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Nipple aspirate fluid (NAF) has been used for many years as
apotential non-invasive method to identify markersfor breast
cancer risk or early detection. Because individual markers
have not been optimal, we are exploring the use of surface en-
hanced laser desorption and ionization time of flight (SELDI-
TOF) mass spectrometry to identify patterns of proteins that
might define a proteomic signature for breast cancer. SELDI-
TOF was used to analyze a study set of NAF samplesthat in-
cluded 12 women with breast cancer and 15 healthy controls
(the latter included three women with an abnorma mammo-
gram but subsequent normal biopsy). In this preliminary re-
port, we present data showing that SELDI analysis of NAF
israpid, reproducible, and capable of identifying protein sig-
natures that appear to differentiate NAF samples from breast
cancer patients and healthy controls, including those with an
abnormal mammogram who were later proven to be biopsy
normal.
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1. Introduction

Mammographic screening for breast cancer is cur-
rently the best available approach for early detection
in the general population. However, additiona ap-
proachesare needed. Current mammaography is associ-
ated with asensitivity of 75%-90%[1], but the positive
predictive value at 25% is very low [2,3]. Although
resol ution continues to improve, mammography is still
dependent on the existence of mass lesions. Because
many breast tumors will already have metastasized by
thetimeamassisdetectable[4], asignificant portion of
mammographically detected tumors in women under-
going regular screening will aready be disseminated
and incurable. Furthermore, mammography alone may
not be sufficient for early detection in premenopausal
women, particularly for young women with inherited
susceptibility or other high risk profiles because of fol-
lowing reasons: (a) effectivenessof mammography has
not been established in women younger than 40, and
is controversial in women aged 40-49, (b) younger
women have more dense breast tissue, which reduces
mammographic sensitivity, (¢) tumor growth rates may
be higher in younger women, and (d) women carriers
of some germ-line mutations such as ataxia telangiec-
tasiaand possibly BRCA1/2 may haveincreased sensi-
tivity to radiation and conceivably could be harmed by
frequent mammograms [5-7].

More widespread testing of young women for
germline predisposing mutations (such as BRCA1/2)
will soon result in thousands of young women at high
risk for breast cancer, for whom conventional screen-
ing approaches may be inadequate. Thus, there is an
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Fig. 1. SELDI-TOF spectra of nipple aspirate fluids are reproducible. a) Three representative SELDI-TOF chromatograms between 2500 Da
and 10000 Da from one case are shown. Good reproducibility between individually runsis achieved. Enlargement of mass ranges of proteins
between 8000 Daand 10000 Dareveal additional individually resolved proteins that are reproducible. Chromatograms can be changed to density
maps that represent the spectra as a gel view with each peak being a differently ‘stained’ band whose density is proportional to its height. b)

Reproducibility of two different cases.

urgent need for additional methods of early detection
that can provide an adjunct to mammography.

An alternative to imaging technologies for breast
cancer detectionisto examineeasily accessible biolog-
ical fluids for evidence of molecular signatures associ-
ated with neoplastic changes. Ideally such an approach
should reflect the relevant biology of breast epithelium,
be relatively non-invasive, easy for the patient, and
conducive to serial monitoring. Nipple aspirate fluid
(NAF) may be promising for direct sampling of breast
epithelial biology. Thisfluid is secreted continuously
by the non-lactating breast and can be aspirated through
duct openingsin the nipple using asimple non-invasive
pump. Despite many yearsof study, however, nosingle
marker in NAF has been shown to have high sensitivity
and specificity for breast cancer [8-14].

Most molecul ar based approachesthat have been in-
vestigated for early detection are targeted at specific
defects, such as oncogenes, tumor Suppressor genes,
growth factors, tumor antigens, or other gene products.
Theinherent problemisthat none of thesefactorsalone
are present in a large mgjority of breast cancers, and
some are not specific to cancer or to breast tissue, sothe
sensitivity and specificity of such approaches is low.
Rather than targeting a specific abnormality that may

only be present in a small subgroup of patients, we
propose to identify general patterns of protein expres-
sion that distinguish the invasive phenotype from pre-
invasive or normal tissue. Because such patterns could
represent pathways commonly altered during neoplas-
ticprogression, it ishighly likely that multiple elements
of the pathway would be present in amajority of breast
tumors, evenif someindividual protein alterationsvary
from case to case.

Surface-enhanced laser desorbtion time of flight
spectrometry (SELDI-TOF) is a highly sensitive, spe-
cific, and high throughput technology platform for the
study of whole protein lysates [15]. Protein lysates
are directly applied onto a chromatographic surface
(i.e. hydrophobic, hydrophilic, cationic, or anionic),
washed, and subsequently analyzed by time of flight
mass spectrometry. Thus, the obtained chromatogram
only presents a protein phenotype of shared common
chemical or physical characteristics. SELDI-TOF dif-
fers from conventional MALDI-TOF spectrometry in
that it does not require initial separation of complex
biological mixtures by high performance liquid chro-
matography (HPLC) or gas chromatography (GC) [ 16,
17]. The speed and ease of SELDI-TOF makes this
technology very adaptable for use in the clinical labo-
ratory.
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Fig. 2. Nipple aspirate fluids are marked by a high degree of heterogeneity. Representative gel view images of nipple aspirate fluids of three
patients that were biopsy proven to be normal, but showed abnorma mammograms, six uninvolved breasts, and six involved breast are shown.

In this report, we used SEL DI-TOF to generate pro-
tein profilesfrom NAF' s of 27 patients (12 womenwith
breast cancer and 15 healthy women; the latter included
three women with repeated abnorma mammograms
for whom subsequent biopsies were normal) to test the
hypothesis that there exist low molecular weight pro-
teomic signaturesthat can potentially distinguish breast
cancer patients from healthy individuals.

2. Patients and methods

Study participants came from three sources. the
Lombardi Cancer Center’'s Comprehensive Breast Cen-
ter, the Georgetown University Breast Surgery clinic,
and the office of a breast surgeon in private practice
(CM). NAF was obtained using well-established meth-
ods [18] that we have successfully employed in pre-
vious studies. A modified breast pump is used, com-
prised of afinely polished glass cup with aL uer-lok end
attached directly to a 20 uL dip-tip syringe. The cup
is placed over the cleansed nipple of the breast, and the
woman compresses her breast with both hands while
the plunger of the syringe is withdrawn to 10 pL and
held for 8-10 seconds. With thistechniquewe have ob-

tained NAF from 50-70% of premenopausal women.
Droplets of fluid that appear at any duct openings on
the nipple are collected into capillary tubes. Three at-
tempts of 8-10 seconds each were madeto obtainfluid;
if no fluid appears after three attempts the woman was
considered a non-secretor. All fluid from an individual
breast was pooled and expelled into 100 uL of PBS.
Samples from each breast were stored separately at
—70°C prior to analysis.

SEL DI-TOF spectrawere obtained as previously de-
scribed [15]. Briefly, 1 uL of acetonitrile was added
onto a C-16 aliphatic chip (Ciphergen, Palo Alto, CA)
followed by 1 uL of NAF. The specimen was allowed
to incubate under a humid atmosphere for at least 5
minutes after which the chip was thoroughly washed
with water. The chip was air dried and 2 * 0.5 L of
3,5-dihydroxy cinnamic acid (diluted in 50% Acetoni-
trile, 0.5% TFA) was co-crystallized. The instrument
was operated in linear mode. Three profiles totaling
35 shots were obtained from 3 of the 100 addressable
regionsfor agiven spectrum. All multiparametric anal-
yses were performed using PEAKS 2.0.1 (Ciphergen,
Palo Alto, CA).
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Fig. 3. Generation of Normal and Tumor specific tumor plates. a) SELDI-TOF spectra from 12 tumor and 15 norma NAF samples were run (in
triplicates, with three representative Gel ViewTM spectra shown) and compared to each other. Proteins that were within 0.75% of each other were
considered to be the same molecular identity and thereby placed into the protein template. Protein identities that were not present in all analyzed
cases were deemed not suitable for diagnosis purposes. Four proteins were present in NAFs of normal and cancerous breasts at 3415.6 Da and

4149.7 Da, as well as 4233.09 Da and 9470.0 Da, respectively.
3. Results

Previous experiments showed that body fluids such
as sdliva (unpublished data) and serum (manuscript
submitted) are compatible with SEL DI-TOF and yield
very reproducible protein patterns under 20 kDa with-
out the need to purify the samples by HPLC or size ex-
clusion chromatography. Theseresultsarein linewith
previously published reports that show that MALDI-
TOF spectraof serumarericher inion speciesin molec-
ular mass ranges that are smaller than 30 kDa[15,19].
While protein patterns of NAF's at higher molecular
weights (up to 150 kDa) can easily be obtained the di-
agnostic utility diminishes rapidly due to well known
ion suppression effects (data not shown). Coefficients
of variances for inter and intra runs were previously
shown to be less than 10% [15]. Concurrently, using
an aliphatic C16 chip yields very reproducible spectra
between 2 kDa and 15 kDa for NAFs with an average
of over 50 individualy resolved proteins in the mass
range. Each sample was run in triplicates to ensure
that proteins seen during individual runs were indeed

reproducible (Fig. 1). Day to day or instrument varia-
tions can be excluded as samples run on different days
yielded identical spectra (data not shown).

However, in contrast to serum and saliva chro-
matograms that do not show large variations (data not
shown), NAFs, while being reproducible, are marked
by unusual large variations in their spectra between
different samples within a group (Fig. 2). Confronted
with this observation, we decided against measuring
individual protein abundance levels, but rather decided
to generate a protein template that presents only the
proteinsthat are consi stently associated with cancerous
or normal breasts. Thiswas achieved by comparing all
proteinsand peptidesthat are greater than two standard
deviations above background of all cancerous breasts
and all normal NAF specimens, respectively. Proteins
that were within 0.75% mass accuracy of each other
were considered the same and thus compared with the
next respective sample. A protein profile for normal
and tumor NAF samplesis shown in Fig. 3. The dra-
matic reduction in proteins compared to those detected
without the above criteriai.e. from more than 50 pro-
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Fig. 4. Protein Profiles from patient matched NAFs from involved an uninvolved breasts. SELDI spectra were taken between 2500 Da and
15000 Da of patient matched NAFs with one of the breast being biopsy proven cancerous, and the other being normal. As expected, most of the
proteins did not change, however protein changes track with generated template (arrow).

teins to 10 or fewer) is indicative of the large hetero-
geneous nature of these samples with respect to pro-
tein expression. However, two proteins were uniquely
present in tumor-associated samples (at 4233.09 m/z
and 9470.0 m/z) and two were uniquely associated with
normal samples (at 3415.6 m/z and 4149.7 m/z).

This template was tested in a variety of cases for
whom NAFs were obtained from both the cancerous
and contralateral breast (Fig. 4). As expected most
proteins do not change between the involved and the
contralateral uninvolved breast and appear very differ-
ent from the generated templates; however, theindivid-
ual identified proteins always tracked with the disease
state.

A powerful application of this technology would be
as an adjunct to improve specificity of the diagnostic
paradigm in women with abnormal mammograms. A
protein template of NAFs from three women with ab-
normal mammogramswas generated, and protein tem-
platesfrom the cancerousand normal breastswerecom-
pared (Fig. 5). All three of these women were biopsied
and found to have normal breasts. The chromatogram

obtained from women with abnormal mammograms
is distinct from that of both the normal and tumor-
associated specimens. However, the protein identity
at 4152.3 Da that is present in normal SELDI-TOF
template, but not in the cancerous template, can be
found. Asthe massaccuracy of the machineis between
0.75% and 1% the protein identities at 4152.3 Da and
4149.7 Daarelikely to be the same. Furthermore, each
protein identity that is present in the tumor template
is not present in the abnormal mammogram spectra
(Fig. 5). These results indicate that spectra obtained
by SELDI may aid in the decision making process for
patients that show an abnormal mammogram.

4. Discussion

The need for rapid, inexpensive, noninvasive ap-
proaches to improve the specificity of breast cancer
screening paradigms has led to the search for tumor
markers in readily accessible body fluids. However,
the search for such individual markers have been dis-
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Fig. 5. SELDI analysis of NAFsfrom biopsy proven normal patients with abnormal mammograms. SELDI templates of three patients that were
biopsy proven to be normal, but showed abnormal mammograms were compared to the normal and cancerous template. While providing an
unique SELDI protein pattern in itself tumor unique proteins (4233.09 Daand 9470.0 Da) were absent, and proteins that were specific to normal

samples (4197.9 Da) were present in NAFs of breasts that showed abnorma mammograms.

appointing [20,21]. We [15] and others [16,22,23] are
utilizing rapid proteomic approachesthat can easily be
implicated to the clinic and aid in the diagnosis deci-
sion making. Toward thisend, our laboratory currently
employs two approaches utilizing affinity SELDI-TOF
to identify breast cancer protein signaturesin NAF and
serum. Such a signature will be a pattern of protein
expression that consistently is associated with cancer
and discriminates it from samples from women with
normal breasts. The simplest approach to identifying
such asignature is based on identifying low molecular
weight proteins and peptides (< 10,000 Da) that are
present in either 100% of tumor-associated or normal -
associated samples. The discovery of multiple proteins
and patterns of protein expression that are consistently
altered may increase the specificity and sensitivity of
an eventual diagnosis.

Here, we report the use of SELDI-TOF to generate
protein profiles from NAF's obtained from 27 women
(12 with breast cancer and 15 without breast cancer).
This study group also included three women with ab-

normal mammogramsbut found to be normal at biopsy.
Two peptides at 4233.09 Da and 9470.0 Da were con-
sistently associated with tumor sampl es, whiletwo pep-
tidesat 3415.6 Daand 4149.7 Daconsistently appeared
in normal samples, and thus may be of diagnostic im-
portance. Moreover, overall protein patterns obtained
from NAFs from women with abnorma mammograms
did not clearly resemble protein patterns from normal
or tumor patients. However, all three cases contained a
4152.3 Dathat showed resemblence to the 4149.9 Da.
Furthermore, no proteinsthat are uniqueto tumor sam-
pleswere found in the abnormal cases.

While matrix assisted laser desorption spectrometry
(MALDI-TOF) has been used to analyze known tumor
markersthese studiesarenot really amenableto clinical
settings [23,24]. The speed and ease of SELDI-TOF
to generate protein patterns without the need to purify
the specimen prior to application makes this technol-
ogy very adaptable for use in the clinical laboratory.
We believe that advancesin this technology will allow
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clinical investigatorsto monitor proteomic patterns for
diagnosis or prognosis.
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