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for this canmRod5Sedss. depends on early detection. The mainstay of early
detection are X-ray manmography and clinical breast exam nation. Both are
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: United States. Difficulty in detecting abnormal pre-cancerous or .
cancerous tissue before treatment options become non-viable is one
of the reasons for the high mortality rate. Detecting of the
presence of abnormal or cancerous tissues is difficult, in part,

20 because such tissues are Jlargely located deep within the body,
thus requifing 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 tissue. Many forms of cancers or tumors, however,

25 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
detection 1is performed with currently available diagnostic
modalities.

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

35 a lower sensitivity in women with dense breasts, and is unable to
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diagnostic biopsies.
Other technologies have been introduced in an attempt to improve
on the diagnostic accuracy attainable with mammography and
20 clinical breast examination alone. Breast ultrasound is helpful
in distinguishing between cystic or solid breast lesions and may
be useful in guiding needle or open biopsies. Howevey, such
[ . techniques are unable to determine whether a solid mass, ox
calcifications are benign or malignant. Magnetic resonance
25 1imaging has been introduced in an attempt to improve on the
accuracy of mammography. Its high cost and low specificity limit
its general applicability for diagnosing and screening for breast
cancer. Nuclear imaging with Positron Emission Tomogaphy (PET)
has a lower sensitivity for small lesions, but is limited by cost.
30 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 passed through tissue, with
a measurement of the voltage drop across the tissue providing an

35 indirect indication of the overall tissue impedance. This method
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be delayed or phase shifted, because of the inpedance characteristics
impedance are 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 is obtained

20 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

25 and biological materials: a critical review, Crit. Rev. Biomed.

Eng., 1989, 17(1): 25-104. For example at high frequencies (> 1
GHz)} molecular structure has a dominating effect on the relaxation
characteristics of the impedance profile. Relaxation
characteristics include the delay in the response of a tissue to a
30 change in the applied electric field. For example, an applied AC
current results in voltage change across the tissue which will be
delayed orAphase shifted, because of the impedance characteristics
of the tissue. Relaxation and dispersion characteristics of the

tissue vary according to the frequency of the applied signal.
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’ affecting the impedance characteristics of the epithelium measured

at frequencies in the anispersion range. Later in the malignant
process, structural alterations with opening of the tight
jﬁnctions and decreasing resistance of the paracellular pathways,
20 together with changes in the composition and volume of the cell
cytoplasm and nucleus, affect the. impedance measured in the f-
dispersion range.
Another disadvantage with the above referenced system is that the
topography of altered impedance is not examined. By spacing the
25 measuring electrodes differently the epithelium can be probed to
different depths. The depth that is measured by two surface
electrodes 1is approximately half the distance between the
electrodes., .Therefore electrodes 1mm apart will measure the
impedance of the underlying epithelium to a depth of approximately
30 500 microns. It is known, for example, that the thickness of
bowel epithelium increases at the edge of a developing tumor to
1356 * 208y compared with 716 * 112y in normal bowel. D. Kristt,
et al. Patterns of proliferative changes 1in crypts bordering

colonic tumors: 2zonal histology and cell cycle marker expression.
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epithelium at a depth from < 500pu to the surface.
A number of non-invasive impedance imaging techniques have been

20 developed in an attempt to diagnose breast cancer. Electrical
impedance tomography (EIT) is an impedance imaging technique that
employs a large number of electrodes placed on the bedy surface.
The impedance measurements obtained at each electrode are then
processed by a computer to generate a 2D or 3D reconstructed

25 tomographic image of the impedance and its distribution in 2 or 3
dimensions. This approach relies on the differences in
conductivity and impedivity7 between different tissue types and
relies on data acquisition and image reconstruction algorithms
which are difficult to apply clinically.

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

35 voltage between two or more current-passing electrodes, and then
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el ectrodes. Different systens vary in the el ectrode configuration, current
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a néM/cﬁ%ﬁﬁﬁﬁgﬂkc Reconstruction algorithms are frequently based on
finite element modeling wusing Polsson’s equation and with
assumptions with regard to quasistatic conditions, because of the
low frequencies used in most EIT systems.
Other patents, such as U.S. Patent Nos. 4,955,383 and 5,099844,
)0 disclose that surface electropotential measurements may be used to
diagnose cancer. Empirical measurements, however, are difficult
to 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
25 another and then comparing them with measurements in the opposite
breast. Changes in the measured surface potential may be related
to differences in the impedance characteristics of the overlying
skin. This fact is ignored by the above referenced and similar
inventions, resulting in a diagnostic accuracy of 72% or less. J.
30 Cuzick et al. Electropotential measurements 4as a new diagnostic
modality for breast cancer. Lancet 1998; 352(9125): 359-363; M,
Faupel et al. Electropotential evaluation as a new technique for

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

Neither AC impedance, or surface DC measurement approaches,
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prOIiferaggggiiﬂggesr’epln?fsecr&%nt a%]::l ttaulgin may result in high conductance
regions, which produce false positives. Depth of measurement is
limited to 3-3.5 cm, which will result in false negatives for
lesions on the chest wall. It is also not possible to localize
20 lesions using thirs approach.
Another potential source of information for the detection of
abnormal tissue is the measurement of transport alterations in the
- epithelium. Epithelial cells line the surfaces of the body and
act as a barrier to isolate the body from the outside world. Not
25 only do epithelial cells serve to insulate the body, but they also
modify the body’s enviromnment 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
30 Dbattering is by continuous proliferation and replacement of the
barrier. This continued cell proliferation may partly explain why
more than 80% of cancers are of epithelial cell origin. Moreover,
given their special abilities to vectorially transport solutes

from blood to outside and vice versa, it appears that a disease
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A number of studies have demonstrated that proliferating cells are
relatively depolarized when compared to those that are guiescent
or non-dividing. - Differentiation is associated with the
20 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 pH (pH;) are increased by mitogen
25 activation. Cell proliferation may be initiated following the
activation of phosphatidylinositol which releases two second
messengers, 1,2-diacylglycerol and inosotel-1l,4,5-triphosphate,
which triggers Ca’*; release from internal stores. Ca®'; and pH; may
then alter the gating of various ion channels in the cell
30 membrane, which are responsible for maintaining the voltage of the
cell membrane. Therefore, there is the potential for interaction
between other intracellular messengers, ion transport mechanisms,
and cell membrane potential. Most studies have been performed in
transformed and cultured cells and not in intact epithelia during

35 the develcopment of cancer.
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Other studies have demonstrated that a single ras-mutation may

result in altered ion transport and cell membrane depclarization.
Y. Huang, S.G. Rane, Single channel study of a Ca(2+)-activated K+
current associated with ras induced cell transformation. J.
20 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 histologically "normal" colonic epithelium

25 depolarized from -74.9 mV to -61.4 mV after 6 weeks of DMH
treatment and to -34 mV by 20 weeks of treatment. The cell
membrane potential in a benign human breast epithelial cell line

(MCF-10A) was observed to be -50 £ 4 mvV (mean * SEM} and was

significantly depolarized at -35 % 1 mv (p < 0.002) in the same
30 cell line after ras-transformation (the MCF-10AT cell line),.

While epithelial <cells normally maintain their intracellular

sodium concentration within a narrow range, electronmicroprobe

analysis suggests that cancer cells exhibit cytoplasmic

sodium/potassium ratios that are three to five times greater than

35 those found in their non-transformed counterparts. These
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urot hel i um aamddi@iver ease duceéhl peobiéme at depolal ffariemt,i at amh, apoptesdi s,

and carci,nqQgenesis opt osi s, .or. . physi ol ogi cal,.cel] death is -regul at ed
dufing tH& Ca@@%%%’b%% L of A Wld:ﬁangf?‘efoﬁ%flfiéﬁssp%‘?‘fe nﬁgﬂgﬁi gﬁ%\l\paﬁ%ﬁ ed
by apopt@esi v rcldedeetbe inf klixcofodaiie swiwselteehsperCaand apef veedde
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Lett. 1999; 147(1-2): 115-123;. A A Qutierrez et al._ Activation Q? a
Ca2+1Ber PdabRLteEad ofntERGHHEI AT, £RBIAI [FBPOSE T ABuCRFREH SRAGHEASI sivh a
hunman prt%%%bb?tcailct%rra‘igbhsl I&re JbeBRY Al cribRR9: iR17edBn, 1hrodPste,
breast, uterine cervix, melanoma, urothelium, and pancreas during
proliferation, differentiation, apoptosis, and carcinogenesis.
Apoptosis or physiological cell death is down-regulated during the
20 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 Cal2+ influx in the

mechanism  of tamoxifen-induced  apoptosis in Hep2G  human

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

A.A. Gutierrez et al. Activation of a Cal2+-permeable cation
channel by two different 1nducers of apoptosis in a human
prostatic cancer cell line. J. Physiol. 1989; 517 (Pt. 1): 95-
107; J.V. Tapia-Vieyra, J. Mas-0liva. Apoptosis and cell death
30 channels in prostate cancer. Arch. Med, Res. 2001; 32(3): 175-

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

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

35 This results in defective electrical coupling between cells, which
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in prostate cancer. Afch. Med. Res. 2001; 32(3): 175- 185, R C. Elble, B U
Paul i . Tunor Suprression by a Proapoptotic CalciumActivated Chloride
Channel inwl%‘?ﬁg 18pithelium J. Biol. Chem 2001; 276@&3US20HI%020517.
Loss of cell-to-cell communication occurs during carcinogenesis. 35 This
results in defective electrical couplingbetween cells, which | WO
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t oxi n, ni onors, ~an phor ers al'so reve open,
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ol ucorDrt PRSP A B 1 SEn T HEETER | uTebrang BeRERS . S4BEt SRERs
added as dndgciaenimtrespsnset tasima spacektradd ghila20 sipimalion nodul ators
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| ost in breast  ductal epitheliumduring the devel opnment of breast cancer.
The 25 rebpIsed BICHREStHi ghPPPIRCPF OISR Er ite%1RccBI B hY P dheRAtSgnaRe
state 9f LRSSAI t Ralkwd aatsd heidvez@Rslyt UsHin PRAGBINSjufStfons.  Other
substances close tight junctions including calcium, H2 antagonists
and retinoids. Various hormones such as prolactin and
glucoccrticoids will also regulate the tight Jjunctions. Other
substances added as drug formulations act as non-specific tight
20 Jjunction modulators including chitosan and wheat germ agglutinin,
The above referenced substances and others may act directly or
indirectly on the tight junction proteins, which are altered
( during carcinogenesis. For example claudin-7 is 1lost in breast
ductal epithelium during the development of breast cancer. The
25 response of the tight junctions varies according to the malignant
state of the epithelium and their constituent proteins. As a
result the opening or closing of tight junctions is affected by
the malignant state of the epithelium.
Polyps or overtly malignant lesions may develop in a background of
30 disordered proliferation and altered transepithelial ion
transport. Experimental animal studies of large bowel cancer have
demonstrated that transepithelial depolarization is an early
feature of the pre-malignant state. In nasal polyp studies, the
lesions had a higher transepithelial potential, but these lesions

35 were not pre-malignant in the same sense as an adenomatous or pre-
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associated with colonic carcinogenesis in CFlL mce. The nore susceptible
site, theltli beral beshoisgayere@nthabotiransamkhaldarlednpdlmrizansepi vhel ial

potent i al L) ¢ Af @forNlat Jels BACKS AT e oAl NG JLHEAL R i A

before hi & ogl ca tc anges evelope A non- speci cytotoxic age
(5-f1 uor othacmnéyg suﬁhﬁpﬁibﬂeredtevetherﬂaa;@deCpépnodudddrnemt(ﬁnpu; a 30%

reduction_ in VI i.n th [ c n_in onf|r a
ubsequenteSTSRRe el d ar SBLETS! BOheRRaRaC on e 0sh: ShaTafpar HaRe o
CarCID@QEBafﬁfﬁﬁgﬁﬂﬂ trefathastal so Diebn dﬁﬂﬁO&Eﬂ@dethatstalbgbugh AhBnige s
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tissue in vitro and have been applied to in vivo cancer diagnosis.
- 15 carcinogen treatment. It has also been discovered that, although
Vy is invariably higher when measured in vivo, the “premalignant”
colonic epithelium is usually depolarized when compared to normal
celon.
DC electrical potential alterations have been used to. diagnose

20 non-malignant conditions such as cystic fibrosis, cancer in animal
models, human cells or tissue and in man. Differences in
impedance between normal tissue and cancer have been described in

{ o animal models in vitro human tissue in vitro and have been applied
to in vivo cancer diagnosis.

25 DC potential measurements havé not been combined with impedance
measurements to diagnose cancer because the electrophysiological
alterations that accompany the development of cancer have not been
well understood or fully characterized. Surface measurements of
potential or impedance are not the same as measurements performed

30 across the breast epithelium, and described below, where
electrical contact is made between the luminal surface of the duct
and the overlying skin. Transepithelial depolarization is an
early event during carcinogenesis, which may affect a significant
region of the epithelium (a "field defect"). This depolarization

35 1is accompanied by functional changes in the epithelium including
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a

and inpe ce may be quite variable and are affected by the hydration
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knowledge about the physiclogical variables which influence
transepithelial potential and impedance these kind of measurement
may not be completely reliable to diagnose pre-malignancy or
20 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 is altered during cancer devele¢pment. For
25 example knowledge that electrogenic sodium absorption is altered
during cancer development in breast epithelium permits the use of
sodium channel blockers (amiloride) or varying sodium
concentration in the ECM (electroconductive medium) to examine
whether there is an inhibitable component of scdium conductance.
30 By wvarying the depth of the measurement (by measuring the voltage
drop across differently space electrodes), it is possible to
obtain topographic and depth information about the cancerous
changes in the epithelium. Using a combination of low and high

frequency sine waves probing at different depths we are able to
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secretion of variocus substances when guiescent and may produce
milk when lactating. Functional alterations in breast epithelium
have largely been ignored as a possible approach to breast cancer
20 diagnosis. Bréast epithelium is responsible for milk formation
during lactation. Every month pre-menopausal breast epithelium
undergoes a “rehearsal” for pregnancy with involution folldwing
menstruation. The flattened epithelium becomes more columnar as
the epithelium enters the luteal phase from the follicular phase.
25 In addition duct branching and the number of acini reach a maximum
during the latter half of the luteal phase. Just Dbefore
menstruation apoptosis of the epithelium occurs and the process
starts over again unless the woman becomes pregnant.
Early pregnancy and lactation may be protective against breast
30 cancer Dbecause they result in a more differentiated breast
epithelium which is less susceptible to carcinogenic influences
whether estrogen or other environmental factors. It therefore
seems that differentiated breast epithelium is less 1likely to
undergo malignant change. Differentiated epithelium has a

35 distinct apical and basolateral membrane domain to enable it to
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the ENaC i s down 20 regul ated, whereas G- secretion may increase, simlar
to 15 + 0.5 mV. Forskeolin (10pM), which raises cAMP and opens Cl°

channels via the CFTR hyperpolarized the breast epithelium by -2.2
t+ 0.1 mV. These changes were accompanied by an increase (i?%) and
subsequent decrease {19%) in transepithelial resistance
respectively. In transformed breast epithelium the ENaC is down-

20 requlated, whereas Cl° secretion may increase, similar to
observations reported for carcinoma of the cervix. Non-lactating

i breast epithelium has relatively leaky tight Jjunctions. This
results in a paracellular shunt current, which hyperpolarizes the
apical membrane of the epithelial cell, The larger the shunt

25 current the more hyperpolarized the apical membrane and therefore
the epithelium depolarizes since TEP = Vp,-V, and 1 = TEP/R;. TEP =
Transepithelial potential; Vg= voltage of the Dbasolateral
membrane; Va = voltage of the apical membrane; i = shunt current;
Rs = paracellular ({shunt) resistance.

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

hyperplastic alveolar nodules, otherwise develops a normal mammary

35 tree but has defective lactation. The notch4 and TGFB transgenic
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It is less wdely appreciated that in the non- 8£§ nant. and non-1l actating

state th@r?ﬁ%ﬁﬁﬁ' qﬂ%%@u@ﬁbﬁ?'l??@PDOQlo ulins ch terol, hormones, ions

and water across the ductal and lobular epithelium and actively
secretes milk, it is less widely appreciated that in the non-
pregnant and non-lactating state the breast, throughout 1l1ife

20 exhibits excretory and absorptive function. The difference
between the lactating and the non-lactating breast being of degree
and the chemical constitution of the nipple duct £fluid. Ductal

{ secretions have been analyzed to diagnose biological conditions of
the breast.

25 A number of appreoaches have been used to obtain ductal f£fluid,
including a suction cup to obtained pooled secretions; nipple
aspiration fluid (NAF), and more recently, cannulation of one of
the 6-12 ducts that open onto the nipple surface. Substances and
cells within the duct fluid may therefore be accessed to identify

30 abnormalities that may be associated with the diseased state of
the breast. One disadvantage of the above referenced approaches
is the difficulty in obtaining adequate NAF or lavage fluid to
perform analysis. Another disadvantage has been the inability to
identify or cannulate the ducts where an abnormality in the fluid

35 or cells may be identified.
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potassium concentration [Cl isS si gpni ficantly higher at 13.5 7.7 nEq/1 in
15 of approximately 150 mEg/l{Petrakisl). Nulliparous women have NAF
[Na*] that are approximately 10 mEg/l higher than parous women, but

still significantly below serum levels. Similarly potassium
concentration [K'}] is significantly higher at 13.5 * 7.7 mEq/l in
parous women and 12.9 t 6.0 mEq/l in nulliparous women compared
20 with serum levels of ([K'] of approximately 5.0 mEq/l. Other
investigators have reported lower NAF [Na'l] of 53.2 mEq/l
suggesting that significant ionic gradients can be established
between the plasma and duct lumen in non-lactating breast. In
pregnancy these gradients are even higher for sodium with a [Na‘)
25 of 8.5 + 0.9 mEq/l reported in milk which is almost 20 fold lower

than plasma. Chloride concentration {Cl7] in milk is almost one
tenth of the concentration found in plasma with values of 11.9 %
0.5 mM reported. Although [Na'] and [C1l7] levels in ductal
secretions rise and the [K'] falls following the cessation of
30 lactation, significant ionic gradients are maintained between the
duct lumen and plasma.
Furthermecre, in women undérgoing ovulatory cycles during lactation
distinct changes have been obserﬁed in the ion and lactulose

concentrations of breast milk. The first change occurs 5-6 days
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[ K ]1&ndepd&bethat PREMGaRILIRUCt al ALRERET YIRS ONPrAfgest B bttt | HHi DI PEeasight -
juncti on 4£l-egung tdUnNG NRABRYCIH AN LIRY ARWELSEONSAOLE 4O chd® (k'] ana
decrease [Na'] of ductal secretions. Progesterone inhibits tight-
junction closure during pregnancy and may be responsible for the
fluctuations in ductal fluid electrolytes observed dﬁring
20 menstrual cycle in non-pregnant women, and discussed above.
Estrogen has been observed to increase c¢ell membrane and
transepithelial potential and may stimulate the opening of K'-
{ -+ channels in breast epithelial cells., The hormones mentioned above
vary diurnally and during menstrual cycle. It is likely that
25 these varjiations influence the functional properties of breast
epithelium altering the ionic concentrations within the lumen, the
transepithelial potential and impedance properties, which are
dependenﬁ upon the ion transport properties of epithelial cells
and the transcellular and paracellular conductance pathways.
30 Accordingly, these variations can be used as diagnostic indicia of
changes to breast tissue, which have to date yet to be exploited.
Thus, there remains a need for effective and practical methods for
detecting abnormal breast tissue.

SUMMARY OF THE INVENTION



fluctuations in ductal fluid electrolytes observed during 20 nenstrual cycle
I N non- pregnant monen,(and di scussed above. Estrqgen has been observed to

i ncrease cell menbrane and transepithelial potential and may stinulate the
openi ng of WO 200&/pHAékl s in breast epithelial cells. The hecTosmes/esssuoi oned
above vary diurnally and during nenstrual cycle. It is likely that 25 these
variations influence the functional properties of breast epithelium
altering the ionic concentrations within the Iunen, the _transepithelia
potential Bdd PYpeaite prddens eandnhirdfeguacigépepdieptiafrsh tHdh oprior
transport ﬁé&@@déleéb%nﬁ@itﬁfl 'cahc%gm £ 286ud Nt LARSGEL L i ALy 308ing DE

par acel | ul ar conducfance pat hways. Accordingly, these variations can
- used as di agmést i dmprdioia afeasciremgatst Ghiateapasa i thee, cusirientt hewe stigndat e

yet to be | ted. . Thus, mal a nged .k ffectiw jca
met hods fo%ép%%t ect nbgr'aaaﬁq'ﬁl:ore3 &?gﬁhg%%glgt%}?ssue% %ﬁ%R&%WI%@%ﬁ%F%E%
- 2005/ 051 1 681 R€Eh dde2004 /F238=@Ample T onimele arlecprobé ensy arel gl eguackesre
associ at ed mﬁth‘prior nethﬁgsf ahnor nmal or qﬁ?cerous tis S

of s

characteri 229 usiH§Be afld i P ERETER Freastit ISRt s Fﬁﬁfggas§¥yﬁ@e&aP?Ent

or signal s@er@ffiiniee reasd epsdhsl | samngnd UBREfaSE NGrSRRGed! ldlectrode.
constructed 5 electrodes. For exanple a nipple electrode may be used to

measure tHee vBIBRtR 2hefbrodsetantbshebtwelicduEt aP2api thel icympent along

surroundi nghdreasts it isyeem ski Bhangrsadd acaninatheypel Std A8 roakhRa i PP! €
el ectrode may al so be used to pass the current along the ductal systéem of

t he brléastusgthdich@easyse Sheerestagricaniphdmpedases $ndlas Amel /e PRBRt age
and/or inp sargf%eam Hndasffh) G "GN A4 JRASY! & f e Sigaal al

t he indivi dua uct orifices e ni pple surface. Another type o
el ectrode amytire nepele osunfgsur e Anvdhegl ttage addedechpdelamae begnagd to

and/ or pas rrent ’ tJ ' I Wi L hin 1ndvi l. du | ng
a nndifiedﬁfgﬂlucfgg gﬁgggggfgﬁﬁé osc 5%E%%?cﬁ%ﬁggihdégggﬁg%%%sn%r%h§rg§{
el ect r odesandit heached: t thet sighél okitheseisdévidwdesduetys besiiseda modified

indivig)ualch}/(i !nzp nbinat'%:gMé%h one.a ot her el mﬁ%h a surfa%ﬁegggggegr
el ect fodes® Accf‘d‘l t§ 6’%’5 IV Iii":1 and l%ea' n&g ﬁ‘@gs&reﬁeﬁ’f‘s Wikl M9
attached to it. All of these electrodes may be used individually,
in ‘combination with one another, or with a surface probe or
electrodes. Additionally DC and impedance measurements will be
used in combination to more adequately characterize abnormal or
20 cancerous tissues. 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
25 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 epithelial tissues, using
ionic substitutions and/or pharmacological and hormeonail
30 manipulations to determine the presence of abnormal pre-cancerous
or cancerous cells. A baseline level of transepithelial DC
potential, impedance or other electrophysioclogical property that
is sensitive to alterations in transport in epithelia is measured
in the tissue to be evaluated. An agent may be introduced to

35 enhance the transport or make it possible to detect the transport
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transport tig erdtsismes i{erepptheti adleadtsepbgsiokoqirali opiropsubyt i thatonsay
and/ or ph ogi cal hqor.nonal mani pul at.ions tqQ _determne the
presence %er?ai%?gr nﬁ%aprmga%%anééro gssgb(r)lecarr}cogro%stegetl I §gtﬁr8§§%ﬁnf ne't evERe of
transepi t hetarslpo®€) pateenthieal melagpeed@nceBasedt bar thkeayenphyat bogtEd! and
property that is sensitive to alterations in transport in epjtheliais
eobur U THE (AT ¢ 1o hES RS GBS L AR AGERE Ry T PARTLAITOT oS
enhance t hg dsi@nSporbtermivedE. it possible to detect the transport WO

2005/ 051168 PCTI US2004/ 038509 20 alteration. The transepithelial DC

potent i al ParRFtCS AREUAYEEBT are hereYisiade 08T dntRemiaiRet R opAYRi bl dyidfala
property thatciRy keHLESt & BRKEst! HNssebligit ordelget al ter a&bQQE | 8,4 he
transport) are then neasured. Based on the agent introduced and 5 the
measured ele¢ERSpRPSPONDgEdart pedemeere, 1oRatedndint i epntofct helthi ssublyst
det er gyned,,, 4,18t Rgd gnd s%ﬁ%tc%ghaﬁg Pérfvbﬁ'eghé%kggwﬁgf M Ah PG, Ra CORGI 1 QQL, OF
a sel ecte&lreg| on of breast epit eftal fissue. At least two

cur r ent - passiregtelpeciiodeslactrodmatmay iprcontactent tdcsfsi rigte 10 ssuef aoe  of
the selected,.regi.on of the tissue. A.ternatively the .curren assi

el ectr odesepﬁﬁg?egé gﬁrrkgﬁt gﬁ%lﬁé)hses )%el%:életepséhg ﬁpp@si Fﬁglglsljm&%gt?%rﬂg[)‘%ﬂfpl e
bet ween- t k@ithppliemductseadtct phrbntieyna ephd helsuutfachdr east parenchysmstand

surface of .the breast. Alternatively, the ducts na e accessed by a
central di¢teIBaEivRtYer B d 8F5§cd%3é'. Eepl GFSF???/XO yne&suF?ﬁgr@i/ecq"r?fdes

are hecat@@hkbBegoBractuctbbBopdie fArplusalivgecof mkhgubiepséléstyRids are
Initially, one or nore of the neasuring electrodes is used to

located in contact with the first surface of the breast as well.

Initially, one or more of the measuring electrodes is used to

measure the DC potential referenced to another electrode, or

reference point. A signal is established between the current-

20 passing electrodes. Impedance, associated with the established

signal, is measured by one or more of the measuring electrodes.

Alternatively a three-electrode system may  Dbe used for

* measurements whereby one electrode is wused for both current

injection and voltage recording. An agent is introduced into the

25 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 characteristic.

The electrodes in the described methods and apparatus can be used

in contact with, in proximity to, over, or inserted into the

30 tissues being examined. It should be understood that where the

method is described in an embodiment as encompassing one of these

arrangements, it is contemplated that it can also be used

interchangeably with the other. For example, where the methed is

described as having an electrode in contact with the tissue, the

35 method can also be used with the electrode inserted into or in



nmeasure the DC potential referenced to another electrode, or reference
point. A signal is established between the current {20 passi ng el ectrodes.
| npedance, associated with the established signal, is nmeasured by one or

nore of the WRAYHTHEB el ectrodes. Alternatively a three- FeETFHEEOBH em

may be used for mneasurenents whereby one electrode is used for both current
injection and voltage recording. An agent 4dls introduced into the 25 region
of tissue. ghexigdngi tticonhef tiheudi ssiinilardet ewhenedcased hoah itshaegtf e6éq of

t he agent on asured DC tr?nsegi(%hel.i al l_potem%i al in%[eeganqe or other
el ect r ophysidl S5I"¢RP cRBr a8LBFFETTR. Torh@T8FEREFHde i Fhthe WHESERY bedit 1S
met hods andcappaipdbttedcamate tisedelddt Koy a€dn Waldo b& RAOXdJHta:tt 0:itBVesy

or inserted into the 30 tissues being exam ned. It should be understood that
where the IRRA9TEE 47G8sERT HetF94¢ -an enbodi ment as enconpassing one of these

arrangementsn idrdet COHt Mt adcRatell CatAsochansised iNkerGhangsably
with the other. For exanple, where the nmethod is described as having an
el ectrode iaPnEGFRact BFFAR@NOUSsuECT t h€agserriehod eparhal 8l be tissdewi t ta

Lhe el ect 1 g iasetbadch M fafc |V 200LARIGE RETLUSIO0IIOS0NE (Pduue

proximty to the tissue. Siml \here the nethod I's descri be
an el ect r ocRharmmagpdrghtal tagents t imeyue inctufe apmtismpsl abdd shetifbhe ion

el ectrode ¢¢ I be_ | it ;. lnse intq the_tissue...5 In
order to mct%[e]cx% %gFataedd; gg?%@ﬁ?&angﬁggpg’t ergl;é?? é\‘gs]lslocr? ShnorRs - fic ion
pr e- can@er dusrepocancaidusleptthedl aladtiivysvg, aorplkar seesd iogitcialnsageatd Moy

be introduced to ni pulate the tissue, ar macol aqgi cal . agent i ncl ude
Dgont St o O ERAE, BE SROVED AASREPE BRI Oh SAbE LGN aht BOBRFELGA oS
speci fic i ereti@ityansport and el ectrical activity, ionic substitutions,

and/ or ~ hornonal  or growth fgct or , sti 1r"%l ation or inhibition of electrical

activity. DSFERALRY tHRe | GRSEFHAR ofP Lt N ] | EET® ot Pe PENVIRYS YT deda @

nunber of #RRRES oRBYeBIRoWS afhy AWKl Thehdhei P FTReoBdirmdkbo®bgidd or
hor ronal agents. One exenpl ara/ met hod i ncludes introducing the agent
1'}

di rect 1y t dormenal s$gENBEF ng. OthvBEETRER B, PPt gludes” introducing the

agent directly to the tissue being. investigated, via ductal
infusion, perfusion, direct contact or injection. ‘Another
exemplary method includes applying the agent to the skin surface,
wherein the agent acts transcutaneocusly, or through the skin. Yet
20 another exemplary method includes electroporation, wherein the
ductal epithelium or surface is made permeable by the passage of
alternating current via electrodes in contact or penetrating the
organ or epithelium of interest. The agent then passive diffuses
intoc the organ and its constituent cells. The agent may be
25 introduced directly into the breast ductal system using the
modified nipple aspirator cup and electrode, or lavaged into a
specific duct wusing a ductai catheter or probe. Additional
~ exemplary methods include via inhalation, oral administration,
lavage, gavage, enema, parenteral injection into a vein or artery,
30 sublingually or via the buccal mucosa, or via intraperitoneal
administration. One skilled in the art will appreciate that other
methods are possible and that the method chosen is determined by

the tissue to be investigated.
Thus, systems and methods consistent with the present invention

35 use transepithelial electropotential or/and impedance measurements



i nfusi on, perfusion, di reﬁt ~contact or injection. Anoé'her exenpl ary net hod
i ncl udes applying the agent to the skin surface, wherei'n the agent acts

transcut aReeYSss119% through the skin. Yet 20 another met hod
i ncl udes el ect rbopor ation, wherein the ductal epitheli uan'BBS{?ﬁf"g@éol s made

per neabl e by the passage of alternating current via electrodes in contact
or penetrating the organ or epitheliumsf interest. The agent then passive
di f f uses t9 ntdiagn@ser ganeamal janansonsrt uediicedel | s. Fhthagentsyafiemse 25d

intr oducq.geg{&pscy&éélgttgn{ h@lg{ QTchét £g‘;é tefglt Js_l\,{%g{q&pu% Cteh%efr{‘?gldf ised gkppl e

aspirator cup an ectrode, Into a speci duct using a duct al
cat het er f)xrequecmaesAddllml onatnbleaem.ar ytwretcmmsaqtmlmée vivmcitabakat i end

oral adm nj str.atiaqn, gavage ar ent injecti op |nto a
Cern o Sl 2 L B B0 s A OB o ST BRTCTUR, 2ahBhECL ! OBy | B0
intrapgerisgeal ebelotnddydsr afi®npréPenskihietkion they apkowile appiogeaghect hat
other nethods are FOSSI bl e and that the nethod chosen is determned hy the

tissue t PHE PROBEFFLGkd (IeRER) LPLPEMRTLONY PHBdsth(?on?P%FE‘?ljchtaniﬁé

present idwdaitdadl on35tysedid@nsRrpi thiel-nah i ghedy oppfentdadlcedr./ andhnpgdance
measur enents WO 2005/ 051168 PCT/ US2004/ 038509 22 to di agnose pre-nalignancy

or cancerePHqfHFERTt, SHETEMS afBd MAHRES cOhsittenPrapeRtt hinyddem use

i nventi on, ys& el ad s§ledfal il eELISNAIR d THEMOMR NBLLORde Qu?x'&@&@ﬁ&?“ €
functional and structural alterations in pre-malignancy and cancer.

By
usi ng05 siprfcemnadliest radwes e pertemlivivetr | Ghagpyspr ByRdBal bpearaphped and
geonetri C@E[nc(e(}ept h) i nformati on about the epitheliumunder examnation to
difagnose pre-nalignancy and cancer. In one enbodi nent, systens and nethods
of the prPe:k:lamlqna\Iemhj@ntas@ndeleat‘tarrdcéGEsvmm theciiakveyptfionmwidfledbeECHBEL O

provi de f nq%yonal 1Q i.nf &;on ab ut the.e |Eh§l| umto gl agnose

pre- mall canlger StclréL r6bjwe(l:'t:s and aavant 3 ges oPafY‘ueMll

i nvent i obeMddvik@ss éronf ahé hdésicpigstiom tdre mdgs el feaonedhibghpkakkdws, ofind
inp he_descr, pt.i on i

of 135 hé N IR e Tho 56, GEUS ARG SHe Ar A05eS5P "The TRy aRrFOR LR FIL ¢
be realized and attalned by means of the elements and combinations
particularly peointed out in the appended claims.
It is to be understood that both the foregoing general description
and the following detailed description are exemplary and
20 explanatory only, and are not restrictive of the invention, as
claimed.
BRIEF DESCRIPTION OF THE DRAWINGS
i The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate one embodiment
25 of the ihvention and together with the description, serve to
explain the principles of the invention.
Figure 1 is a schematic diagram of a DC and AC impedance measuring
~device, consistent with an embodiment of the present invention:
Figure 2 illustrates an exemplary embodiment of a device suitable
30 for use with systems and methods consistent with the present
invention;
Figure 3 illustrates an exemplary embodiment of a surface
measurement probe suitable for use with systems and methods

consistent with the present invention;



be realized and attained by neans of the el ements and conbi nations
particularly pointed out. in the appended clainms. It{is to be understood that
both the fQregoin eneral description and the follow ng detailed

descripti ol 85/@ lary and 20 explanatory only, and RCI/WH00408830¢2i ctive
of the invention, as clainmed. BRI EF DESCRI PTI ON OF THE DRAW NGS The
acconpanyi ng draw ngs, which are incorpgzrsat ed in and constitute a part of
this specificatipn,,jllustrate one enpodinent .25 of the inventiqn and
Loget her GHEHEY o HOWMSTREF Snan SBF P LT Y GRBPHHSEReohrt TBi s O cengde
inventionsuftfliee foks uvkeschermt k¢stemgr amiomet HddsansbhAG dupedanitEh the
measuring device, consistent with an enbodi nent of the present invention;
Fi gure 2 PFEIRtY afWETEACBKenpl ary enbodi nent of a device suitable 30 for use

Wi th systepg,ant Meihedsaeesshst Smpidy RBoRIRSRN! of | HVENLANeca¥b e 3
illustrates an exenpl ary enbodi nent of a surface neasurenment probe suitable
for use WEIPsysebkabkhdiekt BeelsvikBnSiystens anehmegbogsesomsishorht FHRR WO

20051051168, I%glgsléﬁ@?ﬂ(,gﬁ@{)&% 23 Figure 4 illustrates an exenplary

enbodi nent of  a nipple electrode suitable for use with systens and nethods
consi st enfiguteh Hhelllrgenesi nvaritingn; 1Fptr @obtehkusindt sbeane Efearipl any

enbodi nent _ of . t.al,e e _ 5.pr I e for,use with systens and
nmet hods c%lflaslllsset%eln %vj(nilta% J-:(?rlffielgC:E)‘:?‘ilenscéantlBi ﬁ\%ﬁlﬂ%%e%b%ﬁ 5 rlghgillH“Ust rates varying
ioni c confpnireand tibéuetfeids omeadurcsrseyst hef | aélondmbt ae e ponehuiaE brieast

epi theli Fiqure 7 illustrates neasurements of cell nenbrane potential in
10 h[}TePanu}bn‘}’%aébt r(?ﬁ‘iSEhSPiLgtl‘e]«r:Jeﬁll & EPdure 8 illustrates the effect of

i ncreasi ngi Asdey adgol ilaQeeeatéat i @re onetdd r apsepiinkebhalingot entiralii bn
beni gn and mal.i %nant breast epithelia; Figure 9 illustrates conductance and

the el ectfYPREHRCALTS 150 e &BEr HEARERIETE L0 RHEdP ace of P4 HE r 83t i n

wormen W tdk @ifhant breast epithelia;
Figure 9 illustrates <conductance and the electropotential
15 measurements made over the surface of the breast in women with and
without breast cancer;
Figure 10 illustrates the measurement of electropotentials at the
surface of the breast, and variation of the measurement during
menstrual cycle;

20 Figure 11 illustrates electrophysiological changes that occur
within the ductal epithelium during the development of breast
cancer;

‘ - - Figure 12 illustrates changes in the short circuit current of
human epithelium exposed to a potassium channel blocker (TEA) or
25 varying concentrations of potassium;
Figure 13 illustrates how the information obtained in figure 12
may be used to plot the potassium gradient against the change in
short circuit current.
DETAILED DESCRIPTION

30 Reference will now be made in detail to an embodiment of the
invention, an example of which is illustrated in the accompanying
drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

OVERVIEW



Wi thout breast cancer; Figure 10 illustrates the nmeasyrenent of
el ectropotentials at the_./surface of the breast, and.variation of the

measur ene ' menstrual cycle; 20 Figure 11 illustrates
el ectroph%qgﬂﬂggﬁg%l changes that occur wthin the ductBiT/EpM4EBI08m during
t he devel opnent of breast cancer; Figure 12 illustrates changes in the

short circuit current of human epithel hbym exposed to a potassi um channel
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acconpanyetgeetlr athagag/MieLevesr pessibhe, Idhe safeet effraneampuidesgeny | |
be wused throughout the drawings to refer io the sane or |ike parts.
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duct be electrically accessed by a nipple electrode constructed to nake an
el ectri calitddpneé&hRonnipBifechul he Anggd cypr 5%mi Fakledw witlsetan ECM

| ati num D lLi.aniu 1.0+l ea o] Lekel | upl y4
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carbon, or other conductive net conductive polyner e
r ecessed pasistiNehy: hemi pfter cappirdhieorcupits fa | beringd hoan @YW, making

(el ectro-conductiy LU I.ch enters the ductal stem, passi vel or

afteibasﬁopgflfzgnwlgmhrﬁg% g%/ﬁa\r,]fg;el%?enﬁurr& sn‘%ar%aﬁ:é fgegg\ﬁl?g%tpﬁf%ét%te %&Fct al

| umen. Asswithaee ofl etier askeeg3itacadnmdle tiebe tisuré beet mifcallheciyedst, copiieies

the electrical circuit, so that rrﬁasgr enment s, 01{: transepitheljal potenti al
AL

my be migE@SBEEMERNS Pk trRRieR! | PARFObI 2t efter Pt mefe Petsitand’s he
skin surfegal SpithaliemnsbdecahtoOpschatdet xuaRgiatRN e NERSUN Surface.

transepithelial 15 AC i npedance whereby the neasuring el ectrodes neasure the
vol t age Similar considerations have to be given to measure transepithelial
15 AC impedance whereby the measuring electrodes measure the voltage
drop and phase shift across the ductal epithelium or tumor, by
utilizing a nipple electrode in combination with a skin surface
electrode. Other configurations of this approach are more
invasive, whereby measurement can be made between an electrode
20 inserted wvia a ductoscope or nipple duct probe electrode
referenced to the skin or an IV (intravenous), intradermal, or
subcutaneous electrode. In another embodiment, the duct may also
E be accessed by a needle-electrode inserted through the skin.
In order to combine DC transepithelial measurement with impedance
25 measurements, it is necessary to obtain baseline measurement of
the DC potential using the voltage sensing electrodes, referenced
to surface electrode with low-contact impedance, or the blood
stream via an IV, or the interstitial body fluid via a needle
electrode or electrode that permeabilizes the overlying epidermis
30 or other -epithelium, or other body reference point. The
electrodes may contain different ionic concentrations,
pharmacological agents or hormones in their ECMs. As used in this
description, an ECM 1is a medium that permits transmission of
electrical signals between the surface being measured and the

35 electrode. An agent includes any ionic concentration,



drop and phase shift across the ductal epitheliumor tunor, by wutilizing a
ni ppl e el ectrode in conmbination wth a skin surface( electrode. O her
configuratjons of this approach are nore invasive, whereby neasurenent can
be made bet\EHAS4H1E ectrode 20 inserted via a duct oscopecwustoppisesoduct
probe electrode. referenced to the skin or an IV (intravenous), intradernal,
or subcutaneous el ectrode. In another eypodi ment, the duct may also be

accessed nesdl e &lec e i dof hpough i;n.. ln.ocrder.to
conbi ne ﬁ?%nseplc‘ﬁhe}i a'i\t err&és&?%ﬁéﬁ% %t% i rrpe%l%cozhdzgd%gsﬁge%%t g,cmi t
IS necessary ¢ohelwise basetdadwregieaswr errbat ¢fisstdie Dot eiMveadt igsitignt, he

vol t age sensi lectrodes, referenced. to.surface el ectrode w.th
- | ow cont a?:?f?%e‘%a%%e?roovrldtehguﬁ%%ﬁ J‘%Wré'lgr%l?f’aagﬂuﬁzVt?h%rcclr}?é'tilr?f’elpgt tbeal
body fl uigisde.a mMedmtrirceenbodendit edircioadent bat i Pes remkiddntes make e
overlying epiderms 30 or_other epithelium or other body reference point.
The & ec?l?%&%d MR At LAY dFRFRIBNSYSERRe concentrations, phar macol ogi cal

agents org MUIERIEhdub kel meBEMS cafis yradden ddbiutcr d6sCELRLAON, cRBaREMES @
medi um that permts transm ssion of electrical signals between the surface
bei ng nea¥tkedusrd tHEtIB5 exreenpbd@r ARNERJERL | RéPOHBRISMY tPorfeduce the

concentraf WO L 8 RCT/, R4 5 ph ogi
agent, hg}frhr%lhgngre ot(%grg§gg?r%%€nﬁadgg§a?o tﬁiéE%%Ar%rﬁtg)t hgffévrrn&g’%l i %toﬁgéﬁged
to t he tibseamddre i nhastrogat isonfacgebrdt vl t okir ovi depfhhetlied ismkdapati on

about, t he, copditi of .t.he I - I anqt e n&;% t ongent i ons
of agleont ?“na&g e gsé%ar?tgedeluésél%%gsf I%:W %rgaﬁig’fhc} gggggélrh egﬁ?gconcﬁl UCFI&%/G
medi a canrdsudltsdeircotieiclovest | DEdsffseaas ohe gebstusdsl whtfaext esnabnor

internal electrodes to reduce the inpedange ( i stance to alternating
current) Y&t gﬁﬁf:ac‘f&n bgfe\/\éﬁ‘?'ﬁ“ﬁ@del ec?ﬁﬁdeﬁgﬁrf afRi*the W A1Gr 2
epi t hel i &l ygx¥gfeacahall Winit leawasenbDE ehectlodesolitdss falomo qdepekabhgethat
the ECM (_results in the |owest DC of fset at the el ectrode surface, or an

of fset tiRf &BA bEkibadtr e?t t2NE SBOVHRFI- GRtlenceBIR @t n¥athhyidiogERrEAge
Wil gdr awfddgirdaand elieckh-ehytesnis omddeenad QYRS current require ECMs

with high conductance. Usually this is accomplished by using ECMs
with high electrolyte content. The electrolytes frequently used
are KCl (potassium chloride) because of the similar ionic mobility
of these two ions in free solution, so that electrode polarization
20 is less of a problem than when ions of different mobility are
used. Other ions such as sodium may be used in ECM formulations,
and the higher electrolyte concentration result in more rapid
i electrode equilibration.
In situations where estimations will be made of the permeability
25 of the epithelium to specific ions, the concentration of K in the
ECM will be wvaried so that the conductance of the epithelium to
potassium may be measured electrophysiologically. An enhancer or
permeant may be added to the ECM to increase the conductance of
the underlying skin to the electrolyte in the ECM. Other
30 approaches include mild surface abrasion to reduce surface skin
resistance or silicon electrodes, which just penetrate the stratum
corneum to reduce skin surface resistance.
In order to measure the depth of the impedance alteration, the
voltage drop will be made between surface electrodes with

35 different spacing. Spacing will be determined by knowledge of the



of the skin to establish electrical contact with thg surface 15 el ectrode.
El ectrodes that are used._t/o pass current require ECMs” with high

conduct an this is acconplished by using ECVs | | ah_

el ectrol ytﬁg) zcdgﬁl?%h%y The el ectrolytes frequently used a#égbﬁ%fp{"%&“gssi um
chloride) because of the simlar ionic nobility of these two ions in free
solution, so that el ectrode pol arizati 0#620 is less of a probl em t han when
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underlying skin to the electrolyte in the ECM O her_ 30 approaches i ncl ude
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el ectrodes, ddHigula¢st thenetsate, L 15t kabulyieal DPUM A0 AP dUGe t3kkiesytf ace
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transport and electrical activity, 6 antagonists of specific ion transport
and éPPectiybyr a%@igt}fsit:g,ods are used to administer the pharmacological or

hormonal agents. One exemplary method includes introducing the

agent directly to the tissue being investigated, wvia ductal

perxfusion, infusion, direct contact or injection. Another

exemplary method includes applying the. agent to the skin surface,

20 wherein the agent acts transcutaneocusly, or through the skin., Yet

another exemplary method includes electroporation, wherein the

epithelium or surface is made permeable Dby the passage of

[ alternating current via electrodes in contact or penetrating the

| surface of the breast or ductal epithelium of interest. The agent

25 then passively diffuses into the breast 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 mucesa, or via

intraperitoneal administration. One skilled in the art will

30 appreciate that other methods are possible and that the method
chosen is determined by the tissue to be investigated.

Based on the agent introduced and the tissue being investigated,

measurements of electrophysiclogical properties, such as

impedance, are performed. Other properties that can be measured

35 1includes, transepithelial potential, changes in spontaneous



ionic substitutions, and/or hornonal or growh factor stimulation or
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transport, an up-regulation in Na/H exchange, a down-regulation in
K conductance, a decrease in basal Cl~ absorption, and a down-
regulation in c-AMP (cyclic adenosine-3‘,5’-cyclic monophosphate)
stimulated Cl™ secretion have been observed.

20 Thus, by administering agents appropriate to the particular
epithelial tissue and measuring the associated
electrophysiological characteristics, it 1is possible to detect

( ‘ abnormal pre-cancerous or cancerous tissue while the development
of such tissue is at an early stage. It should be understood that

25 the method and system of the present invention is applicable to
any epithelial derived cancer, such as, but not limited to,
prostate, colon, breast, esophageal, and nasopharyngeal cancers,
as well as other epithelial malignancies, such as lung, gastric,
uterine cervix, endometrial, skin and bladder.

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

35 should be either more frequently monitored, or conversely, may be
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Furt her SOAUtHPR RTdEGPRE BaY| bR, SPRell ot %PQHﬁﬂﬂ%WléPaéSﬁééF%r?%%IaW%y be
varied. (ER@SQoMR! icdt RS, ek 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
20 another, this system provides generally reliable results.
An alternative apprcach is to use fewer electrodes and use a flow-
( through or microfluidic 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

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

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

35 hand-held probe, or may be taken between electrodes on the hand-
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Al terna surface el ectr that Just penetrate the stratum cor neum
may be body cavity, ductoscopic, non—optlcal ductal or surface probe. A

reference probe 110 may take the form of an intravenous probe,
skin surface probe, nipple-cup or ductal epithelial surface
reference probe depending on the test situation and region of
20 breast under investigation.
To avoid 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
25 appropriate filter interfaced to the probe 105, such that a low
pass filter is used during DC measurements and/or an intermediate
or high pass filter is used during the AC impedance measurements.
The selection switch 120 passes the current to an amplifier array
140 which may be comprised of multiple amplifiers or switch the
30 signals from different electrodes through the same amplifiers when
multiple electrodes are employed. In a preferred embodiment
digital or analogue lock-in amplifiers are used to detect minute
signals buried in noise. This enables the measurement of the
signal of interest as an amplitude modulation on a reference

35 frequency. The switching element may average, sample, or select



used to decrease inpedanCe. Regardless of the configuration of the device,
Figure 1 is a 10 schematic of a DC and AC i npedance-=neasurenent system 100
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gn%rl’ b@ feEnatpye X p r SRS elrbfaﬁrrpretation may part 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

20 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 test conditions. An

{ internal calibration reference 195 is used for internal
calibration of the system for impedance measurements. DC

25 calibration may be performed externally, calibrating the probe
being utilized against an external reference electrolyte sclution.
Figure 2 1includes a handheld probe 400, consistent with the
present invention, which may be applied to the surface of the
breast. The probe may include a handle 410. The probe 400 may be

30 attached, either directly or indirectly wusing, for example,
wireless technology, to a measurement device 420, The probe 400
may be referenced to an intravenous electrode, a skin surface
electrode, other ground, nipple electrode, or ductal probe
electrode within the duct or at the nipple orifice,. In one

35 embodiment, illustrated in Figure 2, the reference is a nipple



amplifier 160 matches the input signal to the range of the ADC 170. The
out put of the ADC 170 passes to the DSP 130. The DSP 130 processes the
information to cal culate the DC potential and its pattern on the

duct al - epi MRI0HPS1E68 skin surface as wel |l as 10 over the RCIGISIMO4HE3S509
suspicion. In addition the inpedance at varying depth and response of the
DC potential and i npedance to different_ ECM concentrations of ions, drug,

hor nrones, or other agent are used to estinate the probability of cancer.
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a 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
20 drugs to identify regions of abnormality. Estradiocl, or other
hormonal agents, may be infused into a breast duct to measure the
abnormal electrical response associated with pre-malignant or |
malignant changes in the epithelium.
It should be understood that different configurations may also be
25 used, such as a modified Sartorius cup that applies suction to the
nipple. With this configuration, gentle suction is applied to a
cup placed over the nipple. Small amounts of fluid within the
large ducts and duct sinuses make contact with the electrolyte
solution within the Sartorius cup, establishing electrical contact
30 with the fluid filling the breast ducts. DC or AC measurements
may then be made between the cup and a surface breast probe.
Figure 3 illustrates the probe 400 of Figure 2 in greater detail.
The skin contact of the surface 450 is placed in contact with the

breast. The surface electrodes 451 measure DC or AC voltages.

35 The current passing electrodes 452 are used for impedance
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the contact surface into the breast. In this configuration there
are four current passing electrodes [453] each positicned radially
90° apart. This permits current to be passed and the voltage
response to be measured in perpendicular fields. The electrodes
20 will be interfaced via electrical wire, or wireless technology,
with the device described in fiqure 1 above.
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
25 the impedance and transepithelial potential from benign and
malignant Dbreast tissue, measured at the skin surface. This
enables further improvements in diagnostic accuracy.
Figure 4 illustrates a nipple cup electrode [500] that may be used
as a reference, current passing, voltage measuring or combination
30 electrode [502). 1In this configuration suction and fluid exchange
is applied to the electrode housing ([501] through a side port
[510} connected by a flexible hose [515] to a suction device,
aspirator or syringe (not shown). The flange {503] at the base of
the cup is applied to the areola of the breast {[520]. Pneumatic

35 suction is applied through the side port and communicated to the
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dijagnost i ce pectraRizy. (EDQUr enad | bbusintdreacedni ppl engdny ebect apdea 2@ ckbat
may be used as a reference, current passing, voltage nmeasuring or

conbi nat i ofPRERFtHBCt PG4 P505Y. 2 HWE?’%S%O PRRRR o n"Oic tIR AN g iERubBe
exchange |gewRitld edii@st Rl ecd r edgubeysing [801)rthraualt apstdget ROt ac
[510) connected by a flexible hose [515] to a suction device, aspirator or
syringe (nBtPesaie) OTTREMPIRAGET HEIFUaEMERES base of the cup is applied to

the aneol apof,thes b easde J22Q] an PNAWRGIG v85 34chieR idie2RP!dred dA15quah: t he
side port and communi cated to the WO 2005/ 0511 PCTI US2004/ 038509 33

housi ng bydydsseyerfoler withas t blopihlian ertdetieharlrdirodee Bi@dstattached

to a syringe [555]. This may be used when a specific duct

produces fluid and diagnosis is to be performed on the specific

diuctal system producing the fluid. In this configuration a saline

20 filled syringe 1is connected to a flexible electrode ({550], which

is inserted into the duct {551]. Fluid may be exchanged, or drugs

and hormones may be infuéed into the duct, through the catheter.

( An electrode within, or attached to the syriﬁge makes electrical

contact with the individual ductal system, and the surface probe

25 electrodes (552] complete the circuit so that the DC potential, AC

impedance or a combination of hoth may be measured across the

ductal epithelium, skin and intervening breast parenchyma in

combination with the systems described in figures 1-3. Another

approach would be to use a ductoscope 1in combination with a

30 surface ©probe with the electrode(s) interfaced with the
ductoscope.

Devices to measure the electrophysioclogical characteristics of

tissue and the differences between normal and abnormal tissue may

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

35 signal processors, volt meters, oscillators, signal processors,



[ 520] and the nipple el ffc‘ti,rode [501]. Electrolyte solutionis wused to fill
the cup and nake el ectriscal contact with the underhying ductal system

Fl uid maywipeoestssiagaged, or 5 pharnacol ogi cal and hornon i nt roduced,
by applying alternating suction and injecting fluid or%j&]z%?&%zﬁt%‘%% he cup
through the side port. The pneunatic suction will open up the duct openings
[505] either by itself or after preparat3pn with alcohol or de-keratinizing
agents topLeBRVEokEFdtd N BrUdsnit oeher 10idliicle ORSBENGS, alntRE rauraGe f, the
ni ppl e. Tﬁe nipple cup electrode [502] may be interfaced by neans of an

el ect ri caFongdugrrete orr§SIFRN6E Oy HRGAdESIC€ss connection (not shown) with
the deviggs LLL t Lo.digur +adl @ ain ti AC .
inpedancesgrpgjgng?%é?i g% {rlrelé‘;siu%gnnge%ﬁtsil.ré% E?ggré gQ?inQ%%%?htgén%i%ng of
alternati we gppvaachetder eimn sewiesi dwakh dact highpr obeidsvande.a fadneki Hwe

cat heter ecirode [ at hed __to syrijpge [555]. Thi be_used when
a specffi%‘ll?ﬂ%%: géjepsro gg]és ¥ 1I'r%l&asar‘?‘c?ddi(“'g‘geno{s.%fggrlesn[‘:te ‘be &8??8%%5 oﬂath’e
speci fi ¢ afaréal osystigmtplodudideglihe thkwked.shionlthihaveondn gexwddnelya Majhi ne
20 fill ed,sgri nﬂe s _connected to a flexible electrode (550), whic IS

i nserted +RPRE ¢ hBSHTERN§S51S . A¥PLH CHERF Ve B¥haRGePOtEN 3R gE2YaAd SRoPRones

may be i nhessrédtidhanddstillibsepgh the catheter. An electrode within, or
attached to the syringe nmakes electrical contact with the individual ductal

system aFEPeFRNGHrTALePPr BBRSPE G| WeiWode sPEEY] omPRIcadhes -ci Meifihouso
that {fie Py poleiid al exdifpl dITPRAANCS Cpfha%ﬁ@%@kn%}nb@@f%rypt QB@BH Jtasy be

measured across the ductal epithelium skin and Intervening breas

par enchyneithker coOhtivat i on anghoq htogksirengmpleisfiiensed | Prétapnpldfiers. may
Anot her pr. h ul g . 1se ugh@sc in c i i on, Wt
surface p?%bélg\%ﬁt hy\?hgggﬁeg{:?lo%g( g?tﬁntcterfa%g(gk v#t hgﬁﬁbépﬂd%fgt 3?00%@3“%2& ces
t 0 neasuretténe ehecenbphytst oboguedl igbaputher istdugscyft tildgueadnddadke in

di fferences Peélween nor nal e%ln%nat%%%r% issue may ncl ude, t hose known in

the art sTRRFEEIDEYS &8s $P% ghggkféga%llcbna?é prC ettt &2 W1t One
met eris,  os€ind athes sighgbakapepressons, aMl 20084 06l A tRATNlIS20ML03850%F 34

interest, and the other being a reference signal with a specific

frequency and phase. A signal generator can be used to produce

the sine waves or composite signal to stimﬁlate the tissue.

Analog lock-in amplifiers contain a synchronous rectifier that

20 includes a phase-sensitive detector (PSD) and a low-pass filter.

Other approaches include the use of an impedance bridge with an

oscillator to produce an AC sine wave. These devices when

t automated are referred to as LCR-meters and use an auto-balancing

bridge technique. Constant current or constant voltage current
25 sources may be used. In one preferred embodiment, a constant
current source 1is used. Rather than an oscillator with a fixed

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

35 Rather than impedance, current density may be measured using an



potenti oneters, or any other device used to neasure voltage, conductance,
resi stance or inpedance{ DC potential is usually neasured using a voltneter,
consi sting Qof | vanonmeter in series with a high resistance, and two 5
el ect rodes %Q@Wk‘?sng and one reference) Voltneters nay HSG/GEHISN4038509

digital. ldeally these should have an extrenely high input resistance to
avoid current-draw. DC potential may al so3$e nmeasured with an oscill oscope.
W t hout

| npedance may _be asured using, a_nhunber _.of. .appr.oaches. 0
limtation? ?é’rrf)jlr%se ieﬁglrﬁgsspgsséb?o%%l%ﬁaﬁi &Fs SMHRi SHTARFE be %I&Ffeﬁ?éfce
di gital or mayaladgd dek- heasungdd fusimg Vextaophihéers DAJuchioriSethont the
conjunction with the lock-in anplifier to mnimze stray currents to ground
i nproving 5‘_@8& g8§ eb?ﬁH%‘Fe | FEREACH wéﬁlbltrrﬁ SEnaPE _BB%E%‘*]OW”’('h_e

nul tipli catiinonoefe# WRoSigi@cwa¥es.arghe akidubesnN® ft heatsd INahe CRLENLHY bRE the
anpl i tude-nodul ated i nformati on of interest, and the other being a
referenge SFERERTWIXW ARG HECI F9Wd fhRqdBRLF UHE DhBY e SOALYRGAAIONG FRIRITHT |
can be usedehaapladhediuhNendl BR-UMEP K CAPSIEGeS! BAALpha, Sl Mt e
tissue. Analog |ock-in arrprlfl ers contain a synchronous rectitier that 20
i ncl udes apghRasessensittse detector (PSD) and a | owpass filter. Oher

appr oaches i e, the éﬁ% t.ppedance bridge with an oscillator to
produce anEK%ﬁst!ﬁel\'Nave; sglfseﬁ g\tlzlﬂges when automated are referred to as
LCR- net er s Aandnersel caredaudloe el anmpedpndsr | dgd DEchmlieqpieric@ingiamntéal r dvatveor
constant voltage curren 5 urces y be uysed, lpn one_preferred

enbodi 'nt,egncounss (%n eb%%ﬁ%% ggurt(r:gg isls)’?lunsesd.slﬂ?%?%%er Fﬁan&zﬁ?n(%%i ﬁrgtagrt
wi th a fixedncérequency Bepttadr a of gnetegenenatiords Wnedsyeaduate, ductal
superi nposed - sine Ves be used. The tissue response is_deconvol ved

usi ng fast tFBHF?%?'tPt’A?B]aJr%]ro ﬁs °r30i§r Gt "F@ihrﬁ’iﬂf&s‘.tlg?po?%r ,tgFri agt -or
tetrapol.ar 785" eignafitican®l ¢ agededLct fidescdmadie disethd Oappkea JHEaPH-QAMRRatL S.
In one preferred enbodinent tetrapolar el ectrode configurations are

enpl oyed t 5haveFHItRACRUIRG S CREECEr 21F MY dHdcdded ¥ crgl epithgiggw, and

pol arizati gpr anfeelseetrbadal hi SEHEatTPOCRNGE e K@k Sradp Tl BeftHdaNinproved
i npedance, current density nay be measured using an 2005/ 051168
PCT/ US2004%heB508he transepithelial measurements of impedance and DC
potential are combined, The wuse of pharmacelogical and/or
hormonal agents in c¢ombination with impedance or DC electrical
potential measurements, provide a more effective method for
20 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 (transepithelial potential). In regions of up-
25 regulated proliferation, the ducts are depolarized. The

depolarization of ducts under the skin surface results in skin
depolarization. The depolarization is significantly attenuated
compared to that which is observed using a transepithelial ductal
approach, as opposed to a non-transepithelial skin surface
30 apprecach such as disclosed in Patents 6,351,666; 5,678,547;
4,955, 383. When a tumor develops in a region of up-regulated
proliferation, the overlying breast skin becomes  further
depolarized compared with other regions of the breast and the
impedance of the cancerous breast tissue decreases. The changes

35 in ductal epithelial impedance are not measured using existing



35 array of electrodes at-—-the epithelial or skin sur/f ace. |npedance may

al so be neasured using el ectromagnetic induction w thout the need for

el ect r odewgpPhh ith the skin or epithelium In order t rocess_| arge
anount s of datggltlé#e met hods of the 5 present inventi Or?Cgr(g@?2804ﬂ)éSbO9

i npl enented by software on conputer readable nmedi um and executed by
conput eri zed equi pnment or central procé&ssor units. EXAMPLE 1. BREAST CANCER
As ment i creethn@boygies i rpsdbnimy aivil BCdéhmttriaral ipodenttaty havaltéfat been
used separ at:géﬁyreat the skin's surface to d;:['g}%nos lbr east A%a}gcer i Nseithder of
t hese netfibd aug)r ATPFHRP G PEFYT ¢ PRRSEpFERe P UBECSr Ue RYEH CatPY
properti efengftriae bye€est. This significantly reduces the accuracy of the
approach, because_. the orj%Pi ns of breast, cancer are within the ductal

epi t hel i BT &F™E5Snothe He! SUMABRNGHRYChT s t* SRBITE. A OFPAEY FSSPUT tHer

i mpr oged 1 mipeRstRedisANsP boel | b sdBaRUULBNMRRL HiGteir@BedanC R randaRkerous
potential are conbined. The use of pharmacol ogi cal and/or hornonal agents
i N coibi P& iBRMCRFPAS | APLEAEEIDTIEE dnedPriigal Prpaseneparhebidr enbht2ne
provide i i eabi KeelBABOINf Qi1 Af) dalealiBy 3BNAGHBLIALEaCAREELONS OF
cancerous breast tissue. Breast cancer devel ops within a background o

di sor der dartoprtdlei fdancat ioon s visttemhept 1 yraf ¢l howiige crub ttilmguedr midmahidtization

| obul . T g . . < .
mai nt ai n OF T A RRRShTt et 1 A7 por anet argerY | RPRAOReheR o kst Redliey e
prol iiber athiah, pehks daict sp@re:ictepelgr R2edindtes . delisd axlizatriophysfiotlogisalunder

the skin surface results i.r;1 ski 0 depg{)aritzatio% t}he dZ:poI rization isl
signi fi cATRIEEt SA0EREY  Comsared Po  thatt 3T H i L oReEAFRE §sPRgSErua

t ransepi tdyellieal disct atellapps®achheas copfifsesnt 0o Nathd r absepst het i eduski n
surface SOe\%rgroach such as disc|losed in Patents 6,351,666; 5,678, 547,

4, 955, 38FPFAdACAL Mt dBOETRhs PFRASE r EHF BIR of 2 upiF8gdirat BeF Bt i PEr i on,

the overlyidigghreast reki dcbesongsrf ukdhegn gepsdari zed corpartedohd afher
regions of the breast and the inpedance of the cancerous breast tissue

decr d8seSanNTRECBRagESUSE | TP iductafPEPIT hefi APTAREEENce &8 tnBEN AR ed
using exh3fieRd at risk for breast cancer may have an exaggerated TEP

response to estradiol because of up-regulated estrogen receptors
on epithelial cell surfaces.
Furthermore, estrogen, progesterone, prolactin, corticosteroids,

20 tamoxifen or metabolites, (all of which alter the ion transport
characteristics of ductal epithelium depending on its
premalignant, malignant and functional state), thereof may be

{ introduced either orally, intravenously, transcutaneously, or by
intraductal installation.

25 In one embodiment of the present invention, breast or other
cancers may be diagnosed by examining the basal conductance state
of the paracellular pathway of the epithelium,. For example, in
the breast, a substance known to affect the conductance of the
tight junctions may be infused intoc the duct, or administered by

30 other mean, and the transepithelial impedance and/or the DC
potential of the breast 1is measured, before and after the
administration of the agent, using a combination of surface,
nipple, ductal or other electrodes. The difference in the
transepithelial electrical response of the tight junctions to the

35 agent in normal compared to pre-malignant or malignant breast



WO 2005/ 051168 v PCT/ US%OO4/ 038509 36 technologies resulting in a
dimnution in accuracy ‘Al'terations in TEP and inpédance occur under the
influence gf %}, @5 and nenstrual cycle. For exanple, the

el ectrophysi ol ogi cal response of breast tissue to 5 17-P(E4US24eWa3850nas been
observed to be different in pre-cancerous or cancerous epitheliumthan in
normal breast epithelium In one net ho of the present i nvention, estradiol

is introd directl to, the duct t bl I
acimi i St r ABLORC Lbin 3 peBER e %3%1&@%%?? R L

response, md@ighafiby peaks at approximately 20 minutes. The
eIectroph¥s|oIo i cal response depends, in part, on the stage_ of the

“patient’ sIRendPPERT cHEPedimantye| (thEs' FHSCEBHG?Fl oRTDf PHRECHF ealdten | ddife.

Speci f i caghxpltﬂoagr FBY i o0 6ARE tHeSPd8sidel DBECpbReRELaW |1 RE&MIredUr iTh f he
follicular (or early) phase. In pre-cancerous or 15 cancerous tissue, this

response RS abfRRBAGE P@éﬁuﬁ@n@ﬁéusaFe Vs &S r BsRcuvredr drdpveancdhemay
have an e%?QQQ%i‘éegmggEanéee%gﬁ‘%{b?it <§tfr@ﬁbogggﬁgggr?nﬁegfuffpméfgé'{@érﬁgte

estrogen receptors on epit surfac rnore, estrogen
progest er one, prokezsén, Worti msﬁemﬂ ds,DC 20 swrksdef en edrecrtepab‘edmm@els (all

of whi ch EEE&?évaé%PHH” daRie Ignaﬁe%fe t'tc%l‘%ffegg tfagga)lé&[%h's“%afy ray

dependi ng on1 nan and unctlona er eo
be intr oﬁiuc’eﬂably hchoIdael Iay,suparrmms:lqntmuscauaeeeaséygn Otofbywf an

i ntraducta al Lati 25 I n_one e nt of the ese i nvent|]on,
breagz'[dJ Jn ggnceogrslcaﬁﬁy beP SR agng§ dvﬁ’ t@?ﬁm%ﬂdnd&t[ héf"?';%%%‘r an%ug)teance
state Ofméﬁlﬁuﬂ@dacelrhul aespatiney of the epihheld wﬁheEoremrmhem &8 ache
breast, a substance known to affect the conductance of the gh% nctr ons

may be intBed®i Nt i HucteSoFtaRaf niddt eld WESOmSFﬁ‘éFeﬂean

transepi t hghdpd s dipedanes anbrer idenBC ppetentdralregf ihe ﬁegsgsime to
nmeasured, before and after the admnistratigon _of the agent, using

conbi nat | BRRHHES urhc e, tTanisEBLEDe Hifdt alPOSENSERdr BfecEPBdesiraRe d| ffé'rhénce
in the tragsepiiheldalpsheet beaknt esRORSRaPl atingwt LRt LhHBETI NS HrRalshe

epithelial and tumor pctential to be measured at the skin surface.
Once the ECM results in "wetting" of the skin surface there is
pseudo-exponential decay in the skin surface potential using the
above referenced approach. Ions in the ECM diffuse through the
20 skin and make it more conductive, particularly because of changes
in the skin parallel resistance. The time constant for this decay
is inversely proportional to the concentration and ijonic strength
of the gel. Once the skin is rendered more conductive by the ECM
the capacitive coupling of the surface to the underlying potential
25 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.
Figure 6 demonstrates the effect of varying the ionic content of
the bathing Ringers solution on transepithelial conductance. The
30 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 veoltage clamp. The conductance

was measured by passing a 2 pA current pulse for 200 milliseconds

35 and measuring the DC veltage response and calculating the



35 agent in normal conpared to pre-malignant or malignant breast WO

2005/ 051168 PCT/ US2004/ 038509 37 epitheliumis then_is used to diagnose the
presence o 8asenges of malignancy. I n another enbodinent, the el ectrodes
are placed over the suspicious region and the passive DRCTHPHA93§F09; o
measured. Then 5 AC i npedance neasurenents are nade as di scussed bel ow. The
vari abl e i npedance properties of the oveslying skin nmay attenuate or

i ncrease drfaesapacke eda Decspidacmcrl qet-aepof endddlStot tAllyeiRabbdeh¥e time
i npedance neasurenents at different frequencies may initially include a
super i npd¥e@*édht i nUddts QHBIGKERESoaEofedfu el 161 aphl ivd sbandard ajtngsehase,

DC vol t age1aRdoAC ¥akhaga W lsbabem- FEaS Ul Th Si OL,t | fy or
ot her epitheli am at AC ang1 g di fferent rlggriegt aﬁg%%atr% Qggg %%agﬁ?gé%%nder

DC condiRingas, sthee timere patarsiymasseehRinger tand posalby ereurmiggsure t he
t i t.heli ial , : 5 G iti ' f
ransepl GhabbataPohenbLel e uikase JheAh LanACiAG PreBsiiles of

the skin may allTow t underTying breast epi
be neasudediay the skudieurface. Once the ECMresults in "wetting"” of the

skin surface there i p 0- exponential decay. i n.the skin surface

pot ent i altr%ﬁsiqﬁ’getrhéﬂsoatboggfﬂe?cgr %%%r(fsapad‘l'cga%‘?glci ohs™§ h gﬁ%"‘Eﬁ\ﬁadﬁ'efsfug?
through thaddétskie® andodrmicn iHundmr ®reastushitial iRalgrowsl a6l ¥ ResaLSEeOf
changes in the skin parallel resistance, The tine constant for this decay

i s i nver S8Ry CHROPOTRPORatS tRAINFEF dOndORt PERIFN emithedniad seddfgt hThefNehe

gel . 1Ncantihg* ddnpdrent@nder edndREarnduet bpgréxiﬁbﬁeﬁg\hd hedcapasi thve
coupllngzof the surface to the underlying potential 25 of the tunor or the
syrroundi nEeERAtHMSYm is | ost so that the measured potential now reflects

an Offse‘rgénqo%if Sl (Fﬂtl;‘iebi %'irc%stgﬁde%ﬁ&éé’dfiﬁgw aéins‘néigaetrefsacﬁ%
Figure 6 denonstrates the effect of varying the itonic content o t he
bat hi ng Rendersames ut®dn mal ignansephunan | dprepmtducipdnbelidhegr@n huarmn a

b et BRhBPHEL ) Bnye R, 1O Siges 0oL} POESL) e e
nmodi 1§ edmbld $¢montc haeeriseldrd t kelDE. conThet alg'es axer e Kieasumpoherstiang cef
vol tage %ngﬁétggg%(ggghgﬂﬁ%gggmately, 4 and 1 mS.ch‘respectively.
In malignant tumors as opposed to monolayers of malignant
epithelial cells, the tight junction between cells break down and
the tumor becomes more conductive than either benign or malignant
20 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
i high conductance at the site of the malignancy, may be used to
more accurately diagnose breast cancer. Using electrodes with
25 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 low K-
conductance is indicative of breast cancer; a high conductance

area with a surrounding region of normal conductance may be more
30 indicative of fibrocystic disease (a benign process).

Figure 7 demonstrates measurements of cell membrane potential (y)

in human breast epithelial cells. Measurements were made using a

potentiometric fluorescent probe, and ratiometric measurements,

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

35 were measured in the presence (closed circles) and absence (open



was neasured by passi ng a 2 A current pulse for 200 mlliseconds 35 and
nmeasuring the DC voltage response and cal cul ating tthe WD 2005/ 051168

PCT/ US200 32%3:29 38 transepithelial conductance (y-axis), and plotting it
agai nst ti 0_55;&85)_ The conduct ance was neasured fir PCTIUS264468509 d

Ri nger solution, then in a sodiumfree Ringer, then returned to standard
Ringer, then in a potassiumfree Ringer,and finally returning to 5 standard
Ri nger sol ution whi_| e nai nt ai ni(gg? normal “ osnol.ality during the studies. The

upper pl 6EFEFEF] e8 s fiFradighd i 8°H ¥e)"Hethtditeacds @ HeFo%HAducEdtle of

beni gn hugRBobr east t@pi theld angs oNFer@nhitd NOMAkaYEiper TR re@NMHIGE aDSE tihg
hi gher in the benign epithelial cells. The Na' 10 and K conponents of
. conduct aREBNGRED afPEEXi 7dt dihe, MBPrand™ fficmowry espieel i baryisThEe ARér

plot (fiLbreigéhcseiedll 0Lt ee! bBS AAMRASLT AlAR té@dif]ﬁmpuc?ﬂ ANGE Ren
mal i gnant hunman breast epithelia grown as a nonolayer. The conductarnce is
signidichat lopltowed ihraass lepikdelgadnicedppt Welshakscdln san Theshent anedul’
conmponents_of __conduct ance, are appr.oxinmately, 4. an nS.cm 2 respectively.

d 1
In mali ghRREe23Tors a¥ JFpbeed o THENEY ay?t s¥BHt ?r&lsi grisht CraBPeRkT IS adel 1 s,

the tighpotémeidDn seet vepjukel Bs breaknspimhendalt heoddHmiralbeg@NEScofIDLE
conductive than either benign or nmalignant 20_epithelial nonolayers. This
obser vat ¢Bht Rl YR &l SheedS¥h Che thR aGRISPE of LYY c&Réér Memhdangwer

conduct a?&@er?éiéﬁe (Bt BRAT WRAT ¢aRd) A devel owmlgl_mtiamr) , Loget %rmbwahgt g

region o hi gh conductance at the site of the malignancy, may be use

mor el Gaccpetrntiakli d¥ndse bPeaafarancder. Vsitieg el dwanasfesini Vh 28d£0VEVai t h
different;jpnig 00 ¥ !d: RELALL LR SRACILEEAehgl) ¢ conductances to
be used 1n‘cancer di agnosis. For exanple a I gh conductance region with a
surroundrigh g €8 Emdra réte€OBHEE BiRyN BrieBdicapivite DifabradAsts tarees; ya

hi gh conductance _area with a surroundi ng regi on of normal conductance may

be more °B02PREPEAFRERL BT ~PP bFEcyt i e e LhehfhFedtdkedy. ~HgliVe 7

denonst ri&s RBRATHLEBEN! S 0hqs&d | toEM-ANBuPOE LNt dkibW  iMBR1RYARM bhgast
epithelial cells. Measurenents were made using a
15 transformed cells have a Wy of between -31 and -35 mV in the

absence of estradicl and approximately 50 mV when estradiol is

present in the culture medium.

The difference in the electrical properties may be exploited to

diagnose breast. cancer in vivo. Surface electropotential
20 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 y and
the sustained effect of estradiol results in an increase in
transepithelial potential and tumor potential measured as an
25 increase in surface electropotential. The increase following
sustained exposure (as opposed to the instantanecus response) is
less in malignant than benign breast tissue.
It should be noted that the instantaneous response, illustrated in
Figure 8, 1is greater in malignant epithelia, whereas the chronic
30 or sustained exposure to estradiol results in a lower increase in
TEP {transepithelial electropotential) in malignant cells.
Concurrent measurement of surface electropotential and impedance
allow the more accurate diagnosis of cancer. Figure 8
demonstrates the instantaneous effect of increasing doses of

35 estradiol on the transepithelial potential (TEP) of benign and
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potentionetric fluorescent,probe, and rationetric asurenents, which are

calibrated using valinonycin and [K ]-gradients. W ‘35 were nmeasured in the

presence Qﬁl@@gggﬁ cles) and absence (open WD 20051051168 PCT/ US2004/ 038509
S a

39 circle diol (the active nmetabolite of estrfSYSWHI859ybol is
the mean measurenent. The upper error bar Is the standard error of the
nmean, and the |ower error bar is the 9 confidence | evel for the
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Ther ef org,dVEheVAEP Rlas( ©B28688q | & ns\@; AN/l ayBL c1uhnbl  haEebaseng! 868e /T or
transepithelial potential). Figure denonst rates t hat beni gn breast

epltﬁelmdl eettadhmhebatyéenom a@@doﬁlﬁau94yweﬁe reMdierl ths-absmhce Othe

estradi and_- stradiol is_add o the cul ture. nedia.

Vol | gnarcaataetEhe iaL rETTRe Sl PeShapdo T G eBat dash SSdiEAR 380 P% n c e
absence 1ofp @akradashréddyappiexi.mtely 50 nV when estradiol is present in
the culture medium The difference in the electrical properties pmay be

expl oi t & F1ITRLGREs SO5PAEFPERRAR eS| APRRTRNT SRS aE%“’e‘F’éc?F@pB?éh?‘i‘%ﬂt 20

neasur engkhedis. 2 apMigRaht0RpethENea t RaNsERi 1BALLAITEROUAN | @hdedddT0dn
potential and overlying skin potential. Physiological doses of estradiol

may 18e ddFtANSRRPEUS t SR EIRAFatite HER &L RPPERsENgEendd PHe (BESOBEfHTEORS f ect

off estradicQl rbRSYLESvd Narft]) dCHRASE 'l@velréf'sgpl—ghﬁ{ik alanQEGQ;cbﬁéuf’ﬂq:é urror
potential measured as an 25 increase in surface el ectropotentia

i ncreasenflyl 100w Ny eststdinkdasdpaben edépsl apipes eth t appheximstent aifteous
response) is less in malignant than benign breast tissue. It should be
noted tWatht HOGrReEARTanesas PEsRATFSdIPL Wt r'et edPWE R uild-g, Penigreat er

in mal i %%@‘Ehef]{)étﬂgbéa !‘Q%&asré%%n%'ér Qi Gnc3020fn U&Bﬁé%‘ieg CYRPPLEH1 O

estradiolf ‘results In a lower 1ncrease in TEP (transéepit
el e¢br opaderici alox igeaxaluinghiantlmekts0.3 puM and then remain persistently

elevated {higher electro 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

20 be administered systemically, transcutaneously, intraductally, or
by other route. The instantaneocus response of the surface
electropotential and/or impedance may then be used to diagnose
breast cancer with improved accuracy over existing diagnostic
modalities using impedance or DC measurement alone.

25 Figure 9 shows conductance measurements made at 2000 Hz at the
surface of the breast. At this frequency the influence of the
overlying skin impedance is less. There is still however some
variable component of skin impedance, which results in significant
variability of the measurement as evidenced by the overlapping

30 error bars. FEach symbol represents the median measurement with
error bars the standard deviation of the mean.

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

35 process such as fibrocystic disease., Malignant lesions are often



Concurrent neasurenent @f surface el ectropotential and inpedance allow the
nmore accurate di agnosis‘of cancer. Figure 8 dennnsfrates t he i nstant aneous
effect of jncr gsin doses of 35 estradiol on the transepithelial potenti al
(TEP) of b Hﬂﬁs%‘ﬂ 0 WD 2005/ 051168 PCT/ US2004/ 038509 AET/PRIN4H&He human
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wWith i ncrggﬂﬂglg ess of o3l %gggkvg&) 1.0, abayt 591?:1'\/[ Benign epithelia have
g

a | esser sponse to increasin oses of estradiol "15 and do not peak until

al nost 0. Babhawd tdren vhereei yoepsi sifenstyimpolel eeptedefits gheaset@odntes from
i ncr,easi ng doses o

negat i vi t)ézl unli ke the mal jr%nant epi thelia hvm' t hh f
estradi ol °V%hi 8 GUFPAFERR ST 656R%e FEY bEPEBxBPARTEYT ¢ BTG AynSTE
breast cam&en. okskr adirnb]l BEeftheineshr agensslwdd aghardaseciitie Riedea .

adm ni stered system cally, trans cutaneously, iptraductally, or by other
r out el 0 Th&hfndizstart&Gu YF’@é’ﬁﬁns(&lGF??ﬁb %’Gr]eéeg % rord%‘te@ntq UBSn §/16r

i mpedance ; BBY¥qLHEE REasseihndrit sdiaRS & hebmRaBlarC aNQRTe W 4 Npl HIH QY esyAGGHr acy
over existing_ diagnostic nodalities using inpedance or DC neasurenent
al one. 25thpghpEtoYsmblE THRRISIEBCReARURRNERt s nAbte ABCRVBOLYEE HWMbHE

surface of stherbipast. At thksadd equencyiddie ddddnienae mehastiBea QnendwiaAg
skin inpedance i1s less. There is still however sonme variable conponent of

ski n i npegdntted wagzingtesiia sightsivgari f tadch vakT bbian tgAwWfls He mkas dhenent
as evigenﬁﬁgrgyt&QeSQMﬁ%ié”%%fﬁ%ngles) are the electrical index for benign

and malignant lesions and are in arbitrary units and are derived

from the conductance and surface potential measurement. It is

immediately apparent that there is less overlap in the error bars

{standard deviation of the mean). Therefore breast cancer can be

20 more accurately diagnosed using a combination of surface potential

measurement and Ac-impedance measurements. Further enhancements

of this technique will involve the use of spaced electrodes to

- probe different depths of the breast, and the use of the hormones,

drugs and other agents to differentially alter the impedance and

25 transepithelial potential from benign and malignant breast tissue,

and measured at the skin or duct surface. This will enable
further improvements in diagnostic accuracy.

It should be understood that the surface potential measurement of

breast tissue varies based on the position o©f the woman in her

30 menstrual cycle. Figure 10 illustrates this wvariance. This

figure demonstrates electropotential measurements taken over the

surface of each breast at 8 different locations with an array of 8

electrodes on each breast referenced to an electrode on the skin

of the upper abdomen. Measurements are taken with error bars

35 equal to the standard error of the mean. Filled circles and
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30 error bars. Each synpol represents the nmedi an neasurenent with error
bars the standard devi ation of the nmean. Open syndes represent neasurenents
made i n patd ith a biopsy proven malignancy, while closed synbol s

repr esenta;r(rjeg)ggd?%el%nts made in patients whose subsequeRCTHVBE&YO3BT8ved t o
be a benign 35 process such as fibrocystic disease. Malignant |esions are

of ten WD 2005/ 051168 PCTI US2004/ 038509 441 associated wi th surrounding
breast epjtheli t rsr.eg d.proliferation._The

regr ons. (-adse Sakepay; SEPPRSLAE! Gt A HY-ILECLROR, LhE BerBuapd E6he
conduct anoedsitameepébeivawer the veggiocal oflottedd griaec\y.s Tlhies fdestedspgdof
conduct ance may bg befaus 5 of decreased K -conductance of the adjacent and
pre-naliéﬁgﬁi eprihdti s | have observed in hunan col on. Each of the
three graupscaf bBynkeka reptesty smeBbaur esBdsS f&OMeaBHebrRaSES pididuss

| esion or region, then the adjacent region, and then over normal breast in

an unPnvdi GBSIPBAERYF Wi bradgdt VaiBeThin thsttings dpdiford PEPFEFERY in
each ef t 1Teh_r(%l§15.@HP§ra?ﬁaséﬁpﬁﬁ@nﬁﬂgm%ﬁi&mﬁu Whed €1 fhge edian yal ue
is plotted against the left y-axis as conductance in nS.cm 2. The second
two synboivsle(dguheel)phasehe Althgtghetbet Reairgsotedipctalicadagaltedsi aran
and plot %gﬁj heg Jd =84l Sih B digvl sl q ;

third tm&kgg 0 QQ?%}?a§3#§§?5§¥SQ? e gﬁggt?igglg%ﬁggi ?%%é%é%rgﬁfggﬁﬂi§

mal i gnanttHeesilentrapetentsialn off tiner Hreashi t st aavh dee s¢eni wbdt themlowest
condygt anc d f i.al . geasurenent,. LS 4 _mmedi |y ent

t hat E?herrlee‘%'ieggl es%Lskar O\a/%? agrto:%%ttteﬁlélg?r olrér ar s%bsfé%gar%darsld evi%ﬁfson %?P%]ee
mean) . Thenstouaet brreasid darc eriseanobéhOhighes tadewrdtselay cdhdgnhsedinsio a
conmbi nati on of surface potential asurenment and AC i dance neasurenents.
Fur ther GRRARCREIIL of ity R FeRAbR o FFATOP b el PREL DBt o1 PLgibtn

el ectr odeset Osedqim@epsh € f @fetierdaiiad ofydie bBreastireandyt hef fese obrddwx

hor mones, drugs and other agents to differentially alter the inpedance and
25 trans@EREF | e PHEN A 1P Lom beni gn and malignant breast tissue, and
nmeasysed e tHR13khD Yatdueh L farect Upotewkhhl enabloitluntaer 4 npreysament s

in diagnostic accuracy. |t should_be understood that the surface potential
measur ensFceE ©or proliferative lesion is present is quite different.

Similarly higher levels of surface electropotential are observed
when measurements were made in the afternoon 'éompared with the
morning. This information can be exploited in a number of

20 different ways, Measurement of the surface potential and
impedance at different times during cycle enables a more accurate
diagnosis because of a different «cyclical <change 1in surface

I electropotential (i.e., the peak to peak change in potential is
less over a malignant region, relative to normal areas of the

25 Dbreast). Secondly, estradiol or another agent that changes the
electropotential of the breast‘may be administered systemically,
topically (transdermal), intraductally 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.

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

35 years. Some of the steps may be skipped although usually a breast
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breast tissue varies based on the position of the woman in her 30 nenstrual
cycle. Figure 10 illustfates this variance. This figure denpbnstrates

el ectropotential nmeasurenents taken over the surface of each breast at S

di fferent Wocaoi/amssswi th an array of 8 electrodes on eaqirtaiesdosgfber enced
to an electrode on the skin of the upper abdonen. Measurenents are taken
with error bars 35 equal to the standard error of the nean. Filled circles
and WD 2005/ 051168 PCT/ US2004/ 038509 4A3filled squares represent the nedi an
val ue frofarde | efiévelshs i ghithhi east bespgchdinke! yof Theliverteead dautesl | ine

Is the first day of each nenstrual cycle, It can be seen that th di an
val ues f RFUIIRIBEERS t endPRo ¥ RELc il Ghe BAOERRI S th |W%P&|%ag§l?ﬁ t he

first haldowntaanst (uaideCyst eaddol hégatiale 1phaselrqaad, higheh \w@igéesrineé he
| atter part of c%cl e (luteal phase). Al though the nmeasured el ectrical

val ues arand ntpedaifiaot ¥y dupkiqnnsssed upebausBeoeyeAOPTEREL 6F s CAPFREL i ng
. the elsectgpRot et i glaQl vENgrBo8ASanksy CABvEEoSSERNENAndeiBnkoVRRL4Qsd gV el S

of electropotential are observed 8-10 days before nenstruation and the rise
to the hiwiidstldseyelfs tagbgndunhkien nptebrifensanrdaceiuctiynias wyosghbtleause
est radi ol el s.are hj in th ec f rua cl
directly 1f:a"{’"ﬁ)\é:ct bgeasétﬂk&rs?ﬁe ace el SE‘% ogi%%é’%tai%?a 1 5 cyié?‘ly%al gpl)gtgg%dr n of
el ect r opctlerttiraphgetipyi tyl Wi Forbrieastpocanperpert gl | fBrestel weopestas i s

present s qui, different, i,mlarly higher levels of surface

el ect r opdtent il;ﬁugrttgagsger%%dst%eﬁlor‘%ésu 5%%%%5 %\éregr%g iﬁﬁt'he af £8i%hoon
conpaned anddtrobhysiologhgal Thhd tphfaspeit 08l catatbiorexphDll edei exgloubtder of
2(? di fferent_ ways. Measurenent of the surfage potentiah and inpedance at
di'f ferentt@i GdPi REPEFEI B AHEFES 1AM LUCAFSatE © Fagﬁ%%?%‘ because of a

di f f er entrChledsealagBangeakt SadACRantbeChbopOheshi#te [y - EagnbBedpeaknd O
peak change in potential is |less over a malignhant region, relative to
nor mal ~ ard@9s6Pithelrsl pessiremepEdnAly, PREEREHE D ST aABPRRINCRIenPTt Hat

changes th&highesbhoRE! &HandbpPtnd 1 IPr Hiasa R LRI BN NintR8Ement,, AC-
systemcally, topically (transdermal), intraductally or by other neans, and
the 15 impedance measurements and pharmacological manipulations.

EXAMPLE 2. 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
20 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
25 likely show restoration of epithelial function to a more normal
state. Patients who do not respond would show minimal cha'nge or
may even demonstrate progression to a more advanced stage of the
disease. This system and method, thus, may be used by either
clinicians or drug companies in assessing drug response or by
30 clinicians in monitoring the progress of a patient’s disease and
treatment, or monitoring the process of carcinogenesis (cancer
development), before an overt malignancy has fully developed.
EXAMPLE 3. ELECTROPHYSICLOGICAL CHANGES IN OTHER EPITHELIA
The examples illustrated by figures 12 and 13 were performed in

35 human colon specimen removed at the time of surgery. Based on in



drug or hornone-induced change in surface potential ,nay be used as a
provocative test to di agnose breast cancer. 30 Figu el11 is a di agram
illustratj istol ogi cal and el ectrophysiol ogi cal changes that occur
during thmze@gﬁsolgéﬁssnt of breast cancer. The conti nuumﬁ@iﬁﬂ%ﬁ%@ﬁ?‘”’duct al
epithelium through hyperplasia, atypical hyperplasia, ductal carcinoma in
situ (DCI'S), to invasive breast cancer '%thought to take 10 to 15 35 years.

Sonme of the steps pay be ski pped al thpu sually a breast WO 2005/ 051168
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ductal prekhfabdtéDrepii1n0mMBhatiucdn M Meaisiged 14 ansePidiekkpbcted.
potential_ (inside of duct negatively charged), which depolarizes and

i npedanc&IIRAFCH 2 reeRRISES adERI e P Advef bttt @ rxaiicef Isch Gfcdnipn
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junction integrity, and conductance through the tunor Is enhanced. The

di sor Ber egudaet sakenge sheerethxid erhi bphysigingal thed Hodmssians ppradient
properti e r i es i -ated. i.n L I r_Aas t . figure
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expl oi t echemboade agfiobemeancelomin muere | ht webadgesrminddeirbraasiicdln
these ways breast ggancertrcaln be jmore_accurat ely di agnosed usi ng s
transepi CREFFAF Frels UFEHER'S SP9paF8RFTAI "OBTa L TARRERRERY BRCRST ] on
of transapiB8hekimalprautihatetpoicedbrattaasdermicin®mas]lb iMeedanesa was
measurenent s and, rmacol Qgi cal mani pul ati ons. EXAVPLE 2. CHEMOPREVENTATI VE
NG PERRBEOEG UBEOT 0 BrGA S 0aF et’il%n*i’?:?OJp?JF&Fﬁg{EB'FBBFEPE ahe HorafsiFal
agents daacridiadqgabovere t RE1 B¥stam BRd JIRtAedng! dHae BT esgntchenvastdLn  may
be used with cancer preventative and therapeutic agents and 20 treatnments.
Speci fi cBREDING| 1M - nedSurreAl BPILITelNR) SOPHEELRRCANRT UG

provi des 3 Het §iotul OlanfVdkyatl Ng &niRAt heBtoSol eSRANSRst 0thBe EhuHs, Midthout
requiring a biopsy and ‘w thout waiting for the cancer to further devel op.
Pat i ent s cikouit eBpdnll ¢H B sritheldnmprevent apiigalomerhpang cornducigane

woul gls 25 | kkgh ¥ s hguhd B3 %&Ia'eoqnofpaer@hgag' Laknf upst Fgg%&%guggg & NQIR)

state. Patrents 0 do not respond woul d show m ni na an
as has been verified by microelectrode studies. Increasing
serosal K' caused the I, to become negative (-140 pA/cm2) in

normal colon after which 30 mM mucosal TEA caused an abrupt
increase in I,. corresponding to block of apical K' channels. 1In
20 cancer-bearing colon the reduction in I, is to -65 pA/cm®. The
serosal bath was remained constant at 125 mM [X].
Figure 13 demonstrates that AlIsc, determined with respect to the
I.c at 125 mM mucosal K, is a linear function of the concentration
gradient, A[K]. Because the voltage across the apical membrane is
25 zero under these conditions and the paracellular pathway is
nonselective, the P¥, fapical potassium permeability) can be
calculated using the Fick equation i.e., Iz = F'PX,-A[K]) where F is
the Faraday constant and A{K)} is the concentration difference for
K" across the epithelium. Figure 13 demonstrates mean * sem
30 wvalues for I.,. in both normal and premalignant human distal colon.
The apical K' permeability of controls was 9.34 x 10 %m/sec and
this was significantly reduced by 50% in premalignant human mucosa
to 4.45 x 10 %cm/sec. P*, could also be calculated for the change
in Isc when the K' channels were blocked with TEA, assuming

35 complete block. This resulted in somewhat lower values of 6.4 x



may even denonstrate progression to a nore advanced. stage of the disease.
This system and nethod, “thus, may be used by either(“ clinicians or drug
conpani es | ﬁ)%?%i ng drug response or by 30 clinicians in nonitoring the
progress of a E Telt s disease and treatment, or nonit AGEESHHOIP0DCess of
carci nogenesis (cancer developnent), before an overt malignancy has fully
devel oped. EXAMPLE 3. ELECTROPHYSI OLOd CAL CHANGES | N OTHER EPI THELI A The
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PCT/ US20p#/ 038509 44 vitro studies in breast epithelial tissues, simlar
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the x-axis i[e varying the potassium gradient across the tissué. The

pot as%i udepetopmdnt i oy ofander.api Sanilawnbe skt of ahamexpesttedi dnmiesat( Pxa)
was det erm LN i cal i s of a ssly

or - aRReRF L ngERHE LR, TRBELNGS s asRBh el PO AL B e gpurcment
adenocar as hingasledheodes osathadi ifk mitntpedaknilissgpgd téanbet sgattiekt he th
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nodel of the epithe iumt%éfn api.cal nmenbrane conductance 15 and
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vérifiednhy nberqeltecioiheda Sthgbhamh hReredsd i gecesahnd waMsedntherl,, to
becone negative (-140 pA/cn?) in normal colon after which 30 mM nucosal TEA
caused afcRBPRpEatiqiereasked nit, theoFf¥spendi Ag (tHehIHdPIS aRtardy or

channel s;  } Dy £aNERES DEBRE NJaGOL ONLd NenLLdUed | Ofhd N tequédd t 0%5&%5@%0”2-
The serosal bath was remai ned constant at 125 mM[K]. Figure 1
denonst r pgeBealhihi ty sebsegatast nimddenistrreangery boease duskahteniBieqiim
Becaine (et S oPEYREEAL, Sl el L BE A CocBo T R aer MTekaed
condi ti opsrmenbiligpaiacethell aregpanhwaf) itbe developing invasive breast
cancer,
DEVICES FOR USE WITH THE PRESENT INVENTION
A number of variations are possible for devices to be used with
20 the present invention. Further, as noted above, within a device
design, there are a number of aspects that may be varied. These
variations, and others, are described below.
One embodiment of a probe or other device for use in the present
invention includes a plurality of miniaturized electrodes in
25 recessed wells. Surface recording and initial electronic
processing, such as filtering, may be perxformed by disposable
commercially-available silicon chips. Each ECM solution or agent
may be specific to the individual electrode and reservoir on the
chip. Thus, for one measurement, a particular set of electrodes
30 would be used. For ancother measurement, for example, at a
different ionic concentration, a different set of electrodes would
be used. While this produces some variations, as the electrodes

for one measurement are not located at the same points as for

another, this system provides generally reliable results.



nonsel ective, the Pxa (apical potassium perneability) can be calculated
using the Fick equation €., |,, = FPsa A[ K] where (E t he Faraday
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THE PRESF&HE SRVENT! &0 Ay IUHED 6a Of; nKaL4ET & IS Afe sPEB S Blaesma Q@i’f&?@ 4 be
used with 20 the present invention. Further, as noted above; wthin a

devi ce awedilgras t fier e mgeeuainginberAmnof llaB@éQﬂCSﬁ t A S WEsmEneC vaeY ede Thrdesn
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m ni &bur iezedipbpbet mogeselwctrode and adhesive skin electrodes, between
electrodes on a miniature ductoscope, between electrodes on a
ductoscope and the skin surface electrodes, or may be taken
between electrodes on the hand-held probe. After taking initial
DC measurements, a wetting/permeabilizing agent may be introduced

20 to reduce skin impedance. The agent may be introduced using a
microfluidic apprecach, as described above, to move fluid to the
surface of the electrodes. Alternatively, surface electrodes that
just penetrate the stratum corneum may be used to decrease
impedance.

25 Fluids for use with the present inventions could include wvarious
electrolyte solutions such as physiologic saline (e.g. Ringers)
with or without pharmacclogical agents. One preferable
electrolyte solution to infuse into the ductal system will
represent a physiclogical Ringer solution. Typically this

30 consists of NaCl 6 g, KC1 0.075 g, CaCl; 0.1 g, NaHCO3; 0.1 g, and
smaller concentrations of sodium hyper and hypophosphate at a
physiological pH of 7.4. Other electrolyte sclution may be used
were the electrolyte comprises approximately 1% of the volume of
the solute. Hypertonic or hypotonic solutions that are greater or

35 less than 1% may be used in provocative testing of the epithelium



25 recessed wells. Surface recording and initial electronic processing, such
as filtering, may be perforned by di sposable comrercially-available silicon
chi ps. Each ECM sol ution or agent rmay be specific to the individual

el ectrode YQFPULRIF0i r on the chip. Thus, for one measRGEHBSIN04/ES509
particul ar set of electrodes 30 woul d be used. For another measurenent, for
exanple, at a different ionic concentration, a different set of el ectrodes
woul d be used. Wile this produces spma“vari ations, as the electrodes for
one neaswdrdEt wWEOmot Theatdweat I et Noi it ek Glorwildndehediuekpd

system pr.%y%%gzo Aldyy rﬁ%rjdfmkgné espht Sev Fudt N0 4QO5/ R3ance and

PCTI US200 46 An alternative approach is to use fewer electrodes
and use apéirmebitlirtqugif grheriepishkedidire sPifEerent chageaaylagiiceds agadts
drugs. Spegifically, ,solutio o] nt nged . passi I

anount s o?l?cgjf ecCSri gallgﬁ%ér%nt Pfoo Eﬁ%\%gﬁso b%tgﬁ%%?‘lggeﬁgx% rouag% gigﬁghhél S
and ot themalgilipores isintihersdrigceofrailse dgvite-AMP) 4id shcemopéisnenth t he

el ectrode renains jn contact with the sa regi on of the surface of the
broast . tHUSPEPIAPRAD| (0 U ILH. 530, DI aPPacit=eh riolr Einfinght o
approach s&eqitiies tioneekomin@quitel beattorofigisieargdichiier eatpsddit ioBnSthéd n
detecting the 10 presence of abnornal Pre-cancerous_or cancer ous breast

tissue, @EPHAWLINE 2R ob&™PE Froovk f BFREY ai ni P stAtace HRAsGPeFERs at

the skin.cdieni@Ra cmBYd NHdidehRlRelr adas e RASSHNOLEURIEEE 8fe Wehht as
for nmeasuring. An inpedance neasurenment may be taken between the nipple cup

el ectibdel it itie hBATRERDHL dobeandet WERALTS a thicppl eleehr erucicrdgeiant

adhesi ve {é@ﬂbn%lee%f OgRS. <BEEWEEIum eLECkhOdeRaRlpd1 Bt RLAL Ur & dUGl-P55 9P
bet ween el ectrodes on a ductoscope and the skin surface el ectrodes, or may

be taken mdtet ieren igtfasadodés onerheasaindtirel dmsadilAfyer ofakichg i hightal
bC rreasurkf_[%ti%nga Whkt %}EQ’ ORI 'h%%%bi‘ 24ant JmyRe {01 § oflu s%Q.eg.‘?
ninp e |

reduce s edance. e agent troduced using a mcrofluidic
appr oach,Alahodedc rspgeed fabowxampbe sokavée | been t 9ivée ofudirage ehdt hermones

o T el oFY B85 ShEGY BB gt of Il HBIEALRLS '
tumor, any agonist or antagonist of specific ionic transport, or
tight-junctional integrity, known to be affected during -
carcinogenesis may be used, particularly when it is known to
influence the electrophysiological properties of the epithelium or

20 tumor.

Regardless of the'c‘:onfiguration of the device, a signal is used to
measure either the ductal transepithelial potential by itself, or
the transepithelial impedance. These two measurements may then be
combined to characterize the electrical properties of the

25 epithelium associated with a developing abnormality of the breast,
and are then compared with uninvolved areas of the same or
opposite breast. Surface electropotential measurements and
impedance measurements are then made to characterize the non-
transepithelial electrical properties of the breast. These

30 measurements involve DC potential measurements where the surface
potential is referenced to an electrode that is not in contact
directly, or indirectly through an ECM, with the duct lumen.
Impedance measurements are similarly made between surface
electrodes or a surface electrode and a reference electrode not in

35 contact directly or indirectly (through an ECM) with the ductal



i npedance. 25 Fluids foy use with the present inventions could include
various electrolyte sohutions such as physiologic saline (e.g. Ringers)
with or wy H%g Pphar macol ogi cal agents. One preferable electrolyte solution
to infuse in ggl({aﬁie&duct al systemwill represent a physiPSTg528M03830Rger
solution. Typically this 30 consists of Nal 6 g, KC1 0.075 g, CaC 2 0.1 g,
NaHCO3 0.1 g, and smaller concentratiopg of sodium hyper and hypophosphate
at a physialogi of . 7.4 h e r ol_yt.i g E@X e *"ﬁf wer e
t he el ecl}.ir"l%)rﬁ%bt'e g%%r%?ﬁ%%%%ﬁ%?@%n% &l 3It/ﬁ§é/o (g‘#%%%ée vo %Jim(a:go ?%ewso &[hee.
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PCT/ US2004F03888%" %#5%nd/ or tunor. The concentration of Na, K and d will

be adj ustregthupgiste dif f endsdsending W the evalctabshi o LML S ansk
perneability of the epithelium Different pharnacol ogical agents such as

ani | ofi déNEt 02bFeRSC el'BREABHERI c°’é00{?%mpé’l§§8ﬂaf‘3ror¥)%m§tppr TREET NP ESHERii | ar
drugs-t o 433g98s ey C! | B AMRlariid hNPRNET S eN DcaoPERt L1 | RaPr igstdAdl Qly can
al so be infused with the Ringer solution to exam ne the ]

el ect r opRPSEERBYi ReFaYSEs pdnSeveral hEAckprs hel InfAneasadt ahsemed dersidngdnt s.
Simlarly.th i tecati o i nf e Wwll. b j ed. 4.

al ter Tl oREoRD | Mo i er oabi | R moacies tTe @ ToMSbES R
el ect r oplysingkepgi €l ch r espongetof Hawe epierlréhgunvho theés probghd bitiyon.of
Dexanget hasqn be infysed t ecrease the perneabiljty of the tight

] unc?ﬁonén,aqéﬁaa]?%%‘ el e%l'?r g%ﬁys?gﬁ]%ﬁi chzi—’lnd‘r?es%or?ls)eé:r\fﬁaFF b metglseur %Fas%ll‘f“hough
speci fi c pexaspbesi hawe hen egiivanloh drogsd andidvelophag haligaindpywdegdised
in "chall.enge" testing of the epitheliuymand t r, any ageni st or

ant agoni §chFa§%e&FLPF§aP5‘?li éngy a‘?ﬁ%% t ?’eormortei gﬁ{%]ﬁnc?gﬁﬂ%a‘?# eYrFhy 2
known todbeecabpied ed cduceng €RE€I NRgenashs spayi s usashpepante cul @idngavhen
it is known .to influence the el ectrophysjol ogical properties of the

epi t hel i BAfdE1oBY  IRAATTARd G di e RPIFiNERe f&?ﬁ% MYumgthed Y teRIQG dde a

signgt 1$id888 to different depths wusing spaced voltage-sensing

electrodes. The use of electrophysiological, pharmacoleogical and

hormonal manipulations to alter DC potential and/or DC potential

differentially in normal compared to cancer-prone, pre-malignant

or malignant tissue is another significant difference, which

20 enhances the diagnostic accuracy of my invention over the above
referenced ones.

Although the use of a nipple cup electrode has been described in

f this application for wuse in breast cancer diagnosis, a cup

electrode may be used in other organs where the epithelium may be

25 difficult to access endoscopically, or an endoscopic apprcach is

not desired. An example would be the pancreatic and bile ducts,

which join and open at the ampulla of Vater within the second part

of the duodenum. Bile duct tumors develcp from the endothelial

lining of the bile duct, (i.e., cholangiccarcinomas, or the

30 epithelial 1lining of the pancreatic duct, i.e., pancreatic

carcinomas). The ampulla may be accessed endoscopically and a cup

electrode applied by suction to the ampulla. Physioclogical saline

can be infused into the ducts and then a transepithelial potential

and impedance could be measured intraoperatively to identify the

35 region of tumor in the pancreatic, or bile duct using a second



measure either the ductal transepithelial potential by itself, or the

transepi thelial inpedance. These two measurenments mhy then be conbined to

characteri the el ectrical properties of the 25 epithelium associated with

a devel opi\%ézg?%??ﬂ’dsél ity of the breast, and are then comEIAESA004H068509

uni nvol ved areas of the same or opposite breast. Surface el ectropotenti al

nmeasurenments and i npedance nmeasur ement gqare then nade to characterize the
[

. . . 9
non- transepithelial electrical propertiés of .the b st. These 30 .
nmeasur en§§F§tFﬂ§8I D&2FRCpBE ehitg ﬁerﬁgggﬁf“gn’%‘h’f?%é’réﬁﬁe PERFFERE Chobtiti al
is refereneed tomRalneetinedq,t hale | peritionealconigfice diele€ttyde Omay be
indirectly through an ECM wth the duct |unen. |npedance neasurenents are
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i npedanceanthestis @ameinspeci f iThe changébunherhoffmyusotraiie beaepogrnn t he

probahility of 10 | {,gnancy...On the oth hand,. a decrease in. the potassium
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to

met hod byl CHPOLRAR RRE A5 P8 eqFEFer eAPdde A Td| nPSigls)  and
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cancer. Similar approaches may be used in the intra and
extrahepatic bile ducts to diagnose liver cancer.
Prostatic cancer may be diagnosed using a urethral cup electrode
applied to the external urethral meatus. Physiological saline is

20 infused into the |urethra. Direct electrical connection is
established with the prostatic ductal and acinar epithelium via
prostatic ducts that open into the prostatic urethra. A surface

'7‘ electrode may then be placed per rectum onto the surface of the
prostate and electrophysiological measurements may be made in a

25 transepithelial fashion as described in the breast. Similarly,
provocative tests may be performed with drugs and hormones that
differentially affect the electrophysiological characteristics of
abnormal prostatic epithelium when compared to normal prostatic
tissue.

30 Endometrial cancer may be diagnosed with an electrode cup placed
on the uterine cervix. Physiological saline may be infused
through the cervical canal to make electrical contact with the
endometrium. Electrophysiological measurements may be made with a

reference electrode, placed on the skin, intravenously or at a

35 suitable reference point. Alternatively, this approach may be
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referenced ones. Althou the use of a nipple cup electrode has been
described in this appliication for use in breast ca r diagnosis, a cup

el ectrode d in other organs where the epithelium my be 25
difficult ‘?%%@@%@?endoscopi cally, or an endoscopic apptoHERPYO38H
desired. An exanple would be the pancreatic and bile ducts, which join and
open at the anpulla of Vater within theggecond part of the duodenum Bile
duct tu qp, f e t hel.i .10k N f i ct i.e.,
chol ang?gé;szerdgie\drl%gxlr%aq& gol}r)geterﬁ& éﬁﬁ %%i trtﬁlgl i%aelrv:lic%flng:u f e:%g:t%lgﬁl%r g&t i"lcsei%iuc]f?r,l
i.e., panomgancticpaméthomasefeThacanplédtararkyy beedicwessike pedobwogilcabty
and a cup__.el.ectrode. appl] by.suction to the anpulla. Physiol ogical saline
can be i nc‘}ul}ssel%ei ﬁfl’ég?ﬁ% %%ugq.‘se Xfﬁarﬁl'en a transepithelial potential and

i npedancesaidwlad ybegraas ueetlot it lopepereirowethy smaldemuicky t het 35 thegi @ Df
tunor _in the gancreati c, _or bi]e duct usi n,gqa sec nd_K { WO 2005/051168
PCTf US2004¥33¥5090 Yo X3S ot Prack Ymt neg ?fé‘f'i t DYRRAF e O AR ofPER
pancr eas ;iQfsibel &hedUdut A dEBdiAtdevalne ddmRErhppeaho il f agstiel ecta agg, may
be replaced by a skin surface, or intravenous el ectrode when used in a

m ni mal | IGCtAgAS| MpdsiRRe Repderves BREgLRRNGe ¢hif tBed dussudginsine cithe:

el ectrode,tnd PrOYAGEL b MeyidaASt sandndeses i bage iy brgast . tRECrgbéd TMHlq
exanpl e, stinulates "~ bicarbonate secretion by the pancreatic ducts. This
response at@gtrheatbrogbrc by thungratabd ishedepiithetthandassati apithed ium
pancregat i r.Ci h i stri i f LRI e r t

part ??ul zf% &%\34 Sg(r%gg R@T %%%’e a??%adr!g%c%n e'zfﬁg:%g%}jtghgfi gfr%&gug%%% <;‘%arnctr}(laeati C
cgrci nogeskesi surfheeebdr thepetaid camlsdadtriicadgorrstsem¢nt®| d romasst i
choline este ﬁ%agd nat ur al_al.kal idsl_?%land ant agoni sts (atropi ne,

Pi r enzepit a% 5§ AT i HEYROPAS(RB) SO 'be  used to elicit a particul ar

el ect ropysholhoni cpkclespoasamplilies titavkd sddror e esib@té ONthis duetiodique

epi t hel i um associ ated wi.ith pancreatic cancer. Sim.|ar approaches may be
Used i n FIRY PRt ESCHnEO GXRPARERATE HIIOE - dYBEES, SPHPAGABLE RFGRTS cddre
Prostgti @paaneeiumByi e nditagpesetbusi g adesetbaal cumes! agpbi@d8tion of

physiological saline via a cup or short catheter may be. used for

example in the bowel or other organ system where electrical
contact with the epithelium permits a transepithelial
electrophysiological measurement to be made without resorting to
20 endoscopic electrode placement. The second electrode is then used
to externally scan the organ for the presence of a tumor or
abnormal epithelium. Since the physiological saline acts as an
f electrode in direct contact with the epithelium this approach
7 simplifies the approach to electrophysiolegical measurements.
25 Depolarization and the impedance characteristics of the epithelium
will be more accurate when the surface-scanning electrode is in
close proximity to the underlying abnormal epithelium or tumor.
The embodiments described herein are described in reference to
humans. However, cancers in non-humans may be also diagnosed with
30 this approach and the present invention is alsoc intended to have
veterinary applications.
Although the invention herein has been described with reference to
particular embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and

35 applications of the present invention, It is therefore to be



applied to the external(urethral meat us. Physiological saline is 20 infused
into the urethra. Direct electrical connection is eétablished with the
prostatic 9&&%@ fﬁﬁg acinar epitheliumvia prostati'c ducts that open into
the prostati oV A surface electrode may then be HAEAERIHEII8FECt um
onto the surface of the prostate and el ectrophysiol ogi cal nmeasurenents may
be made in a 25 transepithelial fashlon s described in the breast.

Simlarly, atlge tests f? d with dr and hor nes, t hat
i 11 er entinsiePy CaPfloct "ehe BIBRTTBhyIBILAGREAr™ EhaPaEt obF st TALS of O At mal
prostati g lgpistkekiue \A&%b@maaﬁrsedaha nehaml qtest atirG¢anbemeHes 3fay be
Endonetri al cancer an be di agnosed with an el ectrode cup placed on the

uterine BRI PRTBPBE odtrart iyl iErempEle nePintused samPSugh the RERHRA
canal toJgﬁ@%tgbgcgglg@&l&&mQ@th@nggpémﬁxiQﬂ@@ﬁgtrlun1 El ect r ophysi ol ogi ca
measurenents may be nade with'a reference el ectrode, placed on the skin,
intravenously or at a 35 suitable reference point. Alternatively, this
approach may be WO 2005/ 051168 PCTI US2004/ 038509 50 used during surgery
where the cervical cup electrode is used in conjunction with a reference

el ectrode used on the peritoneal or outside surface of the uterus. Salivary
gl and tunors open through small ducts into the oral 5 cavity. For exanple
in the parotid gland, Stensen's duct opens inside the nouth opposite the
second upper nolar tooth. A cup electrode nay be used over the opening of
the duct inside the nouth. Physiological saline is infused into the duct
and electrical contact is thus established with the ductal epithelium 10 of
tte salivary gland. A surface electrode is then used over the skin surface
of the gland and el ectrical measurements are used to establish the

di agnosi s of cancer. Although specific exanpl es have been given above, this
techni que nay be used to diagnose any tunor, where endoscopic access to the
15 epitheliumis not possible or desired. The application of physi ol ogical
saline via a cup or short catheter may be. used for exanple in the bowel or
ot her organ system where el ectri cal



contact with the epitheliumpermts a transepithelial electrophysiological
nmeasurenment to be nade without resorting to 20 endoscopi c el ectrode

pl acenent. The second el ectrode is then used to externally scan the organ
for the presence of a tunor or abnormal epithelium Since the physiol ogical
saline acts as an electrode in direcg contact with the epitheliumthis
‘approach sinplifies the approach to Pectrophysiological nmeasurenents. 25
Depol ari zation and the inpedance characteristics of the epithelium wll be
nor e accu?§g§M§pen the surface-scanning electrode is in close proxinmty to
t he underlyi ng abnormal epitheliumor tunor. The enbodi nents descri bed

herein are describ in reference to q$nans” However, cancers in non-humans
may be al so diagnos 0 ﬁPPﬁragBSt%P§ é%%eﬁagﬁuﬁﬁhmf%% ﬁngéﬁ%oPny ntion is

al so i nt endgiloh oohavesswet@mgrrsimnpl i cations. Al though the invention
herei n has been described with reference to particular enbodinents, it is

to be understogd tfigt hhesgg esROdifeatSoar e 4md el yitdt usindt i y&cdid t he
princi ples and 35 applications of the present invention. It is therefore to

be WO 2008P83312%8/ PCTI US2004/ 038509 51 understood that nunerous

nodi fications may be made to the illustrative enbodi nents and that other
arrangements nay arrgak-padswnoghorlafdyods ngdispasede spithiin andsscope of
t he preseg%teggg?ntéﬁg as defined by the appended clains. 52 CLAIMS: 1. An
apparatus for determning the condition of a region of tissue conprising: a

cup having an interior, and first and se g peni,.ngs.. a .current-passing
el ectrode disp%sg “ﬁ??h?% FﬁgtlﬁhtéF%Snggﬁ ea%§bﬁ¥¥% %*r%%c?$%ﬁﬁ% )nnect abl e
to the fiastl opening; and wherein when the second opening is placed over a

region of tissue , an el ectroconductive nediumis disposed
wherein when the second opening 1is placed over a

region of tissue , an electroconductive medium 1s disposed
within  the interior for facilitating an electrical
connection between the region of tissue to be examined and
the electrode and suction is applied to the first opening,
an electrical connection is made between the region of
tissue to Dbe examined and the electrode wvia the

electroconductive mediumn.

2. The apparatus of claim 1, wherein said source of

suction is a syringe.

3. The apparatus of claim 1, wherein said source of

suction is an aspirator.

4. The apparatus of claim 1, wherein said

electroconductive medium is a physiologic saline solution.

5. A device for use in determining the condition of

a region of tissue comprising:
a housing having an interior space;

an electrode positioned within the interior space of

the housing;



within the interior for facilitating an electrical connection between the
region of tissue to be examned and the el ectrode and suction is applied to
the first opening, an electrical connection is made between the region of
tissue to be exam ned and the el ectrode via the electroconductive nmedi um

2. The apparatus of claim 1, wherein said source of suction is a syringe.

3. The apparatus of claim1l, wherein 9did source of suction is an
aspirator. 4. The apparatus of claim1, wherein said electroconductive

medium i s a physipl ggl.c; saliing soluti on. ¢ 3. Aderi.ce fol e 4 et erm ning
the condition 1'% a regio ot tissu conpri s8I ng:1C> 4 "Nus] ng Havi ng an
interior wpaicerhan ieltectivedespas t oDnedewHdusinghearidit etaptespaceref the
housi ng; 5 said housing including a first openi ng_comruni cating with the
interior ei%%%d ofUPREARbLR T hY Bﬁaxg’(‘f}ﬁb?eﬁot Fe SHEAREY Shbst a“rﬁq%ﬁnl y

proxi mat eskor b, surfipce of a region of tissue; and said housing including
- a second opening comrunicating wth the interior space of the housing; and

wherei n when 5@5%%6%%1‘?@?%8%5%8' %Ces%co%léib%ﬁéc}liix?& | YorRfuoid dHBlg o O the

surface of the region o I ssue, an el ectrocon tive mediumis di'sposed

wi t hin t heithnthee i ortdgrodf agiddet atfi nheahosbéntri eadl connecti on between the
region of tissue to be exam ned and the electrode and suction is applied to
t he second opemiexgiran evleetri cahidcondéction icpemadg betiween glexedegi on of
tissue to_he exarri];led and the_ el ect :nge via the el ectroconductive nedium

6. The dePhREHFCdHidn BICKPEhEr OnpPFsi T A% | 8hgd ¥ur FEERAN ngTsai d
first opepipgue,/. adheldeyi66ofBust avé ReqWhrr ekn dikpokedl Witdfin the

interior for facilitating an electrical connection between
the region of tissue to be examined and the electrode and
suction 1s applied to the second opening, an electrical
connection 1is made between the region of tissue to be
examined and the electrode wvia the electroconductive

medium.

6. The device of claim 5, further comprising a

flange surrounding said first opening.

7. The device of claim 5, wherein the region of

tissue has ducts.

8. The device of claim 5, wherein the region of
tissue 1is selected from the tissue group consisting of
breast, prostate, 1liver, uterus, pancreas and salivary

gland tissue.

9. An apparatus for determining the condition of a

region of tissue comprising:
a cup comprising
a housing having an interior space,

an electrode disposed within the interior space

of the housing,



ti ssue has ducts. 8. The device of claim5, wherein the region of tissue is
selected fromthe tissue group consisting of breast, prostate, |iver,
uterus, pancreas and salivary gland tissue. 9. An apparatus for determ ning
the condition of a region of tissue conprising: a cup conprising a housing
having an interior space, an el ectrode disposed wthin the interior space

of the housing, 54 a first opening defli ned by the housing and adapted to be
pl aced over the surface of a region of tissue, and a second openi ng defi ned
by the housing and the .isntt eri or space, of, ter&e Q)ousitr}% ahnézlua:.L sucta{no devi ce
attached to said setont Speni Hy A heattriifg dévi ce Th comiiMi%ati™®h with
said el egspeled opey abke poacled ergidie anecel egifacal o gnal régoon s d

el ectrode via an el ectroconductive nmedi um di sposed w thin the interior
space of Bh&SH®usiy:; and a di spl aying device in communication with said
measuring device operable to display the electrical signal fromsaid

el ectrode. 10. The appafards ceenéngi medingherdi ntRai BordasUr ifhg device is

in communjg %fEEV§§JEQQ&§1§k§Q&£%Q§igyﬁﬁd_“‘reless connection. 11. The

apparatus o aim9, wherein said playing device is in comunication
W th said ”Easé”%d‘&:f!ﬁa‘“&e%ibcye %ttt‘é('c'iq%!de%% %83868&:8&1 31%@1_1 Apparat us for
determ ning the Tocation of a unor 1n a body conprising: rst el ectrode
operabl e for eé ectmreia%%lr.(r:lommélé c&;é on, W t horankllenie ait-:[irbenl i a!'q.%ssuseaio t he
duct of an organ; "a Second el Bcitode at' a Tocation Sspaced from sl
electrode operable to determine an electrical signal from
sald electrode wvia an electroconductive medium disposed

within the interior space of the housing; and

a displaying device in communication with said
measuring device operable to display the electrical signal

from said electrode.

10. The apparatus of claim 9, wherein said measuring
device 1s 1in communication with said electrode by a

wireless connection.

11. The apparatus of claim 9, wherein said displaying
device is in communication with said measuring device by a

wireless connection.

12. An apparatus for determining the location of a

tumor in a body comprising:

first electrode operable for electrical communication

with the epithelial tissue of the duct of an organ;

a second electrode at a location spaced from said

first electrode;

means for establishing a signal between the first and

second electrodes; and



first electrode; neans for establishing a signal between the first and
second el ectrodes; and 55 neans for neasuring at |east one el ectrical
property between the first and second el ectrode so as to determine the
condition of the selected region of epithelial tissue based on the signal
between the first and second el ectrode, wherein the nethod of establishing
‘a connection between the first electP8de and the epithelial tissue is by an
el ectroconductive nmedia. 13. The apparatus of claim 12, wherein the

el ectrical property.is inpedance. 14..The apparatus_ ,of. cl.aim 12 wherein
the electrical™ ?)r%sopgtrjfyn} s?sélrf)agpoat]ten%?%?t. %Ee fhleecéﬁﬁfraét u%r%ﬁérctlyai m 12,
wherei n thetwedecthocanduyet iarel neskdnd Se be phirsd®| 991 @ssald ngetibminEhe
apparatus of claim 12, wherein the at |east, one _electrical properties is a

plurality B FPBP&FtPBsOL T8 uBF Y Tipedshtemard SO PdtenElal t15FAe The

appar at usp9fe &l 8h MiQ: sYGSEEI BetheRt theafirsONEn&El §8LEASAL 1 PFORRIL €S 1S a
plurality of properties,” including inpedance neasured at |east two

di f f er entwhéreuehes esethiad ah appabpbissindra deewnredhiony beiwieandiltd on of an

area of tpLs [ co isipng: fir .ectr erahle.for electrical
conmmuni ca]g;fg%@ wg%ﬁcgggé(eepi gﬁél i l<3t1P’gti g?&?‘%ﬁ%%e gggfsggf g% orb an;a%a second
el ectrodecatcardcomduai wpacerdF.romsaid first electrode; a neans for
establishing a signal between the first and second el ectrodes; and 56 a

means for measugi ngrige phpisatdtys off et ecin i £al Wiopeid | eise belaveeni dde first

and second el ectrode so as to determne the condition of the selected
regi on of property is impedance.

14. The apparatus of claim 12, wherein the electrical

property is a DC potential.

15. The apparatus of claim 12, wherein the

electroconductive media is a physioclogic saline.

16. The apparatus of claim 12, wherein the at least
one electrical properties is a plurality of properties,

including impedance and DC potential.

17. The apparatus of claim 12, wherein the at least
one electrical properties 1is a plurality of properties,
including impedance measured at least two different

frequencies.

18. An apparatus for determining the condition of an

area of tissue in a body comprising:

first electrode operabkle for electrical communication

with the epithelial tissue of the duct of an organ:

a second electrode at a location spaced from said

first electrode;

a means for establishing a signal between the first

and second electrodes; and



epithelial tissue based on the pluralities of electrical properties between
the first and second el ectrode, wherein the nethod of establishing a
connection between the first electrode and the epithelial tissue is by an
el ectroconductive media. 19. The apparatus of claim 18, wherein the
plurality of electrical properties are used to determ ne an electrical
‘profile of the area of tissue. 20. Th§6apparatus of claim19, wherein the

el ectrical profile is displayed on a conmputer nonitor. 21. A

conput er - r eadabl e nediuq haviQ%%conputer- e ecutaQIe iQ§tr ct%ons or
performng a riet K¢ For = et AT RG% hé preddhdd ©§f &% ufn® G ‘ERé human
breast goMpdrdiRG RSN STHNOF Br CONMRE sOBohet weedt sodiér st ekeebr ode and
a region of epithelial tissue within the duct of a breast; establishing a
connect i BB HEE atlRcor®PerédPPodet onthRe siFfeAdEDf FREIPH eadf;

establ i shing 1f 1Slgnat ; betyeenskhe & reheansh second £ §6t rades - jBasUri ng an

el ectrical property between the first and  second el ectrode; and determ ni ng
t he presancwoftizst lrdwasasethonfihet shdnakcbstwedrathredei r stheardnsecond

el ectrode., 22, The apparatus-.of.claim2l further co i sing.an 97

el ectr ocgtn}heuclfl?%}éo%gigur%sltr?%clc%r‘?‘gilrﬂlgt iaonc%?%chta]tor} etgg%w%%% tgﬁa%‘}ﬁ%l ogi cal
agent. 2% 1ddwercapepar aindgs oftigd ai Reg2thdiei£l n thesspdhar magol ogiycal aagent

i nduces a challenge test of the epitheliumcontaining tissue. 24. The

appar at uSHctACHMIBSLAYEr BEALBhe phar macol ogi cal agent is sel ected from
the group consistin of agoni sts, antagoni sts, hornones and m xtures
thereof. 25. The apgp&r ARPGIEYE £in o2 ilhet 8i nWhRECHBr e Alyirality

of electrical ©properties are used to determine an

electrical profile of the area of tissue.

20. The apparatus of claim 19, wherein the electrical

profile is displayed on a computer monitor.

21. A computer-readable medium having computer-
executable instructions for performing a method for
determining the presence of a tumor in the human breast

comprising:

establishing a connection between a first electrode
and a region of epithelial tissue within the duct of a

breast:;

establishing a connection between a second electrode

on the surface of the breast:

establishing a signal between the first and second

electrodes;

measuring an electrical property between the first and

second electrode; and

determining the presence of a <tumor based on the

signal between the first and second electrode.

22. The apparatus of claim 1 further comprising an



selected fromthe group consisting of prolactin, estradiol and m xtures
thereof. 26. The apparatus of claim1l wherein the region of tissue to be
examned is epithelial tissue and an electrical connection is mde between
.said epithelial region of tissue and the el ectrode.

57

electroconductive medium in combination with at least one

pharmacological agent.

23. The apparatus of claim 22 wherein the
pharmacological agent induces a challenge test of the

epithelium containing tissue.

24, The apparatus of claim 23 wherein the
pharmacological agent is selected from the group consisting

of agonists, antagonists, hormeones and mixtures thereof,

25, The apparatus of claim 24 wherein the hormone is
selected from the group consisting of prolactin, estradiol

and mixtures thereof.

26. The apparatus of claim 1 wherein the region of
tissue to be examined 1is epithelial tissue and an
electrical connection is made between said epithelial

region of tissue and the electrode.



