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 Introduction 

 Breast cancer is the leading cause of cancer death in 
women in the Western world. In the last decades, clinical 
and radiological screening have been proven to reduce 
breast cancer mortality  [1] , with recent improvements 
such as magnetic resonance imaging and digital mam-
mography potentially further increasing the accuracy of 
radiological detection. Despite these advances, current 
screening modalities miss 1 of 4 breast tumors  [2]  in 
high-risk women, indicating that new breast cancer 
screening tools are urgently needed. A new screening 
modality could very well be found in the analysis of nip-
ple fluid that is produced in small amounts in the breast 
ducts of nonlactating women. Nipple fluid contains 
breast epithelial cells, free DNA and proteins, and can be 
collected in a noninvasive manner by vacuum aspira-
tion. We and others have shown that in nipple fluid rel-
evant (epi)genomic changes can be detected, either from 
cells shed from lesions or from neighboring cells suffer-
ing from a field defect (see below). Therefore, nipple flu-
id could become a valuable source for population-based 
screening of high-risk women, signaling (epi)genetic 
changes before breast cancer is radiologically or clini-
cally detectable.
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 Abstract 

 Lack of sensitivity and specificity of image-based breast can-
cer screening has urged the exploration of alternate screen-
ing modalities. Nipple fluid, which contains breast epithelial 
cells, is produced in small amounts in the breast ducts of 
nonlactating women and can be collected by noninvasive 
vacuum aspiration. After administration of nasal oxytocin, 
nipple aspiration yields sufficient material for molecular 
analysis in the large majority of women. Whereas nipple flu-
id cytology appears to have only a moderate correlation 
with breast cancer development, methylation holds promise 
as a more appropriate biomarker, since methylation aberra-
tions occur as an early and frequent event during carcino-
genesis. Using quantitative multiplex methylation-specific 
PCR, methylation can be detected in minute amounts of 
DNA extracted from nipple aspirates, precluding the need 
for more invasive intraductal approaches such as ductal la-
vage and random periareolar fine needle aspiration. The ap-
plication of genomic and proteomic diagnostics to nipple 
aspirates therefore provides unprecedented opportunities 
for early breast cancer diagnosis amendable to population-
based screening.  Copyright © 2008 S. Karger AG, Basel
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  Oxytocin-Supported Nipple Aspiration 

 A noninvasive manner to obtain nipple fluid with 
minimal patient discomfort is by vacuum aspiration. 
Initially, successful nipple fluid aspiration was reported 
in only 39–66% of women  [3, 4] , clearly limiting its po-
tential. Recently, we showed that after administration
of oxytocin, nipple fluid suitable for molecular analy-
sis could be obtained from 94% of participating wom-
en  [5] .

  Anesthetic cream (EMLA) is applied onto the nipple 
and stays on while the breasts are warmed up for 10 min. 
The subjects are given 1 spray (4 IU) of oxytocin in both 
nostrils. The nipple is gently wiped with a dekeratinizing 
agent in order to remove keratin plugs and subsequently 
cleansed with ethanol. A suction cup (aspirator) is placed 
over the nipple. Repeated gentle suction by a syringe (10–
50 ml) draws fluid from inside the duct to the nipple sur-
face. Fluid droplets are collected by capillary tubes. The 
entire procedure is repeated at the other breast.

  Oxytocin causes rhythmic contractions of the myo-
epithelial cells around the acini of the breast, which leads 
to stimulation and facilitation of the emptying of the 
glands and is used in the clinical setting to promote nurs-
ing. The effect on the breast occurs within 5 min, with a 
half-life of 3–17 min. Oxytocin-supported nipple aspira-
tion is very well tolerated ( fig. 1 ), with a mean discomfort 
rating of 1.3 (on a 0–10 scale)  [5] .

  Ductal Lavage and Random Periareolar Fine Needle 

Aspiration 

 Because of the initial failure to obtain nipple fluid con-
taining sufficient cellular material in part of the popula-
tion in previous nipple aspiration studies  [6, 7] , alterna-
tive intraductal approaches such as ductal lavage and ran-
dom periareolar fine needle aspiration (RPFNA) have 
been developed. Compared to nipple aspiration, ductal 
lavage and RPFNA are more invasive, less cost-effective 
and cause more discomfort  [3] .

  In the ductal lavage procedure, ducts of the breast are 
cannulated by a microcatheter, after which a saline solu-
tion is infused, followed by aspiration of the fluid. The 
amount of cells that is obtained through ductal lavage is 
larger than through nipple aspiration  [6] , but few to no 
cellular nipple fluid is obtained by ductal lavage in wom-
en that do not yield fluid during classical nipple aspira-
tion  [8, 9]  and problems of recannulating the same duct 
 [8]  limit its diagnostic potential.

  In RPFNA, multiple deep aspirations are performed, 
targeting different quadrants of the breasts, resulting in 
sufficient material for analysis in the majority of women 
 [10] . Arun et al.  [11]  recently reported that the efficiency 
of RPFNA in producing evaluable specimens for chemo-
prevention trials in high-risk women is higher than for 
ductal lavage, making RPFNA a more practical option for 
breast cancer prevention trials. Still, the invasiveness of 
the procedures may preclude a role in population-wide 
screening of high-risk women that requires repeated har-
vesting of material. 

  Biomarkers in Nipple Fluid 

 Previous studies showed that the presence of atypical 
cells in nipple aspiration and RPFNA fluid is associated 
with an increased risk of breast cancer  [7, 10] . However, 
cytologic atypia appears to have a low reproducibility and 
the correlation with breast cancer development is not that 
strong  [12] , a point of concern being that if a tumor is 
present in the breast, malignant cells will not always be 
detectable in the nipple aspirate.

  With the development of highly sensitive molecular 
tools that can detect genomic alterations in only a few 
cells, methylation analysis might be a more effective bio-
marker for nipple fluid diagnostics  [13] . Methylation 
plays an important role in the physiology of normal cells 
as well as in tumor development. In normal cells, it regu-
lates chromatin organization, silencing of transposable 
elements, X chromosome inactivation, tissue-specific 
gene expression and genetic imprinting. In cancer cells, 
contrarily, hypermethylation of CpG islands occurs  [14]  
in a background of general hypomethylation of the ge-
nome  [15] . These CpG islands are cytosine- and guanine-
rich areas in the promoter/enhancer regions of many 
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  Fig. 1.  Discomfort of nipple aspiration in comparison with mam-
mography and breast feeding in a study on female healthy volun-
teers.   
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genes that are involved in cell cycle regulation, cell adher-
ence, DNA repair and apoptosis. Hypermethylation of 
CpG islands leads to suppression of transcription and 
thereby inactivation of these genes  [14] . It is believed that 
breast cancer develops by stepwise accumulation of inter-
acting epigenetic and genetic events over time  [14] . While 
the genetic processes are specific events that greatly differ 
between patients, epigenetic alterations are more gener-
ally occurring during breast cancer development  [16] . 
Moreover, a hypermethylated sequence is a positive sig-
nal against an unmethylated background, making it more 
easily detectable than genetic alterations such as loss of 
heterozygosity, for which a negative signal must be recog-
nized against a dominant positive background  [27] . 
Methylation can be viewed as a result of ageing, environ-
mental exposure and disease. A role for a field defect, as 
previously shown for loss of heterozygosity in the breast 
 [17] , has been proposed for aberrant methylation in colon 
and lung tumor development  [18–20] , suggesting that not 
only the malignant cells, but also the surrounding (ap-
parently normal) tissue harbors tumorigenic potential. 
This indicates that methylation markers in mammary 
epithelium that is not derived from tumor can be predic-
tive for malignancy present in the same breast, making 
an epigenetic approach very well suited for monitoring 
purposes in nipple fluid. Fackler et al.  [21]  previously 
showed that, compared to cytology, analyzing promoter 
methylation of a similar gene set using quantitative mul-
tiplex methylation-specific PCR in ductal lavage cells 
doubled the detection rate of breast cancer. From these 
data, one might conclude that DNA in nipple fluid repre-
sents epigenetic aberrations that predict the presence of 
tumor, irrespective of the amount of ducts or area of the 
breast that it is derived from. In a previous study we
found that the methylation status of a panel of 11 tumor 
suppressor genes  (RARB, RASSF1, TWIST1, CCND2, 
ESR1, SCGB3A1, BRCA1, BRCA2, CDKN2A, APC, CDH1)  
predicts sporadic as well as hereditary breast cancer with 
high accuracy (92 and 86%, respectively), and can be very 
useful for early detection of cancer in nipple fluid of high-
risk women (unpubl. data). Since the quantitative multi-
plex methylation-specific PCR method encompasses a 
nested multiplex PCR method, methylation values can be 
derived from very small amounts of DNA, making it es-
pecially suitable for detection in nipple (aspiration) fluid, 
where the amount of cellular material and/or free DNA 
is generally scarce  [6] . 

  Besides using an epigenetic approach, genomic and 
proteomic analysis in the same aspirates might soon be-
come feasible and provide enormous opportunities for 

diagnostic medicine. Until now, detection of chromo-
somal instability  [22] , microsatellite instability  [23]  and 
loss of heterozygosity turned out to be insufficiently pre-
dictive of breast cancer risk. Possibly, a genome-wide ap-
proach, performing mutation analysis of multiple genes 
that are often found mutated during breast carcinogen-
esis is more successful in discovering new genomic bio-
markers in nipple fluid. Using time-of-flight mass spec-
trometry (SELDI-TOF) combined with sophisticated bio-
informatics, proteomic patterns for large numbers of 
samples can be analyzed in a high-throughput fashion, 
requiring minimal amounts of material  [24] . Recent stud-
ies show promising results  [25, 26] , identifying proteomic 
profiles that differentiate between normal breast tissue 
and breast cancer specimens. However, concerns about 
the reproducibility and reliability of the method have to 
date prevented the identification of a panel of proteomic 
markers in nipple aspirate fluid accurately predicting 
breast cancer.

  Conclusion 

 Oxytocin-supported nipple aspiration provides a valu-
able tool for accessing mammary epithelium, providing 
sufficient material for a broad spectrum of genetic, epi-
genetic and proteomic analyses in the large majority of 
women. Monitoring molecular changes in nipple fluid 
can be regarded as a very interesting source of informa-
tion on the genomic makeup of the breast, possibly con-
tributing to more accurate breast cancer risk assessment 
in the near future.
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