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ABSTRACT 

Methods for performing medical procedures within the duct 
of a breast are described. An exemplary embodiment of the 
invention includes the Steps of introducing a guiding mem 
ber into a breast duct; introducing and positioning a member 
having an internal lumen in the breast duct; introducing a 
wash fluid into the breast duct through the internal lumen; 
removing washings from the breast duct through the internal 
lumen; and collecting the Washings for cytological analysis. 
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METHODS FOR OBTAINING FLUID AND 
CELLULAR MATERIAL FROMA BREAST DUCT 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion and claims priority under 37 CFR 120 to U.S. applica 
tion Ser. No. 09/153,564 filed Sep. 15, 1998, which is a 
continuation-in-part application of U.S. application Ser. No. 
08/931,786, filed Sep. 16, 1997, now U.S. Pat. No. 6,168, 
779; and this application is a continuation-in-part and claims 
priority under 37 CFR 120 to U.S. application Ser. No. 
09/740,561 filed Dec. 19, 2000 which is a continuation 
application of U.S. application Ser. No. 09/067,661, filed 
Apr. 28, 1998, now U.S. Pat. No. 6,221,622, the contents of 
each of which are incorporated herein by reference. 
0002 The invention disclosed in this application was 
made with government support under U.S. Army Medical 
Research Grant Nos. DAMD 17-94-J-4281 and DAMD 17 
96-C-6117. The government may have certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004. The present invention relates generally to medical 
methods and devices for accessing body lumens and in 
particular to methods and apparatus for identifying ductal 
orifices in human breasts and accessing the ducts through the 
identified orifices. 

0005 Breast cancer is the most common cancer in 
women, with well over 100,000 new cases being diagnosed 
each year. Even greater numbers of women, however, have 
Symptoms associated with breast diseases, both benign and 
malignant, and must undergo further diagnosis and evalua 
tion in order to determine whether breast cancer exists. To 
that end, a variety of diagnostic techniques have been 
developed, the most common of which are Surgical tech 
niques including core biopsy and excisional biopsy. 
Recently, fine needle aspiration (FNA) cytology has been 
developed which is leSS invasive than the Surgical tech 
niques, but which is not always a Substitute for Surgical 
biopsy. 
0006 A variety of other diagnostic techniques have been 
proposed for research purposes. Of particular interest to the 
present invention, fluids from the breast ducts have been 
externally collected, analyzed, and correlated to Some extent 
with the risk of breast cancer. Such fluid collection, however, 
is generally taken from the Surface of the nipple and repre 
Sents the entire ductal Structure. Information on the condi 
tion of an individual duct is generally not provided. Infor 
mation on individual ducts can be obtained through 
cannulation and endoscopic examination, but Such exami 
nations have been primarily in Women with nipple discharge 
or for research purposes and have generally not examined 
each individual duct in the breast. 

0007 Since breast cancer usually arises from a single 
ductal System and exists in a precancerous State for a number 
of years, endoscopy in and fluid collection from individual 
breast ducts holds great diagnostic promise for the identifi 
cation of intermediate markers. Much of the promise, how 
ever, cannot be realized until access to each and every duct 
in a patient's breast can be assured. Presently, ductal acceSS 
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may be obtained by a magnification of the nipple and 
identification of ductal orifice(s) using conventional medical 
magnifiers, Such as magnification loupes. While Such mag 
nified examination is relatively simple, it cannot be relied on 
to identify all orifices. Moreover, the ductal orifices can be 
confused with other tissue structures, Such as Sebaceous 
glands and Simple keratin-filled caruncles of the nipple. 
Thus, before ductal techniques can be further developed for 
diagnostic, research, or other purposes, it will be useful to 
provide methods and apparatus which facilitate identifica 
tion of ductal orifices to distinguish them from other orifices, 
and allow Subsequent ductal access in Selected and/or all 
ducts in each breast. 

0008 2. Description of the Background Art 
0009 Publications by the inventors herein relating to 
breast duct access include Love and Barsky (1996) Lancet 
348: 997-999; Love (1992) “Breast duct endoscopy: a pilot 
Study of a potential technique for evaluating intraductal 
disease, presented at 15th Annual San Antonio Breast 
Cancer Symposium, San Antonio, Tex., Abstract 197; Bar 
sky and Love (1996) “Pathological analysis of breast duct 
endoscoped mastectomies,” Laboratory Investigation, Mod 
ern Pathology, Abstract 67. A description of the inventors 
breast duct access work was presented in Lewis (1997) 
Biophotonics International, pages 27-28, May/June 1997. 
0010 Nipple aspiration and/or the introduction of con 
trast medium into breast ducts prior to imaging are described 
in Sartorius (1995) Breast Cancer Res. Treat. 35:255-266; 
Sartorius et al. (1977) “Contrast ductography for the recog 
nition and localization of benign and malignant breast 
lesions: An improved technique,” in: Logan (ed.), Breast 
Carcinoma, New York, Wiley, pp. 281-300; Petrakis (1993) 
Cancer Epidem. Biomarker Prev. 2: 3-10; Petrakis (1993) 
Epidem. Rev. 15: 188-195; Petrakis (1986) Breast Cancer 
Res. Treat. 8: 7-19; Wrensch et al. (1992) Am. J. Epidem. 
135: 130-141; Wrensch et al. (1990) Breast Cancer Res. 
Treat. 15: 39-51; and Wrensch et al. (1989) Cancer Res. 49: 
2168-2174. The presence of abnormal biomarkers in fine 
needle breast aspirates is described in Fabian et al. (1993) 
Proc. Ann. Meet. Am. ASSoc. Cancer Res. 34: A1556. The 
use of a rigid 1.2 mm ductoscope to identify intraductal 
papillomas in Women with nipple discharge is described in 
Makita et al. (1991) Breast Cancer Res. Treat. 18: 179-188. 
The use of a 0.4 mm flexible Scope to investigate nipple 
discharge is described in Okazaki et al. (1991) Jpn. J. Clin. 
Oncol. 21: 188-193. The detection of CEA in fluids obtained 
by a nipple blot is described in Imayama et al. (1996) Cancer 
78: 1229-1234. Delivery of epithelium-destroying agents to 
breasts by ductal cannulation is described in WO97/05898. 

SUMMARY OF THE INVENTION 

0011. The present invention provides improved methods, 
kits, and other apparatus for locating breast ducts in the 
breasts of human female patients. In particular, the methods 
of the present invention permit reliable identification of the 
orifices within the nipple of a breast which lead to each of 
the multiple ductal networks within the breast. By reliably 
identifying each orifice, all of the ductal networks can be 
located and Subsequently accessed for diagnostic, risk 
assessment, therapeutic, research, or other purposes. 
0012. In a first aspect of the present invention, a method 
for locating an orifice of a breast duct comprises labelling 
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ductal cells disposed at the ductal orifice with a visible or 
otherwise detectable label. The orifice may then be located 
based on the presence of the label at the orifice. Specific and 
preferred methods for labeling the orifices are described 
below in connection with a Second aspect of the present 
invention. After the orifices have been located, an acceSS 
device, Such as a catheter or fiberoptic viewing Scope, can be 
introduced through at least one of the orifices and into the 
asSociated breast duct. The method may further comprise 
introducing the same or a different acceSS device through 
other orifices, often into each of the orifices to permit 
diagnosis, treatment, or other evaluation of all of the ductal 
networks of a breast. 

0013 In a second aspect, the present invention comprises 
a method for labelling the orifice of a breast duct. The 
method includes treating a nipple to expose tissue in an 
orifice of each duct. The treated nipple is then exposed to a 
labelling reagent capable of Specifically binding to a tissue 
marker characteristic of tissue at the ductal orifice. Binding 
of the labelling reagent to the tissue results in immobiliza 
tion of a label at the orifice, permitting Subsequent location 
of the orifice as described above. The treating Step prefer 
ably comprises washing the nipple with a keratinolytic 
agent, such as 5% to 50% acetic acid (by weight), to remove 
keratin-containing materials which normally occlude the 
duct orifice and which could inhibit binding of the labelling 
reagent to the tissue marker. The tissue marker is typically 
characteristic of the ductal epithelium and represents either 
a membrane antigen or a cytoplasmic antigen. It has been 
found by the inventors herein that the ductal epithelium 
extends to within 0.1 mm to 0.2 mm of the nipple orifice and 
is Sufficiently exposed to the Surface of the nipple to permit 
labelling according to the methods of the present invention. 
Exemplary markers include cytokeratins, Such as cytokera 
tin 8, cytokeratin 18, E cadherin, epithelial membrane anti 
gen (EMA), and the like. Usually, the labelling reagent 
comprises a polyclonal or monoclonal antibody or other 
Specific binding Substance Specific for the marker. The 
antibody may be directly labelled with a visible label, such 
as a fluorescent label, a dye label, a chemiluminescent label, 
or the like. Alternatively, the labeling reagent may comprise 
two or more components, typically including a primary 
antibody which is specific for the marker and one or more 
Secondary binding Substances which bind to the primary 
antibody and provide a label, optionally a magnified label. 
For example, the primary antibody may be unlabelled, and 
a Secondary labelled antibody Specific for the primary anti 
body also be provided. As a further alternative, the primary 
antibody can be labelled with biotin or other hapten, and 
binding of the label provided via avidin, secondary antibody 
Specific for the hapten, or the like. Numerous specific 
techniques for labelling of antigenic tissue markers are well 
known and reported in the immunocytochemical Staining 
literature. 

0.014. In a third aspect, a method according to the present 
invention comprises labelling cellular material at a ductal 
orifice with a visible label and Subsequently accessing the 
duct through the labelled orifice. The labelling step usually 
comprises the method Set forth above. The accessing Step 
may comprise introducing an access device through at least 
one of the labelled orifices, and preferably through all of the 
labelled orifices, where the acceSS device may be a catheter, 
a fiber optic viewing Scope, or the like. 
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0015. In a fourth aspect of the present invention, a kit for 
labelling breast duct orifices comprises a labelling reagent or 
reagents capable of Specifically labelling a cellular marker at 
the ductal orifice, instructions Setting forth a labelling 
method as described above, and a package containing the 
labelling reagent and the instructions for use. Usually, the 
kits of the present invention will further include the kerati 
nolytic agent and any other reagents that may be necessary 
for performing the method. Instructions for use will set forth 
the use of all provided reagents and may further Set forth the 
use of agents which are available in the laboratory where the 
assay is to be performed. 
0016. In a fifth aspect of the present invention, a kit for 
accessing a breast duct comprises a labelling reagent capable 
of Specifically labelling a ductal orifice and optionally a 
keratinolytic agent for treating the nipple prior to exposure 
of the labelling reagent. The kit further comprises an acceSS 
device capable of being inserted through a labelled ductal 
orifice to a ductal lumen, Such as a catheter, a fiber optic 
Viewing Scope, or the like. The kit Still further comprises a 
package containing the labelling reagent, optionally the 
keratinolytic agent, and the access device. The accessing kit 
may further comprise instructions for use Setting forth a 
method comprising the accessing Steps as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is an anterior view of a human female 
breast, shown in Section, and illustrating three of the Six to 
nine ductal networks extending inwardly from the nipple. 
0018 FIG. 2 is an enlarged view of the nipple of FIG. 1 
illustrating the orifices leading to each of the three ductal 
networks. 

0019 FIG. 3 is a still further enlarged view of a single 
orifice illustrating the distribution of tissue markers from the 
epithelium to the opening of the orifice, where Such markers 
at the opening are available for binding to labelled antibod 
CS. 

0020 FIG. 4 is a schematic illustration of the appearance 
of a nipple which has been labelled with visible markers 
according to the methods of the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0021. The present invention comprises methods for locat 
ing, labelling, and accessing the ductal networks in human 
female breasts. A typical breast B is illustrated in FIG. 1 and 
includes a nipple N and from Six to nine ducts D. 
0022. Three ductal networks D extending inwardly 
from the nipple N into the breast tissue are illustrated. As 
best seen in FIG.2, each ductal network D begins with an 
orifice O which lies at the surface of the nipple N and 
extends inwardly through a ductal Sinus S. and then into a 
branching network. Each network D comprises a Series of 
Successively Smaller lumens which are arranged in complex, 
three-dimensional patterns. The networks of each duct will 
overlap within the breast tissue but will not be intercon 
nected. The present invention relies on identifying and 
labelling tissue in the orifice O of each duct D within the 
nipple N. Usually, there will be from six to nine orifices 
which open into a like number of ductal networks. An abrupt 
transition from the ductal epithelium to the Squamous epi 
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thelium of the skin is found within about 0.1 mm to 0.2 mm 
of the nipple surface. Typically, the ductal orifice will be 
occluded with a conical keratin plug measuring about 0.5 
mm to 1 mm in size. 

0023 The present invention relies on the specific label 
ling of tissue markers at the orifice of Selected one(s) or all 
of the ductal network(s). By “specific,” it is meant that the 
label will be introduced in a manner Such that it will bind to 
the orifice region within the nipple but not bind (or will bind 
to a significantly lesser extent, usually at least 10-fold less) 
to other regions of the nipple. In this way, binding of the 
label to the orifice will be a discernable indication that the 
orifice is present and available for access to the associated 
ductal network. 

0024. In a particular aspect of the present invention, the 
tissue marker(s) will be an antigenic or epitopic Site char 
acteristic of the epithelial lining of the breast duct. Surpris 
ingly, it has been found that the epithelial lining extends 
Sufficiently far into the orifice region of the duct to permit 
Successful labelling using generally conventional immuno 
cytochemical labelling reagents and techniques, as described 
in more detail below. Exemplary tissue markers include 
antigens and epitopes defined by the cytokeratins present in 
the epithelial cytoplasmic lining, Such as cytokeratin 8, 
cytokeratin 18, and by molecules present in the membrane 
lining, Such as E cadherin, epithelial membrane antigen 
(EMA), and the like. Suitable breast epithelial tissue mark 
ers are described, for example, in Moll et al. (1982) Cell 
30:11-19; Gown and Vogel (1984) Am. J. Pathol. 114:309 
321; and Johnson (1991) Cancer Metastasis Rev. 10:11-22. 
0025 Referring now to FIG. 3, an orifice region O of a 
ductal network D is illustrated with a plurality of markers M 
lining the epithelium of the duct and extending to the 
perimeter of the orifice. Labelled antibodies A can be used 
to locate and label those markers M which are near the 
orifice O. Frequently, it will be desirable or necessary to 
wash the nipple with a Solution capable of unblocking the 
orifice to permit binding of the antibodies or other labelling 
reagent. For example, the orifice can frequently become 
plugged with keratin-containing materials, and washing with 
a keratinolytic solution, such as acetic acid (5% to 50% by 
weight) admixed in a pharmaceutical delivery vehicle, will 
expose Sufficient marker Sites at each orifice to enable 
labelling according to the methods of the present invention. 

0026. The labelled antibodies or other labelling reagents 
may be formulated as liquid, typically aqueous, Solutions in 
a generally conventional manner. Suitable anti-cytokeratin 
antibodies may be obtained from commercial Suppliers, with 
specific antibodies including FITC-anticytokeratin (Becton 
Dickenson), CAM 5.2, and the like. The antibodies may be 
coupled to one member of a Signal-producing System 
capable of generating a detectable visual or other change on 
the tissue Surface, where an element will be referred to here 
and after as a “visual label.” Suitable Signal-producing 
Systems include fluorescent Systems, color-generating Sys 
tems, and luminescent Systems. Preferred is use of fluores 
cent Systems which comprise a Single fluorescent label, but 
other Systems which comprise two or more components 
including enzymes, Substrates, catalysts, enhancers, and the 
like, may also be employed. At least one component of the 
Signal-producing System will be attached to the antibody or 
other specific binding Substance which is capable of directly 
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or indirectly binding to the tissue marker. Usually, the 
antibody will bind directly to the tissue marker, but it will 
also be possible to employ primary antibodies which are 
Specific for the tissue marker and labelled Secondary anti 
bodies which introduce the label or component of the 
Signal-producing System. For example, the primary antibody 
can be mouse IgG and the labelled Secondary antibody can 
be FITC goat anti-mouse IgG (Zymed). Such signal-pro 
ducing Systems and the use on tissue and tissue samples is 
well described in the medical, Scientific, and patent literature 
relating to immunocytochemical Staining. 
0027. In an exemplary protocol according to the present 
invention, the nipple is first dekeratinized with 5% to 50% 
acetic acid to remove keratin and other potentially blocking 
and contaminating Substances from the ductal orifices. A 
solution of the labelled antibody, preferably an antibody 
which directly binds to a cytokeratin or other epithelial 
cytoplasmic or Surface membrane marker, Such as the anti 
bodies described above, is then applied to the nipple Surface. 
The antibody is preferably linked to a fluorescent marker, 
more preferably fluorescein, and the fluorescein-labelled 
antibody delivered in a buffered aqueous Solution. Option 
ally, controls may be run. For example, labelled antibodies 
of the same Ig class as the Specific antibody may be exposed 
to the nipple at the same dilution. By comparing the results 
with the Specific antibody and the control antibody, non 
Specific binding can be discounted. 
0028. The labelling reagent will typically be packaged 
(optionally with the keratinolytic agent) together with 
instructions for use in a conventional assay package, Such as 
a box, bottle, tube, pouch, or the like. The instructions for 
use may be written out on a separate instruction sheet or may 
be partially or fully incorporated onto the packaging mate 
rials. 

0029. A second kit according to the present invention will 
comprise the labelling reagent (optionally with the kerati 
nolytic agent) in a package as Set forth above. The package 
will further include an acceSS device capable of being 
introduced through the ductal orifice, Such as a catheter, a 
fiber optic scope, or the like. Suitable catheters and fiber 
optic Scopes are described in the background art discussed 
above. Such kits may further comprise instructions for use 
(IFU) setting forth any of the methods described above. 
0030 The following experimental descriptions are 
offered by way of illustration, not by way of imitation. 

EXPERIMENTAL 

0031 A. Dekeratinizing the Nipple 
0032) Acetic acid is mixed with Velvacrol (50% v/w), a 
pharmaceutical vehicle comprising an aqueous mixture of 
petrolatum/mineral oil, acetyl alcohol, Sodium laural Sulfate, 
cholesterol, methylparaben, butylparaben, and propylpara 
ben. To keep the acetic acid in Solution, methyl cellulose 
(100 mg) is pre-added to the Velvacrol (5 g). The mixture 
possesses a uniform pasty consistency and is applied to the 
nipple as an ointment or paste. The keratinolytic agent is 
typically left on the nipple for twenty-four hours or longer 
to remove the keratin plugs from the ductal orifices. 
0033 B. Labelling of the Ductal Orifice 
0034) For cytoplasmic antigens, the ductal epithelium 
must be solubilized with 70% by weight ethanol. For a 
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membrane or Surface antigen, the Solubilization Step is not 
necessary. A mouse monoclonal primary antibody is used as 
a dilution of 1:5 to 1:100 and maintained on the nipple for 
one hour at room temperature. After Such incubation, the 
nipple is washed with phosphate buffered saline PBS and a 
Secondary antibody (fluoresceinated goat anti-mouse anti 
body) used at a dilution of from 1:5 to 1:1000 fold at room 
temperature. After washing with PBS, the nipple may be 
examined under ultraviolet (UV) light at a wavelength 
Selected for the particular fluorochrome being used. A con 
trol can then be run using an antibody of a similar class, but 
without specificity for any of the ductal epithelial or other 
markers which may be present on the nipple. This method 
will provide successful labelling of the ductal orifices and 
permit Subsequent cannulation and examination of each 
orifice. 

0035 C. Ductoscopy 
0036) Duct cannulation and exploration can be performed 
under white (visual) light. One or more ducts are cannulated 
first with a rigid metal duct-probe (6 Fr Taber-Rothschild 
Galactography Kit, Manan Medical Products Inc., North 
brook, Ill.) dilated to 0.45 mm to 0.5 mm. A guide wire (0.4 
mm) is then inserted, and a catheter passed over the guide 
wire. Physiological saline (0.2 ml to 0.5 ml) is instilled to 
wash the duct lumen. The Washings may be spun down and 
analyzed cytologically. 

0037. The duct lumen is then dried by injecting 0.2 ml to 
0.5 ml air. At the end of the final insufflation, the orifice is 
held shut by pinching the end of the nipple. An endoscope 
(FVS-3000, M&M Company, Tokyo), which is 0.4 mm in 
outer diameter is then threaded into the duct orifice while 
dilation of the duct with air is maintained. After the endo 
Scope is inserted for 5 mm to 10 mm, its position may be 
confirmed. The cannulization may then be continued as far 
distally as possible. Desired diagnostic, therapeutic, or other 
material may then be instilled into the duct. 
0.038 Alternatively, after cannulation, the duct may be 
dilated with Saline using a closed System with a burst adapter 
to allow a better view. 

0039. In a particular aspect of the present invention, cells 
may be removed through the cannula (as washings). The 
collected cells may be processed according to Standard 
cytological methods for Similar Washings, Such as bronchial 
Washings and biopsy Specimens. The cells may be identified 
directly or indirectly by histopathological analysis of the 
duct from which the cells were obtained. 

0040 Although the foregoing invention has been 
described in detail for purposes of clarity of understanding, 
it will be obvious that certain modifications may be prac 
ticed within the Scope of the appended claims. 

1. A method for obtaining fluid and cellular material from 
a breast duct comprising: 

(a) locating at least one breast duct on a nipple of a breast, 
wherein the orifice of the breast duct is located by 
labeling cellular material at the orifice with a detectable 
label coupled to an antibody Specific for a tissue marker 
characteristic of the tissue at the ductal orifice and 
locating the orifice by observing the presence of the 
detectable label; 
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(b) introducing washing fluid into the breast duct via a 
catheter; and 

(c) collecting the washing fluid from the breast duct with 
the catheter, wherein the Washing fluid collected com 
prises fluid and cells from the breast duct. 

2. A method for obtaining fluid and cellular material from 
a breast duct comprising: 

(a) locating at least one breast duct on a nipple of a breast, 
wherein the breast duct exhibits no observable sponta 
neous discharge, 

(b) introducing washing fluid into the breast duct via a 
catheter; and 

(c) collecting the washing fluid from the breast duct with 
the catheter, wherein the Washing fluid collected com 
prises fluid and cells from the breast duct. 

3. A method according to claim 1, further comprising 
obtaining fluid and cellular material from multiple breast 
ducts. 

4. A method according to claim 2, further comprising 
obtaining fluid and cellular material from multiple breast 
ducts. 

5. A method according to claim 1 wherein the Washing 
fluid includes Saline. 

6. A method according to claim 2 wherein the Washing 
fluid includes Saline. 

7. A method according to claim 1, further comprising 
preparing the collected washing fluid for cytological analy 
SS. 

8. A method according to claim 2, further comprising 
preparing the collected washing fluid for cytological analy 
SS. 

9. A method according to claim 7, wherein preparing the 
collected washing fluid for cytological analysis includes 
centrifugation. 

10. A method according to claim 8, wherein preparing the 
collected washing fluid for cytological analysis includes 
centrifugation. 

11. A method for obtaining fluid and cellular material 
from a breast duct for cytological analysis comprising: 

(a) locating at least one breast duct on a nipple of a breast; 
(b) introducing washing fluid into the breast duct via a 

catheter; and 

(c) collecting the washing fluid from the breast duct with 
the catheter, wherein the Washing fluid collected com 
prises fluid and cells from the breast duct. 

12. A method according to claim 11, further comprising 
obtaining fluid and cellular material from multiple breast 
ducts. 

13. A method according to claim 11 wherein the Washing 
fluid includes Saline. 

14. A method according to claim 11, further comprising 
preparing the collected washing fluid for cytological analy 
SS. 

15. A method according to claim 14, wherein preparing 
the collected Washing fluid for cytological analysis includes 
centrifugation. 


