie: ion:
o1 iWcH0pahe AOALSITUCIUIAl changesatdifferant depins,  NAYR3IN. QKRN dOmo re

more accurately detect the 'functional transport alterations at different
COLYBPHS i SbriditafBre-EandetBusBrEaficeiifs  Apitivaial fidRRSq from  the -
fol pharmacolpgicat agentis iatiddudedito mamipHatethei tssaedvhite . number

of ﬁ'@ﬁHB@aﬂ)éQ&biagJﬁ%ﬂﬁé&k@@@ﬁﬁ@%ﬂ@%%@@é aﬂgmora@riaﬂéh%teai
N ,voltage dro%) between dlfferengg S;)@,ced electrodes, PharM%%olo ical held
‘Phaggents, ilétibe Agontsts BPESEGHE ot RafGpdrt 8%d Blettrical Sctiy e+ o
occpntageists bhspeeifiedsh rafsportandasieatridactviey e the woman
becsHRstitytiers.and/or' ho onal or growth factor stimulation or inhibition of
roo§iEptrical actiyity. 100971Depending pn the logation .offhe tissue tghe, o4 o
|nvest|gate%, a'number of methods are Uised fo administer the .
ag2pREMacoiRfiedl or FdMFBRal aBBREThe. fiplaryFigthbd indfuded  more
ai fifgnosicingcthe agent direethf tohibeitissuelineing, investigatedndaductalle to
L:arE?LHBE;iQHiE‘fUSi%QirﬁéhE@gaCt ofinieetion. An@Qe&s&%ﬂplaw&yethO%me‘r

includes applying the agent to the skin surface, wherein the agent acts

env LRERRRNBSusly S8 HPGGgh the skin. YétanothBFERERpRry Wesms  that
di £ 260106 2632P CTHES20 06468 ) uathddsincleges elddtporation, undergo

malWheeein the.epihelium os serfaceds madepespicahle bytherpassageiobcince.
..alternating current.via electrodes in contact orepenetrating the surface of
DL oA or OHG L im SEILTSALE TR AL theh paSiamhe it ©o
maigiFRses iM6thebréadst diPRSRORstituEREESHLAdd TSI eRERPRGLon - of
milRethods incluggaiairhalation; tealadivatstcation] lavage igasage, a higher
ce18NeRdRaeateralinjection into a vei.aparery,syblingually orvia hg- c y1ose
buccal mucosa, or via |ntra_perqtongal',adm|n|strat|on, One skilled in the' art
andif 5BBFeciat At SRS: mMéthodare Bdssible ahdCthatthe mtlise - In
conghgsth istteterminetifiethet ivsuceni b daviestigart! f0098IBaspbohrarized
celthe Agapt-iiraducetand-he tissue baing investigatac Mmeasviementsnl  ion
crafiggiophysiological properties, such %;i@?.eﬂémé are perfoumed ONet the -
- properties that can be fneasured inclu es; transepithelia potentlgl, ‘
CYySEHdhgestiprportanE 688 DEEMREGHISIn FaRSEFiBTelRE potettial 8FOr  (CFTR)
‘havimpsslance associated with theamadignaristates limendelay ibath localized
~on RipRaggtion signgl betyeen electigdes, whichdndicales 3 1055 0f  mhese two

gap-junction function. If adjacent'cell's are electrically coupled, one ‘can -
EragEine e f68s dColiingy phirmBRologitafly ftithtraf @lecricii-ocker
of sifpral BNedneashring the stgnad prapagatiorhprand dowregtieanethragghcrrr
us iSiyfagaepithelial cells. This is a functional measurement of the . L

gap-junctions, whereas simple electrical stimulation will measure shunting -
L0044 curreRPBefied®ife celld (WStrtcturaf meBiidhee af Rt irfesd the
trahigBdreauency range)-fR00 The tasults of these Measurements are 8ien 1y

used to determine the condition of the .investigated tissue'. ,For example,

research has indicated that specific ion transport processes are altered

during the developMent of cancer. For example, a loss of electrogenic Na'

transtiort, an up-regulation in Na/H é%change, a down-regulation in C

conductance; a WO 20071067632PCT/132006/046570 decrease in.

basal Cl- absoption, and a down-regulation in c-



AMP (cyclic adenosine-3',,5'-cyclic Monophosphate) stimulated. CI-
secretion have been observed. [0100]Thus, by administering agents
appropriate to the particular epithelial tissue and measuring the'
Assariabeskglectrophysiological characteristics, it is possiblept@rusao06/046570
detectabnormal pre-cancerous or cancerous tissue while the development
of such tissue is at an early stage. It hould'he understood that the method
and system Of the present invention is applicable to any epithelial derived
cancer, such as, but not limited, to, prostate, colon, breast, esophageal,
and nasopharyngeal cancers, as well as other epithelial

malignancies,such as lung,gastric,uterine cervix, endometrial, .skin and

+3 . blakider Jo1U1]|SpEeRiedtylifrantfidbffecthg thucoshbes epitfieliahd opens

c1- tissuasdranspost alterationssmayhe sifflicientdarge 4o suggest thatthey s um
. are a consequence of.an early mutation, affecting a large number of cell's -

bY (78.: 4% figld geﬂet:{‘}?’m this TaSESth&P ARG Be eXploftePESRBRMRFS  bY- .an.
inchigmaerkers foF §étermining whichipatientsrshould deweithesenore (19%) in

eraffegyentiomgnitored. grqonyersely. nugy beused to identify partieulat ¢ . o
rectuo‘ns of epithelium that re%\ierae biopsy. The latter.is, especially helpful in

- DTt caSBLFATICAT dUct hypEplasts or dGURT EEREHGHE I sithereay, ©2
secyghidiparenareidifficaht ¢ detebriiermmographiealty;aor bynslinicabtbreast for
car€XaBHiaation withoutbaving 10 resalt har dnvasiyerdiapsy: [RLOZARPIVING nas
rel g& meelthod of a1r4ge prese tinventigntseveral obser%/ations‘.'have ieen .

" Made Y (1) Diffefencestin the totalimpadance are opservédwhers 1 @
PareEipatimaHgRaRAt bFeEstSHith benigh or MoRREPEreusis SFhe thal apical
menimpedande isHiigkericomparng aralignantiebaniygadd/Ohe shunt current

ene 20000 %@%%‘? d1432006/04pa7 b“e%ﬁs ‘I’Xiﬁ%he {Qtal.im eg}.;mcefﬁr? the

6
“exceeding 50.000 ohms, or even hi ﬁgr,‘ort e nﬁz?d]lngeﬁanxf'l reasts.
ePL B CHPaCRRACE WhE 6 wRi BF&rall, Comparing Malignant with benign or
NOWER bredsts.v{3pfite impedancagumwesfer normal and malignant
~ breasts separate &t lowen TaqUeRGEEs:; . (4) The shape of the curves
'dif\fferg deﬁfgding or%the}tpa‘holo ical condition 'of the breast. . (5)
EIEETicEresPSians Of'tRe T3MAr el be IBRRP ST Rfer frequencies, for
exdmplevVintthegangé of adosipidelabermdrienertz. This also depends on
- the typesanghsizeufthatymena  (6) Capacitance of the tumor may be
nigher.adbedouet fleguends, This Alse depeads on the pathological

. type and size of the tumor. Differencesexistbetweenphaseanglei. .-
too ﬁpéracteﬁéﬁ‘cdt?éﬁé%iitanfié‘%ﬁd thesePpressidtrErthREt eFdFthe May  be -
assgmpedadcevarclde fending omthe pathologitahstatus Hf thedareastepi tH8)L i um
“a1sdVhel@yrent ispassethactoss &malignant wmorfrom anether site.gnthe. s o
breast OJE body, ragmer th?f féom the nlﬁple to the surface of the breast, the
SErihBEdance may bes e WhehR the VonagE Ao ia meddtie f ERPSESNES sTC
mougfmatretherdrae betwednrrmippiccand thkvenriort.enabrdss ductaherwise
deveptbelium. Abekapacitaneg-s usyally higher when thermeasyeemetisicion .
" made across a m lignant tumor, rather than across the ductal epithelium.
The 1 82F51a%a céBinatioh Bf mERETRFFEHS; nifiiBSE bréssi[urfdaonstrate
def @rdrisapithetialtispettance speetrdscopy)bodiesariace tdbreast sutfade tent
1acHEAIRHMEr npedance) Julransepielial pgntipl (QuelaLepihgivmg.in, .

series with skin provides the optimum "diagnostic info lotion.

2 SGEFEE763IPCHRRYORBIGA657R. fall to undergo ‘epithelial

regression develop hypersecretion. These data suggest that

" there 1is a relationship between epithelial - function and

18



[0103]Themethodsofthepresentinventionare particularly ‘useful when use
is made of the entire frequency range between about 60,000 Hertz and
about 0.1 Hertz, although most of the discriminatory information is

%%Nﬁ&%grequencies below about 200Hz. The preferred Brortfgg%loi(s E;%57 0

take 5-10 electrical measurements (impedance, reactance, pﬁase ang’;/ e,

resistance! etc.) between about 60,000Hz and about 200Hz and then take

as many measurements as posSible (taking into consideration, for

example, the comfort of the patient, response time of the equipment,

etc:.). between about 200 and about 0.1Hz; .preferably between about

‘ 150Hz and about 0.1Hz; mare preferably about I00Hz and about . 0.1Hz;

9eNE5 G arFRIETEER abdit 8BHZHHELSUt BT HhHAEHER thilchn Eumor
develegmtaking about 20 to about 40 measurements in one or more of the ~

" rookawer freglencies ranges._-1Q4PAlIthas also beenpbservpd 1Batthiguiation

application of alternating suction and release opens up the njpple ducts Q. _

and b BAR RS 418 GEEFARTIoter FHtFis Broticol s BSHAACTIRE R Pove
a hiypicatlydowes thieumpeckanestin tiehigh freglency sirge. Thi@direscysts
may MEaSWE g@g& QEL&@_ apdien heﬂ@ess;mgﬁ&@aﬁga?@eal@_m ggrﬁ@mé@ §0 Heeast

. tumor, site. Further improvement can be made in Jlowering the .impedance
cangiie G Sal IRERER SR B PAIRGEE ene

epi gBRaratinizing agehesucts a5 NIIRPE to remeTekerdfy PIageaRthe with a

redsefaceducbaperiings endbe niprle sufase.dVathasissfor bperisyiupnthtbrane |

rasd ystem are. ki for oecy) eity), ghtaining nipple .
=e 1Ila'Lds(t;:)tJ?rilél e flUi (N%IL: %%cta%% e%géégtﬁd%@%% bu%?%%gtgghnogl?ggy cell

memRzang HRRATER-BasH pplied O THEiER of the freSERTMVERLSHA™ that,
dur pagiculady improvedteviterwilkemploypanmutomatéd sucfios pumproteins,
ratcQNNecied;to a manometenio suctioprhythaicallyi analggeus i a bieast - ana

pUmp, then employ a holding suction pre sure at a pre eteimined level ,
2B BEFAngE T Wi, WO 200 DT80 SO0 R v

secprasstrantel lanother ievel s shatife bffeapafrdicrat edcti®i bnihe the non-
pregagegangg§Pg&qa1@tae _y;s@d as&diamti@i@s‘ﬂithguw@ﬁagﬁo life
onf8P0und by teay, 1t s helieyer ot 2 diferegs. D glecticah LA ence

for example a di nt impedance curve, arises due ductal collapse wit

betiReRppht&tiohtt SHEHBA it Aorhid bRABT WREREHS THe Peséftde dieing of
deginadigaandcy tie adybbi inhibite sueh Collagsen [@¥03jAcnumbeilef varatiofsuid.
* puc@® Posgible for devicgs i@ be,uged Withthe present iaventien FuBheiogical
within a device design, there are a number of aspects that: may be varied.
ConglR k&L B8 riStork ,%h%r Gifigfs, are described below, [0106]One probe or
[004thkr device Mehiies aplurdippopAitiatriZzei"ele&fcies WF fstedsed obtain
aucwglls.DisReSable eermmeraigllyavailable: siicorr Gipscprocgssifihed  pooled
seclnetions, such as,lterng, mayiperiopsurfage esordngand Mlidle conay,
.~ electronic processing. Esacjh ECM solution or agent may be specific to the
canpgAddareldtraReams rd<etvdir bA the'ehp. TRAE, fFrgneonto the nipple
‘surfeasurements particedar setot electtedesishsed. Ebeandther fluid may |
chJPEASUIEMENt, for example. f asgiigrent ionig concentrationsa differenta,, pe
set of electrodes is used. While this. produces Some variations, as the

2SSQBLREEES f3F-Ghe n?@ﬁsur@ﬁ?e?ﬁ%?égho?%ﬁ?ed B the-85me PGt as for O7¢
disanbtherabis system pravidesogereralleretiablecredultafpi0Zares  is  the
a1 FFlernative approaghyis {9 use fewer gletrodeg:and yse aifég)g#@rm@ih% to
. microfluidic_system to change solutions and agents., Specifically,” . . _ "~
PSR S? A5ats aré RRERGEA By PALCHU: Sl BHfountS of Bl it
to cutreHtié move selntivl oF agERetrPogss chviraiss andadutahraightporeés the
£1.dRdhe sudace of ke, prebe.dadhismrabodiment, the electrode remains in

contact with the same region of the :skin or ductal epithelium, thus

eliminating region-to-region variation in WO

20071067632PCT/US2006/046570'easurement. This approach requires

time for equilibration between different solutions. [0108]In detecting the

presence of abnotmal pre-cancerous or cancerous breast tissue, a

nand-held probe is provided for obtaining surface measurements at the

skin. The' probe may include electrodes for passing current as' well as for
meaciirina An imbpedance meaciirament mavy he taken hetween the



connected via shielded wires to a selection switch 1,20 which may select
a specific probe 105 following a command from the WO
2007/067632PC171152006/046570 Digital Signal Processor (DSP) 130.
Switch 120 also selects the appropriate filter i
ﬂg ﬁ?@??&/ such that a low pass filter is used during DCq,t(%/%g%69846370
measurements and/or an intermediate or high pass filter is used during
the AC impedance measurements. The Selection switch 120 passes the
current to an amplifier array 140 which may be comprised of multiple
amplifiers or switch the signals from different electrodes through thesame
amplifiers when multiple electrodes are employed. In a preferred
L0004 hodiniBit YigitdPSr anBRGERYockdn %\leﬁ%% aretRRd tCdEgEted  an
eledniniite: sianglsdaaried incnoisien Thisrenabies theomeasarment oflive nipple
sur£IgN2 of infergst as anamplitude medulation oA relaEeNCEdTEMIERSEY a1 or

The switching element may average, sajrrr#)Ie or S%|€Ct the S|§ I of

- AmMOGARRGS dabetting bR the Cihtex Gfihe MesSurement. TH Leghvesr °f

foce SSiAg 0
opethasignakwithefdamtsolled bytthe HSFEfollowirty é‘é‘rﬁmaﬁ@@h@m th&owever,

it Q%o@h%ﬁ%@%‘s W%O&M@&w&%ﬁr@@@ﬁ@“ﬁﬁzﬂectrxcal
, before conversion from an analogue to a di |tal &g{ﬁal b}é th%APl% A. of the
s 1gm3dgratimatie Yans amplitey 1€§§ma€f‘cchest e inpl f

fo the range o
bresighalthe ADECFERVEe outph of tHSADG 270 pdsdeghs the BISE 130Preast .
tradbed2SRt3Q prosessesdbe hefasmnation toraalselate thel DELpatentinhaadance
spe{RRELEMLPN 3 U@ eniheli al.or skin surface.gs well asQyetheq ;s agnose
region or's sp|C|on ddition the Impedance at varying depth and
brepgdpofReTine DC potentlal -and impedance to different ECM , ‘
[ 004@nCcentratipniscof ¢orsi tug.shoembaes, loe oisemagenearé used t@ecretmns

wi cB2limatedhe prohability of cances. Thereghltsate thergentdahe CPU it is
180 to give.a test result 185, [0111]Alternatively t eslgnal g\terpretatlon diﬁm

- knoWRy p&RRFOr c@?ﬁpleté’lf]‘i’&%eepla Rha CrU 180 AN arbiftsry =
convaneiormi ganefatari196 or sine mfave:frmcwgemeratmmﬂlbetusedaodard

-devﬁ%‘ié‘n?omli’%ggi“@d’ eform-gigngl tothe probe glectrodes angfissblei mare1y
under test.The measured signal WO 2007/067632P UU82006/OAEGS79 chat

150 a@hie (REhEaEkeldr the SBMpOBIEE Mave YSMTS iMENiR) May b
aredecanvohiethusing ROT (Fast Fowrieh Fransformspinahe DSPa30 drgpygtill |
s1gh8Q {r@g@lwmch theimpedancea.profile dsaeasured undes the-differeps tesisium
: conditions. An internal callbratlon reference 113195 is useq:f éﬁnt rrlgl mEG/1
COnCAERSH BRthE systefh fOF TpEdSACE méastfements. D ibration ™4

in mawbe perfaied extamally calibratisg thepaohe beingrutilizé o agairst women

a%%XE-?ma'J ferenge, elechiohde selution,. [9%1%&&&1%%&%8@ 0 m/1
an(fheld probe 400, consistent With the present invention, w |g1

: Oth%ﬁpﬁé‘éf %6 HOGRESe BRHR BIERT S E%‘beern%ﬁnémae af aPe Elﬁ‘Eq/ .
sugble pioke +0@ may beaftached, sither directyl peirdirecty usingeforablished

B bet%e@énplehw'rsieééﬁgcgﬂelogxct@ a measutemanhdaice 420nThepseke .  1n

400 may be referenced to an intravenous electrode, a skin surface .
pre@@é‘l’f‘&&e Bﬂ?egregrgﬁﬁah‘rﬁﬁﬁl% eféctrode, o grfjc? Probe électrode W Wit P 2

" [wahe duet er. at the migplemafite drepne eatbodimerit] Hlustrdted il Figatedst 20
folge {,%fxgé%nc&cs\r? @Qggn%lecn%%rﬂ%alﬁzqggr@agI:E@Hat@lmj in milk

greater detail at close-up 440. One advantage of this configuration_is that
is [?é‘%?e‘?&ro?)%?erﬁ%ﬂ%d%p@ﬁ‘&nc%o@éf?ﬁeW&&gﬁreﬁ%@een the Rifsple WiER

- vamlegirode 430 anditheprohrd0feJbe taaasuremenidsdhus avedmbinatiori c1)
of the DC potentials or/end im edance of the.bregst I iu

l.evnoin ductal regs parenc ymcg and the sﬁm [O%%%] e?rlrl%%g%o?gjﬂjbomng
440, the ductal probe is inserted into one of several ductal orifices that
open onto the surface of the nipple. Ductal probe 443 is shown within a
ductal sinus 444, which drains a larger collecting duct 445. [0114]Another
advantage of using a nipple electrod® is: that a .solution for irrigating the
ductal system may be exchanged through the probe, permitting
introduction of pharmacological and/or hotmonal agents. As shown in
magnified nipple probe 443, 443' fluid can be exchanged through a side



WO 2007/067632PC1/1152006/046570 .port. Fluid may be infused into
the duct. and aspirated at theproximal end (away from the nipple) of ,the
tipple probe. Different electrolyte solutions may be infused into the duct to
NS ed perMeability of the ductal epithelium. to specific. j r
the egdi}[; (?h%%‘l may be probed with different drugs to identifyelfggggg%@ 16370
abnormality. Estradiol, or other hormonal agents, may be infused into a
breast duct to measure' the abnormal electrical response associated with
pre-malignant or malignant changes in the epithelium.
[0115]Itshouldbeunderstoodthatdifferent configurations may also be used,

such as a modified Sartorius cup that applies suction- to the nipple.With

.the tifeesRiiGaton. gemft 8Gémh is Sppiedtcathp pRRdd oféAieents are

mairdiBRlgeSMadamenntsef fuidwithimée lange dustswand duct sinuses '

: ke contact with the electrgly ion. withi rtQp le
[,00Jegs?ablish[f]ﬁ“(};reE e%ﬁ%%%%bntécﬁ wﬁ’t‘?ﬁ%ﬂ&% %%?g Jt;k?el%a:eggtldgl USC%SBIP% ch:yc =8
dur iaTy measirRmeRts A M e THARE BRWERFIhPETR atPaEufite 1@ e

'ion braast Rrobe. 1044 6]EigurerXilastrates thefprolbe#90 ofiFigure 2 fhe first

1 cha,%&%at‘%{&%% Tgﬁék@aﬁ@ta&é%ﬂ@ syifaes 4b04s plaged-ncoptachwith ¢ -7

~ the breast.The surface electrodes . 451 measure DC oc{ AC[%%u?geasﬁgh%cl”]
daygufdritPassiiy iéctrSiee 483 atBAsdd T SimPabAREE " ‘
increeastdements.Ribbe 400amay afsoandud&thednanersritessay religately

1 .5 CeRtANINg ong.or more ECMs: Mulliple-sensoralacitede afiaysdpaydfen or -

attached to the surface probe together with current passing electro C
ProgRat fciifua %Yeecjtrsodlt-g)g%\ffc'%‘?:E bé rr%gegs%pc? and’ E&Q s..\:fv?t d%%%%er%ﬁeccmg
the cohngositiomenijbeteedifhafhaologicaligwettophytiold§icafose  that
a1t BoHneRAl prabecthe deepet tissoies & epitbeliunt undartestnSpaeingesf the.
erahiOlClRdea N e grealef fRcieeas aanficuuaionthan or e s

organ. systems so that deeper fissue may be electrlcally\probeq and the
[00#fdedand@ erthe disdiser tisshe eblualtitP Fhis pibe mg§ wys Pormores
 af £2007/062G32RCT/EIS2006/04657 Oigither be preceuipassivelyfiatontearple,

pfotwr’]!i@é% 5%%?&%%@%@? @t?ét %ﬁl@%{w%@ﬁy &ﬂetﬁﬁaﬁc @&@fﬁ@r? jftl_yﬁé tions
€ region or interest. Forts ma placed 1or the, excnange ol,solutio

betyeRit filiFaxchange aid %ﬁ%ti%eb?(e%gtish%ﬁrw:l tard rfﬁﬁ(g ﬁgtl Is %w%grosal'
Na* nisyube ineorssraled &5 phivent creSdtalicBERAEETPReE88Es aRHT67GRE the
(k- sunget fm.the contagi surfrselintrihabreast. eithisccaniglration therecrol

e TR B ouTet 6 B Raeacd Bnd e voltoge foapense 10 b= .22
reshBRaHER in petPEndiculFSHERIS FH electFBdePRIBE interfREEEVRA &Y -
| adnglecticabwirenopwiretessitechndlogy, Wit #w-ddvics slesaiised in figiggnancy .
hasl AROVE- Mu@efﬁmt}%ﬁmﬁm@h@ thigtechidauie daay lvodveNa®]  of
ductal secretions. ' ‘Progesterone inhibits tight«xjunction
closure during pregnancy and may be responsible for the
fluctuations in duc.ta'l fiuid electrolytes observed during
menstrual cycie in non-pregnant x«}omen, and diécussed above.
Estrogen 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 cycle. Tt is likely
that -these wvariations influence the func.tional' .properties of

breast epithelium altering the ionic concentrations within the

21



the use of spaced electrodes to probe different depths of the .breast, and

the use of hormones, drugs, and other' agents to differentially, alter the

impedance and transepithelial potential from benign and malignant breast

tissue, measured at the skin surface.This enables further improvements in
Lugfdgnadstic accuraey i [OEL8]Figue 4 tilfustrates da ippleacup electrsdé ies, which
ar[a':_)QQ]ﬂBQEmﬁty b@cbl@edljﬁs @-dﬁfef_%lﬁf@pgbﬂeﬁt:@_@@§m é/ogfag@ﬁit}}elial cells

measuring or co blgatlon electrode ( . In this configuration suction
*and f?uia%x%%%%%leuisagpp?ﬁé!d {5 the ee%%%%&e %rﬁéhllr% g@f) fﬁargﬁvgvﬁyas '
[0&ige Jport [510} evRheeted by zeflexiblettiose [B15] tora Suctiondevice, diagnostic
inaspiratos or syHnge{netshown).-The flange [503]-at the-hase-of theLcup.is o pe
_...applied to the areola of the breast. [520]. Pneymatic suction is applied ,
= “r%hgg%c}the glrolglél Bbrt%r% %oﬁffﬁﬁhf,%%té%j tr(})eﬁéle r%ﬁsiﬁé Ill)%/(’pt)ééféiagaen%fﬁacmcal
ne§HES to bbtairta seal. Between thebreast f520] and themipple electiodes other
ep[50L Electialyte solution:is used:te fill the cup and make electrical contact

ith the underlying ductal system. Fluid may be exchanged, or S

[O\gk%grlmacolc% ical %ﬁﬁgﬁﬁgﬁél a%fentgg‘r@itro}é%]e%vfb@gapﬁﬁl?ﬁﬁ fw@pptications,
e220071067632PCTUSZ006/046570 altéfratingsuetionrand injecting flaiceor hereby
1ndRugs intothe syp througbrthe side-por. The pneumatic suction Wilkopen serial
volPiihe dyctanenings [O3lLeer by sl oL Ate IR MIRACHN cn ox

or de-kerdtini2ing agents tp%emgSve keratin fﬂugs at the duc openings at
Detise suiface 6f thetaipple STReFHppRelcup €leswsde [5021 mayshbéancerous  and
cainterfaced byspeans ofian electrieakconpgection{53Q] aore by-a witielesso /717,074,

.connection (not shown) 'With the devices jllustrated in figures 1-3 to obtain
flgeé p%?gﬁtTé% e}&é %ﬁpg ance or %%?Fn]belﬁgtio%%leoao?suz?grcr{]em/s%?ﬁilgﬁﬁggreetecung
Elgdfigstrates an Alterpative approach where - individual 8uét Gsrprebeds Breast

7ivdth-a flexible catheter elgetrode {380] attached ta @ syringe-[555]This,  serial

m S hen a specific duct produces fluid and diagngsis is to be _ ,
Noperiéo?ﬁééd%%l%vhe speciffleé(icleu%(:tal systﬁ?ﬁ]%%&ﬁc%gthe qui(:b. (fr(ﬁhis entitlec
"E¢onfiguration alsalinefilledsyringelis conbiectéd to asfleXiblecelettrodeand  Tumor

ap[250k whighds inserted intothesductr {551]. &-luiemay, be exchanged, or

r 1y be infused into the duct, through the
SUcatggtgcgﬁr? %@c%&%ﬁe@v?%ﬁ, or attached to The syringe makes electrical
[08&athct withitheindividaal-ddctalsystenyrandethe iSurfaceyprobeon @ method is

prélectrades[552] complete the cirguit sorthat the DG potential e AC,,  of  breast

,impqdaqce ora cqmbinatlion gf both Maé/ be measured across the dkuctalh,
“Pepithetiim, skin and intervening breast pateRchyma in combinationwith > 129 @
cothe systems deserbed irf figates 1<3: tAncther approach-wosid be tdlusel'acing a
sedblgtoscaope ineembination with & surfage: prabeywith theglectrode(S)ue  sursace

interfaced With the duttoscope. . o .
pr %Jl%%e&i%%st§r%é%%%%éﬁ‘1§eIgéfrﬁbﬁysioﬁ ogicdl THiracietsties 6ftissGgst °ne
elandrtherdifferenbes bétweernormhal arid abnoraral tissuemay iicludeodes; (D)
me those known inthe art such as'glectrical meters, digial. signal .« petween the

_processors, volt meters, oscillators, signal processors, potentiometers, or
L any dther W' 200711167(65PCTI0S20061046570°deVicad. 18 te o 2nd bC
popredasure voltage, conductance, resistance or impédanee {9122[BC epithelial
r-potentialis usyally. Measured yising & voltmeter, -CORSISting of &y ression angle

alvanometer in series with .a hiqh resistance, 'and two electrodes (one

AN oFKING i bne réfereneej Voltmeters m&y berAndiogFor digitai “Tdeaty™ ©f 2
rethese should:have anlextremely higheinputresistantectorical properties; and
wh@ygiq;eggepggg%wt@; P«Q%%@U@Iem@bfﬁgg %M%?ge\’&ltt}% the impedance

escilleecope. [0122]H Impedance may be measured using a number of

approaches.Without limitation, eXamples indlude phase-lock amplifiers,

which may be either digital or analog lock-in amplifiers. Pre-amplifiers may

be used in conjunction with the lock-in 2a%mplifier, to minimize stray

currents to .ground improving accuracy. Digital lock-in amplifiers are

based On the multiplication of two sine waves, one being the signal

carrying the amplitude-modulated information Of interest, and the other

being a reference signal with a specific frequency. and phase. A .signal

generator can be used to produce the sine waves or composite signal to
ctimiilate the tiaciie Analoa lock-in ambnlifieare contain a evnechronor e



an auto-balancing bridge technique.Constant .durrent or constant voltage
current sources may be 'used.In one preferred embodiment, a constant
current source is used. Rather. than: an oscillator with a fixed frequency
signal a signal generator, which produces, superimposed sine waves may,
be used. [0123]The tissue response is deconvolVed using fast Fourier
dafransterms or BthEE fechifiqties eBipolaf ferippléror tetrapolan eufrentard :  (2) 2
hiybltageeleetrodes may be used to;make, WO ahout 60,000 Hz to about 100
. P00F/061632BCTLLS2006/046510 Measwrements.In one preferred .-,
embodiment tetrapolar electrode concf?@uratlonvs are emp Gygéf  Cavoid V¢ ° @
Ir aceiracies thaPafe introdited dugde éleétrode poRirizatien . andow frequency
cuelecteodestissuejimpedance erors. Rather thansimpedante; CUHEAt in the (a),
ofielelly gy De. measured using, an ay of.giectrodes 2L he SIell Of - eerrea
skin surface. Impedance may also be measured Using e?ectromagneﬁflcP
CTdUEtoH witheuFthe-heedFor electrbiiecontactwith the skifcorciated with the
brepithelium. [0124]In order to process large amounts of data, the methods
BR%;h%Fpsrg%gEM%@%ipm@&ulgRg%i@géemente_d 'by sof_tware on computer
readable medium and executed by computerized equipment or central
[OBrotlessor tifts FEXAMPLELLIBREASTCANCER J0E25]AsRentioheded in and
coabove, tmpedance and DG eleciriealpotentiab have been-used separatelyodiment
at the skin's surface to diagnase breast cancer. . Neither. of these methods .
ot n%’ggsd rrévset%%coiﬁct% lﬁaqh%(g%%]eeﬂarg or AC gfesc%ﬁégﬁﬁroenp’erﬁgéﬁ tf?g Sxplain
thyreast THIS Significahfly radaeesthe accuracy of the approach, because
[otEugrigins of hreast cancer arenwithin thesductakgpitheliumcand not¢he npegance
ne StTaUNing broast strom, Acouracy is further improved when the :
transepithelial measurements of impedance and DC pofential are ¢ Presen
ineonibired' use of phaa.macological and/or hormcnal.agents in
[ o6empination; withimpedance: 0BG electrical potential mneasurements; - gevice
rog'%je amore effec:tiv.et ethod for detecgng ak%norénal pre cancerousor .
“Utaticerous breast tisste. %Elfzyéf “Breast candst delops Within g - "+t the
pryavkgroondnof disordered proliferation, which primarily affects the terminal
[Ogggt]al IObuﬁ@UBgs il@LH%trIbgs--EHS&!@AE‘FQrQY epithelighgells, which, ., oo
maintain. a TB? %ransepi,thelial. potential). . In regions of up-regulated
megiblifatation, e dicts ate deptlariz8d. The Uepdtarizatioh 6F ttcts™ e s o9
cotlye sskint'suifacetresults4nsskin depoladzation. The WO
108897/067632RCT/US2006/046570, -depolatization is signifieantly. o . nippie

attenuated compared to that which is observed 'using a transepithelial _
<L Hfictar approadh, 8% opposEtftd’a nonianSepithielial Bkin'stiffacem st stent with
thappreachtsuctvasdiscliosed in Patents 6,35;1,66E; 5,678,547;
[ogs3p.383:\When a dumor develpps in a r&@é%%%‘%% lated. v of a ductal

proliferation, the overlying breast skin becomes fur epolarized
1 tompafed withothef régichs of the Bréastant tHe iipédanes oftRé consistent
wigancerousdreast tissue decreases.The changes in ductal epithelial

j dance_ are not measured using existing technalogies resulting ip. ,
LR Ltion! I S6euracy. ARGrANGRS in TEP Ad impedanc seurdndar® f7ect
on thgdnfiGence of : hbrroresand Thenstrualeycler [0E27]For example; the
[oelacirophysiological responseQfrotes  measurements of cell membrane

potential in human breast epithelial cells;

H
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breast tissue to |7-p-estradiol has been observed to be different in
pre-cancerous or cancerous epitheliuM than in normal breast, epithelium.

In one method of the present invention, estradiol is introduced directly into
18 Adst ek systemically following sublingual administration @f-12=8500¢ /046570
estradiol (4 mg). This agent produces a rapid response, which peaks at’
approximately 20 minutes. The eleotrophysiological response depends, in
part, on the stage of the patient's menstrual cycle, as well as the condition

of the breast tissue. Specifically, in normal breast tissue, arise in TEP will
occur during the follicular (or early) phase.. In pre-cancerous or cancerous

, tissue, this response is .abrogated. Post-menopausal women at' risk for

- [006Bkast cEAGK Ray Pave ahExabdbfited TBP re§HGiSEto &dtradidt=r <2579
es t rhedailse @feregdateshestrogertiseeptorsiorepithelialell satfapgs.al - in
'.benit@xjrzghﬁuﬁgﬁE@ﬁ%@s%%%%gr Sterones ', prolactin, corticosteroids, .

amoxifen ar metabolites, (all of which alter the ion tfransport - 4 Eﬁe‘ .
- 10068 aractefisHES Bf ductal epithéitiitapeRding SRHYFERKIGnan® ¢ . |
elecnatigoartanc unciionah state); theresidnay desntrodueedseittfeicsrallys  the
brea}é/tt_o gQOW&?g:?%E&-[/Q%QQﬂ Qﬁﬁf@b _ ?ardeas:[tl .ca??'le? ; '40129 B g
. intravenously,transcutaneously,or,byintraductal jnstallation, [0129]in ope
, L0063 hpodinferft Bithe prle%ent iﬁ\%rﬁléo%l,‘%tf‘gasst or (!):%ll%r canﬂ(l:ee_rsS %ra?);r‘gg Q ..Of
- eledtiagrosethby @kamiring tite Basdixendadtatdestatearthe pardcelRifa t1on -
of diathwayaftheepithelilnn&anexanlalindbe besast, a substance known
‘ ffect the condugtance, of the tight iunctions m ipfysedk intq they, 4 ‘
[ooé(ﬁﬁt, or éﬁrﬁrﬁgter% t?i)?lgtﬁg}:}:n%;%% and %%tr%ﬁ?thel%pedanceangeé ‘
tha PG He B¢ PbTentar o PR HrbasPi e 2diBd SHELRE ahlhiffdr ifd cPment.
of mskmigtstkadionenf the agent, using A combination of surface/ nipple, ductal . .
“[OOégJOthe,r’I-e:{ Eoéje§2Tmequ§£%@ t%gﬁgé@pit{ﬁ|i6\h§@c§mt circuit
. response of the tight junctions to the agent in noLthal comgared to c‘hamiel
CuriRBmaAgnahtBR halgiartbrads:. epithefifi is tRer's TREET6 tiagnGse
blothepidSBiCe or absendaof aaligeahtyn(D286]Ir fregidarshbBdiment,
roo @ electindes,are placed oyt sthesuspisipus-regionand- fecpassiveRined -
. potential is. measured.Then AC impedance measyrements - e ade._as, .
0 dGRd %rglovxrﬂ'?’ﬁe'\]?aeriaﬁ%?rélpgdganc%q%gpg?#gs' (ﬁ?t&%s?)gverﬂl%/ingfi%lem
aga ingyf attbRuaieardRcigastNhE nEaged DESLFRRE electropotentials. -~ .
- [oo é¥ternativelynimpedanceimeasurements andifferehkfretvencies maypedance
p1oftiglyinclude.a sypedmposed canynygus Singwaye o0dar of anearnlisd.
c voltage. Phase, DC voltage and AC valtage will be measuredf .TPe .
[0068distance GTHRE skirt or'dthef BpthEf LM ACA A Bifferert resistance At b
pat deamedstired, Urderpbegaditionssince there is no phase shift, itis - -
rooBessible to; measuregthe transepithelial poteptial yitbe sufagapBiRdnce data

' capacitive properties of the skin may allow the.underlYin Qr st ggiéh%igl £
COMER “tﬁl%oFthle%rﬁté?to“ﬁéthpneglsané)ag APt lecskﬁﬂléc’ljar Ace. ?/O\/O% - éas

CanQemlmzPCT/USZOQG/O4657O ,[0131]Once the ECM results in ,
‘[oo'Mietting” of the-skin suiface thereds pseudo-experiandioh decayiin the gside 16
ioggrggce Eo:gie al uging, Lt:)fledt_‘above referenced approach. lonS in the ECM ‘
PLOGirftised roug the ‘skin and make it more conductive, 'Particularly ‘
[00Badause BfehaiRes th tHe! SR ARS resitand@PRETITR coR&GahTfor 92t2
curthis decaybiscinversenpreporionalto thedehcentration andionic stiengtipure
. of the gel. Once the skin is rendered more conductive by the ECM the. . .
: “capacitive coupling of the surface to the underlying potential of the tumor )
[003~the surfduhtiRy pithéfdiS5s1641%d tt‘fiﬁheerﬁgﬁgﬁﬁed PotePtisFliows =he
1eviefleots amoffsetranddiffusibr-potentiabatithe @lectdecECMiskin a normal
nraiterfaces, [0134Figure 6 demonstrates the effect 'of varYing ‘the’
ioniccontentOfthe bathing Ringerssolution on transepithelial conductance.
The human breast epithelial cells were grown as monolayers on Millipore
filters and grew to confluence in | toUO days. The epithelia were then.
mounted in modified Ussing chambers and the DC conductances were
measured using a voltage clamp. The conductance was measured by
passing .a 2 p.A current pulse for 200 milliseconds and measuring the DC

voltage response and calculating the transepithelial ‘conductance (y-axis),
and nlottinA it aaainet time (v-aviel The condiictance wace meaciirad firet



demonstrates the conductance Of benign human breast epithelia grown
as a monolayer. . The conductance is higher in the benign epithelial cells.
The Naif' and le components of conductance- are approximately, 10 and 5
WS ShrsTespectively. WO 2007/067632PCMIS20116/04657Q {Q134111he;,
lower plot (filled circles and dotted' line) demonstrates the conductance of
malignant human breast epithelia grown as a monolayer. The
conductance is significantly lower in the mallynant epithelial cells. The Nat
and le components of conductance are apProximately, 4 and 1 mS . cm2
respectively. [01351,In Malignant tumors as Opposed to Menolayers of
_malignant epithelial cells; the tight junction between cells break doWn.and n
L0073k umdriseesine?8 mbte BShdacRR thiiteifitf BERfn OF maRGREAEY Ehe
1 eve@pitiliehnonalayars1Thid observativpmrhey berexploitetrindthecdiagndsisast
i'n o fi%ﬁ?%??@%%% eilgwgg:gg%gléqtance of -the epithelium around a ' o
. eveloping tumor, together with:a region of high conr(ljugtan e at thetSJtrgacgin
LO07thE maligRENGR may be LsbdT67A6C actltatelf Aratiose Breasteancer. "9
1 mp ddsingeel €etrodesswith ECMs withodifferentdorsie comiposibriviiperait e 10 .
Figﬁ%eci’f&p.ipnic‘ cc_)nductances to be used in cancer diagnosis.For example a
high‘conductance region }/Xvith a surroundirfl%a%%asgklggv %E(%(l)n‘du&anc%]i:seast
LO07RdicativE o' brast , cjer; a hjl“gsh co%duc ance area Wlﬁ‘l a surrounding
epi vegionof methaldcohtietemicelnay eamere TifdiBaMeBhfbrocystic
[oo7Hgease {a pepigroprocess). 1 [QisS6digiye drxdembasttatosaheastiiements of
bre Oft"? elelz n}%@gﬁfainuemp-octiee@r;[iarllé@rigtquﬁgar\:px@a‘?}a%tgfE@J\Féell%na~ resistive
ﬁ\ﬁeaSLﬁ?emen 'S were mqae using a potentiometric fluorescent probe, and
elengnsmedic BivastiF&ifents;whicharecalibrated using valinomycin and
[ oo1e)7 gradientsirus nere measurediinsthegiresence (glosed Birefespand plot
dem&péipggi(geen gicgles) of, gstradiel{the activesnetabolite b ostiegenys are

Each symbol is the mean measurement. The upper erroirbar isothe be the
obtadBAfard RS ofthe’ Aleah dnd heTBRRFerérbar isThe 950 cohfidence =

epi téwdl fomthe observations_ The addition of estrogen to cultured breast
roo-PRitheliakeglisresylis iban; WQ 20074067 632P CIHSR006 465k sur ement

.instantaneoqus increase.in V_(data not showg).as wellas.the. sor cu

Set"fr%t%s%%itﬁe al ep)%?e[:r]tlyéjf gge %gu%ge B. T.rar%epithe 1al poter%t}l?’ai \?T?S?an i

whi ehithalien istRe StHFafthEEPEAT MR MBmtfanEpotditat tPA)

. rooaag the hasplaterab@biiaminal) cell meiwane potestiai Vet Athieraforet  an

e1eYdm YA ViR, {changesin VA apd/ardt willdherefarealter VT or
transepithelial potential). [0137]F|%ure 7 den?nstrg%es tQat pggggl %rft?ﬁ% 1ial

[008BkhelialfCeiisFRave?a ¢ of approXimately =58 mV iff the bsence Tof _

impeStradiol @hdnrsmV whet estradiol¢sladted e el cHiftfteTRédRZ 1ent .

r oo Mafignant agd-teansfoLmed cells have axarib between -31 apdn3bpiVYirlial

. __the absence of estradigl.and approximately. 5Q my when estradiolis, of cn

lmpﬁreas%%? in@ﬁé%&'ﬁéﬁe rﬁé ri]ﬁm.ef%lﬁﬁ%e dei ference in the electrical ©

leffrdpeaaés may be exploited to diagnose breast cancer in vivo.Surface ‘

[ 0 o8lertropotantiateneasivemenis arera cembindtion offthestransepithehahelial

 mpR RSl pteptial and oyerlYing skip potentigh Bhysislogical dosaseis

lmpog 3&%(1&%1%1 be a%r%!nistered to the patielnt to increase v and the

ands sl Efet St taRitT Fesults in an increase in transepithelial

[ 0 OBGtENtial angd dtmor PDtSatialcneasures aspaNncEased surkreentials in

per@ EGTORAENIA . The Increase, following sustained exposure (as oPposed
to the instantaneous response) is less in mallﬁna t@an benl.qrp brgast

elial -Tnpedance

- 100R4 e, [0F 36Tt ShouftBe Roted IRRPTHESinstBhtaneous Tesponse.

depression angle results in' benign, proliferative and

and
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illustrated in Figure 8, is greater in malignant epithelia, whereas the
chronic or sustained exposure to estradiol results in a lower increase in
TEP (transepithelial electropo ential) in malignant cells. Concurrent
Weaswement of surface electropotential and impedance allgythe,more. ...
accurate diagnosis of ‘cancer. Figure 8 demonstrates the instantaneous
effect of increasing doses of estradiol on the transepithelial WO
2007/067632PCT/11IS2006/046570 potential (ThP) of benign and
malignant human breast epithelial cells. The cells were grown as
‘Inonolayers on MilliPore filters and grew to confluence in 7 to 10 days. .
, . The epithelia were then mounted in modified Ussing, chambeis and the
maligpPifas MESSTRE usitd 50ETe clAfp  fhcreSSnGH0sE8 b estriafsi>mce
spechetwesef and 0.8 pi Were added (x-axis). The transepithelial potential
- peraWasineaswedafteseach addition and the TEP was measured (y-axis).
, 0140]The different dose response is apparent for benign and malignant - |
[008 itheliag?v%ﬁ@%ﬁ?epffﬁ“efi% havé‘a Igggrﬂ?ﬁc%bt uﬁ&gergé%{:nals‘ Lo an .
‘embojpsreantanecws incrdéase ihTEP bf approximatel @&l ¢hecoMeswiidreh  is
A illu%'i@hﬁfﬂ@@ég@éij\/?tﬁ{f L@ae%%alﬂg\i@@f &r—@wnxbgf.telr ecme,siw@eﬁo PH¥Oibie,
. .1.M estradjol and then depolarize to.approximately -2 mY. wit
e S0 Ss SO S SHBL i to ABAAL0.5 KM, BRn CAMENSIAYE a °1e
drawgagsr tesputisertotifcidRimpasses of édfadidiartd do not peak until
(oosamost Or&.d 1M pnddban reMain qersisientlyelevateddhighereBtds and
inadlegativity), unliketne malignant,epithelia, with Incregsing dases Qfceg for
~estradiol. (0141]This difference in dose response may be exploited to
charfghRoeE bhdast RAREER Esfadisl 2 roher estfdyeni®ht dlowr 588wl I»
sumnigerad miristeres systemialiyntransciitanes usly siatratudtaihgroripnothere  DC
and /F@Hteiﬂﬁédaﬁ@@t%@%ﬁf%m, of &@ﬁék‘rf%ﬁ%’:@ ealro p&iﬁf)@ﬁi apdPlapie
sucdTiRedange may then be ysedto diagnose breast canoer with mproved
~accuracy over X|sf°i’ng‘ |agnosﬁc modaﬁﬁessijsﬂ%qg impedance orBC - °oF
epi thedsurenrid albReC 142 [Figuré Besiows- tondeeficedhedsférrrredes .
For Madenpl 200Hzmabihesudace of dar:breast. AbdhisiFeguansy fiaisure the
vo1 dfiluence ofthe overlying skin impedange, isless. There Is still however, ; .
seme variable component of skin impedance, which results in S|gn?’f|cant

SUrnpRbIRG of (RESABSsurémeRtss WE&SEh7/087832PEF 32006046578 er

 eleceyiginced Dyahe ovellapgihg @rrordrars@ach bymbot reprssents thass the

curx‘Bﬁg'asllfBﬁ@SL{{ﬁ@GBBWHQJ?r@&é’é’éﬁﬂh@ﬁ%’i@%ﬁ@é{@@n QMt@t'Fﬂ;@@” type
£ E914'?E308en slxmbol% represe t mgasu&ergents maglg, in Patllegts '‘With ad/

°*  BiopSy proven m‘?ﬁgnancy,uv? ife cloded SyMboIS représent ©- ~29€  and/or

| imp efifeatiréments matedr Patie ARSWR0SAL SHIBSEY LRME bt e vedetosional

at ahenigmpraers sucduas fibrogystic diseasesMalignantlegipns areoftefice .

ssocigte’d wit@ su ougdih breast ezQithe'IiéJrTgithtagdemonstratesh
Anot , : e 1t
O'Ugﬁegl}’lgfeedoProll e?e?tlornc.)?ﬁes{%a%,eg|0%S%'a%1acent. Tgagﬁﬁgre' S voitage

and/(RpoldRAIFERG nidy Rade aldRéPEoRTTRafctar EitheteP aieure the
signegioniofmalighadty.iBhisdecsased eohdyctanceonay beibebanseiof probe
or ecreasadK4-condictance of.tbe agiacept-and pre-allgnant-LItheiyg 1, o q
as | have observed in human colon. [0144]Each of the three groups of
to §§mb0%%p%eﬁ&ese electrodes may be used individually, in
combination with one another, or with’ a surface probe or
eiectrodes. Additionally DC and impedance measurements will
~be wused in- combination to more adequately chéract:efiz{e
abnormal or carncerous tissues. DC measurements provide

information about the functional state of the ‘epibheliim and
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measurements from over a suspicious lesion or region, then the adjacent
region, and then over normal breast in an uninvolved quadrant of the
breast. The first to symbols (circles) in each of the three groups are
parapegmeasurements where the median value is plotteg oIR8 s 7o
left y-axis as conductance in mS.cm-?. The Sedond two symbols
(squares) is the surface electrical potential measured in mV and plotted
against the right y-axis; each division equals 5 mV.The third two symbols
(triangles) are the electrical index for benign and malignant lesions and
are in arbitrary units and are derived from the conductance and surface
potential measurement. It is immediately apparent that there is less _ _ |
can o\@2(apGH thEamroY bars (G E IR Vatiof OF AfEheaR) The@fore I 2oenE
ma 1 ibfeastgancen capbe monglaccurdtelyediagresetasing ercorhbinatiorsefreral
| frqu}g;fﬁ&eegot%'ag@saﬂ&%agagﬁngﬁ@a@@emm%wnm%erenuy
urther enhancements of this technique \glll involve the use of ggac%q:.on fo
sPaCKEcRIGET IO RIASERT dEFRE orthe bFERRIRRE S usE brthe -+
givehotmahes strugs anckdthettdgentstoe@@ncy range) and functional
(10v2 0006 7632RC TS 2Q06/046540differantiallyalter therimpedareaandeing
transepithelial ggtintial from benign éind g}asliﬁggnt breast; tissye, 2003 ana
Prohffasuret A Hid 8kin OF ‘dfct SUfate: This will enable fUrther -
chaimprevdrmertsin difsirstit tE cantty RAS3IthotiPBERMEe o6& TRt 00
in thesurage Potentiakmeasyrementnf braast tissues uakied basédnn thend/or
naB9silion ofithe, Woman Jnbermepstiual cxcle. Eiglie 1 Juttialesthisie tne
PRayafiance.. This figure demonstrates electropotential measurements taken
presiafthe Slrfateoradth bRIRT SRBFHEIENt 105t FRF A aray ofs  »
~ bas&lacieodps-osicach breasisefelehedd tolarPelecirotenondiie skinvtdsece or
Othgppegﬁgggwgghm@@@&s a&?x@ﬁ@@t\,’!}th efabarsequabistheive to
. standard error of the mean. Filled circles %g% {I!_{%d sguares representthe .,
al b eradiaRRalue front B8 RO right bFdast respectively. The vertical
t1isslottetdineasahe firsttddl: of dacrprarnstruaicyete. (OIA6EIEEaRA HelsedHance
chethatthesmedian yaluas.for each hseastitend todeack eneanottiee Withansport
" lower,values |n the first half of..menstrual -cycle (folli r a ,
alt?ﬁfgaf?elfov%lues%?hg faétfgfep%lr%g% gfc%llg (?étcga @ﬁgggggﬁh%%i%ea%pwmce
of HFastieFBRclRMal 95keS a‘?é%‘i’&BﬁWé‘tbREﬁfd'é?ﬁ’ﬁp5’§e°&?8§58(us%h8‘rt" may
ref Dtherfactersafiocting: tthepelestropetential ol¢ie breast] tavamtiereenihat the
tra%%ﬂ levels of glectiopotential. aresghseives .8-1@ dayehefoigitroducead

menstruation and the rise to tge Srli%f]lest IeveJrs around tpg 2:tim«% f

o) as s
and iRt TIGRGH fiiis Fidy bs DReATSS eetadiol levels are higher ih the - = 7

of skeerd partof hvestfgaieyedand directly affect breast surface ‘
[oogleptrobotentialend81473he cyelical patterpobelettmpatentidactivityning a
 congfliena, breastcancer or proliferafivelesion s pigsent s Ulle11a1 cicoue.
| ereﬁ’t.smllaﬁ.y ﬁlg er t[evel$ of surface electropotential are observed
At WReR néasurENERTES Wand SEAdE irPthe HEIAGSn 2DMparEd With the contact

. wi tROoEIng: Fhis infainfatien can W 262167632 REFIV820051048570es ue .
a1 cEXR01ed A 8 number of differentways, Measurement of the,SUHace current

potential and iMpedance at different times durlgfg?cY_cle_enaPles'a more 1.
acrgesuratB Hiahhosi heCiusEt Fditrattht &tlical thangs i surface
nipgleetrapatential duet dle pealeto 'pesk thahdein poteatialts iessepwinaa and
su/Palignantregion, relative.to normal atsas.efithehreashnsecatdlys may be

estradiol or another agent that changes the eletCtropotenf[i I%fttgse.co - ' A
acq5gattmaybeadminitBet’ystemMically, (Opicafly (ransdelthania pes
pluntradaetathf orsy ethiae e Car® firedrag or HoFmbRS-ifdu@&Fdfsigews th
tndn 8ykfaee poteptiakmay bensedasasproyecativelest tadiagnesebreasie or

cancer.
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[0148]Figure 11 is a diagram illustrating the and electrophysiological
changes that occur development of breast cancer.The continuum from
normal ductal epithelium, through hyperplasia,hYperplasia, atypical ductal
GASNIMaR situ (DCIS), to invasive breast cancer is thouQﬁrCtH%%%ﬁ;n%@o
15 years. Some of the steps may be skipped although usually a breast
cancer develops within a background of disordered ductal proliferation.

The no al duct maintains a transepithelial potential (inside of duct
negatively charged), which depolarizes and imPedance, which increases
during the development of cancer. Once an invasive breast cancer
develops the impedance decreases With loss of tight junction integrity(

- mor@n@EordiRtaReS HrsRgh MeERTTT ¥ enHancdd Sthe disdfdd@dducte °C
pot davealtered elesiaphysiogicaband ioretranspardproperties fliesece point.

n  Piageilies aredlustatedn g, ower AsARCLAL fauR L. THESE onc-passing
. electrop y5|5]og|ca and transport alterations will be exploited to-diagnose = -
cleghRedrand prentARFEAR ERangedSARe BrEast. [9199]In iise \igfeblished.
sigheeqst cancemeanshe edorelagcuratedy diaugnos_eotas’ing)fransemtheﬁ@asuring
. eleé’&%_@rﬁ?m&qﬁ%@x@&%'&&i pedange. QL 8:cambipation Qs tem may be
transepithelial surface WO 24)07/067632PCT/U52006/046570 ‘ ‘

us edy ot&rti R S RRBTEACRAH EGEN T RUFSTHBREG NG PhETF S ofSdicdio th
curmrﬁpulatidnsi.ﬁi@(lAMmE ZLS@-IENWREV‘ECN-’Q&WE ANDAN ._ggent is
intdGHERABEVTIC USk [0dagliBnaddition fadhe ioniorpRaremcalagierands the
‘tisggém%n&al %%eggmg%%‘%'b%%gb%‘(eb@e %X%tengépdc@et%?q fhtléleﬂ ent on
present inVention ifiay be.Used with cancervp'revenef’at.lve and therapetic
mea@ysRts  Afd teaimensl Spebiftchlly RREGHCATheas R AltePed other
elestuehig-ans bnctan pr_eu'@teacat@@ﬂmﬂtqr evameéingaa@atienﬁgs in the’
aeseShONge fa the drugs without reauiring a hiorsy andygthaut waiting for i en, -

~ the caner to further develop.” Patients who respond to a-given | )
in. PEROPEGENtARve of RErapQdtic HYRRT Wotild HRER OV resteralsh ofeine
- exaepitlkeial fubctiorhtoud'dndre nomda statec®atigrts Wwhiosdenotiresportthod "is
desWoHdLshowminimal ghangs Qemay even depmansiate REPIressionde a these
more advanced, sta%el of the systeT'ancglim%t}tlod, thLéS, may be used Y :
arrangements it Ns. contemﬁ adte at’ 1 ca z%lso . used
aftist ﬁrug conipanies in assessmg drug response or by monitoring the ,
intpsygrens otlalyatierts dideasedirrtreatitehtSgemohRerif fiepiotessethod
_ is Oheawsinegenesis (Cancarpvelopmentcbetaie anavertsralignancyihas the
tisféjtlx%’, deygloped. EXAMPLE,S. ELEGTROPHYSIQLOGIGAL CHANGES. +oge
_ INOTHER EPITHELIA [0151] ' The examples illustrated by figures 12 and
insextGgrelpéfoffiedth REMEATEbION SFedifenTififiRd atthEtindE o - where -
. thesurgenpBaseddrsinnibredtudiervteastepitisliat issiresi simitarxinicy to
theChangesdn human duciatepithelivanthat £an bedneasieddadivedealso ‘be .
. expected. “O;LSk.?_]Fijgure 12 dengionstrates the short circuit ,(Isc) 'of _human
in g&%ﬁi%cé:pi letilun?exg\?l\s?g eé into the tissue.. T
[o0881] In order _ to more accurately detect transport .

alterations in abnormal pre~canceroué Or cancerous c—;pithelial
tissue, a pharmacological agent may - be . ‘introduced to
manipulate the tis'sue.. Pharmacological agents may include
agonists of s'p.ecific' ion transport and eléc'g:r'ical activity,.
aﬁtagonists of specific ion transport and electrical activity,
.ionic" substitutions, and/or  hormonal or growth factor

stimulation or inhibition of electrical activity.
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demonstrates the time course along the x-axis while the potassium
gradient across the tissue. The permeability of the apical membrane of
human colonic mucosa. (P%) was determined in surgical specimens of
GRS E, WO 20071067632PCMIS20(161046570 grosshtr/us2006/046570
normal-appearing. mucosa obtained 10-30 cm proximal to colorectal
adenocarcinomas. The mucosa was mounted in Ussing chambers and the
basolateral membrane resistance and voltage were nullified by elevating
the IC in the eerosal bathing Solution. The apical sodium (Na')
conductance was blocked with H 0,2mM amiloride, This protocol reduces
the equivalent circuit model of the epitheliym to an apical membrane
008 3hductanEB A BR ctrBhotiSord€ Fvaditel With thé pardcditity o e
inveattway ad has beeniverifiedtbytraidrodiectrede stedies ritréasingdminister
'the SgresaliC saysedthe 410 Recamaiegative ¢440 1dAL2RNYMAl nethod

. colcg)n after which 30 mM mubosal TEA caused fm‘ abrup;[: g}(:ré_é;lse in I'to:b 5
- IRCHSE ot ABICAT TE CHARNGIE Sin CERBE-BE5FRG Colonthe Feductidn itk i&S 79
inves t@Banfch2. Wire sirgsalbatinias remainedconsiant at §25ewV [Kpntact
or (QlR3lkigure 13 demonstratesthat Mso, getersined withqyespegipte ey - the
agedSC at %12'5 M hlmuccgg(zatll K, isSa Iir&e&%éunctio%8qu%co‘ng%ntratign ont  acts
g gradie (t) L[}J%/.I Becalisé the vdftlége ac’rossvi_’ e apical membrane s zero ¢
CrappeeF R EInitichs &itF R@Paﬁ}éélltﬂéﬁﬁathwﬁ?% ASRSEIEE Ve g Lary
metﬂ&m(a_ipi@ahaeassmaeﬁmeahiﬂm;cgmbﬂaeacﬁlatecé.uﬁingﬁae Fagld thelium
or Suationd-esds = EaB'SAIKlwhere ‘Fis the faraday.constant and MKHS 3 ng
the concentration difference for K+ acroes the epithelium, Figure 13 -
CuT Heffonttrates ReEho SRt Valluss T #5h Hoth REAFAFATD Brentaifgran@an or.
epi tinaianwistdl cotoreThetapicalperaeability vieonpelssias BLLuses into |
‘ehe 10s6¢mISeq.ARd. this was sigpificapty reduged by 5040 presaalignanty pe |
.. __human mucosa to %.45 X 10-6% /sec. PKZ%COéﬂd gl 0 be calculated for o
AREEHSS 'Clﬁgnge |ﬁﬁ$§/:v%:e>ﬁ thETE chanenef%rﬁglg’e-bloék%oa Withsﬁ%sgﬁﬁ\?ﬁb e
modgépfplete todle HAvteaRd fvsomewhal Rwarodgluesof Brygged into a
spedOfdam/sre-andi3 Sy 1(=6cmisee corespesding teom 49fereductiariin ional
el [pAdIbeseOseralions shows gl iheredsia. BeltoNaggelndoed€s on,
._ . permeability and conductance of human colon, during WO )
'1a"%@7/0WT/8@%6/0285?@%%VW6W%&8§@&r?]ilaY,el'n or
. arteesults areleXpented liy breast ductal eptieliummdmpedanceocsa, or via
int%ﬁ%@@@&?%ﬁﬁ%Hlea?éi‘&%me”t_@%ié‘gs@l‘?ﬁt@i?' Mh‘gﬁt_@r@% will
gotas’smm‘ radlentt%g)lgeth%r WIH"]S (sapxecmc drggglsuch S gﬁna{lgngg to "~ chod
PP ek the contributions of Tec ?oge‘nrc Rla® tansoorb 6 the etéctrica .mé ©
chopegperiiesier e bredstiviayrbe usehsiue diagivselbreast éancercancer.
- tooAmiloridermay be istrodused thseugh thedieast dust.and\déden theich « the
pres}%h OUC%Q}E% '%%Xarhegemég%gge'wiué? 1'5];,{ e glpgl%gl&gggggtor I or/and
- wngateéi into the duct to measure fﬁe reduced potassium permeaﬁﬁ]ty
impgPseed REHRISEREHNEiIng BredsPaRAaFe pRAB TR (airaGBicardutacer .
,Furh?(@ﬁtp@.éiﬂ.sﬂiee@‘ly BQiS) nmdhoz@sedwﬂma@hliiy ivihenregine pfzbh&s ent
inv@RYeIgRingnvasive  bipast cances:(04p53FIgNe L4 ilustrateg mylliple., o
Nyquist. impedance plots from human breasts. Current was passed

chapafiéan 3 hipphPalp eittrodContaiing SR sioby il 2hfiRE-Solitbn Pre-

mal iigdensyctinitompereup thebresst ductsarrthe siréace-ofithe nipplepresent
inv@Rd Afelegirode placed on thesygfaceof the breast Yoltage was thefyepen)

.. _measured between the nipple and the region of interest using a separate
0T G Sl B Rs T ECHAGE Rl HEr SRR RETE Thate Ardemose
prefragiiémeias togasitivicallyspraced betwesre. 6G000dererdand shettzms and
met 8¥eRPtder thedibreeystio-with-aéypia sasea dfillesh squargsl: whichwasrecially
measured at 59 ‘frequencies between 60,000 hertz and 0.1 hertz. The
impedance curves demonstrate the lowest impedance at Jhighest
frequencies. As the frequency of thégapplied sine wave decreases the
curves shift from left to right along the x-axis.



[0156].Fig 15 illustrates the impedance 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 over the mass

To] AV 4 o'clock location of the breast and control m
V(;\k%jg&%g@%ﬁ the WO 2007/067632PCT/IS2006/046570 1o HLT0fe D657
location of the same breast, The high frequency measurement
demonstrates that the curves 'were superimposable. Separation begins at
a frequency below 5 Hz. The resistance Of the mass was higher than the
control quadrant of the breast at low frequencies. Surface open circuit
potential measurements showed depolarization of only 2 mV over the
- formplatetd Hidieofe® emiNEd WschAmitibATidm arcsriesie tiPRigh the
epi tgedancec [(l5Riguee d6dlustidigsarBodexpldt ofirapedance plots ‘

[00gagMPparing a-patient with figrocystic diﬁﬁ@set@a‘k@gﬁ&%%ﬁntﬂg%st pC

. breast .cancer ((0099),. It can be seen that the impedance [17,] and theta -
POLEINHERR arldie). ‘SepdtafeSfterlowdst redudficids(6Pennd ERgedtact  be .
‘elecgymbelt).yThedats fordheosuspiciousomass, aihicitwadddentifietascted to
- makdibigcystic diseasgion-pathology, the,eentealreqinn and theGontrg) region - 5
l,(')w frorr))E e &breast gar_:lcer are almost .superimposable. At thg I,_QW frequenc%_

end'OrRe spetitin T8 6BKEEFRTOOD-filled TMEIEE) separafesShm te Loy
- nicksgntrot §uadrant measdfomEst(0099C Bpentdietesy endpproximareft2d or
conddz[0158]|Hgurerkt-illustrates-ibessame dateeds indigwesaplofiedasa the

. quist plot. The mass (a region of fibtqcystic disease Q465A-oPen .
mp?slﬁ% u acr\ég)' h asr%%oﬁﬁil J[C?W%? f?r%é d %%Q%%t e’ §v’% fr(?e(%ll_Jee('“‘r1{§:§T/Oe‘~ncc1Q gﬁ%%t Ve
nedidine tdv e HgHRRIRF6f thE KkakisC EGrhpdtea viith tRexdvhtdlYegicty after
aspif@4658illed squaresk RIoh 8699 (oPemwirclesikiagya sinitardatalvith the
auctmipedancs to the breastuith fibjacysiic ghanges il the cyrye sbows f.. ¢ .

"double hump" indicating two different time constants '(t) for the low and

the nigh f8GGency SBRISEFthe ihPBdarteSpEENSan theThafilidnt brésst, that
measThigwRrsctarifstic eppeeranbetan hlsodentilizell asa dixgnostictobktween
the [QLe9FigUE-18 demansirates theipeedapee spRCtrawhen thefUMEe skin
sur OOQQD-@%ed c'%cles) is adc%ged for.tgg1 '_Qregs'gf W(Q R c

07/067632P Eﬁug%ﬁé 46570 canceratoefigu(r)e P7 TH& SR Fo measure

Eranpfidddire s SighfficammpAriter av?6352 domrpatedts4om 7 e2 ferthedes
- meastotdrotgeadiaritzand the dpweidhighfiegeensy) edrves;aegin tthe: ductal
epi é?é&f’ifa}@ b%lgc.’w QW%OO W T@Ei@%?ﬁya_sage%@ﬂﬁ%d begc@/ode in
- compared with the control quadrant, and the fibrocystio disease was

Co"b&&ﬁcgéﬁ?ed bY 55 m'V® The EoMbinatioh’ct FigheShfsdddite-and  Other
- confgrpatertdapuotarizdtiofiisimbledriizgnosis af breasteanderinsonepatighereby
neasti¥biiBrocy digdiseasadmtherthardespits the fikregystic patient hadingia o

impedances close to,50,0000, a high value t ically, but not necessarily
e S S GeRTing the %%gg%lr? ce%ol%%%n é%%ﬁg&%%@pﬁfé’ %8 ilﬁ%r%rgfe%nt%%geﬁté&s the
skirpf Qiferifg thelevel BRsHalGRapplied td HHERPRIEELD elettrodebeloldingous
elecaiiefion.was establishechyhereddda vhSatine was-aspifated figp therso be -

' cup and is ilustr impedance curye With open squares.
1 N e R T R NS T
[003ZHine is HpiRREGTrofPthE HpPR CUP Ele i B fisédadcemgpga rement
wi tmolla{nmw&'@ imp@d&mméaﬁarpximaigly B@OO&;{&J&Q&U area. Thébtain
pasAddlon QI % paQfsalige resyltedn ap aease in iMpadanas, (0p6a; ¢ ;5o

_circles), ‘which increased to approximatély 1500012 after 5 minutes
Sens(t‘:%eﬁjc%f'e%‘j’.d[%iﬁ1]?‘?5&@%ﬂfﬁlsﬁé’te§§ﬁﬁi%esu%{‘i8ﬁ’ﬁ8§§uré’lth low-
contexperimentsiemaamalignant ixeabt @sgirating Saml of physielogical saline the
intdeemithe Nippisselecteade, after holding,suction is obtainedresultsd @ctroge

decrease in total impedance from 45,44712 to 29,0290 in the control .
guadrant whereas impedance decreases from 76,93712 to 62,56812 over
the cancer. The greatest dedrease #f impedance is seen at the high .
frequency end of the, impedance spectra '(curves on the left side of the
x-axis).For examp le, the impedance decreases from 29216 to 15500 in
the control quadrant, and from 35824 to WO
2007/067632PCT/US2006/046570



101060 over the cancer. On the other hand, the changes in iMpedance
are much: less in the lower frequency spectra (curVes on the right-side of
the X-axis). A higher suction results in a decrease in impedance from
WwHa19:48%930 in.the control quadrant whereas the changgds g38hl68870
over the cancer decreasing from 72674 to 7122952. Capacitance
increases in the control quadrant, in the low frequency range when suction
is increased from 1.50E-5 tO 1.76E-5F (farads) decreased from 1.17E-5
to 9.32E-6F over the cancer. It can be seen that altering the suction on the
nipple cup. electrode manually or with an automated suction pump can be
used to .distinguish malignant from benjgn breast ePjthelium by observinogC
- EhaYifferBRT PEPONSEE T the IMPedafCEspéctd to (AR MSAGNr. ©F  Other
epiNi6R}Egure 21 dtustratbs the melisoteused foriestimatiigehe impedades may
‘confyithe gapeer-high sUGlion cubve inkighte 20sWherR ap A6 isiftedhto heents
Impedance data a%d extr%%olated to the x-a>§s at eac h_enddof the gure. o
- OF PREHSTEncE between the 1ow and Migh'tercdpts s the estifateg — - &%
ECMresistanse of<267452tThe Cagacibhte (C)asestimatehfropftheslectrical
sigfeadiancecatibe nnadmum height O theyarteandhs al. 4652FHe Theectrode.
De re 9%%) is.the angle beévgg%n the x-axis B(qu a line
t €

sion A 1oni 1 Fmacological

o An e ﬁ 2 Q%lge(g.5. co T % o1l

drawn from the origin of the x-axis fo the center of the plotted arc. . :
| 29eTR6 IPREFEhBEs DFRRF pRIBRPYRGEMRIBHAIoW niE fo BBtAIRMBHETWwise |
intmiives:onthe maasuredsjrr@edaﬁme;informaé@mgepiciaﬂy,’twcsenmed to
proSESHAraxamale Aot 210,20yt dsuch sunieri dngluding 2, 340 4 1 ssue.
curves. Each curve can provide different information about the condition of -

In (RRAEEGTEs aHIRRRICIGRES aSdstiafs\RiA e breAs, iftlud®@T 5 Mgk Pe.
chafrggdensyivarve (Bbout 80:10000HZz soabewt. 100 Hz) provides infoimation

‘too8Bgut theghipple R QMEEYINGSKINEWQa  can,  include condu‘ct‘iv.é .

o @07/067632PCTM82006/(14657Q - .a 'int%rhmediatg ‘curve (about lOOt "

“HZ%0 ab%ﬁ?afB?Hz)?ﬁrov?(?essiQfo‘?rsr% ion &bout ‘th%xlagrad"élra uct§ gnd roterna
elepterdstoir; rafdce dhew FegadhaFeuriEgestiBAAbEat G HzeTating -
curexamplecdesnthanaheidtl Hekprovidesrafognatieh abeutthedessinghd the -
skifucal '%%‘i'é‘g%g#é{T%'nl%%)ﬁ&%l.G“l Y apigus embodiments Of e, Rresent  ;

_Invention, In ng the. methods and apparatus as described and claimed

215Be M tHeBaE of Vafiodd Bifferhtifdiitehties ard Srelighty rafiges set at
thewhichanaydevenles twse listechabovE satd edett; orancdrebmatienoédno The
sCvOTMare, Rayde capable Af providing dditiongl infermationsthat cal uid ana

aSsis}Lin devel ginﬂga ore accurate diagnogis without Lh.e ne%d for .
electrolytes go ee]:e>er- Ljfayers > tlt'he skin O establish
ivasivé procedures. -For example, in addition to the fréguency ranges

elegastritel ' aboVE Aise Cahtbe WiRle BRATIPFe gerRFakedfsed dptectrodes - .

tha@freqiiencyuaage ot abowk0 Hzde abaut .6ldzuaswell asiurvesimh: -'high,
' lected ranges. within the, overall range just. descri for, I ut ;
cor o oo L 1S ot s, I0LCe S SEe Bioad cahos abes s s en
high, &G StatEraFand fiiictional Bfange 8 %6 TRe BrEsst, TERPEEE, used
areusinglthe(methoeds and apparatud-of thequressnt inventiene asswell bsr  ionic
monllifRlemetaliiormalien dstermined ol gihes mefhods SNAWREIOMN0Serode

skilled in the art, . to develop comprehensive information in order to _.
PolgrhABsd Bancsr. FOFex&hp, FHAR 1N THER thiFhntinereags if fferent
mobrgbistanceras nreaduredoarict realculatee fram dye ewrdésin theviolwe used . in
scMTeQHeRR FaNgs, SUgaests - byeerplagiadf the ducts, yhiel is assOciatedr i on-
: with proliferative changes_or cancer. Additionally, it,is observed that a Y
resihitican dEpTEsSioR Shofe 88 et RERAMARE HBasured or |
L00gAdulatedraurve S indicaes the presenet ofatdligrancyll be made of the

per'm'eab‘ility of the ‘epithelium ' to ~ specific ions, the
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[0166]As discussed above, several discriminatory features can be

developed from the data and curves generated according WO
2007/067632PCT/US2006/046570 to various .embodiments of the
wethpdsand apparatus of the present invention. Such featulcg%mM%;msm
Rstm, subepithelial reSistance - the resistance value at Roc, the

intersection of the impedance curve with the X-axis at high frequency (for
example, 60,000 Hz); Ezfl, epithelial resistance - the difference

between RD, 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); ,
Capacitance (C) - derived from the curve using the foLxLLula Z.

- congRsddincdondhe ¥-arig) SLIPNEEY WEhardiferidfErEquenity (FOat the
conthe-frefuency @t thechighest peiit on thesimpedasce carveay - be  measured

o1eDEPLEsSIN ANgle = the gngle formedihy adine drathetiween thglacuse aadea

. (center) of the impedance circle and the RO or Roo intercept on the x-axis; i
€0 HRE EC¥pER cirdGi potentidtor ﬁ8ﬁ§é‘ﬁﬁ?e‘ﬁ8?p&£nt%1%ﬁ%§??¥ﬁé’ TOg SRR
‘to vdltagelmeasuiad-betiveentthe Ripple and tieersufacereldegpdénclude mild
. sur PRMICES EORHSEWITH JHE PRESENT INVENTION [067IA 8UMbet s con
1aS]YAriRIoNs e possile for doyices 1o be used Wil e pIesent, o cayce
&S hventon. Further, a%unso‘ieﬁ)%ﬁove, Withini & device design, ¥here are a
skinumpefataspeststharfiray be varied. These Variations, and others, are
roodegcribedrhelaw. 40168 Oneneabedimenhef apehe orotherdevicenpedance
a1c 43§11 e present ipyention ingludes %E'ﬂi?';'t%ée‘?f Ripaiurzed flectrodes -, ce
In recessed we Is. Surface recording and initial electronic processing, such
elegSHRefig ey Hoigdefned BY dspusableXiiiRecidly-avafale -exmined
by shisonChipe. . Bach &#Em- seiption otagent marbespecific @ithelarly two
a1 £iAdhddual glechode-gnd Leservoir,on the,chig Jwis for pog measuwemetional -
a particular S(it of electrodes w uldfbe used.Fartaryother measurement, for
- AR hhpie R A dift BRI ot anFATDT, WBE S | _
© [003607/067682RCTRIS214 0610465 7C Autifidrehy 'sétedfasgisctrodes Wenftk ional
‘trabepsed Whiledhiscproskicasssomervasialions; asghe electiodesniormene pre-
canDEASHtement are nat located at e same pe'{g g for angihel, iS) ogscal
system provides generahl reliable results. [0169]An alternative approach™
agemto usé fews Eiedt , ah8 us@atRrEREGgh ditficroflbRfit sy stent’iile
 eletorehiangel solutionsiand diugs.tSpecikicatly,, sultifenssoraderdsrasgcies and

monGRNGEL, bY Passing smallamowuts of elgctricabeurrent £6- mQue slutiat,acea

or agent through channels and out 1_;Lhrough ores in the surface of the
| 1 eEEHRE S this. enbBHITERT RS ‘S18ctrodfehidins i Comds: wiFhwsts  of

- spesdrfidtedion ofthespefaceapfthelectrical activity, antagonists of
specific ‘;oﬁ transport . and electrical activity, ionic
substitutions, and/or'hdrmonal or Qiqwth factor stimulation or
inhibitioh_of electrical activity. | |

[0087] Depending  on the location of. the. tissue to be-
investigated,‘a number of'methods‘are used to édministér'the
pharmacological or hormonal agents. One exemplary.‘method
includes ‘introducing the agent directly't¢ thé tissue being

investigated, via ductal perfusion, infusion, direct contact

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

transcutaneously, or throqgh the skin. Yet another'exemplary
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breast, thus .eliminating region-to-region variation in measurement.This
approach requires time for equilibration between different Solutions.En
detecting the presence of 'abnormal pre-cancerous or cancerous breast
s5Y6y7R61and-held probe is provided for obtaining surface POT/US2006/046570
measurements at the skin. The probe may include electrodes for passing
currant as well as for measuring. An impedance measurement may be
taken between the nipple cup electrode and the hand-held probe, between
a nipple, cup electrode and adhesive skin electrodes, between electrodes
on a miniature. ductosdope, between electrodes on a ductoscope and the
. skin surface electrodes, or may be taken between electrodes on the _ .
mee R ARG5S AT SR TEL TGl DG Mo e i Pl eheliun ox
sur {@ngpRimeasifizingJigetnimay devintroigcedreret@ee skin - alternating
1 curmﬁdedm%e.déms @@@aaé@amiaz mémga@hed @%in'@@a{f@%af&lﬁifi& %ﬂ%oaéiﬁ‘rface
' escribed above, ove .flnid,'to. the surface of the electrodes .
o e Mo 00es M e Bon et e BRI coREnmRI=n®
themayasehsed o decféaseipetahcd o1 7R femdsewith thgnstituent
celptesentiauentionscouls . dngludeyvarious stestralytel seletiansasuchrasl ation,
hysiglogic.sali .0, Ring with or without phalL.macological agents
?ré%ne‘%ég]e'%kﬁg%iég%ﬁe sc?l%?i%%%é’ infu%%‘fr?t%gthe ddctal WO .pgrenteral
1) 9Bk RI6 7635 C TRUSYB0B/046570™ Sy5tem wiltRdgregeat aphyioldgical the
bucfudgensoktion. Typicatlysthis consists otNa€a 6 ga&ii8trgy GanCl2 oOne
ski k8, NaHCGQR:0.1 9, aQ{ifﬂ"?ﬂ?&%@lﬁ‘&@“OE‘ﬁéJJS%QJHQ}hVHSEﬂHQs
hX gghos%gate %t a ph s\lologgwlca :é)H of 7,4. Other electrolyte 'Solution
pos?n% e (85U weP8 the Bt rBS I R0m SR8 Fpprofim AR 94 Bfthe Y the.
tisgpRinge dpPthe Bulass HMygertbnit or hYpotonic 'solutions that are greater Or
rootasp thanseanayhe used ingenovocativedasiingiofihe epithelitiz 39d/0being
i o dUrpor, Tréed(’:oncentratlon oftNa, agg Cl will bg .gd Lilsted urider different

\ .
¥ Conditions t6 evaluate t n(\ae&o%dactancee%% Permea ||%9:(L)?ﬁ1e properties,

suchpifel it DAFEERt pIFMaesIotRcaAl g ents SGETas BRYRTHIELES bloeRkt can
be eiee_teogemic soﬂ&umcwxsoiptieab;s'EpEskp&niwsinﬁi_taféﬂugaio raiSeanges in
spol¥SifsBhand Barmenes sugh as prolactinorestradil canalsQbe. 101 or

.. . Infusedwiththe Ringersolution toexaminethe electrophysiological resi)onse.
mp%‘?ﬂ’?e?@pﬁﬁé&%%ﬁﬁ‘%uﬁ%ﬁo thesd"agerte Bihilgh? GRe cal@iGnfietay in a
propapesaratichiomnae infesatecwillPeevariaditesaltevtiietightjdncticres a loss
of Beblupahility and measurethe elegtraohysiclogicaldesponseotthectrically
Couefxggelium tgethis rggnipulag@zon%%xamg@gson%gag beoigfusc—:'cdcl;'lo.1 o b
Yecrease the permsability of the tight janctions; and the pLing. by
PhagRaFRIPRYSIGIbYicarrespbhsedviftbesheasired 2f0 17 iAo wg s preificir ing
‘the exaiples hayebeer given ofidrugaandcermenesdhat may-bedisedsiar face
epi Gillenge” desting of the,ppitheliun, and Jumor 3y agenistoranagonist ¢y,

of specific ionic'transport, or tight-junctional integrity, known to be affected
TP HIRAG ‘CarBifogeByrs 7y bé tERUSparitaHy Yiten it RERAAeOR  will
meainfltrenebthé Blectrophysiclogical praperteseof theepithelism @r tsmonctural
- meaéQkE2IRegardless gf the configiwation;of fhe.devige, a signal js used to
100 Fﬁ]asure |tger the @utctal transcpithelial potential by itself, or the N
‘ahsepithélial fsetance S Thé& o ﬁ%‘éﬁ%b‘r@ﬁ%ﬁ%i%%ﬁfmeﬁkb@ used ‘to

detepribiged tdeharmtdiza the of the .investigated, tissue. : For
example, research has indicated that specific ion t:ranspdrt:

o

re

' 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 4in K conductance, a -
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WO 2007/067632PCT/ITS2006/046570 electrical properties of the

epithelium associated with a developing abnormality of the breast, and are

then compared with uninvolved areas of the same or opposite breast.

yiacselegropotential measurements and impedance mea}%{%@g&% 16570

are then made to characterize the non-transeoithelial electrical properties

of the breast. These measurements involve DC potential measurements

where the surface potential is referenced to an electrode that is not in

contact directly, or indirectly through an ECM, with the duct lumen.

Impedance measurements are similarly made between surface electrodes
aecea surface glectode pnd.g reference elecirode.nqidn contagh diretly.or ,

, indirectly (through an ECM) with the ductal lumen. These measurements

AMErel ﬁ%’&:{&(‘}m,ﬁf?@&%ﬁd“@o’?ﬁ bined Wit thetrahSBpRGIRP R cap timulated
C1-meastsehentsito/furtheecharacterzeithe breast tissue.

- 101@dy3IFurtheimoregpunderstandipgoithe elsgé%@}ysi%gkc%w@a@eof e tne
altered impedance or DC potential permits more. .accurate diayflosis. For -
par&ﬁﬂﬁ?erimp?@j’a%%l&ﬁéc poEfitta mafThcrag88 OF Hetredddtbeddiftrdf ted
elesaverahiasiors onoredsedhstremakdeimsitycsf the bréast peays dlteitsso detect
 abriBWRdANCS, This:is-a 8ppwpecificchapgg Mhicls may.nethave beaking  the
dev%qlghemggmotba(?yl% QI;F“"‘J;' pangy-,Qn the other h?gd' adecreasein e 1 pe -
potassitm permeability of the epitheffd afound & dévElopihy mafigndncy < ©°
undgsalerinereaetimpedanes and wodd Besimere Mitely asseeigienyith@vention
is Ogvelopiag cancss thary a epnwsperificimpedance chapgaAdddional as, but
notMfalimation is ohtained from my ,me&hoﬁoPX Probing the tissue 19 differnt - 4
depths using spaced voltage-sensing electrodes. The use of

nasqeERsEReSidtbgicaf 2prr&htacolodital antfhérmoral mafigifationsSiyidiel ial
ma 1B Erpotehtal and/ou®C patentialidifierentiaffy st v @) comparetite  cervix,

" endi@NCErL9Ne 1 Ake-makignantypalignant tissue is another significant '
“W02007/067632PCT/US2006/046570 '.difference, which enhances the

- [039 & nosticRESUraty Bt My .invERtionGUET HHEabodé TefeTdRted dheeosal  or

-epiohZ3jAthobghthesise of anvippletcupldlestrddenas heen describBfiniently -

1axibis applicatioudfot useriabreastoanger diagnesiss agubnlectiofde Bmay carly

e yged in ?82%591%‘3 where the epithelium may be fifficulto access ., ) 4

endoscopically, or an en%oscopm approac‘T’*l is net desired. An exaMple :

AefF65Y be tHE parittéatie el bile it tsTRRick foirf¥Rd OpeRcht e Potential

" bicampkia of \fater. withie the sécondyattef theadietdenums Bilelducbe either

moddMarsdeyelon from e epdathelialining gffhe bile Jucty{ie. ve usea to

. . cholangiocarcinomas, or the epitheljal lining of the pancreatic duct, 1,e.,.
1 At afe S b RAS ). 2PHE Bfnputla TRay 56 ablbssRd e fdREtopiRalty ©PsY -
Theand atdigyreldetroderagsplietiloy sbeflarftolthelampulla. Rigsflogitalatypical
au&e%ﬁ_e%%m@%% ipto taa@ky&ig mmmgalris@pgmguﬁl Pﬁmiﬁl which
__and impedapce co e measured intraoperatively to identify the region .
o B rS Ak redtt, SEEHS AU g St dctnie Shosd il
 brepstpetitGiddiztifate Bi-fHepdncreasiorhilé duct SReThatively 2fhe invasive
. bidagritoneal surface may be, replaced by a skin surface, or intrakienous
n used in a minimally or non-invasive manngy. Drugs' may,be infused .
[0%’}51%?1 h thg‘%%gye ectro gl §s am.ept?gl\?gjisétivgj?est%%% dégsrc?i %%tfor LHventLon,
.Se‘tﬁéﬁgt.gﬁéﬁéﬁff‘ﬁ?é@%rﬁﬁlﬁé? shiefeitatBa $fcarbonate secretion by the
' pancteatiodctsr Fhisstespanse snaydie abrogeéer by €hangesvsdheed when:
* corRiBiUM Assogialert wilh papeieale car cinama., TME,AISTIBYION O, cas .
muscarinie receptors, particularly Ni and m3, may be altered in the ‘
Thepithéitim dURAGPFaNEredfic CiBhthe e REThBRIGR SpERARE to benign
muscarinic agonists (cholinomimetic choline esters and natural alkaloids)
and antagonists (atropine, Pirenzepine (Ni), Darifenacin (M3)) may be
used to elicit a particular electrophysiological response due to chloride
secretion in ductal epithelium associated with WO
2007/0676321'CT/US2006/046570 pancreatic cancer.Similar aPproaches
'may be used in the intra and extrahepatic bile ducts to diagnose liVer
cancer. rolls]Prostatic cancer may be diagnosed using a urethral Cup

electrode applied to the external urethral meatus. Physiological saline is
infiicead inta the 1irethra Direact aleactrical connectinn ic actahliched with the



that differentially affect the electrophysiological characteristic S of
abnormal prostatic epithelium when compared to normal prostatic tissue.
[0177]Endometrial cancer may be diagnosed with an electrode cup placed
Abth Lieringe cervix.Physiological saline may be infused thrPHFﬁ}stEb% 61046570
cervical canal to make electrical contact with the endometrium.
Electrophysiological measurements may be made with a .reference
electrode, placed on the skin, intravenously or at a Suitable referenCe
point. Alternatively, this approach May be used during surgery' Where the
cervical cup electrode is used in conjunction with a reference electrode
5 used on.the peritoneal or gutside surface of the uterus. J0178$Salivary
PTEYRHY tihhbPs opah thdbgh shBk AU Hito THE BFA ety Fof Barfipiesin ©F
evethdpatutid, glénd, Stensenlsiductiopapsdaside the mouth 'opposite the
- seqond 'uppes olanioath A cup elegliode Mayke usedouanthe opeRINg-ing
ey Ofthe g:uct,igﬁi e the mouth. Phg%iq&o%ical saline is infused into the duct
AAd Electicar contactis tRus 88tbiished Withthe ductal epithelium of the
Sakvary qtard. AmpFdeeefectrodevfO for mnormal and malignant
. bre2B804/064632RP€T /16200646578 qisdhendtsed over the'skin surface of .
the(glsan and el %trical gkﬁa yrements are u%e(% o, ggtalzc)ilash Egtggidia%nggis the
of cancer. , Slﬁ%.&fﬁﬁoug . Specific examples]have been ,,Siven ab Ve, '
patifd aschidué gl bé el fio iy iiePay tumor, where endoscopic
acaess taetheepithaliumrs siot passible«dr desged:ubierappigation afower at
1owRbYsiglagical:aaline via ,cup.oLshe catheter may hgusedfen’ example;,

in the bowel or.other organ system where electrical contact with the
aboyLiHbintsaits a. ThhSefithafal HEERSShy_RIogRGI RSkt ige of

thebgun@ds without resorting to endosCopic electrode placement. The
seqeyd el@é;ﬂ@@ﬁﬂéﬁé%n Egeouoiae@@h;ﬁ@ﬂll_ y 869N ﬂ};ehw;g@ﬁégrlwe the ‘lower
resence of a tymor or abnormal epithelium. Since the physiological,
f%eggﬁ?ecégtss ‘as a%]mélact?oféj ih%rne%gégntg& Wi ethgaetp}l%yﬁgmct :fs type and
- sizgppibaehSSiEFIRes the approach to electrophysiological :

me@syrement:Pepolasizationaarkthe impedaneaseharactefistics of thesngie, -. .

' itheli ill.b re; te when the surface-scanning elect deis_ o,
R A A e R i R

of ERAMPIRPSTOT81 FERAMPRE f Brdast Tahber BRAGHOIRUSAY Duickdins of

. theEpitkelad Impedance Spectroscopy Alterations in ' ion conductance and
trangport {ilstbracketad, numbers identify.refetences 2t thgand of tis: from
eﬁamplg). re{gresentt arly %vents In ceIIuI%rﬁE)éollferatlog and mr?ll nag-t

ane ransformation. Breas ecanc’f—:-‘?%‘céveI(_Sfprs wWithill the SURAFSr IOBLTAr FXom the.

' nipgpithefidm FSfhe BrdasteTuRthe Lii6re fif@iohal chHafgesBdgmye may be

lowtiansgheic magels of bteass caneep[2,133, aad # hasdbear dlesonsiratecdtumor

I:at:ibe‘gk_L a QRM"V%%LH%%B Ofﬁ?}pg C'%%?Sic COQQHCt%@lCeeS PEEW. '”ih,‘ém?” across
breast epithelia during breast cancér deevelopment (4, 5], Although

duckptyitat HiipédEnce S&Tid T oF 8RR grap S MalErbdekPlised then the

meafnagensrdss desionsdwithincthedweast ansllibgriskassessment, epithelial than
acrdbpedance Shegtgsc iQ@%ﬁ!%Q\e._e” utﬂggge@oa}@o a éanbinatioi'l of
2007/067632PCT/US2006/046570 diagnose cancer in the epithelium, )
meaRHERE GRS caltt@PdifginaEs. ORE BATodinTEit'stife -ptésaifverttvnt +at
impitidstrgted istis Bxesapleys an 'Eledlyonic Bidpsye to ton-invaskealy - surface
(cridentibrbreashcancerinythe gnithelium, JQ182)Mathods: With lnstitytional a1

i ev'aew Board (IRB) and patLent consent, electrical contact with ductal
SP1Ebith

dlitim Whs Sstabifshed orivasieR), 1y £3pe okl Helghegemostic
inf ﬁ@@:iom . : . _
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sensorin .70' womenscheduledforbreastbiopsy. Transepithelial impedance

measurements were obtained over a frequency range of 0.1-60K Hz and

processed using a.frequency response analyzer and sine-wave correlation

teehpidKers3pen circuit potential (the electropotential across,thg REEASH 6570

epithelia and skin) was measured after impedance measurements were

completed.Data were analyzed using a t-test, Mann-Whitney test, or

ANOVA as appropriate. Details of the -example can be understood by

reference to several features in Figure 22,asclearly shown in Figure 22--IA

through Figure 22-3B. [0183]Figure 22-1A. Representation of breast

ithelium ' with different ion trapsport.pathways.Figure 22-1B. Electrical

‘ wlo%%deling%? brea%??ﬁffk%&ium 8£monté rgting‘%e?@ Pacitive ARG Tadiglive 2%°
partedeinents uf the ehedit Wighre B2 1¢ SA Rydaiseflotdemenstiatingtrewuency
‘randhestifieiehcisyitparamelets aerohiained usingia varyingdredliensy though
mos$INeYave g proe e epthelium, Fiayre 221D, Measurementsetip , o
with a specially-designed nipple s&nsor cup Wiich fakes electiicat . .
fre%%itm%cﬁ@bﬁh@w.z' The preferred protocol is to
. takd0B34JFigire22 2#A:Sthematcreptesaniatiangl saeasiremest seitiPe, phase

ang fTeQLIsAASSpdbeteen the niBplo sensor AN surtace plEElodes, i apg:
: this example using a four electrode’ system and PRA (Frequency } .
2 00M e tse- ARRIY L BN SFighreS P 2B HROUERTIED BBAnRES bPAGqUispking .
intoPlots:shtééned:inomorMab cortrainB) and patientspriorto RiGpPSYC, Bt ient,
respk 2007106 7GR PGIIU 3008046670 The Nyaulstiplol Flge 2233 1S ang
inverted compared to uist plots Figures 22-2C and 22-2Th :
aboyf gh RESUPTS C#—’igﬁ’r%‘é‘f?ﬁ: RACirchtPofentiaf RgouE 0-1Hz:
morSignifieant diffeyeneéswere bheervedwdensthewperdeitélit pofentialsxample

betwérie caMparedsheiweandesionsithabwere benign{ns3)andbreashis can |

' mear?a@g ri n'-43a m:ed% pﬁoctvem@clndffe&%nctge(gg%j;nsgrqgs_?:ng.rgn\én or more
- respectiVely. However when €17 lesions in' the enign group Wlﬁ1

. of tRBetiysi WERIMRRILBSWERBTEancer group significant depolarization
{0164ds obsewedmm_eraps@iifebaté_\te Ie@eegme-cmpareﬂemim;i@ﬂmgation of
a1t desi9n3 9187 Figiue gza’%légl%ggge!'@Bgn@eq?w%@eﬁtfga&%omgés so
. epithelial imPedance profile was significantly different when benign breast -
Ehatasidfi® Wi mpdred togfﬁgﬁér?ﬁﬂtlfesi%ﬁ&%pitﬁeﬁial FeSiStarkeqRocel  is
fol ppeast carfteisweas BO3tr 12429 kit meare:SEMpcémparfsditoe 124,324 high
£rediQidbenigilesionsnis< 0LR)dadhenpatientsvitit NyRarplasiah@r enhances
cur fORICLACIIVRIRIENA QDML IED T e SpIneliag fesiatanec wa

) o1, )
intermediate between benign an maﬁgnant lésions ](llt—nlgﬁresf -%B)At rEheT

IMDYRY FrRRilen FES ot st . 8nckR inReTfdctcat BRyndtiredastee . of the .

nippbserved Epirelial impstiance angl thiudepression anglecof tieNyguistor a
dex QIS WAre;:HEALED ¢ such as Nuprep® to remove keratin .plugs
iri the s‘urface‘ duct openings on .the nipple éurface. ' Methods
for opening‘ up the duc:t:al system are ‘known. for ductos'\copy"
. (e.g., Acuéity), obtaining nipple .aspirate fluid (NAF). or .
ductal lavage (e.g., CYTYQC), but this technology has not
previouély been apiplied to'tthe field of ~i;ﬁe 'present‘invention,
A particulariy improved device . will employ an automate.d
suction pump connected to a manometer” to suction rhythmically,’
analogous Eo ‘a breast pump, then: emp‘lby a holding suction

préséure at a bredetermiqed level and then .change the holding
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maliglant epithelium (Figures 22-1U and 22-36).The first pair of bars are
the impedance and depression angle values for a benign lesion; the
second pair of bars for a proliferative lesion and the' third pair for a

ion,- in each instance the bar to the rightin e
%E:idﬁg%t%% value of the depression angle. [0186]The va?gggpfgg 2006/046570
"depression angle at low frequency" illustrated on the right-hand Y-axis of
Figure 22-36, Were calculated from the measurements made according to
the above description.In this example, low frequency refers to
W02007/067632PCT/US2006/046570 frequencies between 10 Hz and 0.1
, Hz,The Units for depression angles are degrees. The value for Benign
DPTEPERER ist 96 AR ?laeg]rgé?%exﬁf’ees%ba&s mi&sh +2EERRE, whEre altered
sucGEM isthetdtandand eitrorof thepiean: octhe stendasddewiation dividatbstic
tesBY thegquaseroglohihe sample,size), and the valuefop Pfq'He@QV%eheved

Lesion is 13.7 '+1-5.0 degrees_and for Malignant Lesion 70.7 +/-5

tha}.Tieg?ees A pfo%ﬁﬁfec\’faluéréhoﬁ?set‘ﬁﬁﬁhcéa&ent’é?ﬁ?ﬂtes?emlcﬁl%ﬁIareéff?ﬁﬁ’le a
di ffiwr Ryghisnprsidndepressed betow s Xdalds fdvnEirire d01dfdhe posterh the

- appflR-senvention, ahyquist plat is fmﬁ@ﬁoﬂkE%'EV%féergﬂ%V%resence

thelre resultln%m aglnvertergjs%mlcwcle) This fﬂure shows that at low

- ﬂequ hoies differences T the alectrical & S|gnature can be observed. In
[02BFkicular epitietar infpeduned ardane depressiohtingle offitie Nigjudstes ' to

be plotsiwere gregier iprealignant epihelium.. (018DUSGUSSIANiIn a device

desL%? 1The gnalysis baged (\)Jprijt.hecstudfy in 70é)aé|ent§hdgmonstra£es that 2 eq.

0
comblnatlon of transeplth DC electrical measurements and |mpedanc

The§ e oSty A efetirohic Bispsy*F RieTfiRiEs bagienkekn proliferative
[0106malignantbreastdisease cAltlrougherakgnantitingrsshase beewality of

minfeReried shavellowet kppgdances thanbenign tumars; the ductd); o osapie

|thellq- elements, have a higher |mpedance which may be related to

commEera]tlons Sin SEETOIORPOFabSArbiizs Funciibst th%ré’ﬁﬁfqe?bﬁ? dufitcEions,
' sucgarefhoféRssisimhe meossof thepreveritarventowads taleratatl initial

'elemttheﬂtald@eﬂee@smnglscomier&h[ok%l&A%mﬂ%&err&ntsa@&c may be
speggrenc%s ‘This work w. de&i mB §DCJIJCat Tgtt):hnolci)‘g;r % ir on ‘the

eferences: Ouatﬁ'L Ahl ouch barakl m eﬁ:ourtﬁSr t.al. Am ‘
ChlPhy&ol.%ﬁPhys‘.ﬁBFZoeﬂ%uIZWf)‘%ﬂSréﬂc [ZTDaE?e‘”st,F?P}?Qwrﬁﬁt ot
. elebPtAqdavissonuk kld Breast Cancer Res. . ard Jieaiméalt38, {Suppixdnple, at

a d%%%ér@(?@ 2800 WELeARUOBIE3aPCT IVSAP06/0469/Q [%JfD%Y':Séz;mdes

Fﬁ3umn D.A.,. Davissaon T-H. Breast Cancer Res. and. Treat:VVol 8
s (&5 SZHE%%O@%OPJTTD&%SBSIG?%@A &Y&ﬁftﬁ’ﬁs'anoas the
elemre@ew JEProcoNat] PeERIISHN SIS RIEDIEOR: 78497888, B the same

poidhappan, or GaisanAs, KardONs =€ oBaaher &b sHERARAUSEN el s able
resR %erts A.B.", Smith, G:H., and Merlino, G. EMEOQO J. 1993 12:1835-1845. .

tofadlnowc ‘A: Nissan A Gallimidi Z, et.al. J Clin. Oncol 2005. Apr 20;
[01Q§k12)2$g3§§ternatlve approach is to use fewer electrodee

and use a flow-through or microfluidic system to change
seolutions and'agents.. Specificaliy,'solutiqns‘ér agenﬁs are
changed by passingvémall amounts of electrical current to move
solution or agent through channeIS'and'ouﬁ thfoughupores in
the surface of the probe. In this embodiment, the electrode
- remains in contact with the same region of the skln or ductal

epithelium, thus eliminating: regmon«to reglon varlatlon in
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[0192]EXAMPLE 2:Expansion and further "development of the
observations and methods of Example 1. [0193]The diagnostic electrical
characteristics deacribed above have been applied to observations based
A SarRlesizes varying between 110 and 150 patients as dgsghiRS /046570
below: The characteristics InClude: Rug, Subepithelial Resistance the
resistance value at Roo, the intersection of the impedance curve with the
X-axis at high frequency . (for example, 60,000 Hz); Ron, Epithelial
Resistance - the difference between Ro. 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); Capacitance 02) - derived from.the curve using. ...

MeAHE BIUL 2 (In?p%{elcfan%gpo%g %lk\(-é:)ﬁ%u :}5 I Phfoc: ghgégfer%%lyl&)gatwn

bet¥esguahich{fgerthesrqiémiFat the highest point on the impedance

[o16umve; Demeﬁsméﬂgl@thﬂ@dﬁ@f&wddoyﬁ‘Ii%dmbetme@rﬁmceréus
‘ ‘ IocHs .gcenter)ogf theti edsalﬂge cérclﬁa%(g_@g Igo 8{5% igger%elpg\p{htgg for .
- OF XEXiSTan Circult Potential or P11 P) -'the -

X-axis; anldSOpene rcul ransepithelial Potential (TEP)
obtgdReFe meastiedhelivesh T AipbTe ahel tHéSurfitt electrdds. PTobe may
incQi94]Fastbe telowing aratysesa a1 referstmbeniga (EMylesions; for
| mea?&%'i%é refers to; IArder ARCES. LAY SHetP: REQUR:S refersip Alcween the

~ (Atypical Hypeiplasia) or hyperplasia and proliferative lesions; and L
DiPYIRRTRETE2 1355)0@626%%?&?&2 Bfet8to DYjsmay ' be taken
bet(Ructalclarcinomadn-Siturhrd bmafl canderspxdiem. [0195bISubepitietdl, 2
aucResistance H1RIRIHBE subepitheliahresistancendefiped ferturpases ofi th
this analyrsis as the gesisgarge value at R’ here tEr jmpedance curye,
OnSintErcEPts Thé Xaxis Ht high fréguency (60,000 (z%)

rus ne Way Anai/sis of Variance on Ranks Sub-epithelial
theyesBHERSRgnP Al VdlGes 851EEE8EHTohms (Z5RSFT 75965 valugHtEace
elehe2bthandnébth pesceptiepEbat staridard: deviation cSEverstardartte used
ro Srenofthe meankGreup(Rsue) Median 25% 75% Mean SD .
‘[010943’ . Regardless of the configuration of. the device,
Figure 1 is a schematic of a DC and AC impedance measurement
system 100 used in cancer diagnosis, consistént_ w:_i.tll?."‘ the

present invention. The system 100 interfaces with' a probe

devic:é 105 including multiple electrodes, wherein the ’a&:tual.

implementation of the brobe ‘device 1.0.5'-depends on the organ
and conditiori‘ under test. The probe device 105 may
i‘ncorpor‘éte the electrodes  attached to a needle, body cavity,

ductoscopic',. non-optical ductal or.surface probe. A reference

prbbe; 110 may take the form of 'an intravenous, probe, skin

surface prcbe, nipple~cup or ductal . epithelial ‘'surface
referenée probe depending on the test si..t“ua'ti'on and reg'ion of
breast under investigation.
' [01101 = To avoid stray capacitances,  the electrodeé, may be
connected x}ia ‘shielded wires to a selection switch 120 which

may select a slpecific' probe 105 following a comma;nd .from the

38

alk hg initial DC.
/ (60, oh the [t c%_th'e curve
meagjusteatedtfor exarapleina/MerEEic FaidiggrearPoposes, ithagpeguced =
to Gdelelminedthat REQANGreasesrngraliferative-disease.and cancerd Qneing a

mic\évoaé/ %n.;aﬁﬁs%g%ggﬁ? Ig L%E&I?ﬁte%a"ggc@é O'Qéo)ﬁxove "fluid to
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SEM;j 1-BN Lesion 153.000 235.403 194.397 169.874 46.514 6.785
2-Larger OA 291.700 254.000 353.000 310.637 85.678 22.898 3-AM
Lesion 244.500 192.275 284.225 233.775 57.985 10,7671 4-DCIS and

%%&(9/8\67632 PCT/US2006/046570

Digital Signal ‘Processor (DSP) 130. The selection switch 120
also selects - the apbropriate ‘filter ixiterface;d‘ to t_he probe
:165; such ﬁhat é low bass filter is used during DC
_ measurements and/'or“ an’ intermediate or .high pass filCe; ‘i,s
used duri‘x‘lg the AC impedance measuremerlllts’. The’ ‘selecfsion
switch 120 passes ;he current to an amplifier'iarray 140 which
may be cﬁorﬁprised of multiple amplifiefs_ or éwitch‘ the s'ignals'
from different electr'ddes through the same amplifiers when
multiple electrodes are empléyed. In a preferreﬁd._émbc‘)diment
digital or analogue lock-in amplifiers are used to detect
minute signals buried in .'noise. A This- enables the measﬁrement,
of the signal of interest as‘a‘n arhplitude modulation on a
.referencev frequency. The switching elemenﬁ may average',
sample, .or .seiéct the signa:l of interest depending on the
context of theAxméasurement. . This Iprocessing of the signal
will be controlled by the DSP following commands from the CPU. ‘
The signals 'thcfzn pass to a multipléxér 150, and are sefialized
'befor__é co'nvex“sion from an analogue to a digital si.gnal by thel
ADC. A programmable gain amplifier 160 matches the input
signal to the rahge of the ADC 170. The output of the ADC 170
passes to the DSP 130. The DSP 130 processes the i}iformation
to caiculate the DC potential and its pattern on the.ductal-
epithelial or skin surface as well as over the reglion of
suspicion. I'n' addition the impedance at varying depth and
response of the DC potential and impedance to different ECM
,Concentratiqns of ioris‘,- drug, ‘hormones, or other ‘agent are
.used to estimate the probability of cancer. = The results are
then sent to the CPU 180 to give a test result 185.

(01111 .Alterﬁativel‘y th e signal intez;_brététion may 'ﬁartly
or completely take place in . the .‘CP‘U 180. An arbitrary-
waveform generator 180 or sine wave”freqﬁency generator will
be used té send . a composite waveform.signal to 'the probe

electrodes and tissue under - test. The measured signal
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271.550 220.520 325.100 272.572 73.198 15.606 H = 48.243 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

- is a statistically significant difference (P = <0.001). [0197]A_
&pﬁg(gﬁemé?)%%arison procedure can be used to isolate the gr%%ﬁ%rzgfr%d“‘ﬁ%m
that differ from the others, for example, Dunn's method using all Fairwise
Multiple Comparison Procedures:. Comparison (Rsuk) Diff of Ranks O
P<0.05. Op 2 vs Op 1 54.867

response (in the case of the composite wave form stimulus) may
be deconvolved using FFT (Fast Fourief Transforms) in the DSP
130 or CPU 180 from which the impedance profile is measured
under the different test conditions. An internal calibration
reference 195 is used for internal'calibration of the system
for impedance measurements.. DC calibration may be performed
externally, célibrating' ;héa probe being‘ utilized against an
external reference electrolyte solution. .

[o112] "Figure: 2 includes a handheld~pfobé 400, éonsistent
with the present invention, which”™ may be ‘applied to the
surface of the breast. The probe may include a Handle 410.
The probe 400 may be attached, either directly or indirectly
using, for example, wireless technology, to 'a measurement
device 420. The probe 400 may be referenced to an intravenous
electrode, a skin surf&ée electrode, other grouné, nippley
'eiectrode, or ductal probe‘elec;rode within the duct or at the
nipple orifice. In one'embodiment, illustrated in Figure 2,
the reference_ is a nipple electrode or ductal probe 430,
illustrated in greater detail at close~-up 440. One 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~ducta1 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 is 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 showﬁ in magnified

nipple probe 443, 443' fluid can be  exchanged through a side
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port. Fluid'mey be infused into the duct:and aebirated at the
proximal end (away from the nlpple) of . the 'nipple probe.

'leferent electrolyte solutions may be 1nfused into the duct
. to measure altered permeability of the ductal eplthellum‘to
specific iens or the epithelium may be pfobed with diffeient
drugs to 1dent1fy regions of abnormality. Estfediol; or other
hormonal agents may be infused into a breast duct to measure
the abnormal electrical response associated with pre mallgnant
or mallgnant changes in the eplthellum _ .

[0115] It should be understood that . different
configurations may also be used, . such as a modified Sartorius
cup that applies suction: to the nlpple with this
eonfiguration, gentle suction is applied to a.cup placed ovef
the nipple. smell amountS‘of:fluid within the large ducts and
duct sinuses make contact with the eiectrolyte solution within
the Sartorius cup, establishing electrical contact with the
fluid fllllng the breast ducts. ﬁC or AC n@asuremeﬁts may
then be made between the cup and a 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 electrodes . 451
measure DC or AC voltages. The current passing electrodes 452

are used for ,impedance measurements. . . 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 so that deeper tissue may be electrically probed and

the 1mpedance of the deeper tissue evaluated. Th;s probe may
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vs Op 1 44.208 5.270 Yes WO 2007/067632PCT/US2006/046570 Gp
4,vs Gp 3 13.022 1,418 (Not Tested) Gp 3 vs Op 1 31.186 .067 Yes
[0198]Epithelial Resistance' [0191REnN or, epithelial resistance, is the
iffe tween Roo and RO (the high and the low intercept of the )
%v%%\?w&f 7%ﬁie,K-axis, ‘or the difference in the resistance at Iow%%%ﬂ%‘ﬁ“m
frequency). Note the actual resistance depends on the shape of the plot
and where the component curves separate; such that the circuit
components can be derived. This value tends to increase in proliferative
disease (AM Lesions) and DelS or small cancers (DCIS, small CA), but
decreases in larger cancers (larger CA) when the tight junctions break
elthghnbriwéers eBIILASPIcH VEIUSS Siaimeatary bbairde as Wilstete@fh the
brethecexamples below, wiciusingdatarhasedwoinctheuesultsiofover the region
: nts at uencies identified, frequencies in.the range of :
O DOOHE TS 10 He 2hred ShclocOr Bt to LFE. The SMRhoe of

solutions or for £lui exchange and sucpioh (not shown) .
‘Guard rings (not‘shown} may be incérporatéd to prévent cross-
talk between eleétrodes and to force éurrént from4the contact
surface into the breast. In this coﬁfiguiati@n‘ﬁﬁére are four
current passing electrodés;[453] each positioﬁéddradially 90°
apart. This permits current to bg passed‘fand the 'voltage
response to .be ;méasured in perpendicularf fiélds; The
electrodes will be iﬁtérfaceﬁ via electrical wire, or wireless
technology, with the device described in figure 1 above.

fo11i7] Further embodiments. of this technidﬁé.xnay involve:
the use‘of'spaced electrodes to prdbé differeht depths of the
" breast, and .the use of hbrmones, drugs, and ofher‘agents to
.differentially: alter ‘thé .impedance. and transepithelial
potential from benign and malignant breast tissﬁe,-measu:ed at -
the skin surface. This enables further improvements in
_ diagnostic accuracy . ,

[o118] . Figure 4 illustraﬁes .a nipple cup élec;rode [500]
that may. be used as a 'reference, current pésSing, 'voltage
‘measurihg or ° combination electrode (502]. .- In this"
configuratipn'.Suction and fluid exchange is applied to the

electrode hbusing [501] through a side port [510) connected by

a flexible hose [515] to a suction device, asbirator  or .

syringe (not shown). The flange [503].at the base qf‘ﬁhe,cup
is applied to the areola of tha. breast: [520]. ’Pnehmatic
suction is applied through the side port and communicated to
the'housing by passage [512] so és to ébtéin a seal-beﬁween
the breast [520] and the nipple electrode [501]. Electrolyte
. solution is used to f£ill the cup and make electrical contact’
ﬁith the underlving ductal syséem. Fluid may.be.exchanged, or

pharmacological and hormonal agents intfoduded, by' applying
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[0200]The following example compares the total resistance i.e.: the
difference between the high and low intercept of the impedance curve on
the X-axis even if there are multiple curves in the plot.

9801 K skal-Wallis One Way Analysis of Variance [OZOZ]T{){.&}I/USZOQ 046570
resistance (ohms) (25% and 75%,value at the 25th and 75th percentile

Group (REnN) : Median 25% 75% Mean SD SEM 1-4314 Lesion 68374
34712 166602 119923 131472 19177 2-Larger CA 30715 21068 49460

lalternating‘suct'ion and injecting fluid or drugs into the cup
| through the side'porf. The pneumatic'sdction will open up the:
'dx-xc:*r; openings [505] Aeither 'by itseif or after preparation with
. alcohol or de—kefatinizing agents to ren.lbve' keratin Aplugs‘ at
the duct ‘o'penings at the surface of the .'ni'pplé. ‘The nipple
cup eleétrode [502] ° may .be interfaced byf meéﬁs' of an
elecfriqéi‘connection [530] or.by a wireless comnection. .(not
‘shown) ‘with the devicés illustrated in figures 1-3 to obtain
DC potential, AC impedance oricombinatibn measuremaﬁts. ’
[0119] Figure 5 illustrates an alternative'apprqach where
-an individuél duct 'is; probed with a flexible catheter
electrode [550] attached to a syrlinge' [555]. This may be used
'when a spécific duct produces fluid and diagﬁosis‘ is.  to be
performed on the specific du;tal system  producing ' the fluia.
in this'configufaéion a saline filled syringe is connected to
‘a flexible electrode ([550], which. is inserted into the duct.
[5511{ Fluid'may be exchanged, of drugs and hormones‘may be
inﬁuséd into the duct, through the cathetekr. An electrode
within, or attached to the syringe makes electrical contact
with the individuai ductal system, énd the surface .probe
electrodes [552] complete the circuit so that the. Dd
poten;ial, AC impedance or a combination of both may be
measured .across the.‘duétal epithelium, . skin . and intervéninq‘
breast parenchyma in combination with the systems described in
figures 1-3. Another apprcach would be to use'a dUCtéécope in
,combinatioh with a surface probe with "the electrode(s).
 interfaced with the ductoscope.

[0120] Devices to measure - the electrophysiological
;haracté:istics of tiSsue and the differénces Dbetween normal
and abnormal tissue may include those known in the art such agf
" electrical neters, digital. signal processors, volt.,meters,

oscillators, signal processors, potentiometers, or any other
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33643 18684 4993 3-AN Lesion 100800 28466 315802 217858 269369
50020 4-DO0IS and small CA 319370 142455 590040 460010 384245
80120 [0203]H = 36.551 with 3 degrees of freedom (P = The differences

in the median values among the, treatment groups are greater than would
WO 200710676

e expecte%izby chance; there is' a statistically significant diﬁ&gﬁééoﬁﬁ%“m
<0.001). [0204]'A multiple comparison procedure can be used to isolate
the group or groups that differ from the others, for '

.device ‘used to measure voltage, conductance,. resistance or’
impedance. _ ‘ o o i

561213‘ DC potential is usually measured using a ybltmetérﬂ-
consisting of a‘galvanomeéer ir serieé with.a high resistance, .
‘and two elect:odeé | (one. workihg and one"'reference).
Voltmeters may be analog or digital; .Ideally these sghould
have an extremely high input resistance 'to avoidrcurrent—draw.
DC potential. may alsé.be,heasured with an dscilioséope, '
[0122] “Impedance may be neasured' using - a 'nﬁﬁber of
approaches. Withpﬁt limitation,'examples inCludé‘phése-lock'
amplifiers, which mayl be either digital or analbg lock-in
amplifie;s. .Pre~amplifieré mnay bé used in‘conjunction with’
the loék~in.“amplifief, to minimize stray curfénts‘;to -ground’
improving éccuraéy. Digital lock—in'amﬁlifiers are based on
- the multiplication of two sine -waves, one being  the signal
$cérrying the amplitude~ﬁodu1ated information of interest, and
the other being a reference éignal with a speéific}freqﬁeney
and phése. A.signal'genérator‘can bé used to produce the sine
_ waves of composite signal to stimulate the tissue." Analog
1ock—inv‘amplifiers contain. a synchronous rectifier that
includes  a phasé~sénsitive detector (PSD) and a iOW"paSé
‘filter.. Qﬁhér” approaches inélude the use of an  impedance’
bridée with‘én oscillator to produce an AC sine wave. These

devices when au;omatéd are referred to as LCR*meters &and use

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

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

signal . generator, which produces, superimposed sine waves may

be used.
[0123] The tissue ,résponse " is deconvolved using fast
Fourier transforms or other'teéhniques. .Bipolar, tripolar or

tetrapolar .current and voltage  electrodes may be used to make
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WO 20071067632PCT/US2006/046570 example, Dunn's method using all
Pairwise multiple Comparison Procedures: curves for frequencies
between 60,000 Hz and 10 Hz, i.e., it examines the difference between

the high and low intercept of the impedance curve on the X-axis drawn for
ffequencied 80,000 Hz-10 Hz. (0206]0ne Way Analysis of VAREHCZ06/046570

[0207]Normality Test:Failed (P < 0.050) Kruskal-Wallis One Way Analysis
of Variance on Ranks Resistance 60,000 Hz-10 Hz; values expressed in
ohms (25% and 75%, = value at the 25th and 75th percentile)
Group(REpi) median 23% 75% Mean SE SEM Op 1 BN Lesion 53728

. 24862 125580 79316 69764 , . .
‘measuremen;s. In one preferred embodiment tetrapolar

electrode configuratigns are emplpyea.‘tO»,avqid inagcuracies
‘that are introduéed due to élecEere polarization - and
. electrode-tissue )iﬁpedance. errors. Raﬁhe: than impedanée,
current dénsity may be measured using an afray4of'e1ectr6des
at the epithelial or skin surface.’ Tmpedance may also be
meashréd_ﬁsing electromagnetic .induction without the need for
‘electrode contact with the skin or epithelium. '

[0124] In order to proceés large amounts of‘ data, the
methods of ‘the present ‘inventicn could be 'implemented " by
software on, computei' freadable ‘ mediun\ cand.  executed by,
computerized equipment or centralvproéeésor units.

EXAMPLE 1. BREAST CANCER '

{0128} . &as méntioned abové, impedance and DC ' electrical
potential have.beén used separately:at the skin’'s surface to
diagnose breast cancer. . Neither of these methods measures
the ductal transepithelial DC or AC electrical p:dperfies of
the bfeaét. ' This Significantly reduces -the aCcu;acy‘of the‘
approach, because the origins of breast cancer are within the
" ductal epithelium, .apd ‘not the surrounding bfeast spfomao
Accuracy is . further improved when the transepithelial
measurements of impedance and DC potential are‘combined}f The
use of pharmacological and/or hormonal .agents in combinétion
with impedanée ‘or DC éléctrical potential measurements, -
brovide a more‘ effective method for detectipg abnormél pre-
cancerous d: cancerous breast tissue.
. {01261 ' 'Breast cancer develops within a Dbackground -of
disordered proliferaﬁiqn, which primarily affects the terminal
ductal lobular units '(TbLUs).. 'The‘:TDLUé. are linéd by
epithelial cells, which maintain. a TEP (transepitheliai
potential). In regions ~of up-regulated proliferaticn, the
'~ ducts are éepolarized. The depolarization of ducts'qnder the -

skin surface results in -skin depolarization. The



10286 Op 2 Larger CA 24229 14591 41977 26856 16754 4477 Op 3 AR
Lesion 98352 22535 242457 164089 187015 34727 Op 4 DOTS and
small CA 273880 133087 520662 421298 506953 105707 =

%‘907 g_/y(y(i%hs\’% degrees of freedom (P = <0.001). The differen}ges in the/046570
median valies among the treatment groups are greater than Wi B8

expected by chance; there is a statistically significant difference '(P =
<0.001).

" depolarization is. Significantly' attenuated .compéfed to that’
which is observed wusing a«transepithelial ductal1apprcach, asl
oﬁposed to a non-transepithelial skin surface approagh such as
disclosed in Patents 6,351,666 '5,678,547; 4,955,383. when a
‘tumor develops in a reéion of up~régulated prolifération, the
overlying breast' skin becomes furthér depolarizéd. compared
with other régions of the breast ana. ﬁhe .impédance of the
cancerous breast tissue @ decreases. The chéngéé in ductal
epithelial impedancé afe not measured using . éxisting
technologies resuiting.l in.  a diminutionf in aécuracy.'
Alterations iﬁ TEP_andlimpeaancé occur under theAinfluence of
hormones‘and menstrual cycle.

[0127] For . example, the electrophysiological response of -
breast tissue to 17-B-estradiol has been observed to be
different in pre¥canceroﬁs or cancerous e@iﬁheliuﬂy than ih'
normal breast, epithelium. . In one method 'of the present
invention, estradiol is introduced directly into the duct or

systemically following sublingual administration of 17-f-

,estradidl (4 mg). This agent produces a rapid response, which
peaks at approximately 20 minutes. The elegﬁrophysiological
response ,depends, in part, on the stage of .the patient’s

'ménstruél éycle, as well as the condition of the ‘breast
tissue. Séecifically, in normal breast tissue, a rise in TEP
will occur'dur;ng the follicular (or early) phase. In pre-
cancerous‘ or cancerous tissue, this response is ‘abfbgated.
Post-menopausal women at*fisk for breast cancgrumay.have‘an
exaggerated TEP response. £to estradiol because df'up—regﬁlated
estrogen redeptors‘dn epithelial cell surfaces.

[0128] Furthermore} © estrogen, progésterone,' prolactin,
corticosteroids, tamoxifen or metabolites, (all of which alter
 the ion transport characteristics of ductal épiphelium
aepending on its premalignant, malignant aﬁd.:functidnal‘:

state), . thereof may be introduced either' orally,
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[0209]A multiple comparison 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 Comparison (REP/) Diff of

143.348
gVaQ%%7%£ .<2.3510p4vsOp263.4915.767 YesOp 4 vsPC F R S

:intravenously, . transcutaneously,” . or:. by intraductal
installation . , . ,
:[01293 In one embodlment of the present 1nventlon breast'

. or other cancers may “be dlagnosed by emamlnlng the basal
conductance state of the paracellular 'pathway"of the
epithelidm For example, in the breast, a substance known: to
affect the conductance of the tight junctions may be 1nfused
‘into .the “duct, ' or admlnlstered- by other mean, and the
transepithelial‘ impedance aﬁd/of the DC potential .of the
breast is measured before ‘and after the admlnlstratlon of the
agent, using a comblnatlon of surface,‘nlpple, ductal or other
electrodes. The difference- in the traﬁsepithelial electrical
'fesponse of the tight junctlons to the agent in normal
compared. to pre malignant or mallgnant breast eplthellum is
then 15 wused to . diagnose the presence or absence of
malignancy.

[0130] In another embodiment, the electrodes ~are 'placed
over thelsusplc1ous region and the passxve DC potenuldl is_
measured. Then AC impedance measurementS"are made as
discussed below. The variable 1mpedance ;propertles of - the-
overlying ‘skin may attenuate or increase the measured DC
surface electropotentials. - Alternatively, impé&ande
measurements at dlfferent frequencies may initially 1nclude a
superlmposed contlnuous sine wave on top of an applied DC
voltage Phase, De voltage and AC wvoltage will be méasured
The resistance of the skin or other epithelium at AC and ‘a
.different resistance at DC are measured Under DC condmtlons
since there is no phase shift, it is possible ‘to measure the
transepithelial poﬁential' at the surface.' .The .capaéitive
properties of the skin may allow the underlying breésﬁ'
epithelial and _tumor. potential to be measured at the skin

surface.
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Yes Op 4 vs Op 3 31.313 3.453 Yes Op 3vs Gp 2 32.177 3.045 Yes WO
20071067632PCT/US2006/046570 [8210] resistance of the curves fOr
frequencies between :6 Hz and. 0.1 Hz, i.e., it examines the difference
between the high and ' Ibw intercept of the |mpedance curve .on the
RRRYEE6A for frequencies 6 Hz-0.1 H. [0211]One Way A,},’g|§/§1§28‘f6/ 046570
Variande [0212]Normality Test: 'Failed (R ct 0.050)

.{0131] ° Once the ECM results in "wettlng" of the skin
surface there is pseudo- exponentlal decay 1n the skin surface

potent;al using the: above referenced approach. | Ions in theo
ECM diffuse throughA the skin’ and make 1t‘ more ccnauctiﬁe,
‘particularly- because of changes in. 'the skln parallel
. resistance. ' The time constant for thls decay' igs dinversely
proportlonal to the concentratlon and ionic strength of the
gel. Once the skin lS rendered more ccnductlve by the ECM the
capacitive coupllng of the surface to the underlying potentlal
©of the tumor or the sufropnding epithelium is lost eo-that the
measured potential.vnow reflects-'an, offset and diffusion

potential at the electrode-ECM-skin interfaces.

[0i3z2y] . Figure 6  demonstrates the effect 'of varying the-
ionic content of the bathing" Ringers solution on
" transepithelial conductance. 1 The human breast ‘epithelial

cells were grown as monoleyers)on Millipore filters and grew
to confluence in 7 to -10 deye. The epithelia“were then.
nmunted in modified Ueeing chambere and. the DC . conductances
 were xneesured..neing a voltage clamp.  The conductance was
measured by passing a 2 pa current pulse for 200 milliseconds
and. measurlng the DC voltage response and calculatlng“ the
'Cranseplthellal ‘conductance (y-axis), and plottlng lt agalnst¢
time (x-axis). The conductance was measured first 1n standard
Ringer solution, then in a sodium-free Rlnger, then returned
to standard Ringer, then in a potassium-free Ringer and
finaily returning . to standard ARinger solution while
malntalnxng normal osmolallty during the studies. o

[01331 . The upper ‘plot (filled squares and solid line)
demonstrates the conductance of benign numan breast epithelia.
grown as a monolayer. The conductance is higher in the benign
. epithelial cells. The Na' and K components of conductance are

approximately, 10 and 5 mS.cm 2 *eepectlvely
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[0213]Kruskal-Wallis One Way Analysis of Variance on Ranks
10214]Resistante 6 Hz-0.1 Hz; all values expressed in ohms (25% and
75%, = value at the 257h and 75th percentile) Group(RopT) Median 25%

9 D SEM Op 1 EN Lesion 105995 27555 219090 147991
E@%‘?@g@%s Op 2 Larger CA 26756 276 50172 30576 30417/US2006/046570

'[0134] ° The lower plot (filled circles and dotted’ line)
demonstrates the ' conductance of ﬁalignant hﬁman breast
ebithelia grown as a monolayver.: The condgctance,'ig
significantly lower in the malignaﬁt épithelial'cells;" The Na’
‘and K* components of éonductance ére approximateiy} 4 and . 1
. mS.cm™? respectively. |

[0135] - In malignant tumors as opposed to -ﬁdnolayers of
malignant epithelial pelis;.the tight junction between cells
break down and the tumor becomes more conductive than eitﬁer
benign or malignant epithelial monolayers. This bbsérvation
may be exploitédAin.phe diagnosié of breast cancer. The lower
conductance of the epithelium around a developing tumor,
togethef with' a region of high conductance at the site of the-
malignanéyj may be used to more acéura£e1§ diagnose breast
cancer. Using électro&és ‘with ECMs with different ibnié'
'cbmposition will permit'the specific ionic conductances to be
used in cancer diagnosis. for example a ‘high conductance
region‘ with a surrounaing area ldf' low Krconductance is
‘indicatfve of breast cancer; a high conductance area with a
surrounding region;' of ndfmal conductance . may be more
indicative. of fibfocystic.disease (a benign process) . |

" [0136] ' Figure 7 demonstrates measurements of cell. membrane'
poﬁential (wf in human breast epithelial cells. Measurements
were made ’using a .potentiometric, fluorescent probe, and
ratiometric measurements, which ére calibrated  using
valinomycin and [K*]jgradients. . s were measured’ in the
presence (closed .circlésﬁ and absence (open ‘circles)  0£
estradiol (the active metaboliterf 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 obsérvations; ‘ Thé. addition of

estrogen to cultured breast epithelial cells 'results in an
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8129i Op 3 AU Lesion 107020 19234 292435 224563 307154 570371 Zp 4
DOTS and small CA 277090 151015 540850. 432011 402275 83880
[0215]H =.26.623 with 3 degrees of freedom (P e <0,001). The

SIRNGes 9 the median values among the treatment. groups.
an would be expected by chance; there is a statistically &gmﬁﬁs e

dlﬁerence (P =<0.001). [0216]A multiple comparison 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: Comparison (REpi) Diff of Ranks
dnstantaneous inéreage in v ({(data hot shown) as well as the
transepithelial pqtential see, figure. B.- Transepithelial
‘potential (V) of an epithelium is 'thg sum of the apical
(luminal) cell mémbrané potential (V,) and -the basolateral
(abluminal) cell membrane potential (Vmﬂl Thereque V= Vy
+ Vg, (changeS' in Vva and/or Vg will therefore aiter Ve of
transeﬁitﬁelial potential) .
[o1371 - Figure 7 demonstrates that benign breast epithelial
cells have a wy of apbroximately —SO‘IMI in the absence of
estradiol and -70 mV when estradiol is added to the culture
media. Malignant and transformed cells have a Y of between -
31 and -35 mV in the absence of estradiol and approximately 50
mV when estradiol is present in the culture medium. \
[0138] The dlfference in the electrical propertles may be
exploited to dlagnose breast cancer in vivo. Surface
electropotential measurements are a combination of the
transepithelial potential, tumor potential and overlying skiﬁ
potential. Physiological doses of estradiol may be
admlnlstered to the patient to 1ncrease \y and the sustained
effect of estradlol results in an increase in transeplthellal
potential ‘and tumor potentlal measured as an 1ncrease in
surface electropotential. The increase folloWing sdsﬁained
exposufe {as opposed to the 1nstantaneous response) is leés in
malignant than benign breast tissue. ;
[0139] It should be noted-that the instanténeoué résponsef’
"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 elécﬁropotéﬁtial)
in maligﬁant‘ cells. Concurrent meééurement of surface
electropotential and impedanée allow .the more accurate'
diagnosis of cancer. Figure 8 demonstrates' the instantaneous

effect of increasing dbses of estradiol on the transepithelial
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potential (TEP) of benign and malignant human breast
eplthellal cellé " The cells were grown as monolayers on:

'Mllllpore fllters and grew ‘to confluence in 7 to 10 days -The
. epithelia were then mounted in modlfled USSlng chambers and

the TEP was measured using a voltage clamp Increa51ng doses

of estradlol ‘between 0 and 0.8 M were added (%~ axxs) The
transeplthellal potential was measured after each addltlon and
'the TEP was measured (y-axis) . '

[0140] The dlfferent dose response is apparent for benign
and malignant epithelia. Malignant eplthella have a lower TEP
but undergoe an 1nstantaneous 1ncrease 1n TEP of approximately.
9 mV (becomes more electronegative and reaches a level of < -6
mv) after exposure to only 0.1 UM estradiol and then
depolarize to approximately -2 mV with increasing vdoses of
_estradiel up to about 0.5 uM. Eenidn epithelia have a lesser
response to increasiné doses of estradiol and do not peak
until “almost. 0.3 UM 'and then remain persistently elevated
'(higher electro negativity), unllke the mallgnant eplthella,'
~with increasing doses of eotradlol

{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 1nstantaneous response
of the eurfacefelectropotential and/oxr impedance may,then be
used to diagnose breast eancer with improvea. accuracy over
‘existing; diagnostic modaliﬁies using impedance or DC

measurement alone.

[0142] Flgure 9 shows conductance measurements made at 2000
Hz at the surface of the .breast. At this frequency the
influence of the overlying skin impédance is less. There is

still however some varlable component of skin 1mpedance, which

results in slgnlflcant varlablllty of the measurement as
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~evidenced by the overlapping error bars. Each symbol
represents the median measurement with error bars~the.standard
déviat:ion 0of the mean. . '
f0143] Open symbols represent‘measﬁrements madg in patients
‘'with a ©biopsy proven malignancy, while cloged symbols
represent measurements made in .paﬁients whose‘ subseqguent
biopsy proved to be a benign process such as fibrocystic
disease. Malignant 1esions are - often ésséciated with
surrounding breast epithelium that demonstrates Up- regulated
proliferation. : These regions . ("adjacent. reglon") are
depolarized and may have a_lowef.conductance than either over
the regign of malignancy. This decreased conductance may be
because of decreased K'-conductance of the adjacent and pre-
malignant epithelium as ‘I have observed in human colon.

[0144] Each of the Ehree groups of .symbbls represents
'méasurements from over a suspicious lesion or region, then the
adjacent region, and then over normal breast in an uninvolved
qnadraht of the Dbreast. The first two symbols (circles) in
. each of the three groups are impedance measuremeints where the
median value is prlotted agaiﬁst the left y-axis as conductance
in mS.cm™?, The second ﬁwo symbols (squares) is the surface
electrical ?oténtial measured in mvV and plotted'against the
right y~a£is; each division equals 5 mV. The third two
symbols (triangles) are the electrical 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 overlaﬁ in the‘error
bars (standard deviation of the . mean). Therefore breast
cancer.can be more accurately diagnosed using a combination of
surface potential measurement and AC-impedance. 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



1 25.231 2.578 No [0217]Capacitance . [02183Capacitance (Cl is derived
from the curve using the formula WO 2007/067632PCT/US2006/0465741
[0219]Z. (Impedance on the )r-axis) = 1/2nfcC,Note that capamtance

cell mass increases and becomes elevated with large }
%gg{ff%ﬁe nuMber of cells increases. fc is the characterlstid Sh00c/046570
frequency defined below. [0220]The following example compares the
capacitance of the curves for frequencies between 60,000 Hz and 10 Hz.
[0221]0One Way Analysis of Variance [0222]NoLmality Test:Failed(2 <
0.050) [0223]Kruskal-Mallis One Way Analysis of Variance on Ranks

i f@ggé]l(@%qpi nce_§Q..000 Hz:10 Hz.All values expres&edl -Farads % 4ol
* and 75%, = vgue at th% 25th and 75th percentlﬁe) Group(C arags 105 Rt
pOtﬁﬁaﬁﬁﬁZSWgrom benlgn and mallgnant breast tlssue,

measured at the skln or 'duct surface Thig ' will enable
. further lmprovements in dlagnostlc accuracy ‘
[0145] It should be understood that the surface potentlal
measurement of breast tissue varies based on the posxtlon of
 the woman in her menstrual cycle. Figure 10 lllustrates this
'varlance. : - This . figure demonstrates eleCtrbpotentﬁial .
measurements ' taken over the surface of each 'bfeastl at 8
different locations with an array of 8 electrodes on each
breast referenced to  an ‘Aelectrodel on the skin of the upper
abdomen. Measurements are taken‘with error -bars equal to the
‘etandard error of the mean. Filled circles andA £illed squaree
represent the medlan value from the left and right breast
respectively. The .vertical dotted 11ne is the first day of
'each menstrual cycle. '

[0146] It‘ can be seen - that, t,he median wvalues for each
hbreaet tend.)to track one another with lower values in the

first half of.n@nstrualfpycle (follidﬁla: phase) and higher

values . in the latter part of cycle (lﬁteal phasé). 'Although
the measured - electrical values are  not completely
superimposed, because of ' other factors affecting . the

electropotential of the breast it can be seen that the lewest
'levels of electropotentlal are observed '8-10 days Dbefore
menstruatlcul and the rise to the hlghest levels around the
,tlme of menstruation. "This may be because estradiol levels -
are higher in the second part of menstrual cycle,end directly
affect breast surface electropotehtial}

[0147] The .cyciical paﬁtern of elec;ropotential aeﬁivity
when a.breast cancer or proliferative lesion is’ present is-
quite different. - 8imilarly higher levels of  surface
electrqpotentlal are observed when ‘measurements were : made in

the afternoon compared w;th the morning. This lnformatlon can
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be exploited in a number of dlfferent ways . Measurement of
the surface potential and impedance at dlfferent tlmes durlng
cycle énables a more accurate d:.agnos:Ls because of a. dlfferent'
cyclical change in surface electropotentlal (i.e. _the peak to
peak change in potential .is less over ‘a mallgnant region,
relatlve to normal areas of the breast) Secondly, estradiol
or another agent that changes the. electropotentlal of the
breast may be ' administered systemlcally, ,topicaliy
(transdermal), intraductally or by other means’, and the drug
or hormone- 1nduced change in surface potentlal may be used as
a provocative test to diagnose breast cancer. )
[0148] & Figure 11 is a diagram illustrating the histological "
and electrophysmologlcal changes  that occur during the
development of breast cancer The continuom from normal
" ductal epithelium, through hyperplasia, aty@icél hyperplasia,
ductal carcinoma in situ (DCIS), to invasive breast cancer is
thooght to take 10 to 15 yeérs.- Some of thé steps may be
skipped. although usua;l&- a breast cancer develops within a
_ background of disordered ductal proliferation.  The normal
duct maintains a transepithélial rotential (inside of duct
negatively charged), whioh depolarizes and impedance, which
increasés dﬁriﬁg the developmeht of cancer. Once an. invasive'
breast cancer develops the 1mpedance decreases wmth loss of
tight junctlon 1ntegr1ty, and conductance through the tumor is
enhanced. . The disordered ducts have: Kaltered<
electrophysiogical -and ion transport properties. Théseb
properties aré illustrated in thenlower aspect'of figufe 11.
These electrophy81olog1cal and ‘transport alteratlons will be
exploited to dlagnose cancer and premallgnant changes in the
breast. .

" [0149] In these ways breast cancer can be more éccurately
diagnosed using transepithelial measuremento of.potentialf or

impedance, . or a combination of transepithelial surface



0.411 0.0778 Op 4 DCIS, and small CA 0.177 0.117 0.289 0.243 0205.
0,0427 [0225].H = 11.012 with 3 degreeS of freedom (P = 0.012), The
differences in the median values among the treatment. groups are greater

thanowgd e expected by chance; there is a statistically sigificaRos/046570
difference (P = 0.012). [0226]A multiple comparison procedure can be

used to isolate the group or groups that differ from the other_S, for
example, Dunn's method using all Pairwise Multiple Comparison
Procedures: Comparison (C) Diff of Ranks Q P<0.05 Op 3 vs

_.potent:ial o measurement, AC- :.mpedance - measxiremehi:s and
pharmacologlcal manlpulatlons ‘

‘EXAMPLE 2. CHEMOPREVENTATIVE AND ’I‘HERAPEUTIC USE .

. [01501] In" addltlon' to the ionic, pharmacologic, : and -
hormonal a;gents' described above, the system and method of the
present invention may be used with' cancer preventatlve ‘and
therapeut:.c: agents and treatments. SpeCLflcally, electrical
,‘measurement of altereci structure and function pﬁ:ovides' a .
method for evaluating'a pétient's response to 'the drugs |
w1thout requiring a blopsy and without waa.ta_ng for the cancer
to further .develop.: Patients ‘who respond to a_ given
chemopreventative or ‘therapeutic dgent would l'ikely. show
festorati,on of Iepithelial function to a morel normal state.
Patients who .d‘o not respond would show minimal change or may
even demonstraté ‘progression to a mére advanced étage of the
‘disease This system and method, thus, may be used by either
cllnlc:Lans or drug companies in assessing drug response or by
cllnlclans in monitoring the progress of a- patlent s dlsease‘"
and treatment, 'or monitoring the process 'of carcinogenesis

(cancer developmenti, before an overt malignancy  has _fully

developed. ‘ , .
EXAMP;E 3. ELEC‘TROPHYSIOLOGICAL CHANGES IN O’I‘HER EPITHEL'I-A
[0151] ' The e:xamples illustrated by figures 12 and 13- were

performed in human colon specumen removed at - the time .of
s'u:rgery.‘ Based on in vitro studies in breast epithelial
‘tissues, .similar changes in human ductal epithelium that can
. be measured in vivo areé expected.

[0152] Figure 12 demonstrates the short circuit current
{Isc) of -human colonic 'ep‘it:helium ex~ vivo.. The figure
demonstrates the t:lme course along. the x-axis while varylng-
" the potassa.um gradient across the tlssue The potassium
permeab::.llty of the apical membrane of human Colonlc micosa -

(p¥ a) was determlned ‘in ~surgical specimens of controls and

th
h



Op 2 33.357 3.166 YesOp 3vsOp 49.8391.086 NoOp3vsGP 1
4.578 0.593 (Not

WO 2007/067632 PCT/US20606/046570

grossly’ nbrmal—appearing: mucosa obt;ainec_l 10-30 . cm proximal to’
éolorec‘tal adenocarcinomas. fi‘he mucosa wa\sﬂmouxitéd in Ussing
chambers and the basolaﬁéralv membrane registance and voltagel
were nullified by elevating the 'K*‘ in . the Se;:c‘)sai"‘bathing
‘'solution. The apical sodium (Na*) conductance was bIockéd‘with‘
0. lmM a;milo:ride,. ' This. protocol reduces the equivalent circuit
model of the épithelium to an apical membrane ccéri'ductance and
electromotive force :Ln parallel wmth the paracellular pathway
as has been verlfled by'mn.croelect:rode studies. Increasn.ng
serosal K' caqsed,the Isc’ to become negative (-140 'uA/cmz) in
normal colon after'which 30 mM mucosai TEA,éauéed an abrupt
increase in Ig4 corresponding to block Qf apical k*.channels.
In cancer- bearing colon the reduction in Is. is to -65 pA/cm?.
The serosal bath was remalned constant at 125 i [K].

{01531 Figure 13 demonstrates that AIsc, determined with
respect to the. Iz at 125 mM mucosal K, is a linear function of
the concentration gradient, AfK]. Because the v0ltage across, .
thé apical membrane<is.zeré under these conditions and the
) paracellﬁlar pathway - .is nonselective, thé. P, | (apical
potassium permeability) can be calculated us:mg the Fick
equation i.e., '3:5; = 'F-PKa;A{K] where F is the Faraday constant’
'aﬁd A[K] is the concentration difference for K' across the’
epithelium. Figure 13 demonstrates mean * sem values for Iee
in both .no'rmal and 'premalign'ant Ahpman.'diistai gqlon,v -"The"
apical K* pei'meability of controls was 9.34 x 10-%cm/sec ‘and .

this was s:Lgnlflcantly reduc:ed by 50% in premallgnant human

mucosa to 4.45 %x 10 %cm/sec. an could also be calculated for
the change in I.c when the K' channels were blocked with TEA,
assuming complete block. This resulted in somewhat lower.

values of 6.4 x 10~ cm/sec and 3.8 x 10 %cm/sec correspondlng to

v'a 40% reduction in -P%,.
{01541 These observations show that there is:a field change

in the K' permeability and conductance of human colén, tduring
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.the development.of cancer. Similar results are expected in
breast ductal epithelium. Impedance méasurements;»and/or DC

'measurement usingl electfodeS‘ with  different potassium
. gradients togethef with‘specific‘drugs, such as amiloride to
block the“contributions of electrogenic Né* transpﬁrt; to»the
electrical properties of thé breast may be useful tb'diagnosé
breast'géncer cancer. Amiloride may be introduced through the
‘breast ' duct and ‘then the K'-concentration varied 'in the ECM .
used in the nipple eléctrodé’or irrigated into'thé‘duct to
measure the reduced potassium permeability observed in the
surrounding breast ductél epithelium . (with atypical ductél,
hyperplasia or early DCIS), or‘incréaséd permeability in the
Yfegion of the dgveloping invasive breast cancer;
foiss5] Figufe 14 illustrates multiple Nyquist‘ impedance
blots from humah breasts. Current wés passed between a nipple
cup electrode containing a physiological saline solution under
suction to open up the breast dﬁcts on the surﬁace‘oﬁ the
'nipplé, énd én electrode placed on the surface of the breast.
IVoltage'was then measured between the nipple and the region of
interest using a'seﬁarate set of voltage measuring eléct;édes,
All measurements were made at 59 freguencies logarithmically
spaced between 60,000 hertz and 1 hertz sxcept for the
fibrocystic with atypia case (filled. squares), whichi was
measured at Sé’frequencies between 60,000 hertz and 0.1 hertz..
The impedancev curves demonstrate the' lowest impeaance at
highest fréquehcies.' As the frequency of ‘the applied sine
wéve,decreases the curves shift from left to right along the
K-axis. . .

[0156] ' Pig - 15 illustrétes the impedanée profile fcr a .
patient with a hemorrhagic cyst. These .studies were performeé‘
at frequencies from 60,000 hertz to 0.1 hertz. Measuremernts
were made éver_the,mass (lesion) in the 4 o'clock location of

the Dbreast and control measurements were made in the
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2 23.519 2.156 No [0227]The following analysis compares the
capacitance of the curves for frequencies between 6 Hz and 0.1 Hz.
[0228]0One Way Analysis Of Variance WO

2A074P6533PCT/US2006/046570 ',[0229] ' NOmality Test;Railed{P < o 1c<0
0.050) [0230]Kruakal-Wallis One Way Analysis of Variance on Ranks,

[0231] Capacitance 6 Hz-0.1 Hz; all values expressed in Farads x 106
(25% and 75%, = :value at the 2.5th and 75th Percentile) Group(C)
Median 25% 75% SD GEM Op 1 EN Lesion 0.298 0.160

" 10 &rclock location of the same breast. The. high frequency
measurement demonstrates that the.curQeS‘were superimposable.
Separatlon beging at a frequency below 5 Hz, The re81stance
of the mass was hlgher than the control quadrant of the breast
‘at low frequencies. . Surface open c1rcu1t potential
measureﬁenﬁs showed depclarization\oflonly 2 mv oﬁer the%maés
and therefore'enab;ed discfiminatioﬂ from céncef'despite the
high impedance. . o ‘

[0157] “Figure- 16 lllustrates a Bode plot of 1mpedance plots
comparing a patlent W1th flbrocystlc disease. (0465) and a
patient w1th,breas;vcancer ((0099). It can be seen that the
impedance [Z] and theta (phase angle). separate at the lowest
frequenéies “(open . and closed symbols) . The data for the-
suspicidus'mass, Wthh was identified as fibrocystic disease
- on pathology, the control reglon and the control region from'
'tﬁe "breast cancer are almost superimposable. At the low
frequency end of the- specﬁrum the cancer (0099D-filled
circleé) separates- f;om the..con;fol guadrant measurement
(0099C~0ben circles) at.approximately 20 Hz.

[0158] Figure 17 illustrates the same data as ipAfigdre 16
plotted as. a Nquist ploé The mass (a regioh of fibfocystid
‘dlsease 0465A open sguares) has a 500082 lower 1mpedance at the
low frequency.end of the curve to the "right ‘side of the x-
axis, compared with the‘control.region (O465B filled squares) .
Plot 0099C (open circles) has a similar total impedance to the -
breast with fibrocystié changes butvﬁhe curve shows a “double
hump"‘indicating‘twp différent time constants (1) for the iow
and high fiequency .eﬁds of the’ impedanqe spectra in the
malignant breast. This gharacteristic appearéncé can also be
utilized as a diagnostic tool. ' i
'[0159] Figure 18 demonstra;eé the iméedancé, spectra when

the curve (0099D-filled circles) is added for the breéast
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.cancer to ;E:Lgure 17. The total impedance. is'sigﬁificantly
higher at ’76397Q compared t:o 45447&“2 for the control guadrant,’
‘and the lower (high frequency) curves, begln to separate below
. about 200 Hz The cancer was depolarlzed by 26 mv compared_~
with the control gquadrant, and the fz_brocystlc dlsease was
depoliarized by 5.5 mV. .The combination of hlgher :meedance
and greater depolar:.zatlon enabled dlagnOSJS of breast cancer
lI’l one patient and flbrocystlc disease in the other deSp:Lte-
the flbrocystlc patient having J_mpedances close to 50,0008, a
hlgh value typically, but not necessarily suggesting the
presence of cancer. , - ’

.[6160] Figure 19 illustrates thé ‘effects of altering the
level of 'suctien applied to the nipple cup electrode. ﬁolding
suction was established where 3 ml of saline was asplrated
'from the nlpple cup  and is :Lllustrated as’ the impedance curve
with open sguares. The impedance is approximately 26,0008,
When an additional 2-3 ml of saline is asplrated from the
nipple cup electrode the impedance curve 'collapsecs to an -
~impedance of approx:.mately BOOO.Q fllled squares The addition
of 1-2 ml of sallne resulted in an increase in 1xﬁpedance (open
circles), whleh increased to approx:Lmately lSQODQ after 5
minutés (closed circles). , | | ‘
[0161]( Figure 20 illustrates similar 'suction pressure
experlments on a mal.ignanﬁ breast: aspira{:ing 3 ml of
physiological saline from the nipple electrode, after holding
suction 1s obtained, results in a decrease in total impedance

from‘ 45,4470 to 29,0298 in 'the control quadrant wheree.s

:meedance decreases from 76, 937!2 to 62,5680 over the cancer.
The greatest decrease in impedance ‘is seen at the hlgh~
" frequency end of the impedance spectra {(curves on the lefe,
side of tﬁe X-axis) . For example, the lmpedance decreases

from 29216 to 155052 in the control quadrant, and from'35824 to

n
e



4.84 1.01 [0232]H = 14 688 with 3 degrees of freedom (P = 0.002). The
differences in the median' values among the treatment groups are greater
than would be expected by chance; there is a statistically significant

diberneer(k 0.002). [0233]A multiple comparison procedurg a8 dReE 70
to isolate the group or groulos that differ from the others. All Pairwise

Multiple Comparison Procedurps (Dunn's Method): Comparison (C) Diff of
Ranks Q P<0.050p 2vs Op 4 37.764 3.493 Yes Op 2

10106Q ‘over the cancer. On the other hand, che' changes in
1mpedance are much’ less 1n the lower frequency spectra {(curves

on the’ rmght—smde of the X-axis). ‘A hlgher suctmon results in

a decrease in impedance from 19985 to 16593Q in. the control
‘quadrant whereasl the change is even less over-_the cancer
' aecreasing'frbm~7ﬁ674 to 7192952 Capacitance inéreases in the
control guadrant, in the low frequency range when suction is
increased: from 1.50E~5 to 1.76El5F (farads), decreased from
1.17E-5 to 9.32E-6F over the cancer. It caﬁ be. seen that
alteriﬁg the suction on the nipple. cup. electrode manually or
with an automated suction pump éanJ be ‘used to .distinguish
malignant from benign breast eplthellum by observxng dlfferent
responses of the 1mpedance spectra to thlS maneuver.
[01l62} Figure 21 illustrates the method used for estlmatlng
,the 1mpedance for the cancer hlgh suction curve in’ Flgure 20,
where an arc is fitted to the. impedance data and extrapolated
to the x-axis at each end of ‘the. curve. The différence
. between . the ‘low and high intercepts is ’ che‘ estimated
resistance of 72674Q. The Capacitance'(é) is estimated from
the reasctance Aat,'the maximum height of the arc, and is
.41.16523—5l .The Depression Angle (15.932) is the angle between
the x-axis and a line drawn from the origin of theex~axis to
the center bf the plotted arc.
{0163] The methods o©of the present in&ention allow one to
obtain mﬁltiple .curves - from the measured 1mpedance
information} ty@icaiiy two or more éurvés, for example about 2
to about 4 such curvés;‘ including' 2, 3 or 4 curvesp Each
curve can provide different lnformatlon about the condition of
the tlssues and structures associated with the. b:east[
including: ‘ )

a high frequency curve (about 60, OOD Hz to about 100 Hé),

prov1des lnformatlon about the nipple and overlylng skin:
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a 'iﬁtérmediaté ‘curve (about 100 Hz . to about 'lG Hz) '
prov1des information about the larger ducts and breast stroma,
and ' ' .

‘ a low frequency curve - {less ﬁhaﬁ about_G Hz,‘for example
‘less than about 1 Hz) provides inférmation about‘ﬁhe terminal
ductal lobular units (TDLUs) . | |
[01641 - various embodiménts of .the presenﬁ. invention,
including the methods and apparatus as describéd'and claimed,
permit the use of varlous dlfferent frequen01es and. frequency
ranges, wh;ch’may,overlap those llsted above. and each or a
combination of two or more, may be capable of providing
additional information that can assist in asveiobing a more
acéurate diagnosis-withOut the need for invaSiﬁe procedures.
. For example, in addltlon‘ to the frequency ranges described
: abpve, use can be made of a curve generated baéed, on 'ék
.ffequency:’range of about 100 Hz to about ‘6 Hz, as well as
‘curvés in selected ranges within the overall range . just
descrlbed - for example about 60,000, Hz to about 1.Hz or less.
[0165] Since breast . cancer -causes a number of structural
and,fungtlonal changes to the breast, "it. is poss;ble, using_
the methods and abparatus.of the present invention, as‘well as
‘supplemental information determlned from other methods known
to those skllled in the art, to develop comprehensmve
information in order to dlagnose céncer ,'Fgr éxample, it has
been found that an..lncrease in resistance as méasufed. and
calculated from.the curves in the 1ow frequency range suggests
hyperplasia "0f the ducts, which is assoczated with
proliférativé changes or cancer. Additionally, it is obkserved
that a reduced depression angle as determined from the
méasuredy or calculated curves indicates thef presence of
- malignancy. ‘ I
[0166] As discussed above, several discriminétory features

can be developed from the data and curves generated according
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to various embodiments of the methods and apparatus of the
present invention. Such features include: ‘
| * Rgun, subepithelial resistance - the resistance value at
R=, the intersection of the impedance curve with the X~axis at
high ffequency (for example, 60,000 Hz); ( ,

Repz, epithelial resistance - the difference between Re
and Ro(ﬁﬁe high and the .low intercept,of‘the curve with the

X-axis, or the difference in the resistance at low and high

frequency) ;

Capacitance (C) - derived from the curve using the
formula Z (Impedance on the Y~axis).¥ 1/2n0f:C;

Characteristic freqguency (fc) - the freguency at the

highest point on the impedance curve;

Depression angle - the angle formed by a line drawn
between the locus (center) of the iﬁpedance circle and the Rg
or R= intercept on the x~axis; and '

Open cifcgit potential or transepitheiial potential (TEP)
- 'ther voltage measured Dbetween the nipple and . the surface
electrode.

DEVICES FOR USE WITH THE PRESENT INVENTION

[0167] A number of wvariations are possible for devices to
be used with the present invention. Further, as noted above,
within a device design, there are a number of aspécts thaﬁ,may
be varied. These'variations, and others, are described below.-
[6168] Oone embodiment of a probe or other device for use .in
the present iﬁvention includes a plurality of wminiaturized
electrodes 1in 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 reservqir on the chip. Thus, 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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highest point On the impedance curve. In the high frequency : curves this
tends to increase in larger cancers and tends to be lower in smaller
cancers or DCIS. In the lower frequency curves'tends to be less
wisengninatian for the larger cancers, but fc tends to be lowegdorsmiadlelsso
cancers and proliferative disease., [0236]The following analysis compares
the f of the curves for frequencies between 60,000 Hz and 10 Hz.
[0237]0One Way Analysis of Variance WO
2007/067632PCT/US2006/046570 [0238]Normality Test:Failed(p < 0.050)

. [0239]Kruskal-Wallis One Way Analysis of Variance on Ranks

a dQ@éQ}QHéfa%tS@S“8@%‘1%%%@%0 HzsL9 iz, Al yualyes expressed oy ¢

in Radians (25% and 75%, = value at the 25th ' and 75th percentile)

ProqYoRD (fofRBian ?@@&Rffe’a?f‘%D SEWM . OPPCEN ELERRES680 45857 one
meashf7e8 83635 hith6:1641A1466 the same points as for another,

this system provides generally rellable results

[01691. An alternative approach is to use fewer electrodes
. and use e ﬁlqw%through or mlcrofluldlc .system to change
sdlutions auui'druge. Speéificallyyf soletiens-éﬁf agents are
changed by passing small'emounts of electrical'current to move
solution or agent through channels aqd out‘through'pores in
the surface of the dev;ce. In this embodiment, the eiectrode

remains in contact with the same:region of the surface“of the’

breast,  thus - eliminating reglon~to-region varlatlon in’
measurement. "I This approaeh requires time for equlllbratlon-
between dxfferent solutlons In detecting the presence of

©abnormal pre- cancerous or cancerous breast tlssue,.alhand~heldl
'probe is provided for obtaining surface measurements at the
skin. The probe may include,electrodes for paseing current as
well ae for measuring. -+ An impedance measurement may be. taken
~ between .the nipple cup electrode and the hand- heldu probe,
between a nipple. cup electrode and adhe51ve skln electrodes,
between . electrodes on a miniature. ductoscqpe, between
‘electrodesten a ductoscope and the. skin surface electrodes, or’
may be taken betweén electrodes on the hand-held probe. ' After
taking initial DC meaéufements, a wetting/permeabilizing,agent
may be introduced to reduce skin impedance. The agent may be
introduced using a ndcrofleidic approach, as deqcrlbed above,
to move 'flﬁid 'to. the surface of 'the' electrodes.
Alternatively,  surface electrodes. that just penetrate the
stratum corneum may be used. to decrease 1mpedance )

[0170] - Fluids for use with the present inventions ‘could
 include various electrolyte solutions such as 'physiologie
saline (e.g. Ringers) with or without pharmacolegical agents.

One preferable electrolyte solution to infuse into the ductal
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Op 2 Larger CA 331.300 142.760 584.310788.407 1276.927 341.273 Op
3 AH Lesion 50.183 12.626 221.225504.181 1383.175 261.395 Op 4
DCIS and small CA' 21.435 9.107 45.7832906 24.273 5.06 [0241]H =

%0343 Miths3 degrees of freedom 1P = <0.001). The differenegs ity ihe, 46570
median values among .the treatment groups are greater than would be

expected by chance; there is statistically significant difference (P =
<0.001). [0242,1A multiPle comparison procedure is. used .to isolate the
grouP or groups that differ from the others. All Pairwise Multiple
Comparison Procedures (Dunn's Method):

‘.system Cwill represent a physiological Ringe:f solution.
Typically this consists of NaCl 6 g, KCl 0.075 g, CaCl, 0.1 g,
NéHCOg 0.1 g, and smaller Concentratlons of sodlum hyper and'
hypophosphate at a phy51olog1ca1 pH of 7.4. ‘Other. electrolyte
‘solution may be used. . were the electrolyté' ‘ comprises
approxclmately 1% of. the volume of the solute Hyiaertonic or
hypotonic solutlons that are greater or less than 1% may be
used 1n provocative t‘:est;ng‘ of the eplthellum and/p.r tumor.
The concentration of Na, K and Cl will be "‘adjﬁst‘:‘e‘d under

different conditions to evaluate - the donductance and

permeability of t:he eplthellum . Different pharfnacqlogical
agents . such as amiloride (to block electrogenic sodium
absorption), "Forskolin (or similar drugs to raise cyclic-AMP) -

and hormones such as prolactin or estradiol can also be
infused with the Ri",ngerl solution to  examine ‘the
elec’trophy‘siological :reépohse of the epithelium ‘and tumor to
‘these agents. Similarly, th.e calcium concentration of ‘the
infusaf:e wilZ.L be vafied to al_ter' the tight junction
lpermeabi.lity and measure the electrophysiolo'gicai response of
the epithelium to this manipulétion. Dexamethasgne may be
infused to decrease the bemeability of the tight junctions,
" and the eleétfdphysiological response will be measured.

[0171) Although spec1f1c examples have been glven of drugs
and hormqnes that may be used in “‘challenge" test:.ng of the
epithelium . and tumor, any agonist or antagonist of specific
ionic transport, or tight;junctional integrity‘,. ~known to be
affected during carcinogenesis fnay' be used, part'icuiarly'when
it is known to :Lnfluence the electrophy51olog1cal properties
of the.epithelium or tumor . _ ‘
{01721  Regardless of ‘the configuration of the dewvice, a
_signal is used to measure either the ductal transeplthellal
potential by itself, or the transeplthellal 1mpedance These

two measurements may then be combined to characterize. the-
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Comparison (fe) Diff of Ranks Q P<0.05 Op 2 vs Gp 4 55,102 5.050 Yes
Op 2vs Op 3 32.857 3.119 Yes Op

WO 2007/067632 PCT/US2006/046570

electrical .probérties of the epithelium associated with a
developing abnormaliﬁy of the’breast,'and are then compared
‘with uninvolved areas of the same or opposite breast. Surface
electropotential meésurements and impedance{:neasurements are
then made to characterize the,non~transepithe1ial.electrical

properties of the breast. These measuremehts involve DC
potentiai:r measurements where - the surface potential is

referenced to an electrode that is not in contact directly, or
indirectly through an ECM, with the duct lumen. Impedance

measurements are similarly made between surface electrodes or

a surface electrode and a referenqé electrode not -in contact

directly or indirectly {(through an ECM) . with- the ductal lumen.

These measurements are then compared  and combined with - the

transepitheliall electrical measurements to furthér

characterize thé breast tissue. '

[0173] FPurthermore .an understanding of . the

electrophysiongical basis of the altered impedance or. DC

potential ,pérmits mere, -, accurate diagnosis. For example.

impedance or DC potential may increase or decrease because of

several factors. Increased stromal density of the breast may
alter its impedance. 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 permeability of‘the
epithelia ardund a developing . malignancy would increase
impedance and would be . more likely associated with a
developing cancer than a non-specific impedance change.
Additional information is obtained £from my methqd by probking
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 differentially in normal. compared to cancer-prone,

pre-malignant or - malignant tissue is another significant



2vs Gp 122.2552.265No Op 1vs Op 4 32.848 3.996 YesOp 1vs Op 3
10.602 1.374 No

W0 2007/667632 PCT/US2006/046570

" .difference, which enhances the ;iiagnostic accuracy 'of my
invention over the above referenced ones. : _

[bl?&]' Although the.usé of a nipple cup electrode'has béen
described in this appllcatlon for' use in‘ breast canéer
‘diagnosis, a cup electrode may be used in other: organs where
the epithellumvmay be difficult to access endoscopically, or
an endoscopic'apprpach isAndt desired. An exaﬁple would be
the pancreatic emui‘bile'ducts, which join'ahdﬁopmn at the
ampulla of Vater- within the second part of the duodenum Bile
.duct tumors develop from the endothelial lining of the bile
duct, (i.e., cholangmocarcmnomas, or‘the eplthellal lining of
the pantreatic duct, i1.e., pancreatic carciﬁomas), The -
ampulla; may "be accessed endoscopically and‘éi'cup . electrode-
applled by suction’ to the ampulla. ‘Phyéiological saline can
' be infused: into the ducts and then a transeplthellal potential
and‘lmpedancencould be nmasured intraoperatively to identify
‘the region of tumor in ‘the péncreatic, or bile duct using a
second' elect;dde placed. on the xperitoneal surface of the
~ pancreas or bile duct. Alternatively, the peritoneal surface
electrode may be replaced by a skin surface, or 1ntravenous
electrode when used in a mlnlmally or non-invasive manner.
"[0175]4 Drugs‘may be infused though the cup electrode as a
prévbcativé test and described for breast. Secretin for
example, stimulates biéarbonate sécretion< by"thg_fpancreatic
ducts. This response may be abrogated by changes 'in the
epithelium associated with,' pancréatic~ carginomaL- ©  ‘The
distribution of muscarinic receptors, particularly M1 and M3,
may be altered in ' the epithelium during Dpancreatic
carcinogenesisl Therefore specific 'nméCarinic.sagonists
(cholinomimetic choline " esters and natural. alkaloids) and
, antagohists (atropine, Pirenzepine (M1), Darifenacin“(MB)) may
'be used to elicit a particulat electrophyéiological response

due to chloride secretion in ductal epithelium associated. with
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.Op 3 vs Op 4 22.245 2.456 No [0243]The following analysis compares
the fc of the 'curves for frequencies between 6 Hz and 0.1 Hz., [0244]0One
Way Analysis of Variance [0245]Noimality Test:Failed(P < 0.050)

W3 4lkiwakal-Wallis One Way Analysis of Variance on Rankg1AQ2¢)16570
Characteristic Frequency 6 H-0.1 Hz. ,All values expressed in Radians

(25% and 75%, = value at the 25th and 75" percentile), Groupfc)
MedianF25 75% Mean SD SEM Go 1 EN Lesion 37.699

pancreatic .cancer. Similar approaches may be used in the
intra and extrahepatié bile ducts to diagnose li?er cancer.
'[6176] Prdstatid cancer’may be diaénosed using.a urethral
. cup electrqde applied to the ‘exterﬂal"urethral‘ mea;ﬁs.
Physiologiéal saline is infused into the urethra.‘ Difect
electrical connection is established with the bﬁostéﬁié ductal
and aciﬁaf epithelium via prostatic ducts that open into the
Aprostatic urethra. A éurface electrode may then be placed ber_’
rectum onto . the surfaée of ' the prostate and
electrOphysiélogical measurements may - be’ made in  a
transepithelial fashion as described in the breast. Similarly,
- provocative tests may be perquﬁmxi:with drugs and hormoﬁes
that differentially .affect the elecﬁrophysiologicai
characterisﬁipé.of abnormal pfostatic epithelium when comparéd‘
to normal prostatic tissue. | . ' '

l[0177] Endometrial - cancer may be diagnosed with an
eiect:ode cup placed on ‘the 'utefihe cervix. Physiologigal
saline. may be infused through the cervical- canal . to make.
4e1ectriéal contact with the endometrium. Electrophysiological
- measurements may be made with a reference electrodet placed on
the skin,' intravenously or at a suitable referenée ﬁointn
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. 4 |

[gi78] 'Salivary glénd 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 thé,opening of the
duct inside the mouth. Phyéiolégical.saline is infused inté»
' the duct and electrical contact is thus established with the

ductal epithelium of the salivary gland. A surface electrode
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4,301 37.694 25.464 17.304 2.609 Op 2 Larger CA 37.699 8.882 37.700
28.577 18.757 5.013 Op 3 AH Lesion 13.566 4.556 37.699 20.718 20.394
3.787 Op 4 DCIS and small CA 12.250 7.572 21.274

WO 2007/067632 PCT/US2006/046570

".is then used over .the- skin surface of the gland and electrical
measurements are used to establish the diagnosis of cancer.
_[0179} Although . specific examples have been . glven: abo&e,'_
this technigque may be used ‘to dlagnose any tumor, where. .
‘endoscopic access to the eplthellum» is not p0331b1e or
desired. The application of phy81ologlcal sallne via a cup or.
short catheter may be used for example in the bowel or other
organ system where electrlcal contact with the eptthellum
permits a*transepithelial electrophysiologicel“meaeﬁrement to
be made w1thout resortlng to endoscoplc electrode placement.
The second electrode is then used to externally scan the organ
for the presence of a tumor or abnormal eplthellum Since the
thSlOloglCal saline acts as an electrode in d;rect contact
with the eplthellum this approach 51mpllf1ee the approach to
' electrophy31olog1cal measurements Depolarization and the.
'lmpedance characterlstlcs of the epithelium . will be more
accurate when the surface—soanning electrode is in . close
proximity to the underlyihg abnormal epithelium or tumor.
(01801  EXAMPLES '

[0181] ~ EXAMPLE 1. Breast Cancer Dlagn051s stng Ductal
Epithelial Impedance Spectroscopy _ ‘
Alteratlone in ion conductance and transport [1] -(bracketed:
numbers identify references at the end of this example)
represent early events in cellular ﬁroliferatioﬁ'end malignant
transformation. Breest cancer develops within the duotal or
lobular epithelium of’ the breast.. TFurthermore, functional
changes occur ln transgenic models of breast cancer . [ZQ 37,
and it has been demonstrated that a down-regulation of
specrflc ionic conductances occurs in human breast epithelia -
during breast cancer development {4, 571. Although electrical
,impedaﬁce scanning [6] or tomography, have been used to image
mass - lesions within the breast and for risk essessment,

epithelial . impedance spectroscopy has not been utilized to
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16.315 13,122 2,736 WO 20071067632PCDPS2006/046570 [0248] ' H =
4.131 with 3 degrees of freedom (P = 0.248). The differences in the
.median values among the treatment groups are not great enough to
&J@ 9035|b|||ty that the difference is due to randoth S%%gg)%/omsm
varia ty, ere is not a statistically significant difference (P 970: .
[0249]Depression Angle [0250]Depression angle is defined as the angle
formed by a line drawn between the lecus (center) of the impedance circle
and the Ro or Rco intercept on the X-axi. This progressively decreases
with proliferative changee, small cancers, and may become negative with

. aialprgeicancers iy thedaw fneee%%(&ﬁéia)&@ﬂ of,1he. Ve, {023 Thean cer
foJIowwgagSanaIyss compare edeg\ressm an% of the curves for

‘ C”"::“i;?equenmes betwesh 60,0807 8Rd 10 HY [0253fOneRiES RHalysisyention
i11vataatefd233INGimalityFestrtiediP < B050De6 iruskal- Walisy”  to

| nonoilﬁ\)é/§Y\@i§JY§i§é}{éé&fiar1§§é§b8%!&%@55}9@:@{@3@85@‘@I@%?@d in
5% an d 759 ue at the 25th %/I 75th ercentile Grou%)

rees
[01% . Ang e)tﬁ)edsan u§|5 § evi W Boar

patlent conseéent, electrlcal contact with ductal eplthellum was

and

establlshed non- 1nva31vely, using a specially deslgned nipple
sensor' in 70" women . scheduled for breast biopéy.
Transepithelial impedance xneesqrements' were obeainéd. over a
freduency rahge of O.1~60K‘Hz and processed ueing a frequency
response analyzer and sihevwave.cqfrelation-technique, Open
circuit potantial (the elect;oﬁotentiall across the Dbreast
leplthella and skln) was measured after impedaﬁce measurements
ware completed Data were analyzed using ‘a t-test,
Mann-whitney test; or ANOVA as‘appfopriaté. Details of the

-example can be understood by reference to several features in

Figure 22 ae © clearly shown in Figure 22- -1A through
'Flgure 22-38B. ' ' ‘
{0183] ' Figure 22-1A. Representation: of Dbreast epithelium
" with different | ien transport pathways. - Figure 22—18.

Electrical. modeling of breast épithelium demonstréting. the
capaeitive and: resistive  elements of  the circuit.
Figure 22-1C. A Nyquist plot demonstrating  how the different -
c1rcu1t parameters are obtalned using a varying frequency sine
wave to probe the epithelium. Figure 22-1D. Measurement
set~up with a‘specially-designed nipple sensor cup which .makes
electrical contact with the ductal epithelium.

[0184] Figure 2224 ‘Schematic representation of
measurement set-up. Current is passed between the nipple
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 c0ntrol (B) and ‘patients prior to knopsy (C, D).
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Op 1 EN Lesion 13.723 8.900 20.094 14.130 10.999 1.622 Op 2 Larger
CA 18.249 15.207 23.381 44.852 102.133 27,296 Op 3 AR Lesion 18.375
13.640 22.485 18.145 6.013 1.117 Op 4 DCIS and small.CA 20.287

WO 2007/067632 PCT/US2006/046570

. The’ Nyqulst plot Figure 22-2B is 1nverted compared to Nyguist
plots Figures 22-2C and 22 2D.

[0185]1° RESULTS ‘ .

[0186] Figure 22-3A: »Ope'n.' Cirvcuit' éot‘en_t;iéls‘.‘ " No
‘significant ‘differenceé were obser&ed..when the:‘bpén circuit
‘potentials: were compared between . 1ésions that were benign

(n=38) .and breast cancer (n=32), median potentlal difference

(pd) -75 and -73 mv'respéctively However when ' the 17 lesions
in the benlgn group with hyperplasxa were 1ncluded wmth the'
cancer group 51gn1f1cant depolarlzatlon was .Qbserved when '
proliferative 1eslons were cbmpared'with benigﬁ lesions.

[0187]  Figure 22-3B: Epithelial “Impedance Spectroscopy;
The ep:l.t:hela.al :meedance proflle was s:.gnlflcantly different-
when benlgn breast lesions were compared to mallgnant lesions.
"Egithelial resistance in breast cancers waé 393.2 + 24.9 KQ
(mean =+ SEM) compared to 124.3 * 24.9 KQ in benlgn lESlonS
(p <‘0.D2). In the patients with hyperplaSLa or atyplcal
ductal hyperplas;a " (ADH) (n—l7) the eplthellal resxstance wa.s
intermediate between 'bénign and malignant. 1eéions (Figure
22-3B). l At ultra low frequencies other dlfferences in the
electrical SLgnature were observed. Epithelial 1mp@dance and
“the depression angle of the Nyqguist plots were greater in
malignant ep1thelmun1 (Figures 22- 1¢ and. 22 -3B). The first
pair of bars are ‘the impedance and depressxon angle values for
a.benign lesidn, the seéond‘pair of bars for a'pfoliferative
lesion and the third palr for a mallgnant lesxonq‘ in each
1nstance the bar to the right in each pair 1ndlcating ‘the
value of the depress;on angle.

[0188]1°  The values foi "depression angle. at low fregquency"™
illustrated on the right-hand Y axis of Flgure 22 3B, were
calculated from the measurements made accordlng to the above

description. In this example, low frequency - refers to
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16.225 23.891 19.154 7.126 1,486 [0256]H = 8.648 with 3 degrees of
freedom (P = 0,034). The differences in the median values among the
treatment groups are greater than would be expected by chance; there,is

welalislieadhy significant difference (P = 0.034). [0257]A multgdeus006/046570
comparison procedure is used to isolate the groun or groups that differ

from the others. All Pairwise Multiple Comparison Procedures (Dunn's
Method): Comparison (Depression Angle) Qin of Ranks Q p<0.05 Op 4 vs
op 121.391 2.579 No WO 2007/067632PCT/1152006/046570 Op 4

frequencies . between 10 Hz and 0.1 Hz, ~T}ie units for
depression angleé aré degrees. The value for Benign Lesion is:
16.4 +/=6."7 degreeé ({expressed as mean +/— SEM,‘where SEM is
. the standardA error of the mean, or the standard deviation -
divided by the square root of the sample‘éize); ana the véiue
for Proliferative Lesion is 13.7 +/~5.0 deérees‘ and for
' MalignanffLesion -0.7 +/-5.0 degrees. A positive value shows -
‘that the center of thelsemicircular arc in the NyQuiét plot is
depressed below .the X-axis .in. Figure 1C of the poster (by
con&ention, a Nyquist plot is from bottom—pésitive to top-
negative, thereby resultihg in an iﬁverted semicircle). This,
figure shows . that at low freﬁuenéieé differences in the
'électrical signature can bé observed. in particular,
eplthellal lmpedance and the depression angle of: the Nyaquist
plots were greater in mallgnant eplthellum

-f0188]}] DISCUSSION ‘

[0190] The analysis based on the study in 70 patients
'demonstrates that a combination of -transepithelial pc
electrical measurements and impedaﬁée‘ spectroscopy (an
“electronic biopsy”) identifies patients with proliferative or
malignant breast'disease.' Although malignant pumors have been
repo;tédA to have lower impedances than benign tumorsw" the
ductal .epithelial elements have a higher impedance, which‘may
be related to alterations in secretory or absorptive function
df the épithelium.during carcinogenesis. The methods of the
present .iﬁvenﬁion aré‘ tolerated without side-effects or
. discomfort. ' ‘ '
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vs Op 3 5.727 0.632 Not Tested Op 4 vs Op 2 4.634 0.421 Not Tested Op
2vsOp116.758 1.691
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[0192] EXAMPLE 2. Expansion and further development of
the observations and methods of Example 1.
[0193] The dlagnostlc electrlcal characterlstlcs described
above have been applied to observatlons based on sample s;zes'
varying betwéen 110 and 150 patients as describéd below. The-
characteiiétics-inélnde: Rsus, Subepithelial Resistance - the
' resistance value at Rw,” the intersection of the impedance
'cﬁrve with the X-axis at high frequency . (for example,
60,000 Hz); Rgper, Epithelial Resistance - ﬁhe 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); Capaciﬂénce (cy - derived from the curve
using ‘the. forﬁula Z (Impedance on the Y~akié) ‘= i/2nfcc;
“Characterlstlc Frequency (fc) -~ the frequency at the highest
poxnt on the 1mpedance curve; Depression Angle 1—‘the‘angle
formed by a ‘line drawn between Ehe locus '(éentei) of the
impedance circle andlthe'Rq or R= intercept on the x-axis; and
Open Circuit - Potential or Transepithelial Potential - (TEP) -
the voltage measured between the nipple ‘and” the sﬁrface
electrode.
[0194] For the following analyses :

Group 1 refers to,behign (BN) lesions;

Group 2 refers to larger cancers (Ca), >1‘cm;

Group 3 refers to - AH‘ (Atypical Hyperplasia} or'

hyperplasia and proliferative lesions; and .
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Not Tested . Op 2 vs Op 3 1.094 0.103 Not Tested Op 3 vs Op 1 15.664
2.034 Not Tested . [0258]The following analysis compares the
Depression Angle of the curves for frequencies between 6 Hz and 0.1 Hz.

WO 2007/667632 PCT/US2006/046570

Group -4 refers to DCIS (Ductal~Carcinoma—1nw8itu) and
~small cancers, <l cm. ' ' '

‘[01951 Subepithelial Reéistance

[0196] Raﬁ, subeplthellal resistance, defined foxr purposes
of this analysms as the resistance value at wa where the
impedanc¢ curve intercepts the X-axis at high frequency
(60,000 Hé) on the left of the curve illustrated, for example,
"in Fig. 22-1C, For diégnostic‘purposes, it has be aetermiﬁed,‘
that Rguys increases in pfolifefative disease and cancer..
One.Way Analysis of Variance- -
Normality Test: Falled (P < O. OSO)

Kruskal-Wallis One Way Analysis of Varlance on Ranks.

Sub«eplthellal :esmstance, Rﬂm; all values expressed in ohmsg
(25%‘and-75%,‘¥ value at the 25% and 75" percentile; SD =

standard deviation; SEM = standard error of the mean)

Group (Rgyus) Median © 25% 75% Mean SD SEM -

1-BN Lesion 153.000 | 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 10.7867

4-DCIS and | 271.550 | 220.520 | 325.100 | 272.572 | 73.198 | 15.606
small CA ' B . '
H = 48.243 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
stacisticélly significant difference (P = %0.0C;).

[0197] A multiple cpmpérison procedure' can be: used to
‘isolate the'group or groups that differ from the others, fpr

‘example, Dunn's method using all Pairwise Multiple Comparison

Procedures ,
Comparlson ARsus) Diff of | Q- P<0.05 "
Ranks
Gp 2 vs Gp 1 54.867 5.5489 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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[0259]0One Way Analysis of Variance [0260]Normality Test:Failed(P <
0.050) [0261]Kruskal-Wallis One Way AnalYsis of Variance on Ranks
[0262] Characteristic Frequency 6 Hz-0.1 Hz. All values expressed in
wadignssteHand 75%, = value'at the 25" and 75th percentilg)(GreUBos/046570
(Depression Angle) Median 25% 75% Mean SD GEM Op 1 EN Lesion
22.758 13.909 30.884 20.101 24.477 3.690 9.522-7 Op 2 Larger CA 1.754

-48.493
Gp 4. vs Gp 3 13.022 1.418 | (Not Tested)
Gp 3 vs Gp 1 31.186 4.067 Yes
'[0198)  Epithelial Resistance: '
[0199] Regpr Or  epithelial resistance, is the difference

" between Re. and Ry (the high and the low intércept Qf ;he curve
with the X-axis, 'or the difference in the resistaﬁce at low
and- high ﬁreduency). Note the'actdal resistance depends oni
the shape éf the plot and wﬁere the component curQes,séparate;

such that the' circuit components can be derived. This wvalue

tends to increase in proliferative disease (AH Lesions) and

bCIS 6r smalll cancers (DCIS, small CA), but decreases in

larger cancers (1argef CA) when the tighc junctions break down:
obtained are

between cells. Typical values obtained as

illustrated in the examples below, including data based onvthe
at all '
,fre@uencies in the range of 60;600 Hz to 10 Hz and frequencies
of 6 Hz to 0.1 Hz. ) '

{02001

results " of - measurements frequencies identified,

. The following example compares the total resistance
i.e., the difference between the high and'low intercept of the
impedance

curve on the X-axis even if -there are multiple

curves in the plot.

[0201] Kruskai—Wallis One Way Analysis of Variance _

[0202] To;ai resistance (ohms) (25% and 75%, = value at the

25" and 75" percentile) ' |

. [Group (Rem) | Medisn |  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 580040 | 460010 384245 80120
small CA ' ‘

[02031 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
<0.001).

'A multiple comparison procedure <can be .used to

a statistically significant difference (P =
[0204]

isolaté‘the group or groups that differ from the others, for
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17.700 -7.561 35.627 Op 3 All Lesion 17.406 13.746 20.364 15.823
16.425 3.050' Op 4 DCIS and small CA 12.419 -2.267 12.419 7.669
21.480 4.479 [0263]H = 13.851 with 3 degrees of freedom (P = 0 003).
weeliffesenees in the median values among the treatment Fe¥RS 8046570
greater than would be expected by chance; there is a statistically
significant difference (P = 0.003). [0264]A multiple comparison procedure
is used to isolate the group Or groups that differ from the others use a
multiple comparison procedure. All Pairwise Multiple Comparison
Procedures (Dunn's Method):
example, Dunn's method using all Pairwise Multiple Comparison

Procedures:
Comparison (Rgpr) Diff of 0 P<0.05
Ranks .
Gp 4 vs Gp 2 62.118 5.593 Yes-
Gp 4 vs Gp 1 39,942 4.791 Yes:
Gp 4 vs Gp 3 30.985 3.387 Yes
Gp 3 vs Gp 2 31.133 2.920 Yes
Gp'3 vs Gp 1 8.957 '1.158 No
Gp 2 vs Gp 1 22.176 2.223 No
02053} The following example compares the resistance of the

curves for frequencies between 60,000 Hz and 10 Hz, i1.e., it
examines the difference between the'high and low ihtercept of
the impedance curve on the X-axis drawn for frequencies
60,000 Hz-10 Hz.

{0206] One Way Analysis of Variance

[02071  Normality Test:  Failed (P < 0.050)

Kruskal-Wallis One Way Analysis of Variance on Ranks

Resistance 60,000 Hz-10 Hz; values expressed in ohms (25% and

75%, = value at the 25 and 75" percentile)

Group (Rgpr) Median 25% 75% Mean 8D SEM
Gp 1 BN Lesion 53728 | 24862 125580 79316 69764 10286
Gp 2 Larger CA 24229 14591 418677 26856 16754 4477

Gp 3 AH Lesion 398352 22535 242457 164089 187015 34727

Gp 4 DCIS and | 554880 | 133087 | 520662 | 421298 | 506953 105707
small CA

[0208] H = 40.762 with 3 degrees of freedom (P = <0.001) .-
The diffefences 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).

[0208] A multiplé compérison procedure can .be .used to
isolate the group or groups that differ from tﬁe otheré, for
example, Dunn's method using all Pairwise Multiple Comparison

Procedures:

Comparison (Rge;) Diff of Q P<0.05
Ranks . ‘

Gp 4 vs Gp 2 ) 63.491 - 5.767 Yes

Gp 4 vs Gp 1 43,348 5.227 Yeag

Gp 4 vs Gp 3 31.313 3.453 Yes

Gp 3 vs Gp 2 32.177 3.045 Yes




Comparison (Depression Angle) Siff of Ranks Q P<0.05 Op 1 vs Op 2
30.117 3.077 Yes Op 1vs Op 4 23.719 2.890 Yes

WO 2007/067632 PCT/US2006/046570
Gp 3 vs Gp 1 12.034 1.563 No
. Gp 2 vs Gp 1 20.143 2.032 No -
[0210] - Purthermore, the following analysis compares the
resistance of the curves fdr freqﬁencies between : 6 Hz and
O 1 H;, i.e. it examines the dlfference between the high and
low 1ntercept of the 1mpedance curve on the X~ aw1s drawn for

frequen01es 6 Hz- 0.1 Hz.

One Wway Analy51s of Varlance

[0211]

[06212] Normality Test: ‘Failed (P < 0.050) .

[0213] xKruskal Wallis One Way Analy51s of Varlance onn Ranks
‘[0214] Resistance 6 Hz-0.1 Hz; gll values expressed in ohms

(25% and 75%, = value at the 25%™ and 759 percentile)

Group (Rgpr) Median 25% 75% Mearn 8D SEM
Gp 1 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
[c215] 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 expectad by chance; there ig

) a statistically significant difference (P = <0.001) ..

[0216] A multlple comparison procedure can be uséd to

isolate the group or groups that differ f£rom the others, for

"example, Dunn' s ‘method using all Pailrwise Multiple ComparlsOn'
Procedures:, ' ' l
Comparison (Rgp:) | Diff of Ranks Q P<0.05
Gp 4 R vs Gp 2 54.267 5.019 Yes
Gp 4 R vs Gp 1 29.037 3.538 Yes
Gp 4 Rvs 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 (C) is derived from the curve-using the
formula: ' ‘
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Op1lvsOp312.3391.617 NoOp3vsOp217.7781.713 No Op 3 vs
Op4

WO 2007/067632 PCT/US2006/046570

1/2nfC.

that capacitance increases as cell mass increases and becomes

[0219] . 7 (Impedance on the.YLaxis) = Note

‘elevated with larger cancers as the nunber of cells increases.
fe is the charactériétic frequency defined below ,
[0220] The following example compares the capac1tance of
the curves for frequencies between 60,000 Hz and 10 Hz

[0221] .One Way Analysis of Variance

[oz222] Normality Test: Failed (P < 0.050)
[0223}) Kruskal-Wallis One Way Analysis of Variance on Ranks
[0224] Capacitance 60,000 Hz-10 Hz. All walues expressed

in Farads (25% and 75%, = value at the 25 and 75" percentile)

} ff‘i’g%’) (C, farads | yogian | 25% | 75% | Mean | sD - SEM
Gp 1 BN Lesion 0.186 | 0.138 | 0.288 | 0.299 | 0.355 | 0.0523"
Gp 2 Larger CA 0.114 0.710 0.166 0.135 0.085 0.0227
Gp 3 AH Lesion 0.209 0.148 0.399 0.347 0.411 0.0778
Gp 4 DCIS, and 0.177 | 0.117 | 0.289 | 0.243 | 0.205 | 0.0427
small Ca
[0225]. H = 11.012 with 3 degrees of freedom (P = 0. 012}
The  differences in the median wvalues among the treatment -
groups are greater than would be expected by chance; there is
a statistically significant diffefence (P = 0.012)
[0226] A multiple comparison 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: '

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 2.928 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 frequeﬂcies between 6 Hz and 0.1 Hz.

[0228] One Way Analysis of Variance
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11.381 1.278 Not Tested Op 4 vs Op 2 6.398 0.592 Not Tested WO
2007/067632PCT/US2006/046570 [0265]()Pen Circuit Potential or
Transepithelial Potential (TEP) [0266]Open Circuit Potential or
wansepithglal.POtential (TEP) is measured between the nigpl&;anddhg 7o
surface electrode. No difference is noted between the Cancer group and
the Benign Lesion group (EN).However when the proliferative benign and
the cancerS are combined (CA or Prolif. Lesion) and compared with the
non-proliferative benign leaions, Significant depolarization was observed
Group Name Mean

".[0229] ° Normality Test: Failed (P < 0.050)
[02301 Kruskal-Wallis One Way Analyéis of. Variaﬁce,on Ranks
[6231]‘ Capacitance 6 Hz-0.1 Hz;r all wvalues ‘exp:éssed in
Farads x 10° (25% and 75%, =",'vafi.ué at the’ 25”“ and 75
percentile) } | .
Group (C) Median 25% | 75% ‘ Mean SD. SEM -

Gp 1 BN Lesion 0.298 0.160 2.12 | 20.6° 46.4 7.00
Gp 2 Larger CA 0.746 |.0.391 8.67 23.1 52.6 14.0
Gp 3 AH Lesicn 0.390 0.250 1.04 25.2 94.4 |. 17.5

Gp 4 DCIS and 0.212 | 0.153 | 0.322 1.49 | 4.84 S 1.01
small CA ' ' " )
[0232). H = 14.688 with 3 degrees of freedom (P = 0.002),

The differences in the. median. values among the’ treatment
groups are greater than would be expected by.chance; there is
a statisﬁicaliy significant difference (P = 0.002).

[0233] & multip;e comparison procedure can be ‘used to
. isolate the grouﬁ'or groups that diffgr from the others. Aall

Palrwise Multiple Comparison Procedures (Dunn's Method) :

Comparison (C) - Diff of Q P<0.05
Ranks
Gp 2 vs Gp 4 37.764 3.483 Yes
1Gp 2 vs Gp 1 23.808 . 2,432 No

Gp 2 vs Gp 3 12.768 1.230 (Not Tested)

Gp 3 vs Gp 4 24.996 2.806 1} - . Yes

Gp 3 vs Gp 1. ©11.040 1.447 (Not Tested)

Gp 1 vs Gp 4 13.956 1.700 No .
[0234] Characteristic Freguency
[0235] Characteristic frequency (fc) is. the frequency at the
highest point on the impedance curve. In the high ffequency

curves this tends to,increése in larger cancers and tends‘tq‘
be lower in smaller cancers. or DCIS. In the i&wer frequency
- curves there tends to be less discrimination for the larger
cancers, but fc tends to be lower for smallér cancers and
pfpliferative disease. . _ | |
.[0235] The following analysis compares the fo of the curves
for frequencies between 66,000 Hz and 10 Hz. }

[0237] .One wWay Analysis of Vaiiance
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Std SEM Dev EN Lesion -79.806 12.376 1.512 CA or Prolif -72.855
15.905 2.053 Lesion  [0267]Difference-6.951 [02683t = -2.763 with 125
degrees of freedom (P = 0.007). .[0269]95 percent confidence interval for

differenee, QS means: -11.929 to -1.973 PCT/US2006/046570

[0238] Normélity Test: Failed ‘ (P < 0.050)

{02391 Kruskai—Waliis One Way Analysié of Variance on Ranks -
'{0240] ‘Characteristic Fregquency 60,000 Hz-10 Hz. - All
. values expressed in Radians (2§% and 75%, =‘va1ue at'the‘25th

and 75" percentile)

Group (f.) Median 25% 75% | Mean SO SEM .

Gp 1 BN Lesion 82.950 42.857 |167.910 ] 483.635 | 1156.154 | 170.466

Gp 2 Larger CA 331.300 | 142.760 | 584.310 | 788.407 | 1276.927 | 341.273

Gp 3 AH Lesion 50.183 | 12.626 | 221.225|504.181 | 1383.175 |261.395 |-

Gp 4 DCIS and‘ | 21.435 9.107 . 45.783 . 29.06 24.273 5.061-
small CA ‘ .
[0241] H = 28.913 with 3 degrees of freedom (P = <0.001).

The differences in the ‘median values among - the treatment ;
groups are greater than Qould be'ekpected‘by chance; there is‘
a statistically significant difference (P = <0.001).

[0242] A mmltiple comparison procedure jm;Vused.to“isolate
the group or Qroups that differ from the others. All Palirwise

Multiple Comparison Procedures (Dunn's Method) :

Comparison (fc) Diff of Q P<0.05
Lo 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
Cp 1 vs Gp 3 10.602, 1.374 No
Gp 3 vs Gp 4 22.245 2.456 ‘No o
[0243] The following 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)

[02461] KrusKal-Wallis One Way Analysis of Variance on Ranks
[0247] " Characteristic Freguency 6 H-0.1 Hz. I'All values

expressed in Radians (25% and 75%, = value at the 25" and 75

percentile) .

Group (£f¢) Median 25% 75% Mean SD -

SEM
Gp 1 BN Lesion |37.699 | 4.301 37.699 | 25.464 17.304 2.6009
Gp 2 Larger CA .| 37.69%9 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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C0O2703The difference in the mean values of the two groups is greater
than would be expected by chance; there is a - statistically significant
difference between the input groups (P0.607) by Student t-test. Power of
for st with alpha =0.733 (0271jTime Constant [027
%%{n%@rﬁﬁq( is defined as the value R x C (Product of Resis a};\)gge%g)ﬁ/ 46570
Capacitance)lts value is in , seconds. When the high frequency and low
frequency components of the impedance curve have significantly different
time constants the Nyquist plots splits into two or more curves (double or
triple "humps"). For convenience of analysis, reference can also be made

102449 the teym_"ngtehsfrequancy. s i.escthedtequercyatyuich tWacutves o4g)

separate. The notch frequency value may growde further dlscrlmlnatory

The |%§ﬁ%ﬁ8ﬂﬁweﬁ cdnicer ARt BERign BSIORE, A enHAting i cment
grou:zvaluerWOQGW/@@%aSZE@EWO@@/O&@@dethemtmmt;wy that.

the &MQAMEnts QEth&u@eéénE’QM@@H@%a{hﬁﬁ}%VV%%:T&'Egeaéﬁéi% is
the hl%%l’)l frequenciy range in rollferatlve isease an canc Qﬂrls higher
ce ‘

not g, fks V\?tf%ecqaher%y range for protfferafc‘v ﬁ%%a%e smaII cants and
[0249PCIS. (@217 g analysis coMpares the Time Constant (Tc) of
rozsdhe cur\@éﬁ@é&@ﬂ@ﬁnamlbstwge@é@imwaﬁndﬂ@ Hzcl0274iRRedVaY a
Analysis ?j arlance .éOZ? Norm |I1é/ 'Eest Fallgd ég <Q. 0502ia ircle
[ "ﬁ?rus al-Wallis y5|s ofr Vanance on Ranks rtﬁ? ﬂ
and ¥hfe BonStank{T @?B@WHZ-@G H2 | |X/2Tes: ekp?ék’s‘éd%%@é&ﬁ&é"eh’
,decré%%sandiﬁ%p?yammbe\%tmaﬁﬁgéﬂw pescentilexGroupi{Ec) Mediamay
becogéqgé@%£M9§n$¥%h larger cancers in the low frequency {(< 6
Hz) part of the curve. ' o

[0251]

llne

The. following analysis compares the depression ‘angle
of the curves for frequenc1es between 60, OOO Hz and 10 Hz.

[0252] One Way Ana1y81s of Variance

[0253] Normality Test: Falled (P < 0. 050)

‘[02541 Kruskal-wallis One Way Analysis of Varlance 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) ‘Medlan 25% 75% Mean SD SEM
Gp 1 BN Lesion 13.723 8.900 20.09%4 14.130 10.989 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 1.486
small ' CA ) . o

[0256] H = 8.648 with 3 degrees of freedom (P = 0.034).

' The differences

groups are greater than would be expected by chance;

a statistically significant difference (P

[0257]

in the median values

among the treatment

= 0.034).

the group or groups that dlffer from the others

there ig.

A multiple comparison procedure is used to isolate

All Pairwise

Multlple Comparison Procedures (Dunn's Method)

Comparison Diff of Q. P<0.05
(Depression Angle) Ranks
Gp 4 vs Gp 1 21.381 | 2.579 No
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SEM Op 1 SW Lesion 0.0114 0.00576 0.0223 0.0272 0.0544 0.00801 Gp
2 Larger CA 0.00284 0.00167 0.00618 0.00388 0.00364 0.000974 Op 3
AH Lesion 0.0182 0.00364 0.0732 0.0695 0.123 0.0229 Op 4 DCIS and

3Bl 7632 PCT/US2006/046570
Gp 4 vs Gp 3 5.727 0.632 |- Not Tested
Gp 4 vs Gp 2 4.634 0.421 Not Tested
Gp 2 vs Gp 1 16.758 1.691 Not Tested .
Gp 2 vs Gp 3 1.094 0.103 Not Tested
Gp 3 vs Gp 1 15.664 2.034 Not Tested '
[0258] The following analysis compares the Depresszon Angle -

of the curves for frequencies between 6 Hz and 0.1 Hz

[0259] | One Way Analysis of Variance

[0260] - Normallty Test: - Failed (P < 0.050) .

[0261] Kruskal Wallls One Way Analys:Ls of Variance on Ranks
[0262] Characteristic Fregquency 6 Hz~0.1 Hz. All  values
expressed in Radians (25% and 75%, = value at the 25™ and 75th
percentile) ' o ‘ '
Gréup . ) ' Median 25% . 75% Mean' 8D SEM
(Dbepression Angle) ‘ .
Gp 1 BN Lesion 22.758 13.909 30.884 20.101 24.477 3.690
Gp 2 Larger CA ) 1.754 -48.493 17.700 ~-7.561 35.627 9,522
Gp 3 AH Lesion " 17.406 13.746. 20.364 15.823 16.425 3.050
Gp 4 DCIS and 12.419 -2.267 12.419 7.669 21.480 4.479
small CA ‘ .

[0263] H = 13.85%1 with 3 degrees of'freedom (P = 0.003).

The differences in the . median valt_les among the treatment
.group.s are greaéer than. would be expected by chanc.e; there is’
a s.tatistically significant difference‘ (P = 0.003).

[0264] A multlple comparison procedure is used to lsolate
the group or groups that differ from the others use a multn,ple
comparison procedure. All Pairwise M\;ltlple Complarlson

Procedures (Durin's Method) :

Comparison Diff of [¢) P<0.05
(Depresszon Angle) " Ranks . ‘ )
Gp 1 vs Gp 2. 30.117 3.077 - Yes

Gp 1 vs Gp 4 23.719 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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0.0454 0.0198 0.102 0.136 0.313 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
9&1?90%9;099%6 is a statistically significant difference (P= <O.OIQ&%7 68022058 ﬁ; -
multiple comparison procedure is used to isolate the group or groups &
differ from the others. All Pairwise Multiple comparison Procedures

(Dunn's Method): Comparison (Tc) Diff of Ranks Q P<0.05 Op 4 vs Op 2
59.506

. [0265] “Open Circuit Potential or Transepithelial Ppotential
(TEP) | , c
[6266]' " Open Circuit Potential or Transepithelial;pdtentiay
(TEP)- is measured between the nipple ;and _pﬁe“surféce
‘electrode, No differénce.is noted between the'Cancer group
and the Benign Lésiqn group (BN) . ' However when the

proliferative benign and_'the cancers are combined (CA .or
Prolif. Lesion) and compared with phe‘nonwproliferatiye benign

lesions, significant depolarization was observed

Group Name Mean std SEM
' ' : : Dev . ‘
BN. Lesion -79.806 | 12.376 1.512
CA or Prolif ~72.855 | 15.905 2.053
Lesion ’ o
[0267]) Difference -~ - -6.951
[0268] t = -2.763 . witp 125 degrees of freedom (P = 0.007).

[02691 95 percent confidence interval @ for difference of °
means: -11.929.to -1.973 . A

[02701 The diffefence'in the mean values of the two gfoups
is greater than would be' expected by chance; there is a

. statistically significant difference between the input groups

(P = 0.007) by Student t-test. Power of performed test with
alpha = 0.050: 0.733.
' [0271] " Time Comstant
[0272] Time Constant (T¢) is defined as the Qaiué R x C
(Product of Resistanée and Capacitance). Ité value .is 1in

seconds. When the high frequency and iow frequency Components
of the impedaﬁce curve have ~significantly qifferent time
constants the Nyquisé plots splits into two or more curves
(doublé or 'triple “humps”) . For convenience of analysis,
reference canA also be .made to the tefnl.“notch frequency;”
i.e., the frequency at wﬁich two curves separate. The notch
.‘frequency value may provide further discriminétéry‘iﬁforma;ion

between cancer and benign lesions, further enhancing the value
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5.405 Yes Op 4 vs Op 1 32.239 3.887 Yes Op 4 vs Op 3 24.159 2.664
YesOp 3vsOp 2

WO 2007/067632 PCT/US2006/046570

of the data ob£ained by embodiments of the present invention.
It is observed that T¢ increases in the high frequency range.in>
‘proliferative disease and cancer, and 15 higher 1n. the - 1ow

frequency range for proliferative dlsease,

‘small cancers and .

DCIS. _

[02731 The  following ahalysis compares thei Time Constant
(Tc) of the curves for frequencxas between 60,000 Hz and lO Hz.
[0274] One Way Analysis of Variance '

[02751] Normality Test: Ealled (P < 0.050)

‘[0276] Krﬁskal—Wallis One Way Analysis of Variance on Ranks
[0277] Time Constant | (Tc) ' 60,000 Hz-<10 Hz. All" values.
expressed in seconds (25% and 75%, = value at the 25 and 75%
'percentile) ‘

[Group (Tc) Median 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 [ 0.00618 | 0.00388 | 0.00364 | 0.000974
Gp 3 AH Lesion 0.0182 0.00364 0.0732 0.0695 0.123 0.0229
Gp 4 DCIS and 0.0454 0.0198 0.102. 0.136 0.313 0.0653
small CA ) : . _
{02781 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;’
<0.001).

there is
a statistically significant difference (P =
{0279]

the group or groups that differ from the others.

A multiple comparison procedure is used to isolate
All Pairwise

Multiple Comparison Procedures (Dunn's Method) :

Comparison (T¢) Diff of Q P<0.05
) Ranks

Gp 4 vs Gp 2 58.506 5.405 Yes

Gp 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 o
[0280] The following - analysis' compares the Time Constant:
(Tc) of the curves for frequencies between 6 Hz and 0.1 Hz.
[o2811 One Way Analysis of Variance
[0282] ° Normality Test: Failed. (P < 0.050)
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35.347 3.344 Yes Op 3 vs Gp 1 8.080 1.049 No Op 1 vs Op 2 27.267

2.751 Yes (0280]The following analysis compares the Time Constant. (Tc)
of the curves for frequencies betWeen 6 Hz. and 0.1 Hz, [0281]One Way

Analysis,of Yariance [0282] 'Noimality Test:Failed(P <0.050)

PCT/US2006/046570

.[0283] Kruskal-wallis One Way Analysis of Variance on Ranks
[0284] Tine Constant (T¢) 6 Hz-0.1 Hz;wall values expressed
in seconds (25% and 75%, = value at the 25™ ‘and 75%
percentile) ' L
| Group . {Te) Median 5% 75% Mean SD SEM
Gp 1 BN Lesion | 0.0258 0.0217 0.225 0.157 0,253 0.0382
Gp 2 Larger CA | 0.0207 0.01%9 0.0517 0.0836 Q.165 0.0440
Gp 3 AH Lesion | 0.0710 0.0249 0.213 | 0.173 0.259 0.0482
Gp 4 DCIS and 0.0794 0.0441 0.128 - 0.106 - 0.0973 0.0203
small CA ) ‘ . o
[0285] H = 10.684 with 3 degrees of freedom (P = 0.014).

The differences in the median values among the treatment
groups are gréater than chld be éxpecﬁed by Cﬁahcé; there is
a statistically significant Gifference (P = 0.014).
[0286] | A multiple comparison procedure is used to isolate.
the group or groups that differ from the others. ‘AlllPairwise

Multiple Comparison Procedures.(Dunn's Method) :

Comparison ({Te) Diff of Q P<0.05
1 ) Ranks "

Gp 4 vs Gp 2 32.096 2.968 Yes

Gp 4 ve 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 2 017.221 1.759 ‘No
[0287] The above data and analyses demonstrate the-
improvements that can be achieved 'in diagnosis as a

consequence of the methods and apparatus of .the present
invention. . '

[02881] The embodiments described ‘herein  are generally

described with refeérence to humans. However, cancers in non-

humansf may be also diagnosed  with this approach ~and the

present invention is also intended 'tq‘ have wveterinary
applications. . .
[0288] Any range of numbers recited in the speéification‘

hereinabove or in the paragraphs and claims hereinafter,

referring to various aspects of the invention, such as  that
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W02007/067632PCT/ 1.152006/046570 .[0283]Kruskal-Wallis One Way
Analysis of Variance on Ranks [0284] ,Time Constant (TO) 6 Hz-0,1 Hz;
..all Values expressed in seconds (25% and 75%, = value at the 25th and

PesesMtide)seroupTc) Median 5% 75% Mean SD SE Op 1 HNdJ©8i806/046570
0.0258 0.0217 0.225 0.157 0.253 0.0382 Op 2 Larger CA 0.0207 0.0159
0.0517 0.0836

rrepresenting‘a'pérticular set of prbperties,"uniﬁs of'measure,
conditions, phys‘ical‘ states or percentﬁages, is dintended to
diterally incorporate e@ressly heféin by reference  or
, other{vise, ahy nurﬁber falling w'ith‘in‘ such'rangev, incl’uding‘ any -
subset of numbers 'or ranges subsumed within 'any-'range e}
recited. . Furthermore, the term “"about" when used as a
' modifier - for, or in  conjunction . with, a variable, .
tcharactéristic, or conéition. is intended to. convey that the
numbers, rahges, charac’:terié.t'ivcs ‘and conditions disclosea
he‘réin are flexible and that- practice of the present invention
by those sgkilled in Ehefart usingAtemperatures, frequencies,
times, concentrations, amounts, Acentémts, properties such as
éize, surface area, etc., that are outside of the range Qf
different fr’_oxh a single value, “will -achieve the desired
fesults as described in the »a‘pplic‘zation,' namely, aetecting
'el‘ectrophysiological. changes in bre-cancerous and cancerous
tissue and ei:ithelium,‘for example, breast tissue. .
‘[02'90-1. ‘All. documehts described hérein'aré incorporated by
reference herein, including any 'patézﬁt .é-lp'plications and/or
‘testing prpcedures.' The principles, preferred embbdiménts,
and modes of operation of the present invention have been
desc:i'bed in the foregoing specification. ‘

[oz81] . Although the invention herein has been descf,ibed
with referenée‘, to particular embodiments, it idis to be
ﬁnderstdbd thaﬁ these embodiments are merely illustrative of
the princ‘iples_'and applications of the present invention. It
.ié therefore to be understood that numerous modifications may
be made to the illustrative embodimerits and that other
arrangexﬁents may be deviséd without depaArting‘ from the épirit
" and scope of the 'present invention as defined by the various
‘aspeéts orlembo,diments of the preseri{: ipvention as set forth
in the following enumerated paragraphs and the - appended
claims. ‘ ' '



On ES 0.0440 Op 3 AN Lesion 0.0710 0.0249 0.213 0.173 0.259 0
0482_1 0.0203 Op 4 DCIS and small CA 0.0794 0.0441 0.128 0.106
0.0973 [0285]H = 10.684 with 3 degrees of freedom (P = 0.014). The
differences in the median values among the treatment groups are greater
than would be expected by Chance; there is statistically si_ificant
difference (P = 0.914). [0286]A Multiple comparison procedure is Used to
I te the group or groups that differ from the others. All Pairwise Multiple
o oriparisoﬁhlgrocedg%g Blnns Meth%%ljl:megg%%glsrison ﬁ%fagrap%s
representative of various embodiments of the  present

are

invention:

1. A method for determining a condition of a region of
epithelial or stromal tissue comprising:
(A) establishing a connection between a first electrode and
the tissue;
(B) placing a second electrode in electrical contact on an
outer tissue surface proximate the epithelial tissue;
(C) establishing at least one electrical signal between the
first and second electrodes;
(D) measuring or deriving at least one electrical property
between the first and second electrode, the property
selected from the group consisting of impedance, DC
potential, subepithelial resistance, epithelial resistance,
capacitance, characteristic frequency, depression angle and
- transepithelial potential; and
(E) determining the condition of a region of epithelial
tissue based on the at least one property.
2. The method of paragraph 1, wherein the electrical
property is impedance.
3. The method of paragraph 1 wherein said electrical signal
is at a frequency of about 0.1 Hz to about 60,000 Hz.
4. The method of paragraph 2, wherein at least two response
curves are obtained from the impedance data.
5. The method paragraph 4 wherein the curves include:
(A) a high frequency curve at a frequency of about 60,000 Hz
to about 100 Hz;
(B) a intermediate frequency curve at a frequency of about
100 Hz to about 10 Hz; and )
(C) a low frequency curve at a frequency of about 0.1 to

about 6 Hz. 86



Diff of Ranks ' O .P.<0.05 Op 4 vs Op 2 32.096 2.958 Yes Op4vsOp 1
14.875 1.812 No Op 4 vs Op

6. The method of paragraph 1, wherein the electrical
property is a DC potential.
7. The method of paragraph 1, wherein the epithelial or
stromal tissue 1is associated with the breast.
8. The method of paragraph 7, wherein the method of
establishing a connection between the first electrode and the
epithelial tissue i1s by a cannula.
9. The method of paragraph 8, wherein the cannula is a
ductal probe.
10. The method of paragraph 1, wherein the method of
establishing a connection between the first electrode and the
epithelial tissue is by an electroconductive media.
11. The method of paragraph 10, wherein the electroconductive
media is a physiologic saline.
12. The method of paragraph 10, further comprising
introducing an agent into the electroconductive media.
13. The method of paragraph 12, wherein the agent is a
hormone.
14. The method of paragraph 7 for determining a condition of
a region of epithelial breast tissue comprising:
(A) establishing a connection between a first electrode and
the epithelial tissue of the nipple of a breast with a
ductal probe, an electroconductive media or both;
(B) placing a second electrode in contact with the surface
of the breast;
(C) establishing an electrical signal between the first and
second electrodes;
(D) establishing that the nipple ducts of the breast are
open by:
(1) measuring the impedance between the first and second
electrode at about 5 different frequencies in the range
of about 200 Hz to about 60,000 Hz sufficient to

establish an impedance curve;
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34.567 0.513 Not Tested Op 3 vs Op 2 27.530 2.652 yes. Op3vsOp 1
10.309 1.351 Not Tested Op 1 vs

(2) treating the nipple wusing at least one method
selected from the group consisting of (a) applying
suction and release of suction to the nipple; (b)
applying alcohol; and (c) applying a dekeratinizing
agent;
(3) again measuring the impedance between the first and
second electrode at about 5 different frequencies in the
range of about 200 Hz to about 60,000 Hz sufficient to
establish an impedance curve and comparing the impedance
curve obtained to that obtained in (D) (1) above;
(4) repeating steps (2) and (3) until the impedance curve
obtained in step (D) (3) 1is 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 5 different frequencies 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 about 0.1 Hz to about 10 Hz; and
(F) determining the condition of the region of epithelial
tissue 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,
impedance, subepithelial resistance, epithelial resistance,
capacitance, characteristic frequency, depression angle and
transepithelial potential.
15. The method of paragraph 14, wherein the electrical
connection between the first electrode and the eptithelial
tissue of the nipple of a breast is facilitated by placing
over the nipple a cup having an interior, and first and second
openings, and an electrode disposed within the interior, the

cup having a source of suction in communication with the first
88
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17.

is

Op 217.221 1.759 'No [0287]The above data and analyses demonstrate

the improvements that can be achieved in diagnosis aS a 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-humans: may be also diagnosed with

this approach and the present invention is also intended to have

veterinary applications. [0288]Any range of numbers recited in the

8pééificatior FerefRiove ordRthe Paragiaphsdandepsims drakffterover the
mferingtovariousraspestsehthe invention, sueh asthat WO
2007/067632PCT/US2006/046570 -representing a particular set of

prEpefRis Vimes dtthicasire fordtfonSphysidat sEtE8 br percehtres, ductal
isdtenged toiliterallyrinembporaie extiressly herein by erferencend measuring

otherwjse, any number falling within such range, including any subset of
i T TP e s BFg Tare SRR et Hangasige Of

thedernm Tabolt” whealused aa neditierd fandarconjutctionatithyldout 5 to

variable, characteristic or condition is. intended F&aceo”vg thatthe poue 0.1 Hz
numbers, ranges, ¢ aracteristics and condition's disclosed herein ares
flexiple@ant that practieedf the present invention by those skilled in the art

Using temperaures; frequengies, Fﬂ@@élc%nygm&n@ég%@%n impedance

contents, properties such as size, surface area, efc., that are outside of

thé rakgelbr diffééritaio i a SingRURIGE 84l Behieve theresired refiist 10 Hz

asdesgrbed iytherapplicaiionypamely. detecting glectiophysiological apout 5o
changes in pre-cancerous and cancerous tissue and epithelium, for

Exariié Shreast RSB 070018 dokEmentdgesttibe@Pieteifl ate iz to about
ingorperatad oy reference herein, including any patent ,applications and/or

testing procedures. The principles, preferred embhodiments, and modes of

operalith of e préderit ifveRiiBi have bedH desthibetiA tRE fopdgofiiyt thelial
speeHicationa8291]Althoughdhe dvention hereindasheesn destribed witterived
reference to particular ertnbodimenés, it.is to bfefunq:erstoodtWat these £ c
SMBGifients ard mrely ftstrative of the principles and applications of -+ ©
the pyeésent pmeentione ltas thierefare o be understood that numerous

modjfjtations ”m“%¥k?<§d“§%% to;the llustrative embodiments.and that other, . 4,
arrangements may be devised without epgrtlngefrom fhe Spirit and scope
bftie sresertiadastion as defined by the various aspects or

eﬁﬁogg%aﬂﬁ£éﬂ¥h@e§e@éﬂw@¥EIH%5%%JQ@QH1¥E59¥ywnglectrode and

enumerated paragraphs and the appended claims:

[6Ps2]17RéfMRWiRderiuhisiate dfarafiapiisaie febréserasiveiof various
emﬁoﬂmﬁﬁﬂﬁgfgmég%%ﬁﬁi@@%@@@bde at a second location on the

body;
(C) establishing an electrical signal between the first and
second electrodes;
measuring an electrical property between the first and
second electrodes; and
(D) determining the condition of the selected region of
epithelial tissue based on the signal between the first and
second electrode.

The method of paragraph 16, wherein the second location

on the surface of the body.
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1.A method for determining a condition of a region of epithelial or stromal
tissue comprising: (A) establishing a connection between a first electrode
and the tissue; (B) placing a second electrode in electrical contact on an
outer tissue surface proximate the epithelial tissue; (C) establishing at
least one electrical signal between the first and second electrodes; (D)
measuring or deriving at least one electrical property between the first and
second electrode, the property selected from the group consisting of _
18 impedan & BE potntiBP SABERRTeIRP resiiGAE R pitheliiRdSiBahtal tissue
i s capaeitantey charactensiicliegiiency, depression angle and
l9tran% pitheliﬂl1 tential; and %E cigterminin&the condition of a region %f ,
epithelial TES0E DaSed BR TR AT RAst Sne Broperty 2 The fBt al tissue
isparagraph lyintiereintthe etectrcaltproperty is impedance. 3.The method
of paragraph 1.wherein sai Iectricaal{ signal is_at a frequency of about 0.1
20 Hz t% ab%%%%‘é,toedb Az". }a gemetrﬁ% Jb\ngara%?gﬁﬁ g, Wﬁé)P‘e‘%éﬁl &f least two Co0te
ingdsponsecrves are obwirat-fromothesmpedahoe dafs. THe eethoding  the

prihatagraph 4 whergin the curvas inclyde: (A).a bigh fre y,Qurve ata
frequency of about 60,000 Hz to about 100 Hz; (B) a intermediate

fiéquéndypidrielat afrequeney ofaboit 100 E e aouf 10z, ehectcpde and

lgwieeguancycuye ehafreguepcy of, abgut 9,110 ahoutf Hz.8¢ - Phea st ;
method of paragraph 1wherein the electrical property is a DC potential. 7.

THe rfethdl bFpatagraph EORRER:A Bk EStHERSForSsdRTAEds e RCtrode on
associaied yith e reastoreast ;

(C) establishing an electrical signal between the first and

second electrodes;

measuring an electrical property between the first and

second electrode or deriving an electrical property from the

measured electrical property, the measured or derived
 property selected from the group consisting of impedance, DC

potential, subepithelial resistance, epithelial resistance,

capacitance, characteristic frequency, depression angle and

transepithelial potential; and

(D) determining the presence of a tumor based on the signal

between the first and second electrode.
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8. The method of paragraph 7, wherein the method of establishing a

connection between the first electrode and the epithelial tissue is by a

cannula, 9. The method of paragraph 8, wherein the cannula is a ductal  ycsLLp
probe. 10. The method of paragraph 1, wherein the method of '
establishing a connection between the first electrode and the epithelial

tissue is by an electroconductive media. 11. The method of paragraph 10,

eurersia the electroconductive media is a physiologic saline. 12. The

method of paragraph 10,further comprising introducing an agent into the
electroconductive media. 13. The method of paragraph 12, wherein the

agent is .a hommenre: hbtdl Thermethodrofjpatagraph ddaddetesmini a region
candition of a regian qf .epithelial hreast tissue comprising: _(A).

S ATIEARG < EoSoR bethoh SISt oSG TN a e i

tissue dithe mippletofisshreagt with a ductalprobsran electreeenductive first

Eq}edé or ggthé zé?)tm%citeghgtssueé:(_)nd electrode in contact with the surface

of the breast; establishing an electrical signal between the first and

second Blectrptles;i (D) estatslishing thatthenngpsle ductsloftlie bredst ammtact

SReadyo (L measying the fnaedance atyeen eIl andieeond «issue;
electrode at about 5 different frequencies in the range of about 200 Hz to

about 8G:D00%#4 slifiéiehi edestalilish keriffpedance curkect@) erbtingignal

e pipple Wsing 21 Jeast ong rethgd selagted frgarthe group consisting of

(a) applying suction and release of suction to the nipple; (b) applying
alcoholtidhd @Fapplyiffa dekerdfifizingigeritt (3} again neasuringrerical

gpeg@aﬁrtge befuegadhe firsiandsecond elecirodealapout ordifieredlie,  the
requencies in the range of about 200 Hz to about 60,000 Hz sufficient to

BERDRSH 4N impedalite Curve @RPEGRparingtRe imp¥dand®Esweial, and
sptaingd to that gbtained i (D) (1) above: {Ar-tepeating stepsy?) 28d{3kance,

until the impedance curve obtained in step (D)(3) is substantially
GRERSTE rCorder o 8siiirmithat the  drIS &R Bpe Ry AfcHRiingrg e and
betwerpthenfirst and seeendt elettyode: (1) a DC potential; and (2)
impedance at about 5 different frequencies in the range of about 10 Hz to
about 260 Hz S bR at ab8as o' Qbout 86 différente9ton  of
#pquendies in thestangem{abaubl. 1tz te abett it HZ; prddEYties; and
determirkllin%the condiﬁtion of thte region of epithelial tissue based on gne ar .
more e‘?’ecﬁrigénprgﬁer 28 PheasPed BERT neth%ufﬁgteé?ndaggcﬁ%t aine rom
elestrddesdueleetrical tpropeniie s desiveditheeafroay said €lecttieal from the
gjr:o uerti%s l§1eIlc?gg-:'dnfronc;ghe group consisting of DC potential, impedance,

u eﬁ)lthecﬁafreasltaﬁce, epithelial resistance, capacitance, characteristic
frequeriey), deprasspn ahgecachtrgnsepitheliabpotentidkequency of about

60,000 Hz to about 100 Hz;

(b) a intermediate frequency curve at a frequency of
about 100 Hz to about 10 Hz; and

(c) a low frequency curve at a frequency of about 0.1
to about 6 Hz;

wherein the (a), (b) and (c) frequencies are not the same.
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15. The method of paragraph 14, wherein the electrical connection

between the first electrode and the eptithelial tissue of the nipple of a

breast is facilitated by placing over the nipple a cup having an interior, an&‘mSLLP
first and second openings, and an electrode disposed within the interior,

the cup having a source of suction in communication with the first

opening, the second opening having been placed over the nipple; and

furthercomprigiag thetsteps ofr (Gl applying seioaita the-cupssificietiout 5
to effect ductal collapse in a normal or non-malignant duct; and measuring

$rhPEdEHCGR At A5G GIRERITT RYGeREES it therang8Tof &bbht 16 $FpRctes
@bout 290 Hz and kapedangeatfromoabeit S toabaubb@ differeobo Hz; and
frequencies in the range of about 0.1 Hz to about 10 Hz; and (H altering

{fhd RN OB aGEN TRES g RTEHRAEE bt Ybbh BafkraR comfort
dreguensi®s indbe rangewéabauisl0 Sz toaahoid 200. Hzmnd impedance than
at from about 5 to about 50 d'gfgrent frgq %r}cie in the range of about 0. ch
0 Hout TE HZHAnd 19) detdrmifify the condifich 6f the Tegish of ~° ©
epitbelial tissue based on the one or more measured or derived electrical
properties and the affect on the properties of varying pressure conditions.

16. A method for determining the location of a tumor in a body comprising:

(A) establishifipa comeedtiod betweanma first elesthedesand thélepitheliglsured
tissue of. the.duc n.organ; ing lecfrode af a se
?oic%ct%%%cnat e bé)%{)/?e(%%sta IS 1;ﬁr%%an e?el%%rflge?l%%na ﬁgtwe}é% thg%gr}%t of
apdseaond cladirtiesanehsuang aneidctticalproperty between the first

and second electrodes; and (D) determining the condition of the selected
region of epithelial tissue based on the signal between the first and

second electrébe. 1MgHeqdethod of sdragiaphe, whtesie iie seebpgtrical
iReaLgRd5,0n e spface-eidhe, body, . 18, Themethednfparagraph d, apout

wherein the epithelial tissue is located within the breast. 19. The method

of pafigrash aboWherdin th epitheliaPtidsuklie |bcated vitPRithel 50 Hz.
prostate. 20. A computer-readable medium having computer-executable
instructions for performing a method for determining the presence of a ,
tumor i -the htiFarlGieasteshprisng: S e@t‘%bl?é?‘ﬂﬁ@‘% coniéctibn wherein
betweena firshelectrode and aregien abepitheliaktissye withinsthesdiesiod are
a breast; (B) establishing a connection between a second electrode on
R8urfice St theBreART TC) &SIHRHHG Sn BB digral betifeehthgout
fitsy amd second electrodes; measuring an electrical property between the

first and second electrode or deriving an electrical property from the

measured electrical property, the measured or derived property selected

from the .groupteensigtirigoal ingedance; W Cipotentialrsubepitheliamethod of

resistance, epithelial resistance, capacitance, characteristic frequenc
GEhrLELIRble &t PARGA TGl BOtGHTRD aROQDY R mH G pEode and

presespe i altiiaior thiased@nithelsjgral betwedmmthe first and second
electrode.

7. The method of claim 6, wherein the cannula is a

ductal probe.
8. The method of c¢laim 1, wherein the method of

establishing a connection between the first electrode and

the epithelial tissue is by an electroconductive media.
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MCSLLP CLAIMS: 1.A method for determining a condition of a region of

breast epithelial or stromal tissue comprising: (A) establishing a

connection between a first electrode and the tissue; (B) placing a

second electrode in electrical contact on an outer tissue surface proximate

the epithelial tissue; (C) establishing at least one electrical signal

between the first and second electrodes; (D) measuring or deriving at

least ope electhieal prapetlydaetweeantthe fikst ant secand eleciadecsthe the
operty including impedance and DC patential,.and optionall

e R i e s B T e Bl acrerisi

frequency, depression angle and transepithelial potential; (E)

dEterﬂrZ?mg tt}%gon_dni\teia%%glzia reg%o.n ch](]ec_g)'itheliaé t,issugubratsggron trc‘:%mprising

electrical properties; an wherein at 18ast two response curves are

obtaicet: fronotherinipeeance data ahe thelewrves arargelettedsfromdhe .

group consisting of: (a) a high frequency curve at a frequency of

about 60,000 Hz to about 100 Hz; (b) a intermediate frequency curve

at a freglienc o amnitliod Hxfto abedm10Lkz; arltereife) &lhew agent is a

freayspey curve at a frequency of about 0.1 to about 6 Hz; wherein the

(@), (b) and (c) frequencies are not the same. 2. The method of claim

1 wherein at least about 5 electrical measurements are made at one or

more frequensgigs Qfita) g 1east @bgu2Q0 12,10 bt RQ000HZ angdHB) « 1 on

additional measurements consistent with patient comfort are made at
regBenEigs O aBourBD I HL to- REs &R 860 FHzS fitfer&iARE {&)1ar (b)

frequengies aga pabthesame. o 3. themethodelaimzwheinthg  first
measured electrical property further includes one or more of reactance,
PHhasSE angR afbFesidtancePlthal¥ad mEthdes ciaim SRfnefetpple of a
slegirical measurgmentsare Ppadeat onrgordnere-frequentirgsefabaktdia or
0.1 Hz to about: 50 Hz or about 100 Hz or about 150 Hz. 5. The

od of any one of claims 1 to 4, wherein at least about 20 to about 40
electricat measuseMagts aresdadadat ene-etmode fraguencigs afabaptth the
0.1 Hz to about 200 Hz. 6. The method of claim 1, wherein the

ThEthEq B BstabitShiRg @onhnection between the first electrode and the
epitheliet lissussissliyl a €annygla. an  &Tdecmethod okdlgim b, wheteisen the
1e cannula is a ductal probe. . 8. The method of claim 1, wherein the
method 0 esta%ﬁgnlng a connecﬁon between the first electrode and the
epitheli@biissussislpyl s leiecirocbiaductize meidigple ducts of the breast

are open by:

MCSLLP

(1) measuring the impedance between the first
and second electrode at about 5 different frequencies
in the range of about 200 Hz to about 60,000 Hz
sufficient to establish an impedance curve;

(2) treating the nipple wusing at least one
method selected from the group consisting of (a)
applying suction and release of suction to the nipple;
(b) applying alcohol; and (c) applying a
dekeratinizing agent;

(3) again measuring the impedance between the

first and second electrode at about 5 different
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9. Themethodofclaim8,whereinthe electroconductive media is a

physiologic saline. 10. The method of claim 8, further comprising

introducing an agent into the electroconductive media. 11. The MCSLLP
method of claim 10, wherein the agent is a hormone. 12. The method

of claim 1 for determining a condition of a region of epithelial breast tissue
comprising: (A) establishing a connection between a first electrode

and thﬁﬁ%ﬂ@i@ {issue;of thepipple; ata breast with@-dugtebpipbe, @ about
electroconductive media or both; (B) placing a second electrode in

contac WithdPeEarfsed bt thehreadt® es@%ﬁ’&isﬁiﬂg ARRFEARGH curve

signal beveenpa fikst and secongsiecirades; curyP) establishing thad that
the nipple ducts of the breast are open by: (1) measuring the
imped8REEBBRTEeHth&RrstanFEEYSHd electrode at about 5 different
frequencies in the range-eftaboyt 200 &fzsto about 66,080 Hrasuffiaerdio  the
establish an impedance curve; 2) treating the nipple using at ﬁ?% o
one melRTES G ed font e grotld bHafting ot ) apiiviRg sucion'and

release @b suetiani tolthe nippleiahigpplylngateohekandf{c)applyitga that the

deker inizérg a%ent; (3) again measuring the impedance between the
first ard"Secdnd ele(Hod¥ at about 5 different MOSLLP frequencies in the

range 0Eaboute208ul4z hor abeutve@ 000z Sufficienttodestalslishdare lectrode:
impedance curye and aring the impedance curve obtained to that
obtained in (IIL)J()}(/ ) aﬁ‘o&%ﬂ E)Ot(i%xrEelpaeﬁgtinEilrsl(tgeps (2) and (3) until the
impedance cur¥¢ obtaineddmstep D) @pgubstastiaflyarehbngadgguencies
order.to confinm that th q)qﬁ;s re open; (E)peasuring petween thefirst. 4
gﬁde%%%or]ﬁ% gl%%tr(?cgfie:gb ?1) a DC potential; and (2) * § anee
anpedarte @babbutD differabofirgquedcied Ftgreaahgd sRabORADSEZ fo1 the

fbeyl200 Haandmpedapge al fiapaboyl ipabout b0 different
requencies in the range of about 0.1 Hz to about 10 Hz; and R
determifiihg tHe EemaitibAed thetlegioncsipitheRal tisSfe bas&l of6Aéor ©f

arerelectdeal properties measwgd between the firghandgecand c1ectrical
electrodes or electrical properties derived therefrom, said electrical

propetied S6leRRASTaRthEYFUGTBortdisting ST CPleMRF Ripebfcs rodes

Subepithelial tesistancs, epithelial Jesistange  crRRACHABRE, Chafactelisicrical
frequency, depression angle and transegithelial potential.  13. The

RYR6E bl BfRim 321 #ABFEN tHe SR ctricAPcor®ettiBh befMeehthedst °F D€
slectedeand thegptithedial tissue &b thenaipplelof adreastisdacilitaleddne1ial
placing over the nipple a cup having an interior, and first and second
Bﬁéﬁﬁgbﬁ‘}”&r?d an elE@RREHBPGEd withii A& AREAGH B Eup hatihg & enCY
gepreenf suatiam i1 eommunicationawitlt thelfirst operisg.ttha second

opening having been placed over the nipple; and further comprising the

steps of:

13. The method of claim 12, wherein the electrical
connection between the first electrode and the eptithelial
tissue of the nipple of a breast is facilitated by placing
over the nipple a cup having an interior, and first and
second openings, and an electrode disposed within the
interior, the «cup having a source of suction in
communication with the first opening, the second opening
having been placed over the nipple; and further comprising

the steps of:
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MOSLLP (G) applying suction to the cup sufficient to effect ductal

collapse in a normal or non-malignant duct; and measuring impedance at

about S different frequencies in the range of about 10 Hz to about 200 Hz MCSLLP
and impedance at from about 5 to about 50 different frequencies in the

range of about 0.1 Hz to about 10 Hz; and (H) altering the suction

level and again measuring impedance at about 5 different frequencies in

the rangs of abput10rd7 ta,akaW?00Hz ard pedance ot front abeutSr fect
to about 50 different frequencies in the range of about Q.1 Hz to abqut 10

MEGH  COEPRRSermihing tHe XS ttio of tRCTEJIEH bPERtHelidl issie 27
rhasedomiheonsceranete measyragtorsderivedatectticalprgpetiesandin the
the affect on the properties of varying pressure_conditions. 14. A
%ﬂ%t&éreﬁ%gbﬁé rﬁgdiﬁﬁ'u ﬁé\/i%& 8%%1@%?-&503[3 I iREF RS 8- From
festormngeomethodforsdetarmtifingethe pfesenceraf betimon incthe range of
uman breast comprising: stablishing.a connection between a first
%@&Foa%’&n&% rgéoﬁ%g%%it%elig%iésﬁé%ivithin the duct of a breast;
establishing a tarneictign betveenarsesondleteefrodech thgairfagessfsuring

IhpOreast, o estbishing ag.gedigalsianal heteen e Iistand range of
JeRGNd dectrodes:” " measuring electrical properties between the first
a@ndugecond Blectrodebrdériving electricatiproperiéstiom #fe ivaguregout 5

glectrical properties, the measured or derived propertieg Including. ¢ apout

impedance and DC potential, and optionally subepithelial resistance,
@pithBlal tesistapies, MCEEL Pasagacitance, characteristic frequency,

depresgign angle and;tansepithglial patgnkal ; o determinipgihe region  of
presence of a tumor based on the signal between the first and secon
eddtieribiahd tiamereinbasiedst 8o reBsons@euryds drebbtafeasiorRd or

e impedancedata and the guryss.are sglectedfrom the grotpLonsising the
of: (a) a high frequency curve at a frequency of about 60,000 Hz to
RBONEI00 B; OF B iftarREGia e g iy currd st a frequency of

about 100 Hz to about 10 Hz; and (c) alow frequency curve at a

frequency of about 0.1 to about 6 Hz; wherein the (a), (b%and (c)
ﬂequeﬁ&eseﬁerKﬁ?W@ggﬁﬁfreadable medium aving computer-

executable instructions for performing a method for
determining the presence of a tumor in the human breast
comprising:

establishing a connection between a first electrode
and a region of epithelial tissue within the duct of a
breast;

establishing a connection between a second electrode
on the surface of the breast;

establishing an electrical signal between the first
and second electrodes;

measuring electrical properties between the first and
second electrode or deriving electrical properties from the
measured electrical properties, the measured or derived
properties including impedance and DC potential, and

optionally subepithelial resistance, epithelial resistance,
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capacitance, characteristic frequency, depression angle and
transepithelial potential;

determining the presence of a tumor based on the
signal between the first and second electrode; and

wherein at least two response curves are obtained from
the impedance data and the curves are selected from the
group consisting of:

(a) a high frequency curve at a frequency of about
60,000 Hz to about 100 Hz;

(b) a intermediate 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; wherein the (a), (b) and (c¢) frequencies are

not the same.
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