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15 Cancer is a leading cause of death in both men and
women in the United States. Difficulty in detecting abnormal
pre-cancerous or cancerous tissue before treatment options
become non-viable is one reason fer the high mortality rate.
Detecting the presence of abnormal or cancerous tissues is
20 difficult, in part, because such tissues are largely located
deep within the body, thus requiring expensive, complex,
invasive, and/or uncomfortable procedures. For this reason,
the use of detection procedures is often restricted until a
patient is -experiencing symptoms related to the abnormal
25 tissue. Many forms of cancers or tumors, however, reguire
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
cancer or tumor is detected wusing currently available
30 diagnostic modalities.

One proposed method for early detection of
cancerous and pre-cancerous tissue includes measuring of the
electrical impedance of biological tissue. For example, U.S.
Patent No. 3,949,736 discloses a low-level electric current

35 passed through tissue, with a measurement of the voltage drop

across the tissue providing an indirect indication of the



35 passed through tissue, with a neasurenment of the voltage drop across the
tissue providing an indirect indication of the 1 6 NOV 2006 WD 03/099117
PCT/ U803/ 15884 2 overall tissue inpedance. This nethod teachkf Nihaglsa
change in inBedance of the tissue is associated with an abnormal condition
of the cel I'¥O@YMIYing the tissue, indicating a tunor, c®CEUSOIHEESBI0r ot her
abnormal biological condition. This disclosure, however, does not discuss
either an increase or decrease in inpedance associated w th abnornal

cells, nor does it specifically address tunor cells. One di sadvant age of
this and simlar systens is that the ipherent DC el ectrical properties of

the epithelioumniare aplsGonsi dfRtbananyTARETORARLL ONBREERSS deVELOP 4N an
epithelium often the ce | ayer that lines a hollow organ, such as the
bowel , or changectah simpestancss, ofuchhas tilssuer east assoprasacht &ithpi ¢hel i al
ti ssue mai I atr ithel jial . .el ectropotenti ( TEP) at ¢ e
altered bf£%%gaﬁéli§ﬁ§§§§goéro§ggsﬁqﬁuI%F#i%thgé#é%?%F ntt%gocgg§¥u$he

epi t hel i unnayatinge a t sutdnseprthabtinal pat eotlied , apastmall dibyopheal

conpared to epitheliumsong distance away from the devel opin ma| i gnancy.
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cancerous conditions. Another disadvantage of the above referenced system

is that tifelfFeqleRcyorane srReGidticadiivneddresst GRmer i¢#bkSrati on may be
obtai ned about cell spRgceyidiigaheabBe JANYR; sOTadd CQYRATLES SAlRGe;

Di fferent frequency bands nmay be ssocliated with different structural or
f unct i onalthagpédies igthenand tRGsabeciSricalf gprepariplas ¢ Ath®uekitPaysimal
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critical mepithelidn)toffeu. tBiconssll Ehgyer 1988t 1inel) .a 2bellldv &Ebgaexanpl e
at high f%%%geg%igﬁé gg%Ql?So; %h ductal structures, such as the breast
or prostate. Epithelial tissue maintains a transepithelial
electropotential (TEP) that may be altered by the malignancy
process. Early in the malignant process, the epithelium may
lose its transepithelial potential, particularly when compared
to epithelium some distance away from the developing
malignancy. Thus, the . combination of transepithelial
electropotential measurements with impedance may be more
accurate in diagnosing pre-cancerous and cancerous conditions.
Another disadvantage of the above referenced system
is that the frequency range is not defined. Certain
information may be obtained about cells according to the range
of frequencies selected. Different frequency bands may be
associated with different structural or functional aspects of

the tissue. See, for example, F.A. Duck, Physical Properties

of Tissues, London: Academic Press, 2001; K. R. Foster, H.P.
Schwan, Dielectric properties of tissues and biological

materials: a critical review, Crit. Rev. Biomed. Eng., 1989,

17(1): 25-104. For example at high frequencies, such as > 1
GHz, molecular structure has a dominating effect on the
relaxation characteristics of the impedance profile.

Relaxation characteristics include the delay in response of a



GHz, nol ecular structure has a domnating effect on the relaxation
characteristics of the inpedance profile. Relaxation charactegiyg éﬁ@
i nclude the delay in response of a 1 6 NOV 2006 WO 03/ 099117 PCTIU /15884

3 tissue twowsebapge in the applied electric field. For % ssmﬁ
applied AC current results in a voltage change across the tissue ich wll

be del ayed, or phase shifted, because of the inpedance characteristics of
the tissue. Relaxation and dispersion characteristics of tissue vary
according to the frequency of the applied signal. At |ower frequencies, such
as <100 Hz, or the so called a- dlspersﬁon range, alterations in ion
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density will depend gp 10he CHIRERIH-QEsaNd 0| efiohhgcytapl apd cel
nucl eus. Characteristic altératlong gccﬁr |#’thgﬂ?on traﬁsport of an

epi t hel i umadledngrtdiesgEnrecess wdngwl | ghtatatiomnsior natn obraf$motti ngndhe

i npedance haracterlstbgg qof the maihellum sured at frequencies in the
cc- di sper SR FanFECIMARELOPR t K ?Eﬁ%ﬂnc ceg@ E8PBict dPAPTAPFERat i ons

with operidi@natet henti ght1hiaeld®NScRihAQGi@ASIRY LESi $hancempkdahbe
paracellulaoépathma s, together with changes in the conposition and vol une
y

of the ceP*ofjispl adth 4&hG HEEABEECY &PPERt PEhUceRpRdEAtekHBadtded MAZt he
(3_diSper%ﬁ?ﬂﬂﬁ?ﬂﬂﬁcalled B-dispersion range, cell structure dominates
the relaxation characteristics of the epithelial impedance
profile. Within this range at low kHz freguencies, most of
the applied current passes between the cells through the
paracellular pathway and tight Jjunctions. At higher
frequencies in the [B-dispersion range the current can
penetrate the cell membrane and therefore passes both between
and through the cells, and the current density will depend on
the composition and volume of the cytoplasm and cell nucleus.
Characteristic alterations occur in the ion
transport of an epithelium during the process of malignant
transformation affecting the impedance characteristics of the
epithelium measured at frequencies in the o-dispersion range.
Later in the malignant process, structural alterations with
opening of the tight junctions and decreasing resistance of
the paracellular pathways, together with changes in the
composition and volume of the cell cytoplasm and nucleus,
affect the impedance measured in the [B-dispersion range.
Another disadvantage of the above referenced system
is that the topography of altered impedance is not examined.

By spacing the measuring electrodes differently, the



Anot her di sadvantage of the above referenced system is that the topography
of altered inpedance is not exam ned. By spacing the neasurjggogelzmtrodes
differently, the 1 6 N OV 2006 WD 03/099117 PCT/ US03/ 15884 epl thelium

can be prokasyi@odhfferent depths. The depth that is ”eaﬁé'f/ﬁgoshﬁssﬁm
surface electrodes is approximately half the distance between the

el ectrodes. Therefore, electrodes 1mm apart wll neasure the inpedance of
the wunderlying epitheliumto a depth of approximtely 500 mcrons. It is
known, for exanple, that the thickness of bowel epitheliumincreases at the
edge of a developing tunor to 1356 204g conpared with 716 112 in nornal
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probe the Specific conductive pathways that are alt uring the
mal i gnant iproéessomparedexatpl 816pdt a38i uim cnndust abceel s reducEadishti he
surface epitheliumof the colon early . i.n the malignant proce O her
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Enpi rical nmeasurements, however, are difficult to interpret and use in

di agnosi s eXPgességanpl e Pathelahdiecelef eReficel®9tweltiidons 4P agtidse caBker by

comparing the measured impedance between electrodes spaced
approximately 2.8 mm apart with the impedance of electrodes
spaced approximately 1.4 mm apart, information about the
deeper and thickened epithelium may be obtained. See, for
example, L. Emtestam & S. Ollmar. Electrical impedance index
in human skin: Imeasurements after occlusion, in 5 anatomical
regions and 1in mild irritant contact dermatitis. Contact
Dermatitis 1993; 28(2): 104-108.

Another disadvantage of +the above referenced
methods is that they do ﬁot probe the specific conductive
pathways that are altered during the malignant process. For
example, potassium conductance is reduced in the surface
epithelium of the colon early in the malignant process.

Other patents, such as U.S. Patent Nos. 4,955,383 and
5,099,844, disclose that surface electropotential measurements
may be used to diagnose cancer. Empirical measurements,
however, are difficult toc interpret and use in diagnosis. For
example, the above referenced inventions diagnose cancer by
measuring voltage differences (differentials) between one
region of the breast and another and then comparing them with
measurements in the opposite breast. Changes in the measured

surface potential may be related to differences in the



measuring voltage differences (differentials) between one region of the
breast and another and then conparing themw th neasurenent$giNgytHib
opposite breast. Changes in the neasured surface potential nmay be rel ated
to differeng@ssidizhe 16 NOV 2006 WO 03/099117 PCT/ US03/ 15@8ismnskdypredance
characteristics of the overlying skin. This fact is ignored by the above
referenced and simlar inventions, resulting in a diagnostic accuracy of
72% or less. J. Cuzick et al. Electropotential mnmeasurenents as a new

di agnostic nodality for breast cancer.é;ancet 1998; 352(9125): 359-363; M
Faupel et al. Electropotential evaluati as a new,  technique for di agnosing
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and AC impedance measurements. The above referenced system

diagnoses cancer by only measuring decreased impedance
{increased conductance) over a cancer.

Another potential source of information for the
detection of abnormal tissue is the measurement of transport
alterations in the mucosa. Epithelial cells line the surfaces
of the body and act as a barrier to isclate the body from the
outside world. Not only do epithelial 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 1is 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.

It is known that the additien of serum to guiescent
fibroblasts results in rapid cell membrane depolarization.
Cell membrane depolarization is an early event that may be
associated with cell division. Depolarization induced by
growth factors appears biphasic in some instances, but cell

division may be stimulated without depolarization. Cell



fibroblasts results in rapid cell nmenbrane depol arization. Cell nenbrane
depol arization is an early event that may be aSSOCIated\Mtﬁbg@LQNEIVISIOH
Depol ari zation induced by growh factors appears biphasic

i nstances, Wolseehil; division may be stinulated without depqhrpi&adsd on. Cell
1 6 NOV 2006 WO 03/099117 PCT/ 13503/ 15884 6 nenbrane depol arization is
tenporally associated with Nat+ influx, and the influx persists after
repol ari zation has occurred. Although the initial Na+ influx may result in
depol ari zation, the increase in sodiumtransport nay not cease once the
cell menbrane has been repol ari zed, pos§| bly due to Na/K ATPase punp
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proliferation may "be initiated followng the activation of

phosphat i dif ialdsines! Nanht canseorias dsranapoydc ofd Kieseeéngergl™ is altered
1, 2-di acyl gl GR g’leﬁngroh_g@g%{)]ca% 4,5-tri phosphate, which trigger Ca2+i

rel ease from  internal Stores +1 and pH may then alter the gating of
various ion channehs imuiber celdf rrermmdnes whhathe ar edemesporedidal e tbrt

mai nt ai ni ng_th voltaeof t he_cel rane. ., Therefore, ere is
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transport HectiyiesnEhatilglre quiescent or non-dividing. Differentiation
is associated with the expression of specific ion channels.
Additional studies indicate that cell membrane depolarization
occurs because of alterations in ionic fluxes, intracellular
ionic composition, and transport mechanisms that are
associated with cell proliferation.

Intracellular Ca? (Ca?%;) and intracellular pH (pH;)
are increased by mitogen activation. Cell proliferation may
be initiated following the activation of phosphatidylinositol
which releases two second messengers, 1,2-diacylglycercl and
inosotol-1, 4, 5-triphosphate, which trigger Ca?!; release from
internal stores. Ca®; and pH; may then alter the gating of
various dion channels 1in the cell membrane, which are
responsible for maintaining the voltage of the cell membrane.
Therefore, there is the potential for 1interaction 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, so that it is largely
unknown how up-regulated proliferation affects cell membrane
potential, transepithelial potential, epithelial impedance,

and ion transport during carcinogenesis.



cell nmenbrane potential. Mst studies have been perfornmed in transforned
and cultured cells and not in intact epithelia during the degghpppgnt of
cancer, so that it is largely unknown how up-regul ated proliferation
affects celyyogpsdsf@ne potential, transepithelial potentigbeyRi{shig! i al

i npedance, and ion transport during carcinogenesis. 16 N%\/}Egoé%
03/099117 PCT/US03/15884 7 It was known that cancer cells are relatively
depol ari zed conpared to non-transforned cells. It has been suggested that
sust ai ned cell nenbrane depol arization results in continuous cellular
proliferation and that malignant transflormation results as a consequence of
sust ai ned depol ar L£at i ¥ andng@whai | that ¢fanaes cetdlliso rafpl arelatiareler
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may result in altered ion transport and cell nenbrane depol arization. Y.
Huang, S.&Eclmesm Siofgl eceRahnatitmitidy 6PNErca (Mg CRQOICAEEdSK+ cdurrent
associatedT i flr in t.r f ¢ Iy ti oy J. ysi ol . 93,..461:
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cancer in m ce. _The_ VA (apical_nemrane voltage MEAFALT j .
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depol ari zetb5+188 ;- 7d. 9. nWote, - 6.4 n¥haftrele of the surface electrical

transmembrane potential in normal and malignant mitogenesis.

Ann. N.Y. Acad. Sci. 1974; 238: 420-435. A number of studies

have demonstrated that cell membrane depolarization occurs
during transformation and carcincgenesis. Other studies have
demonstrated that a single ras-mutation may result in altered
ion transpert and cell membrane depolarization. Y. Huang,

S.G. Rane, Single channel study of a Caf(2+)-activated K+

current associated with ras induced cell transformation. J.
Physiol. 1993; 461: 601-618. For example, there is a

progressive depolarization of the colonocyte cell membrane
during 1,2 dimethylhydrazine (DMH)-induced colon cancer in CF
mice. The V, (apical membrane voltage) measured with
intracellular microelectrodes in  histelogically "normal”
colonic epithelium depolarized from -74.2 mV to -61.4 mV after
6 weeks of DMH treatment and to -34 mV by 20 weeks of
treatment.

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

times greater than those found in their non-transformed ones.



6 weeks of DWVH treatnent and to -34 nV by 20 weeks of treatnent. Wile
epithelial cells normally maintain their intracellular sodium ﬁ ation
wi thin a narrow range, el ectronm croprobe anal ysis shows that1§jﬁﬁgﬁ cells
exhi bit cx&8plasnic sodi um potassiumratios that are three to five tines
greater thafP* 0¥ % ound in their non-transformed ones. 1PETGW/IBH WO
03/099117 PCTI US03/ 15884 8 These observations partly explain the

el ectrical depolarization observed in malignant or pre-nalignant tissues,
because of the | oss of K+ or Na+ gradients across the cell nenbrane. In
addition to cell nenbrane depol arizationg and altered intracellular ionic

activity, ohbeL St WHRSHAUGnghownsaEhel dfers Jray begge decr e@sect fical
el ectrogeni c sodiumtransport and activation of non-el ectrogenic

transport efePela¥igptiinn ahargvesndmt il igprnhePrabrranghananestlshisy
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conposition Specific 1on fransport ons have een descri bed
in col on, pemistate, breast, uterine cervix, nelanona, urothelium and

pancreas during prqliferation, differentiation, apgptosis, and

carci nogenesi s. Ap Bto?FEIBFOBhyE?OI%ﬁ¥ alm TR A ea %pPiaﬁaﬁﬁgl?%guﬁﬁFEd
during theazteyed@piveitacdl IAldrgnandy. ak@AviEgnspohér Bechads shsvafdesied by
apoptosis include the influx of Cat+, non-selective Cat+-perneable cation

channel s, tatki thesRtPont B8 2cHPSFraeechlnRépStragenkd- adiwnt FRaRTRATE J. A

Kimet al.and ngieiRAbn0f o £a3Tor il dogehle MBLRE SMRs { aERPXhEeNhe
i nduced apoptosis in Hep2G human hepat obl’'astoma cell's. Cancer Left. 1999;

147(1-2): davehomrent Acfoenidgimeddadt mpligmeneict on Brege Caghangepnutii e
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J. composition. Other specific ion transport alterations have
been described in colon, prostate, breast, uterine cervix,
meianoma, urothelium, and pancreas during proliferation,
differentiation, apoptesis, and carcinogenesis.

Apoptosis or physioclogical cell death is down-
regulated during the development of malignancy. Ion transport
mechanisms affected by apoptosis include the influx of Ca®,
non-selective Ca?*-permeable cation channels, calcium-activated
chloride channels, and K'-Cl -cotransport. J.A. Kim et al.
Involvement of Ca2+ influx in the mechanism of tamoxifen-
induced apoptosis in Hep2G human hepatoblastoma cells. Cancer
Lett. 1999; 147(1-2): 115-123; A.A, Gutierrez et al.
Activation of a CaZ+-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-Cliva. Apoptosis and cell death channels in prostate
canhcer. 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 is mediated via ions and small molecules
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occurs during carcinogenesis. This results in defective electrical coupling
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i nfluences the electrical properties of epithelia. Polyps or overtly
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Electrical
depolarization has been found in biopsies of malignant breast
tissue. Recéntly alterations in impedance have been found to
be associated with the pre-malignant or c¢ancerous state in
breast and bowel.

DC electrical  potential alterations have  been
reported to be useful to diagnose non-malignant conditions
such as cystic fibrosis, cancer in animal models, human cells
or 1isclated tissue, and in man. Differences in impedance
between normal tissue and cancer have been described in animal
models in wvitro and have been applied to in vivo cancer
diagnosis. DC potential measurements have not been combined
with impedance measurements to diagnose cancer, however,
because electrophysiological alterations that accompany the
development of cancer are generally not fully characterized.
Transepithelial depolarization 1s 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
ion transporf and impedance alterations. Early on in the
process these take the form of increased impedance beczuse of
decreased specific electrogenic ion transport processes. As

the tumor begins to develop in the pre-malignant epithelium,



devel opment of cancer are generally not fully characterized.
Transepi thelial depolarization is an early event during carcipg)ggzmg@'?s,
which nmay affect a significant region of the epithelium(a "field defect")

Thi s depq*,g;,*,@hi.,on is acconpani ed by functional changgéT,iUngQEﬁ4
epitheliumincluding ion transport and inpedance alterations. Early on in

the process these take the form of increased i npedance because of

decreased specific electrogenic ion transport processes. As the tunor
begins to develop in the pre-malignant epithelium 1 6 NOV 7006 WO 03/ 099117
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changes and other facteors. In the absence of knowledge about
the physiclogical variables which influence transepithelial
potential and impedance these kinds of measurements may not be
reliable to diagnose pre-malignancy or cancer. Furthermore a
detailed understanding of the functional and morphological
alterations that occur during carcinogenesis permits
appropriate electrical probing for a specifically identified
ion transport <change that isg altered during cancer
development. For example knowledge that electrogenic sodium
absorption 1s reduced during cancer development in the colon
permits the use of sodium channel blockers (e.g., amiloride)
or varying sodium concentration in the ECM to examine whether
there 1is an inhibitable component of sodium conductance. By
varying the depth of the measurement (by measuring the volitage
drop across differently space electrodes}, it is possible to
obtain topographic and depth information about the cancerous
changes in the epithelium.

The diagnostic accuracy of current technology using
DC electropotentials or impedance alone has significant
limitations. Sensitivity and specificity for DC electrical

measurements in the breast have been reported as 90% and 55%



or varying sodium concentration in the ECMto exam ne whether there is an
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Thus, there remains a need for effective, practical
methods of detecting abnormal tissue.
SUMMARY OF THE INVENTION

To overcome problems and inadequacies associated with
prior methods, abnormal or cancerous tissue is characterized
using DC measurements and impedance measurements in
compbination. DC measurements provide information about the
functional state of the epithelium and can detect early pre-
malignant changes and an adjacent malignancy. Impedance
measurements at different frequencies using differently spaced
electrodes provide depth and topographic information to give
both structural (high frequency range) and functional (low
frequency range) information about the tissue being probed.
Abnormal or cancerous tissue can be detected and characterized
by detecting and measuring transport alterations in mucosal
tissues, using ionic substitutions and/or pharmacclogical and
hormonal manipulations to determine the presence of abnormal
pre-—-cancerous or cancerous cells. A Dbaseline level of
transepithelial DC potential, impedance, or other
electrophysiological property that is sensitive to alterations
in transport in épithelia is measured in the tissue to be

evaluated.  An agent may be introduced to enhance the



both structural (high frequency range) and functional (low frequency range)
i nformati on about the tissue being probed. Abnornmal or canceLS § tzh@sue can
be detected and characterized by detecting and nmeasuring tra § yt

al terationgyd pygef9sal  tissues, using ionic substitutiong-andiNssss
phar macol ogi cal and hornonal mani pul ations to determ ne tﬁe presence of

abnormal pre-cancerous or cancerous cells. A baseline |evel of
transepithelial DC potential, inpedance, or other el ectrophysiol ogical
property that is sensitive to alterations 1in transport in epitheliais
measured in the tissue to be evaluated.12An agent may be introduced to
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current across the tissue or epithelium. For example, current
may be passed between the urethra and surface of the prostate,
accessed per rectum; between the abdominal wall and the bowel
mucosal surface; between the skin surface of the breast and
the central breast ducts accessed by central duct catheter or
ductoscope. A plurality of measuring electrodes is located in
contact with or in proximity with the first surface of the
selected region of tissue as well. A signal is established
between the current-passing electrodes. One or more of the
measuring electrodes measures impedance associated with the
established signal. Alternatively a three electrode system
may be used for measurements whereby one electrode is used for
both current injection and voltage recording. An agent is
introduced into the region of tissue. The condition of the
tissue is determined based on the effect of the agent on
measured DC transepithelial potential impedance or other
electrophysiological characteristics. The electrodes in the
described methods and apparatus can be used in contact with,
in proximity to, over, or inserted into the tissue being
examined. It should be understood that where the method is

described 1in an embodiment as encompassing one of these



measuring el ectrodes neasures inpedance associated with the established
signal. Alternatively a three el ectrode system may be used for urenents
whereby one el ectrode is used for both current injection and N/Q}{Tﬂﬁ‘f;e

recordi ng. is introduced into the region of ti ondi tion
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of the ti determ ned based on the effect of the on neasured
DC transepithelial potential inpedance or other el ectrophysiol ogical
characteristics. The electrodes in the described nmethods and apparatus can
be used in contact with, in proximty to, over, or inserted into the tissue
being examined. It should be understood3that where the nethod is described
in an enboainerger@ntenconpassing one df t heskempBaiNgy/ 2006 iWOc@B/ GAFD17
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ménipulate the tissue. Pharmacological agents may include
agonists of specific ion transport and electrical activity,
antagonists of specific ion ﬁransport and electrical activity,
ionic substitutions, and/or hormonal or growth factor
stimulation or inhibition of electrical activity.

Depending on the location of the tissue to be
investigated, a number of methods may be used to administer
the pharmacological or hormonal agents. One exemplary method
includes introducing the agent directly to the tissue being
investigated, via either direct contact or injection. Another
exemplary method includes applying the agent to the skin
surface, wherein the agent acts transcutaneously, or through
the skin. Yet another exemplary method includes
electroporation, wherein the epithelium or surface is made
permeakble by the passage of alternating current via electrodes
in contact or penetrating the organ or epithelium of interest.
The agent then passive diffuses into the organ and its
constituent cells. 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



investigated, via either direct contact or injection. Another exenplary
nmet hod i ncludes applying the agent to the skin surface, whe iNQ Etﬁeagent
acts transcutaneously, or through the skin. Yet another exeLEI y t hod

includes \ehechd,pporation, wherein the epitheliumor surfl,%qgjshﬁlsmde
per neabl e by the passage of alternating current via electrodes 1n contact

or penetrating the organ or epitheliumof interest. The agent then passive
diffuses into the organ and its constituent cells. Additional exenplary
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cancer. Additik@babsokhectgradagitadvaiingen alay herévivient tepogibbhidbeaset
forth in part in the description which follows, and in part wll be obvious
fromthe @@g@ppﬁ%p%%, Eﬁegﬁgy panformation about the epithelium under

examination to diagnose pre-malignancy and cancer. In one
embodiment, systems and methods of the present invention use
electrodes with specially formulated ECMs to provide
functional information about the epithelium to diagnose pre-
malignacy and cancer.

Additional c¢bjects and advantages of the invention
will be set forth in part in the description which follows,
and in part will be ocbvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

It is to be understood that both the foregoing
general description and the following detailed description are
exemplary and explanatory only and are noE restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figures:



| earned by practice of the invention. The objects and advantages of the
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Figures 4A and 4B illustrates other exemplary
embodiments of a device suitable 'for use with systems and
methods consistent with the present invention;

Figures B5A and 5B illustrate the short circuit
current associated with human colonic epithelium ex-vivo;

Figure 6 is a photomicrograph illustrating
electrophysiologic and histologic alterations that may be
present in colonic cancer;

Figure 7 1llustrates measurements of epithelial
electropotential in a patient with rectal cancer;

Figure 8 illustrates varying ionic content and the
effect on transepithelial conductance in human breast
epithelium;

Figure 9 illustrates measurements of cell membrane
potential in human breast epithelial cells;

Figure 10 illustrates the effect of increasing
estradiol on the transepithelial potential in benign and
malignant breast epithelia;

Figure 11 illustrates conductance and
electropotential measurements made over the surface of the
breast in women with and without breast cancer;

Figure 12 illustrates the measurement of
electropotential at the surface of the breast, and variation

of the measurement during menstrual cycle ;
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VWher ever possi bl e, Fitdheresane rigf er endd lustirhers w | | mbasusedetitys oughout t he
drawings to refer to the same or  like ts. In order to conbine DC
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vol tage sensing el ectrodes, referenced to a |l ow inpedance surface
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.

In order to combine BC transepithelial measurement

with impedance measurements, it may be necessary to obtain

baseline measurement of the DC potential using the vocltage

sensing electrodes, referenced to a low impedance

surface

electrode, or the blood stream via an IV, or the interstitial

body fluid wvia 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, pharmacolcegical 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, pharmacological agent,

hormone, or other compound added to the ECM or otherwise

introduced to the tissue under investigation, sel

ected to

provide further information about the condition of the tissue.
In another embodiment the concentrations of agents may be
changed using a flow through system.

In order to measure the depth of the impedance

alteration, a voltage drop is made between electrodes with



el ectrode, or the blood streamvia an |V, or the interstitial body fluid
via a needle electrode or electrode that perneabilizes the overlying
epiderm s or other epithelium or other body reference point. BV 2000
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agonists of specific ion transport and electrical activity,
antagonists of specific ion transport and electrical activity,
ionic substitutions, and/or hormonal or growth factor
stimulation, which modulates, inhibits or stimulates
electrical activity.

Depending on the location of the tissue to be
investigated, a number of methods may be used to administer
the pharmacological or hormonal agents. One exemplary method
includes introducing the agent directly to the tissue being
investigated, via either direct contact or injection. Another
exemplary method includes applying the agent to the skin
surface, wherein the agent acts transcutaneously, or through
the skin. Another exemplary method includes electroporation,
wherein the epithelium or surface is made permeable by the
passage of alternating current via electrodes in contact with
or penetrating the organ or epithelium of interest. The agent
then passively diffuses intoc the organ and 1ts constituent
cells. Additional exemplary methods include via inhalaticn,
oral administration, lavage; gavage, enema, parenteral
injection into a vein or artery, sublingually or via the
buccal mucosa, or via intraperitoneal administratioen. One

skilled in the art will appreciate that other methods are



Dependi ng on the location of the tissue to be investigated, a nunber of
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investigated tissue. For example, research has indicated that
specific 1lon transport processes are altered during the
development of cancer. For example, a loss of electrogenic Na'
transport, an up-regulation in Na/H exchange, a down-
regulation in K* conductance, a decrease in basal Cl1°
absorption, and a down-regulation in c~AMP (cyclic adenosine-
37,5’ ~-cyclic monophosphate) stimulated Cl™ secretion have been
observed.

Thus, by administering agents appropriate to the
particular epithelial tissue and measuring the associated
electrophysiological characteristics, it is possible to detect
abnormal pre-cancerous oY  cancerous tissue while the
development of such tissue is at an early stage. The method
and system of the present invention 1is 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



regul ation in K+ conductance, a decrease in basal Cl- absorption, and a
down-regul ation in c-AMP (cyclic adenosine- 3',5 -cyclic nonop(][gﬁw Ug)
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abnormal pre-cancerous or cancerous tissue while the devel opnent of such
tissue is at an early stage. The nmethod and system of the present invention
is applicable to any epithelial derived cancer, such as, but not limted
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One probe or other device includes a plurality of
miniaturized electrodes 1in recessed wells. Disposable
commercially available silicon chips processing, such as
filtering, may perform surface recording and initial
electronic processing. Fach 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 is used. For another measurement, for example, at
a different ionic concentration, a different set of electrodes
is 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.

An alternative approach is to use fewer electrodes
and use a flow-through or microfiuidic system to change
solutions and agents. Specifically, solutions or agents are
changed by passing small amounts of electrical current to move
solution or agent through 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 epithelium,

thus eliminating region-to-region variation in measurement.



filtering, may performsurface recording and initial electronic processing.
Each ECM sol uti on or agent nay be specific to the individual electrode and
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| ocated at the sanme points as for another, this system provides generally
reliable results. An alternative approach is to use fewer electrodes and
use a flowthrough or mcrofluidic sys?@m to change solutions and agents.
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introduced using a microfluidic approach, as described above,
to move fluid to the surface of the electrodes.
Alternatively, surface electrodes that Jjust penetrate the
stratum corneum may be used to decrease impedance.
Regardless of the configuration of the device, Figure
1l is a schematic of a DC and AC impedance measurement system
100 used in cancer diagnosis, consistent with the present
invention. The system 100 interfaces with a probe device 105
including multiple electrodes, wherein the actual
implementation of the probe device 105 depends on the organ
and condition under test. The probe device 105 may
incorporate the electrodes attached to a glove, needle, body
cavity, endoscopic, or surface probe. A reference probe 110
may take the form of an intravenous probe, skin surface probe,
or epithelial surface reference probe depending on the test
situation and organ under investigation.
To aveoid stray capacitances, the electrodes may be
connected via shielded wires to a selection switch 120 which
may select a specific probe 105 following a command from the
Digital Signal Processor (DSP} 130. The selection switch 120
also selects the appropriate filter interfaced to the probe

105, such that a low pass filter 1is used during DC



stratum corneum may be used to decrease inpedance. Regardl ess of the
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depending on the context of the measurement. This processing
of the signal will be controlled by the DSP following commands
from the CPU. The signals then pass to a multiplexer 150, and
are serialized before conversion from an analogue to a digital
signal by the ADC. A programmable gain amplifier 160 matches
the input signal to the range of the ADRC 170. The output of
the ADC 170 passes to the DSP 130. The DSP 130 processes the
information to calculate the DC potential and its pattern on
the epithelial or skin surface as well as over the region of
suspicion. In addition the impedance at varying depth and
response of the DC potential and impedance to different ECM
concentrations of ions, drug, hormones, or other agent are
used to estimate the probability of cancer. The results are
then sent to the CPU 180 to give a test result 185.
Alternatively the signal interpretation may partly or
completely take place in the CPU 180. An arbitrary waveform
generator 190 or sine wave frequency generator will be used to
send a composite waveform signal to the probe electrodes and
tissue under test. The measured signal response (in the case
of the composite wave form stimulus) may be deconvolved using
FFT (Fast Fourier Transforms) in the DSP 130 or CPU 180 from

which the impedance profile is measured under the different



fromthe CPU The signals then pass to a nultiplexer 150, and are
serialized before conversion froman analogue to a digital signal by the
ADC. A programable gain anplifier 160 matches the input si ghhINO¥difehe

range of thgoH#911370. The output of the ADC 170 passes bperiResdasB 130. The
DSP 130 processes the information to calculate the DC potential and its

pattern on the epithelial or skin surface as well as over the region of
suspicion. In addition the inpedance at varying depth and response of the
DC potential and inpedance to different ECM concentrations of ions, drug,
hormones, or other agent are used to &% imate the probability of cancer.
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el ectrophyrbohogbTadidallof, horemnalghyspb0bgically, or hormonally probe
the epithelium under test. Spacing of the electrodes may be
greater for the prostate configuration than for other organ
systems so that deeper tissue may be electrically prcbed and
the impedance of the deeper tissue evaluated. The electrodes
will  be interfaced via electrical wire, or Wwireless
technology, with the device described in figure 1 above.

Figure 3 is a schematic of an endoscopic probe,
consistent with the present invention, which may be placed in
contact with the epithelium endoscopically. This probe may
either be placed passively in contact with the epithelium or
held in place by pneumatic suction over the region of
interest. ©Ports are in place for the exchange of solutions or
for fluid e=xchange and suction. Guard rings may be
incorporated to prevent cross—talk between electrodes and to
force current from the contact surface into the epithelium. In
this configuration there are four current passing electrodes
each positioned radially 90° apart. This permits current to be
passed and the voltage response to be measured in
perpendicular fields. This enables the effects of surface

asymmetry on impedance (such as occurs with aberrant crypt



the epitheliumunder test. Spacing of the electrodes may be greater for the
prostate configuration than for other organ systens so that qiqmgwwﬂssue
may be electrically probed and the inpedance of the deeper tissu
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wi reless technology, with the device described in figure 1 above. Figure 3
is a schemati ¢ of an endoscopic probe, consistent wth the present

i nvention, which may be placed in contact with the epithelium
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nipple electrode or ductal probe 430, illustrated in greater
detail at close-up 440. One advantage of this configuration
is that DC electropotential and impedance can be measured
between the nipple electrode 430 and the probe 400. The
measurement 1s thus a combination of the DC potentials and
impedance of the breast ductal epithelium, non-ductal breast
parenchyma, and the skin.

Referring to «close-up 440, the ductal probe 1is
inserted into one of several ductal orifices that open onto
the surface of the nipple. Ductal probe 443 is shown within a
ductal sinus 444, which drains a larger collecting duct 445.

Another advantage of using a nipple electrode is that
a solution for irrigating the ductal system may be exchanged
through the probe, permitting introduction of pharmacological
and/or hormonal agents. As shown in magnified nipple probe
443, 443’ fluid can be exchanged through a side port. Fluid
may be infused into the duct and aspirated at the proximal end
{away from the nipple) of the nipple probe. Different
electrolyte solutions may be infused into the duct to measure
altered permeability of the ductal epithelium to specific ions
or the epithelium may be probed with different drugs to

identify regions of abnormality. Estradiol, or other hormonal



detail at close-up 440. One advantage of this configuration is that DC

el ectropotential and i npedance can be neasured between the nipple el ectrode
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made between the cup and a surface breast probe.

Figure 4B illustrates the probe 400 of Figure 4A in
greater detail. The skin contact of the surface 450 is placed
in contact with +the breast. The surface electrodes 451
measure DC or AC voltages. The current passing electrodes 452
are used for impedance measurements. Probe 400 may also
include one or more recessed wells containing one or more
ECMs.

Further embodiments of this technique may involve the
use of spaced electrodes to probe different depths of the
breast, and the use of hormones, drugs, and other agents to
differentially alter the impedance and transepithelial
potential from benign and malignant breast tissue, measured at
the skin surface. This enables further improvements in
diagnostic accuracy.

EXAMPLE 1. COLON CANCER

In colon cancer, the following electrophysiological
changes have been observed during the development of the
abnormal tissue: loss of electrogenic WNa+ transport, up-
regulation in Na/H exchange, down-regulation in K" conductance,
decrease in basal Cl° absorption, and down-regulation in c-AMP

(cyclic adenosine-3’,5’-cyclic monophosphate) stimulated C1°



made between the cup and a surface breast probe. Figure 4B illustrates the
probe 400 of Figure 4A in greater detail. The skin contact of the surface
450 is placed in contact with the breast. The surface el ectrode§0¥3006
measur e ol tages. The current passing el ectrodes 452 are used for
inpedancggﬁgggﬁgg%ents. Probe 400 may al so include one B TIPE e cessed
wel |l s containing one or nore ECMs. Further enbodinents of this technique
may involve the use of spaced el ectrodes to probe different depths of the
breast, and the use of hornones, drugs, and other agents to differentially
alter the inpedance and transepitheliags potential from benign and malignant
breast tissitetim@asured At rduddeski NoSUrpEanaddlicyiRabl emd Urd¥efonal

i nprovenents in diagnostic accuracy. EXAMPLE 1. COLON CANCER In col on
cancer, tHOPHPGACRG SacthopRFEF ot cbP JdeRgRbeshREfe 10t HSHOFEY
during thgwdevweliepient of the abnormal tissue: |oss of electrogenic Na+
transport, up- regulation in Na/H exchange, down-regulation in K
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hor nonal bemaaspihateédnarchntbe persfponsed to diatfdetrenhesghammdalanspant
alterations. By using el ectrolyte conductive pmedium (E of _different
concent r FABRE. THe BEn ARG opBir EPEST D e T B CEPaS PR kARG  t he
response dre di f faneni spépsdracokagtcal ifFlahkesecan §kedei@sigdied.oq@ichkiier ent
pharnacogggical,a%:nts are adm ni stered that influence el ectrophysi ol ogi cal

properti EEECIIIE IOBO\AEJZmaﬂuth&%%' miotmralla B dirFdEnt OF ef% o
pre- canCelfastdf SRNEREOHSnEESSUE. oFOlcaRIBLE, tissue. For example,
glucocorticoids or mineralocorticoids, administered by
injection or orally, increase the transepithelial

electropotential (TEP) of normal colon, but have a lesser
effect on pre-cancerous or cancerous tissue. These steroids
up-regulate electrogenic sodium absorption, thereby decreasing
sodium specific impedance in normal colon.

The measured TEP decreases in response to a topically
applied amiloride (a sodium channel blocker) in normal colonic
mucosa. This response is reduced by approximately 50% in pre-
cancerous mucosa or by greater than 75% in cancerous mucosa.
In addition, the leoss in sodium conductance results in an
increase of impedance of the surface epithelium. This ion
transport alteration may be measured by determining the change
in TEP as well as the basal impedance. In abnormal pre-
cancerous or cancerous tissue, the TEP is lower, the response
of the TEP to amiloride is less, and the increase in impedance
{observed in normal colon in response to amiloride) is less in
abnormal pre-cancerous Or  Cancerous tissue. Similar
pharmacological agents may be introduced that alter the effect
of chloride or potassium ion transport, which affect abnormal
pre-cancerous or cancerous tissue in a different manner than

in normal colon tissue.



gl ucocorticoids or mneral ocorticoids, adm nistered by injection or orally,
increase the transepithelial electropotential (TEP) of normal qucznﬁ but
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to atopically applied amloride (a sodium channel bl ocker) in nornal
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between these different regions can used to make a more
accurate diagnosis of cancer or premalignancy.

In one embodiment, electrophysiological measurements
are performed using a series of two or more electrodes
attached to an examining glove or probe. Scme factors
influencing the spacing of the electrode and fhe signal used
include the depth of penetration desired and permeabilization
of the surface epithelium using penetrating agents. A probe
that permits variable frequency signals and wvarying electrode
placement provides the most versatile arrangement, but a probe
or glove providing a single frequency signal and/or static
electrode placement may also be used.

Sodium: Sodium conductance and absorptive properties
in the surface cells of the colonic epithelium are markedly
attenuated in some pre-cancerous and cancerous cells. By
measuring the impedance of the colcnic epithelium using low
frequency sine waves and closely placed electrodes, it is
possible to determine the electrophysiclogical activity of the
surface cells. Passive electrodes, placed between current-
passing electrodes, measure the impedance, while ECMs of
different sodium concentration may be wused to reveal

alterations of the specific ionic permeabllities of the
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ratio may be determ ned, expressed as the change in surface to deep sodium
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cell s fraomdhe2d@®eper <1.0. Both the ratic and absolute number change.
Measuring the ratio effectively normalizes the measurement for
the particular individual and epithelial region under test.

A number of ECMs and pharmacclogical agents may -be
employed to characterize the sodium transport characteristics
of colonic tissue. In one exemplary method, initial
measurements are made using an electrolyte solution containing
10 mM KClL in the BECM, either in gel or solution, which
interfaces Dbetween the electrode and the bowel wall.
Measurements are taken relative to an intravenous reference
electrode or a low impedance skin electrode, having a minimal
offset voltage relative to the underlying extracellular fluid
and bloodstream. The TEP is then measured at increasing
levels of sodium, both in +the absence and presence of
amiloride or similar agent, such as benzamil, (10 pM - 1 mM)
to block electrogenic sodium transport. The difference
between the two measurements will be the TEP attributable to
the electrogenic sodium transport across the bowel epithelium.
The electrogenic component of spdium transport is diminished
by 40-50% in colonic epithelium that 1is at-risk or pre-

cancerous.



epi theliumthat do not have as high a conductance. Therefore, the ratio of
surface Na+ conductance /deep Na+ conductance goes from>2.0 h@ f[ﬁ] 0. Both
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Anot her nethod involves a flowthrough solution change system whereby

sol uti on changes ERY2B81HAf oratleadsHEPPRNLS| SdMiédsr to that described

above, with reference to sodium, are performed with reference
to potassium. Specifically, an early decrease in potassium
conductance is associated with at-risk or pre-cancerous
colonic epithelium. As cancer develops, potassium conductance
becomes up regulated and potassium secretion may be enhanced.
The decrease, and then increase, 1in potassium conductance
enables not only identification of abnormal tissue, but also
the determination of the condition of the tissue, as either
normal, at-risk, pre-cancerous, Or cancerous.

Impedance measurements may be performed at varying
concentrations of potassium, using signals of varying
frequency, and using variably spaced electrodes, thus
providing an impedance profile including the superficial and
deep epithelium. For example, one method of determining an
impedance profile, with reference to potassium, is as follows:
A TEP measurement is made using increasing concentrations of K'
and all nmeasurements are performed using ECM containing
amiloride or another blocker of the electrogenic Na® pump to
remove the contribution of electrogenic Na® transport to TEP.
Using the well method described above, the ECM in each well
contains a combination of amiloride, bethanacol, forskolin,

and 3-isobutyl-l-methylxanthine (IBMX). Each of the four



el ectrodes. Potassium Measurenments simlar to that described above, with
reference to sodium are performed with reference to potassi

Specifically, an early decrease in potassium conductance is1ggk@%2@@ed W th
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which opepgifadd1 SeNsiti ¥eaMp  opening up K'-channels. IBMX, a
phosphodiesterase inhibitor, may be used to raise c-AMP.

Other agents, such as theophylline, may alsc be used to raise

c—-AMP. Agents, such as dibutyrl c¢-AMP, may be used +to
increase c-AMP directly. These agents maximally increase
potassium conductance and secretion, permitting the

identification of reduced potassium secretion and conductance
associated with at-risk or pre-cancerous tissue.

Another such method employs measurements with a
series of wvarying KCl concentrations in contact with the
colonic mucosa, such as 10, 20, 40, and 80 mM KCl. Electrodes
containing 10 pM - 1 mM amiloride in the ECM are used to
measure TEP and impedance, both in the presence and absence of
K'-channel blockers, such as 20 mM TEA (tetraethyl ammonium)
and 5 mM barium. The TEP is lower than normal in the at-risk
and pre-cancercus tissue. The impedance is lower than normal
in the cancerocus tissue. In transitional tissue or tissue
adjacent to developing cancer, impedance may be higher than
normal.

Chloride: Similar to the methods for sodium and
potassium described above, chloride conductance can be used to

determine abnormal pre-cancerous and cancerous tissue.
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to cancerous, the overall chloride conductance increases and
is accompanied by increased Cl° secretion. The surface/base
ratio may become less discriminatory, however, because normal
epithelial morpholeogy is lost in a malignant tumor.

As with potassium, chloride-dependent TEP is measured
using increasing concentrations of Cl°. Measurements are made
in the presence of an ECM containing a sodium pump blocker
agent, such as amiloride, in oxrder to negate the contribution
of electrogenic Na* transport, and agents, such as bethanacol,
forskolin, and IBMX to maximally open Cl~ conduction channels
in the surface cells of the colon. The wells have Cl-
concentrations varying between 15 and 120 M, while
maintaining the concentrations of Na and K ions and keeping
osmolality constant. In at-risk and pre-cancerous tissue, the
Cl™ is reduced. Additionally, the TEP is lower than normal.
In cancerous tissue, the basal Cl° secretion and Cl1°
conductance 1s increased.

Drug Provocation: In addition to the ionic

manipulations described above, the colon responds to a number
of different hormones, growth factors, and diets by changing
‘the ion transport characteristics of the epithelium. For

example, aldosterone (a mineralocorticoid) and dexamethasone



colonic tissue as either normal, at-risk, pre-cancerous, or cancerous.
Specifically, at-risk and pre-cancerous epithelium exhibits aP BW @bl
decrease in chloride conductance, with an increase in the sur @1 tg

ratio. Aswvidesdobfigue progresses to cancerous, the overabprgRbpisigde
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CancerOUScﬁaﬁﬁﬂtErﬂkﬁMaéerofthtBe epithelium may be used to enhance
differences Dbetween normal and abnormal colon tissue in
impedance measurements and/cr other measurements of the
electrical characteristics. A high-potassium, low-sodium diet
will produce similar effects in a normal bowel. Other agents
may be administered directly to the surface of the bowel and
produce similar effects in normal epithelium. Carbenoxolone,
for example, when administered rectally, increases TEP in
normal bowel, but has a lesser effect on pre-cancerous or
cancerous tissue. It causes an increase in TEP bkecause it
inactivates 11B-HSD (ll-beta hydroxysteroid dehydrogenase).
Cortisol has mineraloccorticolid effects on the bowel and
increases electrogenic sodium absorption and therefore
increases TEP in normal but not in abnormal or cancerous bowel
epithelium.

Figure 5A demonstrates the short circuit current of
human colonic epithelium ex-vivo. The figure demonstrates the
time course along the =x-axis while varying the potassium
gradient across the tissue. The potassium permeability of the
apical membrane of human colonic mucosa (P%) was determined in
surgical specimens of controls and grossly normal-appearing

mucosa obtained 10-30 cm proximal to colorectal adenocarcinomas.



response is significantly different. The hyperpol arization and increase in
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speci nenduigrogdseEsPde afugi o8 s| Inerpafaindameeasiang X ngavsad obbai hed t20- 30 cm

proxi mal .;to colorectal adenpcarcinoms, 1 6 2006 03/099117
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basol at erg@lcogRnbriane dasc it bty dliaeasweenie Myd iddetdpbndehgvabi ng the
K+ in the serosal bathing solution. The apical sodium (Na+) conductance was
bl ocked W4k, PV BRiFRE| d&. ThPENeHF ot ddbl GE8FEEsReRBaNE quFTentthei rcui t

model  of fhe gRbLhek YL is to -65 puA/cm?, The serosal bath was remained
constant at 125 mM [K].
Figure 5B demonstrates that AI,, determined with
' respect to the Igc at 125 mM mucosal K, is a linear function of
the concentration gradient, A[K]. Because the voltage across
the apical membrane 1s zero under these conditions and the
paracellular pathway is nonselective, the P%; (apical potassium
permeability) can be calculated using the Fick eguation -
i.e., Isc = FxPY,A[K) where F is the Faraday constant and A[K]
is the concentration difference for K' across the epithelium.
Figure 5b demonstrates mean * sem values for I 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 mucesa to 4.45 X
107 %m/sec. P¥% could also be calculated for the change in I
when the K' channels were blocked with TEA, assuming complete
block. This resulted somewhat lower values of 6.4 x 10 %cm/sec
and 3.8 x 10™°cm/sec corresponding to a 40% reduction in PX..
These observations show that there is a field change
in the K' permeability and conductance of human colon, during

the development of cancer. Impedance measurements, 318



to an apical nmenbrane conductance and el ectronotive force in parallel wth
t he paracel | ul ar pathway as has been verified by m croel ectlg(@yszn@dl es.

I ncreasi ng serosal K+ caused the 'Sc to becone negative (-1 in

nor mal colvamoemdobary Whi ch 30 nm nucosal TEA caused an abli,@@;[]swﬁ;ggase in lsc
corresponding to block of apical K+ channels. In cancer-bearing colon the
reduction in lIsc is to -65 Alcn2. The serosal bath was renai ned constant at
125 MM [K]. Figure 5B denonstrates that Al,c, determned with respect to
the I's, at 125 mM nmucosal K, is a linear. function of the concentration
gradient, A[K]. Because the voltage acridss the api cal nenbrane is zero
under t heBRaBFFMaNtonsuBHRE t helepredas | HEER pat Rwdfersnhonsepetesyium t he

P a (api Cé&ac@ﬁrﬁ:%s' H@&e%ﬁ@?‘cl‘x' \%n)ecif‘{'c bérﬁﬁécms%gd 51 agi 1ha dd ok,

equation - i.e., = FxPxaA ere ist Faraday const ant and Al K]
is the cohb@q?ﬂirﬁhﬁorcodlﬁlflbﬂléneesf@rf Kelemimegentie N ttralnisport Rioguthe 5b

denonstra r c.ln ot Q and,.nprenmal i nt human
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and thi s maxscs:r.gnl ficantly reduced by 50%| n premal i gnant human nmucosa to

4.45 x 10-6c¢n se Pxa cou] d also be cal cul ated for, the.change in Isc when
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corresponding to a 40% reduction in Pxa These observations show that there
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propert i es e 00 are use gnhose CO cance
depolarized to 0 mV with a much higher conductance than the
surrounding epithelium. The surrounding or adjacent epithelium
is also depolarized at about -20 mV but has a higher impedance
than the cancer or normal epithelium. Note that the darker
layer, the epithelium {e), 1is on the top surface. This is one
cell layer thick, but form crypts, like inverted test tubes
with proliferation and secretory function at the base and
differentiated cells and absorptive function at the mouth. The
inferior layer (m) is the muscle layer of the bowel. This
small tumor has already invaded the muscle layer. More distant
epithelium is also depolarized but to a lesser degree at -40
mv. Potassium conductance is decreased in this
morphologically normal-appearing epithelium. Chloride
secretion is also decreased compared to the tumor, which may
actively secrete chloride. The sodium conductance, Gya , is
decreased and the Na/H exchanger is upregulated. The colonic
mucosa tends to be thickened with elongated crypts in the
region of the developing cancer (adjacent zone). Most of the
impedance resides in the epithelial layer, and therefore a

higher impedance below 750um indicates an epithelial

thickening associated with cancer. Recognizing the



Figure 6 is a photom crograph which illustrates sone of the conplexities
associ ated with el ectrophysi ol ogi cal and hi stol ogi cal alteratggqﬁwtﬂﬁn
occur in the devel opment of colonic cancer. The cancer is a1l i

di aneter, wowssdeye and an ulcerated |esion that coul d e5%ir % ssed at
coIonoscopy (because it is a depressed |lesion). The cancer |s epol ari zed
to O nVW with a nmuch hi gher conductance than the surrounding epithelium The
surroundi ng or adjacent epithelium is also depolarized at about -20 nV but
has a hi gher inpedance than the. cancer or normal epithelium Note that the
darker layer, the epithelium(e), s 8fh the top surface. This is one cel

| ayer thi® CQﬁﬂPWM@ﬁﬁﬂ@gyﬁﬁé I|H@§tﬁﬁ0er@@ﬁbl%%tatdbégnoﬁﬂﬁhq@wﬁanm@ﬁatlon

and secretp t%éhfr&érél%t' neat .the; g@go 1&&;}1% e_ntv| %glcghlaé ?nd absorptive

function at e mout i Sthé" raferi he muscC ayer of the
bowel . Thi s smal Flguner Thasmahstadyes maabdretmmtrmsccﬁ eslafeare anwadi st ant
epitheliu also gepo ri.zed hut .t.o ee_at -40 Po&aSS|um

conduct an e&éc?rl aset TA T W e%ra&hol%egfeg%nlcf or FRl -asﬁeaﬁ

epi t hel i mnrf@'deor ofle a sézeehion dx-ialesio sieediagsedoonpsereit t eouale taulaor
whi ch may acti veI secretﬁ chl orljg(e The sodi um conduct ance,
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cancer (adjacent zone) i npedance resides in the epitheélial
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col on andninutes, although the relative electropotential differences
from region to region remain similar.

The "“starburst" at the lower end of the figure, 2-3
cms from the anal canal and 5 c¢ms from the anal verge has an
electropotential of 410 mV measured over the surface of the
tumor (left hand column "Normosol Ringers’s™). Normosol
Ringer’s is a physiological saline solution containing
approximately 5mM K. The normal mucosal surface
electropotential is -50 to -70mV in the rectum. As measurement
are taken some distance from the tumor the bowel remains
depolarized even up to 20 cm from the edge of the tumor where
readings of -40 to -45 mV are observed. This region is
depolarized relative to normal colon where levels of less than
-50mV are observed.

When electropotential measurements are made in normal
colon using an ECM with a higher K' concentration an increase
in electropotential (increased positivity) of 20 mV or greater
is freguently observed. This is because the normal colon is
selectively permeable to K and the increased ECM K’
concentration sets up a diffusion potential for K' across the
ion-selective conductance pathways. In the cancer bearing

colon K+ conductance decreases in the region of the developing



rectumfroma 45-year-old male with an ulcerated rectal carcinona.
Fol |l ow ng resection the specinen was imedi ately opened in a |ongitudinal
direction and surface electropotential neasurenents were na{l§ NO§i 7085

di f ferent Wa§dhiego11r0l | OW Ng excision there is usually a degk L4} the
el ectropotential ("run-down") of 5-10 nV in the first 5- lg Rﬁh&ﬁltf?%s

al though the relative electropotential differences fromregion to region
remain simlar. The "starburst” at the |ower end of the figure, 2-3 ens
fromthe anal canal and 5 cros fromthe_ anal verge has an el ectropotenti al
of +10 nmV neasured over the surface of3%he tunor (left hand col um

" Nor nosoltuRiofgeéss wed'l) agorapdsoldisRianger ' £rom a physiil ogi cal sdlfieddsol uti on
cont ai ni APAL9XE: mRkel y + e I f

el ect ropg%enntl alzg?éslg?%g't ﬁ”%dé; i %-gt ﬁg%g@ Gm 2\%’%0 %{Er %%‘g‘ﬁfr f:lcrhgrteaken
sone di stisnesdendhatliy nwnmmhange howeher raasused debatardzectkrenierl wpeho 20 cm

fromthe ,ed .t he tunor ere_ readi.n §f -40 to -45 e ohserved.
Thi s regitg’ﬁgaﬂ d‘éc‘pé“lha?ﬂgféjd%@f“aéi NZS 38 ﬁ%r Rﬁl (HUE ST 15015 ess
than -50mMicameselsaivngdr’ Wigntel REEADHOEENIMAl " IR agUIIENtiSH aFigurage in
normal colon using an ECMw th a hi gher K+ conpcentration an increase in
el ect r opdtRerfta £° @h&reRs &S ereitvib§) cBene® Y etegrerentials deggent | y

observed.ngkhi sxdeederausg thasnepmalsoarhono msef G | VREY cBGEMBRDI Gt O Kt
and the increased ECM K+ concentration sets up a diffusion potential for K+
across t HéemaronAeferther topreriante phAthWaysonranthettemce bBear B/Y col on
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(other than K') is set-up in the vicinity of the tumor.

Depolarization in  combination with altered K
conductance and permeability may be used to diagnose the
presence of cancer or increased risk of cancer. Altered K'
conductance 1is observed before tumors develop in the bowel.
Combination with simultanecus impedance measurements increases
diagnostic accuracy.

EXAMPLE 2. BREAST CANCER

As mentioned above, impedance and DC electrical
potential have been used separately at the skin’s surface to
diagnose breast cancer. In the current invention, the
impedance characteristics of the overlying skin or epithelium
are measured and factored in to the diagnostic interpretation
of the data. For example the surface potential may be more
positive (or less negative) than the reference site because of
increased conductance of the overlying skin, rather than
because of an underlying tumor.

The electrodes are placed over the suspicious region
and the passive DC potential is measured. Then AC impedance
measurements are made as discussed below. The variable
impedance properties of the overlying skin may attenuate or

increase the measured DC surface electropotentials,



("Normosol Ringer's") to mddle colum "30 MM KA ™" in figure). Up to 20 cm
fromthe tunor the change in electropotential does not exceed 15 nV (-45 to
-30nv) 20 cuts fromthe edge of the tumor. A further increaskf NOV 20l K+
concent r aty he ECM results in small increases in Ltivity away from
t he tunor ngsl‘%%llgnorral ous decrease in positivity near o?’gi‘b}s{)%]@s%umr,
suggesting that a diffusion gradient for a different ion (other than K+) is
set-up in the vicinity of the tunor. Depolarization in conbination with
altered K+ conductance and perneability may be used to di agnose the
presence of cancer or increased risk o86cancer. Altered K+ conductance is
obser ved Alsfeomattisrebys devel opmpediheebaredsurdoemiisnat i ah w tdi ffemehttaneous

i npedance. measur ement s increﬁggzéxdi.a osti c_accurag EXAMPLE 2. BREAST

CANCER As TREVERSHES dbde inf ce”gﬂ&dﬁc 2l ggpleir&épos%t SHTEMUREFe been

used sepayiateclwavl drhecsiKidy SarsWgpGRd OC AAARRRE breasie ,CaNCaiolth@et he
current invention, the inpedance characteristics of the overlying skin or

epi t hel i #9 &% Weds9re¥idddPrabEBFEaSE n The t ¥RS M teivsstale thet érkdrecdt i on

of the dajiherFaipRRRM the A8r hage POIEd And™Ye DI & ROSHET Wge( OF
| ess negative) than the reference site because of 1ncreased conductance of

t he over IBgasyireRi-nUnderh®F rhaditbetaustned Wreumder Ind mpasenehifThee
el ectrodeg arg,placed %Sﬁh%g .%Hapl&&&gsegi%e%alanpowﬁt%fs'avte feg;e

potential 1's measured. i npedance “nmeasurenents ar e fmade as di'scussed
bel ow. Theinfaceabl Bhei npaglkeaicel yir opeppeesied tdfe dher | gkhg sKilvwrayhe
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at diff emeisuriceguenneeskimysanfddéal |y include a superinposed continuous

sine wave on top (c))lflcgntggpglcﬁdrg)gui/gsl tfr?e'iwea:htaisﬁ%" %% vtcl)*llet as %.n surface
there 1s pseudo-exponential decay in the skin surface
potential using the above referenced approach. Ions in the
ECM diffuse through the skin and make it more conductive,
particularly because of changes in the skin parallel
resistance. The +time constant for this decay i1s inversely
proportional to the concentration and ilonic strength of the
gel. Once the skin is rendered more conductive by the ECM the
capacitive coupling of the surface to the underlying potential
of the tumor or the surrounding epithelium is lost so that the
measured potential now reflects an offset and diffusion
potential at the electrode-ECM-skin interfaces.

The use of pharmacological and/or hormonal agents,
however, in combination with both impedance and DC electrical
potential, provides an even more effective method for
detecting abnormal pre-cancerous or cancerous breast tissue.
Breast cancer develops within a background of disordered
proliferation, which primarily affects the terminal ductal
lobular units (TDLUs). The TDLUs are lined by epithelial
cells, which maintain a TEP. In regions of up-regulated
proliferation, the ducts are depolarized. The depolarization
of ducts under the skin surface is capacitively coupled with

the overlying skin, which results in skin depolarization. When



and AC voltage will be measured. The resistance of the skin or other
epitheliumat AC and a different resistance at DC are neasured. Under DC
conditions since there is no phase shift we are able to rreasulreb(re évhe
transepi t Rghigghoop@t ENti al at the surface. The capacitive Ero W edllbf the
skin allow the underlying breast epithelial and tumor pSCafitSsP¥issty pe
nmeasured at the skin surface. Once the ECMresults in "wetting" of the skin
surface there is pseudo-exponential decay in the skin surface potential
usi ng the above referenced approach. lons in the ECMdiffuse through the
skin and meke it nore conductive, par87cularly because of changes in the
skin para | eimor esesbaspe. ibheat irggisanss ANtup-eegiilasedeCayol SFddamasel ¥
proportiqgnal to tlhe cog)centrati on and ionic strength of the gel. Once the
skinisr VEF l¥oPg OFRAGEL PFeNbherABCECMY HeY c3gRRIRTIAEL GifRaF§dof t he

surface tgthheotéler IntigRenBotent tak fealshe AAMOELEN iliSeHHdOUNE REe
epitheliumis lost so that the neasured potential nowreflects an of fset
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i npedance a el ectrica potential, pr des an even nore efrective
met hod f drormgeescandgmababruwal gyeteancer ous or cancerous breast tissue.

Breast cancer devglops within a bhackground of disorder roliferation,
ahtch pr a1y aTPec SRl drer el SaatEaPPRyhEFESEAT . HoRINE “oFne
TDLUs ar éoddased by sepet hedi al 7-peddtsadieilchhagi nbaen aodddkvdd regi ses of

up-regul %{}% proliferation, the ducts are depol arized. The depol ari zation
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conpared g5110wing sublingual administration of 17-p-estradiol (4 mg).
This agent produces a rapid response, which peaks at
approximately 20 minutes. The electrophysiclogical response
depends, 1in part, on the stage of the patient’s menstrual
cycle, as well as the condition of the breast tissue.
Specifically, in normal breast tissue, a rise in TEP will
occur during the follicular (or early) phase. In pre-
cancerous or cancerous tissue, this response is abrogated.
Post-mencopausal women at risk for breast cancer may have an
exaggerated TEP response to estradiol because of up-regulated
estrogen receptors on epithelial cell surfaces.

Figure 8 demonstrates the effect of wvarying the ionic
content of the bathing Ringers solution on transepithelial
conductance. The human breast epithelial cells were grown as
monolayers 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 wvoltage
clamp. The conductance was measured by passing a 2 PA current
pulse for 200 milliseconds and measuring the DC voltage
response and calculating the transepithelial conductance (y-
axis), and plotting it against time (x-axis). The conductance

was measured first in standard Ringer solution, then in a



wi th other regions of the breast and the inpedance of the cancerous breast
ti ssue decreases. El ectrophysiol ogical responses in TEP and iggiggg

change under the influence of hornones and nenstrual cycle. F @Ele,

t he eIecthBHM §9gogical response of breast tissue to 17-(3-estradiol has
been observed 1o be different in pre-cancerous or cancef&d&SPIS58¥4e than in
normal breast tissue. In one nethod of present invention, estradiol 1is
introduced directly into the duct or systematically follow ng sublingual
adm nistration of 17-R-estradiol (4 ng). This agent produces a rapid
response, which peaks at approximatel 820 m nutes. The el ectrophysi ol ogi cal

response sodgp@rdseei N PRihgee) thetBkagersfudiel pabi estasdaedSIRikger, cycl e,
as well as the condition of, the breast tissue. Specifically, in normal
breast ti%d&fe, 18 ri sPetporEpnyiinee oRéngerudndy £RBaLdY| i Eeberninsr &arly)

phase. | stk rBANCRIJUIS 851 GRNGET QHS14 1 RaYRtal RifRg " BORARSS as%noalaﬁqggt ed.
Post - nenopausal wonen at risk for breast cancer nay have an exaggerated TEP

r esponse 4 i@g: thai studéeduse of up-regul ated estrogen receptors on

epithelial cell sggfac i 8 {gyggr e effect,. gf, vanyi t he
ionic content of the g%?ﬁ?ngﬂ{§age?§ SO uti5ﬁ§g%gtr§ﬁ§§pf¥ﬁéﬁiaﬁ£hg9
conduct amsmonEligahasanher exsiduepiankel iodl bealibs \hemenghoesds epihelldger s on

MIlipore filters and grew to nfluence.in 7 to .10, days. The ithelia

wer e the@ﬁ%ﬁﬂuﬁﬁjqu?éﬁﬁﬁﬁﬁﬁi rﬁfnq@ﬁgﬁﬂgﬁslﬁn&lﬁﬁeréncgﬁ&u§%§ﬁggs wer e
measur ed gisithglaa¥okeage. Chamia® TAed cCRhdimiee twas fRAsidied abyepagsi Nng a 2
pA current pulse for 200 ml|liseconds and neasuring the DC voltage

r esponse 3RRFOEAMEGRPAYT ngOt #edt? dMSet ¢ e TRAC IRt ance (y- axis), and

plotting it againsheliIB.dX- gt - (BAQ1canduciance Has W@dlﬁhégt i n
standard Ringer solution, then in a 16 NOV 2006 WO 03/099117 PCT/ US03/ 15884
38 sodi GRNSETRERFer ththencorAUuFtare o &f anBatdgmmger human  breast

epithelia grown  as a monolayer. . The conductance is
significantly lower in the malignant epithelial cells. The Na*
and K° components of conductance are approximately, 4 and 1
mS.cm 2 respectively.

In malignant tumors as opposed to ﬁonolayers of
malignant epithelial cells the tight junction between cells
break down and the tumor becomes more conductive than either
benign or malignant epithelial monolayers. This observation
may be exploited in the diagnosis of breast cancer. The lower
conductance of the epithelium around a developing tumor,
together with a region of high conductance at the site of the
malignancy, may be used to more accurately diagnose breast
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 9 demonstrates measurements of cell membrane
potential (¥) in human breast epithelial cells. Measurements

were made using a potentiometric fluorescent probe, and



then in a potassiumfree Ringer and finally returning to standard R nger
solution while maintaining normal osnolality during the studi ¢§.NOVH8Upper
plot (filled squares and solid |ine) denonstrates the conduct ance of benign
human br eggd opbihel ia grown as a nonol ayer. The conduci,?ui: BQI gher in
the benign epithelial cells. The Na+ and K+ conponents of con uct ance are
approximately, 10 and 5 nS.cm 2 respectively. The lower plot (filled circles
and dotted line) denonstrates the conductance of malignant hunman breast
epithelia growm as a nonolayer. . The conductance is significantly lower in
the malignant epithelial cells. The Ne¥® and K+ conponents of conductance
are appréﬂtﬁﬁ’fﬂégylc4 and TeaRBIERPRL S esptidlyel gre | ncﬁﬁﬁbgﬁﬁﬁ@ t 4§BRY as

opposed rs t e thellal ceIIs he t.i unction
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beni gn or(dmlsegn@a&cgabqhalnualab@émbaw@bén Eakalebs;eb\fatésq&adﬁray Rehe
exploited in the diagnosis of breast cancer. The lower conductance of the
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the sum of the apical lumlnal) cell membrane potential (V)
and the basolateral (abluminal) cell membrane potential (Vg).
Therefore Vy= Vi +Vp,(changes in Vp and Vg, will therefore alter
Vr or transepithelial potential).

Figure 9 demonstrates that benign breast epithelial
cells have a ¥ of approximately -50 mV in the absence of
estradiol and -70 mV when estradiol is added to the culture
media. Malignant and transformed cells have a ¥ of between -31
and -35 mV in the absence of estradiol and approximately 50 mV
when estradiocl is present in the culture medium.

The difference in the electrical properties may be
exploited to diagnose breast cancer in vivo. Surface
electropotential measurements are a combination of the
transepithelial potential, tumor potential and overlying skin
potential. Physiological doses of estradiol may be
administered to the patient to increase W and the sustailned
effect of estradiol results in an increase in transepithelial
potential and tumor 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.



rati ometric measurenments, which are calibrated using valinonycin and
K+-gradients. "Ps were neasured in the presence (closed ci rc1 EIVEL
absence (open circles) of estradiol (the active netabolite of estrogen).
Each synbeo omosdbhe nmean neasurenent. The upper error baﬁ’cirﬁlgésfh%ss%t andard

error of the nean, and the lower error bar is the 95% confi dence | evel for

t he observations. The addition of estrogen to cultured breast epithelial
cells results in an instantaneous increase in LY (data not shown) as well
as transepithelial potential see figure 10. Transepithelial potential (VT)
of an epitheliumis the sumof the ap‘?%al (lumnal) cell nenbrane potential
(VA) and the basbt at @rarldabban nargd cdiiatmenbr & pot enttisdlantaBepus

Ther ef or = + i, VA 9’3’9 VBE Wil re._altar or
t ransepi t%ﬁggiog?’[éboggtﬁ%%&%% git]nr eAQ em)?gf r altéesé?%%?é%e%flgrﬁﬁggggt
epi t hel i #&ipitbellis, havheaeaP ofthappchximat elor - Hhstdined hexposemee bb

est radi ol 5 n estradi ol is_added taq t ujture i a.
Mal i gnantesg%gdf'rzgng Swnga cel Iascﬂhoé"veé: e{'ncﬁegfsebé‘flmer&y-l}lrar%lsr?&)q%g@%ﬁ?/li n the
absence efleesttppdiehthnd) afpy oxa pgradnt S€elds. Wiencastreadi aleasairemesent in

the culture nmedium The difference in the electrical properties my be
expl oi t e®%t OSHFgaﬁﬁseeﬁ?‘é%’é?p%taﬁ{Ee‘ra]i naPFy oI MREIFRCR %#ﬁ??’f r efiPT &l

neasur eneihrate ageidy i of ofadde-. transapid halo aiehohsttdds tHEDS
potential and overlying skin potential. Physiological doses of estradiol

may be ddFitARSpBeeEst 6TERELpAT emcneasingr ceses Phnastrediuktanntle ef fect
of es”a@'x‘abséﬁﬁgéfiéi‘ BB+EREE SRS ETEP) tB%?nﬁ@H&?Helah@ maﬁ‘l?lﬁgfx\:ahuﬁgﬂ tunor

pot ential neasure | as e}n Increase In surface elect I’OpOt en The 1 ncrease
f ol | owi ngpreastaiepddhedipds ped Lsas dposeelld vére i grpunt asedenoleypoase) i s

LS5 oo PIEALTAR RS S, oSO FORC O BoL38117
The epithelia were then mounted in modified Ussing chambers
and the TEP was measured using a voltage clamp. Increasing
doses of estradiol between 0 and 0.8 uM were added (x-axis}.
The transepithelial potential was measured after each addition
and the TEP was measured (y-axis).

The different dose response is apparent for benign
and malignant epithelia. Malignant epithelia have a lower TEP
but undergo an instantaneous increase in TEP of approximately
9 mV (becomes more electronegative and reaches a level of < 6
mV) after exposure to only 0.1 upwM estradiol and then
depolarize to approximately -2 mV with increasing doses of
estradiol up to about 0.5 pM. Benign epithelia have a lesser
response to increasing doses of estradiol and do nct peak
until almost 0.3 pM and then remain persistently elevated
{higher electroc negativity), unlike the malignant epithelia,
with increasing doses of estradiol.

This difference in dose response may be exploited to
diagnose breast cancer. Estradiol, or other estrogens, at a
low dose will be administered systemically, transcutaneously,
or by other route. The instantaneous response of the surface

electropotential and impedance may then be used to diagnose



response, illustrated in Figure 10, is greater in malignant epithelia,
whereas the chronic or sustained exposure to estradiol results in a | ower
increase in TEP (transepithelial electropotential) in malidnRROy k! s.
Concurren ment of surface electropotential and inpedance allow the
nor e acchygﬁgagﬁzgnosis of cancer. Figure 10 dennnstratggggﬁ /15884

i nst ant aneous effect of increasing doses of estradiol on the
transepithelial potential (TEP) of benign and malignant human breast
epithelial cells. The cells were grown as nonolayers on MIlipore filters
and grew to confluence in 7 to 10 days41 The epithelia were then nounted in
nodi fi ed Hissisttg chacker s wiadhd therdz@dwascdmasiyy ed usdsweg: a volddAge idkanp.

I ncreasin doses of estradiol between 0 and 0.8 _gM were added (x-axis).
The tran gpﬁéﬁﬁﬁlmﬁgPéﬁF?ﬁF %%%HQW%EQﬁqﬁﬁcéfpérDga@ﬁaﬁﬂﬁ???ﬁﬁ a the TEP

was neasured (y-apigure The dhbler 8ot dEiosth dee IRANRH - dnendRP MRt af:0rzoBeni gn
and mal i gnant epithelia. Malignant epithelia have a | ower TEP but undergo

an i nst antfanébustifcredstacn PEP &headpiendtvat &ty thify {EREWRAY nbhe
el ectr onggatiwe -and, # e@ﬁge%y@rh??[ﬁg Qheif Qmﬂ%n Lt erg ej_(gﬁ§yr PnkPe0gky 0.1 M
eto ely -2 nvV wt

estradi ol and then depolariz ppr oxi ma I ncreasi ng doses
of estradiidll pveyeabsymeoverikbBentconpepinthed§ askiavelmpddegamr, whésponse to

i ncr easi S e i nd _dq .net. Kk ntil al 0.3 pM and then
remain pgggggigntﬁé e?%éggggéaf%id%EP'gﬁ%@??o ﬁggatﬁ%itéggﬁﬁﬁﬁQﬁé% t fig
mal i gnantevdpichiceli aby wthe | noreedsippdndosesrot esbradi ol . Ebuhs diyinbeilence in

dose response may be explaoi,ted to diagnose hreast cancer. Estradiol, or
other eorrBgenenta, the PsabonearvtoRe adri T Conuy By dihetapoard
transcut arequshvn o8r th¥ Rther route. The instantaneous response of the

surface electropotential_ and inpedance may then be used to diagnose 16 NOV
2006 WD 03/ 099117°9%N/ B803Prisggarrasenyr BgasuEaRerEs whede Apr eREEur acy

over exishihd a biopsy 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 associated with
sui:rounding breast epithelium that demonstrates up-regulated
proliferation. These regions ("adjacent region") are
depolarized and may have a lower conductance than either over
the region of malignancy. This decreased conductance may be
because of decreased K' -conductance of the adjacent and pre-
malignant epithelium as I have observed in human colon.

Bach of the three groups of symbols represents
measurements from over a suspicious lesion or region, then the
adjacent region, and then over normal breast in an uninvolved
quadrant of the breast. The first two symbols (circles) in
each of the three groups are impedance measurements where the
median value is plotted against the left y-axis as conductance
in mS.cm?. The second two symbols (squares) is the surface
electrical potential measured in mV and plotted against the
right y-axis; each division equals 5mV. The third two symbols
{triangles) is the electrical index for benign and malignant
lesions and is in arbitrary units and 1s derived from the

conductance and surface potential measurement. Tt is



di agnostic nodalities using i npedance or DC neasurenent alone. Figure 11
shows conduct ance neasurenents nmade at 2000 Hz at the surface]@fNIVhRDG
breast. At this frequency the influence of the overlying skin inpedance is
| ess. Thengobgosestyi | | however sone variabl e conponent of pekheiFpgdance,
which results in significant variability of the neasurenent as evidenced
by the overlapping error bars. Each synbol represents the nedian
measurenent with error bars the standard deviation of the nean. Qpen
synbol s represent neasurenents nmade in patients wth a biopsy proven

mal i gnancy, while. closed synbols re ‘ngent measurenents nmade in patients

whose subSEGEEATeLEi opsIPRAERAN t othata BReHiYnipr de6Ss atRilans iRbrdeystic
di sease. Jdvald-onant |@3L0RS rar Ee%&@f?ﬁsé@%ﬁé %F?agxﬂé)th FlL g Ak east

epitheliumthat denonstrates up-regulated pro ration. These regi ons
(" adj acermancgygi ¢an) ber morgepolaraiedy adtagmys drhwes imd oweromomadrdoancé t han

either ov e i.on. of ' ne Thi;s ,decreased conductance may be
because o%rggggeaéi’%r%&a&coﬁ%%%‘gg%%%lytof aPﬁe Aggj%én gﬁ‘ "&nd nberaes-urr?'&‘leiné:ﬁént
epi t hel | aAdelr kahenabsentedof nthismabeciat e kaidll dfnvdierd hee ugeouvms of

synbol s represents . nmeasurenents fr ver a suspicious . |esion or region,
t%en t he sP%cﬁeélc@ CF&B%SH, %anBrPhgngg)\flg‘?r J?r%ptg}seé’sﬁj the el?ﬁ;%mvép ed
quadrant e t hesdreast. thee fHdrslonkwQ SWHQsS (&id cl 88hein a?éﬁ‘ﬂsOf tbhe

three groups are i ngedance measur ements where the nedian value is plotted
agai nst tHe fegrntadtys aaliendudbsncelmrgfansem and THe ywspHdeddadynbol s

(squar es)pdrerkh 15U RGE RIAY | Gild PHANahtMeazuRed | RiaM,and ghatted
against the right y-axis; each division equals SmW. The third fwo symbol s
(triangl eepsiugedheat| ekhe i ciiin ndexffoe. benilisanwibdl | gmaite Ifwgitbrs and is

in arbi trar o%;nteﬁtgngnil ?lggﬁﬁyggﬂgf%@%% conduct ance and surface

potenti al asur enment . ‘WO 03/099117 PCT/ US03/ 15884 42
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 12 illustrates this
variance. This figure demonstrates electropotential
measurements taken over the surface of each Dbreast at 8
different locations with an array of 8 electrodes on each
breast referenced to an electrode on the skin of the upper
abdomen. Measurements are taken with error bars equal to the
standard error of the mean. Filled circles and filled squares
represent the median wvalue from the left and right breast
respectively. The vertical dotted 1line is the first day of
each menstrual cycle.

It can be seen that the median values for each breast
tend to track one another with lower values in the first half
of menstrual cycle (follicular phase) and higher values in the
latter part of cycle (luteal phase). blthough the measured
electrical values are not completely superimposed, because of
other factors affecting the electropotential of the breast, it
can be seen that the lowest levels of electropotential are
observed B8-10 days before menstruation and the rise to the
highest levels arocund the time of menstruation. This may be

because estradiol levels are higher in the second part of



i medi ately apparent that there is less overlap in the error bars (standard
devi ation of the nean). Therefore breast cancer can be nore accurately

di agnosed using a conbination of surface potential measuremehb NAKQOs

AC- i npedang@osimasiir enents.  Furt her enhancenents of thi SPS%%EQIB wil |
i nvol ve the use of spaced electrodes to probe different depths of the
breast, and the use of the hornones, drugs and ot her agents to
differentially alter the inpedance and transepithelial potential from

beni gn and mal i gnant breast tissue, and neasured at the skin surface. This
w [l enable further inprovenents in d‘f:’agnosti c accuracy. It should be

under st oB@NSkEAL heCEeT ad@hodeRerhlY mfdaftenent breddrast tisegdaceari es
based on hhecRepbibAPiQ{. the woman in her menstrual cycle. Figure 12
illustrates this variance. This figure denonstrates el ectropotenti al

measur ement s t akehhaveryeheslur facteoh eafh dlechtoputehtidlf f ecgdvikpcati ons
with an %Tre%y é)f b§eglsgct r‘,ioczl:%sr on ea%gligéga {vere e[senged to_an eII]tectrode on
t he skin Of the upper apdoren. S Megstrensht s ar e tak6N WY hPeYToI birs equal
to the spiandardiefferteraf. t he SeRatlaFll| edigheel eslarsdd i | bd squEaes

represent .t he nedian yalue fromthe left and right breast respectiyely. The
verti cal e&S’FgEBPPFﬁEt?g t REST iHRSerysd Jthene g SR IR e‘?‘a € &¢8n be

seen t hatthehe fireehadnVabigsr&Qr weeae N aastnidend #ia d HatloraR@ iaROLRARr Wi th
| ower values in the first half of nenstrual cycle (follicular phase) and

hi gher vaCueRIPHTRE imt BenuphPr of didferEntt etaYphas¥pasarenerighothe
measur ed ¢l Qelir-cRl pRles sar %n@oﬁn%gﬁghﬁéela)f SR ERPS @4 neRCCRYS R Of

other factors affecting the electropotential of the breast, It can be seen
t hat t he dyohesenkblebsaofnockestropatendiadneais hanserseedB-al@iddpsebef ore

renst a2, Eigptlta! Byt bEee L AUESoA AL UL LIS BB b g
part of DpeGkNCGh20§0 WO OHOA8LHEN PCI USEY 16884 a malignant region,
relative to normal areas of the breast). Secondly, estradiol
or another agent that changes the electropotential of the
breast may be administered systemically, topically
{(transdermal), or by other means, and the drug or hormone-
induced change in surface potential may be used as a
provocative test to diagnose breast cancer.

In these ways breast cancer can be more accurately
diagnosed using a combination of surface potential measurement
and AC-impedance measurements.

EXAMPLE 3. NASOPHARYNGEAL CANCER

Using methods similar to those described with respect
to colon cancer, it is possible to use pharmacclogical and
hormonal agents to enhance electrophysiological alterations
caused by nasopharyngeal cancer. One exemplary method would
be a nasopharyngeal probe that would include wells providing
for varying concentrations of K' and would perform simple DC
measurements.

EXAMPLE 4. PROSTATE
Figure 13 represent measurements of cell membrane

potential (y) in human prostatic epithelial cells under

different growth  conditions. A Voltage-sensitive  FRET
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ROSTATE Figure 13 represent neasuyenents of

. [EXAVPLE 4.
amb’it‘gﬁﬂl%l It(‘ES?r)f PORUHER P osTER T BT Hel 'EFE IR Uit @

di f f er entt1gb@ekbesoadinii @SscopeVobhagea seligitave EREdid® NPS2H6 The

ratio measurements are calibrated wusing Gramicidin D to
depolarize the cell membrane and then varying the external K'-
concentration. The calibrated cell membrane potential in mV is
depicted on the y-axis.

The filled bars indicates the vy of exponentially
growing ©prostatic epithelial cells Dbefore they reach
confluence, whereas the open bars depict the vy of the cells
once they reach confluence and cell growth slows. The first
two bars demonstrate that prostatic epithelial cells are
depolarized when rapidly growing and hyperpolarize by about 20
mV when they reach confluence. The second pair of bars
demonstrate that exponentially growing cells are depolarized
even in growth factor deprived culture conditions (stripped
serun) and hyperpclarize less in the absence of growth factors
on reaching confluence. The final pair of bars demonstrate
that cells grown in the presence of the active metabolite of
testosterone, DHT (dihydroxytestosterone), are slightly
hyperpolarized during exponential growth, but depolarize on
reaching confluence,

These differences in cell membrane potential support
the notion that growth conditions of prostatic epithelia in
vivo will 1likely influence the cell membrane potential of

prostatic epithelial c¢ells. Cell membrane potential will

cel |



WO 03/099117 PCT1US03/ 15884 44 (fluorescent energy transfer) probe was
used for potentionetric ratio neasurenents. It has two fluorescent
conponents: CC2- DMPE (Counmarin) and DI SBAC2(3) (Oxonol). Thqﬁpqwﬁgw
distributgg i%ﬁ)lf on opposite sides of the cell nenbrane in a rnstian
manner accoP gt §fFo the W The voltage sensitive distri RGEiUSH3/HB840x0N0l i s
transduced through a rationetric fluorescence signal via the coumarin which
is bound to the outside surface of the cell nmenbrane thereby anplifying
the fluorescence. Measurenments were nmade using a fluorescence m croscope
and a digital imaging system The rat4® neasurenents are calibrated using

G am ci dijm Py cedepod ariri se thehha Mergyang ;and thensyakyi ngd heygxt ernal
K+- concentration. The calibrated cell nenmbrane potential in nmV is depicted
on the yPRpos§at¥hesprfaeq- bdrlscnadiloat ebnt Hdev BE eRpberbiahl mgasyredi ng
prostati it hel. el.l s re.t.hey r.each fl ue r t open
bars depﬁ%%gfhgghkgg%gtﬁg é%%ﬁgjggﬁgg #%S% ?%%%%ﬂ%%%?ﬂﬁg%%gggngggglngromﬂh
sl ows. ThHagnost prustbbescaeoenstrate that prostatic epithelial cells are

depol ari zed when rapidly .growi ng and hyperpol ari ze, by, about 20 n¥V when they
reach confluence.g%%%r%eeghdg%ﬁgPsgfaﬁ%$seR&EﬁﬁﬁB?Fﬁ%El? at"SHEER al |y
growi ng eeldes @rer depeol pibaedte eveEn d Npgliamth dagt os depmavedrewihuee

conditions (stripped seru and hyperpaql arize less in the absence of growth
factors 1% Mm&ddfithg “aSnfy 1nfh@ {GHANOFEPPYoff BarsS HeSRdRSE r #0écht hat

celI's grqun ifxdale var @3RN tAG-Ra! v Melbaldy e(Of el &Rk @t9ne, DHT
(di hydr oxytestosterone), are slightly hyperpol arized during exponenti al
growt h, medigapolcontadned 5 et hk ngrsbrifivsdrdegiThdseagidensrelisessi afcel |
et e RN o MY Dot AL S, coRgl (LT, BigeLetc
prost at i xeppieskbeki ahecekhsuréabht nefiosants poteddtatopptdntial (y-axis)
starting at 1 c¢m from the anal verge to 8 cm along the
anterior aspect of the rectum (x-axis). The wvalues increase
from approximately -28 mV to -70 mV oﬁer the prostate and drop
(depolarize) to approximately -52 mV over the top of the
prostate, and referenced to the bloodstream. When the ECM is
changed to a solution with the same osmolality, but with a K'
concentration of 30 mM. The electropotential of the surface of
the rectal mucosa depolarizes to 30 mV (open circles joined by
a dotted line). This indicates significant K' permeability of
the overlying rectal mucosa. The higher region of electro-
negativity over the prostate is consistently seen when the
prostate is healthy.

Figure 15 demonstrates measurement made in a patient
with a previously biopsied prostate cancer. The symbols and
axes are the same as in figure 14. The region of electro-
negativity is lower over the cancerous prostate. In this case
electropotential measurements of between -26 and -27 mV were
made over the cancerous lobe of the prostate i.e., 30 to 40 mV
lower than observed over healthy prostate. When the ECM was
changed to a solution with a K'-concentration of 30 mM a
depolarization of 8 -9 mV was observed, or about a third of

that observed in healthy prostate. This indicates a decrease



1 6 NOV 2006 WO 03/099117 PCT/ US03/ 15884 45 influence the transepithelial
potential neasured at the prostate surface. Alteration in twlﬁc@&otentl al
nmeasured trans-rectally in conbination with inpedance wll 1

di agnose pwossmagseicancer. Figure 14 denonstrates el ec”oﬂ’l‘ﬁﬂi’o&/ﬂ 84
measurenent nade over the prostate of a patient with a normal prostate.
The patient was undergoi ng a col onoscopy for screening, which was negative
and had a normal PSA. The ECM (el ectroconductive nedium contained 5 mM K+
and physi ol ogi cal concentrations of other electrolytes. The filled circles
and solid line represent the neasur et of surface el ectropotential
(y-axis) i%tarti ﬁg‘%‘?nqu%?ﬁff‘?%m t he2BAal PRERAPHIG T cmadfl ongpate  &heeri or

aspect of,th& frectym ()’&e@i? g_t%]_al ncrease from approxi mately -28
nv to - Oprrv over the pros at and drop (ﬁJepoI arize) to approximtely -52

nV over the top ofhese chrogeatén &he mermpénded electivd dellogdsifiiéemotwhen
the ECM i ﬁnqpq t |UI ] a it but. th.a K+
concentr 1?} 0 %% n1(\27]l 63'f’hg) e:-ug%?r %%%?Jé%?‘lgg éo? ﬁggéngbr 1'la'-%:(tel eB‘Fect al
mucosa dapmeaianz:es t one@Gudén(emyten citecl esi:ja@inmd by pra)simttteed Ida\lm@)er Thi s
i ndi cate ni I’Jt K+ perme i1t t he over | rect nmucosa. The
hi gher ngcfe&% C@I et & ng‘@%af %?ytc}\’?é‘r ’{lt}b‘? oEFé?ggFE &8 §|té{’%n Py seen
when the tHY astaied: igonealdhYof RGN Q1 A& FRIPRS it MRAYCRYethage In a
patient wth a pr evEfooust}}lgl opsi ed prostate (r?zncer The synbols and axes

are the S8fd fecreappguke-qanduranceyilpdicptel bre rpresrreg i94 mrastatever
over the GV 0US 7IaRt8hes 'P[ttﬂéés&f’é.%nt% e&i{ﬁpa&%%&ehgga%%%%ntS of

between -26 and -27 nV were nade over the cancerous | obe o he prostate
i.e., 30aledroggs |wivdr péremibbpeeviaty over theaunkgrpydsvapgsoshba the ECM

‘3’25 cha =4 ?Lys‘éﬁ' g&%%!%e""‘cﬁ@ R rt%%”g) %%'t&@l[%f m§gi§$’£§cy.
pol ari zation © was observe Bout “a thit
EXAMPLE 5. CHEMOPREVENTATIVE AND THERAPEUTIC USE
In addition to the ionic, pharmacologic, and hormonal
agents described above, the system and method of the present
invention may be used with cancer preventative and therapeutic
agents and treatments. Specifically, electrical measurement
of altered structure and function provides a method for
evaluating a patient’s response to the drugs without requiring
a biopsy and without waiting for the cancer to further
develop. Patients who respond to a given chemopreventative or
therapeutic agent would likely show restoration of epithelial
function to a more normal state. Patients who do not respond
would show minimal change 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 c¢linicians 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.
Furthermore an understanding of the physiological
basis of the altered impedance permits more accurate
diagnosis. For example impedance may increase or decrease

because o0f several factors. Increased stromal density of



that observed in healthy prostate. This indicates a decrease 1 6 NOV 2006 WO
03/099117 PCT/ US03/ 13884 46 in K+-conductance and per neabi ikt §0Villbot h t he
prostate and overlying rectal nucosa. These changes in the nornmal DC

el ectri caw@iympdfi® of the prostate will be used separat gty¥u8fs ki
conbination with AC inpedance neasurenents to di agnose prostate cancer.

I dentification of depolarization of the prostate relative to the higher
polarity of the surrounding rectal mucosa together wth decreased

K+- conduct ance indicate the presence of_prostate cancer. Additional AC
measurenents with differently spaced Tf‘ectrodes will permt probing of the
under | yi RFSFEEst at’el 392 accBirdt el $lEBEaliBREGEC S t TS t WS pr Bst FORC

Ml i gnancype JEXANPL By fing CHEMAPREYENTAT! Y5+ANR. THERAREUTLG, LISE, | Radgibi on to

the ionic, pharnmacologic, and hornmonal agents described above, the system
and net haopkbifétyr exenmaligventy onOnaytiise obkelr whehdcancdecpeasentati ve

and t her i a trea . i fiscal ectrjcal ur enment
of al ter}%%sl%sﬁ ng{n u?gg&aﬁecﬁq#%ﬁc ioélggr[eé\éfi d%g&g’er%et%ho%y?‘gfé évaciel}’get]ioﬁgﬁg

pati ent' snaldgpansg twrilhe didigssd tinguedaneguiaridigwowdldi bpsyoearnd ldikiehgut
wai ting for the_cancer, ho further devel\cl)\(g%nPati%g{s who reoz_gond t.o.a given
cheropr eSS ErEr WtRer ApeGET &GN FI i Kt sHbw TEsTHA 6 of

epi thel i almpeliafeti Whdryed MY IRl SifiatBdn e18 Sopheifed netokempond

woul d show m ni mal change or may even denpnstrate progressiqon to a nore
advanced RGHAgE &Y tHORSedde Thmsvies o dhidrdente hst igdnIngpagedused by
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clinicians In” nonitoring the progress of a patient's di'sease and treatnent,
or noni t atiaxgpaciedogicsdssngf heameonadgersdpylatanser todaddlegprigmedansef ore an
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malignant or malignant tissue 1s another significant
difference, which enhances the diagnostic accuracy of my
invention over the above referenced one.

Other embodiments of the invention will be apparent
to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be

considered as exemplary only, with a true scope and spirit of

the invention being indicated by the following claims.



di agnosi s. For exanpl e i npedance may increase or decrease because of
several factors. Increased stromal density of 16 NOV 2006 WO 03/099117
PCT/ US03/ 15884 47 breast tissue may alter inpedance. This {§ Nayiog-

speci fic change, which may not have any bearing on the probability of

mal i gnancy. On the other hand a decrease in potassium perneability of the
epithelia around a devel oping nmalign4Bcy woul d i ncrease i npedance and woul d
be nore likely associated with a devel oping cancer than a non-specific

i npedance change. Additional information is obtained fromny nethod by
probi ng tdeniMsssue to different depths using spaced voltage-sensing

el ectrodes. The use of el ectrophysiol ogical, pharmacol ogical and hornonal
mani pul ations to alter inpedance differentially in nornmal conpared to

cancer - prone, e; i ghant .or | i hot liSsve.l of her .si.gni_ficant
di fference, mﬁ?ﬁha%ﬁﬁgnces fhe |aéﬁ%@??cgaé%%?agéﬁ%fpﬂ%# ?ﬁvé%%ﬁ%ﬁ over the
above refef enzed epeth€l tien enbdulgneat scofibihetionentifon swirifkcbe @gpar ent

to those skilled i,n the art fr%n1con ideratéon of the  specification and
practi ce OfCTHe v eMPSH SISOl 6sed Rer BTACAATGE | ssl?%‘ite]ﬁj??ecc?ﬁyhat fie

speci f i caipgranGg ecapliesnge considered as exenplary only, with a true
scope and spirit of the invention being indicated by the foll ow ng clains.
16 NOV 2006 48 ELAPKE: Pair A&f apparatusS it ihstesr nfRtngeRMEY ¥ghdiefi on of

tissue of)an.eRifiheliwmusi-ngna epgabipatjpn of surface DC electrical
measur enents and | npedance spectroscopy, the apparatus conprising: a first

pai r of spaced eFectnddam ifror opEpaaRy anleeteedes cdlorsi gandctiong he
epi thelium, 3 $6¢ond 02 L3 QL1 SPACEL £1 G r9des Loh deLECILNT & the
epithelium;

a means for applying the electrical signal to the
first pair of electrodes at a plurality of frequencies;

a means for measuring the resulting electrical signal
at the second pair of electrodes at said plurality of
frequencies;

a means for obtaining a measure of the impedance of a
part of the epithelium based on the resulting electrical
signal; and

a means for obtaining a difference signal representing
a change in impedance with frequency, wherein the second
pair of electrodes includes different ECM concentrations
for estimating the specific 1ionic conductance of the

epithelium.

2. An apparatus for determining the condition of tissue
of an epithelium wusing a combination of surface DC
electrical measurements and impedance spectroscopy, the
apparatus ceomprising:

a first pair of spaced electrodes for applying an

electrical signal to the epithelium;



resulting electrical signal at different points on the epithelium a nmeans
for applying the electrical signal to the first pair of electrodes at a
plurality of frequencies; a means for neasuring the resulting &l5eNINriltal
signal at the second pair of electrodes at said plurality of frequencies;
a neans for obtaining a neasure of the inpedance of a part of the

epi thelium based on the resulting el e8¥rical signal; and a neans for
obtaining a difference signal representing a change in inpedance with
frequency, wherein the second pair of electrodes includes different ECM

concentrations £8ko88tigHwli NG rt he, SRRCT Eil &t PREEs cRRIUChaPse: g t e
epithelium 2. An apparatus for determning the condition of tissue of an

epi t hel i urRUSlitigda edrbitnackdn dignulf ade BEfferentrikainheasuy efbats and
inpedancesa%%gfi copy, the apparatus conprising: a first pair of spaced

el ectrodes for appl'ying an electrical signal to the epithelium 16 NOV 2006

49 a second pa rmetinspafed elppdtviodesthor edeieotiidad asigesul tigigtakectri cal

signal at_different points on the epithelium a ns for applying the
ol SCtri e Rty RAL Y 6k RLCCE LRGeS aFr Eob B Bt 1odeh e PR Ty o

frequencies; a reanss f o6r NRasULitNggt RRer @ellil kREgelaetiireabh1sisgR@akl at the
second pair of electrodes at said plurality of reguenci es; a neans for

obt ai ni ngtta FB&supeceordt aimpedanetestredepartt ofatfe RbitHeliumeBased on
the resul¢ing &£lael.ical signal; and a means for obtaining a difference

signal representing
a means for obtaining a measure of the impedance of a

part of the epithelium based on the resulting eliectrical
signal; and

a means for obtaining a difference signal representing
a change in impedance with frequency, wherein the second
pair of electrodes includes different ECM agents for
estimating the specific ionic conductance of the

epithelium.

3. An apparatus for diagnosing abnormal tissue using a
combination of DC electrical measurements and impedance
spectroscopy and variably spaced electrodes with
electroconductive medium having i1onic compositicns @ to
monitor the effects of wvarious pharmacological agents and
hormones, the apparatus comprising:

a first pair of spaced electrodes for applying an
electrical signal to an epithelium;

at least one pair of voltage-measuring electrodes
having electroconductive medium of different icnic
composition to measure DC potential at different ionic
concentrations;

a second palir of spaced electrodes for detecting a

resulting electrical signal at different points on the



a change in inpedance with frequency, wherein the second pair of electrodes
i ncludes different ECM agents for estimating the specific ioqgg @Pzﬂyctance
of the epithelium 3. An apparatus for diagnosing abnormal ti N ng a
conbi nati on of DC el ectrical measurenents and i npedance spectroscopy and
vari ably spaced el ectrodes with electroconductive medi um having ionic
conpositions to monitor the effects ® various pharmacol ogi cal agents and
hor nrones, the apparatus conprising: a first pair of spaced el ectrodes for
applying an electrical signal to an epithelium at |east one pair of

vol t age- ngaisiNd1N@ngl ectrodes having el ectroconductive medi um of different
ionic conposition to nmeasure DC potential at different ionic

concentrati on® BT ohEr paPPlEingpadedIENdct rbddsatdr fast estaiigiag

r e.SU| ti Dgce(?rlp%crtarli @Janﬁie%n%n aélecgtfrfi%raﬁnivr%gie'}tﬁegnotfh%h% % N@Ae%qgﬁ 50
epithelium = a neans for applying an agent; a neans for exéhlnlng t enpor al
changes imesglcgctiviecdlo phepepenés of the epithelium responsive to the agent;

a signal generating device for,applyjng electrical .signal to the first pair
of eIectrodesaatSégBPEra????r%?l£$ré%ﬂgﬁgie OT o FIMYOF n§1§&TTEE  or

moni tori ngidraa resukhengirgltecigicabs siegaakratieshatsecopdupal it of o€l ectrodes
at the plurality of frequencies; a conputing device configured to perform
the fol | AiSHYE"SH&FS: obtai ning the specific ionic conductance and

pernmeabi lity of thRe ieRidihel | yahased i theriedwlihyng thel ecldshGalingl gnal s at
di fferent el ectroconductive medi um

electrical signal at the second pair of electrodes at the
plurality of frequencies;

a computing device configured to perform the following
steps:

obtaining the specific ionic conductance and
permeability of the epithelium bkased on the resulting
electrical signals at different electrocenductive medium
compositions;

comparing the resulting electrical signal, specific
ionic conductances and permeabilities over an area of
suspected abnormality with adjacent and more distant
regions ¢f the epithelium;

obtaining from the resulting electrical signal a
measure of impedance of a part of the epithelium at the
plurality of freguencies;

comparing the impedance over the area of suspected
abnormality with the adjacent and more distant regions of
the epithelium;

cbtaining a difference signal representing an
impedance change with frequency; comparing the impedance
over the area of suspected abnormality with the adjacent
and more distant regions of the epithelium;

subtracting the impedance measurement made between a



conpositions; conparing the resulting electrical signal, specific ionic
conduct ances and perneabilities over an area of suspected abnOéﬂﬁth$¥ W th
adj acent and nore distant regions of the epithelium obtainiﬁb he
resulting electrical signal a neasure of inpedance of a part of the
epitheliumat the plurality of frequencies; conparing the inpedance over
the area of suspected abnornality wi®h the adjacent and nore distant
regions of the epithelium obtaining a difference signal representing an

i npedance change with frequency; conparing the inpedance over the area of
suspect edjalanorsm®l idsy dMddt AR sadirdgerthe angetMhecdinetantehedtongqef the

epi thelium subtracting the inpedance neasurenent nade between a 16 NOV 2006
51 first bedvegh eldectoesd f ranh t hef i npeeaheederastipeneptinate bkeween a
second s fy.el.ectr.od [ e ¢l da iffe .ayers of

t he epitﬁépggﬁﬁcﬁhéﬁgi?ﬁfgﬁgggﬁsﬁggcékﬁe?aegﬁﬁﬁhggf?ﬁé%fﬁéﬂ gﬁgéﬁggtrodes IS
| ess t hamet hdi sii st@nceebetarenhehef isestonske sebfofe leantadetesi s cbapari ng t he

i npedance.at different |ayers of the epitheliymagver the area suspected of
Lbhor ol PR Tk ABER! ARUCRDr Hie SEHC (AR o COF RGBTt hel | um
conparing el ecbmbaalingr opes t iiepcafanthe gpi thgfewmnti nfhyenscedytagents at
different |ayers of the epithelium over the area suspected of abnormality
with adj SAAY™ nBYer di Shant2 Geegi 6HSPBELERe @hi tAREATAAL&vd EdRPari ng

el ectri caly4praper BhesmBE?t 8esepht held Lm ato ¢ difd &R LiisRs | nfl uenced by

variations in tenporal actors at different layers of the epithelium over

the area of sogpected albAechulicty wprhpadfiaeent c&ndther eegiishantiunr egi ons
of the e%&%ﬁ%@%%gh by agents at different layers of the epithelium
over the area suspected of abnormality with adjacent and
more distant regions of the epithelium; and
comparing electrical properties of the epithelium at
different times influenced by wvariations 1in temporal
factors at different layers of the epithelium over the area
of suspected abnormality with adjacent and more distant

regions of the epithelium.





