10

15

20

25

30

35

METHOD AND SYSTEM FOR DETECTI NG ELECTROPHYSI OLOG CAL

CHANGES | N PRE- CANCEROUS AND CANCERQUS BREAST TI SSUE
WANDSERNGHEL] UM BACKGROUND OF THE | NVENTI ON ThECpUSZe#H038509

invention relates generally to the detection of

abnormal or cancerous tissue, and nore particularly,

to the detection of changes in_the

NBTHAD ARy SY ST RO RETEFAENE FLEGTRORRY SIOLOBAERL o HANGES IN
canBRETRANGEROY e ANRCAVCEH T SRERAR Tt R6SeVE AND EPITHELIUM
el ectrophysi ol ogi cal characteristics related to the
BAKERAY &%,T§Fr RYEN S nd t opogr aphic (t he |
Thé NUSFAENON 1 Al sbEdE, RASkbEONgaMer£1INCt itdn) the detection of
relati onships of the tissue during the develo nt . of
abeFTgnandy. CTASSE Hbasisshent 257 o Tilfe PAZLAGUADEMNCe O the
de 88C: UL SEACEnRh gLl ARGRLOG 16t rapHy B 06 I®qida 1ngEN4 Sadteristics
reveal and accentuate the el ectrophysi ol ogica

of chabae¥eal st?%s EﬁnQﬁﬁﬂﬂPmmt%§Fu€an@@Fou§°ti§§@€9es in those

elé%%?é?hﬁéio@ob@églngﬂﬁ@ﬁ%@e?isgfﬁg|7rbmaB@Eh1ﬂEntﬁ€d functional,
wonen 1'n the“United States. Difficulty in detecting . .

stabronrdl Jode topanEePlbLE bihediieraasippsefieshrpeyr gposition and

ruh CEATIEN . PRI RS 1 RECYUTE AN cYiahd eqhisiffetlt (d¥elopment of
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reasons for the high nortality rate. Detecting of the

mapi@wance of BHART MERASHTeBRRET 0Rd St | Bades s the absence and

pr?éér(éecugg’ eﬂﬂén@r@cbio???)é‘ys%n%lucﬁ‘oﬁrhcﬁ'%&e_saééﬁtéartQﬁ' Yeveal and

ocated deep within The body, thus requiring

acexmpBrgiev & hec eApLexoPhwimiagd cadngharagheshs bkt abnormal or

&&ﬁluQ§§3u59r this reason, the use of detection

ocedures is often restricted until a patient is

Camoqeriengi hgagimpt onsse ebhit delatly imebabholfal apfsygeen in the
Man orns. of . r.tu j

om0 4011 SRF L BB Yo B Ercarcorons or

caﬁfﬁﬁbddﬂtissoepbeﬂgnﬁ sieptifendamptipnpt BABOMe BPRYNsighie is one
t patient) .-.l1t i, oft e f ffechi :

of Mgt rFeer?tSOBg? er (e %%gﬂd'gt%g&%?%ﬁyi graﬁgffor?rgggﬁ?nhg of the

presun@entéf aveotrstll eonli capresious todaliesi s dififdssilt, in part,
cancer i.s the_np Lig f f [ Ng; n

be??ﬁ?%es@@%té%ﬁSV%%lggg¥ﬁ%mg%&gcpﬁgﬁﬁéﬁré%%%ﬂ?%?ﬂggrthe body.

thiifli Beqoiminny dixgeasd véepenupleon, eanvys ifee ecandfor Thecomfortable
mai nstay of _early. detection gre X- . .

pr% = rceaﬁy br%%rstt%]xsarﬁ%aa Olndn. r&ger Yt r@é@@c&rﬁﬂpypiad'&dures is

often restricted until a patient is experiencing symptoms related

cant
pr

to the abnormal tissue. Many forms of cancers or tumors, however,
require extended periods of time to attain a detectable size (and
thus to produce significant symptoms or signs in the patient). It
is often too late for effective treatment by the time the
detection is ©performed with currently available diagnostic
modalities.

Breast cancer is the most common malignancy affecting women in the
Western World. The reduction in mortality for this common disease
depends on early detection. The mainstay of early detection are
X-ray mammography and clinical breast examination. Qoth are
fraught with problems of inaccuracy. For example, mammography has

a lower sensitivity in women with dense breasts, and is unable to
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oth are fraught with problens of inaccuracy. For

exanpl e, mammography has a lower sensitivity in women
wowRdk/osiasse breasts, and i s unabl e todiscrim nBCEUS2004/038509

bet ween nor phol ogically simlar benign or nmalignant

breast |esions. Cinical breast exami nations are

limted because | esions | ess than one ‘fm are usua
6BsEﬁPéanbfr malignant

prdild usangdul arity, fibrocystic change, or may be too
deep 1 n the breast to enable clinical_ detection

Cli@ﬁ¢ﬁﬁﬂh¥%ﬁ%ﬂ1q§@§ﬂﬂﬁ9ﬁmﬁhﬁﬁﬁgéﬁWﬂEesrbgaﬁ?ﬁﬁxﬁﬁSlons less than

ongI Lpi gal Jé%?il@g%nagEggtiﬁiﬁﬂéﬂa hia@Bsy l@sﬂ@M§ way be obscured
Initive diagnosis. Moreover, bjopsies

bynégéfwe nodu bt i tgharfdPTioRYEpL € 0CBBIE O %t%ém e too deep in
the 89£9§€gk¥ ~MBPTDOE 2Py AN S ddHiGRl. brastents with positive
xam nation have relatively poor specificity in
maxdm@@rﬂmmg:rbreegalswocahc@llnrméf Eipdangang L poRi Feyeire bloPsY to
nmogr n s | e e CliaRyi
wa P OECRCRRELEL L LA A | D 8 00 Btk 8 neacive
fopasa]t:tgrﬁamdyesul tpne i 0P ofsipesienhd- enot i onal traunma
patlent . ho e ls@Qi
eGP, sk PRES, T 028 00 AL atahpacion nave
rel@ﬂﬂ&ﬂ4heabbhcareﬂnmsﬁscahﬂ avigi d dhageesgyyy breast  cancer.
nosti c bi opsi Nol Ve b
Th?f’ﬁ’ o]fleucean ¥ %nltgsrteegapﬁggggﬁpr ovgg%cﬁﬁ%ﬁ (grl ageﬁ%sotnlsc detected
onacclwﬁmqalatbaeaableewamﬂmamannngubmﬁmaﬁﬂﬂy clhirpveal to be false
reast examination_ alon r L n e
po§+F{H%ﬁlﬁﬁﬁﬁltlpﬁglgeP %ﬁf%%s ?%eﬁkkégﬁgg gﬁéggg f&gtﬁatlents
Im%ﬁ@\kélﬂ&néiﬂf:odﬁayﬁnﬁetasmﬂ@logll’esglIIOdIllqlgnheélﬂl pabienperho need. to
i opsi.es wev t.ec r n e
unggf %ﬁlﬁ’é’%&%@? 5eEers & ?r%;ush%%%r% %a glgf ?ggt ?%)ﬁédalﬁnenecessary
dlgéﬁbiﬁhiﬂbﬂ?wshgﬁant Magneti c resonance imagi ng has
een introduced in an at t enpt, _t rQye .qn
Ot%%%uF%%@“%&°%ﬁﬂﬁnﬂﬂ- iﬁfeq wptﬁogﬁcggsgxangx Jégémpt to improve
onSpegéfi gidyndstnid lactqyangrahtapphahhmlIwiphfomammography and

di agnosi ng and screeni.ng fqr _brea C I
A LRGP UPASF PO ik S90BA- Tonbiany [RET hag 4 helpful
in! a\_vnltgtl%ﬁmissﬁmg tt}éd’dcv@knsI’ﬁazls|tl|ce$)lronﬁ>llblutbr|&elsrt| Mieségnpy and may
cos e ose met h ear | et ect.i gn of
becéﬁ@éP&usl%nG'b?én%aﬁfgggﬁs t o S

sSB8" nA8geS Seastr i RgST such

- telhnidiee £l actri g@bidpedandet afmivieol agechért issweliformass, or

exanple, U 'S Patepnt No. 3,949 736

calcifications are benign or mallgnant. ' Magnetic resonance
imaging has been introduced in an attempt to improve on the
accuracy of mammography. Its high cost and low specificity limit
its general applicability for diagnosing and screening for breast
cancer, Nuclear imaging with Positron Emission Tomogaphy (PET)
has a lower sensitivity for small lesions, but is limited by cost.
One proposed method for early detection of cancerous and pre-
cancerous tissue includes measuring of the electrical impedance of
bioclogical tissue. For example, U.S. Patent No. 3,949,736
discloses a low-level electric current passed through tissue, with
a measurement of the voltage drop across the tissue providing an

indirect indication of the overall tissue impedance. This method
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di scloses a low -level electric current passed through
tissue, with a neasurenent of the voltage drop across
wo bmsosastie provi ding an indirect indication OPCT/I82004/038509
overal |l tissue inpedance. This nethodteaches that a
change in inpedance of the tissue is associated with
an abnornal condition of the kells conposi ng the
teachesug;hatndd cahfhge airudppedensei AEmENSort bise is associated
wit b@%(”%k gkﬁg99kﬁﬂ.1€99g'%ko ha NEg195SURPp¥E8ng the tissue,
wever, does not |scuss ei ther an increase or
1nddee|teage an twupetanceradsonsat edr wi @ Hhebnabmgrmad| | Biological
QL d8eS Inhy;3PEALLh 6aLLY, AGhERsy | Wl GRM Saidlifse eith
congilE18% ant gtélé%o%gtsﬁllgggkd sllqm ar 'syst ens +s Tt The Ther #n
incD€askeotr plealrepas@pemt impedsinaehe sgiciagPAumishe appermal cells,
nS|de t qnaR dgvelop in an
nor §°Fﬁeh uni ?%%cggﬁgn?g?/g?é% hat Iq:: r%%% a hol | ow organ,
TheSuUghsadvartmdeowef, trisduendl sdmiderurssstamsh as ttHat the DC
ast.or prostate) . that | S_.a.t S M
Lo Eerr bpBE BRI B1S (26 1575 1P el gfant PoF ocane it bost
com@pht hehugrm:hasﬁ detxaa]tdparjmeramt lwllltalelpmnemthal ¢ell layer that

5o FALOMIGD SOIRLSI L0 RRIADCI LU OIS, ol aRGe uch

as Othér ansapitt heki ghreaitacen Qpot feat i aaineasosementtsansepithelial

i npedance_ ar.e nope_accura osi . .
eleﬁngoe%%'é?bauﬂs an aﬁg’ﬁcé?ogge ﬁgl%’l%rﬁs g%%?%sérthe epithelium
los@ES&dsaﬂf@@§eﬁﬁtﬂdﬂia&bQWEenei&Ien&adn&yﬂb&ﬁyiﬂhbhatompared to

the_frequency,range i s not _defi
epltﬁ?@)?ﬂ‘&t?%el%ls&k??‘ﬁl n@Haﬁbgﬁ?mCQH dea‘f:eclc?lpd’lnrgfgmf"l igpgney.  The
comb@Agei h Efeﬁu€ﬂ§éﬁithﬁﬂﬁﬂﬂ(ﬁied@fbb@tentlélemaeacyEments with

bands may be associated with, different structura

imppdABER ondFe adPHd s AFFHEAESt i $Bued RS HG & fnﬁﬁgcef—ous and

cancero@gc(k@nﬁmﬁsdn@al Propertl es of Tissues , London:
Academ c Press,

K. R. Foster, H. . Sghvvan, that th
AnODPéFeétlFPéVﬁPB?)%‘?tPEStB? APe¥Ged eRdeBFEogiveEF™ 1S tha ©
freﬁﬁ&ﬁ&%ak§n eal§rhthaEfﬁﬁ&dBM/CG&thlnReﬁfth@ﬂBﬂu fhgobtalned

198 17(1) -104. For exanple at _high frequenci €S ccted.
abops 1cedby m%’elpaa st? udthfr e TRA9Sa Abni TERTIRTEFPecelocte

leQerEH€ f?k AN oIERCt efalySt ieS Gfsskeakapedater different
profile. Relaxation characterlstlcs i nclude the d

ay
strugtupel r @5 poicdionag esBeaks tof e drigeYen tﬁ&eangFeﬁxample’

F. AelgﬁEk'CPﬁ§§ﬁéél EQ%p%&@ﬂE§e®fa@1§§ﬁgdEﬁhdﬁadﬁurmﬁﬁﬁemlc Press,
results im VOl Tage change across the tissue whig

200Be Hel ByeHoBEephalel shfvead: HRGhfSETor Hfé’pieﬁﬁéﬁﬁnﬁ’é tissues
andpn%&ﬂ%b§E5§th%%erlals. a critical review, Crit. Rev. Biomed.

Eng., 1989, 17(1): 25-104. For example at high frequencies (> 1

GHz) molecular structure has a dominating effect on the relaxation
characteristics of the impedance profile. Relaxation
characteristics include the delay in the response of a tissue to a
change in the applied electric field. For example, an applied AC
current results in voltage change across the tissue which will be
delayed oriphase shifted, because of the impedance characteristics
of the tissue. Relaxation and dispersion characteristics of the

tissue vary according to the frequency of the applied signal.
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of the tissue. Relaxation and di spersion
characteristics of the tissue vary according to the

wo ewgueney of the applied signal.At | ower freqRenusme4/038509
such as <100 Hz, or the so called a- dispersion range,
alterations in ion transport and charge accumnul ati ons
at large cell nenbrane i nterfhces dom nate the

At I ebaxat | breqlwicdeser i sidlcsasf <31 | Hpedacetpeof$pecalled o~

. In the frequency range between,a f k r
d1SRFE 5S¢ caliRd - a%gé?gil%lﬁsraﬁlge,ﬂévrél r%ggﬁ%%%ﬂwa“g charge
acdigilnatesst het r elaxxat | eslthanadimmiest iosenfatde dominate the
epi thelial_ inpedance . profile. Wthin this range. | ow
relaatidoggueht %t,errJrr%tllgSf The HA8pl FEF T en rggégéé “In the
£r RRIMESN dRGeCokkRethr QUEBWt hezpanacel Mukar opathuayoansdlled B-
~t1ght “junctions. At higher frequencies in the o
didpedisspor simangeangecalie cBEFeftukean PGS t FRe cerplaxation
ch '&%@”?t@@g BPeEﬁé OLE1i PRSEES botdeRetuegnoandet hr @48hin this
“"&Me CelTs, and the current density will depend on the
rargETpEasi 1éwnkBmdf sestuems ief  t MesEy eépltAemegRd 18€| current passes
nucl eu terh5tidh aldher abh AN 0GAWr | PabRfay Oind  tight
be wregﬁlspglrl?dc;félg% eg}? 1!é‘?rl’ urtr:w %ur%)ng the pr gcegg ofaﬂ/ " HanE
judBicgRant At ansgesmaftirequaidiest iy the Prpesipeceion range the
characteristics of the epjfheliumneasur at
B R R N
petWldndRaAl tREOGES Sthes tddlQlsyr ahdakher ati oerst Widrs idgyeniing depend

of the tight junctions_and decreasing resistance 0
on tfhe pEPERM YR, 255t ARayEe f’%gé:?’ﬁercy&nof)ﬁaiﬂaﬁa scie%l nucleus.

chd & teoResEt | SN and 1wakunBcolr t hien cehe cyboplasmsmdt of an

nucl eus, affect the inpedance msgﬁured i,n _th

b- .
epidihegans] orfHEifge. Aot BFOH SadvaRt adE MSPRPEhe HHRRFEoTmation

aff&ft8hgneed $¥pét@Mdes dhatactbeibopographyhofemithenddm measured
| npedance is not exam ned. By spacing the nmeasuring

at ef mrjueogéesdiihf shenetgisprrEifin HANIEm cdRt5& profdg fglignant
prodcI fs]c er ergt r%%%h? 1 Tgftg?aﬂfbr{yatwi@h e éﬂﬁ'ﬁ; b}’of WOthe tight
T ace etl ectrodes Is approximately half the di stance
jurhmtiveen ahde dekeet s bugsre Thetasfasr eofel e rrRKES e lwlagapathways,
will measure the | dangce ynderdnd ngba £ th 11
togeeﬁihteﬁel“flat% t%‘aé‘%éég?% 2‘1[heap%£rm x({%te y 500 mcrons. It € <
cytdcblkRaWhnd Ofuexam! earfdiat the tihpekasss ofabowet in the B-
_epitheliumincreases at the edge of a devel opi ng tunor
dispere3®B 208 conpared with 716 112min normal bowel .

andRherKdiShbivagtage - wial teHd Sadveprdfidfrenatdveyshanges that the
In crypts bordering o, . .
topography of altered impedance is not examined. By spacing the
measuring electrodes differently the epithelium can be probed to
different depths. The depth that is measured by two surface
electrodes 1is approximately half the distance between the
electrodes. ‘Therefore electrodes 1lmm apart will measure the
impedance of the underlying epithelium to a depth of approximately
500 microns. It is known, for example, that the thickness of

bowel epithelium increases at the edge of a developing tumor to

1356 + 208u compared with 716 * 112p in normal bowel. D. Kristt,

et al. Patterns of proliferative changes in crypts bordering

colonic tumors: zonal histology and cell cycle marker expression.
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colonic tunors: zonal histology and cell cycle marker
expression. Pathol. Oncol. Res 1999; 5(4): 297-303.
wabkioskenssg of the ductal epitheliumof the breelUS1084/038509
al so observed as ductal carcinoma insitu devel ops. By
conparing the neasured i npedance between el ectrodes
spaced approximately . nm apaft and conpared with the

Patipleda0roelof Relsedt®d@ded (4 pacdd’ appt oxi Hiieepingg ofmthe ductal

apart. _infornmati 0 d ' e ; e
eo it [E B RsRROlL HReqoBipE by dedarcinons in

sifint extvarho®sS . OBY megompEirdegr i ee iMpFcdaRde LRRRGENGE between

human, ski n: a ffer gocel Ust PP, 1o & d with th
el%%%’ioodrﬁsczﬂ%arc ggi %Eé?%ﬂﬁf’tﬂeﬁ i I%d 5 ?dr?li tg g}ﬁ?@c%nt acp pared W ©
impledaradd t it . Qemtactdeber ppéced s OO xiz@te)ly 1344- 108 apart,
._Anot her di sadvantage ve e b
in PO BN R L0 Ve SRR CEEb Ot mey e
obpaitunys ddwt farre exlatpiled HurEmgestrm rfald gridimar. Electrical

. _process.. For exanple t assi n ' - .
l_mf?‘ﬁgﬁ’?f'ée iﬂ‘%ﬁcénepl ’t"ﬁféllglglrﬁ% of Iﬁwyesg]%% gﬁl&ga,?f@ézfn&tqﬂ%&%@n, in >
andebhHENt maigdeass. aly ush ngnildectirodésnspacentdelss dermatitis.

than 1 mm rt Wwih v Ing C rations of
C—O%\Eﬂ-%\%-ﬂ—eéﬂéggﬁé?i g@?’heﬁg%t)ass?g?n j‘cE,‘d(;gn'duct ance and
AndEideabi dddwantayebefeshe mabede i ne fdremmed aetehods is that they
epitheliumat a depth from < ,500mto the surf
do nfiRbePTEPEN oS n%%g‘fjvfe“? n%%rb%‘hcgtelviena%?t;hgwalyéchﬁri?ag%eé\re altered
dubye Heemdevelopedroneas. at Ferpextnpk agposss dinemstonductance
_ cancer. El ectrical inpedance, tonography (EIT), is an .
isj xpEHGRE e 1P mddtn g YeeHAi (ﬁ?é%f“ﬁgf“%nﬁgofs‘f&a ?%\lrodle cérly in the
ma MRSt Proekest r pgess pcak erolbe bpayedurdscechabhd mm apart
_i npedance nmeasurenments obtajned_at each gggct ré)d% are . csium
withheHapy boes SEACHY L CAfsut F  PEEaRRE Rt 8745 Br 3D P
con@sansideuchgd trymenaphicyi mage ok toetimgedhnde atite surface
its distribution in 2 or 3 dinensions. This approach
epigidldsimontt AedelPtlt efxart 6s S0AKRCBACHRT i TP End _

A i glVBEyZKQ§&W@§QiOéfEﬁﬁ@@én&éS§H§?1N@e§eéﬂgiﬁ@%éeﬁave been
on data acquisition and inage reconsfruction _ _
dewd gmrdd hits @ahi @t tamptditicf | ¢lagnase apErastc] FaRear | y. Electrical
. Jhe najarit T t A S T B g ol 104 G5 that
im Ggaé",cﬁj \?ﬁ%“‘(‘:’ﬁrgéﬁ i-el-?%ﬁcg%g?g%llng%d%urrent ler{tjgrvveen t\kgue 2
em@Yoyre Lawgeemunkeassifheldacodedeplagrd poasieedodye surface.
vol.t age_dr op e €.t SERS Ndlectrod th
The ég‘??%ﬁ%%e oﬁggl%g@%g%&f{u%?g%ea&%ngt her appr oach 1s to . o0
proses ssed' VoY t agecanpuiary apprasasirate whi éR appl B8s reconstructed

to£§§¥§ﬁﬂyé @%age of the impedance and its distribution in 2 or 3

dimensions. This approach relies on the differences in
conductivity and impedivity7 between different tissue types and
relies on data acquisition and image reconstruction algorithms
which are difficult to apply clinically.

The majority of EIT systems employ “current-driving mode,” which
applies a constant AC current between two or more current-passing
electrodes, and measures the voltage drop between other voltage-
sensing electrodes on the body surface. Another approach is to
use a “voltage-driving approach,"”" which applies a constant AC

voltage between two or more current-passing electrodes, and then
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vol t age between two or nore current -passing

el ectrodes, and t henUS2004/ 038509 6 neasures the
w@osesticat ot her current-sensing el ectrodes. BET/187080038509

systens vary in the el ectrode configuration, current

or voltage excitation node, the excitation signal

pattern, and AC frequency range enpl oyed. Anot her

di sadvantage with using EILT to di agnose_breast c
~ measuirest hethiehofdyesith t yabf e85t (LY srﬁ%su”ﬁ%gegaggj&mdes'

| ffe! n 005 aSSUREsH hal eStifddRNicpAdgasation, current or
lefeﬁ%?ﬁ%g% gg%s“%y ?h?ough the breast, tissu

: e'ng Chtit%rn and AC
voltagel i éetitafiivan mafe vakhs n§*XELERHI P al BPBpeFfi-eS ™ of
differ t q tissue conprising the breast. In
frequedd F%ﬁg?rr%(lge rbg‘:onstructi on_depends upon %he ancer is
Anotheal alilsdventaget Hetholreape BFLt FPAERERCTN PRE2ELrFALe
of the bre 0 krowp; d Jpedancendli sihagdutdeaionstirection
the §8h83??%%e@mé?drgp%gbl em . and then estinating the | cast
assuriggpedante disterithubrenedi tIPHPITFENEEEst ERFYIR hdPe °F
, measur ed vol t ISt Ryt Qe NRASHR Neddt rSerflageoperties
tissyg ¢ ]r(%‘delss (‘tlrﬁgﬁ?eﬁi erg;le probl em . F@gonst ructio ddition
of daffarditthneymrse dff dyssme] \FoBREEE18% FhRi PESRFbnent? 2991ti°
. model i ng usi.ng Poi . SpBOHathen candulh t torassenpheonsltage
1maggy F$°9 arru§ttl§nq§§§f§'g{i]sétt |u§gconditicons?1 because of the
distdiBMtficaquendhes susddcen ofpsheEPTedyst SFgm & Hgewn impedance
. patents, ch as U.$, 4P pbYend55.a308 tHgh estimating
dlStISl,kO’Sygé’M,(%g’ies@Pos?Sl?ﬁ%t ?ég? %&;gﬁ]é? ectngopot enti al g
the HTRPSHAREENUS sRYbE arseditibinli d§AofredsicekoEnphe &gRsure
nmeasur enent s, however r | L GYLE £ttt SddY ett@ndnverse
voltage qlﬁst&ilgb‘%?)g?s{“e ourfeeailéﬁlﬁ:l%e,sfutr%g above ref er enced
probidient i ORscehsgnass craneégobytmas ieng fyeAraRely based on
. . differences (differential. b nhege LedkenoRrf tha with
£inity eg@t SUGRF arf?)cfc#elrmghd Lﬁ%)ﬁ cggr?p%;\r%i ng t h_e% Wi th
a s sufteIH <€ VRhS reatrbe topposiki et b BastondHdigSs iAFENES of the

measur ed surface, potenti related to
low W?ql?ﬁ’é%%@ésuﬁﬁgt’rfg I?‘?F%eggﬁcg@éﬁgrrﬁsabt eristics of the
othe PVBELYHEE, Skieh 3Ibi §.Bactpatenicghosed HyPon88adbave 5, 099844,
referenced and simlar_inventi.QRs ' [ d t
discHpefyridstth é%ééﬁ?ag‘;e ‘fr%%e&rtﬁ%gsén.eggﬁgg%%krﬁhe}? oy usee e

diagkbSE ESRES Nt | ahp PEASAN enent st aisreL sneW ANeH§Fo s t41¢ difficult

nodal ity for breast cancer. Lancet 1298; 9125) the above
to BERIPEES MNdFdlifel 1Bt CEIEL opot ential éval uati on
refeBSnéedeW AeSiviichise fdilagnose cancer by measuring voltage

differences (differentials) between one region of the Dbreast and
another and then comparing them with measurements in the opposite
breasﬁ. Changes in the measured surface potential may be related
to differences in the impedance characteristics of the overlying
skin. This fact is ignored by the above referenced and similar
inventions, resulting in a diagnostic accuracy of 72% or less. J.
cuzick et al. Electropotential measurements as a new diagnostic
modality for breast cancer. Lancet 1998; 352(9125): 359-363; M.

Faupel et al. Electropotential evaluation as a new technique for

diagnosing breast lesions. Eur. J. Radiol. 1997; 24 (1): 33-38.

Neither AC impedance, oI surface DC measurement approaches,
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di agnosi ng breast lesions. Eur. J . Radiol. 1997, 24

(1): 33-38. Neither AC inpedance, or surface DC
wore@ssanent appr oaches, neasure the transepit hedT/852004/038509

breast DC potential or AC inpedance characteristics of

the breast epithelium Oher inventions that use AC

nmeasurenment, such as U.S. Patent No. 6,308,097, also

 medwane ath@meramt@@}lﬁﬁarbrﬁaytbécpo%%q%}fé% t9r gAC impedance

cha ”ct% ’}:%ts'tQ s% ¢ %&%&%B&kaé?ﬂa?éwﬁnents and AC

g6 easurenents, tha | so neasure the
Otdearnssmntthehlsaltheteusmk%I mervpEnEds SHchaafaPyS- Patent No.
itheliu Electr dance sGapni 8 ( BeShoaksBle with a
6, ﬁﬁd\}aﬁgzis glgc#‘rl ca ?!fr%%gg‘%ce maB’S. ng (El I% av%)jlods he
conbifatdionons fof moNMpabentiadge ﬂ@@éﬁﬁ’ﬁ%ﬁ onand AC impedance

encoumefedaﬂﬂ&th Bl Theahaveckel aancedi eysiam electrical

mea Q&8 ¢ By°onI"y “reasur i ng decreased i npedance
prdﬁeﬁ:ﬁ:ﬁ%aseif Qﬁa’hdrmrtyar’eqa)thalidumhan@@qmlgaéagmgﬁggce scanning

" Qver_a cancer. ges not, MEas WEIM ds the
(EXFafS&i t wrnalaS ﬁggggﬁcgg%haraﬁerlstl @g ? Fart) aved

1mtirt%a:abnsTlaﬁr eohpleseyragé otberstiurittism movotteh?@ with EIT.
proach. | naccuraci es,_my c f r

TheouBBP‘é% TORGEFT N g SBERES, dla%#afgga?cﬁ %agesb?s'l moee e measurlrfg

dethsT N ifpedaasy| t (inchbghedonduntantancagi omsd whhakges  in

produce fal se positives. h of ne e
canaGitedget oLy, 8 Ccﬁmc,% ch V\#t” resultf'g{ rnrggltsu!cg the mammary
trd1eQiithes ibor 1Izr@§uaﬂ5e Ora:hbh3cté131‘5$t1/vasl | of | tthies kalest.  There

not possible to Jocalize le u5|n th| a .
areAng R oot ety at T IEEE St b et on f‘ao?1 tﬁ% 28G0acies may

ocdgt echédu abpor gat tbﬁBlﬂEe$S theumasmyen@nt bohes, costal

transport alterations in the e |theI| Elthel|al
ca:g@hagqs,,nempﬁ@ %ur?%essrlﬁfn boa 5%? conductance

redddd erytieh slieet rf%l@@d)poﬁliﬁﬁnréhle Olmteplttieo\fomiedsurement is

ly d t hel i al [
LBl 0o el ol Gol oy pervete LHULALE, Beggesves ror

le§ cﬁ?p&{ttm S§18d 415, wamt [ i emts,lsaadsmtnerc @@me&@léheo localize
barrier while maintaining their own cytoplasnc
le%lmnSr ovdBat thi s ARPHASNy narrow limits. One nechani sm

Anc%%’hé@h' pBriheigpi theaktal J)ﬁya.rnfwlrhbﬁﬁ.aﬂdedﬂ’letbensdiatr&ctlon of
ttering is by continuous proliferation

ablr@pnadcéﬁcéﬁtleof-st e B9 5 Hremep §f05ﬁf"f‘ﬁ8‘é’at caelrtreratlons in the

. ep Anliisher.at | 95 M jRar tde 18X pl iaden M/ﬂey §BF £a ddrano 80¥hef body. and

Ptancers are of epithelial cell ori m{ t(l\(?reover

gl
act hes ra spaaiigic 419 I1|SP|1é§et6h%e’E?‘6¥| Qndperiece woEld. Not
onff'&g eé“:plthellal cells serve to insulate the body, but they also

modify the body’s environment by transporting salts, nutrients,
and water across the cell barrier while maintaining their own
cytoplasmic environment within fairly narrow limits. One
mechanism by which the epithelial layer withstands the constant
battering is by continuous proliferation and replacement of the
barrier. This continued cell proliferation may partly explain why
more than 80% of cancers are of epithelial cell origin. Moreover,
given their special abilities to vectorially transport solutes

from blood to outside and vice versa, it appears that a disease
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fromblood to outside and vice versa, it appears that
a di seaseprocess involving altered growth regul ati on
waorenpslosmes associ at ed changes in transport propeCT/UE®040638509
epithelia. It is known that the addition of serumto
qui escent fibroblasts results in rapid cell nmenbrane
depol ari zation. Cell menbrané depol arization is an
proeasky aweliviagsaditered wWindvtbe|feadil@tdppn may have associated
paol ari zation i.n r S appears
Cha&gﬁﬁaﬂ‘cgr%nss%onret %%%?gﬁ%%gbﬁw%l&%g?él si on may be
It sts nuhatredtmat hone dépotben zafi earuetp mpABsappt fibroblasts
depol ari zati o I a Na
re L‘ﬁ'ltlsuxm an’f&pllﬁe cfnlf]1 E@g%lgrrgsrlyest éég?%%%fgaeégﬂ“ Zaiion emoTane
degtasroeavisedisAlarhoemtl vt heventi t&ssodNa tedf lwixthragell division.

result in depol ari ion, the S dj
Dep(o'lé\ﬁéﬁaH.orao gdlh(&ﬁ(%%as%rogﬁ:éle tj[ahe ggl ?phengga%gglha31c in some
indie@Bekepob@t i zes1lposdiblyiatue teyNa b« ATRsismilpieg  without
activation. Ohe udi es_al so s r .ot i t
depﬁ&atrlléﬁgb%?t is é??%r ed= i3 &%%%‘iaﬁs %\ng ‘lglgn. QFn b8hporally
ass@@dlat-_b@n tvotnl t Ra®d INMef 1uxr, anspar t thlé -infand persists after

G ~-transport is altered duy] C pral i.ferati.qmn
cenpmisr H10 bt O oA T B LR U hpon mey
restkl S.Lrar@exﬁ@la’itllz\éQ|1y5ndep:®dearJJrﬂ:&(éa\&bererOmteﬂ toansport does

t hose that are quiescent or non-div
notD SAARLIATA | DA | S BLSBETaTEAF with PRERG: F5PRLaFbRedy possibly
ducsShesijd ¢/r orEdnniRing Addivaitesal sotdeessikndieat elso support
that cell nenbrane depol ari zat Iﬁ?n ocﬁgurs because

theg|nafien diet N4 ofif@nPPakEs 15| AL FEERT SPﬁf’n?oﬁl “Gctivation.

In CRARPSidr 0Boanrd tkkans pert t i@edportsMeKt-hatamd e Cl ~transport is
associated with cell proliferation. Intracellular Ca

alteggd) d4RENPHFFPHPrCALECFALT ¥hsed by mit ogen

A r?ﬁr!’o'e\fablfogtugféé R |cfe‘ﬂfo@%'t@8t€@)/tlb£tlmﬂd]lﬁe&dtlng cells are
| owi ng the activation of phosphatidyli nosg}tol

whi ¢
relraélle@%s depelaEteril MR eRRNAEEY tQ gFHARSA gFjRkr BFC aﬁalescent

or §1‘1)-td3.1.v1d1n’ - ”bphmtﬁ,tl\m Chstriggessidead with the
re ease fromlnternal stores .. Ca and may then alter

expessgani A§ 6PeaEiBULOR oFh ATl s AditHENRd (Studies indicate

tharEE'g%rliaLnﬁemﬂ@éﬁ@ @é;?olra%sdiglﬁibb' 8cé&@F s NBd dhdidNidRy aﬂheratlons in
vol tage of the cell nenbrane. Therefore, there is

iongst erftlivgess or IPRERPRELIGF betdMén AtMBLSiHiEPAcePPH a?e’—ransp"rt

meéﬁﬁgﬂge£§at | O Ls2BeRAELd BLhR eSS prandreehtion.
rane potential . Mst studies have been perforned

Intimecedantéor fed’ affth’Gul taddPEel (PEAnd ot 1R ¥ Safesc Py mitogen
actlQ)attlighl.a d&'éifgprollferatlon may be initiated following the

activation of phosphatidylinositol which releases two second

messengers, 1,2-diacylglycerol and inosotol-1,4,5-triphosphate,
which triggers Ca’*; release from internal stores. ca?*; and pH; may
then alter the gating of various dion 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

transformed and cultured cells and not in intact epithelia during

the development of cancer.
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t he devel opnent of cancer.It was known for some tine
that cancer cells are relatively depol ari zed conpar ed
wowdok/osiass t ransforned cells. It has been suggeBtBUS1004038509
sust ai ned cell nenbrane depol arization results in
continuous cellular proliferation, and that malignant
transformation results as a c8nsequence of sustai ned
Itdemﬂ akinpani ofpmndomef diimg etbat t F@NEEEl ¢l kepsirgriTtatively
def Earlzgeeél A é%?é&m wih: rg@rﬂ-ecrllrns’foméél' ed1hReory @n has been
PRe®basic mechanismof normal mtotic control and
suggesgemeShst sistaiiedr ce Bl ohembgme QRHQB&I¥E?£1981reSU1tS in
ne Lo of M LRSI S I8t Urgalignant
Cocgb?%% |n E8h Pﬁer\%hggg%% emrgy sustained gnan
trdﬁpﬁbﬁﬁatz:ain on. r&.llernsce 1576, A92(4xBHIuenss- 15 Cp sustained
The rol e of. r e.ghgctyi 1 ft 11
dePPgﬁE roa{]neanggten a|lallallglgn%Eoflrtﬁgl Cgnd Ir:rtél ?g Qrgrize after ce
dlﬂ‘hED@leneSGSD came. JM., UnAfaed tSudory P@?zthezessw mechanism of
0-435.. A.nunber f st nmonsgra thatgio1. 1971;
”OE@FF RerBFafe é’é’ﬁg Ay |azn??|%?1c%ae¥%rsggdur %tIT rfido 2
3ot ipnsierABion and. caswe n@ge,ne@,u‘s @rteer stm@@mmf mitosis
denonstrated that a.sin ulg ing,s¢ d
ing| MatEdei oRSFF RS porf a ngléf "H%%\%Aalg% "WsddiP by | Nsustaine
deﬁ@@@kﬁfatzﬁm on SC\iendeluamges S192(4RBHe; 5ol %8 icHawelCone, Jr.

t udy. of tivat K+ t d -
T T
no®R1i648d Morigwatpdtovbeesis s @rpr.odir.gsshved. Sci. 1974; 238:
42Qegg%?%a“ s Oféuflt I%E %1%%/%]}?% %E%Cel | tlratecriaggaguééf%__membrane

on - cancer
deBb;@SrlzTé\?.Lo\ﬁ (aﬁt@ﬁé nﬁrfbhgnetnaﬂstf@ga)atmeaswmﬂ wethinogenesis.

I ntracel | ul ar m croel ectrode |stolo aII
Othagy phvdigs) AVE P THEbH L?%} aepfg]ag{r i %e& %af—énu&atlon may
reb01£6indaVeafd®ridn Weekss pfr tDMdt ro@ailrrmtnbaadet depBlarization.
nv by 20 weeks of treatnen h cel | nmenbrane oy
Y.pBuehdi a9 - G n ReNSeniSgRINEnERS ”eJ;%’i torfnb' ?r;(éé‘ ractivated K+
culrrBgt ( MFzd DRk e swOirs errved I@dﬁlﬁd 5@114 t\Ar(sfamation. J.
S and was significantly depolariz

Ph !Y'Dl ; 8 For: a a%here 515 1arr%>/rogress:.ve
Phypielp BBP3; i 4P n Waifd Bcel [FOFi REARPLEY

depB8atiANSTH Meds ONcHd hecddnocklAT allll | inejbranéhi lauring 1,2
epithelial cells normally maintain their i ntregel |.ul ar

dimgthyhh xbrrzdmer aiMn WPFHF?Id aCRLPR ofPPaTel? CFr mice.  The Va

ghg&ﬁbr ONmMGEPRRODE aRakuges Sug@esisetihat wacer Qﬁt}:8cellular
it cytoplasm c sodiunt potassiumratios that ar

michpebegtrddase tinmedigreapeicahah "normal™ colonic “epithelium
depolarized from -74.9 mV to -61.4 mV after 6 weeks of DMH-

treatment and to -34 mV by 20 weeks of treatment. The cell

membrane potential‘ in a benign human breast epithelial cell line
(MCF-10A) was observed to be -50 * 4 mV (mean + SEM) and was

significantly depolarized at =35 £ 1 mV (p < 0.002) in the same
cell line after ras-transformation (the MCF-10AT cell line).

While epithelial cells normally maintain their intracellular
sodium concentration within a narrow range, electronmicroprobe
analysis suggests that cancer cells exhibit cytoplasmic
sodium/potassium ratios that are three to five times greater than

those found in their non-transformed counterparts. These
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those found in their non-transfornmed counterparts.
Theseobservations partly explain the el ectrical

walepsioaribgat i on observed in nmalignant or pre- nRCT/AYRZNN4/038509
ti ssues, because of the Ioss of K or Na gradients

across the cell nenbrane. dd|t| on to cell nmenbrane
depol ari zati on, and .al.ter [
obSSEVRGLPYS BEREH SHRIPEL ﬁf;se % LpeRiqL (tndididacipn observed

in #@QR8ASAtI Hr ) AGIMa0denbAt SO dms,r drSpOse a@fidche loss of K" or
,activation of non-electrogenic transporters during the

Na' qgtaf tpfiehtd P s&p FRRets %'F?ﬁ\lb F§fiSnci es. These changes

In MY et O'Eo0066[1aSmamBﬁﬂSéEqUGHpelalflﬂltile:Ired and altered
intracellular ionic conmposition. |n addi |ont cel

BB AR e BO AT | 35t Y ISR &FBATT ht PACEI POPEF tnac chese

may WY G afddrdalsg, iat Reecstogheisc e whawansbattt Iaedeactlvatlon
may be a decrease in electro enl c.sodiumt ransp ort

of act9nRLSSTIOPCRLR - EFRREPYEI: TS or (S du ?Vel(’pmdent of

epltt%%lquehﬁmﬂgﬂﬁn@ifesepl theddaal cimldegnansi estfebteser occur as a
ch anges nm OCCUr as a consequence of altered

conseapgeer| of 145w 1ebRpESHTAE *OPHEr CQ’BB&GHJCO? on

n Lranspard, alteragions fﬂ@h‘tﬁrg@@n dep61aPefhtibrol ofd  altered
prostate, breast, uterine cervix, nelanoma,

1ntma0t3héuil€|rn Lamtt peelcredy d @G SEYPEPEr AfYBnshown that there

may diff er epdd Qbis@n; naRQRLPSbFen BN S RHAGRRGSE. and activation
Apoptosi s or physiol ogical cell death i s down

of - rregpriedtesd r@denhg tﬁéaﬁwtiﬁ:ﬁﬁent WEingg| Iblheancgev?%gpment of
ethﬁ‘%ﬁ§99r#\ m 1L a&ﬁ@@éeghQNg@@Qﬁyp%c&dNQSU@e cbheequence

non-sel ective Ca -permnmeabl e cation .
of chhhertd, mkepahi‘ab%li vapééccm%}ﬂoéétéﬁﬁnngltger nmpgeific ion

tra].nﬁ]pf:r%mé( nsx%%rl%n have ?)@eﬁt @ scd i V@Henéofgn ,Cadtostate,

G iT the mechani sm of tanmoxifen -induced

brearsmpt asesina Bep2ix hunelanmdsat oloddeditimeephd, PeagEeps during
Lo 1939; dfh , GHbi B5FEZnSSerd

proh \’fﬁf%ll%rﬁ oc% fyé‘%a? aat%%?reé%‘%e tt’:%&ftllson channel %&ﬁe yis

ApdﬂithEéBent Phﬂﬂn@rcsgmalaps@ﬂogﬁéth nig ¢RMATT 9GSt é‘urlng the
f@%%%% %el ar]].‘:atg(x/gn% Phy?'oﬁl trakgéglrsg%Zcﬁg%%soric% Sagﬁ%cted by

apo@&lobldeahhluhannhésmﬁlvpx osf ate’ Gam@r‘seAﬁéhlv%Gaz

001: .32(3); 175 ble BanneiRaUling K'-c1--
catﬁ?ﬁor %@Y‘Elerl&sf)é”lr%c %@g\gap%& o(tﬂlllg! Calci Um S ACt i'vat ed
cotanepbde. Chammel Kum mnmalry Epmhedmemh of Bfat+ Gpehyx in the

2001: 276 40510- 4051 Ss el lH 26 h
meclEFHSHi cal %? 3 ur%e u%?%léc%gr ciho (eéggéiss if P wman

hepatoblastoma cells. Cancer Lett. 1999; 147 (1-2): 115-123;

-permeable

A.A. Gutierrez et al. Activation of a Ca2+-permeable cation
channel by two different inducers of apoptosis 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~

185; R.C. Elble, B.U. Pauli. Tumor Suprression by a Proapoptotic
Calcium-Activated Chloride Channel in Mammary Epithelium. J.
Biol. Chem. 2001; 276(44): 40510-40517.

Loss of cell-to-cell communication occurs during carcinogenesis.

This results in defective electrical coupling between cells, which



10

15

20

25

30

35

This results in defective electrical coupling between
cells, whichis nediated via ions and small nol ecul es
wo osogihiegap j unctions, which in turn infl uencEST/UR®04/038509
el ectrical properties of epithelia. Epithelial cells
are bound together by tight hinctions, whi ch consi st
of cell-to -cell adhesion nofecul es, These adhesion,
is prefdigtegl rekul Hovs t ABd paratel PALEFUaNEpEPYIRRf gap Junctions,

whif®l eaukgsn angei et ween: &8 }ican¢ r3per YOS £ epithelia.
structures that can tighten the epithelium preventing .
Epitthelipdensitlsof asabdoamdestogithegosken 41gbki njunctions, which

cordyhst a%(fescéi)lp@&ﬂ;cfag.‘ts"\%@ﬂegﬂaﬁs-mJi&;rHld.sL!nC_t | @}%se adhesion

consi st of 1ntegr nbrane proteins, claudins, ,
prosedhgdiragubmee JMs Hgnaselivhar bERRIRET wdl &odlesyjes and ions

t i il algr%?n-@d LA FESPONSEnt Gighten th
betl m\:qlraa %%gl'cséxfglsgc\e%r:eul a Stli ITUTi . A nunber of notighten ©
epighidtiancespygvdntdpan bheclmaeenanght of uneeharancefhe or loosen.

roinfl agent s Al eyt QK NES, | G ghd £1

all%l‘é%egop%r]]s aﬁ{g ets | Sﬁctgonss. Zonl?lea ogéllgg'ens tol>??ln, Ju_nc tons

consiisti cobxiideedoabr siembndnephmrioteinst eralagiddos, occludins and
ever si bl. en .t ] | G h b {11

ol SeteatpeP oaghb It | HEFLGRIS ) PRt | BhADERShs wi11 open

andarflagenist segruhseettondntss afadt icoigageliohas suoinlbs

rol actin and. .gl ucocor.ti.cai il | 0 &n Th
A d joutnnc lfr]oosntg'lfl.nc %hg{lls}uif;ﬁ%zln\égerls %%st:ed 1{ell‘s,?gq}tj!r %&é& ns- ©
profiafiahastons agenas TeFralppeci faytokiight, | Uifdt i end VEGE opens
. dul ators i ncludi chi tosan eat. rm_. .
tlggggpﬁflfﬁf?ﬁs Theéjoa uz)l\%’e Orcé:;[gr %%%Zgg)é%ggs?l&r%eg Q%498 papgrs and
phoByplacésth rectdloor reveisdely y opent heighght]ynatdionen Other

proteins, which are .altered duri car ci_nogenesi.s. _F g
SUEBRARGPS SHAITE G o RSSEOTR YGRSt ILCTAI pYt fai FoRTIonists
andduridigiddigsdevel opgenduof hoeastecansech The r gspolsein and

of the, tight junctiqns varies accardi to the . :
TLURRFPERAFTI R al'b bf 28 SRTHA unaha TRBT  Jinetions.  Other
subG@Bstés UaAHe P! Qlseidisig ASommulesilohst ketopeni ngnespecific tight
- closin f tight junctions .is affected t he s
Suofh R POE LSS dPCLRO B THaITAIM BBl YBee brogyhAdgutinin.
TheMedd@RAante f 858 NBYbdRnelegp drd actiekgr nand aeft directly or

. disordered proliferation and,altered trans pli?tf}glial ltered

indigRcttan<Por £ ExptF e dLAF AR ndl S ddtes B Tar §&€ 3 tere

durlayelcaganasge ey s denmppst lexaaglthail atbansepiithaldsal in breast
depol ari zation is an early feature of

. . the pre

ductad| iegishel Stat 8UTHRI n8E| dﬁBFéBP@?%i 82, BEfasFesoggr-  The
resF@gsé bBegbes tigwsephideldrdl Waatiest lagkorbihgt B8S€he malignant
statSS|é¥1sthe epithelium and their constituent proteins. As a
result the opening or closing>of tight junctions is affected by
the malignant state of the epithelium.

Polyps or overtly malignant lesions may develop in a background of
disordered proliferation and altered transepithelial ion
transport. Experimental animal studies of large bowel cancer have
demonstrated that transepithelial depolarization 1is an early
feature of the pre-malignant state. In nasal polyp studies, the
lesions had a higher transepithelial potential, but these lesions

were not pre-malignant in the same sense as an adenomatous or ‘pre-
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nant
. maddgpanfncpients RFRiowBRt. aFf RE ek fShO

were not pre-malignant in the same sense as an

adenomat ous or prenalignant col onic polyp, that are
waiswalsyegiepol ari zed. El ectrical depol ari zat i oPCTIES2004/038509

been found in biopsies of malignant breast tissue.

Recently alterations in in’ped??ce have been found to

be associated with the pre-m or cagcer,ou

86\}&{3%(1 Electrical

debabri £ 2086RI Hhel i Mderdepeliadi Zat i Plopwisesd 8Peahdliynant breast
event associated with col onigc carceir?gag%en sis in CF q
tigispe: TREGPOTEYsGLEBPRIHIRS sttt ot ™R ssthavecdrssp found to be

as4BEEEYEAt waPRUtha RIR%EdesHRASE b ddrAfsRRist Behital in breast and
potential (V) after only four weeks of carcinogen

botﬂleéat ment. This was before histological changes

1ed8)vel aRRd, & NUVRECIHha¢ GHaakexi €h&bedt depolarization was a
(5-fluorouracil) , adm nistered over the same period ,

S_peiCéIfhe_t eE__aHEeaaS‘?@eRRﬂdi _(B’ﬁtihn C_VlPﬁl‘F he2 S&me RIS fifle CF1 mice.

Th\%ﬁfw%' gas&@pé/iwaes €GeRfi EABdgi S A WRYUSRHeSBAY about a 30%

e |

re alnost” a 60% reduction was observed after

decaegsmobent ransmpitnelisl priendlisd B¥eh afi'sowerlyd four weeks of

caﬁ:gghog@%t hopahy erjtS 1 nvagik @bl ya hi ghero hemiiRa3ugedal  changes
vivo, "the "premalignant” colonic epitheliumis usually .

degtepoped i zed Mherrrumsaiédct ocnbeRHiTolagentpC (5-fluorouracil),

ad%llg?.g{éféaé SR LA s Al e%ﬁ'oﬁnﬁiaa\ﬁ@tb%gﬂsgsg_drtaguction in Vg
I'agnose non-nal i gnant conditions such as cystic . .

inf i thesisspecanedgl i n afisakedpdelien Homabr c#pss egenfirmed in a
LesieaNgy | ' CESehf LORE PeL VEferved aft

.su%cs)?%?nt?i ggggygﬁge%%‘nézgfgﬁgve %een descr i1 bed %n an?en%Te arrer

campdiebgen nt véatmeriuman tt itgsua lise Peeno ddsgotiayedbébat, although

VTa_E)Ql I;LS\%E:P ﬂl%'lynggh%qn rend'n%ggg)s.‘éé 'inpgi%t, elﬂhleal“premalignant”
nEAsUY ENENL $ “have not been conbi ned Wit h I npedance

colreasdr epinisl tun diagrosd lyaneprlbetagdewheér compared to normal
ZI ect rophysi ol ogi cal alterations that acconpany the

coggbel opnment of cancer have not been well understood or

pcf Willectehanactmrienddal Swlftace tieas uheventiseerf peednttical diagnose
or ippedance are.not _the sa asyr L s : ;

R g R e R T

mobel oy, Mhreire eleétsrical thomstuect and nhwle ryat.ween Dili§erences  in

. lum nal surface of the _duct and.th riying I n o s

lm??gl?]%%epi]?%%‘ﬁezﬂ ngf)nc?:iartilzsg Foﬁn?scgrﬁgégr{%bgv%% described in

- anflidgl ngodElrci Nogeartesi sumahi chsswey iaf fweidtiraa agidghafrechaén applied

regi on of the e@i.thecl)éysm (a "field defect"). This
togdflor af] FAAIGH Ciaghosist 1

DC potential measurements have not been combined with impedance
measurements to diagnose cancer because the electrophysiological
alterations that accompany the development of cancer have not been
well understood or fully characterized. Surface measurements of
potential or impedance are not the same as measurements performed
across the Dbreast epithelium, and described Dbelow, where
electrical contact is made between the luminal surface of the duct
and the overlying skin. Transepithelial depolarization is an
early event during carcinogenesis, which may affect a significant
region of the epithelium (a "field defect"). This depolarization

is accompanied by functional changes in the epithelium including
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I's acconpani ed by functional changes in the epithelium
i ncl udi ngi on transport and i npedance alterations .
wa2005ps1068 i n the process these take the form oPCT/US2004/038509
i ncreased i npedance because of decreased specific
el ectrogenic-ion transport processes. As the tunor
begins to develop in the pre-1 | i gnant epithelium
ionstyuanspoak ehdngwpederts a1 icPansf SpAdY €BI F§ §hghprocess
thé[’s}':é DLk, do Noki qtﬁtcrbcgg&ﬁ' RS @Rk NULLEALs AL ¥Bi Becreased
e structural ¢ anges result in a marked reduction in
SpaduiucnpetﬁnﬂmpgﬂhlphelPUrnﬂraﬂﬁﬁérﬁatE%Qqﬁ%ﬂﬁﬁ -gr add®entthe tumor
beiins®! E6! ALl EhaBFCRHd bRE-RPI IQIRIHUMBERRs e seructural
i agnosi s of c ncer froma conbination
chaedw@t racalr sl thpedanoef omeeslrevklt ssudnosher rRkpfdn down in
tl%h gu%t?%ggt gr?cﬁ)orli@& a@ a%'}glénpe‘f'ﬁ‘é‘c&ﬂ?@aw gn%%%ges result .
not ~been successtul 'y applied to cancer di agnosis
1n|&;mdukedtmadsepmbheinath@oimnﬂdancea@@ itinge danes - mayhpepattern

an s?%’faedlveglr Ie?bil et akée}%%g%%r % e h¥g{| ca}f){hm permit the

ary sa or c
dlagﬂusablomflrtdmmeaonﬁtmhevelcombnmmtspecwﬁchC electrical and
fl ammat or cha es and other factors . In the :
lm%ﬂ%ﬁ@ﬁ@emg?s edge about the physiol ogical variables.

AndMMazhreaébmeﬂnattmeu&ﬂﬁnudmpbmahtpmlemmdeﬁmpﬁﬂﬁnce measurements

dance these t
havgo ot BP9 SPESPRcpblei SERELEITPE TBhclY’ anosis is cthat
tr&ﬁ%@@&thefﬂalhﬁmtﬁnmmakaahﬂzmdpadaundemayabdlqgloé tvhgiable and
fun |on ogi cal terati.ons th
AT fh éﬁfté EVngB égp Eg?$1?§ﬁﬁﬁpf%pFF§?e gﬁéetrlg&ﬁ diurnal
or prh@ptngcafqlor @aspecidi callhy idamionkiled leorelt raospomton specific
. change that is altere in er devel
tnk F8TknoW e t A é%?g gﬁ%é% r§0diun$§b§%?%tl sence of
kndwl eadlyber adodur | BgeCapﬁgélﬂm@lmnmﬂﬂabhéeashhlch 1nfluence
epitheliumpernits Eﬂg use of sodi um hann%lpﬁlo%kers

trﬂﬂfﬁPFGPPH%ﬁ oP OV %&ﬂhiﬂﬁ?ﬁﬁ%&gnt StFo e MERRprement

may( €hBEt rRcordupt vel yedidlikblie exanmdiagnbetheprd-herle gnency or
an inhibitabl e conmponent of sodi um conductance. By
canggryi ng the depth of the neasurenent (by neasuring the

Fuﬂt@x'etrﬁlgeeﬁr op agsesSled f ipenttynspage «f eaiHeDdeﬁl)mctilbnal and
possi bl e to obtain topographic and d

mOTERERPRAER b HERARY (116 CARCOPBRET CHANGRS FiF fippoenesis permits

apptidpt-hgtiugn s Ngan posbimpt ton af shewidndabighidentified ion
freq uenc¥?3|ne waves robln%eat di fferent depths. we

trage@oabl €heBesr FBRAL &St Ad tEARATt ABRARI aRAPHRT p 8}’%1;?%?“ For
examPleUGnAklgE RGeS edkctrogenic sodium absorption is altered

during cancer development in breast epithelium permits the use of
sodium channel blockers (amiloride) or varying sodium
concentration in the ECM (electroconductive medium) to examine
whether there is an inhibitable component of sodium conductance.
By varying the 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 depths we are able to
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different depths, with the inpedance profile of the
ti ssue. The diagnostic accuracy of current technol ogy
W@ 2008051063 el ect ropotenti al s or i npedance al onePdEUS2004/038509
significant limtations. Sensitivity and specificity
for DC el ectrical neasurenentg in the breast have been

coxfr%ri%fttee%%s £20% a5ch 53X gra,q?%wswaﬁn@s&%@tmlﬁ %¥hanges at

for |rrpe ance neasurenent hi s woul resul N an
di fifipgreait] dgbabnestith dbcuiapgdatcoanndidde72f7obs Whsgue-

ThaTﬁeeaggﬁéwléooa'cewrse¥re%%t ear%rekespE@eqn@ﬂeﬁlonISlng DC

surenent of duc transepitheli al
elegpttrepoitahtidlet af incatagiet ﬁéphal hﬂ@lm&i@@nt limitations.

Sen%e.ﬁ‘:g.tvrl% C%QM % 89§f gft%gie rC aédt%cgﬁ Rgasuremeﬂ:s in the

el ectri edance spectroscopy w
brerae$u|}'taV|en baem agpgsteql: mcmfacgnct)ﬁfgvr eatspecthynl90smpd 93% and
chwll. |ead VdC|I al, gl iy reas
5% ditort I PRESgRE ST B iat o Trom shEnePba B e overan
diagmotsheéct eceumaty da€t dethebnl a2-19H 4 swk(l‘l'@._Uss) pfobably too low
tlssue Sg ¢ IIs ollf
to fuﬁ%??%na ro %e?g]nreetah S |on gir:]@é sén%rgg P(Q)%éS% of ductal
tra\nalemuhesumst aﬂcpstsmem]qwdamj:@rit tamhsmytpebd@beAﬁi likpedance
en | act at . Fun i onal alt ratio dn br east
sPeé:ﬁlrf’ﬁgPPﬁw?%%%ee’ | A gtq Sy Béen" gnore as aelr?oss g potentials .
andapmpeaahcé%bé@tasdsc@@wcaﬁlﬂil agsmokt sin Br ensatgn@mtubebbuuracy of

is responsjble far t|on durin ctati
greE\‘i&Fytﬁﬁﬂt %16) r gt rﬁ@ﬁ‘oﬁég af ¥ S BT ﬁgl ?ulrﬁlh%a erugt()léL§ty
Bredstr ehaaesal$ fiosughtegoaneygihate i fiol Whiomefldallowkedys in the
e flattened m becones,_ .nore

CergPamARehe T AEPRHTE e Ui CHOS (He MIPGRY prigege:  These

celfigoprbhefépatd cdiladhapeasefuhot Aol imrleduet theaabbbrgtion and
and t he nunber. of aci.ni. reach @lmax mum dur.
S

. t.h
SocPRELER 16 1VRTi Ao T Fast DLl Berde and may produce

milREeRsEAUALE O BROPL OFiumceliohhe &Dptdhediidns Ci@lClH)l‘r%aaﬂdeplthelium
the process starts over again unless the vvolqa gcorre
b&©

havgy é@ﬁﬁﬁf-y BePP VI HIUGRRS aRPISdEt &t PERTRET reast cancer

diaBhekest ive %&lsﬁsbpbtﬁailuxﬁam§eﬁre9§6ﬁl§5}€lé heyr rﬁsykt formation
in anre differentiated breast e thellun]swgdq

durfiggs 18G5aERPR bl e R SEYr AORGGe MTE TRIPEBNAER ‘é?ﬁ'ér epithelium

undeghb89€en OfrdHelkaenVifioNnBrd@anfgctwith Lhvédheteror €ollowing

seens that differentiated breast epitheliumis | ess
menstgRRGieR: undBfgdlAbFERRR %Pbﬂé‘ﬂg‘ég“ e WSt TR e gcolumnar as

theegbﬁ.ﬁﬁélyﬁﬁl hast & itgid r!.(i.{te%lll pdhsandrbasehat €balicular phase.
nmbrane domain to enable it tomaintain vectorial

In @ﬂahzs,p@@tdlf%ma@ﬁhepaeab@omﬁ:t%wecﬁ ofi @eini reach a maximum
during the latter half of the luteal phase. Just Dbefore

menstruation apoptosis of the epithelium occurs and the process
starts over again unless the woman becomes pregnant.

Early pregnancy and lactation may be protective against breast
cancer because they result in a more differentiated breast
epithelium which is less susceptible to carcinogenic influences
whether estrogen or other environmental factors. It therefore
seems that differentiated breast epithelium is less 1likely to
undergo malignant change. Differentiated epithelium has a

distinct apical and basolateral membrane domain to enable it to
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In addition, differentiated cells maintain a higher
cell nmenbrane potential to transport various ions,
wo aeswbnse and ot her substances in and out of POEUS2004/038509
lumen. In contrast, nore proliferative epithelia
cell s have depolarlzed cell nenbranes and are | ess
able to maintain vectorial ibh transport. Recently the
malepaihelwea;ttohlaai;hamneprENa@)mgﬁ-'EPQ hétlkyspredrrbieri §f milk).

 LLARRUERDY a0ee CONGIANC e egulal gt T e Deen nomsrane

N~ ranmar i um and both |[ocalized on
pottehelapu cab, G:rralrusmonal snacteou@f tikesepi tlaethdppe Thésg other

transporters_can he prob 0 usi ngami |l o
subixé\gPS%?(erl of*the '\l—fi\la&Kg y&gcpt{en{t%xgé{%p a gcl:ﬁanéﬁg&tsfggt' more

proﬂ.egelkati?ﬂe b@pJﬁEERlail nglts\l\mava=oiemprpzed el membranes and

de_depol h i al gecen

axepdPan: PALCT Fore S0 0. GG Eaghn CBER P Ta 1 o oneLY ehe
epifiVel FO1 SOl Icha(lhélTMENaNhl @indr ahe esy SANP falgdogpensr@hsmembrane
conégg{:lglgclzgu\;ﬁl a @Zﬁ'}%ﬂvr %%h%r | & t hey o q&ited in mammary

ese cnanges wer
eplﬂﬁépfﬁﬁlﬁmhﬁdi bytkanlomrmae dnlﬂ%e aerpjh.calbse:q:uelrumlnal side, of

decr ease 199% ran |thel resi st nc
e SeEtetibty ) | b SRR B S8 A o, prgpes for o
u51E&|aQrdls.Lo&Q%£ egill Bl edke mhereahel EBeCr ebirorbymappening up C1°

i ncrease, sim| bservations reported for
chapppls n’é‘?ﬂllﬁfteldhgyc‘é?@\gxusﬁ\%qn A&%Ct ating breast

Foreplé){waq@llém hagg r elat | vRIN Hagakyarki Gtideunct i epolbltiiged - the
resu In a paracellular shunt current, which

traRYppi it Bird 1z g tieheiapi Eabm remf and .of mihe (@pﬁnhtl $EM) by +3.1
cell. The larger the shunt current the nor

+ QypemPol ar FoBeke apiea) meMBiShe %&etshe?zg? r @ngpopens CL

el i UM fleReta inZ8s rpbsLi &P theV br¥adfdepi end ERAR by -2.2
chaﬁﬂlﬁzg = Transepit hel%l?alrﬁpot elnztl al; V voltage of the

+ obasmVat eT}aésarmtmr@n@ wyre agq:qrag%'u@fd tuyeaappegrease (17%) and

I, = shunt c nt ; par. nt)
SUbFﬁgFE?Bncede%?adsence ¢iha;3 br egst ctg:%m ngggﬁgg?gym rpgtetance

res@é&ﬁﬂif@l)e.d WL b htfa:m:ﬁ'qmwall hbireeshpepréhiel bim beksskENaC is down-
regéﬁﬁﬁg‘gl | um al 505 copps & JUbeL of J?Mleé'as%ourcﬁ%llar to

r an¥gehTe° st ra| ns o mce have defective ‘
obsbaﬁbaicbrﬁm rdpuer tedartegemiac csnomanase thhi chrvéyel ofgn-lactating

T A Y S
resthghinaadpl%cbllummrmmmeamsowuenbnbwpareolarlzes the
apiggg.e?nteim\léeralngmo t %Cuqellal ce:gilL.es The larger the shunt
current the more hyperpolarized the apical membrane and therefore
the epithelium depolarizes since TEP = Vg,-Va and i = TEP/Rs. TEP =
Transepithelial potential; Vg= Voltage of the Dbasolateral
membrane; Vi = voltage of the apical membrane; i = shunt current;
Rg = paracellular (shunt) resistance.

Evidence that breast carcinogenesis may be associated with
functional incompetence of breast epithelium also comes from a
number of othe'r sources. Some transgenic strains of mice have
defective lactation. The transgenic src mouse which develops

hyperplastic alveolar nodules, otherwise develops a normal mammary

tree but has defective lactation. The notch4 and TGFB transgenic
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have persistent |actation 6-9 nonths after weaning,
and TGF m ce, which have a defect in apoptosis and
wo 2005/081a681nder go epithelial regressi on devel opPCT/US2004/038509
hyper secreti on. These data suggest that there is a
rel ati onshi p between epithel% | function and genetic
[

on§EDLh R A ARG LA 00 B 1 comsicn

hanoBHkgiEQQnENE%éHé%ﬂbROUQBtm&&tﬂgﬂéﬁﬂai weahhfgTDLAE . TGFo mice,
Apocrine cysts have a higher potassium content than

whishmplaecystde fegockn nepeBtsrss snepdbefaisls ok9 avede g hepithelial
reg%:EEs% hsag smp %&%@%@heﬁ br@ﬁé&ecégﬁ:@rsu%clj@i@ Rt there

ere ore ment al change in the epit um at
is riask ﬁ@raﬂaroea@npca@eéwedeveenpmﬂtlwthflanctlon and genetic

expﬁggg@)m' Wi&ﬁ%ﬁec@%eﬁ%ﬁf}’é £GBAt snﬁeot (8 Sad 28 Bkht .

rane resulti ng In ter cyst e yt e content
Breantl cgbtsneobwann dtpoifariheatfiepnleAPrholghién ard are thought

to @2V 8%¥1§nqwg %Bibsdur% gckfﬁga%'§%§t£§V$"§aﬁ£gher potassium

frans fsS lactulose, tel ns att acl ds
conltm‘ltlnbghobsli-m}mbe c¢ncﬂtesterpaiocrho¢ngmess nansbandsgatirted with

across the duyc | ghu | m a tjvel
thesSEBE?%uentl ,‘;la]toP%%Iteg? \l/bi? e?g EQSJ?%% at gg ?%agtngfné’herefore
be tde fnadapergabnichande ndm- I'almetaEpmghsiame alte bielastfor breast

canFﬁﬁCF%h ogﬂgﬁglSﬁ@hb'tsr%%fQ%E%E¥ ggd %Hégéfgiyte content

€rence ween the | act a
acrbef- lthet ate g inexe}asatnd)eragubtflmbegme a&lmerelde cmaem ebdctrolyte

constit Ie duct f.luid
conkeRt etf n%&ﬁa\?}ee"%)rg aﬁg FdPEEP agnos?g B %?ob*f chf commonly
knoﬁﬁmdttﬁatﬂnsitﬂflnt;helmmsion Athanb}ereaa{ft appraoapkesshalactulose,
d to ohtain.ductal i ncl ud!tngoi\ SHCtI on

en .

proE%b“?'o ke riaec&dﬁoml@ﬂug%@r%ql‘] s NCFSTESASpI r AT TR eS, tons

andf Wditdr ( SArbs santhenatue taé c aind ylomﬂrarrul epb il tore ldfumorendofactively
the 6- 12 ducts that open.anto the nipple.surface, _

secERRT aRCOE: and cel| Se0F ¢ HLASLRe TEERRRLFA A in the non

prefRgief ol baoacressetidp isdapei fymabrmfemltl ti earbhghout life
may be associated wi.th the di seas% ate of t

e"h’b*l”e%%t SXFHE T Yad At aYRSVPHE a r18f‘er encE}&e difference

bet AOPE Ogcheradtaitiihg dhéif tigal rtcm-madﬂattah@l bgeadequat vy N degree

or |ava fluid t f . t .
an Ssa b e o S L BT, SEEHYE, 5B Te MR frgpa.  owera

secE&MBH Al IS duchiaMigE® 0 diliREosrl biylbgithe Ebmditions of
or cells may be identified. Huing (US Patent 6,314, 315)

thepageasfggest ed an el ectrical approach to
A number of approaches have been used to obtain ductal fluid,

including a suction cup to obtained pooled secretions; nipple
aspiration fluid (NAF), and more recently, cannulation of one of
the 6-12 ducts that open onto the nipple surface. Substances and
cells within the duct fluid may therefore be accessed to identify
abnormalities that may be associated with the diseased state of
the breast. One disadvantage of the above referenced approaches
is the difficulty in obtaining adequate NAF or lavage fluid to
perform analysis. Another disadvantage has been the inability to
identify or cannulate the ducts where an abnormality in the fluid

or cells may be identified.
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identify ductal orifices on the nipple surface. In
that disclosure it is taught that DC potential or
wo pedsriee neasurenent may facilitate the PCT/US2004/038509
identification of openings or orifices on the surface
of the nipple. However, it is_not taught that the
characteristics of the DC el &trical signal or
Hurignyi¥8aRe tenby6 chd adt5er hae SHEILVRHA tatorelsrctepagal approach to

g §ast . vep,iticdss R tauohtibpat bigasice. In that
ldetnrtal%l eplcifl\{gé??al 5ﬁ,flrrceé£ur enents, t_rlggsepi_t hel | al AC
disigipedaacét spectawsvopyataPeneobent 2k ot impeidgh craepaurement
used .t.o. diagnpse .br ; CEl - of OB HAdI SNt S84 th
mavp A ERE Fhe &%segg?g%?%s&{w?hi.%thle reast  ducts .
surdadet hef plthsmanippre exanbwsvdn, | stknignnekattayght that the

ni pple.aspirate flyid S ' c ratjo
end R SPPLLELS CLYLS 22 RoSpELU SONGEML! Y P iahe nay
chaGaapatede Withh aoseiudohNaf] tfe dpprand.mat ¥pyeg¢Bor, it 1s not

[ 1(Petrakisl) . Nullipar Y\ﬁ(@ﬁ ave F
tautr‘gﬁgt arﬁgﬁbpro %afséiy 1%%%%%?3 g egrlthar%pag gﬁghsurements'
trafh@eBithdliastAd | ingieghintiecapetyrbetany ,serlomel @velis. combination
Simlarly potassium concentrat i [K] is
maYsibﬁnFFF‘éaﬁFl‘i}atﬁnﬁgr 5?aig.%an<1/e9$ nEq/ 1 in parous -
ToniRITEgr &fliknkd. Jex6s® BEGHEenn thel | fpaidusenorehons within the
conpared with serum.l evels K J..of appr.oxi ‘
bresss (EgFs. a&gh(??‘ei RIESIP gat gfiosr[ hea’Jv“’ler:n prleepﬁoﬁlteéwv\rgémglat the
nipé;%d]asgﬁr%e 2 £ 7504 1h$4108€86d Neh t bt cesitgRitibaanal pnet 123.6 =+
ra

ients can be established between the plasma and N
33.8UREq/Lmémeam hostandeotdatdenvgabienst comprdeghigicyp serum [Na’]

t hese gradi ent re e i for i i.t.h
of prgroplastely Tad b PaiRe LR iR 7] SRS Bnefoave war
(Na29 fidtl drewepptrbanmpt @syel0 @Eqdli Heégbencemr atanems| @emen, but
J..inmlk_ js alnost one tenth of conceqt r.at.i.qn :
st3idund PR B el Y PRI0, AL CreVEEeg s HaparteqPotassion
cod@eh%?ﬂgboﬁk@KhKém¢ di@nilrikavel § hbgekiet &t SBCH eti DB mEq/l in

rise and the [K] falls follow ng the cessation of
padoast atdven, agidgniZ.iTant 6i OninBagt adnremud laparems ntaleedcompared

. between the duct | +and -pl " eryry epeph i . oth
Witioneht Uhd ?ﬁgiyﬁg oofuvg]lzfgt]orgfcy esxéumrgig%pl agg:bgltli’no%y] °

invdisstipacbrehanges hoapotiesh diswervedAfn tie'] ono&ind53.2 mEq/1
| act ul ose concentrat.i ons o a ' T figSt cstablished
S %%g%tagdlcanb OIle:g %f:gglua#ts %I’l Eé es a lshe

SuggfrhyBYod aysbefore ov on and the secon
bethreéndae gflameovandt doot Dumeng inhesmdecitedénpNprast. In

preagrr]l%n gtLe'sQCcE;?S‘ J.eedntnsnraeret heavnent V}plg'hfeqJ dfoqn%obhguln with a [Na']
of 8.5 = 0.9 mEq/l reported in milk which is almost 20 fold lower

than plasma. Chloride concentration [Cl7] in milk is almost one

tenth of the concentration found in plasma with values of 11.9 %
0.5 mM reported. Although [Na*] and [Cl7] levels in ductal
secretions rise and the [K'] falls following the cessation of
lactation, significant ionic gradients are maintained between the
duct lumen and plasma.

Furthermore, in women undergoing ovulatory cycles during lactation
distinct changes have been obserQed in the ion and lactulose

concentrations of breast milk. The first change occurs 5-6 days
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decreased approximately 1. -fold. It is unclear

whet her changes in estrogen or progesterone |evels
whedososiied after ovul ation are affecting the PONMUS2004/038509

conposition of mlk. However, it is known that

alterations in the ionic conpgsition of mlk

pedaafl uenges  the fnangepl LOGH] &l £l RCLT 168k PLELEbN2S During

Fur ernnre known
thééyﬂp@&&oh@rmnaésamhdeﬂ bneasma@pdtmereath¢@ntwo fold and [K']

transport. For, e ctin_ degr h
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i ghtjunctions_increasing, transepithelial Lesis
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‘junt?:rtq% g e@h&P@iéﬁ{g CQ'rlaﬁseahﬂ'lmmn&&sﬁ[@ﬁhh@@e%nﬂ)omcrea51ng

vary diurnal [y and during menstrual
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and Lheds: f Ynadehegt ishdmabaee Mmihebr gsiing of K'-
tr%nse tﬁg%b&%ﬁﬁgﬁtF THE IﬁVENfg%nﬁo overcone pr obl ens

' chaamlansna@eq@raesesems@mh@tle@%lﬁh pF8r DAERPRES mentioned above

va Egrarllaplr CaRgeraYsnli SRuetirfathaiRakeri zed usd ngilkly that
%%d : éﬁance neasufenents that pass the current or
théiddgnahrlatlons influence the functional properties of breast
epithélium altering the ionic concentrations within the lumen, the
transepithelial potential and impedance properties, which are
dependenﬁ upon the ion transport properties of epithelial cells
and the transcellular and paracellular conductance pathways.
Accordingly, these variations can be used as diagnostic indicia of
changes to breast tissue, which have to date yet to be exploited.
Thus, there remains a need for effective and practical methods for

detecting abnormal breast tissue.

SUMMARY OF THE INVENTION
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across the breast epitheliumand tunor using specially

constructed el ectrodes. For exanple a nipple el ectrode
worenpshosiiesed t o neasure the voltage and/ or i NnpRCEOSE04/038509

bet ween ductal epithelium surrounding breast tissue,

skin and surface or other electrode. The nipple

el ectrode nay al so be used_tol%ass.the current al ong, ,
Tot hevelucome symakdiensf eRE biradeduasiGthepSEgpeatgd WwWith prior
meEhE§L I 048 ARy, PE oUS e 1l@ BRAS YL §sh8€ 1¥0ldrag@ c@BEL9Ed using DC

I'mpedance signal, and/or pass a current and neasure _
antiler siigip@idaatet heedavdieveatal thadt aPady i theesCHiraife ©r signal
achLep! £,8 ukg?aaﬁset ég’{l%thlaﬁ'iuﬁygﬁd of ufd £ lsi0de sPBY 1 Be1 YS&€6hstructed

t8° heastr e e voltage and/or 1 npedance signal, and/or
elpassodesur reon exathpdeasunépPphe siefigodg Mpynbe used to measure

i ndi vidual du I ng; ILi edyduct p r ithelium,
thauct%@ékf 3 wh%%ﬁ/ﬁgy %ﬂ@gﬁ%ﬂégor %Dreeg%ec??gggg °p
sugkbandity t brésst Atissfie t heken ebadt sodéscamprbeotingyy electrode.

i ndi,vi dual L.n,conbi nat L on, W ng.a elonOlfcWddht a1
Thg 4pP Seeg¥855°%? g%%c??%%eggnkgggtigngg%e C and a-ong
thkMpededr es yeasuogmehesbrueh st be Arsddheirn typabphaelept fede may be

re adequately characteriz ou ,
oo £ SR I £ VST 55 AU SRURELOng o paso o
cubuest i anal mehatiee ofhé heigpal hat i the anddtwidwhlt eductal orifices

early prenmalignant chapges, an ' Li .
ot THEURIEE oAl t ATt R drCH T 1 St iR AR used o
nedkfif&r emd lyo paeedndl/oct topedarpro\digmadepthdapd pass a current

t opographic. i nfaormation to _gi.ve .both_ str ral..(hi e
anﬁréﬁﬁéﬁgﬁ FRfge)t 944 Pﬁﬁ%ffoﬁadl(ﬁgﬁf rgggé%c%sﬁgﬁgg§ modified
dukBEOr pRbbONcabauttsfieodd setietbeiayy lprabethe Apnonemd etectrodes

cancerous tissue . ca detected and characterize .
ata@f:}é%qli% ifrd s Qi Egef'?aﬁg%%??‘gﬁst Jak, I%%ngsleé gng¥v1dually,
i nepidilnaali ohi SSES, ousi NgndtarerG substwittht | ensswanthaer probe or

phar macol ogi_cal and hor npnal ni pul ati ons taq .
CLaEFERHTre | RECHFSSBRLEY oL aBiOr MIPSPE Sc A EauBFs il be
us€anger AspEakks onAthaseldanead@ypaltedly telensepietrtieki albnormal or

DC potentjal, inpedance or other el ectrophysiol ogical
capropeit yt9RHES 5 SnISAVE G APt BFAVEBRe ROt P Rne o120t the
fuhBrephdhekicates dreasHeetkpitHdia uini Ssne tcanbedetect early pre-

eval uated. An agent may be iégroduced Eﬁfenhance t he

mai i gpaplor t CorNFke RRApodsi b1 IATSREt edt PIEEICY - Impedance

neh LARSRHLAl ber adi oferehite transantidel uaindC qidifentenally spaced
and/ or inpedance of the tjissue

or ot her . .
‘elebbredup YR Id deR i Ao P oPRaP hey PR FRRT Gt Tk Ve Poth

stbhcPOSsI biR1 40 ¢etgténd)t @aabbPNandN filictional (low frequency
range) information about the tissue being probed. Abnormal or
cancerous tissue éan be detected and characterized by detecting
and measuring transport alterations in epithelial tissues, using
ionic substitutions and/or pharmacological and hormonal
manipulations to determine the presence of abnormal pre-cancerous
or cancerous cells. A baseline level of transepithelial DC
potential, impedance or other electrophysiological property that
is sensitive to alterations in transport in epithelia is measured
in the tissue to be evaluated. An agent may be introduced to

enhance the transport or make it possible to detect the transport
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transport) are then nmeasured. Based on the agent

i ntroduced and the neasured el ectrophysi ol ogi cal
w@20oaneties , the condition of the tissue is detBeTUSEO4/038509

A net hod and system are provided for determning a

condition of a selected regi 09 of breast epitheli aI

tissue. At |least two current =passing el ectrod? q
alitesatéani n dost &eandpphtheliiatsPCs OrsREiat AR/ OT impedance of

ensel eqteder e9hen gfndhe diiessuBphd iSrdAldavel property that may
current passing el ectrodes nay pass current _across the i

reffilestie o epikRel ftim BeSSHleexdPpl debeChecRltREARIPT e the

tr%%%@rtsiuf%‘r@' tlrﬂéﬁeﬂleagffkécli‘el 'ﬂ%e@rSﬁSEhQaEQQEBYEﬁtMCed and
surface o breast. Alternatively, the ducts may

thec cessed ey e&e@éﬁppl@ysmﬂagl@aﬂ-heﬁé@m%iaeﬂauc%%ceﬁ%dlwon of the
Rl ural it ring electrodes are located in
tlcsc?rli1 fac %/ivl?% rﬁlﬁ@| rst surface of the breast as well,
A mmoau Iayl oyetem Ape epBIVidRs rfoxsdeitagmented r pdegnistion of a
' DEGRM © dhepDE,pot ehleal1igher eneage {0 ang! hekast two
[

elec?rod reference po gnal I's established
cuh&b%epasheng:ueﬁentpm ngrel decrsads in nperfaarte, with a first
aci ated wit S hgd shgnaksshs. MeaUESHaPYvely the
Su&%éc& rro(r%él\gﬂof;é eg%ﬁgaggg%%g e?ectrodegs Al ternativel yv Y
cuarehregaslkényr edecsysdem may s usedr Tyt AR et stissue .or

Aeplﬁﬁsiﬁﬁ%oggngleCtrQ éSb ﬁf%5 b%EESEHrEEEES, ductal lumen,

r ecor di ng.
epifthedduagd breesthe preghonymd tasdue suTieceondifti ofhof breast.

the tissu eterm ed base on e of theneral duct
,Alﬁﬁéﬁﬁtbﬁeﬁ%’asutr S BE°EF arSehi t el F‘% Spg (gntq%ya Rentral duc

cathpedanee @ucebhevpel echr @yihyalntxogpéatneasurlng electrodes are

characteristic. The _electr e desgrjbed
logath dénalr? nlﬁﬁﬁgr gtlug gg% g usle%u%ﬁa%eoggc%lp%vi ?ﬁ?a?tn as well.

Inﬁ&@&ﬂmytyotr@ eV emprer oifnsere edeastwintcheelessuedebheiing used - to
exam ned. It_shou] d be .understood that wh e

meRSPREd Ta° déjgchBgam—r]ﬁalan o rreént %as eﬁégn%‘gs eleé:tmde’ or

re¥aeeftet I@%‘i@tarramgermﬁtas iist ésratdritstepl ategtvedmat the current-
can al so be used interc eably w t.h the other 0

PaggARE| @le\ﬁﬁ'épgeﬁhe %g &S rolc}g.gé:ela atl\}ll ntéhé;nestabllshed

sigh8e} I ade ridasueRrbiadly wrdh dihendissue, thhe meeshodngarlectrodes.
al so be used with the el ecttro%e |nserted |%tao ory ed for

ALEREPBRIFELY t G t hEPETSSIECTECAR! arfY tSther 8%Yhe Bot hE§

me'a%uggﬁgﬁtbed«vlﬁﬁrelb@m Bfe aneR@niodedeisn psedki nidy tbeth current
the tissue, it_is conte |.at ed I'Ahat th el ect glgggug%} into the

injessipe PRYCBALERYS VTGP &lng n’agent Ts%in

region of tissue. The condition of the tissue is determined based
on tﬁe effect of the agent on measured DC transepithelial
potential, impedance or other electrophysiological characteristic.
The electrodes in the described methods and apparatus can be used
in contact with, in proximity to, over, or inserted into the
tissues being examined. It should be understood that where the
method is described in an embodiment as encompassing one of these
arrangements, it 1is contemplated that it can also be used
interchangeably with the other. For example, where the method is
described as having an electrode in contact with the tissue, the

method can also be used with the electrode inserted into or in
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inserted into the tissue. In order to nore accurately

detect transport alterations in abnornmal pre-cancerous
w@eroosasaes ous epithelial tissue, a pharnmacol ogPCHIS2004/038509

agent may be introduced to nmanipulate the tissue.

Phar macol ogi cal agents may inrgl ude agonists of _
pr&Reaith Gol @Ret £ADSPOr t AN 188Gt I ihdte 80Hd Midthod is described

antagoni sts of specific ion transport and el ectrical _
as adigWangy, aPonPéestibadd t Ut oS OXaREFYr YRor idifal tdssue, it is
corfeiph i cbact el Stiful afd A e 1 AUH PA1dONLOf s6l 8GHTHLR! with or
_activity. Depending on the location of the tissue to
ln%ﬁ?ﬁeﬁyé§FPg§h%d§lQPQ@unber of methods may be used to
In adF4RiSt 85 the-Pharame l:Q_gﬂlCQ:let%rct_hoE@ﬂ?}goﬁger};ﬁ:‘ergegons in

exenpl ary method includes 1ntroduci ng the agent
abrgirmedt | ypY@ qaneeriogsue dei ngahAeeers gakpdrhel dalucttdlssue,  a
phé %%%ﬁgaicgfr%%?ﬂé”hm H%?pfn el Q h@h?%&igge t?e tissue.

ot her “exenpl ary net'hod incl udes applying e agen

Phairmachéogkéal s adeads, waegr einclihde agegunimtiss of specific ion
L ut gpeo or_sth .t he Lo, Yet anather .. .
tratgfgr%%?zary rre??%%t]fln% ludégyg{]le%{]’r o%ﬁg ?%lns,tsv\hg%eisr? et‘?ﬁéf ie ton
tragigspbat  epid helrohrirasurfadeity, nddeiper swad et uniohlse and/or
hoABRER98-06 8L LATBALI NG SULANL 4B o6 Sehe

contact or penetrafing e organ or epi i ,
actiimtieyest. The agent then passive diffuses into the

rgan_ a it,s constituent_.cells. .The agent may, be .

Deplgﬁ%%g%luc%gd é|-er eg?%tll% ogfhg St e%lsstsuc?uc?%ll bgystirgstigated, a
numbsingfthetneil fmagd bei ppkd aspadsinisteup taied phbenteoliegical or

or | avaged. into speci fi.c duct .using. a ductal, )
horiopaby S9ERES oy okihe MGHRATR A TSR abir IHSfogint roducing  the
agehncl dit=atily | nbal ahé oncisanal addihgi simwddtdyatiedyageia ductal
. avage, ene . parent.eral injection into,a.vein or
infRY@0y ROUGTIHGRAI | F16PCH a PRESBhCCRF miCHRGEI vi o Another
exeinpl & ppené tronealnAddiesi appaying. thdeagknt | €sl the tfieirardurface,
w | | or eci ate that other. nethods are ssible and _ .
wnefhin D HRToq LRI S LI i Ned OBy CORGUER CEifp Tgin.  Yet
anoblet Neaehpgated.mebihes, Sysledss aedebdetbpsitaCisisi SWRBtein the
mﬁ£h th resent invention use fransepithelial
ductal CepHERA R dT GTIEHRFS ryfedbafie dfeiisitpe passage of
altéiRQiase airtraml ivgrancledrodaBCahn. JddHtRer oS sdri¥thating the
and net hods consistent with the present invention use

p .
Organ (oF i PRYFGHIUGY o eGEREFEs, THecBRABMhathem, Peesive diffuses
int6hahact &fdae hHActitnakodé€ituent cells. The agent may be

introduced directly into the breast ductal system using the

g??%ﬁ#g?f electrical

modified nipple aspirator cup and electrode, or lavaged into a
specific duct using a ductai catheter or probe. Additional
exemplary methods include via inhalation, oral administration,
lavage, gavage, enema, parenteral injection into a vein or artery,
sublingually or via the buccal mucosa, or via intraperitoneal
administration. One skilled in the art will appreciate that other
methods are possible and that the method chosen is determined by
the tissue to be investigated.

Thus, systems and methods consistent with the present invention

use transepithelial electropotential or/and impedance measurements
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structural alterations in pre-malignancy and cancer.
By using spaced el ectrodes the present invention may
w@e@giosiact opogr aphi ¢ and geonetrical (depth) PCT/US2004/038509
i nformati on about the epitheliumunder exam nation to
di agnose pre-nmalignancy and gancer. |n one enbodi nent,
and_net hods  of

systens t he _pre i nveng] e ¢ q
to el(%l&glngggs RET L 5t éu]clE/y ?gr n%f'g{eer'd ECNgu]fo%hélp]fsovisc?les ems an

me tfHutst icomali sitafior wath orhealiogsenheiepentiedn waet @ defined set of

di agnqgse pre -nmalignan nd gcanc Lhbanaleynctional d
fr?ﬁﬂ%ﬁﬁﬁfséndl&dvéﬁ?%éggg%?ﬁﬁhea$nv£§ﬁﬁ%§$gﬁﬁkg beuggtlona én
stfdtdtailn phrdrationse despreptalognamicyh ol | oascennd i By using

arf wll be obvious fromith i.btion, he, ohi
sP%&%ﬁné%e G 5tect el BFet %Fi%eg§§€%%P #%g 8%?8??% ang _orapnie
and®dyabhagescaf t(hepthyermnifonmatidn bebpenl ithed epdthelium under
attai ned by nmeans of the el nt dc i i Qns
?XiﬁﬂQﬁt&EPar¥§ pg?%?%QF%nnpﬁﬁwmggéggﬁggﬁdé%ﬁglg%%%%&"lt fn one
emlr%jcﬁiitr@_nlt?_' uﬁﬁ@tﬁﬁﬁs{)gdn?hlalﬁemds tbf ftdteeggiragegetngimention use
escrjption.an e follown et ai scri pti.qn :
e lestensicar yr iy %?(?)‘Fjaj'ﬂaltyorgé% , egnaé-(_'g&rjse ﬁ%t prBVlge' Fdctional
inf&sidtiohi Vi@t thee | Bpetiié Diym aso cdabprdse BRrEFmalignancy and
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng dr aw ngs,
Carfiilch are incorporated in and constitute a part of
Add Y iSraReCil el Odhd | hbusitajes ope embodinventioh tidl be set
I nvention and together with the description, serve to .
i ﬁ f ﬁ&o d,Iin_part will
forttp| Hi rPafe HtiHeE TR TPLERE "AvERt f8ALC¥F guPBY1PsPETT

be SGHEMRLY Cerdim@@hamdetcai PE amd AC iaypesariea rmeas iyl pFactice of
devi ce, consistent with an enbodi nent of %h& %resent , .
r h'e inVvention will

the nRYRIGPD -Fi e P399 13 &SIVAR 898 HpP

be SO BNGNAf a8t HENEL B i5 Uidadl @ ff BheUsEemériths Syrsd edtBubinations
and nethods consistent with the present .invention;
raftigwlardyi pPigteht B AR é%@nﬁ?&?@fg%ﬁt&’gﬁilﬁﬁnt of a

1t S fare MBASIHLERBAL PO N ttakl Eokefolise yétdral description
systens and nethods consjistent with the present

and nvthei oAoElguieg 4 PPEasledt eSe SRt BXHAN ar enbSdeRBARTY  and

exg?lfa t%irﬁlpl&I%J,ecér{cpdgre?mnb%b'x%s‘tQ’ficﬂS.eeW!dfh Siyst @A¥ention, as
and nmet hods consistent with the present invention;
clddmag.e 5 illustrates an exenplary enbodi nent of a

pREMC RIS RhBEEHRUSF THE DRAWINGS

Thé accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate one embodiment
of the ihvention and together with the description, serve to
explain the principles of the invention.

Figure 1 is a schematic diagram of a DC and AC impedance measuring
device, consistent with an embodiment of the present invention;
Figure 2 illustrates an exemplary embodiment of a device suitable
for use with systems and methods consistent with the present
invention;

Figure 3 illustrates an exemplary embodiment of a surface
measurement probe suitable for use with systems and methods

consistent with the present invention;
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probe suitable for use with systens and net hods
consistent with the present invention; Figure 6
WO bdoassriet es varying ionic content and the effBCt/USW04/038509
transepithelial conductance in human breast
epithelium Figure 7 illust rg#es nmeasur enents of cell
menbrane potential in human east epithelial c¢el !Ls;
FighirgufeliBl bt rateatads REPERFECEMRAIMeOte 8] AgniPPle’ electrode

suitibiadiQly _CQQ%erﬁ:ﬁt | QNGB thed t hafsedd t BBhkabtent with the
potential in benign and malignant breast epithelia;

preBegar éngemticu}ﬁ rates conductance and the

Figﬁlgcgrgﬁgﬁgpféégs'H%a%&%%5§95§ SRS et Fe asuitage efectrode

reast I'n women with and w thout breast cancer; .
probieguave taDlel |fiegt rugeeswitie meskaffenit Bethods consistent with
. electropo |8l .at the surface of the breast, and
the, BFF3 ?gnirg‘?éi‘ﬂ‘é) freasur enent during menstrual cycle;
Fighirgure 1lluskustest exrafiact riophysi ePwesal a@ﬁanéé% effect on
pabRat  oLcur i t ugh aluR hebkem guei &g ddde
tra&g\?gﬁggﬁgﬁWoéé}b#é%lsatﬁcga%téer; Figure 12 1|gl [ustrates _ _
Figeitangesil hdthmtslsomeasurenenteucterneldf mamhmane potential in

epi t hel i um expo t pt assi um channel bl ocker
h“m\a‘pr‘E%\fe%?yv%‘?l;(/tﬁlr%%%%nggﬁ%?éti ons of potassium Figure ,
Figh3ei | lust talesthowves hethaf orefdecon oift ai hedreéas¥ngur gstradiol

corrp Bk sRGas ST L 2n! UralfioRoharplumgradt epl agal BRhign ana

in short circuit current. "DETAI LED

ma 1DgHeRt Pt &N Refpdrtdedéawi | | now be made in detail to an

. enbodi rent . of the invention ex e whi i :
Flgiuirfaustirgt égj???]t’fa%eesac c%?r%é)\un%ﬁa%%edr Za{vg%lngs% erecei\l/%(cezllrt§OPOtentlal
mealR0seinbhes hdde sarer rekesenfecaurmberts Wddaste ins@gmen with and

, throughout the drawings to refer to the sanme or I|ike
witRonEPreRRERATR Y order to neasure the
Figurangepiitthektahtds eeisd mkapotenitalofi teliestmepesearyals at the

that the |umep of the _dyct be electrical,l y ;
surfagepiife Ell‘eecEFSﬂ%ttoﬁg rG’@tréagt%nnafea%rhé/eﬁé%???%g?& during
men&@RQ8ct tpadet ween the Ag/ Agd (or simlar |ow offset
_platinum hydrogen, titanium .tin-lead allo | ckel,
Fl%ﬂrﬁniﬁﬁn]l -qﬁi a&&ﬁboﬁ,e Fggﬁq¥§;ologlcah éhaﬁge4< that occur

within the ductal epithelium during the development of breast

cancery;

. Figure 12 illustrates changes in the short circuit current of

human epithelium exposed to a potassium channel blocker (TEA) or
varying concentrations of potassium;

Figuré 13 illustrates how the information obtained in figure 12
may be used to plot the potassium gradient against the change in
short circuit current.

DETAILED DESCRIPTION

Reference will now be made in detail to an embodiment of the
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 same or like parts.

OVERVIEW
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conductive nmetal or conductive polyner el ectrode)
pell et recessed within the nipple cup. The cup is
wo Rdosesiieg t h an ECM (el ectro-conductive nedi umpCT/Usto0€bB3s8509
enters the ductal system passively, or after
aspiration with a syringe or RuP, maki ng contact wth
the ductal |umen. A surface él’ectrode pl aced at the .
In sepder et@fmedrutsr $her LEBRAPPRIERS LIRS dins@st Dy potential it is

ne & J Ly ’th%Q tth@t l&ﬁ@ﬁ‘%@"@fg Yuek beanseptih@llil} accessed by a
potenti al may be made between the ductal epithelium

nimLeconieFtopde hEnaRERCERR (He BRER ST f BAECEBifR} aiconnection

ati ve (Lp heghyen {6, ™AFUE® platinum/hydrogen,
be ranseplthezlgj?ﬁTdt%C |(npedance wher eby the nea%u?llr{é

tneareomr,octesz Feagus blehe Nislkedge 24PBpNERd piide Gfion, or other
con uc I?r?et%liCt 3 RRLREL LML yhdhTDL ) e BV dHe)! 'pZe‘l'lgeta recessed

e e ectrode in conmbination wth a skin surface
w1tsﬂlerct rdue. rQppde combi-gur affihens coP t Aiss 43piedchwark an  ECM

(e lrreDcrteri %‘é@iﬁggg g ydh eﬁ&%ﬁ’uﬂe asyhanent LAk e made belwvaen system

electro I'nserted via a ductoscope or nipple duct
pagxioted yo ectr@ofeerefaapemeedono witd ski sysingm |of pump, making

(4t Fa %)e ’dulc %iag%n%% )9%&};'?%:@ QU5 0de placed at the

Coreﬁaecc ro e n anot hier ~enbodi ment e duct nay al'so be
suB0es sefl byeabmeeeltecompe@tersadeheneéﬁt:ecilcéhkogghcmh‘ef so that

Sk' n, l&%gor (%erttrtiﬁgsﬁgrlg]é]fla%({%%qgllt QSE/' %le made between the

nt® wi ance nmeasur enent s,
ducftﬁ:]emghdlambt am deagelr msf nlefasutemem ami the BRin surface.

Slr’ﬁ)lg-tf%t]teclr?%léd Fsaght hse ﬁ/aovlt g%%gh%FefﬁééggPé transepithelial

FAcE 6l ectrod ow- cont act
Cii‘ﬂq&étaaﬁ(t@, xmertebg hheodestneimy vé bectirddgs areasiyge the voltage

i nter i al fluid via.a e b
dreft egt 08 aFﬁats %Fn@%f’lslszzshet hcg ovgrl%ﬁ%ﬂegq%gl o gtumor, Dy
ut Ori Atrlera empﬂsuasl i ellectarodet hier  bowlyimaedierenektipoa ntSkln surface

The el ectrode cont ain dlfferet
e leFris5tr at | 8ﬁ§ ph‘é?’h‘g’c% T§qitCAP aggnt ég%)? o?proaCh fre more
inddgive, EGMﬁere‘kS{ Usesk i rentdhits clascbeptiaaty, batw@M i sna electrode

rredl um t hat ts transm ssi on .of .el ec r| cal solb%naleslectrode

ingsattRsen Hie sﬁJrf REVERG médsur't WPPATd (HES Cel & ode.

reAra@RA tdcthdeskany dronae IV (intravenous), intradermal, or
concentrati on, Ehar maco Og at l%ent ne r of h
g B

%r also
SURGHFEGIY SaGd8E T F BT he e?woselml‘en uceéiuc may
be [dt&ddseaUByuadREed I RS kicgablon;inset ead eﬂlrto@gpr ouiedekin.
further |n%’or mat i on. about the cgndgtl on 191‘ nt1eh tiSSUe.  dance
I | Qo Hor SRR i RS SBOREBAET bt TORS BT Aot S AP
ned& ARneed us Nk anéteyvsdHy ovghodystifmbaseline measurement of
the DC potential using the voltage sensing electrodes, referenced
to surface electrede with low-contact impedance, or the blood
stream via an IV, or the interstitial body £fluid via a needle
electrode or electrode that permeabilizes the overlying epidermis
or other epithelium, or other body reference point. The
electrodes may contain different ionic concentrations,
pharmacological agents or hormones in their ECMs. As used in this
description, an ECM is a medium that permits transmission of
electrical signals between the surface being measured and the

electrode. An agent includes any ionic concentration,



10.

15

20

25

30

35

El ectroconducti ve nedi a can include conductive fluids,

creans or gels used with external or internal
we@b@shsaees to reduce the i npedance (resistanCBCT/US2004/038509

alternating current) of the contact between the

el ectrode surface and the skip or epithelial surface.

In th DC el ectrod t I t
BRLXE Xy, FCEG R e Pt g

or €loetkradeesurfhaeeduard artof ftdet tthatsuean ubeleneas’uvedtigation,

The ECMw || ofte ai.n_a_hydro ha \M||
selerfed Eﬂdpé?%&ﬁq(ﬁﬁft§§rf9859ﬁgéﬁg¥glaférsE8 n9£€¥%n of the
tisk@eest ahl hﬁ@tl@éﬁ(?énﬂdddaheﬁentﬂetccmddrnttr’ra&lsusf aéeagents may be
el ectrode. Electroges tg e used to pass current
chapggdi PelEens Widh tRFGHI ance. Usually this is

Ele@@?@@hﬁ§@@ﬂr@ymé&£gcﬁch/Enwddé hd:@imtﬁ:ltﬁ'ﬁzteroﬂ]yileis, creams or
content. The electrolytes fre uen

used
gelepoteesi HHtah| VF§@P lhethuddt F“F‘ﬁw SIS eiso:f?% reduce  the

imp %thét Y(Asi@sRet Wooi O4Stdrhaftiag sohtiémy), < that contact
e ectrode Eolarlzatlon IS Iesst3§ 2K problen1t
e

h
betwgns shedpireEErle nbibi 1498y e 8 Rér eP&ﬁgn%b%feu surface.

In aéhéo‘?:'alé@ By RecHseddésn EEMior ﬁll|satlc£d’l§1.raa>llde ttieat the ECM
hi gher el ectrol yte concentration result

rapi d
resglleet FL@detf@qLﬂqu‘ieértatqcorPfﬁsﬁts|attua‘il?eon%W{Cerr ¢ Surtdce, or an

of £k Wé@n%aw I he bercBBAROf t henpermmabidilly @ftetrhe contaln a
epitheliumto specific ions, the concentration of

hydn:neeEcr/hw WEbe SERY o6LE TR SIRCIEONEEE afcanoReheE laveTs

éheg}élﬁxm {:9 Fé%tt§§§h9m meReiRBaSWRtact with the surface
elect rophysi ol ogi cal® . An enhancer or perneant

eleatidedet 0 EhecECMaD thidr edse UsiRe GGn@@éFaﬁEérSPttﬁéqulre ECMs
w1t¥1ng§é {%ngdc?&a(héeo ttfﬂ%u%'lQQt ERL ¥t £5 i Sbdda1EGMedObhetising ECMs

es Include mld surface abrasion to reduce 4
w1thuﬁﬁanmaQﬂqqtrpéytgtﬁﬁéée%F si Theorlecseptvhies, thpaegntly use

are %?A gggggﬂ&nté}ﬁoﬁ:ﬁﬁ@t ) UL EQH 1S USE Lhd %%Qa&kllﬁnlc mobility
resistance. In order to nmeasure the depth of

of tthesenpedahces aln efzse @@1uﬁhénvoﬁ?a@%aﬁr%k?QqudebQOlarlZatlon
n:‘Ede be%‘“é J.Séﬂ’lfeﬂlc I%L Lehhogdes oukst iy edi df eranine moblllty are
P

yaci ng Cl ng mn e determ ned by know edge
uset:lhed@phlart @ohe puglbe.@js Shddummay thfo UfieF dme e formulatlons,

and -;Lque:ﬂ(&%thur ai é%:!olgleg USGdr@ YAR3SHN erd NGt | @Ralmore rapid

ange at different depths . In order
eletmrndeee@mnlwbnaﬁypndetect the functional transport

In aslcn.tats';lr gtriigggsgr%%rgi ]:efsggﬁghgr%)t 0611 NL@bRokLBLEPkBe permeability
of the epithelium to specific ions, the concentration of K in the
ECM will be varied so that the conductance of the epithelium to
potassium may be measured electrophysiologically. An enhancer or
permeant may be added to the ECM to increase the conductance of
the underlying skin to the electrolyte in the ECM. Other
approaches include mild surface abrasion to reduce surface skin
resistance or silicon electrodes, which just penetrate the stratum
corneum to reduce skin surface resistance.

In order to measure the depth of the impedance alteration, the

voltage drop will be made between surface electrodes with

different spacing. Spacing will be determined by knowledge of the
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-orgiphiRid< 9mes EhECHF Eakh
DepEfiiipnah exenplecat et hofls thacltidevei &d nhal atriveistigated, a

cancerous epithelial tissue, a pharmacol ogi cal agent
is introduced to mani pul ate the tissue, while
we@bmsosiieal |y probing the tissue at different PCT/US2004/038509
frequenci es and nonitoring the voltage drop between
differently spaced el ectrodesyg Pharmacol ogi cal agents A
de} Clt?gebggg%gbsetds Ofg ;R8T | Cb P RISAL Fr8ffency ranges will
BFectrical activity, antagonists of specific’ion . :
bet naadpoot meastied eftndtci@nadcaindi syrurenral changes at differen
des bstitutions, and/or hornonal or growth factor
®BYiful ation or inhibition of electrical activity.
InDepedsli ngconmbhe | acatiadrelef theett ssihe t fupstional transport
| nvestigated, a.nunber. of ods, ar g, 4sed {to -
3 LHEHR 't Her %hegbﬁg?ﬁﬁééléﬁgggp o?nhé?ﬁonaglaggﬁ?s?a%fﬁféus °r
caR¥er@harapimicnddli ndékedes & phausciodgytihal ageent is introduced
directly to the tissue bei | nvesti d j Iy - t
CoBFF RIS IMRuLrOR b FEbE Ot cat P b P B cissue o
difnetder ereapeacyesretdnod moxltmeingapphyi iplitegeagenpp between
to the skin surface, wherein the,agen S .
dif FerRRtAYan&BASPS, %;eqFﬁpgﬁﬁh thghggﬁﬁ%oﬁéél%ﬁ%N:ﬁgﬁnts include
ag8Xesmps aryf mejgdeed fiiacl ddes etactgaopor ahdoneleheretal t hectivity,

epi thelium gr surface is made_ perneable by th a .
ange9IP+Hrhali ngfpcetfrl%éﬁt ik gfgg??%r es 2P ’ceolrﬁcgzgg%gifl Herivity,
ioReReLnBs ¢ Nt ssuradnaige rohothendl east goowidhucfattor stimulation

epithelium of_ interest. Eg%.aggnt t hen passively

dVit€ constituent cells.

oral adm ni stration, | avage, vage, en . parenteral .
nuphy k¢ OF oI SFRPSS a 28] FS6F ard TP Bt EndUl (B o coical o
hothEndUCEGEn$RICOS BDnelleAdnib liatlyr aRehiodonarlludes introducing the
adm nistration. One skilled in the art wll. aﬁgreciate

agenat GRSt lifet FBdsTRT e HOSSPDI BEERY (HAESTHESMERog7rE  ductal

pefbQSEMh ) S dfh@ripnned diyebbe tbsasaet t cobe imyesiigat ed. Another
Based on the agent introduced and the tissue heing .
0 -%agkln surface,

expRRbatY AR idsdifefeAPRl¥ENS| BRS r 3Pfsi bt

whBEOPS{HE gt ¥CRCcRS tPRRSANES ecsQ yPebOLRBGugkY ties skin. Yet
properties that can_be neasured |niludes

anothes eFHEMBLREY RAGRG; af ICkififRye Ipftroporation, wherein the
ep§99@fﬂﬂt€°l&os%iulrlfat:éon§si MmddansRndeAslibal bpot €Réi apassage of
or | nmpedance associated with the malignant state, ti '

. time,
altereating acypeptgaticort N iradetetifeeiPEidcEt (YueRsnetrating the

suggégg Lpdiat8Sa3t! 88Sa0Et SR Psd WHL1iQm bineht@Bestf The agent

Jjacent cells are electrically coupled, one can ,
themapameivedey IddEEuses coupP i Hie B3F gitedr facorltsgi EaRpyituent cells.
Adgu:f&jié.lng @Qemplary methods include via inhalation, oral
administration, lavage, gavage, 'enema, parenteral injection into a
vein or artery, sublingually or via the buccal mucosa, or via
intraperitoneal administration. One skilled in the art will
appreciate that other methods are possible and that the method
chosen is determined by the tissue to be investigated.

Based on the agent introduced and the tissue being investigated,
measurements of electrophysiological properties, such as
impedance, are performed. Other properties that can be measured

includes, transepithelial potential, changes in spontaneous



10

15

20

25

30

35

el ectrical signal and nmeasuring the signal propagation

up and down-stream through surface epithelial cells .
wabios/osdesa functional measurenment of the gap-jREDUSINE)38509

whereas sinple electrical stimulation will neasure

shunting of a current between the cells (a structural

nmeasurenent, at |least in the“igh frequency range)

osThblatdsuist siroft 1neeRifbasif bneAt P e (HenlMRRARNTG associated

wigl‘?t & r&ﬁ?if@xﬁ‘%ndis{zé@é‘, ofc jtBe ddvgst igatLdptbpsy@tion signal
or exanple,”research has indicated that specific ion, ,
betwesrs portegrosesses whiehal tBAERERT i Ry tIRS eV’ opfAs Unction
fur?étlcoqp.cer 1O EXAMR! &e1d d 0SS Of 1 8LEELENARNI Golled, one can
ransport, an up-regulation in Na/H exchange, a down
exampyul aheoross oTondupt B ebYa RIGEREs8L0P RCdbkY| egiciting an
. absor pt.i on o] .ati o i n.c- i .
el%\%%%locrs)ﬁlnes;gggg' %Egc%%ﬁg’ghog% atsg)gﬁg{tE i %&Jg‘dé tCl]on up and
dosmestatdapn hanreugben sosservedepThelidl aerdkd steriBgis 1is a
._agents .appropri 0 e ti 4 i alid € si
fu%%%l%a&surr?eﬁgs utr%éggéso%?at gggel gg%?%%ﬁ%sli%{%'dgi cwéfé rRAE simple
elebariactlerdtsiiudstibh Wslpossadiee thutdtiagt ofbrforgiirent between
re-cancerQus _or n 0 [ ile.th ; hi
th%ev%ef%b ment® of ggﬁgﬁufﬁsﬁe%gsu%# ggﬁﬁ’qeagfy g?aasgte. T the high
freqoatay ttfanngeoi?rst ood thalt the net hod and system of the
resent_invention is a i cabl e epi.t.hel. al ;
Th%ef??ﬂé t%a%%e\ﬂ?ess%crﬁe%ﬁ& mﬁ% kErsiot':“‘tr?i %ﬂiégdatstgg or ostate e the
cof@livn s Easite bsopdtagealed aridsnasoplfry regeaipleanggssarch has

._as wel s . other .epithelial | | - .
indirfed 4l oGt EP Pt b o SABREr P AT kT b during

th@l@@kﬁhtﬁ:ropmlsmecbti cahdar . i Mozareemslaf fectdssy ofuedsgkrogenic Na’
epithelial tissues, . transpor terations - ;
LrantRqdire i Vpl'é?ﬁ’él?Bl%rbg%es[{at at - ﬁ8§eargaéop§—regulatlon H
K* C@dslnr%ﬁmt%][if&,lc)lfa adle©psdse it abasal alf esbsogptaidrar gend a down-
nunber of cells (i,e., a field defect).,In this
reghiy Ay o el FekHE AdRineirTE! binr Rt L oféidenosphace)
st%ﬁiﬂﬂ@dtﬁidlg y‘é&ﬁﬂt;@gﬁ hantsbetwwisbdrereei.t her nore
requently nonitored, or caonversel may beused, to .
Thuglentd¥ y JHOLEGERFDY e T Sof a@ﬁ%ﬁ&‘?%ﬁw tﬁoat Hiquifarticular

_ _ _ requite
epbiidPsia1 The kakkge is especi al Imeabekphyl in the caseassociated

of atypical ductal hyperplasia. or ductal carcin ' :
e LeFHIPRHNCASY OTMAR Lh TAFBPELAN 11 CUPT  b° dBRRLLS o detect

. abASFHDOr gdi Gl derous! diy ddriddiroak hrieask emdlienatieondevelopment

wi t hout having to resort_to an invasi '
of such tissue igs at an early stage. %L%I \é oeigpgg'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 bladder.

Specifically, in cancers affecting mucosal or epithelial tissues,
transport alterations may be sufficiently large to suggest that
they are a consequence of an early mutation, affecting a large
number of cells (i.e., a field defect). 1In this case, they may be
exploited as potential biomarkers for determining which patients

should be either more frequently monitored, or conversely, may be
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A nunber of variations are possible for devices to be
used with the present invention. Further, within a
walewsosi16esi gn, there are a nunber of aspects PEEUSI084038509

be varied. These variations, and others, are described

bel ow. One probe or other device includes a plurality

~of mniaturized electrodes in recessed wells.

Di sposabl e commerci al |y avakBabl e silicon chips
used)r b edsieng ifunerirsAsulavcheasons | ©odr | eRiL thedyi Yier Fifptm require

surface r rd'n a l%&EﬁOQthREOQ%§§'BQ atypical
bionsyen E%ﬁ? lEteFo%so?g%%gin%ha}aﬂb pecific to the
ducﬂarldlwp(aia:llaellecblrodecaa@l ceselnNoig brm sheu chPBISIThughich are

| asur e S8y, obreb thﬁ.@?l@@alsbreast

m“%s‘ibgfnllfdmanoot hcgft r%agrff%né %Bk?éa ﬁi i ,9
exandlirfaft@oantvithowe Ieonogntparesort s odisfnf ememslgetbmpsy

el ectrodes is used. Wiile this pr CE&S,SUE to b ed with
A nymbenyp §arb§tﬁ{le et ect‘?os’dS orpoﬁeg%elasur enent are .
the Hedeoatiadeatiome smre:hml,nwstasnf@rdamﬁeiesmrs there are

system provi des g er reI | ab esu AR, t , d
a n‘é‘lmt"%’?nﬁf'l \?épﬁﬁ'ﬁ?oggﬁ o Wfse’ %1\%{ el Ig%t(g?%degréﬁdlons an
othdiSE @ rkl awkbr Opigh msrlom crof luidic systemto change

solutions and agents. Specificall I oNs @ mini i zed
One a@éﬂ?% 8fe cttﬁ’ﬁl’fge ajs%(f]ﬁ’gdcsrm I pzrgng%%% fo?. miniaturize
cled RfdlS CAl £abd AR tvﬁamve sl o b ler ca:grerrﬁrdlhdéughvallable
~_channels and out thro [Jgres in he C ,
siligobehip? PRPSC R 1%Re shehifaqbli By MY pertom
sur &Y agtcdbding hendsarmlteglorelefcttrbmsmpmooesdungal Each ECM

epithelium thus elimnati region - r.e n
Soluﬁa‘-rqfetqrorﬁqeﬁltné‘éguPSWEF?FClgﬂ?s ‘g Bl?%a%?‘lgr eqoqli‘{l"’ﬂese Sekgode and
res ﬁOlQQLgAIQﬁ@t ERDp bet waes, ditbtereet neelsuirenrst, kn partlcular

tecting the presence of abnornﬁ pre-cancerqus or ample.
set c@ﬁc@?ﬁ}'sr%eéaéts 4588ue, FRThARGTHBT d™PpF Db 1% Pr ovitded !
at £05 PPéPérPd rhgarﬁ@fc%%%eﬁ'@@é?ﬂ:[@mﬁrﬁ sdpf fédemtskiat ofheslectrodes

JE) I ncl ude el ectrodes for passi, n%jcurrerg S ) .ctrodes
is weedi asW btenehssir PRoIUIGS |?ﬁ5%eda7f£re“ ¢ erEnt ifay” 15

fort%gn nl%%ts\a%emeﬁhea%pmoe Clgx &Rt s0denhandsantee ﬂsxahd:s as for

probe, or may be taken between el rodeslgn t he

anotiewihdind spsyBEem MISHERS] FEP§TaL kﬂuﬁ?]o’fgglﬁ eie

An QP&&PJEL%' aBHEbakn PLoObE MR bR et @&Eaﬁeddd\ttdmd)n&eora £low-
mniaturized el ectrodes. After taki ng {:nltl E)C ts.

thraxtecasupenmdéu\hfé%fl SYFPEFEShi FR3MHy SGENEIRRYy BBY @9°h

Spec:L% gll'igzzd o dadyce SkKi QFéﬁp§d%&%e cHdiyauepy magsbeg small

d using a mcrofluidic approach, as descri QeqC
amoamioyepf electrical current to move solution or agen hrough

channels and out through pores in the surface of the probe. In
this embodiment, the electrode remains in contact with the same
region of the skin or ductal epithelium, thus eliminating region-
to-region variation in measurement. This approach requires time
for equilibration between different solutions.

In detecting the presence of abnormal pre-cancerous Or Cancerous
breast tissue, a hand-held probe is provided for obtaining surface
measurements at the skin. The probe may include electrodes for
passing current as well as for measuring. An impedance
measurement may be taken between the nipple cup electrode and the

hand-held probe, or may be taken between electrodes on the hand-
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to nove fluid to the surface of the el ectrodes.
Alternatively, surface electrodes that just penetrate

WO b@sssried um cor neum may be used to decrease | POBUSI00£038509
Regardl ess of the configuration of the device, Figure
1 is a schematic of a DC and AC i npedance neasur enment
system 100 used in cancer di 0si s, consistent wth

_ hellieppobsent AltemtitdnelThe asyBIGHASEORIFntosT MAIELREHHRL ductal

pr%grﬁge Vi $8e A0 dNGLi4e NGyt i@ Rl RELERHESed electrodes.
erefrh e actual 1 nplenmentation of the probe device . |
Af£65 depemgs omitiwl oP§armearNIERALer orR uMgstipgéperpRbLilizing
robe_ deyice i ngo & &iihe QIRCHeAeS The agent may
aggﬁ a@ﬁ%dgf}olg%%g% = %gd{/@dggv.i Yy, dulctpgescopi c, 6_3
benantepticad dathal aomisupfhekdi otRPI R Ghef drerdes Pridlsd above,

- 110 _may_.take .t he .formo n jnt e e, ski -
'toSHL[Offﬁcg'lellgbet,o Lhe Mol an dntigy gPélétlﬁdé%@aﬂ Kh Pernatively,

pple-cup or ‘ductal epit surface
suk 64 & eatechrares dépendiusg ornetheatesthsistuzativon eiieum may be

' rggi on_of breast y drc?cr i nvestigation. To avoid stray
usedpERi 1SS HBSET 2T odes may be connected via ‘
rReght @l sled wifr eshd ocansbyecttion soft ¢hel2@ewideoh Ragure 1 1is a

sel ect a gspecjific prabe 105 fallow 0 d i
SCPﬁ%aH‘bi?glaS#{;n%ﬁA)P?%clem segﬁngﬁsgﬁ%ggﬁem%e%# iofgjn need n
cafivbichiibdBoalisp seinedtssehhe wappr ophe atperefsienterinvention. The

‘interfaced to the propbe 105 uch,that a W, . o1
SYPF?If‘eFOPsl%%H%%‘Eﬁ%OnV@l %gg?ikr)een%% lséean%jégr“g%fédmg multiple
c1bBt esd@sl) atree inhitgle passali litelehsntsteibrduwrf nghe herd@ device

i npedance neasurenents. The sel ecti.on switch
10pasie@sntifie Fur Fishit OF832in 2Afipl SR8y ély?cfflfo 1i]lé\szaiqcc'h may < Prode
debeceonpsi s8¢ ofndvtbbirpte anpl idlicetsodesswittehhedieto a needle,

signals fromdifferent el ectrodes. through the _
bogdhpFRTiEY s HREHPIAAPE ol é‘°8r88?f‘5%l]esd%?teaqlen% o@e%f‘gecien pyobe. A
rePLBESEE edrepbodineriaydi@ilel tig dbahogiie drockatravenous probe,

anplifiers are used to detect mnute signals buried {n
skipi sBUrfRfs dithCes PABPHBASHR en®ht do‘i‘“%ﬁe 5%%[5?6?1 surtace
re%@i@ﬁ@ét paspan RhidiHge gipduhat itestons prusfiemensed region of

requency. The switching el enent nay average, sanple,
brepstepeds’t HOVESGAART P 1 nt er est dependi ng on the

ToCANLENRt @falNeapREStA RNt . tHdi 61FERRSI NEayfbd heonnected via
signal will be controlled by the DS L]gé owbn? av select a
shiehreddyvimesm Ehe ACPELLTRE St gF&FEPh a¥8ith 4ray
spUh Ei P 916851805 and 1RfAngerd abbmeshdetern aoRvepsjital Signal
rom an anal ogue to a digital si %nal by thle2 ADci A h
PrpregsanmibfR) géﬁﬁ. The selectlo switch 0 also selects e
appropriate filter interfaced to the probe 105, such that a low
pass filter is used during DC 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 the same amplifiers when
multiple electrodes are employed. In a preferred embodiment
digital or analogue lock-in amplifiers are used to detect minute
signals buried in noise. This enables the measurement of the

signal of interest as an amplitude modulation on a reference

frequency. The switching element may average, sample, or select
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anplifier 160 matches the input signal to the range of

the ADC 170. The output of the ADC 170 passes to the
wm@3W5403068 The DSP 130 processes the informati OPCT/0S2004/038509

cal cul ate the DC potential and its pattern on the

ductal -eplthellal or skin syyface as well as over the

i.on spi.ci on dditrLon th an
gﬁ?ﬁ deﬁ h &ﬁ&eF8§%on§8Pe?d%ﬂ% E§Ppg?§%t|§%n%%ét of the
measﬁp@d&hns:e tThil fercentsiEgMo€onbensighabneibi bensontrolled by
or nones, or other a t us to. 163
thetH%gpf?ﬁﬁﬂﬂﬁqgtf°89a8§ﬁc£fmgfﬂé ?%ﬁhlt?gg é%ggéﬁen pass to
a IrtALlthttlBQeQEi.cJ llS@ L@n@l \tred depSialiesdl tbe¥8Te conver51on from an
ernative the signal jnterpret artl
analegpe ett@u?t% S ifHace ¥t neY c%b 363‘:0 n}ybﬁg ?%r ¥ble gain
ampm@fféP{mBgeﬁFFageé tﬁg qmp&tnglgame ﬂﬂﬁquﬁacyange of the ADC
generator w e used to a conposi ef rm
1703 GRE PYtPHE FRobEoCPEEt dBeE Anact Foebooutl et The PSP
130 Theoorasys ednsi andbriespemseo(icaltheatasehef U.‘Chepotentlal and
conposite wave form sti nul us) qﬁy be deconvol ved usin
?hr t %

1tsFPRERABL OPobice rAVFtRISEBE R RE ElPn135TRcEPES Vell as

ove;!80cﬁer omeyhbgh dthesiispedasice profi leidisiBrastiied impdeance at
he different test conditions . An interna

vargang bPEPFonandf SPEREBSS08T] S Gsdl TRATSidIngnd impedance to

dlfgékém agEAn Qndeh@ ra¥sbem ber 1d'f¥b91da<ﬂl§1§3g)'feﬁ8l.n‘ﬁ16ﬁ€i§lt Sor other
DC cal i bration may be perforned external

ageohl #BF at3ewy ttqwees;frlalséeb*éhﬁgpmk?a}tflﬂé&yagél Kepcgs- The results

are,ef(fi?ﬁ naln¢ efergacepg! €66 1 Wigesal HbEONre S IrB 2
i ncl udes a handhel d probe 400, consistent with the

Altpre@*emelmv@m | ohgnathi ERCRRFLE LA0PI M (RAEY SOF f gempletely
tak8]c %Q@ £asle cHe 1@@0beAHa¥r}b:[‘t9ﬂfé£§ﬁ WA vRERHE g4ABratdbe 190 or

nay be attached, either rectly or )
Slnﬁnmarvectﬂlwqwgmﬁg dfede raxanp e 1 lnibee| 889 ¢ g@hr?@l”é’gya ggrposite

wavgf@gsgrgg‘;w devite 420ne TheePEPRE A00nHBY iRBue under test.

erenc to an 1 ntravenous el ectrode, a skin surface
Theelreasnodd, souhel geenanse nilppl &hel sesPodeE, e dGeFRgsite wave

ro 0 thd n r e |
oo LS S0 M S R T ot

Trahlaéorrgé ler énc&hies R$Pni il eet e€PY 0d80orf r@uct dli Gy obe impedance
proggé FER gggﬁo%il nngegatsle dat akl &t ClRse cé‘r@df‘f‘%ns An

€ a van age this con |gurat|on I's that
1ntekealropmﬂebtaahoandreﬁp@daﬁ%e dan b@iheagﬁﬁéd b%vaehnternal

cal:irga l(g)rpl e Lglﬁ Odsey 4!:%91 a%r %n@%?gﬁcéoomegggrements . DC

ar enent us a conbination o he DC potentials
calmbkaﬂﬂomnpmdaﬁme obrfbeondd egsternally, calibrating the probe

being utilized against an external reference electrolyte solution.
Figure 2 includes a handheld probe 400, consistent 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 wusing, for example,
wireless technology, to a measurement device 420. The probe 400
may be referenced to an intravenous electrode, a skin surface
electrode, other ground, nipple electrode, or ductal probe
electrode within the duct or at the nipple orifice. In one

embodiment, illustrated in Figure 2, the reference is a nipple
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P
agenys -| aP§eSHOER st

ductal epithelium non-ductal breast- parenchyma, and
the skin. Referring to close-up 440, the ductal probe

w0 200505868 ed i nt o one of several ductal orificeEST/UREIN4/038509
open onto the surface of the nipple. Ductal probe 443
is showmn within a ductal sinus 444, which drains a
| arger collecting duct 445. Ahot her advant age of usin

 elextmioppl el dutradderiobet hAi0.a Soluptrgherorin refqpfiqingletall at

clo%g?-#guc&?d. SYHeM Jmy: 18 excdanggds t Rbaeghuthei i obs, that bpC

tting introduction gf phar macol ogi cal and/ or .
elduarwppaknageht gnd Aimpedenge i9eNme§nifeasy Al ppEEWPPBDbERE Nipple

443,,4843,34 | | b hagged t hhQUOL A SIRROM s  th
eles lflogena%/m{)eglh%f Etg%d ?ﬁ?%&t %e duct a%d aspi r at eg at ® W
conth@apiori mefl tred FAvegtdntomlsheomiamsl eynpsfdanise mfppihke breast

. praobe. .Different elect y | _ut be, i nf dyin.
il oSphEPahEr T GG Atr . I STed ferRahTI Ly o] Tho kin
Refdictiah epi tdlelsednpt 648pethéi ducomb prokdeiepinhetriedn 1nto one
.y _be praobed with .di.fferent .dr to identify LO0S of tn
of oFg‘é‘Bﬁ%fn%Iqu?W @srtl%é ol ,%r}lgrt of her %glfgonrgagaa{elﬁt%s(?g of the
nippayg.be Doéuskdpirobe @4Breastshiwot vothbaser eludt@l sinus 444,
abnormal electrical resppnse ogGi,ated with pre
Whl—‘:ﬁ‘aFl'rraﬁBﬁtao 25H05 é:ﬁ%EFggﬁ%%g%g&l %4t%h'e epithelium It
ancthew! ddvenunder stoadinfat dippee enleconddguiat tbas amyolution
al so pbe used, suc

dified Sa ' h
for RP T S | BhE s BUERAT I WHE™ WWith PRy crerEiBet Enrougn the

propenf igumaticofg gRbtbeusticid ayf ishappldoddgticad ewg/or hormonal

| aced over the, nipple. Small anmounts of, fJ ui,d.w thjrc
ﬁ%p%&egﬁﬁbgg © n%ﬁ%becolln éa(ct&v?/i t ﬁ%gcei can be
ex@a@GEHOLNE6uGD| ditdioR Wokli.n FheiSandwrbeisimiysed into the duct
establishing electrical, contact w th tgweonflq_itd fill'qu of the

and trsRireset @icte BEBLTEE FRSs urPifdntiE Ty hen et
nigiade phebueenpi hte fdir aNedcarslytaceobiwiasts paybde infused into

igure 3 illustrates the probe 4QQ of FEiqure in . .
they BeRtort CUBEAR LS TALERRE® RSt e 18 et st adospgenetion

o PdAcatiich Gt ast ¥hd hepDendwrieastmaylhige sprbee with different
el'ectrodes 451 neasure DC_or AC vo#ta es. Thce cyrrent th
drygassihgidpretrbdesIuys aPE GoaqrFgrity.  Estradiol, or other

horjnmggaaﬁgﬁgél,s%ﬁﬁw SinfRile 400 maprakse dockude eBesure the
or nore recessed wells containi ng _on or,r[%)re ECMs ... e '
abrigismgilp| ele@iicialel EEEPBRRS ard SRS 1ALY the Lt adhet e tonant  or

LRGa5Hr ERESy4Y ORe theoebhere W . current passing

mal E9
electrodes.” The indivi dual el ectrodes nmay be recessed

e
It ariputdMpeniupRedptPed eHiat oI Hedn Gray ‘HETa5eanE gmay also be
LHMQHaEGEHOLQQACﬂ$éﬂ$ied Sartorius cup that applies suction to the

nipple. With this configuration, gentle suction 1is applied to a
cup placed over the nipple. Small amounts of fluid within the
large ducts and duct sinuses make contact with the electrolyte
solution within the Sartorius cup, establishing electrical contact
with the fluid filling the breast ducts. DC or AC measurements
may then be made between the cup and a surface breast probe.

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
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el ectrophysi ol ogi cal , or hornonally probe the deeper
ti ssues or epitheliumunder test. Spacing of the
we@bmshsaedes may be greater for the breast confPQUsionosss09
than for other organ systens so that deeper tissue may
be electrically probed and the i npedance of the deeper
ti ssue eval uated. This. probe3fay either be placed
mezaseinealty.i n BovkectOGi DAYt Rdssuringdadef ange PF eBSES oFecessed

eld 10 place by,gn | G SHEHL ON ON@l+ i1 I 88h98r Ofelectrod
WerLﬁeﬁ%%¥$l¢%ﬁqsxﬁ§y%%gq%'§%ege?%r théggigﬂénge of f setrode
arragisutiagnoeoratitachbHuicd thehangtaemdzahs itgetigr with current
shown) .. ard_rings_ (not. ) ' Hyated d and
o 0 e e L 0 00D TR B P gt e
ECcMaUrviai diffrarehe conpasttien frease hatwsachet dref@ymaqaiogically,

this configurati t he f reen assl e ‘
LS AP P Y0eE Pt DI ot T aRaar AP STy "0 aphrf, tlesues of
epitibeS ip&I Mirid® rC wesent tSpabénpasfedhane lelgtrodesagey be greater
response tq be neasured in i fialds. h
o Q1R TRARAS b SOP IO G T AEEP AL Ok o sty (EgRry g ohe oo that
deéfﬁerre|tq%%uteeaialyohoegyé1emtthcalﬂa/ devdbed cesicrthgedmpedance of the
g

ure 1 above. Further e di_nment s, of IS {. i q laced

deqRey | FSPVE tﬁ%a{kﬁ§ ' spgggéselggé?%déég¥o %ﬁ%ﬂ%g B8 place

pasliiffearentn depitsctofwite theastrface bhe thee pfeast or held in
hor nones, dru

s, and. other agents to diffe t] y
plane & FREUPRDLGARGE S FPAneaRl ERETPAIC hoP A" 1 Zores mev
be RN XY ot rodlel @RaRbnye east sdlssims mpasioed latid kechange and
skin surface. This enables,furtFer iqprovene
a

{ i n
SuGHiggn et SEOVM acy CUBFQUF LRSS i [FUstt qwn) éna& éoﬁ' N heorporated

pl € cup
to §aRknede rbad0t al baje tRierh@ 18 doass aanef ©s efimsce current from

current passing, voltage neasuring or conbination .
thee| eaitiasde TESFS LRTP hFR® cBRP? Yur atfrbng%tﬁ:t?%#%“a‘atm there

2rd 148 exGhangephss appl d Rt thodeBe [@beTt eade possinged radially
501] through a side port [510] conpected gy a the voltage
90°% |apdl-e hGHES[ PEMILS £EFE ot YehPcd238ET ratdr tBF d

res?%c{rjsrégecc{%g ShowWea ithepddrnge cua3] rakltbe bage aflectrodes
the cup is applied to the areola of the breast. [520

wilPneberntingestresdnvid SPEFFEYCRhr Bugh  t RE STHE 156 %ﬁﬁ?nOlogy’

wi&ﬁ@ﬂénid%%tieg 40sdhehUSInNg;: B roassaged.512] so as to
obtain a seal between the breast,%$20 and, t he n|pgke se of
Furtitegt r sukod Berjts Efeditd yEECRUI NS ofdYs IREY YD PP VS

sp%é% E%ﬁ%Fﬁgggg%rgoe%éiﬁiiﬁ¥ﬁae3?gtﬁg$pggggiiﬂgbee%fei;F’ and the
usehes nh@m@gﬁ&)ald%rhcﬁ%rﬁﬂhe&geﬁﬁ?tisnttr%oﬁ%g%rwlally alter
thé“”%ﬁﬂé&%nce and transepithelial potential from benign and
malignant breast tissue, measured at the skin surface. This
enables further improvements in diagnostic accuracy.

Figure 4 illustrates a nipple cup electrode [500] that may be used
as a reference, current passing, voltage measuring or combination
electrode [502]. 1In this configuration suction and fluid exchange
is applied to the electrode housing [501] through a side port
[510] connected by a flexible hose [515] to a suction device,
aspirator or syringe (not shown). The flange [503] at the base of
the cup is applied to the areola of the breast [520]. Pneumatic

suction is applied through the side port and communicated to the
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alternating suction and injecting fluid or drugs into

the cup through the side port. The pneumatic suction
wowdos/ospe up the duct openings [505] either bRCT/USED4/038509

or after preparation with al cohol or de-keratinizing

agents to renove keratin plugs at the duct openings at

the surface of the nipple. Thé3nipple cup el ectrode

- hdusG2b bwy pbesage efFleddedobpsnbansbbiimrp edesdt bie¢aken the breast

nection,.[5 r i el onn . ( . .
g Rty Rarglt; eheBrPbag 13ROI HleAkie, solution is
uselt atn DEipbt erttd alcupACahdpatidiec e edectbhdr hatdagrtact  with  the

measur.enent Figurg 5 illustr an erpativy, d
ungSESABH Wi dn i1 el daceies pr?alo‘{aedg%th&a‘:hange oo
pHaresicbll egtashet end el lectmaoed | Z8@Ntat t doedduoed, by applying

"syringe [555] ... This be .used en,a spegcific
al&ﬁ&&ﬁ?éggfﬁﬂc&lﬁﬂd Adghmlie i Rl oS oits oMHER tne cup
thsReehf ithedusidd syst.em phedpaengathe thotton| wifhi ®pen up the
configuration aline filled.syringe is_gonnected : :
aE% | Sl BT lod® 11550) Y WATERL F o Ginati d0 PRI TR vith
aldebbl[ 231]de-kelrdt n Bynd ea@xratrangedrerosvedrkgs taimd plugs at the
hor nones, nay be infused into the duct. .through e .

ducit h%&’%?l.ng% @Fecttrﬁﬁod%uﬁ\%al%q n°tort aettiéc%ﬁ%%eto t%ge nipple cup
eleVii-Bge NpkEs) ehagt rvcalintepfacéd wWhiyh tkeensndbfi dral electrical

ductal syste and the surface probe el.ectrodes [552 ,
copBprers’ LREL FEUPY Sobt Tk ng DRCorant (AP ALSTA] with the

delvipedance wrate@nbimatiure besh tvwayobeaireasyr gsbtential, AC
~across the ductal epithelium skin and intervening
impegaate paF eFRARMTE (AT CBRBT HRTGITSWi t h the systens

rid@serished liathhgus esnlaldtefnot hes appresah wmattel be tadividual
uUse a ductoscope in conmbination gﬁth a urfqﬁg prgg ttached
dugitt st iRFobedc idhe ¥ HlexiPerr SALRUFT h L RETEULE of @19 attache
tor Pe\éiyq:@.%gteo MEgur e tihg sel geyr arhyskelioginedl a specific duct
characteristics of tissue and the differences between s
pradpARf AAH1idbABANERaoPeste ARy PndURSTITTE K intin specific

aubRg126h s Bug b At RliGet theak1 @Ry er Sin dingid AorFiigRaktion a saline
processors, volt nefers, oscillators, signal ,
fipledesydiBIpotl EncPBRREERS, tor 2ahye st ht? BesF PR efP?Q + which

isg%ﬁ§g£“€eéfo:|.r|h§9%hec‘aﬁ@'€m[95‘@}3: resh &1 3GLE B eikPREAJBEE. or drugs

potential 1s usually neasured using a voltneter

andohsirBpRAg BRYaPgaipanendt 8RTP nther ABStw FRTQUAR ghhe catheter.
an’ €513t 2868, waPHi L WO £l getLonies {ONEn¥OLkDEg@NAaRBE electrical

re erengeg . Voltneters nqg be

contact with the individual ductal system, and the surface probe
electrodes [552] complete the circuit so that the DC potential, AC
impedance or a combination of both may be measured across the
ductal epithelium, skin and intervening breast parenchyma in
combination with the systems described in figures 1-3. Another
approach would be to use a ductoscope in combination with a
surface probe with the electrode(s) interfaced with the
ductoscope.

Devices to measure the electrophysiological characteristics of
tissue and the differences between normal and abnormal tissue may

include those known in the art such as electrical meters, digital

signal processors, volt meters, oscillators, signal processors,
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analog or digital. lIdeally these should have an
extrenely high input resistance to avoid current-draw.
waoposast i al may al so be neasured with an PCT/US2004/038509
osci |l | oscope. | npedance nmay be neasured using a nunber
of approaches. Wthout limtation, exanples include
phase -1ock anplifiers, which3fray be either digital or
paraltdgmeteksi n @anplanfi epsher Plevigeplised eks magapre voltage,
used . in conjunction wWith. -in amplifier to
c?ﬁ%%ﬁ%a?geét Sﬁlétﬁ?%ﬁﬂgg %%Bg?%ﬁ%%'inproving accuracy.
@i gptiealt dadck s- vsmadipl mbasusecrespased ol tieger, consisting of
mul tiplication of two_sine es,. 0 ei t: i.gnal
acaﬁ?kﬁ%ﬂf“? 8ranﬁpit585}%%dd%g¥éd %r#%%qﬁatﬁ%ﬁl%?aﬁbg' and  two
elddtdiRisls, @k theriotherahdi nge a redkeernek. si gialtmgtelys may be
a specific, freguency . an h ' I er at :
e aatt 1 0151 oo tHe- Shhetiayee iy HE BOT AR BhcEpfely nigh
idputstidnilsatagicehad issid cAmakog-dook. -DEnpabphtfdkrsay also be
contain a synchronous rectifier that includes a

MERARTEIS WAEDT RU Ot T EPPEPSD) and a | ow pass fil ter.
IrigdiRi cRP plaga e snd axilrede ushaguae nofiban ofpeggroeches.  Without

bridge with an oscillator to _produce an ine V.E..
1iﬂﬂi§118€vi€§§ &l d0f Hﬁ?eahg?%_#%?er?m %?%ﬁ?y%MﬁaCh may be

ei@@ﬁ”ﬁii@j’i&:a@n%ﬂlsﬁmﬂl’bgaLMdbk—hal anpiligibersdge Pre-amplifiers may
techni que. Constant, current canstant vol t.a e
b urPERt HouFCREITHHy B YELl. CPR ds prlr cffid fier to minimize
sERPALABRént R @ONS§ARind ULnenbv ixoyr eecusacged. Rayhezl lock-in
than an oscillator wth a fiﬁed frequency signal .a
os‘tgl sine waves, -one

arp lgrfdle r§e A& La B8P SInAR c AN B r BEbTEY: * Uper sie

HINBVE St HRY s Dgn ats eda rdfiehd | SifdleariSaRe mosludacodvdnfedmation of
using fast Fourier transforns or other techni

€s. .
S qESE, A OIS0 iAfoPar SIGTFBRE. Andr00l PAGD @ specific

fxeécﬁ.fetx{ e dBhf2R Usesl §ogREkegERaSAIANECErS. bé NusBd  to produce
preferred enbodi nent tetrapolar electro

de = '
thonfsigar atd % Qe EAPPOTHE t §1808F d ThadldruerEs g tissue:

Ar?z{ﬁd N{ L OEUGEd 2HHe i EDe £4 eebhoden PRl asyadtt @b drectifier that
el ectrode -tissue inpedance errors. Rather .tha

ingiywtesnce, PRART ERNS3EAYPT FehBGtRe AB3RLr 889usi ﬁéaw-pass filter.

AN T QYo s BleCliRdeBeat Heh@iPi dekh aimpedsktd bridge with an
surface. |npedance may al so be neasured using . h
ostiddiatomaghet iRFAdVRSCt #Bn A t BIGE t ¥RVSreed fHpSe devices when

Sl &aldqde contact Wit Bot BE BERImOfe@Piddiel idknad Nnauto-balancing
order to process |arge anmounts of data, the nethods of

bt idyepres@ntidusuent CORS B dCBE ¢ Hp| BReCBGEBYTsoALMEPE current
sg&cce%npﬂéfrbe used. In one preferred embodiment, a constant

current source 1is used. Rather than an oscillator with a fixed
frequency signal a signal generator, which produces, superimposed
sine waves may be used.

The tissue response is deconvolved using fast Fourier transforms
or other techniques. Bipolar, tripolar or tetrapolar current and
voltage electrodes may be used to make measurements. In one
preferred embodiment tetrapolar electrode configurations are
employed to avoid inaccuracies that are introduced due to
electrode polarization and electrode-tissue impedance errors.

Rather than impedance, current density may be measured using an
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readabl e nedi um and executed by conputerized equi prment

or central processor units. EXAMPLE 1 . BREAST CANCER
woAsoresitigsoned above, i npedance and DC el ectri clT/US2004/038509

potenti al have been used separately at the skin's

surface to diagnose breast cancer. Neither of these

nmet hods neasures the duct al l3r5ansep|thel ial DC or

AC
_ argeueCer i @Jaegctmc@g@r diteshgf epheheldlstor JHiin surface. Impedance

ma% gpLsi BQnHeXS{J?Q&‘C§§1ﬁ<%eeﬂ§@wo%%)én@ftlhhQn@DEEQaﬁhw1thout the
ecause the origins of breast cancer are within the

neeflicicd eé.mqtmeﬂwmnfaimj: wattht hbe st fidieRd thré AL - ,
In SLEQOB- ﬁ%:g#{&lcev dsid ethgtﬁodrng'OUEddmgn th@ methods of the

transepit maasuremants of inpedance and DC
prootrent naveatneorconbuh@d beTHeplsaept eghdMnatof Wi kel on  computer

{ r centra
redPSl NOTRN, AUSALSCLR BOTBLABLLON Wd b adARCer central

rlca potent al surenments, provid
prm:&scea‘ﬁmttlsve nmet hod for detecting abnornal

EX@&%CE.CE!aner %#EAQ’E‘ &ﬁ{;&%ﬁ{ ous breast tissue. Breast

er ‘develops wthin a background of disordered
As pmehitfienadi a&vovwnl dmpedaneei lapdafPecedechel ¢k mPripntial have

duct al .| obul ar its (T ) The are, |
%rbl JHTe asfeparlaltg \I\hﬁtchalrrr%sr?tkénnga s-[ll?lfg%e & | 48gnbY¥e breast

cafdgmnsepi t hedellahepot et i atlh)ese I merc&agdansm@fasures the ductal

upr equl a i fer t | aJd z b .

t al*%ee*%etﬁkﬁtléra} %oﬁ o?‘TE du€ gggﬁl er t%égé%gfg%rfaﬂce&qe reas
Thi@ssli@ﬁlﬂbaﬂﬂlly depolcasi zaei @mcufheydeéoltémel zeammcm because
f| can attenuated co o.}ha ; d
th%b sg)réfﬁeﬁs r SR3Epi the |aI %}C{-QF é\%%?%gc j%ahs‘allum' an
no@pﬁ’l@éeéufﬁo@dhm?g -Hineange pitidoeki. al Iidurasyr fiscefurther improved

proach such as, cl.osed in P n 51 :
Wh%’P67'8h‘547 rﬁ“@%%ltg@ ﬂle SPurgrﬁolgmé‘évengslgggdance and - DC
pof &Qiian ofarép- ceguinéed prdhd enakl onf tpbaomewycpgmg:al and/or

breast skin becones further de i zed npared Wt
hogenal r 2gPRns of 9% é’ﬁyﬁpé%?n r‘?'g%%‘ emllpr?'p?eaéllé:ﬁceogf DW ehleCtrlcal

o@@r%@lou%eﬁ%aaéheﬁtﬁsUQ)Id:@;GIdeaSeS ndbhe Chﬂﬁgetslven method for
duct al epithelial Srrcpedance are not rreasured u% @gssue

dees¢ SiNch GRBCRMBE ogf T FESTPHPG™ i 723 nGYioGR i
Bréf&Ur agyncdN t egaté DhiSs | nwiBiiandai n’;medago:eundcurofundbrsordered
the i nfluence of horpones an nst For
. 1 1
prekifffiatiotne YBLER t PEHIR/S] |fg‘§lts %gﬁoﬁ ?alt)réé%Cttal obular
unit$Syepi®s)L.7- b-rest radivel hes boeed Obgere‘pédhbduhﬁa cells, which
different in pre-cancerous,
maintain a TEP (transepithelial potential). In regions of up-
regulated proliferation, the ducts are depolarized. The
depolarization of ducts under the skin surface results in skin
depolarization. The depolarization is significantly attenuated
compared to that which is observed using a transepithelial ductal
approach, as opposed to a non-transepithelial skin surface
approach such as disclosed in Patents 6,351,666; 5,678,547;
4,955,383. When a tumor develops in a region of up-regulated
proliferation, the overlying Dbreast skin  becomes further
depolarized compared with other regions of the breast and the

impedance of the cancerous breast tissue decreases. The changes

in ductal epithelial impedance are not measured using existing
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or cancerous epitheliumthan in normal breast
epithelium In one nethod of the present invention,
we@sdosasiied is i ntroduced directly into the ducPCDUS2004/038509
system cally foll ow ng sublingual admnistration of
17-b-estradiol (4 ng) . This ggent produces a rapid
response, which peaks at appr.oxi el, 0, m es. ah ;
te%@%ﬂﬁQ@h&ﬁy§@§P§§F88llPe?péﬁ'éngggghd§¥ %ﬁ“%%?%?'on t#ﬁ%ratlons
inStrage 0k thgerhicentdcurenstderal tiey cief lesnawe| bfaborpenes and
condition of the breast tissue. Specifically, in-
meRSy AL Y648t tissue, a rise in TEP will occur during

Fol hexdnllld, Cuhar eleeteaphydiqiraieall neppenseant dromstortissue to
cancerous tissue, this response is abrpgated. Post. __
17 AR ANA RORoReaE PPERTST B cRR SEARERSt byt pRsy cancerous

oraeaﬁéégﬂg'%téﬁtihzliﬁ?uﬁew@ﬂsentﬂoﬁsar astted s thegaitde 16im.  'In one
up-regul ate

estrogen receptors on ithelial, cell .
meghed cebs NPT OV PBgeRs . BT BEst 67 i Sleed atrectiy
inPS OLREt iflct COF t s oOSdIQIIdS, floanBwihgnsapliRgedD| admiyistration
-~ (all of which alter the ion transport characterjst.ics
of oft Tdbreg et rastiothel4 did)depethfih B (B | %t e Fesponses

wh {8 i&%‘é’k@ a%n%p%lfﬁﬁﬂrl@f‘@iy st@te)nutelsher eat s@¥cbeophysiological
I ntroduced either orally, intravenously . , : t' 1
resparsR stepeadds| J1 BRThy ThtEIGCRIR PhstAPI BRFOERT| T menstrua

cy2€, enhodi gAY ofad herr esgptaitieant i 0, Breastbrelast tissue.
ot her cancers may be di agnosed by exami njng the

sal,
Speohfivetldnce gt AL e el Rrar® p]é’t?l‘?/va&nofr%?hé’lll occur .
dugﬂil%h%lthieun%?ﬁ)irmﬁ)éqnﬂpl(gr iartihe bieasd., a subgirareancerous or
no 0 a

ect the conductance of the tight junctjons 1
caneyrds | hiased | whést eSRRRSE ofs adkFRPEEETed byOREHEFNOPAUSA

wollgg ! tan?il;]?e é?rranﬁgé’ég@elciaﬂl:e.k edanegvandior ekiggbated TEP
poteﬁﬁla of the breast is neasured, before and after
reshensaint ai ssraedbnl opeediesageht UPTEPHY A ondt Me9Sh receptors

onObpSUidA%E. hpPLE-cgugal or other el ectrodes. The
difference inthe transepithelial electrical response

Fupfhéimodd,ghes 0eme ONBre@e $ tRY Gifent PFAL#0 il EBRpAFRFeroids,
to pre-mpli I gt o pr gastepiatReki Wiel sidhefransport

ta?gxgé%B 7o %?ggé%ggxgﬁe prese%ce or abgence of _

chamhégmaindicsl n afot haucsabodi ARAtheliien | ReRGYENTgre O 1tS

o Baf R < REATE, o R e e ey Y
inafedueste astltkscasakbly belowravinously, transcutaneously, or by
intraductal installation. |

In one embodiment of the present invention, breast or other
cancers may be diagnosed by examining the basal conductance state
of the paracellulér pathway of the epithelium. For example, in
the breast, a substance known to affect the conductance of the
tight junctions ﬁay be infused into the duct, or administered by
other mean, and the transepithelial impedance and/or the DC
potential of the breast 1is measured, before and after the
administration of the agent, using a combination of surface,
nipple, ductal or other electrodes. The difference 1in the

transepithelial electrical response of the tight junctions to the

agent in normal compared to pre-malignant or malignant breast
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vari abl e i npedance properties of the overlying skin

may attenuate or increase the neasured DC surface
web@mshsapptentials . Alternatively, inmpedance PCT/US2004/038509

measurenents at different frequencies may initially

i ncl ude a superinposed conti nuous sine wave on top of

an applied DC vol tage. Phase3’DC voltage and AC

epMMlagm Wisl lthee Heasse@dto Theagradssttdic@rebenre §Fi gdsence of

or other epitheliumat AC and a different resistance
mal}938Yre measured. Under DC conditions since there is
In Noarhases shinfidodiinents poissi bdkedtratessueaet hplaced over the

transepithel. i al tential _at t a1 T d. Th
SuQEﬂﬁ%ﬂquf@gﬁPBpéggig eo?a?%gn%Eﬁ%i#%%ﬁ%ﬁﬁéwﬁshgmasure en
AC Ung@lelikhng hieasirepiehtheldmd andet uapr dictcansied Polae The
" nmeasured at the skin surface nce r | .S et e
vaTARRA (ORI TERe DERPAT SR te CHore § YA GRH wy Berenuate
or - EXNRNdeal daeay meadheedski MCsur bacéapet entledtradafgntials.

t he above referenced approach.. ns,_ i Q. j SE ;
ALGRRAIGTUHe SRPROSIGP AEEETRBEE SbnGlEr ya raduiies may
1 nPard11Gulidic ngbes aggge impeiz@agesni intbies skine perwd @l top of an

resi stance. The tine constant for,this_dec [ ;
apBans SBFy TBR6R6Y 1| OBty (ke CORERTE; ALToAtanict BT it e
mesdlBREt h ofe t bes 8landncer thge skkin i srrender egpibhelium at AC

conductive by the ECM the capacitive coupling of the
angurd acH ife rené uﬁﬂ%%?%ﬁqﬁf'péﬁenpkalaﬁ? t %F?%%ﬁé'(ﬂ' Under DC

condi& Bl oUndiag teRirbhel d Ul Sphasd sbifbat itheis possible to
measured potential now reflects an ffset.agd surface The

mealiffusithe psrenspRithglite &SCEEPFLAE - Eom H'&i n :

caégﬁfﬁféaﬂﬁ%opékgyés BrdeR®nskiatesy t helef feod widerlying breast

arying the'ionic content of the bathing R ngers ..
epsuiiaitiadn a0d tPEAS A TSR teoRBUBT RIS Tie Rl surface.

Onﬁk-\)ﬁr F?ﬁg eRMt Nelshak scehl SR ng"OWE ashdDBRiRyensfate there is
Ipore filters and grew to confluence in 7 t

1 .
pselays-exfrmenpiehedpgayeis (then %@nt%ﬁfﬁaﬁen&&tﬁ“gdag using the

ab%f?eSi ng&P&F@e% s, Al ddhe DG sondugt apsescweioa freasuredough the
Slngavotageca f

np. The conduct ance M@f asured(%y hanges
skpassnagnake® HA rere erndugtd¥es oP2IBHCHT I F 1% RIS arftt <919
asué]iir}gﬁ%gt}%l@glvgggf‘g@ar[@eipom FneheCababtaht ngor this decay

in ! _
t het ranse elial conductance (y-axis),, and plottin
isi lnagaéekyl RIROTLLOARTSFO. HRo cEBRABET Ak vt ondd strengtn

of nglgéc’ureef. fi{)x&f}e heStandand Rendere§Ohdté OBondieti vl iy the ECM
sodf uRt T T ee nger, then returned to standard nger, rential
thé hespa ¢t @ yeotcaspil 4ng f ¢ Betie nyEifagsd to A&eI YRABELY AfGgPotentt
or! Q30 ANdRL B nger SOLUGI RN AT 4 dRINGA N 0LESEMBL chat the
0] alrty . . .
measured potential now reflects an offset and diffusion potential
at the electrode-ECM-skin interfaces.
Figure 6 demonstrates the effect of varying the ionic content of
the bathing Ringers solution on transepithelial conductance. The
human breast epithelial <cells were grown as moncolayers on
Millipore filters and grew to confluence in 7 to 10 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 pA current pulse for 200 milliseconds

and measuring the DC voltage response and calculating the
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during the studies . The upper plot (filled squares

and solid |ine) denonstrates the conductance of benign
whvanstiseast epithelia grown as a nonol ayer. HA¢EUS2004/038509

conductance is higher in the benign epithelial cells.

The Na and K conponents of cggduct ance are

approxi mately, 10 and 5 nf.c~ respectively. . The | ower . .
trasisspitheliad eprRYERnsRd (AoRELY 131 %“&V%&Jré‘f!r dfe§9ppESt time
(x-50Ndyct ange, of o ldianast WadMaBabheast fepst hehi atgnawnd Ringer

as a nonol ayer. The conductance is significantly I%wert dard
soliutithe rhlengAane SPPEHBTFEFe BINIST / THE R IohYrREd to standar

Rinciﬁ%%eo%tns of e{;ﬂ%ﬁ%ﬁf@é@ apRyeXi FRbelYna#1@andeturning to

respectiv . In mal iér%nant tunors, as opposed to

statchalday &isgef naplenian ePildRel PALNERINNT  RPFeght osmolality

du'i%nctt%gnsggax\@gn cells break down and the tunor ‘
écores nore conductive than either beni gn or

Therabpmmanplepi thelled powerese?rd FAlidopdeelateBRNARyates the
be explai ted iLn; | 80203031 OL p DECESE CARKAS -asTRE monolayer.

Cor}cg%%rang%n gc gﬁ%érbg?ﬂ%ﬁg epithel rum around a *° R

Thefl exeldypitagctuier highgetiterths tenagpegpbihokiag gtells. The Na

duct ance @ {he SiaherQhcd NerdmalgRaney e Pe #5eG ms.om
an‘fgprrﬁ?’é‘p%%%rbtrsatoe )e/c ° idggﬁos% br eastdp%gnéer.e?z?/ng
2 relseettbdesywi th ECMs with different ionic conposition

will permit. the specific ianicc anqes ) AdaBnusedtes th
The nt % e?ni%lti agﬁlolzlles .Jlf-lgcrlegxaa?ngl gﬂ)gt&%ihgh _cor)1du_ct ance oo T
cof®gitamcei t bfa satignardi ngruaesa bifepsw KeRvdifdtiEncgrioyn as 2

i ndi cative g‘{ﬁﬁbr %%%Eugggggé; A hi Notos] (;.lttzllgce 13W82& in the

moRgkayes surr di ng regron of normal” conductance may be
ma Yraritndiepathepial fodrlocysti @hei sdade ¢mdbelfii greomponents of

process) . Figure 7. denonstrpa {eas L en ok ;6ehl, .
congliARNE ﬁﬁ?e%??%?xjfnf)%gﬁﬁ"h%n;aﬁébr eas't%nepit%]s}lei al y _
In?lq{liﬁigd\ﬁﬁsurt@ﬂiﬁlﬁbs wgr eoppdeedisi ny anqzrml@meir@lmw\r;a_c mgllgnant

fl uarescen ro n atjiometr]j r S, hC d
P LN g BEdi B Sgﬁngl%%{iﬁ%%%llonn g"n%%’%%ﬁ %?g ents ., onm an
ths "Wak& MRasutieed rotet Benpuesive et{arl osiathesi rsindgn ayd malignant

absence (opencircles) of estradiol.(th CLLV ; in th
oo TERLAEEP ogeitLs RRERTLaher Tal( he' Saploited in the
di{?ﬁﬁé&rsem'ﬂ . bTBEstipp&inay.or bahei slbher st eemiiuakasygeor of  the

of the nean, and the |lower error bar_is.th

ep LigHL i08h &F u&el @ f%?vﬁlﬁ’é)l&@setr%nacﬁ’on%oqetﬂw% g"gfcﬁ}} | §pregton of
hif B88hdGahded £ul ths edibeeast wyal tieeliglancyl, | snay be used to
moxteesglcz:ﬁrégefyn !jjr.]g(tgz?gstean ggg’st cancer. Using electrodes with
ECMs with different ionic composition will permit the specific
ionic conductances to be used in cancer diagnosis. For example a
high conductance .region with a surrounding area of 1low K-
conductance is indicative of breast cancer; a high conductance
area with a surrounding region of normal conductance may be more
indicative of fibrocystic disease (a benign process).

Figure 7 demonstrates measurements of cell membrane potential ()

in human breast epithelial cells. Measurements were made using a

potentiometric fluorescent probe, and ratiometric measurements,

which are calibrated using valinomycin and [K*] -gradients. ys

were measured in the presence (closed circles) and absence (open
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cirdlds)wiof eh‘eraadlc;rle dheeracgiye Wéﬁ?@b%

increase in (data not shown) as well as the
transepithelial potential see figure 8 .

wae@ssensg hel i al potential (V) of an epithel i pen/us20041€38509
sum of the apical (lumnal) cell nmenbrane potential (V
) and the basol ateral (abl um nal) cell menbrane

potential . Therefore V = v 3y changes ifn Vtand/ o)r Each
fepPfgestrogen).

fenti ur, eRRAstratege th Qenéﬂf‘oxpr%ait s th
eglltﬁel ah% ccranle g h“%\?éq'ug y of agpro?u n\@{p& -50 Vin : ©

standexrdabsence of eber aldaol and thgo l‘@%er?réﬂrr A 1§ sthe 95%

cddodhs c bhgnaniandddidnshoeredst roge
Con‘%’ecs nscehaveevea éjorf e vveer?q‘-vag? ™ 1N the aen
to ab$eﬁcedo1breatstacépmthahdalapmbl@ rraﬁé‘ll%/t%Olnvé\mewStantaneous

- estradiol is present_in_the cultur medlu .
incERFFer eAcd | A9t BPECOPPER! FPopsrtt e8S rm%leb Mfransepithelial

pot@ﬁ(@.Lacl t gdet o idjuagnose brmﬁrise(pamhehan \po\t@nt?naﬂ.f aG&) of an
el ect ropot ential neasure nts. are :E ﬁt"} i.nation o
te

epithelisspi thel Fif Fofen®t althe uABlcHh el d c8l1 ' Memorane

pot QYY1 NG, $Ki L POt @Rt | Blasof’ilﬂ/éﬂa(l Ogia®alminses Ofell membrane
estradi ol may be adm nistered to the ati ent Io

poténiciradas&Vmhed t HesgSearnda™ el's edVerof ( £6i ot r o 7/ er Ve

w1lirkﬁukéf3¥%e§§€e£nvt%§n§§9h§$§iﬂﬁﬂllﬁQtgﬁtéﬁtlaﬂﬂ t unor
pO ential neasur edT as an increase in surface
Flgu‘e:teecl raepaenireaks vt ibmvigasdreabt owbHghslisthidrdd s have a v
osur (0] S L t a u Se S
of FB §or+@¢é§f§ pﬁ ﬂ g éﬁ% e%%% NEOUSs £ £ And 70 mv

gna an benign reast tissue. It shoul

whe®e eRetradibhatist hadderst ant erieousutespongedial | USMIaéﬂ-@@ant and

in Figure 8, is greater in mmalignant epithel
trangiemed t pellhr BAVE & Yudfai ]ﬂ%gwee‘?(bosgh rbdes?? aflVoi 0 the
ab5é§%&”5§ kﬁt@ah@@@rahaCQﬁéﬁ%xhﬁaEEf?(Emanﬁﬁpwhbﬁlbahradlol is
ectropotential) in malignant cells. Concurrent

pre ses Ume st CHLtYEe fRRE UM -ect ropot enti al and i npedance

Theahkeféigﬁb@niﬁ eEULALE L di AENOBESp&ft LaCREy begWx@l8ited to
- denonstrates the instantaneous effect of incre

diaghoses OPreatt adfdicedn tife t¥idisepi t hBFFEF ot Eﬂ??té]?c’po‘:entlal

meaéJx[E%?aenQ:fs heni gn apEsBlddante Mupmd brgasép Bpidiell ghotential,
The cells were grown as nonol ayers on Mliﬁh% G
cal doses

tumé¥ | perentdnd grewover EvHIg Lﬁéﬁé’epioﬁe?ttlalio gays§io
of %glth lgﬁéﬁgfﬁhtg$%ﬁg9ggé§§hl{b fﬁé%&éﬁ%ﬂﬂgglncrease Yy and

was neasured using a voltage .
the Cl AMftainear easferer dosesenfraskitaladirebubbs welen @nandngrgpse in

tragzégfgﬁ%ngqedpééén)qu anghetumor potential measured as an
increase in surface electropotential. The increase following
sustained exposure (as opposed to the instantaneous response) is
less in malignant than benign breast tissue.

It should be noted that the instantaneous response, 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 electropotential) in malignant cells.
Concurrent measurement of surface electropotential and impedance
allow the more accurate diagnosis of cancer. Figure 8
demonstrates the instantaneous effect of increasing doses of

estradiol on the transepithelial potential (TEP) of benign and
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transepithelial potential was neasured after each
addition and the TEP was neasured (y-axis) . The
waledoSesamt dose response i s apparent for beni grCEIS2004/038509
mal i gnant epithelia. Mlignant epithelia have a | ower
TEP but undergo an instantaneous increase in TEP of
approxi mately 9 V (becones #Sre el ectronegative and
mal ifg@achehumahevekast epititekidl gfetlds -expdsucelis ygrg dJrown as
.1 mM estradi.ol and i.Z€ +1.0 Laat ehy7 to 10
monolAYrs,iofh Ml%ﬂ‘%rl B3sY ngig‘%%esg%g}q gggrjtefiaéi olcggglit{;l %hg%oﬁ‘b °
day. 5 THd epBehieghaepetdcthien mpuatad| ésseedibisgrbikesing chambers

i.ncr |'ng doses of _esttadi ol ea Ils 3 d
anc 5L S50 D908, 2 oR 808 o0 Lol liing aoses
of GRBLYREL ! aplth@eReAt kMUt V).8 pml iweeet hedded | graakis) . The

epithelia, with increasing doses of_estradiol. This d the
trangiefighendali ROHRRE Fledffon S8Ry Hed BT diddy q@iition an

TEP q&a%gg\gggu%gaﬁ,_&@irggqr. Estradi ol, or other estrogens,
at a low dose wll be adm nistered systemcally

The ¢ BRERAATINEIRS YreSRRERdUSt APPRISBE B9 oPRBAIPOGRE, malignant
epit § ;lNSt apl PRGOS r%%&‘?ﬁﬁ@a()fha%e sSurdase TEP but undergo an
or

el ectropotential an i npedance may then be used to
insthragmeseshiagseasanter TH t ff | IRPIRETEEYr dcPloviecomes more
eleceego%te:g%QiGEagPQSt:égcﬂ@.gaé I {dRS WY Y dgpedance edr d¥posure to
neasurenent alone. Figure 9 shows conductance .
onlE@SUI EMeas sradidd and GG rHAegolehézeutpagppebxinetely -2 mv
breast. At this frequenc%/ t he i nfluence, of ti}f Benian
withovbR¢yearingki FPIefetfanetradiUssiP FRePEOPE st (WM. Benid
epi{h%}’igﬁe[he%%rt%s‘ii%%'sg? @cSoARONeRs DicsdddingTRRARICE estradiol
gnificant variability of the .
and nBasScEneed k asnell delmeet B 3 ! Gnst | st igemripprpersistently

bars. Each. synbol, represents.t di a ASuUr epent ;41 ; t
elevgtisd er grb%rs et]heé:%gfang-!a%lggtglg\%gﬂ onﬂgﬁtﬁe wean, ooonan
epi@wl;iasygbohsimema&simgt d:m_easuoén@emrsa_ormde in pati entls

Witk i opsy.proyven nalignancy e . S
Thig eﬁf‘gg‘%ﬁ?n aéﬁr St s” 7R enegl%n ‘B%W?ﬁt S&;\%ﬁ%cglg:e%’”PQ tagnose

bre&dtbsemitent. bimspsydpobyedr t otlimer s divmiagmspr edess loucidose will

as fibrocystic disease, Mlignant. |esi ar
be 6?11{1@?11&% &datsé/d; ket ﬁonLdﬁ%nsc tbaneo%%rlgzm tz}?ueﬁx:la&r%ctally, or

' i'hg” breas
py tdtderdemdasél at eTHdp- negubatakqrol ifeepansen. ofhegee surface
regi ons ("adjacent region') are dep i zed .
LR PbRET COMMAE! SEEPRER GFhor QhePot K thgron d1a0m0se
bre&ft Makhg8aNGYi thThifpdecsdaseducongductence emagtbag diagnostic

modaabgeﬂ'cd;ai:élssg p%pg Sﬁéﬁeta aendceK or 88 nr(rjlé'I g g gpé:meénocf atll%%ea.dj acent

Figure 9 shows conductance measurements made at 2000 Hz at the
surface of the breast. At this frequency the influence of the
overlying skin impedance is less. There is still however some
variable component of skin impedance, which results in significant
variability of the measurement as evidenced by the overlapping
error bars. Each symbol represents the median measurement with
error bars the standard deviation of the mean.

Open symbols represent measurements made in patients with a biops'y
proven malignancy, while closed symbols represent measurements
made in patients whose subsequent biopsy proved to be a benign

process such as fibrocystic disease. Malignant lesions are often
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epitheliumas | have observed in human col on. Each of
the three groups of synbols represents neasurenents
wo e@snaMes a suspi ci ous | esion or region, thenP€hES2004/038509
adj acent region, and then over normal breast in an
uni nvol ved quadrant of the breast. The first two
synbols (circles) in each of 4lhe three groups are

 assomiedant ewirelas sueremdighebeeaste gpdthaligh ushpg demonstrates

pl otte gai nst .the | eft S ; GRLOduE ot ")
Upfrelqﬁblagt&%oﬁtfo #6501 s %Tgl%aer éfg Y sgt Ke&zﬂl}ff ace véglon”) are
ded Batirdetalanpotmayt ihakeneadowed conduetrrhqgsl dthaed edghiessover the
the right y-axis; ea | Vi S| u hg thibed
reqi@p s?ﬁ‘b%?gl‘{rfarr}dé’ngl g@}&ar%e%ﬁ%gsgﬁe?toﬁdgggyﬁgexa%or ' ?c-ause
of benicgieazed nEl-@nantthese ons ahblearadjarvearthi andrypre-malignant
units and are derived fraom.th duct ance and surface
epbgteéfh‘%“alasné[agﬁ?’%n%t?ﬁ?rvlet% irg ﬁlrlnr(ﬁ:r%%iyacfcle%y appar ent t hat

Eadles £ tBel €RSecOVEEb@Ps | OFf t hgmlesYOr régares grdisambgrsthrements  from

devi ati on, of the nean) . Thereforg breast cancer..c -
OVele Frot SSRITIH G ;e?lapaﬁﬁo%%l%%i ntgk“(f’slr{c%1 i%%cger?tof%%glon’ and
thetl §REE ROEERAL | Bt edASI edreniniane JAGd rpedanoe of the breast.

measur enents. Further enhancenents_qof this, te igu
Théj firﬁs%vé}"&?est{ﬁj@o{%e(ijr%p%%ed”élFé%‘?r} o%lgs%{"% %Eg § Groups are
imob d SteMe H8thenel Wherbr east medddnt kraluse isf pglleeted against
“hornones, drugs and other agents to_giff renticaol Icy two symbols
the| }eft (X iFpeFarCBIMAHRETANSL gt 8 i al Pt eHiTEI £760m
(s o angl oRd | et cdreasit ilcasu@otandiabassagdred in mv and
he skin or duct surface. This W || de.nabl.e furtht_eLrs 5 mv The
plowkrDAIEMSS ithediragRbsY TR* e utady . P SRBucdse® > ™"
chRdeEsd oodndat (ttlﬁaﬁgﬂ.fagpea@@telﬁléialemﬂlemdexoffor benign
reast tissue varies based on the position

of th .
angonahi ¢raHerl eeEiesisr @ad &8 1 FH trary iulnllggt raéxt%esare derived

fr&Fi %hgarcjo%@%%ta;wéSaﬁﬁ@@&f@%@@iﬂeﬂt&&l measurement. It is
el ectropotential neasurenents taken over the surface

imoddisrtetl YoraeRarent  Bhat f ERPENLLT okeiY NEMicth Hh WIS fFror bars

(s@%ncﬁarecl ;Q4e8n0BreRRD RESAS! reherefnmed HieaW¥t cancer can be
el ectrode on the skin of the upper .abdonen.

moMb sauTEIERLY Aiagtekeh WY o COFUBAREIeRUSF PRrfge potential

nesi @ elfor alliddRiamRAN mdddulretetit 5¢l esraitdd | @hancements
squares represent the nedian value fromthe | eft

nd
ofr Hight BreehbLanespedti VaNPLVThEFertitabt dSPEERY (HlECrEodes £

: pr%%egténjtt;f;étre g_VdQEtﬁgcg'f nenstyAdalstCyaha. the 638 € SeeMormones,

medi an” val ues for each breast tend to track q
droge andt hehemi adentoneto val ERar 9Nt ieHe v ialdeThaile gfpedance an

trgr?snesgirtlﬁ%llial potential from benign and malignant breast tissue,
and measured at the skin or duct surface. This will enable
further improvements in diagnostic accuracy.

It should be understood that the surface potential measurement of
breast tissue varies based on the position of the woman in her
menstrual. cycle. Figure 10 illustrates this variance. This
figure demonstrates electropotential measurements taken over the
surface of each breast at 8 different locations with an array of 8
electrodes on each breast referenced to an electrode on the skin
of the wupper abdomen. Measurements are taken with error bars

equal to the standard error of the mean. Filled circles and



10

15

20

25

30

35

cycle (follicular phase) and higher values in the

|atter part of cycle (luteal phase) . Although the
woreasosae el ectrical val ues are not conpl et el yPCT/US2004/038509

superi nposed, because of other factors affecting the

el ectropotential of the breast, it can be seen that

the | owest |evels of el ectroﬁ‘&t ential are observed 8- h
£1 1Dedlayaudrsfsormenmensnt uihe oRCRIRP t RS & o thife Left and right
breésg@e:?etﬁie%“ﬁ'v%l roupge therdidm abreeasitu@tj ®nehelhisxst day of

ecause stradlol | evel s are higher in the

easlmamrcbtp’amtl G&Chenstrual cycle and directly affect
Itbr &ast,Sul $£€CE£8F’%‘€9QBha'va1TQ§ Rue! 1 &lh PBEESEt tend to

of %€l eé:‘trop entral activity when a breast cancer or
tr@clolmrieeraatqt\lrerl sstbnlosepr‘éfsﬂe%ﬁs il ghet éimskflabhtof menstrual

gher.l ey f 2CGaehee! EAPehENtadler part of

cyﬁ#’ee é)g%ierve fhass sgarngrren gltawerg1 made in the oo :
cyalé ernﬂ:cmalcqmaaeed V\N.hh@mah rtthmmﬁgsurhdselﬁ@é?m]r dfplues are

can be. exploited in e fEEer eRh WaysS, ot ffectin
no‘ﬁ/E&%‘Péﬁggl’ fsuPﬁrlm}g %1;&;2 %%(?Jeun% a{) 3 Frhped dance at o9
théli éI@cEtardpdtJemiesiaduof nghe:ybzlf@se:nablte§aa h@r ée%cm%ﬁ gthe lowest

nosi.s because_of dif f er gt Lig cgapge Iddvs Dbef

legﬁfgam@fel & eF%ﬁSP%%?I?t ¢ .cféf@ MQ {A ys betore

: e peak to peak

mefHAN@e: iidh ramtiemhealrlss t@s@lm\kerghasﬁaufegﬁémax@gﬁd)rthe time of
relative to ngr.m as MOLAR AL I h
melégft:;\%tlztﬂn or ent Pﬁag Q%gﬁ%ﬁe%o %chequd e higher in

thsl %Fefcbaaotlﬁktﬂ abf ofmehberbabasiycﬂray del adirecsler effect breast
stem cal ly (transdermal) , intraductally

Su6 agR eo]ter‘r'é:l%ﬁﬁﬁﬁgtl% d the drug or hornone -induced

Thehayeeital spataeen palfenillea:ltrn’ﬁytmtlmbdaaslmty when a breast

provocative test tqQ diagnose breast cancer [ 1
capgel (iragPEnt 11957t Yat i hy tHe AP std ogeﬁngalis é{%l{ft% difterent.

sifh B IPPRYSHOF 0Ob€dlls changestddmat ebea:tmopdlnanm:gatlh@re observed
devel opnent of breast ca}ncer The cggtlnuum

whABr MERSHEERSMC2pIERR| MERF Y otlh RYpeFpTHS gompared with the

mo@h YR Cal  hvpsr piosd iatdeat aJ:axean:ca nermloﬂtsdt u.r{ D&l Spyumber of
to invasive breast cancer is th éﬁto take 10 t

GigBaFent SRV | nAIGURFETREY bECSRT PPed il RBugRPOoeTtial  and

imJsiRhdy & i eosdcarcelindevahepsgweyble anmbéq;rmum@lreafaccurate
di sordered duct al roliferation, The or I

dipgResh ndPegatsnsehi theldiH eﬁSf‘Ent?%‘F (Fhsi &garﬁge utp surface

el@@g%ﬂ)é/@ér%l%har&e@) , MY Chedlepod apeaks candgenpiedamaential is
whi I ncreases during the deveh’ grrent of cancer . Owé:s of the
legf |Q’Y\¢55|Weméib‘é%%ntcaﬁﬁﬁ?ora'evéﬁ A5 Yhe TP e 25°

brgggﬁﬁase%econdly, estradiol or another agent that changes the
electropotential of the breast may be administered systemically,
topically (transdefmal), intraductally or by other means, and the
drﬁg or hormone-induced change in surface potential may be used as
a provocative test to diagnose breast cancer.

Figure 11 is a diagram illustrating the histological and
electrophysiological changes that occur during the development of
breast cancer. The continuum from normal ductal epithelium,
through hyperplasia, atypical hyperplasia, ductal carcinoma in
situ (DCIS), to invasive breast cancer is thought to take 10 to 15

years. Some of the steps may be skipped although usually a breast
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with loss of tight junction integrity, and conductance
t hrough the tunor is enhanced. The di sordered ducts
wamws/osditer ed el ect rophysi ogi cal and i on transpor/uS2004/038509
properties. These properties are illustrated in the
| ower aspect of figure 11. These el ectrophysi ol ogi ca
and transport alterations wi4d be exploited to
can@eagnaseectapser vandipr emnl ipekotroghdngexf i ndigprdered ductal
ast..Iln the ma br eas n e r helial
Prog&gﬁf%fb$@ di agntse u3|§g %r%ﬁsg%#i hé P% °f Eransepithe
pot@ﬁﬁﬁ&leﬂﬁﬁbSd@foﬁoﬁﬁntlabgablv¢hmedhﬂ2@6dkw which depolarizes
conbi nation o ansepi t heli £
anddRRRRERERT , AL hpOlaREL Sreatty S nPl BEhEldtne. of . cancer.
Onc@h&WBErN&QLV@a|bmtpud:aa‘tdeans:iex@meB:he impedance decreases
CHEMOPREVENTATI VE AND THERAPEUT| C
withpdopgnpE, ttﬁﬁﬁrﬁﬂﬂﬂqiﬁpcleh%F%&%réﬁﬂé %}nggngBQQ tRrough the
tumggscrllgaedeab@fq@edthe Sy®Rieem anslo et taad oﬁuthe prregent altered
"~ invention nmay d with cancer rev%ntatlv

ele?ﬁé?ﬁ%ﬁ%&??ﬁ%ﬁﬁuﬁﬂg éﬁa FF%%E?&ﬁﬁs? ESécitical I'y hggg properties
are®l eeifhkeRdrd®asy enpet 0bwat t exsrbcst 1wt urfelgamel 11. These

function provides a nethod for eval uati.ng a tient :
electspphvel P iRe ldriifs WAHRRAR" reaqflheﬁar%d b.“’éésye% dé"pl‘”ted

to WJ.EQHHEe Wed 1 ddld ahar ptagaCagiait tchahygeshen ‘dlealeimst
Patients who respond to a 8|ven chenopr ev

In thefapeays Cbﬁwﬁ GROGEY FR GP% BRERy FEHES gtl ﬁilagnosed using

traﬁ@bﬁb@ﬁéﬁiaf UehbisQRehén s MBEE pofdrliAl,at er Patpeddrse, or a
0 not respond woul d show m ni ma

|
comiBAC demDAS! PGS Br OgI S SLo G A i E A Ahc BA Y LS AC-

.1mpg€iafagg ﬂé§§?§é§nen¥@' 8né& Yﬁﬂﬁaaj&.d@&bh@dmaﬁhmlaWShe

use either clinicians or

ani e
EXA&Q@EsérngC%ﬁMRfHE¥§HSH§§V%rANR/Qﬂé%%PEP P%Ennnltorlng

n LDSaPEOGL e Ofna paient’ §hé&ﬁﬁﬁﬁ¥bgﬂ@d taﬁ@tnﬁnmwnen agents
nonitoring theﬁgrocess of carC|nogeneS|s canc

desd:eveleépm_smr)a, orsys&RMo@EFt MHEH OQ’neﬁﬁ:yt %SPFEF?V: invention

el p BERGTRARRNSI QO K a gHANGES ¢ ts  and
may Qﬁg?THgﬁfkg%ﬁgggxanples |IIustrated b f| ures_12 °

treamdemssmere pee¢iofifed lvn haherteldn 58S Ermp9Eqg aitered

stk ? tLAR Ok, Sk OS] Y pBRIGAsONal NWelth@dSt ¥8iresevAluating a
br eas epi t hel I al tlssues simlar changes _ in hum

patdectab eﬁﬁphebﬁquJﬁhecﬁhu%% Hé&%ﬁ?%dr@ﬁu%F%BgaFeq”Dpsy and
w1t% B%C %QH. gglﬂaﬁ %ﬁ d@QH@éi’r@BGQuE9§e§hQé{ve9é;§CU| bPatients who

rent uman col oni ¢ epi thelium ex-vivo. 1d
resﬁbadfngur@ den@nspham@BrQYﬁPQQQﬁyecdﬁ?séh%E%Fﬁfﬁ*ﬁaagent wou

llk)él?/XIS% ilevanying the HALassidm adkeBh to a more normal

state. Patients who do not respond would show minimal cha'nge or
may even demonstrate progression to a more advanced stage of the
disease. This system and method, thus, may be used by either
clinicians or drug companies in assessing drug response Or by
clinicians in monitoring the progress of a patient’s disease and
treatment, or monitoring the process of carcinogenesis (cancer
development), before an overt malignancy has fully developed.
EXAMPLE 3. ELECTROPHYSIOLOGICAL CHANGES IN OTHER EPITHELIA

The examples illustrated by figures 12 and 13 were performed in

human colon specimen removed at the time of surgery. Based on in
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across the tissue. The potassium perneability o f the
api cal nmenbrane of human col onic nmucosa (P ) was
waledosomiieed i n surgical speci nens of control s BEMUS2004/038509
grossly normal - appeari ng nucosa obtai ned 10- 30 cm
proxi mal to col orectal adenocarci nomas. The nucosa was
mounted in Ussing chanbers add the basol atera
v1t|'fﬁﬂb§ﬁlﬁkﬂ?lé'£silﬁt masandapictlhteégelvvetri@sn@lsl,i fiigd lpy changes in
elevating the Kin t er t solu
s G RGP TR CORRUERAnED e ToegeRBa by THmd R ected:
Flguﬁdandaemak&ﬁxdﬂdﬁcxhﬂ sbdntesith@1©qauva¢@ht(Isd of human

circuit podel, of the g |theI Q_ap_ap n .
166H6hc?%h%¥9¥%ﬂ?‘eF§CY+dﬁbt|ve o%c P?l %ﬁﬁ%nFQFQPéé the time

cod@ pansgeg! ldHeaar xpakhyaywhdd ehasa beeny V&lhlef i poltdysium gradient
m cr oel ectrode studies. |ncreasing sero K cause

achafs | the PeSSHE -negdieyv P §ﬁiqﬁ%/8ﬁﬁWe$b% o mal CC)he apical

merfra@le WH ¢him3@ rd¥1BugesaucdEA cafigediaan @kneurmtned in ‘surgical
increase in | corres ondln to blo

pestmel €1 FAPERALEISEDERIdYCBRER] FEPRERIG diooRe optained

1043 t&n -poximYICre2 col&@c&@ﬂ.oﬁalenbahhcmaﬁrml Nieel mucosa was

constant at 125 m M [K] . 13. denonstrates t hat
mouptee, l@epéﬁﬁﬁﬂeah%wquﬁwﬁﬁge etgaﬁﬂéafeﬁnffﬁﬁm%ﬁﬁne resistance

andm99§@$%é< weké quihneaedf Wtépébaﬁlddwetlegn&entmattm serosal
gr adi en

]. Because the voltage,across the ap
baﬂham@ré@éUtSOQeroTﬁ%d%quqﬁxﬁQq&GWdl%Po%s AR W& procked

witier acelul 24 PAtINeRY | STROBSeheAtdate, thaubed apial equivalent
potaSS|un1perneab|I|t¥L can be cal cul ated using the

cirEiugk @@gigth ©oh ithe. epp he iy [j:cf Kgn Vm%:i.ceal,: nileénb[ e conductance

and:a%lfaé@c%o&%[tﬁb@mfo@@g Bhl BhrdB1dihes conced rgdda@e1lular pathway
erence for K across the epithelium Flgure 13

as ddwsnsbeanesvemidiieds eRYv aPEEOFHCHEOR bsFRIHRT mal  dREFeasing

| kgnant sbymRdi st ale £0hOBemd hBegRt €M K-140 pA/cm2) in
ei&ﬁﬂga |I?tyso contrars was 9.34 x 18 cm sec and this

nomml stghot i editeiry wfemrteéobymm%w%?%%ewﬁﬁ gfalpeRufh abrupt
:anrrruCosa JTtnodIAfor éls%on% e¢o Bicew %fa|a§ﬁc@§ K" channels. 1In

e changé in when the K channel s were
carbie(re-lbederhC?EEAn &QSUWﬁﬁgC‘éb%I éfe Lt obk. tThr§> HA/cm’.  The

seros ngtb%ghl wi%_y;%@{edl QuaLt¥AL ugs Ofs G x3Q cnlsec

ec corresponding t o a 40%
Flgmmcxa odlemomstli’ate?ihé@éto@ééﬁvatdleéﬁ§méﬁ%9\/ vhik fREPRCt to the

IscI 3 alE%embg el 8 IKn t:nge aKi1Rgeaeakihibt Yo2NWE the concentration

cBhdlet ance o umail col on, during the devel opnent of _
grahiReeT, . A$KmLIaBeciﬁﬁﬁtQhQuW@L&%séc?éGOFﬁ Bheapical membrane is

zero under these conditions and the paracellular pathway is
nonselective, the P%, (apical potassium permeability) can be
calculated using the Fick equation i.e., Isc = F-PX,-A[K] where F is
thé Faraday constant and A[K] is the concentration difference for
K' across the epithelium. Figure 13 demonstrates mean % sem
values for Is. in both normal and premalignant human distal colon.
The apical K' permeability of controls was 9.34 x 10°cm/sec and
this was significantly reduced by 50% in premalignant human mucosa
to 4.45 x 10 %cm/sec. P¥, could also be calculated for the change
in Isc when the K' channels were blocked with TEA, assuming

complete block. This resulted in somewhat lower values of 6.4 x
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ductal epithelium |npedance neasurenents, and/or DC

nmeasurenent using electrodes with different potassium
w@e@dioents t oget her with specific drugs, such BST/US2004/038509

amloride to block the contributions of electrogenic

Na transport; to the electrical properties of the

breast may be useful to di ag®ose breast cancer cancer.

1075407 $ & i sted Y8 be lT0Ttaoecedorhe speidittte tsr east0%Feduction in

and then the K - concentration varied in the ECM used
Pa.in the nipple electrode or irrigated into the duct to
The JEEASHE Er e dradugiesh potasstbergei seabifield obkanraedip nthe K

t he surroundi ng breast ductal epi m th
perHRRCa AU RTRATFTAtT R o eally By QoL during  the
devd IN¥pRase o PeEEREOL | | t)Snmilblne rreegnl@ﬁ afret hexpevkddpihg breast

i nvasi ve hreast cancer S FOR _US T T
ductsRESHENTE NN O\*“}Qeﬁﬁﬁﬁ& mS?S\I/]éermea t:|‘°’c5nsEa \zagl; e@podséglr% Fgurement
usi Fcf”eﬁé‘é’d&ﬁl%st Qvibe ldﬁ&(fe\mehh pbf—.\awmmradmeertts dmg°ther with

u

rther, as noted above, in_a si gn
speqirfel . Mider %‘Fc%\sﬁ%c?g‘lf'ﬂ’é’t Fral° bg? Gri eg'% ‘f%ntr&gﬁwons of
eleé’tafdg@rh%nsl\la*antgréﬂéﬁﬂrr&, e ﬂ&SCélé)edritElbv\prépertles of the
nbodi nent of a probe or other device or use in loride
brec‘ﬁﬁrfes@ﬁ *?%\}é?ﬁﬁ”&n ton&iageesg bfﬁ?%ﬁ i T3P O N At ur| zecf
may BIRCt 1AdeS hBed €GARTRGhVELhS. LIdalacedaecoratidig thrd the K*-
initial electronic praocessing, chh a?9f| | t.ering,

condrn rAtHONMSE B i i€ dhl B ohiied il Fi=- AvRP! igpiedeetzode or

1rr§ L dd PN GRiPs. tHachyeM s uthebuie agered  mesydured potass:.um
ecific to the individual electrode and reservoi.r

perarbidhity. oHReEYeflornoRBemEHEEPEREIMG BF G L | RHR L sgpithelivm

ije% weyhd el @Qsﬁ%rar&tﬂl@r DEBS L) eﬂi&ntl,ncreased
(Wlﬁ’t gkgg gt a dlr.??ergnt i oni ¢ concentration

perma‘hfaelnetm sm ‘die elegt PoIRE woiPd IV RInOM TEaFhye breast
é’roduces sone variations, as the el ectrodes for one
measur enent are not Iocat ed at the sane points as for

DEVICRA IR USHi YIEHsTiEn BRESFNdeINYENEIMN |y reliable

A nuiné lf A@a?':.é@i@ﬁé' X?e apps 9otk | ot 0Od&Gecéd eWeb be used with
el ec es and use a flow hrough or nicrofluidigc
the spseeemit ol mtemyersol (RYBAErandSdrgss SRecieri 651‘:@‘“ a device
sol uty R0 O AU Shangrethy thassiag Y&lJaried. These
?m’un% electrical current to nove sol Uution or
var bgeidng, hm)glghtbhaﬁneéhse g cadbeehpdtRyh pores in the
Sg,é%?&e e e d 1!‘(% dh die efAdeEdy, dde in the present

eremalns In contact with the sane ,
invention includes a plurality of miniaturized electrodes 1in

can

recessed wells. Surface recording and initial electronic
processing, such as filtering, may be performed by disposable
commercially-available silicon chips. Each ECM solution or agent
may be specific to the individual electrode and reservoir on the
chip. Thus, for one measurement, a particular set of electrodes
would be used. For another measurement, for example, at a
different ionic concentration, a different set of electrodes would
be used. While this produces some variations, as the electrodes
for one measurement are not located at the same points as for

another, this system provides generally reliable results.
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region of the surface of the breast, thus elimnating
regi on-toregion variation in neasurenent. This

wappsosiabs requires tinme for equilibration betweenus2004/038509
different solutions. In detecting the presence of
abnormal pre-cancerous or cancerous breast tissue, a
hand- hel d probe is provide r_obtaining surfac

d
An rA4SHRORBHE SABREATE SHa 50 FAB FTEBE TARF THEEGgend use 2 flow-

thr%ugﬁt r 9pe$: koL rPASE1 PO sGeEERNttcAScH@hde aSoflakions and drugs.
suring. An inpedance neasurenent n?ﬁabe t

Spetmtfmeﬂalw]e seilppienguprel AT Sded ENHd © gﬁ%ngwhe%ssmg small
amcR{(l 5 f.beéil\%%e}l%ari' RRI6 t4P to) edveoden Bitd ddhesi ¥gent through

ect bet ween el ectrodes on_a mnjature I
chadmetlasmpe oubettheengl| BREPDAER BRE aSWHEATS COpet Bhdit e P

SKi nsuy elgetr : QE Mawakfst aken-hplaeRevith the same
thl S| €CLT 00 é%%gh ttﬁlge héa)lln e el d probe. After takin

regnmnt il e neasiacenaft sthQa %qsltng/tﬁ’éﬁsn@&ﬁmlpf%hgg region-to-
ant ar@%tggnl Qhrxqggglﬂjer&é?ltr edugs sSkighloargdagefirdfetime for

re%% Ent” e introduced using a mcrofluidic approach,
eqxﬂslﬁeaupbecbabmﬁ@, t:i@fﬁ@veemfl i utdopRe surfmcalegecting  the

he &l eglrof %eosrmta%etpq:ren%tahxgjraus s fagRcel cd redesst hedssue, a

pr‘ﬁslf&‘:epenet stratum cor neum may be used to
hardﬁ&ﬁa&aS@rlobpedianQeOV1<ﬂ3¢Qill fier f @ytaige ngj tq«,lrtfﬁ§ep|n@§§m:ements at

ena AN Ogﬁyggg%gg: QC%%I%%M%“ Qusceroad o})cyrt Gy @Ogrent as

I ne R nger
we MY t&l@utfomharfermmrlmgl cal Aagempsdanﬁherfﬁﬁéﬂé?’abn*é may be taken

betwllqeel(r:lt ;gi& témg.g% Ut | ﬁneROFJ;PééJese Lo d I'}‘Farﬁﬂ%eqld %ﬁ%&)@m between

a“pRysio oglcal nger sol ution
a 'ﬁuppmal | yug hiedeconsist srof phidksbvey, skdin OebgstypdegnC between

NaHCO 0. 1, nd s cen
eles‘&iﬁ Lgiiﬁfhy?fér aﬁ&lrgﬁ%ophogg‘ﬁéfgsc %/{g‘?t’% og|egf30t5|q|des on @
dudostope Qum@r nexleectskbzhytsansfelcet|e)he¢lta1§pcta@,used weay be taken
the electrol te compris [ OXi 19 t ni
bethsieine 1S HR e§o|°8?251 %68?98 Qé g?gﬁéy Kof(efer I%%klng initial

t oni c
DC Sfd dHhd @entbat aamtgﬁﬁgt/leérrmraldlassmlgangt@!d:rrmyuyb@eug@&roduced

in provocatlvetetm of hee hel i u di .

to TRedehceit? aH“B‘ﬁg , Smé1 %In tcvvln}aly %a ?E@%&{gggd using a4
mi cedan idi Ef epprbacnndisi arscrabedakbave, t e cenducthrice to the
and perneabi ||

of the i.thel ium D|f
surfiggemeolt8i Eé?g‘éﬁ%‘?ﬁss sﬁf@ﬁ gagrlnvfoﬁd {g]éebl Jqetrodes that
judl eglehegents sadi Ustaksampt é@meunForskol ba (wsedi mid adecrease
drugs to raise cyclic -AW) and hornones such as
imgRdsing€ti n or estradiol can also be infused with the
Fllﬂcﬂgefor use with the present inventions could include various

electrolyte solutions such as physiologic saline (e.g. Ringers)
with or without. pharmacological agents. One preferable
electrolyte solution to infuse into the ductal system will
represent a physiological Ringer solution. Typically this
consists of NaCl 6 g, KCl 0.075 g, CaCl; 0.1 g, NaHCOj3 0.1 g, and
smaller concentrations of sodium hyper and hypophosphate at a
physiological pH of 7.4. Other electrolyte solution may be used
were the electrolyte comprises approximately 1% of the volume of
the solute. Hypertonic or hypotonic solutions that are -greater or

less than 1% may be used in provocative testing of the epithelium
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solution to exam ne the el ectrophysi ol ogi cal response
of the epitheliumand tunor to these agents.
weovslosibs/, the cal ci um concentrati on of the iPdTES1004/038509
will be varied to alter the tight junction
permeabi lity and measure the el ectrophysiol ogical
response of the epitheliumt®’this manipul ati on.

 andPexagmihbasonehanyobesritnfazsed 6 NecrKasedtGe will be adjusted

pernmeahi ity of the, tight juncti nd e duct d
undgfecfif §ﬁ§§¥‘6l oﬁ?’&‘gﬁtlrog‘s?por?s%e Wi %ﬁﬁgg@mgégr ed" u? ance an
perﬂbgbﬁyghysaectﬁéCepxatmﬂliem.hav@ftf@gnngi vharpacdiogical agents

an ornones that may be ysed,in,” nge'y st est LAgoroti ,
suchf fhe Tpt CPfe‘i‘{]eum(giﬁd %)ﬁon%lé(r, %éﬁ)gtgé%%%fe %%déhjtﬁlagéni Sto ton)
For@koSpPRCi(biCsimiliay tdragspopt rabse t¢yghti cjANR¢t Bodahormones such

integrity, known to be affected durin arcin esl .
as REPIRC IS dOT pEPLFRET T | §a{}\heaﬁsf)t Li?es g?}okl/vsne o%g‘EH Yre Ringer
solh'ﬂﬁ%ﬁerg_@ tél&énfi'n%ct Eﬂghyéliagjlt&@iphg]lcsi?lh@@m' EtJ;lc _es:ecsfpto_tnhe of the
- epitheliumor tunor. Regardless e configurati : -
epighel RamdeidoetBPS | fflaltog 2SS eadurid ‘& tHer Tie S2oLM
con?%ﬁ%?lati%xﬁn?,@p:th_beﬁinghs@eée_t;la_iti]ilal btbyviatrSetif tooraltttee the tight

ransepi t hel i al i npedance. ese two, peasur.enents :
junchéAnbe ROGMSFAREA 1LY cRBact BFFTHS het8F ectFi°CE rophlE{ological

resgﬁﬁggrtoifestﬂg thecippiitiiel tdimessonbai gl aidn.a Dexamethasone
. devel opi ng abnormal ity of the breast,

and.are then .
maycoigar é8EWEER uRP nVBPVERPSH edd Sof pteﬁg‘eggﬁél%Y o%gos]c g tight

jun%@@ég; M fare AleeetbpRps BilldAlcaneasspen®atei dntbe measured.
i npedance neasurenents are then made to characteriz

AlthheghorPrahEepi eReTPEES ShaV] rieel Properet edrbist ﬁrég hormones

thaldl e:f'i‘af}f - pdNESR JTEAS UF BRI snddW Ot ¥€r IXg POt enthiedl epithelium and
measur enents where the surface potenti is reference

! d
tumog, amngl EPONdEE CHaPNt§IABLSt nO oﬁPﬁEf?ﬂ‘F reQpty, thpnsports or
tlg‘hﬁ%égggzkgnéfr OLingeQBiggM Widdunt hetguctbd UMefEfected  during

ance neasurenents are simlarly _ made between, " ¢
carsinbgere sl ecmaydele olsgds urhadtd AHEceYodd Ghd 1t 18 *nown o

a1 GhELENC R eL BLLE A8 Qb 16D 68N BEdplitiRGl If @he epithelium or
lnt{lﬁl&grcgct%ﬁ)e/ %t rough ylz?fn E ) Wi tﬁﬁf he duct al | unen.
tumblrese nmeasurenents are then conpared and conbined with

rl%'é ”8§p£ﬁ9eéérgﬂrig%'r%€¥15hcék PRASIEEIEN S tsQ ghunt Berused to

th
Reg@ﬁg acterize the €ast tissue. Furthernore a

an .
measnater stiahdrnghef duhtakl eEanoptydiediadi eatepaspt By thaelt, or

alter e?) L ppefance e 2ROt enhi el PRS Mdasumnts may then be
the, &&GP5 glg?agnosi sng; For exanpl e i npedance or DC |
confrdinent i &lo mghairn@rceag@e orthe 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 Dbreast. Surface electropotential measurements and
impedance measurements are then made to characterize the non-
transepithelial 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 or a surface electrode and a reference electrode not in

contact directly or indirectly (through an ECM) with the ductal
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decrease because of several factors . Increased
stromal density of the breast may alter its inpedance.
wabkios/osg6s@ non- speci fic change, which nay not PEmES2004/038509
bearing on the probability of malignancy. On the other
hand, a decrease in the potassium perneability of the
epithelia around a devel opin 8rmlignanc woul d
lurherer e dBesenpedancenants W ¢ ﬁﬁF‘EaF?‘{eﬂﬂ eahingdogith the

tra er‘Pl%h%ild'g&t I%l%tcrﬁ%%@ AL R rReRsSPEST FherhEpedanGRcterize

ntormation i s obtained from ny
théﬁhﬂﬁﬂﬁtbylpsobLng the tissue to different depths using

aced vol tage -sensi I ftE des; gﬁ al basis of
Fu%ﬁ????&ﬁhy5|orgffga ngg%irﬁaco og?c%% érwggéc
théﬁﬂhﬂﬁﬂr@ﬁlommpédanﬁdeﬂorDCDﬁotE@ﬂ&ﬁﬂladndPeFmExﬁ more accurate

ot em I al O%Ierf fegﬁrs‘:lgln Lal ] gé)rgrpl pEPRAURI N0 may increase or

-pr Ilg an or malignant tissue I's
de@&&&é&ﬂbeﬁageefbcaﬁévehéfeﬁanuugs whilohreasehcesraned density of

the e?:grre@ﬁ Iegf“%gggﬁ%ﬂ\ft houswl#ﬁgggﬁéé)n ov'?ﬂlg h@.sabgvenon spec:.flc.

h e use of a ni
ch@&h&Lt r afe dmas nbgenndeschabed bﬂatmgs appl |Tzi'£et| mrcﬂ:@qblllty of

use in breast capcer n ac r Qde .
ma LEERENGY ‘ot hét™ ofF 8ns'aﬁﬁge e epl t 8 ?%%%%a qb TRY Rotassiun
eﬁﬁéénfmﬁgy @ @ﬁégéﬁlfﬁf¥ﬁﬂxﬁﬁdnﬂd 7, deveanpzmmknmixgnancy would
approach i s not desire exa e e
ingrfRTat PRe @R i PRI dlfi’(?t‘%én ?cg‘gf |\r,ﬁ§r?gyopaesn&a 1ahed with a
de iy of c¥ater widHinn t ke Sﬁ@:ﬁ)ﬂ:ﬁbeparfucof fipedance  change.
duodenum Bile dyct tunors dev gg?fro

Ad@heAR | TRt ﬁ@noflstﬁ) tBIJ‘P% m W me%hod by probing the
ti&6@d angiocancEror@mss OldepbhRsepiddiaig al slplanedg ofoltmge-sensing

ancreatic duct, i ancre arc
elg%mqe(f ‘may Thse ‘-h?t?cééfse‘?jp 385%8;1’?%/0% d armacoe.‘Loglcal and

ho Bh&SA T qgﬁnﬁﬁﬁ.'a‘t@@nby toUGhliter (DT tgrteatpulll amd/or DC potential
Physi ol ogi cal saline can be infused into the ducts

45 £ FOTETE AANG G CRTNVH] BTG Al S8 PGS coor ol hoignant

orb%a{ﬁ%léﬁﬁd tnts@oparat awekMet 0 & tamitdifdanthedt egesened, which
tunor T n the pancreatic, or bile_duct usin

enkaresriethet ORI tCe P IATY p‘éﬁl’f‘%néﬁl"egg??r&cSVSF the above

rebbepancreas.or bile duct. Alternatively, the
peritoneal surface el ectrode may. be replaced b

a skin. .
Alshedglitethorusant¢favenetiRP k8 iRt ok’ us@d irep deScribed in

thﬁméﬁi Y-a@E oRONEd NVaSieVe s RBNPEEas N UgthddaY E&a@ﬁéﬂS&d a cup
he cup electrode as a provocative test and

eldetooddhathyf B brsedstin SEBPEL PRIRDF BREFD| Ehe sEphiisdis may be

difficult to access endoscopically, or an endoscopic approach is
not desired. An example would_be the pancreatic and bile ducts,
which join and open 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., cholangiocarcinomas, or the
epithelial 1lining of the pancreatic duct, 1i.e., pancreatic
carcinomas). The ampulla may be accessed endoscopically and a cup
electrode applied by suction to the ampulla. Physiological saline
can be infused into the ducts and then a transepithelial potential
and impedance could be measured intraoperatively to identify the

region of tumor in the pancreatic, or bile duct using a second
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~ele¢thule morraest i $hel PAEL B s Sikdafst Af aF &I R

bi car bonate secretion by the pancreatic ducts. This
response nmay be abrogated by changes in the epithelium
was®ensiated wit h pancreatic carci noma. The di SeET/bs2on4088509
of nmuscarinic receptors, particularly M and M3, may
be altered in the epitheli ungegduri ng pancreatic
carci nogenesis. Therefore specific nuscarinic %goni sts .
i Ifﬁ%ﬁﬁ or bile
nd a 0L i 1AL T BRL N@erPtbROZEPIsHE Falk) ,electrode may be
duc%éri fg%gg?n %Nﬁ%)ﬁmy be%used toelicit a partj culhar d i
repbéead riophy st bl nghenfaqees 9onde T daBRYP TP LR ifgrde When used in
o mSSSEELi PILJ 1 HUGLAL s Pl thilewm associ ated with
pancreati c cancer. Simlar approaches may be used in £
Drughemant ke aihmifwsad atlepah cthf | URIUELECEBOWR agfose Provocative
~Liver cancer, Prestalic,cancesc8pycfie £hAJBRsREh &S| Mimulates
tesg argt regﬁ%gaﬁgeﬁé%:t%ggae app! P ed to the ext e?ﬁgl
bicHriediuizd sweatatsionPhnysitdeogrbareali¢ mdusss i nf TR¥Y FHRRPRSe may
. the urethra. Dir ectili CaheCORPEeEhLOMuhS associated with
be eggﬁBgfé‘ﬁ%d Wt hglﬁlnegeépsr ostat | _cedu.c al and aci ?yar_
panepéitit i varelimongr.ost @he cddatT HoutHan gpentiHEdrihes receptors,
rosfatic et hray,A face Alecthode, NBye tESNcRE ium during
Pargf%‘& %Ir]pyerbﬁ edPdnt"3nt glg&h%%suarface of the epr%gt ate_land ,
panelest 1 ®phyysi iolpgineali s neaSe erfanss SPefF iba cCnBIECRRLIALC agonists
transepi thelial fashion scribed iR the breasticids) and
(Ch%?'?ﬁl?’ﬂlﬁiﬁlcpr o‘\:/%%%tl}eve ?%é Igsenaéhge perfor med Wi t hoo o
anta?@gﬁswd(mdmnms tHiaendepiee el bl | Dantfenacirhe(M3)) may be
e

ectrqphysi ol ogi gal chara . SLi ¢S Of r gl due t
usegdr §&t FC1Epid r%ﬁ&dﬁu\%ﬁéneg%%g§élg§%o&no§? %q orostatic e _O
chlbk 88¢leseciinteting aluccabcepi vl he disspedgsddwiihhgpancreatic

el ectrode, cup placed on the uterine LVl X
canpfysi ol oﬁ’r’@a]tal}s)aﬁpﬁ§°ﬁﬁ§}e%e % usb%d t%%re\gug
extS8h¥bEE] c Gind duetsbke ¢&laptasiecaliveontamtemith the

endonetri um El ectyophysi ol ogi cal. neasu b
Proghtiel @i EANGST eTRY eﬁ‘ée’ggf‘%l&?sr ode‘fSIpI}gac%d{lggaﬁwéel 2%{% gleCtroc}e
apph@EHaYSnQ%%|%mﬁbrablausuthﬂbleme&f@%enébygﬁﬂlngical saline is
~Alternatively, this approach_ may beuse ri.ng ; :
infiygede REC cebhp _C&Hre&gﬁgel ect Pbﬁ%ctl s el‘j‘lse%d:q:iliﬁari %Bﬁggéylon is
estGBNE HRSL | Reh thea prefseaence delcealr auel usechaon ¢pbthelium via

peritoneal or outside surface of the uterus ivagy
progtahiéct dheFS bpeh PRTOUGACSnElT Bﬁ%?%éjt]'ln omféh%hs%r'al AYsurtace
ele§@¥5&¥-mE?rtﬁéﬁwﬁkeﬂlﬁcbhepaar&bkduglamdp Strensar face of the

uct opens inside the, noputh aquposi te the seconyd Hpre;

I .
progbbehe p@@twdq&tggﬁhyS1ologlc measurements ma ade 1in a
transepithelial fashion as described in the breast. Similarly,

ﬁn the intra and
t he -

provocative tests may be performed with drugs and hormones that
differentially affect the electrophysiological characteristics of
abnormal prostatic epithelium when compared to normal prostatic
tissue.

Endometrial cancer may be diagnosed with an electrode cup placed
on the uterine cervix. Physiological saline may be infused
through the 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
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el ectrode may be used over the opening of the duct

i nside the nouth. Physiological saline is infused into
wo bwsdsiass and el ectrical contact is thus estabPCBOSIH04/038509

with the ductal epitheliumof the salivary gland. A

surface electrode is then used over the skin surface _

of the gland and el ectri cal asurenents are used t.o 4 i
useetdbtirgh streadivagiiogies R GeCa LA MR RIPEFESSs ¢ Usec in
coneé%w%L%% hayg heen sai-uGA 2aBPYEr rddY Sud&E b OtiBe MB¥rDEOneal or

4sedq © o di agnose any tunor, where endoscopic access to
outisiieeeputliete unf ithenettepussi bl e or desired. The

application. of physi I ca HNem¥h & 4R Ofnskokhe oral
Sal&é(t%ﬁgt e?i%%/ l%gl%aéség‘édQJ]“%?1 exalf'rc%‘lﬁgle inthe bowel or ot her
cavditgan Syst eaxaere &b ethei parotbht géand t Atepgen’s duct opens
. epitheliumpermts a.tr epl 4 al 1 tooth. A cu
insdidgctt h@%‘?%f ogfca ltr?egtgzer e%r%s%?llt o be rmade wit hgat. _ P
e1d@S@dki NEhyt Obendesdopiverel et reprnigiacefrethe Tust inside the

second electrode. is then.used:to external Iy scanpthequct and
“.‘o"&ﬁ‘gan f #‘yfﬁg?%?%%azlncesaoflﬂg tﬁ%mr%gr@a hor mal lflc ,
cleRpirtilkalli wontStacest heuphystadlogineal wiahi fdeactustad gpithelium

el ectrode in direct contact wt | theld t,RL§ th
of il GO EAPELPTES | Re P roe BCIhUR LBES over che
skiel eqidfeply sifolagi gaknaeasdr ebent si cale pedaanireaenta ane used to

t he i npedance char.act %ri s;li cs of the epitheliumwlI
estab lishe tAE Bt 2P e 't FB"STE f ace- scanni ng el ect rode .
Altirdugh Ree FREOXEbYes Ohthe bader kbyivag abruepmlthis technique

epi theliumor tunmor. The enbodi nents descri hgreLls to th
mayyrke dé%eéjritk?e(?’iaﬁnf’éfae?%ﬁc'éurf‘%rhgv‘r’erhaen%? ﬁ%bdv:\oxresvckeg)?) ccgﬁgérg © e
epithd1QRnhUTBNSAMY pgagsabse doagnizsddred.t h tFhe symidaeiyion of

and the present invention is also inten e £
physdodiogisry SPpEREat+dnt. APt Rbug Ofﬁe%figgg%%?oﬁg%e?eei psed for
exdididdeen descrihediwidh oeherencegdo ysttecul anere - electrical

embodi nents, it is to be understood t.hcat thaese'tra sepithelial
cordrasdi merttd ar &hfer ePPIFIELEET at i RE7YF1 he Sri nciples

eléﬁ?%dﬂﬂ%sﬁ@@&é?@élOﬁeéiK%dﬁéﬂieﬁkainyemhﬁenwiFthS resorting to
therefore_to beunderstood that nurrerouirenfdcl:t_frloc 1i.ONS) o used
endrBCdpd credeCE5oeh P39S tat | VB eABEAT Trent & H T T hat

to OLReL rAL T BROQRBAL StHEY obgasie\Hozedt e t pawisedepardf ng tumor or
fromthe spirit and scope of the %%%)en,t |lnvenlt.| on 3S . a5 an
abrfefriade de - e d VBip pentidtF < | el B A MR AP
el At usy f ofs [deterdddiaeg thecieondiet | @pitielaiuregtbis ofapproach
I Ssue conpri sing: _ _ .
simplifies the approach to electrophysiological measurements.
Depolarization and.the impedance characteristics of the epithelium
will be more accurate when the surface-scanning electrode is in
close proximity to the underlying abnormal epithelium or tumor.
The embodiments described herein are described in 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.
Although the invention herein has been described with reference to
particular embodiments, it is to be understood that these

embodiments are merely illustrative of the principles and

applications of the present invention. It is therefore to be



a cup having an interior, and first and second
openi ngs; an el ectrode disposed within the interior;
w@omsasderir ce of suction connectable to the fiPGL/US2004/038509
openi ng; and wherein when the second opening is placed
over a region of tissue and suction is applied to the
first opening and an el ectri®dal connection is nade
unddettween tihatr egiuorrofis t | Bedif ic@thenexamiedPand™@Hg to the
...electrode. 2 he ar S cl aj , Mensd isd ma be
FLIuShRASE V6T s?ﬁgf’lg%%ei séaa a?{/drjl r?%ét 3.QJC1'[IEI31% apparrg%%lse?%f Y
 devidea Mikthonttedeparsangl Sowr cheobpsnéti apd|scepp of the present
aspirator., 4. The a r clals , further
1nv?ﬁ#%ﬂﬁ ffn&egﬁn%?gb 9%%6% gg??%% ééﬁﬁ%ﬁ%f(ﬂ
facilitating an el ectrical connection between the
region of tissue to be exam ned and the el ectrode. 5.
The apparatus of claim4, wherein said
el ectroconductive nediumis a physiologic saline
solution. 6. A device for use in determning the
condition of a region of tissue conprising: a housing
having an interior space; an el ectrode positioned
within the interior space of the housing; said housing
including a first opening conmunicating with the
interior space of the housing and adapted to be pl aced
- substantially proximte to the surface of a region of
tissue; and said housing including a second opening
communi cating with the interior space of the housing;
-and wherein when said first opening is placed
substantially proximate to the surface of the region
of tissue and suction is applied to the second opening
and an el ectrical connectionis nmade between the region
of tissue to be exam ned and the electrode . 7 . The
device of claim®6, further conprising a flange
surroundi ng said first opening.
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8. The device of claim®6, wherein the region of tissue
has ducts . 9. The device of claim®6, wherein the

wo e@sosiie tissue is selected fromthe tissue BEDUR2004/038509

consi sting of breast, prostate, liver, uterus,
pancreas and salivary gland tjssue. 10. An apparatus
for determ ning the conditi oR¢of a regi on of tissue

CLAGYSpri sing: a cup conprising a housing having an

!nﬁgrioﬁnsggggra sek@ﬁtEQEGEﬁHﬁﬂH%“ﬁﬁéMééﬂdlﬂﬂah of a region
intérior space of the housing, a first opening defined
by offheéibheusi snrariciadapt ed to be pl aced over the

sur face ey i LESsuey ANd 2 ,88C908o P ebdHings;
defi el Eévﬁé ‘;‘ﬁ{o&gﬁt%lg%ﬁ The interior space of the
housi egpchnode disgosed wevhbe e dewedirs/ sald second

OPeN B8 JPARHIING SEXhES:Jdt £ ATURLCLLOD YpddiRp Gnd
el 8cPPBHES operabie o “det ef M ne the el ectrical signal
fr atesaid ehent tbede seandda ogesphayiifg rdegiede duer a region of

communi catian wth sai. I eyj,ge a £
di $peaYet K& eIseuccttrllocr:lalldssinggf%%]Iulédngt6j Lhe®aiRsr tgé%n. Ql,g and an

fromsaid electro _
11e1%herapanr adrrsearfionl dsnmalde bewedm W deagdagupeitngissue to

device is.in,co nicatiq ith said electrode by a

wi P&l 8§§m&%ﬁ%eﬂ% © T;?cg'ﬁéé\é%'ppar atus of claim 10, .
wher.ei nTRai dpgh sphayiofg cdewincé, | shéreigomald cairgs of suction
wi th said peasuring device by a wirel ess connection.
1313A2nBYht% or deternining a condition of a region .
of 3epi t hpéi @ppdraast dfi sduemcdpprhaieig estiablscsiricagod suction
connection petween a first electrode and the

epiifhéPi aFP1T¥XUe of a breast; placing a second
el @ctroggei nappatagis Wi oh t beasurf ace éhrther br eewprising an

eSteéLglcit?:g(i:gr%]dL?ctsiiv%nalme%%.tu\xlt\xeer}otrhe ffaicriititgggna ec gﬁd electrical
connection between the region of tissue to be examined and
the electrode.
5. The apparatus of claim 4, wherein said electroconductive
medium is a physiologic saline solution.
6. ‘A device for use in determining the condition of a
region of tissue comprising:
a housing having an interior space;
an electrode positioned within the interior space of the
housing;
said housing including a first opening communicating with the
interior spacé of the housing and adapted to be placed
substantially proximate to the surface of a region of tissue;
and
said housing including a second opening communicating with
the interior space of the housing; and
wherein when said first opening is placed substantially
proximate to the surface of the region of tissue and suction

is applied to the second opening and an electrical connection
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el ectrodes; neasuring an electrical property between
the first and second el ectrode; and determ ning the

wa@ondosiien of a region of epithelial tissue baBeEnusIw04/038509

the signal between the first and second el ectrode. 14.
The nethod of claim 13, wherein the electrical
property is inpedance. 15. T nmet hod of claim 13, and the
V\:hE$ emﬂde hbetveen rthal Tofperty Hisstepd phentiadtirets,
%1[3 cgzleof claim13, wherein the method of
abl'1's

a connection between the first el ectrode flange
an@l thel‘l'eepl tdﬁ@llpal of ssdeips by 4UCLRREl LCOMPEISHRY @ g

"e'égggox?rg%ﬁlﬁ'éylwf pher hdhitdde cannula is a ductal

he net od of claim 13, wherein the nethod h
of8est dthe steviceea cformiadmi 6m WBereER the Fegien of ti fssue has
gctrode and the epithelial tissue is by an
¥3conductive nedia. 19. The nethod of cl aim 18, )
vvherel nThdedetiont rat onkict | Ve NN she PRI oy ctissue 1s

sal he me d f T NObreast,
|n?l?g%l‘ﬁ%?%g gﬁ age%ltbgl n?% ﬁ] %%rog%%%ﬁstlve rriscts;lf agb aet

21pra_:h‘&m,t Hoidreof, ultarmchanmf@laél anghaabijenty |$tapd tissue.

horHD 2% pAEQEthO b O 8L AN qh@'ﬁ%é*ﬁ%ﬁd%%ﬁdﬂ”bﬁﬁa reglon.
m%% conpri Si ng: establshlnga

coppetisone bc&inw&&magﬁl rst electrode and the
epithelial tissue of the duct of an organ; placing a
seofitP f ¥ 9dé'%t a second I ocation on the body;
est abl I§|’tthL951algSIhgnahgb&mV\BEtrEIIl|®§ Bprse, and second

el ectrodes; measuring,an el ect ef f ¥e DEIMEEIL £ th
the firdt &nd Cfslééo RIS lt%% gﬂ%gter rﬁlﬁi ng th he . ©
condi:timdg), of the sel ected reg| on of ep| t heI ial tissue

based on {he signal, bet f. second
el ect r o¥et 1 5% c%ﬁaé‘ r?r?t ?é h’?‘é ‘J'l{ e%%@t ﬁgapted to be

sepended O8RS Qdhel Surface of a region of tlssue, and

a second opening defined by the housing and the interior
space of the housing; and
a suctlon device attached to said second opening;
a measuring device in communication with said electrode
operable to determine the electrical 'signal from said
electrode; and
a displaying device in communication with said measuring
device operable to display the electrical signal from said
electrode.
11. The apparatus of claim 10, wherein said measuring device
is in communication with said electrode by a wireless
connection.
12. The apparatus of claim 10, wherein said displaying
device is in communication with said measuring device by a
wireless connection.
13. A method for determining a condition of a region of

epithelial breast tissue comprising:
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on the surface of the body. 24. The nethod of claim
22, wherein the epithelial tissue is |ocated within

wo bmshosaest . 25. The net hod of cl ai m 22, wher ePCT/URIH04/038509

epithelial tissue is |located within the prostate. 26.

An apparatus for determ ningg,he [ ocation of a tunor

in a body conprising: first €lectrod er abl d th
ol ATAPRASP BN CCRRP R0 ¢ RoE %enepigt Rerr el e??é’gﬁ%d%fan ©
t heflugle19b120i 96 @it @ peeant; el ectrode at a |ocation

spaced fromsaid first el ectrode, ans far _ -
estRIAGLEE; ﬁgsgcgp%n%&eqﬁﬁqﬂgeﬁntﬁgngg?gtw%éhj%ﬁﬁxﬁﬁfface of the

el agtd@des; and neans for neasuring at |east one

el ectrical property between the first _and second

el etiegde shéngs 9o det T ne{’?ﬁ‘ée%,’bnditgﬁon %rrstqzhe and  second
sel &d8d Jgegqi.on of epithelial tissue based on the

si gnal between the first and secong el ect r@ge. 27. Th cond
appeaaRIrs nef aB| 81 BF DB Cath SFEPRTEHe PEFERER | T fplrro%eratng‘ se

s dyf Aee. ag§- The apparatus of claim26, wherein

the electrical property is a DC potential. 29. ,Tlge (a1t
appiatarmd nghgclthiem e dikiePeiat therRELNS Por epithelial tissue

estahlishingna signal deetwegnthber{idstarandeseaandlectrode.
el ectrodes is by an el ectroconductive nedia._ 30. Th

applt at TheomethapnPfoclaier &3n VAR etbcihdcolffifcticre Property

medj a ;i pysi ol ogic saline. 31. The apparatus of
cl al mlé%,e \?ﬁer ein the at | east one el ectrical

pr offer t iTés imethogl afarilejmol 3 pr ¥peFeiesths netrhimigal property

I mpedan tential.32. The apparatus of claim
26,lsm/;a1aefD§i %B?ﬁﬁ%% east one electrical properties is

a plaralthey ofetpodperafi esslaimel ubiing VigkRfhcethe method  of
meas r%ﬂi%&%%&agtc&HﬁEé@JJHHH%QMeEBeGH§n§i§§t Sikecth¥dbde and the

appeasra us determning the condition of an area of
t | seplichierl ialbodysesnir ibyi mgcahnusg. el ect rode operabl e

forr?]e%%ki%%Ehggngynkfglﬁof6y‘&ﬁbrein the cannula is a ductal

probe.
18. The method of <claim 13, wherein the method of

establishing a connection between the first electrode and the
epithelial tissue is by an electroconductive media. »

19. The method of claim 18, wherein the electroconductive
media is a physiologic saline.

20. The method of claim 18, further comprising introducing
an agent into the electroconductive media.

21. The method of claim 20, wherein the agent is a hormone.
22. A method for determining the location of a tumor in a
body comprising:

establishing a connection between a first electrode and the
epithelial tissue of the duct of an organ;

placing a second electrode at a second location on the body;

establishing a signal between the first and second

electrodes;
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el ectrodes; neasuri

the epithelial tissue of the duct of an organ; a
second el ectrode at a location spaced fromsaid first

webmshsaeke; a neans for establishing a signal bet/vemnd/038509

the first and second el ectrodes; and a neans for

measuring a plurality of electrical properties between

the first and second el ectréd so as to determne the
cardistirdngofnt Akesetiomtledropgiroy BELE§RN Halg dinstsspd second
based . on .the pluralities of electrical properties
beeta\ﬁgéﬁofjﬁg’ffg?%lt and second el ectrode. 34. The ,
apalcamisiof cltaiem 3¥ndittépai n afhe flaur as¢igetefd region  of

el ectrical .properti e NSeA-t Q;HRLEr BLPSe@N the first and
eleé’c’“t‘ﬁli"ie AP LpFofrele ggsgéeogr ggeo lgﬁssue. 12 rhes T
apoaiduslettedde m 34, wherein the electrical profile

i s displayed on a conputer ni . 36 d locati :
cc?naput gﬂk?r gﬁ&EBPeoﬁegﬁﬁrﬁmhg\g?né’%g%ﬁﬁﬁt EP'?AeQSSS?am e rom e
i Rt et sapsaforopeaifeoivaidgg a net hod for deterni ning

the presence of ~a tunmor, in.the, h . : . .
cdfor | g?‘ﬁg?“eé—g?%b?#s " 4 zdoﬁlﬁgggggn%%?é tiheligl fissue is
elirdredewablin tegieast.epithelial tissue within the

duct of a breast; establishing.a nn i on. n -
sécond TBFeBREFBOR & C(]%em%u f’ag'gegfg’g?hgg%ré;g%ttq—gl%q tlssue is

estalaldeshivighan Stignalrdzetween the first and second
an el ectr.i cal

I SO S naTaE e e S L R oo unor oo
PrL£IRAGE chpdi s L@ based on the signal between the
figfgstangl§§¥¥ggl eé§§¥gé¥¥3'for electrical communication with
the epithelial tissue of the duct of an organ;
a second electrode at a location spaced from said first
electrode;

means for establishing a signal between the first and second
electrodes; and

means for measuring at least one electrical property between
the first and second electrode so as to determine the
condition of the selected region of epithelial tissue based
on the signal between the first and second electrode.

27. The apparatus of claim 26, wherein the electrical
property is impedance.

28. The apparatus of claim 26, wherein the electrical
property is a DC potential. .
29. The apparatus of claim 26, wherein the means for
establishing a signal between the first and second electrodes
is by an electroconductive media.

30. The apparatus of claim 29, wherein the electroconductive
media is a physiologic saline.

31. The apparatus of claim 26, wherein the at least one
electrical properties is a plurality of properties, including

impedance and DC potential.
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32. The apparatus of claim 26, wherein the at least one

electrical properties is a plurality of properties, including
impedance measured at least two different frequencies.

33. BAn apparatus for determining the condition of an area of
tissue in a body comprising: '

first electrode operable for electrical communication with
the epithelial tissue of the duct of an organ;

a second electrode at a location spaced from said first
electrode;

a means for establishing a signal between the first and
second electrodes; and

a means for measuring a plurality of electrical properties
between the first and second electrode so as to determine the
condition of the selected region of epithelial tissue based
on the pluralities of electrical properties between the first
and second electrode.

34. The apparatus of claim 33, wherein the plurality of
electrical properties are used to determine an electrical
profile of the area of tissue.

35. The apparatus of claim 34, wherein the electrical
profile is displayed on a computer monitor.

36. A computer-readable medium having 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 a signal between the first and second

electrodes;

measuring an electrical property between the first and second

electrode; and

determining the presence of a tumor based on the signal

petween the first and second electrode.



