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Nipple aspirate fluid (NAF) refers to the small amount of secretion that is found in breast 
ducts/lobules of most non-lactating women. This fluid can be collected repeatedly and 
non-invasively via the nipple using a modified breast pump, and therefore, it is 
considered to be a potential source for identifying markers of breast cancer. The purpose 
of this study was to understand factors associated with the ability to secrete fluid and 
factors associated with the major protein profiles in NAF; and to identify protein profiles 
of NAF in a group of  healthy non-lactating women who were 30-40 years old, not 
pregnant, not breastfeeding, and not taking contraceptive medications. 
 
Among 238 women studied, 66% were secretors of NAF. Using multivariate logistic 
regression models, higher dietary intake of lactose [Odds Ratio (OR)=2.7; 95% 
Confidence Interval (CI): 1.5-4.8], earlier menarche (OR=0.8, CI: 0.7-1.0), being parous 
(OR=2.3, CI: 1.0-5.6), and older at first childbirth (OR=1.5, CI: 1.0-2.1) were found to be 
independent and positive predictors for being a secretor of NAF. These findings suggest 
that dietary intake of lactose, a modifiable factor, may be used to change the NAF 
secretor status of women.  
 
NAF were analyzed for major proteins. Two major types of protein profiles, type I and 
type II, were identified. Type I NAF contains proteins found in cystic disease fluid of the 
breast, whereas type II NAF is enriched in milk-associated proteins. Using multiple 
logistic regression, type I NAF was predicted independently (P<0.05) by higher body fat 
mass (Odds Ratio=3.0; CI: 1.5-6.1), more years since last childbirth (OR=2.6; 95% CI: 
1.3-5.2) and a higher percentage of calories from saturated fat (OR=4.1; 95% CI: 1.1-
14.6). These results suggest that protein profiles of NAF might be influenced by amounts 
and/or types of dietary and body fat.  
 
Two different analytical strategies, 2D gel analysis coupled with MALDI-TOF/TOF, and 
1D gel coupled with LC-MS/MS, were used to characterize protein profiles of type I and 
II NAF. Using these two strategies, a total of 99 proteins were identified: 13 unique to 
type I NAF, 57 unique to type II NAF, and 29 common to both types. These strategies 
will be used to characterize proteins in NAF of breast cancer cases.  

 v
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CHAPTER 1: GENERAL INTRODUCTION 

 
“The breast is a gland which throughout life is exhibiting secretory activity, the 

difference between a lactating breast being one partly of degree and partly of the 

chemical composition”  

------Geoffrey Keynes, 1923 

 

1. 1 Breast anatomy  

 

The human breast is mainly composed of glandular tissue and the supporting connective 

tissues including adipose and fibrous/dense connective tissue. The breast glands consist 

of approximately 10-15 lobular-ductal units that extend from the nipple, course through 

the mammary connective tissues, and terminate in grape-like clusters of alveoli (Figure 

1.1). Each duct serves a specific lobule and opens to the nipple, which is surrounded by 

an area of pigmented skin, the areola. Each mammary duct expands slightly to form a 

sinus beneath the areola. These sinuses function as reservoirs for breast secretions. The 

areola also serves as the termination point for the fourth intercostal nerve which carries 

signals of suckling to the spinal cord and brain. In lactating women, this mechanism is 

extremely important in regulating the secretion of oxytocin and prolactin from the 

pituitary. 

 

In addition to the supporting connective tissues, the breast epithelia are also surrounded 

by blood vessels, nerves and lymphatics which may be involved in the nourishment of the 

breast glands as well as the production and clearance of breast secretions. Another 

structure that is important for the secretory activities of the breast is the myoepithelial 

cells, which circle around the breast ducts and induce the ejection of milk when 

contracted after stimulation. These structures are probably involved in producing breast 

secretions in non-lactating women as well. 
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Figure 1.1. Medial lateral view of the female breast: A, breast ducts; B, lobules; C, dilated 
ducts as reservoirs of milk; D, nipple; E, adipose tissue; F, pectoralis major muscle; G, chest 
wall; H, ductal epithelial cells; I, basement membrane; J, lumen (Figure adapted from 
www.breastcancer.org). 
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1.2 The epidemiology of breast cancer 

 

Breast cancer is the most frequently diagnosed cancer and the second leading cause of 

cancer death in the US women. It is estimated that in 2007, 178,480 women will be 

diagnosed with breast cancer and 40,460 women will die from this disease in the United 

States. The lifetime risk of developing breast cancer for women in the US is one out of 

eight. 

 

Breast cancer is a heterogeneous disease that may encompass a wide range of histological 

and pathological presentations, such as invasive ductal carcinoma, lobular carcinoma, 

medullary carcinoma, mucinous carcinoma, tubular carcinoma, and apocrine carcinoma 

etc. However, most breast cancer develops in glandular tissue and is generally classified 

as adenocarcinoma. The earliest form of this disease, ductal carcinoma in situ (DCIS), 

arises solely in these milk ducts. Invasive ductal carcinoma, which is the most common 

type and accounts for 70-80% of all breast cancers, develops from DCIS, spreads through 

the duct walls, and invades other types of breast tissues [1,2].  

 

Cancer in general is a multi-step process which involves initiation, promotion, and 

progression. Initiation of cancer is usually induced by exposure to a genotoxic carcinogen 

and/or mutations in a critical gene (for example, p53) in a single cell. Promotion of 

cancer is often stimulated by a promoting agent, for example, estrogen in the case of 

breast cancer, through the proliferation of the mutated cell. Promotion of cancer results in 

selective cloning/focal proliferation of the initiated cell. Progression of cancer may 

involve both mutagenic and non-mutagenic effects that lead to morphological changes 

and malignant features of the affected tissues/organs, such as invasion and metastasis. 

The cause of breast cancer is not entirely clear. Familial breast cancers account for about 

10% of all cases [3]. The etiology of the remaining breast cancer cases is largely 

unknown. The promotion phase of breast cancer is most often affected by the presence of 

excess estrogen and progesterone, which stimulates the growth of breast tumors. Risk 
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factors for breast cancers include: age (over 50), first completed pregnancy after age 30, 

long-term hormone replacement therapy (HRT) and obesity in postmenopausal women, 

menarche before age 12, menopause after age 50, and nulliparity.  

 

Depending on cancer stage, treatment options for breast cancer include surgery, 

chemotherapy, radiation therapy, hormone therapy, and more recently, immune therapy 

for HER2+ breast cancers. The most important factor that determines the prognosis of 

this disease after treatment is the stage of breast cancer. In general, the earlier the stage of 

detection, the better the prognosis. Therefore, early detection is considered key to 

decreasing the mortality associated with this disease. However, the most widely used 

diagnostic methods, including breast imaging and palpation, are useful only after a lump 

of cancer cells has formed in the breast, which is a late stage in mammary carcinogenesis. 

Currently, there is no specific blood test for breast cancer. New diagnostic tools that can 

detect earlier lesions are needed. 

 

1.3 Production of breast secretions 

 

In lactating women, the breast epithelium is the site where most constituents of the milk 

are formed and assembled. However, other types of cells in the stroma of the breast, 

including fibroblasts, adipocytes, and cells in the blood stream, also contribute to the 

production of components of milk.  

 

As shown in Figure 1.2, five distinct mechanisms, which operate in parallel, have been 

recognized for the formation of different constituents in milk during lactation [4]. First, 

the exocytosis of secretory vesicles, which are Golgi-derived envelopes, provides certain 

proteins and lactose. Second, lipid droplets derived from smooth endoplasmic reticulum 

are secreted by apocrine mechanisms. Third, interstitial molecules derived from the blood 

stream and other cells in stroma are secreted by transcytosis. Biochemicals transported 

via endocrine hormones, such as insulin, prolactin, and IGF-1; cytokines; and lipoprotein 
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Figure 1.2. Mechanisms for milk secretion: I, exocytosis; II, apocrine secretion; III 
transcytosis; IV, passive transport; and V, paracellular pathway. N, nucleus; SV, 
secretory vesicle; FDA, fat-depleted adipocyte; PC, Plasma Cell; BM, basement 
membrane; ME, myoepithelial cell; RER, rough endoplasmic reticulum; MFG, milk fat 
globule. (Figure adapted from Biology of the Mammary Gland, mammary.nih.gov). 
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lipase. Four, small molecules, such as water, iron, glucose, amino acids, and drugs, are 

transported across the basal and apical plasma membranes by passive diffusion. Fifth, 

paracellular transport of constituents between the interstitial space and the milk duct 

lumen bypasses epithelial cells, and also contributes to milk components. This pathway is 

active during pregnancy and involution or in the presence of mastitis.  

 

In most non-lactating women, a small amount of fluid (1-200 μl) is continuously 

produced by the breast lobular and ductal systems, and this fluid can be collected non-

invasively and repeatedly from the nipples by gentle aspiration [5,6]. The fluid that is 

collected in this manner has been called nipple aspirate fluid (NAF). Like breast milk, 

NAF is rich in proteins, hormones, lipids, and carbohydrates [7].  

 

The mechanisms for the secretion of NAF in non-lactating women have not been fully 

explored. It is not clear which of the above five pathways might be involved. It is very 

possible that the synthesis of NAF is an activity in which various mammary cells and 

tissues contribute to its contents in a coordinated fashion. We and others have speculated 

that the composition of NAF is potentially an important index of the metabolic and 

physiological activities of the breast. NAF is, therefore, a useful window for probing the 

physiological and pathological conditions of the breast. This study focuses on NAF 

proteins that may be useful as biomarkers of normal and abnormal breast processes, 

including cancer development. 

 

1.4 Procedures for obtaining NAF 

 

In general, NAF is obtained by gentle suction after cleansing, which removes plugs in the 

ductiles where they exit the nipples. However, the specific procedures for obtaining NAF 

may vary from laboratory to laboratory. In our laboratory, the standard procedure consists 

of the following three steps: 
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Step 1: Warm up the breast with a heating device. 

The subject is asked to lie down in a supine position. A heating pillow is warmed up in a 

microwave to about 50-60°C.  It is wrapped around the breast for about three minutes. 

This step helps to relax and dilate the breast glands and eases the flow of the secretion 

from the breast. 

 

Step 2: Massage the breast. 

The subject, in a seated position, is instructed to massage her breast for two minutes in 

the direction of fluid secretion. This is useful in facilitating fluid collection. This step 

may stimulate secretion from the lobules, relax the myoepithelia, and help fluid to flow 

down the ducts.  

 

Step 3: Collect secretion. 

After steps 1 and 2, gentle suction is applied to the breast for 15 seconds, using a 

modified breast pump developed in our laboratory. Drops of fluid usually appear on the 

nipple after this step. NAF is then collected, using a capillary collection tube, and the 

NAF is stored in a vial at -80°C.  

 

1.5 History of research on NAF secretion 

 

It has been recognized for decades that the non-lactating breast in adults is capable of 

secreting fluid into the breast ducts. Because this fluid comes directly from the breast, the 

target tissue of breast cancer, it is potentially a good source for discovering breast cancer 

biomarkers. Researchers in the past have found that about 50-70% of women could 

secrete NAF, while the remaining 30-50% could not [8-10]. In addition, the volume of 

fluid collected varies from 1 to 200 μl, and the typical yield is 5-10 μl (our observation). 

For NAF to be a useful source for detecting breast cancer biomarkers, it is important, first, 

to understand why NAF can not be obtained from all women, to identify the factors 

associated with the ability to secrete NAF, and to develop possible strategies to induce 
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secretion in non-secretors. Second, it is necessary to understand whether the components 

of NAF exhibit inter-individual variability, so that we will have a better understanding of 

which components are associated with breast cancer.   

 

There has been enormous interest in the search for factors that are associated with the 

secretion of NAF and the health relevance of NAF secretion. Petrakis et al. [6] 

suggested that the secretion of NAF might be associated with increased risk of breast 

cancer. Because mammary carcinogens have been detected in NAF, they speculated 

that prolonged soaking of breast epithelia with these carcinogens could initiate breast 

cancer among secretors. However, current or past history of benign breast diseases have 

not been found to be associated with ability to secrete NAF [11-14]. Table 1.1 

summarizes studies that investigated the associations of demographic factors, hormones, 

nutrients, socioeconomic status, and breast disease with the ability to secrete NAF. 

Family history of breast cancer, type of menopause, marital status, smoking, phase of 

menstrual cycle, and serum estrogen level were not associated with secretor status of 

NAF. Age of 30-55 years, early age of menarche, past history of parity and/or lactation, 

non-Asian ethnicity, wet-type cerumen, high fat intake, soy consumption, certain 

endocrine disorders, and oxytocin usage have been associated with being a secretor of 

NAF. These results indicate that the secretion of NAF may be under the regulation of 

multiple factors, and that these factors may also interact with each other. Very few 

studies, however, have evaluated the independent effects of individual factors in 

multiple-adjusted models. The first specific aim of this study is, therefore, to evaluate 

factors that can independently predict the secretor status of nipple aspirate fluid, using 

multivariate logistic regression models. 
 

Another focus in NAF research has been analyses of the composition of this fluid as 

related to health, as detailed in Table 1.2. Components that have been detected in NAF 

include various types of cells, proteins, lipids, carbohydrates, DNA, hormones and 

micronutrients. The detection of malignant epithelial cells in NAF provides a very 

specific diagnosis of breast cancer. In addition, the presence of atypical/hyperplasic 
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epithelial cells in NAF has generally been found to be associated with increased risk of 

breast cancer [27, 28]. However, the sensitivity of cytology for the detection of breast 

cancer is low, due to the extremely low prevalence of exfoliated cells in NAF. Ductal 

lavage has been attempted to increase the yields of cells. For the same reason, the small 

amount of DNA available in NAF may also limit its application for cancer marker 

screening. The few studies that attempted to investigate the potential of DNA as 

biomarkers of breast cancer in NAF have yielded inconclusive results on DNA alterations 

due to limited number of cases studied and available cells in NAF. 

 

In contrast, many biochemical substances, including lipids, hormones, and proteins, are 

generally found to be more abundant in NAF, with concentrations much higher than in 

plasma. For example, the average level of proteins in NAF is 71-170 mg/ml, which is 

much higher than the 6-8 mg/ml reported for plasma [23,24]. This facilitates analyses of 

these chemicals and their association with disease status. Previous studies demonstrated 

that high levels of Tf and Tn antigens, basic fibroblast growth factor (bFGF) and cancer 

embryonic antigen (CEA), and lower levels of prostate specific antigen (PSA) and 

kallikrein proteins in NAF, have been associated with breast cancer, using antibody-

based technologies [32,37-40]. Recent development in proteomic technology, which 

enabled protein profiling with a very small amount of material, has further advanced 

research on protein biomarkers. For example, using as little as a few μl of NAF, a global 

protein profile has been accomplished by the combined use of two-dimensional gel 

electrophoresis and mass spectrometry, aiming at identifying breast-cancer associated 

biomarkers [25]. Because proteins play important roles in cellular function, and the 

amount of material in NAF is limited, we focused our studies on the characterization of 

proteins as an approach to discover potential biomarkers for breast cancer.  

 

A few prior studies investigated the major protein profiles in NAF, and found two typical 

patterns of profiles in healthy women (Figure 1.3). The type I profile is enriched in 

proteins that are also found in gross cystic disease fluid, including zinc-α2-glycoprotein, 
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apolipoprotein D, and prolactin-inducible protein, while the type II profile is abundant in 

milk-associated proteins, including lactoferrin, lactalbumin and lysozyme. Despite the 

similarities in their major proteins, significant differences were found between type II 

NAF and milk samples in terms of other biochemical contents, as listed in Table 1.3 [49].  

 

It was suggested that the prevalence of these two types of protein profiles differed 

between controls versus breast cancer patients. However, the mechanisms underlying the 

formation of these two completely different patterns of protein profiles have not been 

explored carefully. To shed some light on the possible association of these two patterns 

with disease risk, it is important first to understand the distribution of these two patterns 

in a healthy population. Therefore, the second specific aim of this study was to explore 

demographic, hormonal, anthropometric, reproductive and nutritional factors that are 

associated with the major protein patterns in women who can secrete NAF but have no 

mammography-detectable cancer. In addition to differences in the pattern of the major 

protein profiles, it is highly likely that other proteins of low to medium abundance may 

also differ between these two profiles. Therefore, the third specific aim of this study was 

to map the global protein profiles in both types of NAF, and identify proteins that may 

potentially be used as biomarkers for breast cancer. It was also planned to explore 

predictors for breast cancer risk by comparing the NAF proteomes in breast cancer cases 

and controls, but due to a low response rate of recruitment for breast cancer cases, this 

aim was temporarily postponed.  

 

In summary, the three specific aims were: first, to investigate factors that are associated with 

secretor status of NAF, and explore possible strategies to increase the production of NAF; 

second, to evaluate factors that affect the major protein patterns of NAF among secretors; and 

third, to globally characterize protein profiles of two distinct types of NAF. We had intended to 

include breast cancer cases, but due to a low response rate in recruiting breast cancer patients, 

this preliminary investigation has focused on healthy women.  
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Table 1.3. Biochemical profiles of NAF and milk samples 

Analyte Type II NAF (X ± SE) Milk (X ± SE) 

Na (mmol/l) 119.64 ± 8.82 83.89 ± 11.4 

K (mmol/l) 9.53 ± 3.87 37.17 ± 4.77* 

Total protein (g/l) 37.88 ± 6.54 12.23 ± 5.93* 

Albumin (g/l)  4.55 ± 1.33 0.52 ± 0.11* 

Immunoglobulins (mg/l)  8.11 ± 2.24  24.95 ± 6.82* 

Lysozyme (g/l)  1.92 ± 0.36  0.49 ± 0.05* 

Casein (g/l) 0.12 ± 0.02  3.76 ± 0.42* 

a-Lactalbumin (g/l)  1.94 ± 0.07  5.65 ± 0.86* 

Prolactin (mg/l)  136.24 ± 9.55  63.94 ± 7.38* 

Alkaline phosphate (IU/l)  166.37 ± 31.43  95.45 ± 6.83* 

LDH (IU/l)  972.14 ± 59.65  155.17 ± 12.49* 

PSA (mg/l)  48.75 ± 9.23  3.23 ± 0.68* 

CEA (mg/l)  310.49 ± 19.45 23.48 ± 3.97* 

Total cholesterol (g/l)  8.49 ± 3.65 0.24 ± 0.08* 

Lactose (g/l) 11.43 ± 4.28  71.44 ± 7.27* 

 

*t-test with P < 0.05 showing significant difference. 

Table adapted from Malatesta et al., 2000, Journal of Clinical Laboratory Analysis 
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CHAPTER 2: FACTORS AFFECTING THE SECRETOR STATUS OF NIPPLE 

ASPIRATE FLUID 

 

2.1 Introduction 

 

The success rate for obtaining NAF ranges from 50% to 70%, as reported in the literature 

[6, 8, 13-15], with variation possibly due to the differences in populations studied. To 

better interpret risk factors for breast cancer and enable a wider application of NAF 

analysis for breast cancer detection and risk assessment, we investigated factors that are 

associated with the ability of women to secrete NAF.   

 

Several large cross-sectional studies have investigated the effects of demographic and 

genetic features, reproductive history, and hormonal status of women on their ability to 

secrete NAF. Wrensch et al. [17] found a positive association between the secretion of 

NAF and an earlier age of menarche, age range of 35 to 50 years, non-Asian ethnicity, 

and prior history of lactation. Miller et al. [8] reported that current oral contraceptive 

users were significantly less likely to yield NAF than those who had never taken those 

medications. Petrakis et al. [28] found no significant differences in serum concentrations 

of 17β-estradiol and estrone between secretors and non-secretors of NAF. Higgins et al. 

[9] found that a reduced volume of NAF was associated with postmenopausal status, 

BRCA germline mutations and risk reduction therapies such as salpingo-oophorectomy 

and use of selective estrogen receptor modulators (SERMS). Lee et al. [19] reported a 

positive association between higher dietary fat consumption and ability to secrete NAF. 

Petrakis et al. [20] found that soy feeding increased the success rate for obtaining NAF 

and the volume of NAF collected. These data suggested that NAF production may be 

under the influence of multiple factors. However, few of these studies investigated 

whether these factors were independent predictors in multivariate-adjusted models. In 

this study, we examined the nutritional, demographic, reproductive, anthropometric, and 
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hormonal factors that may be independent predictors of secretor status in a well-defined 

study population.  

 

2.2 Materials and Methods 

 

2.2.1 Study design 

This cross-sectional study included a well-defined population of healthy premenopausal 

women of all races. The women were 30-40 years old, not users of contraceptive 

medications (pills, injections, or depots) for at least 6 months, not vegetarians, not 

pregnant, and not nursing. Women with irregular menstrual cycles or first degree 

relatives with breast cancer were excluded from the study. All women had normal 

mammograms at entry to the study. All participating subjects (N=238) were recruited 

from communities within a 50 mile radius of Galveston, TX by posted advertisements 

and postal mailings. Written informed consent was obtained from all subjects. A total of 

six study visits were scheduled during the luteal phases of two menstrual cycles, usually 

on the days between cycle day 20 and 24, with three visits during each menstrual cycle. 

The study protocol was approved by the Institutional Review Board of the University of 

Texas Medical Branch (UTMB) and the Human Subject Research Review Board of the 

US Army Medical Research and Materiel Command. These women volunteered for a 

dietary intervention study. Their baseline data obtained prior to the onset of the dietary 

intervention were the source for this analysis. 

 

2.2.2. Procedures for obtaining NAF 

Attempts to acquire NAF were made on three separate study visits (see Chapter 1.4 for 

detailed procedures for nipple aspiration). A subject was classified as a “non-secretor” if 

no fluid was obtained from either breast on any of three visits. If fluids were successfully 

collected from at least one breast on at least one of three study visits, the patient was 

classified as a NAF secretor. For secretors, the volume of NAF obtained was recorded, 

and categorized as low (<10 μl), medium (10-30 μl), or high (>30 μl).  
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2.2.3 Measurements of nutrients, reproductive variables, anthropometrics, 

hormones, and lipids  

Three dietary recall records for the 24 hours preceding three scheduled study visits were 

obtained and later analyzed using the Nutrition Data System for Research software 

(developed by the Nutrition Coordinating Center, the University of Minnesota, MN). The 

average nutrient intake of three 24-hour food records was used for statistical analyses of 

nutritional influences on secretor status. A food frequency questionnaire (Harvard School 

of Public Health and the Brigham and Women's semi-quantitative food frequency 

questionnaires, 96/97 GP) was also administered to each subject at the entry to the study, 

to assess dietary habits during the 12 months preceding enrollment. Questionnaires were 

analyzed by the Nutrition Questionnaire Service Center at Harvard School of Public 

Health (Boston, MA). 

 

Reproductive history was obtained using a self-administered standard clinic questionnaire 

originally designed for gynecologic consultations. Age of menarche and parity (yes or no) 

were recorded for all subjects. For parous women, history of lactation (yes or no), 

cumulative length (months) of breastfeeding, age at first and last childbirth, and number 

of childbirths were also recorded.   

 

During each study visit, body weight, and height were measured. Total body mass, body 

lean mass, and body fat mass were measured using dual energy X-ray absorptiometry 

(DEXA) (Model QDR4500A, Hologic, Waltham, MA). The subjects were examined in a 

supine position in duplicate, with interval repositioning on the examination table, during 

one of the study visits. Average values for the duplicate measurements were used for 

statistical analyses.  

 

Fasting blood samples were obtained during all study visits, but only the first three 

samples, all from one luteal phase, were used for measuring steroid hormones. All 

samples collected were immediately stored at -80°C until analysis. Plasma samples were 
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analyzed for levels of progesterone, testosterone, and 17β-estradiol using commercial 

immunoassay kits (Diagnostics Labs, Webster, TX) according to the manufacturer’s 

instructions. A radioactive immunoassay kit was used to measure progesterone levels 

(sensitivity, 0.1 ng/ml). Enzymatic immunoassay kits were used for measuring 

testosterone levels (sensitivity, 0.04 ng/ml) and 17β-estradiol levels (sensitivity, 7 pg/ml). 

For all the assays, the average intra- and inter-assay coefficients of variations (CV) were 

less than 15%. Each sample was assayed at least twice (and was repeated if the intra-

assay CV was >15%), and results were averaged. Hormone levels from three different 

cycle days of the same luteal phase were averaged for each subject for statistical analyses. 

Triiodothyronine (T3), tetraiodothyronine (T4), thyroid stimulating hormone (TSH), high 

density lipoprotein (HDL), low density lipoprotein (LDL), very low density lipoprotein 

(VLDL), total cholesterol, and triglycerides were measured in fasting blood samples from 

two different study visits by the certified UTMB hospital clinical laboratory. The average 

of the two measurements was used for statistical analyses. 

 

2.2.5 Statistical analyses 

Means and standard deviations were computed for continuous data, and percentages for 

categorical data. For univariate analyses, the Student’s t-test was performed on 

continuous variables for comparisons between secretors and non-secretors, and the 2 test 

used for categorical variables to estimate the distribution of secretors in each category. 

Pearson’s coefficients (r) were computed for correlations among variables of interest. 

Factors that showed association with NAF secretor status in univariate analysis (P<0.05) 

were further entered into multivariate logistic regression models to determine 

independent effects of each factor. Odds ratios (OR) and 95% confidence intervals (CI) 

were estimated using multiple logistic regression for factors that independently predict 

secretor status of NAF. General Linear Model procedures were used to estimate P trend 

between lactose/milk intake and the volume of NAF among secretors. All statistical 

analyses were performed using SAS® (Version 9.1, SAS Institute Inc., Cary, NC). 
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2.3 Results 

 

2.3.1 Prevalence and characteristics of secretors and nonsecretors in the study 

population 

NAF was successfully obtained from 156 (66%) of 238 women participating in the study 

(Table 2.1). Our success rate for obtaining NAF is consistent with reports by others [8]. 

 

Table 2.1. The frequency and percentage-distribution of secretors 

Secretor status N Percentage 

Secretors 156 66% 
Non-secretors 82 34% 
Total 238 100% 
 
 

Table 2.2 describes the nutritional, demographic, anthropometric, reproductive, and 

hormonal characteristics of our study subjects. Data for nutrient intake was estimated 

from both food records and food frequency questionnaires. Data from food records were 

the main source for statistical analyses, unless otherwise specified. Compared to non-

secretors, secretors consumed significantly more lactose (by 34%, P<0.001, Table 2.2) 

when analyzed using food records. Since the primary dietary source of lactose is milk, 

milk intake was compared between secretors and nonsecretors using data from food 

records. Secretors also had significantly higher consumption of milk compared to 

nonsecretors (by 37.8 g, P=0.01, Table 2.2). Consistent with the above data obtained 

from food records, secretors on average had significantly higher consumption of lactose 

(11.1 ± 10.7 g) in the year preceding enrollment in the study compared to non-secretors 

(8.5 ± 8.0 g, P=0.05, not shown in Table 2.2) using data from food frequency 

questionnaires. In addition, secretors were slightly older in age (by 0.7 years, P=0.07), 

younger at menarche (by 0.5 years, P=0.03), and older at first childbirth (by 2.1 years, 

P<0.001) as well as last childbirth (by 1.6 years, P=0.005), and had lower plasma 17β-
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estradiol levels (by 10.3 pg/ml, P=0.04) compared to nonsecretors. Table 2.2 also shows 

that, compared to nulliparous women, parous women were more likely to secrete NAF 

(by 20%, P=0.04), and that parous women who had breastfed their babies for longer than 

3 months were more likely to be secretors compared to those who had never breastfed or 

breastfed for 3 months or less (by about 20%, P=0.02).  

 

There were no significant differences between the two groups in the distribution of 

ethnicity, anthropometric measurements, plasma levels of testosterone or progesterone, 

serum levels of lipids, T3, T4 or TSH, or dietary intake of calories, proteins, fats, or 

carbohydrates. Among parous women, no difference was found between secretors and 

non-secretors in the number of childbirths.  

 

Many of the variables examined correlated with one another in our study. For example, 

lactose intake correlated significantly with age at first childbirth (r=0.22, P=0.001), age at 

last childbirth (r=0.16, P=0.02), and length of breastfeeding (r=0.27, P<0.01). Age at last 

childbirth also correlated significantly with age (r=0.22, P=0.01) and age at first 

childbirth (r=0.52, P<0.001).  

 

2.3.2 Logistic regression models to predict secretor status 

Logistic regression models were constructed to predict NAF secretor status, as shown in 

Table 2.3. Model 1 included lactose intake only, which was a significant factor for being 

a secretor (OR=2.29, CI: 1.35-3.90).  In model 2, the effect of lactose intake was adjusted 

for intake of total calories, proteins, fats, and carbohydrates. High lactose intake remained 

an independent predictor for being a secretor of NAF (OR=2.59, CI: 1.44-4.65). Intake of 

total calories, proteins, fats, and carbohydrates were not predictors. In model 3A, the 

effect of lactose was adjusted for demographic and reproductive variables that have 

previously been reported to be associated with secretor status [17], including age, 

ethnicity, age of menarche, and parity. Higher lactose intake was still a strong predictor 

for being a secretor (OR=2.70, CI: 1.52-4.80), independent of age (OR=1.12, CI: 1.00-
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Table 2.2. Characteristics of the study population, by secretor status 

All subjects  Non-secretors Secretors  Pa
  A. Continuous variables (N=238) (N=82)  (N=156)   
Nutrients and food groupsb      
Lactose (g) 7.6 ± 6.7 5.7 ± 4.6 8.6 ± 7.4 <0.001
Total caloric intake (kcal) 1751.4 ± 520.7 1736.1 ± 616.2 1759.4 ± 464.7 0.74 
Total protein intake (g) 67.7 ± 21.5 67.8 ± 23.3 67.6 ± 20.6 0.94 
Total fat intake (g) 75.3 ± 26.7 75.4 ± 29.2 75.3 ± 25.4 0.99 
Total carbohydrate intake (g) 200.9 ± 72.5 196.9 ± 85.9 203.0 ± 64.6 0.54 
Milk (g) 71.0 ± 122.3 48.9 ± 82.3 86.7 ± 142.9 0.01 
Age and reproductive history      
Age (yr) 36.1 ± 2.7 35.7 ± 2.7 36.4 ± 2.6 0.07 
Age of menarche (yr) 12.6 ± 1.6 13.0 ± 1.6 12.5 ± 1.5 0.03 
Number of childbirthsc 2.6 ± 1.1 2.5 ± 1.1 2.6 ± 1.2 0.92 
Age at first childbirthc 23.0 ± 5.0 21.6 ± 4.0 23.7 ± 5.3 <0.001
Age at last childbirthc 29.4 ± 4.5 28.3 ± 4.8 29.9 ± 4.3 0.02 
Hormones      
Testosterone (ng/ml) 0.8 ± 0.9 0.8 ± 0.6 0.8 ± 1.0 0.90 
17β-Estradiol (pg/ml)d 78.2 ± 34.2 85.0 ± 39.7 74.7 ± 30.7 0.04 
Progesterone (ng/ml) 10.8 ± 5.5 10.5 ± 5.6 10.9 ± 5.5 0.56 
T3 (ng/dl) 124.8 ± 36.3 126.8 ± 35.3 123.7 ± 37.0 0.55 
T4 (μg/dl) 8.3 ± 1.4 8.2 ± 1.5 8.3 ± 1.4 0.68 
TSH (μIU/ml) 2.4 ± 5.4 2.3 ± 1.8 2.4 ± 6.6 0.82 
Anthropometrics      
Height (cm) 161.8 ± 6.8 162.2 ± 6.3 161.6 ± 7.0 0.52 
Weight (kg) 74.7 ± 14.8 76.8 ± 16.3 73.6 ± 13.9 0.12 
BMI (kg/m2) 28.6 ± 5.5 29.2 ± 6.1 28.3 ± 5.3 0.21 
Body fat mass (kg) 27.9 ± 9.7 29.2 ± 10.5 27.2 ± 9.3 0.16 
Body lean mass (kg) 46.5 ± 6.2 46.8 ± 6.2 46.2 ± 6.2 0.50 
B. Categorical variables All subjects  Secretors  % of Secretors PP

e

Race/ethnicity       
           Caucasian 122 88 72.1 0.19 
           Hispanic 72 46 63.9   
           Black 35 18 51.4   
           Asian 3 2 66.7   
           Other 6 3 50   
Parity      
           No 27 13 48.2 0.04 
           Yes 211 143 68.2   
Length of breastfeedingf      
           Never 46 31 67.4 0.02 
           3 months or less 35 21 60   
           More than 3 months 95 78 82.1   
aP value for two group t-test ;  

bData obtained from food records;  
cFor parous subjects only, N=211;  
dN=209, with 139 secretors (67%) and 70 non-secretors (33%);  
eP value for χ2 test; 

 

fA total of 176 parous women had data for length of breastfeeding; 130 secretors (73.9%) and 46  

non-secretors (26.1%). 
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1.24), earlier age of menarche (OR=0.79, CI: 0.65-0.95) and being parous (OR=2.29, CI: 

0.95-5.52). When milk consumption was entered in model 3A to substitute for lactose 

intake (data not shown in Table 2.3), milk was also a strong predictor for secretor status 

(OR=1.37, CI: 1.02-1.84, increment of 100 g), that was independent of age (OR=1.12, CI: 

0.99-1.22), earlier age of menarche (OR=0.79, CI: 0.65-0.96) and being parous (OR=2.26, 

CI: 0.94-5.44). Model 3B was restricted to parous women only and included all variables 

shown in model 3A plus the variable “age at first childbirth”. Age at first childbirth 

(OR=1.48, CI: 1.04-2.10) remained a strong predictor for secretor status in parous women, 

independent of lactose intake (OR=2.62, CI: 1.40-4.92), age (OR=1.10, CI: 0.97-1.23), 

and age at menarche (OR=0.79, CI: 0.64-0.97). Age at last childbirth was not entered in 

the model because of its strong correlation with “age at first childbirth”. If age at last 

childbirth replaced age at first childbirth in the model, age at last childbirth is not an 

independent predictor (OR=1.28, CI: 0.88-1.86, P=0.18, increment of 5 years), while the 

effects of lactose (OR=2.69, CI: 1.41-5.15, P=0.003) and age at menarche (OR=0.80, CI: 

0.65-0.98, P=0.04) remained strong and independent predictors of the secretor status. 

After mutual adjustment, an increment of 10 g in lactose intake and being parous both 

increased the odds of being a secretor by about 2 fold. An increment of 1 year in age of 

menarche decreased the odds of being a secretor by 0.79 fold. For parous women, in 

addition to the above factors, an increment of 5 years in age at first childbirth increased 

the odds of being a secretor by 1.5 fold.  
 
In univariate analysis, secretors also had significantly lower levels of plasma estradiol. 

Data for estradiol levels were missing from 29 subjects, because the kit used for 

measuring this hormone was discontinued by the manufacturer during the middle of our 

analyses. Multi-variate analyses were performed on the subset of subjects with estradiol 

levels (N=209). When demographic and reproductive variables (age, ethnicity, age of 

menarche, and parity) were included in the model, the independent effect of estradiol was 

not significant (OR=0.99, CI: 0.99-1.00, P=0.21), while high lactose intake (OR=3.43, CI: 

1.66-7.08, P<0.001), earlier age of menarche (OR=0.80, CI: 0.65-0.99, P=0.03), and 
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being parous (OR=2.54, CI: 0.99-6.52, P=0.05) remained strong and independent 

predictors for being secretors of NAF.  

 

Data for length of breastfeeding were missing for 35 parous women, but univariate 

analysis based on the data available (N=176) showed that women who breastfed their 

babies for longer periods of time (>3 months) were more likely to be secretors. Multi-

variate analyses were also performed on this subset of subjects. When demographic and 

reproductive variables (age, ethnicity, age of menarche, and age at first childbirth) were 

included in the model, the independent effect of breastfeeding was not significant 

(OR=1.24, CI: 0.47-3.28, P=0.13, breastfed for over 3 months vs. never breastfed), while 

high lactose intake (OR=2.86, CI: 1.23-6.63, P=0.008), earlier age of menarche 

(OR=0.72, CI: 0.55-0.95, P=0.02), and older age at first childbirth (OR=2.95, CI: 1.20-

7.29, P=0.02, increment of 5 years) remained independent predictors for being secretors 

of NAF.  

 

The characteristics of the subjects with missing data (N=27 for estradiol levels and N=35 

for breastfeeding data) did not differ from the remaining subjects included in the subsets 

of models by anthropometric, reproductive, nutritional, or hormonal levels (results not 

shown). Therefore, the outcome of the above analyses is not expected to be significantly 

affected by the missing data.  

 

2.3.3 Association between volume of NAF and lactose intake 

Since lactose has osmotic properties that may affect the volume of breast secretion, and 

therefore, secretor status, a trend analysis was performed between lactose intake and NAF 

volumes among secretors only. The fluid volumes among the secretors were categorized 

as low (<10 μl), medium (10 to 30 μl), and high (>30 μl). As shown in Table 2.4, lactose 

intake was also marginally associated with volume of NAF in secretors (P trend=0.08) 
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Table 2.4. Average lactose intake among secretors (mean ± SD), by volume of NAF 
 
Volume of NAF (μl) Lactose intake (g/day) 
Low 7.6 ± 5.9 
Medium 8.3 ± 5.6 
High 9.9 ± 9.8 
P for trend 0.08 

 
 

2.4 Discussion  

 

In this study, we found that higher dietary intake of lactose and milk, earlier age of 

menarche, being parous, and older age at first childbirth are all independent and positive 

predictors for being secretors of NAF. Moreover, among secretors lactose intake is 

positively associated with fluid volumes recoverable by nipple aspiration. These data 

suggest that the ability to secrete fluid and the fluid volume are under the regulation of 

multiple factors. We suggest that reproductive factors and the osmotic effect of lactose 

intake both play important roles, as discussed below. 

 

The reproductive factors that we found to be associated with secretor status of NAF are 

consistent with those reported by others. Several studies have attempted to link NAF 

secretor status with breast cancer risk [9,29] but with mixed results. This is not surprising 

based on our observations that some of the reproductive factors associated with being 

secretors increase whereas others decrease the risk for breast cancer. For example, earlier 

age of menarche and older age at first childbirth increase breast cancer risk and the odds 

of being a secretor. However, being parous, having breastfed for longer periods of time, 

and having lower plasma estradiol levels decrease the risk for breast cancer but increase 

the odds of being a secretor. Therefore, we hypothesize that the secretor status may not 

be related to breast cancer risk. This hypothesis deserves confirmation by additional 

studies, because for NAF to be a valid material for early diagnosis of breast cancer, any 

effort to increase NAF yield should not alter the risk of breast cancer.   
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Age was included in all multivariate models as a co-variate, and older age was found to 

be marginally associated with being a secretor (OR=1.1, P=0.05 to 0.13). However, due 

to the narrow age range of our study population, this observation may have limited 

inference. Being parous and of older age at first childbirth increase the odds of being a 

secretor. Women in our study were all between 30 to 40 years old and had confirmed 

ongoing menses, and therefore, were presumably capable of reproduction. Thus, those 

who were older rather than younger at first childbirth in our cohort were more likely to 

have had a recent childbirth at the time of NAF samplings. These data suggest that 

pregnancy itself and time since last pregnancy are both determinants for remaining a 

secretor. Consistent with this hypothesis, we observed that secretors were also older at 

last childbirth in univariate analysis (Table 2.2).  

 

However, in multi-variate analysis, age at last childbirth was not a significant predictor 

for being a secretor, probably because this variable correlated well with age (P=0.01), and 

lactose intake (P=0.02). Consistent with the report by Petrakis et al. [17], a longer period 

of lactation was positively associated with being a secretor of NAF in univariate analysis 

in our study. However, the length of lactation is not an independent predictor after 

adjusting for other variables, such as lactose intake, probably because women who 

breastfed for longer periods of time also tended to consume more lactose (P<0.01). 

Therefore, we suggest that some biochemical changes induced by pregnancy persist even 

beyond lactation to influence secretor status, as discussed below. 

 

In our study, the effect of lactose on secretor status was independent of reproductive 

factors and intake of total calories, fats, proteins, and carbohydrates, suggesting a direct 

effect of lactose on breast secretion in non-lactating women. This observation was found 

regardless of whether lactose intake was estimated from 3-day food records or from food 

frequency questionnaires. Additionally, milk, the main dietary source of lactose, was also 

a strong independent predictor when it replaced lactose as a variable in the multi-variate 

analysis in Model 3A. 
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Lactose is a disaccharide and is not absorbed intact by the intestine. Dietary lactose is 

metabolized in the intestine to galactose and glucose before intestinal absorption. 

However, lactose can be re-synthesized in the mammary glands from two precursors, 

glucose and galactose, by lactose synthase. Lactose synthase is a complex of two proteins, 

protein A (also known as galactosyltransferase) and protein B (known as α-lactalbumin) 

[50]. Lactose is an important energy component in milk, but it is also an osmotic agent. 

Its physiological effect is to induce fluid influx/efflux, and therefore, it influences fluid 

volume. This is an important mechanism by which lactose increases milk volume in the 

lactating breast. Lactose in the non-lactating breast is expected also to have the same 

osmotic effect by increasing fluid volume in the breast ducts and, thus, allowing easy 

recovery of fluids through nipple aspiration.  

  

In the lactating mammary gland, 50 to 80% of galactose is synthesized de novo from 

glucose by a panel of six enzymes that are highly expressed in the mammary gland 

during lactation [51]. In the non-lactating breast, however, the enzymes for the de novo 

synthesis of galactose from glucose, such as UDP-4-galactose-epimerase, are of much 

lower activity than in the lactating mammary gland [52,53]. Thus, circulating galactose 

from the breakdown product of dietary lactose may become a major source for lactose 

synthesis in the non-lactating mammary glands. This may explain the positive association 

between dietary intake of lactose and milk and being a secretor. Consistent with the 

ability of the non-lactating breast to biosynthesize lactose is our other observation that α-

lactalbumin (protein B of lactose synthase) (see Chapter 3), was present abundantly in 

nipple aspirate fluids of 1/3 of non-lactating breasts [10], and also, that a strong 

correlation was found between lactose intake and volume of NAF among secretors. 

Therefore, it is tempting to speculate that higher levels of α-lactalbumin might be found 

in the mammary glands of non-lactating women with a more recent history of pregnancy. 

Consequently, higher intake of dietary lactose, a precursor for galactose, and a more 

recent history of pregnancy (with a greater residual amount of α-lactalbumin) are both 
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important but independent predictors for having a higher volume of fluid in the breast 

ducts and being a secretor.  

 

Other dietary factors that have been associated with being a secretor of NAF include 

higher consumption of dietary fats, as reported by Lee et al. [19]. However, we could not 

confirm this association in our study. In addition, Petrakis et al. [28] found no differences 

in serum concentrations of 17β-estradiol between secretors and non-secretors of NAF. In 

our study cohort, a lower plasma level of estradiol was observed in secretors, although 

the independent effect of estradiol was not significant after adjusting for other factors. 

None of the sex steroids (estradiol, progesterone and testosterone) that we examined in 

this study are independent predictors of being a secretor. Others have reported that 

prolactin is not a predictor of being a secretor. Therefore, the hormones that influence 

ability to secrete NAF remain to be determined. 

 

The strength of this study is a well-defined population with a variety of variables, which 

makes it possible to investigate effects of dietary factors in multivariate-adjusted analyses. 

Dietary intakes were measured using food records from 24 hr recalls allowing more 

precise estimate of nutrient intake than with a food frequency questionnaire. Blood was 

collected only during the luteal phase of a menstrual cycle. This timed blood sampling 

allowed us to more precisely estimate the influence of two female hormones, estradiol 

and progesterone, on secretor status. However, a limitation of our study is that we 

excluded women who had abnormal mammograms, were outside the age range of 30 to 

40 years old (including postmenopausal women), or were on contraceptive medications. 

Therefore, our study findings may have limited inference to these other women. 

 

In summary, our study indicated that dietary intake of lactose, in the presence of residual 

factor(s) from pregnancy, has a strong influence on secretor status in 30 to 40 year old 

women. Thus, diet can influence the secretory activity of the breast, and NAF might be a 

suitable material for probing patho-physiologic changes in the breast. Modulation of 
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secretor status by diet may have important implications for breast cancer biomarker 

discoveries. 
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CHAPTER 3: MAJOR PROTEIN PATTERNS OF NAF AND FACTORS 

ASSOCIATED WITH THESE PATTERNS 

 

3.1 Introduction 

 

Proteins, lipids, steroid hormones, growth factors, and carbohydrates have been found in 

NAF at concentrations much higher than in plasma [7]. For example, the average level of 

proteins in NAF is 71-170 mg/ml, which is much higher than the 6-8 mg/ml reported for 

plasma [23,24]. Several proteins, including hormone-regulated proteins and cancer 

markers such as prostate-specific antigen and carcinoembryonic antigen, have been found 

in NAF using specific antibodies [44,54]. Sanchez et al. [55] described two distinct types 

of NAF proteomes based on the profiles of highly abundant proteins. Type I NAF is 

enriched in many of the same proteins found in gross cystic disease fluid, including zinc 

α2-glycoprotein (ZAG), apolipoprotein D (apoD), and gross cystic disease fluid protein-

15 (GCDFP-15, also known as prolactin-inducible protein). Type II NAF is characterized 

by the great abundance of milk-associated proteins, including lactoferrin, α-lactalbumin, 

and lysozyme C.  

 

Several proteins that are highly abundant in type I NAF have also been found in other 

human body fluids, such as saliva, sweat, and nasal lavage fluid [56-58]. Higher levels of 

ZAG, apoD, and GCDFP-15 in serum and other body fluids have been associated with 

increased apocrine activity [59]. The expression of type I NAF proteins has been studied 

in cultures of malignant mammary epithelial cells. In these cultures, androgens 

(dihydrotestosterone or fluoxymesterone) stimulated the secretion of ZAG, apoD, and 

GCDFP-15 into the culture media [60-63], progesterone and prolactin up-regulated the 

expression of GCDFP-15 [64,65], and estradiol decreased the synthesis of GCDFP-15 

and apoD [61-63]. In contrast, Zhou et al. showed that testosterone, progesterone, and 

tamoxifen decreased apoD mRNA expression in the mammary glands of ovariectomized 

rhesus monkeys [66].  
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Regulation of the synthesis of milk proteins by hormones during pregnancy and lactation 

is complex. Prolactin is believed to play a primary role in stimulating the expression of 

milk proteins [67]. Several type II NAF proteins, such as lactoferrin, lysozyme and 

lactalbumin, are inducible by prolactin, and also by insulin and corticosterone, in cultures 

of breast cells and in the mammary glands of laboratory animals [68]. In mice, estrogen 

up-regulated the expression of lactoferrin in the uterus, but not in the mammary glands 

[69].  

 

Limited studies have shown that both types of NAF are found in healthy women and in 

breast cancer patients, but with different prevalence. Sanchez et al. found type II NAF in 

only 10% of women without breast pathology or with benign breast disease, but in 

slightly more than half of women with breast cancer [55]. However, more recent studies 

from the same group showed that cancer patients with type II NAF generally had a better 

prognosis than those with type I [70]. Therefore, whether these protein profiles are 

predictors for breast cancer risk and prognosis deserve more study. In addition, little is 

known, about the mechanisms and factors affecting the secretion of these proteins in 

women. This study investigated the demographic, reproductive, anthropometric, 

hormonal, and nutritional factors that are associated with the secretion of these two types 

of NAF. This preliminary study focused on the prevalence of these two types of NAF in 

healthy women, with the goal of providing for a better understanding of the association of 

these proteins with breast cancer. 

 

3.2 Materials and Methods  

 

3.2.1 Study Design  

The study population for accomplishing this specific aim has been described in Chapter 2: 

see Section 2.2.1 for the Study Design. 
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3.2.2 Measurements of anthropometrics, hormones, reproductive variables, lipids 

and nutrients 

See Section 2.2.3 of Chapter 2 for measurements of these variables.  

 

3.2.3 Protein profiling of NAF 

One dimensional (1D) SDS-PAGE (12.5 %, 1.0 mm, 200 Volts, 1 hr) was used to 

separate abundant NAF proteins (30 µg) for the classification of NAF types. After 

staining with Coomassie blue (Biosafe Coomassie, Biorad, Hercules, CA), visible bands 

were excised and trypsin-digested (15 µg/ml of trypsin) at 37°C overnight. Mass spectra 

of peptide digests were obtained using a matrix-assisted laser desorption/ionization-time 

of flight mass spectrometer (MALDI-TOF MS) (Applied Biosystems, Foster City, CA). 

Proteins were identified by peptide mass fingerprinting with a search against the National 

Center for Biology Information (NCBI) protein database using the Profound algorithm. 

Positive protein identifications were accepted for those with scores above the 95% 

confidence level.  

 

Four of sixteen breast milk samples and four of forty-two type II NAF samples from age-

matched women were randomly chosen for comparison of protein compositions. Human 

milk samples (N=16) were obtained and donated by the Mother’s Milk Bank at Austin 

(Austin, TX) and separated on 1D gels. After staining with Coomassie blue, the gel 

(randomly chosen from breast milk and type II NAF) was scanned using the 

AlphaImagerTM 2200 (Alpha Innotech Co., San Leandro, CA), and density and 

percentage of total density for each individual band were measured using the Alpha Ease 

FC software. The major bands were excised, digested, and subjected to protein 

identification by MALDI-TOF MS. The mean percentage staining density for the major 

proteins, including lactoferrin, albumin, β-casein, and lactalbumin, were compared 

between type II NAF and human breast milk samples.  
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3.2.4 Analyses of secretion types on different menstrual cycle days 

To determine whether secretion types of NAF change with the phases of menstrual cycles, 

NAF and fasting blood samples were obtained from a total of 7 healthy women, who 

were 20-30 years old and had regular menstrual cycles, every other day for a full 

menstrual cycle (from menstrual cycle day 3 to the next menstrual cycle day 1). Women 

were excluded if they were on contraceptive medications during the 6 months preceding 

enrollment, or if they were vegetarians, pregnant, or nursing.  Serum samples were 

analyzed for levels of progesterone and 17β-estradiol using commercial radioactive 

immunoassay kits (Diagnostics Labs, Webster, TX), as described in Section 2.2.3 of 

Chapter 2. NAF samples from three women on three different cycle days, representing 

early follicular phase with low levels of estradiol and progesterone (generally cycle days 

3 to 5), peak levels of estradiol prior to LH surge, and the mid-luteal phase with levels of 

both estradiol and progesterone (generally around cycle day 22) were selected and 

analyzed for major protein patterns using 1D SDS-PAGE, as detailed in Section 3.2.3. 

 

3.2.5 Statistical analysis 

Means and standard deviations were computed for continuous data, and percentages were 

computed for categorical data. For univariate analyses, the χ2 test was performed for 

categorical variables, and the Student’s t-test was used for continuous variables for 

comparisons between groups with type I and type II NAF. Variables associated with NAF 

protein profiles by univariate analysis (using P<0.10 as a cut-off) were further entered 

into age-adjusted multi-level logistic regression models, allowing the identification of 

independent predictors. For the multivariate logistic regression models, a new ordinal 

variable was created to code “years since last childbirth”. Specifically, the first quartile (0 

to 3.3 yrs) was coded as “0”, second quartile (3.3 to 7.2 yrs) as “1”, third quartile (7.2 to 

10.5 yrs) as “2”, the 4th quartile (over 10.5 yrs) as “3”, and nulliparous women as “4”. 

The linearity of the effect of the new variable was assessed and confirmed. Stepwise 

selection was used to determine predictors associated with secretion types of NAF. 

Variables with a two-tailed P value of <0.05 and two covariates, including age and 
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ethnicity, were kept in the final models. Correlations among parameters of 

anthropometrics and among demographic and reproductive variables were tested using 

Pearson correlation analysis. All statistical analyses were performed using SAS® 

(Version 9.1, SAS Institute Inc., Cary, NC). 

 

3.3 Results  

 

3.3.1 Identification of NAF proteins and classification of NAF types 

The abundant proteins in NAF that were visible in a 1D gel after Coomassie blue staining 

(Figure 1.2) were subjected to identification by peptide mass fingerprinting [71]. Two 

protein bands, albumin (abbreviated as Alb in Figure 1.2, 67 kDa) and Ig heavy chain (Ig-

H, 59 kDa), were found in all NAF samples. ZAG (41 kDa), apoD (24 kDa), and 

GCDFP-15 (17 kDa) were typically found and were more abundant in type I NAF, while 

lactoferrin (Lf, 78 kDa), lysozyme C (Lyz, 15 kDa), and α-lactalbumin (Lalb, 14 kDa) 

were typically found and were more enriched in type II NAF, as shown in Figure 1.2. β-

Casein (25 kDa, multiple bands in Figure 1.2) was also present but with varying 

abundance in type II NAFs. Based on the gel mobility, the molecular weights (shown in 

parentheses) of these NAF proteins were consistent with published data. Type I NAFs 

were found in 58%, and type II in 33% of the women in our study (see Table 3.1 below). 

A small number of women (9%) had a protein profile that was a mixture of types I and II, 

showing the presence of lactoferrin, ZAG, apoD, GCDFP-15, and lactalbumin (mixed 

type in Figure 1.2).  

 

Figure 1.2 also shows the 1D-gel profile of breast milk samples for comparison with type 

II NAF. Breast milk samples contained lactoferrin, albumin, casein, lysozyme and 

lactalbumin. Although type II NAF contains mostly milk-associated proteins, their 

relative proportions in breast milk and type II NAF differed. As shown in Figure 1.2, 

breast milk generally had a higher content of casein proteins (29% ± 7.0% of the total 

protein-staining-density for milk vs. 2.3% ± 4.6% for type II NAF, P<0.05, N=4 per 
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group), whereas type II NAF had more albumin (9.3% ± 1.6% of the total density for 

milk vs. 24.7% ± 10.0% for type II NAF, P<0.05, N=4 per group). There were no 

differences in the mean percentage densities of lactoferrin and lactalbumin.  

 

3.3.2 Prevalence of the two protein profiles in the study population 

Nipple aspiration was attempted on three separate study visits from a total of 219 subjects. 

Women were classified as secretors if fluid was obtained at least once after three attempts. 

Of the 219 subjects, 148 (68%) were secretors, and 128 of these samples were large 

enough for protein profiling. Our success rate for obtaining NAF is consistent with the 

rate reported by others [23,30].  

 

Table 3.1 shows the distribution of NAF protein profiles in our subjects (N=128). Type I 

NAF was more common than type II (ratio 1.8 to 1). Mixed type NAF (containing both 

type I and II signature proteins) was found in less than 10% of the subjects. These 

subjects were not included in t-test and multivariate analyses due to the small sample size. 

Among women who had given birth within the last four years, 63% showed type II NAF 

(Table 3.1). 
 

Table 3.1. The frequency and %-distribution of different protein profiles in our 
study population by status of recent childbirth 

Childbirth within the last 4 years Secretion type All subjects 
Yes No 

Type I 74 (58%) 9 (24%) 65 (72%) 
Type II 42 (33%) 24 (63%) 18 (20%) 
Mixed type 12 (9%) 5 (13%) 7 (8%) 
Total 128 (100%) 38 (100%) 90 (100%) 

 

3.3.3 Characteristics of the study population by NAF secretion types 

Table 3.2 describes demographic, reproductive, nutritional, and hormonal characteristics 

of our study subjects, as related to secretion types. Ethnicity did not differ significantly 
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between the type I and type II groups. There were no differences in the distribution of 

secretion types between those who were past users and those who had never used 

contraceptive medications. Women with type II NAF had a significantly higher incidence 

of breastfeeding compared to those with type I NAF (by 29.8%, P=0.002).   
 
Women with type I NAF were older in age compared to women with type II (by 1.2 years, 

P=0.01), were slightly younger at first childbirth (by 1.8 years, P=0.08), and had a lower 

number of completed pregnancies (2.1 compared to 2.6, P=0.04), and a longer time since 

last childbirth (by 3.9 years, P<0.0001). Women with type I NAF were also heavier (by 

5.8 kg, P=0.03), had higher BMIs (by 2.1 kg/m2, P=0.02) , more %-body fat (by 3.1%, 

P=0.02), more total body fat mass (by 4.9 kg, P=0.008), more total body lean mass (by 

2.1 kg, P=0.09), higher blood LDL levels (by 11.4 mg/dl, P=0.05), and higher plasma 

17β-estradiol levels (by 10.3 pg/ml, P=0.08), and they consumed more calories from 

saturated fat (by 0.9%, P=0.09). Characteristics such as age and years since last childbirth 

for women with a mixed NAF type had values that fell between those of women with 

type I and type II NAF (i.e. age, age at first childbirth, history of breastfeeding, parity, 

and years since last childbirth) (Table 3.2). Years since last childbirth was the only 

significant predictor for secretion types (P=0.0008). Age at first childbirth, history of 

breastfeeding, and parity were not predictors. Model 3 included variables in model 2 plus 

dietary fat intake. Percentage of caloric intake from saturated fat (P=0.03) was another 

significant predictor for secretion types, in addition to years since last childbirth (P=0.008) 

and total body fat mass (P=0.002). Model 4 included the variables in model 3 plus 

estradiol and blood LDL levels, neither of which was associated with secretion types. 

Estradiol level as a continuous variable was not a significant predictor of secretion types 

in model 4 (P=0.11). However, when estradiol levels were divided into quartiles and 

coded as a categorical variable, a significantly higher percentage of type I NAF was 

found among women in the highest quartile (estradiol level >97.5 pg/ml) compared to 

those in the lowest quartile (<55.7 pg/ml), after adjustment for body fat mass, years since 

last complete pregnancy, and %-caloric intake from saturated fat (OR=5.9, 95% CI from 

1.3 to 27.7, P<0.01). In summary, results shown in Table 3.3 indicate that incremental 
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Table 3.2. Characteristics (mean ± SD, unless otherwise specified) of our study population by secretion types 
All subjects Type I  Type II Mixed type Variables 

N=128 N=74 N=42 N=12 
PP

a

Demographics       
Age 36.5 ± 2.5 36.9 ± 2.4 35.7 ± 2.3 36.0 ± 3.2 0.01
Race/Ethnicity, column percentage  
Caucasian 58.3 57.5 57.1 66.7 0.21
Hispanic 28.4 27.4 31 25 
African-American 10.2 13.7 4.8 8.3 
Asian 1.6 0 4.8 0 
Other 1.6 1.4 2.4 0 
Reproductive history           
Contraceptive usage, column percentage  
     Never 27 28.4 24.4 27.3 0.64
     Past 73 71.6 75.6 72.7 
Breastfeeding, column percentage  
     No (including nulliparous subjects) 28.7 42.3 12.5 0 0.002
     Yes 71.3 57.7 87.5 100 
Age of menarche 12.5  ± 1.6 12.5 ± 1.6 12.5  ± 1.5 11.8 ± 1.3 0.88
Parity 2.3 ± 1.3 2.1 ± 1.3 2.6 ± 1.4 2.2 ± 1.1 0.04
Age at first childbirth (parous subjects 24.2 ± 5.2 23.6 ± 4.8 25.4 ± 5.5 23.9 ± 6.0 0.08
Years since last childbirth (parous only) 7.2 ± 4.8 8.8  ± 4.7 4.9 ± 4.1 6.4 ± 4.1 <0.001
Anthropometrics           
Weight (kg) 72.5 ± 14.1 75.6  ± 13.4 69.8  ± 15.0  62.0 ± 7.8 0.03
Height (cm) 161.5 ± 7.2 161.8  ± 7.6 161.6 ± 7.3 159.4 ± 4.7 0.91
BMI (kg/m2) 27.8 ± 5.3 28.9 ± 5.3 26.8 ± 5.2 24.5 ± 3.4 0.02
%-Body fat  35.5 ± 6.7 37.1 ± 6.2 34.0 ± 6.8 31.1 ± 6.6 0.02
Total fat mass (kg) 26.3 ± 9.4 28.7 ± 9.0 23.8 ± 9.5 19.6 ± 5.8 0.008
Total lean mass (kg) 45.8 ± 6.3 47.0 ± 6.2 44.9 ± 6.8 42.4 ± 3.5 0.09
Nutrient intake           
Total calorie (kcal) 1747± 457 1754 ± 477 1694 ± 403 1879 ± 511 0.5
Total fat (g) 74.9 ± 24.9 76.7 ± 24.8 71.6 ± 26.7 75.3 ± 20.0 0.3
%-Calorie from fat 38.0 ± 6.6 38.8 ± 6.5 37.2 ± 7.0 35.8 ± 5.9 0.24
Saturated fat (g) 24.9 ± 8.3 25.9 ± 8.9 23.4 ± 7.1 24.0 ± 8.0 0.13
%-Calorie from saturated fat 12.7 ± 2.8 13.1 ± 2.9 12.2 ± 2.3 11.3 ± 2.6 0.09
Monounsaturated fat (g) 29.2 ± 10.1 29.8 ± 9.4 28.2 ± 11.7 29.1 ± 7.3 0.41
%-Calorie from monounsaturated fat 14.8 ± 2.9 15.1 ± 2.7 14.5 ± 3.4 14.2 ± 2.1 0.31
Polyunsaturated fat (g) 14.8 ± 6.9 15.2 ± 7.1 14.0 ± 7.3 15.0 ± 4.5 0.36
%-Calorie from polyunsaturated fat 7.4 ± 2.2 7.5 ± 2.3 7.1 ± 2.3 7.3 ± 1.8 0.38
Hormones   
Testosterone (ng/ml) 0.71 ± 0.38 0.73 ± 0.42 0.59 ± 0.35 0.65 ± 0.24 0.41
17β-Estradiol (pg/ml) 75.7 ± 31.8 77.9 ± 32.7 67.6 ± 24.0 92.3 ± 23.3 0.08
Progesterone (ng/ml) 11.0 ± 5.6 10.8 ± 5.5 11.4 ± 4.9 10.6 ± 7.8 0.61
T3 (ng/dl) 121.2 ± 36.1 119.7 ± 32.7 123.7 ± 41.6 101.5 ± 22.2 0.59
T4 (μg/dl) 8.3 ± 1.5 8.2 ± 1.3 8.5 ± 1.9 7.3 ± 0.6 0.57
TSH (μIU/ml) 1.9 ± 1.1 1.9 ± 1.1 2.0 ± 1.3 1.8 ± 1.3 0.15
Lipids       
VLDL (mg/dl) 20.6 ± 12.6 21.2 ± 13.7 20.1 ± 11.6 18.9 ± 7.5 0.67
LDL (mg/dl) 107.1 ± 29.6 111.0 ± 29.2 99.6 ± 32.0 107.3 ± 18.5 0.05
HDL (mg/dl) 53.5 ± 10.9 52.2 ± 9.7 55 ± 12.9 57.4 ± 9.8 0.18
TRIG (mg/dl) 103.1 ± 62.7 105.9 ± 68.3 100.5 ± 58.2 94.6 ± 37.5 0.67
CHOL (mg/dl) 181.1 ± 33.0 184.2 ± 33.7 174.7 ± 34.5 183.6 ± 19.7 0.15
aall comparisons are between women with type I and  type II NAF profiles 
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changes of about 3 years since last childbirth (OR=2.6), every 10 kg in total body fat 

mass (OR=3.0), and every 5% in caloric intake from saturated fat (OR=4.1) increased the 

odds of being a type I secretor.  

 

It is noteworthy that there were strong correlations among some variables entered into the 

logistic regression models. Anthropometric variables were positively correlated with one 

another, with r values ranging from 0.22 to 0.93 (Pearson correlation, P<0.05). There 

were also strong correlations between parity and age at first childbirth (r=-0.47, P<0.001), 

and between age at first childbirth and years since last childbirth (r=-0.52, P<0.001). Age 

was also positively correlated with the variable “years since last childbirth” in the age 

range of our study subjects (r=0.47, P<0.0001), which was significant in each of the 

regression models. This may be the reason why age was not an independent predictor in 

multiple logistic regression models. In addition, history of breastfeeding was significantly 

associated with secretion type in univariate analysis, but was not a predictor that was 

independent of years since last childbirth in model 1. However, if the variable “years 

since last childbirth” was not included in the models, breastfeeding (OR=16.0; CI: 3.0-

84.1) was an independent predictor, while the influence of total body fat mass (OR=2.2; 

CI: 1.1-4.4) and %-caloric intake from saturated fat (OR=5.6; 95% CI: 1.7-18.5) on 

secretion types remained the same as when years since last childbirth was included. This 

may be because breastfeeding had a strong association with the ordinal variable “years 

since last childbirth” in our study. Women with fewer years since last childbirth were 

more likely to have a past history of breastfeeding (P trend<0.0001). 

 

3.3.5 Analyses of secretion types on different menstrual cycle days 

Figure 3.1 shows the 1D gel image of 9 NAF samples obtained on three different cycle 

days from three women. The major protein patterns of NAF remained unchanged in 

different menstrual phases, suggesting that fluctuating levels of female hormones during 

the menstrual cycle did not affect the major pattern of NAF secretion.  
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                      1A      1B      1C        2A      2B       2C         3A      3B       3C
                                   
                        Type II NAF              Type I NAF            Type II NAF 
 
 
Figure 3.1. 1D gel (12.5% polyacrylamide) image of NAF from three women 
(subjects 1, 2 & 3) on different menstrual cycle days. A, from the follicular phase 
with low serum estradiol and low serum progesterone; B, from the day with peak 
serum estradiol; and C, from the luteal phase with peak serum progesterone and 
high estradiol.  
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 3.4 Discussion 
 

Protein profiles of NAF are a potential source for the discovery of new breast cancer 

biomarkers. There is some limited evidence from the study of Vizoso et al. [55,70] that 

both the prevalence and the prognosis of breast cancer may be related to a woman’s NAF 

protein profile. Vizoso et al. found that recent childbirth was a strong predictor of NAF 

protein composition [72]. Other possible determinants for protein patterns in NAF have 

not, to our knowledge, been examined. We studied a variety of potential influences, such 

as reproductive history, hormone levels, diet, and body composition. We found that body 

fat mass (not lean body mass) and %-caloric intake from saturated fat are strong 

predictors of type I NAF and that their effects are independent of a more recent history of 

childbirth.  

 

Interestingly, other potential factors such as BMI and weight (including lean body mass) 

differed in women with type I and II NAF in univariate analysis, but were not 

independent predictors in multivariate analyses when body fat mass was a variable in the 

model. Of the various types of fat, only saturated fat had an influence on NAF protein 

profiles. Because body fat mass and fat intake had strong influences on NAF proteomes, 

the influence of circulating lipids, which can partly reflect fat intake, were also 

investigated. LDL was a weak predictor for secretion types in univariate analysis, but was 

not an independent predictor in multivariate analyses. Indices of thyroid function, e.g. T3, 

T4, and TSH, were not associated with NAF types, consistent with results previously 

reported by Vizoso et al. [73]. It was the total body fat mass, not body fat as a percentage 

of body weight, that independently predicted secretion types in multivariate analyses. 

Total lean body mass is also not a predictor of secretion type. These results suggest that 

dietary fat or fat stores have an influence on NAF protein profiles. Adipose tissue has 

recently been viewed as an endocrine organ, capable of synthesizing and secreting 

hormones (such as androgens, estrogens, and leptin), and cytokines (such as interleukin-6 

and tumor necrosis factor-α) [74-77]. These substances may act in a paracrine/autocrine 

manner to regulate breast fluid protein.  
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Because testosterone and progesterone were shown to up-regulate and estradiol to down-

regulate ZAG, apoD and GCDFP-15 in breast cancer cell cultures [60-65], we 

hypothesized that levels of these hormones might be significant predictors of NAF 

protein profiles. However, no differences in levels of testosterone and progesterone were 

detected, and only estradiol was marginally higher in type I compared to type II secretors 

(P=0.08) in univariate analyses. Nevertheless, in an age-adjusted logistic regression 

model, a significantly higher prevalence of type I NAF was found in women within the 

highest quartile of estradiol levels compared to those within the lowest quartile (P<0.01). 

These data suggest a threshold effect of circulating estradiol levels on NAF types. A 

more detailed dose-response study is needed to establish the relationship between 

estradiol and type I proteins. The weak stimulatory effect of estradiol on type I proteins 

observed in our human study, while not consistent with in vitro results from breast cancer 

cell culture studies, is in line with in vivo effects in rhesus monkeys, where tamoxifen, an 

anti-estrogen, decreased the mRNA expression of apoD (a type I NAF protein) [66]. 

Considering potential autocrine/paracrine effects, it is also possible that steroid levels in 

NAF, which were not measured in this study due to insufficient sample volume, may be a 

better predictor of NAF profiles than hormone levels in serum. Additionally, no changes 

in the major protein patterns of NAF were observed during different phases of the 

menstrual cycle, suggesting that cyclic hormonal fluctuations do not change the secretion 

pattern of the major proteins in NAF, and that if an effect of circulating hormones does 

exist, the pattern may be the result of long-term exposure.  

 

ApoD and ZAG are involved in the metabolism and disposition of fat. ApoD is a 

component of the HDL complex and serves as a carrier protein for transporting 

cholesterol and other lipids from tissues via the blood stream to the liver for further 

metabolism and disposition. Liu et al. found an interaction of apoD with leptin receptor B 

in hypothalamic neurons, and an association of hypothalamic apoD expression with body 

fat and circulating levels of leptin [78]. ZAG is also a carrier protein for various 

hydrophobic molecules, including lipids, and is well recognized as a lipid mobilizing 
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factor [79]. ApoD and ZAG may also regulate body fat accrual [78], and their secretion 

into the circulation may be part of an effort to remove and metabolize excess fat [80]. 

These data are consistent with our finding that higher body fat mass and dietary saturated 

fat intake were associated with elevated levels of the two type I proteins, apoD and ZAG, 

in NAF.  

 

The finding that more recent childbirth was strongly associated with type II NAF 

(P<0.0001) is not surprising, since type II proteins are mostly milk-associated proteins. 

Our results are consistent with those of Vizoso et al., who reported that type II NAF was 

found mostly in women who had given birth within the last four years [72]. The 

prevalence of type II secretors, however, was higher in our study population (33%, Table 

3.1), even after excluding women who had given birth within the last four years (20%, 

Table 3.1), when compared to the 9% reported by Vizoso et al.. This might be due to 

differences in the selection of study subjects. Our subjects were healthy women between 

30 and 40 years of age, while Vizoso and coworkers selected subjects from a hospital-

based population, who were between 20 and 50 years of age. Current usage of oral 

contraceptives was also a predictor for type II secretion in the study of Vizoso et al., 

whereas we excluded current users of all contraceptive medications. In addition, our 

study showed that past usage of contraceptive medications did not affect the NAF protein 

profile.  

 

The proteomes of type II NAF and breast milk are qualitatively similar, though there are 

quantitative differences (Figure 1.2 and Results). We found that caseins are more 

abundant than albumin in breast milk, whereas albumin was more abundant than caseins 

in type II NAF. Moreover, caseins were not always visible in type II NAF, suggesting a 

gradual shift from milk fluid to type II NAF after childbirth. This, coupled with the 

presence of a mixed type NAF in some women, leads us to speculate that type I and type 

II NAF may not be a constant physiological state in women. Longitudinal studies are 

needed to confirm this possibility. Our observation that breastfeeding per se is associated 
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with differences in NAF protein profiles, but is not independent from years since last 

child birth is consistent with a possible time-dependent change from type II to type I 

NAF. 

 

The few studies examining proteins in NAF as potential breast cancer markers have 

found mixed and sometimes contradictory results. For example, GCDFP-15 has been 

proposed as a plasma marker of proliferative breast disease [81], and was also found to be 

elevated in serum of patients with metastatic breast cancer [82], but, in another study, it 

was reported to be decreased in the NAF of breast cancer patients [25]. This 

inconsistency may be simply attributable to a difference in the prevalence of type I NAF 

(which contains GCFDP-15) and type II NAF in the two study populations, which is 

modifiable by pregnancy history, body fat mass, and dietary fat intake, as shown in our 

study, and by current usage of birth control medications and age, as was shown in other 

studies [17,72]. This underscores the importance of an understanding of the presence and 

relevance of type I and II NAF in pathological and physiological states before breast 

cancer biomarkers can be effectively identified. 

 

The major strength of our study is a well-defined study population with a variety of 

variables available for analysis. However, because of the narrow age range of the study 

subjects, who were all premenopausal, our findings may have limited inference to 

postmenopausal women. 

 

In conclusion, the secretion of NAF proteins was influenced strongly by body fat mass, 

reproductive history, dietary fat intake, and possibly estradiol levels. Obesity is an 

important public health issue, and also plays a role in breast cancer risk. Further studies 

with larger sample sizes and longitudinal observations may help determine the relevance 

of NAF proteomes in estimating breast cancer prevention and prognosis.  
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CHAPTER 4: CHARACTERIZATION OF PROTEOMES IN NAF 

 

4.1 Introduction 

 

Proteins are the building blocks of cells and the major executors of cellular functions. 

While genomics based technologies, such as mRNA microarrays, contribute substantially 

to the understanding of mechanisms for cancer development, there are still limitations in 

the information that can be provided by this type of studies. This is because genes 

eventually have to be expressed through proteins, and abundance of proteins and levels of 

mRNA do not necessarily highly correlate [83]. Additionally, post-translational 

modifications of proteins such as phosphorylation, glycosylation and acetylation, which 

are not detectable at the mRNA level, play important roles in protein stability, 

localization, and functions [84]. Proteins represent more direct, accessible and relevant 

targets for the early detection of cancer, prediction of prognosis and evaluation of 

therapeutic efficacy than nucleic acid.  Conventional biochemical/immunological assays 

have been commonly used for the analysis of proteins. However, these methods are not 

suitable for screening a large variety of protein molecules. Current advances in proteomic 

technologies, such as protein microarrays and mass spectrometry-based methods that 

allow the high throughput identification of proteins, have stimulated tremendous interest 

in characterization of protein markers relevant to cancer development. 

 

A widely used technique for protein characterization is mass spectrometry, which is 

generally composed of an ion source, a mass analyzer, and an ion detector. An ion source 

is where molecules of interest are ionized. Commonly used ionization techniques include 

matrix assisted laser desorption/ionization (MALDI) and electron-spray ionization (ESI). 

After ionization, a mass analyzer sorts out charged particles such as proteins and peptides 

according to their masses, and produces a spectrum composed of peaks that are 

characteristic of the molecules being analyzed. Tandem mass spectrometer (MS/MS), 

which contains two mass analyzers, can provide further structural information of a 
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protein by fragmenting peptides of interest that are generated by the first mass analyzers. 

Typically, the first mass analyzer gives the mass to charge (m/z) patterns of peptide 

digests of a specific protein, which is also known as the mass fingerprinting of the protein. 

A selected peptide is then sent to the fragmentation chamber, and the fragmentation 

pattern of this peptide is then measured by the second mass analyzer. The mass difference, 

or distance in atomic mass units between the peaks of the second spectrum, allows each 

amino acid to be identified and the sequence of the selected peptide characterized. The 

identification of the protein is then deduced through a mass matching process, based on 

the spectra that are generated by these two mass analyzers.  

 

In addition to mass spectrometry, high throughput antibody-based proteomic techniques, 

such as protein microarrays and tissue microarrays, have also been widely used in 

identifying markers that are associated with phenotypes and progression of cancer. 

Antibody-based techniques allow the simultaneous identification and quantitation/semi-

quantitation of multiple proteins in hundreds of samples in a short period of time, through 

binding to the antibody probes. However, this approach is limited by the availability of 

antibodies with high specificity and affinity for the target. In addition, antibody-based 

methods require prior knowledge of proteins of interest, and therefore, can only be used 

in hypothesis-driven investigations [85,86].  

 

Both antibody-based and mass spectrometry-based approaches have been utilized for the 

search of breast cancer biomarkers in different types of biological samples, including 

breast tissue, serum/plasma, ductal lavage, and nipple aspirate fluid [85-90]. In particular, 

proteomic analysis of nipple aspirate fluid has been intensely pursued, because the 

procedure for obtaining NAF is non-invasive and involves minimal risk, in comparison to 

ductal lavage and procedures for acquiring breast tissues by biopsy or breast surgery. 

Additionally, this fluid is rich in proteins that are secreted from the target tissue of breast 

cancer, free of contaminations by secretions from other tissues. Markers that are 

indicative of pathological changes of the breast will probably appear first in NAF, with 
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concentrations much higher than those in blood, which makes NAF an ideal source for 

the early detection of breast cancer.   

 

Potential tumor markers, including CEA, PSA, c-erbB-2 (Her2/neu), bFGF, and vEGF 

(vascular endothelial growth hormone), have been detected in NAF using conventional 

antibody methods such as ELISA and western blot [91-94]. Recent advances in 

proteomic technologies, especially in mass spectrometry, have stimulated interest in 

characterizing proteomes of NAF. Interest has mostly focused on proteins of medium to 

low abundance, which may be more relevant as potential biomarkers for breast cancer 

risk. Surface Enhanced Laser Desorption/Ionization Time-of-flight Mass Spectrometry 

(SELDI-TOF MS) has been utilized to study the protein pattern of NAF in both healthy 

women and breast cancer patients [95-97]. Varnum et al. identified 64 proteins, by two-

dimensional liquid chromatography (2D-LC) coupled with tandem mass spectrometry, 

using a pooled sample from ten women [43]. Alexander et al. characterized 41 proteins in 

one NAF sample, using two dimensional gel electrophoresis (2D gel) and Matrix 

Assisted Laser Desorption/Ionization Time-of-flight Mass Spectrometry (MALDI-TOF 

MS). Using the same techniques, they further characterized 3 proteins associated with 

breast cancer risk by qualitative comparison of protein expression in 10 controls and 10 

breast cancer cases [25]. Pawlik et al. identified 5 proteins that were differentially 

expressed in 18 cases vs. 4 control samples, using isotope coded affinity tag and tandem 

mass spectrometry (MS/MS) [1]. A total of 87 proteins were identified in these prior 

studies, as listed in Table 4.1.  

 

Two different tandem mass spectrometers have been utilized in this study, namely, 

MALDI-TOF/TOF MS and ESI-Q-TRAP. MALDI-TOF/TOF MS uses matrix-assisted 

laser ionization as ion source. Mass of ions was calculated based on the time it takes for 

each peptide to exit the flight path (time-of-flight, proportional to mass/charge ratio of 

peptides). ESI-QTRAP, on the other hand, is a hybrid triple quadrupole/linear ion trap 

mass spectrometer that uses an electron-spray as the ion source. In both types of mass 
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spectrometers, mass spectra of peptides were first obtained in a survey scan. Peaks of 

interest, for example with top intensities, were selected for further fragmentation in the 

collision cell, generating the MS/MS spectra for the selected peaks. Information from 

both the first MS and the second MS/MS scans was used to identify proteins, using 

specific matching algorithms. 

 

As described in Chapter 3, we identified two distinct types of protein profiles in the NAF 

of healthy women. The heterogeneity in NAF profiles may be influenced by 

physiological, nutritional, or pathological conditions, as discussed in Chapter 3. Briefly, 

we have found that body fat mass and dietary intake of saturated fat have strong 

influences on the proteomes of NAF. In addition, limited studies found that type II NAF 

is higher in cancer patients (50%) compared to that in healthy women (10%) [72]. 

Therefore, to better understand the significance of any specific proteins in NAF as 

potential biomarkers for breast cancer, we chose to profile their proteomes separately, 

without pooling samples for analyses.  

 

In this study, prior to the characterization of NAF proteomes by mass spectrometry, all 

samples were subjected to pattern identification for major proteins using 1D gel and were 

classified as type I or type II NAF, as detailed in Chapter 3. After identification of NAF 

types, two strategies were utilized for protein characterization by mass spectrometry. In 

the first strategy, two-dimensional gel electrophoresis was used to separate proteins first 

by charge (isoelectric point) and then by molecular weight. Proteins were first focused at 

their isoelectric points on gel strips with immobilized pH gradient under a high voltage, 

and subsequently separated on SDS-PAGE gels by molecular weight. After staining, 

proteins separated on 2D gels were visualized. Visible spots were excised, trypsin-

digested, and subjected to structure characterization by mass spectrometry.  

 

Since 2D gel was the cornerstone for protein separation in our study, a well-resolved gel 

was essential for subsequent protein identification. One of the critical factors for 
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obtaining a well-resolved gel was removal of contaminants that may interfere with 2D gel 

electrophoresis. These impurities included salts, lipids and carbohydrates. Several partial 

purification techniques were devised for removing these components (see section 4.2.2.1 

Sample purification).  

 

In the second strategy, 1D gel electrophoresis was used to separate proteins by molecular 

weight. After staining, the entire gel strip was excised band-by-band and digested by 

trypsin. The peptic digest from each band was individually analyzed by reverse phase 

nanoLC coupled directly with a highly sensitive electrospray MS/MS (QTRAP).  

 

The purpose of this study was to qualitatively characterize the proteomes of NAF. 

Quantitative analysis would require different approaches and was not the goal of this 

dissertation research.  

 

4.2. Materials and Methods 

 

4.2.1 Sample collection  

NAF samples were collected from healthy donors (as described in the Study Design and 

Methods section in Chapter 2) and kept at -80°C until analysis. All NAF samples were 

first classified as either type I or type II by 1D SDS-PAGE (as described in Chapter 3) 

before proteome characterization.  

 

4.2.2 2D gel coupled with MALDI-TOF/TOF 

 

4.2.2.1 Sample purification 

For type I NAF, five partial purification methods were used, experimentally, for the 

removal of contaminants such as lipids, carbohydrates, and nucleotides in the samples, 

and for improving the resolution of NAF proteins on 2D gel. In the first approach, 

acetone was used to precipitate proteins. Five hundred μl of acetone with 50 mM 
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dithiothreitol (DTT) was added to 5 μl of NAF. The solution was incubated at -20°C for 

30 min, and spun at 14000 g for 5 min. Supernatants were discarded, and precipitates 

were dried with speed-vacuum for further analysis. In the second approach, 

trichloroacetic acid (TCA) precipitation followed by acetone wash was used. Five 

hundred μl of 20% TCA, 50 mM DTT in acetone was added to the NAF sample. The 

solution was incubated at -20°C for 30 min, and spun at 14,000 g for 5 min. Supernatants 

were discarded, and precipitates were washed twice with acetone, and dried with speed-

vacuum. In the third approach, petroleum ether precipitation was used. Five hundred μl of 

petroleum ether was added to 5 μl of NAF sample. The solution was incubated at -20°C 

for 30 min, and spun at 14000 g for 5 min. Supernatants were discarded, and precipitates 

were dried with speed-vacuum. In the fourth approach, ultracentrifugation was used. 

NAF samples were dissolved in 2D sample buffer (containing immobilines pH 3-10, 2M 

thiourea, 5M urea, 4% CHAPS, and 2% CEBP), and centrifuged at 120,000 g for 4 hours. 

The top lipid layer and bottom precipitates were discarded, and the middle layer was 

collected for 2D analysis. In the fifth approach, Cleanascite lipid adsorption and 

clarification reagent (Biotech Support Group, NJ) was used. Cleanascite reagent was 

mixed with the NAF sample at a 1:1 ratio (vol/vol). The mixture was incubated at 4°C for 

one hour, and centrifuged at 1,000 g for 15 min. Precipitates were discarded, and the 

supernatants were collected for further 2D analysis. 

 

4.2.2.2 2D gel analyses of NAF samples 

After partial purification, protein concentration was determined by a Bradford assay 

(Biorad, CA). NAF samples (100 μg) were dissolved in 200 μl 2D sample buffer that 

contained immobilines (pH 3-10), 2M thiourea, 5M urea, 4% CHAPS, and 2% CEBP. 

The first dimension separation of proteins by iso-electric focusing was conducted on a 

IPG strip (11 cm, pH 3-10) at 18°C. The IPG strip was first rehydrated using 2D sample 

buffer containing the sample at 50 V for 12 h. Proteins that were adsorbed onto the IPG 

strip during rehydration were then focused for a total of 30,000 voltage-hours under a 

maximal of 8,000 volts (IPGphor, Amersham Pharmacia Biotech, NJ). After the first 
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dimension was completed by iso-electric focusing, the IPG strip was shaken at 100 rpm 

for 15 min in a buffer solution containing 2% (w/v) DTT, 40 mM Tris-HCl (pH 8.8), 8 M 

urea, 10% (v/v) glycerol, and 2% (w/v) SDS, to reduce proteins. The reduced proteins on 

the strip were alkylated by incubating in the above buffer with DTT replaced by 2.5% 

(w/v) iodoacetamide. After the reduction and alkylation steps, the strip was placed on top 

of an SDS-PAGE gel (Biorad, 11x 9 cm, 8-16%), and proteins were separated by their 

molecular weight at 200 volts for 55 minutes. SDS-PAGE gels were then stained with 

Sypro Ruby (Biorad, CA) overnight. After staining, gel images were acquired using the 

ProExpress Imaging System (PerkinElmer, MA). 

 

4.2.2.3 In-gel tryptic digestion of proteins 

Spots visible under UV light from 2D gel were picked manually on a UV transluminator. 

The gel plugs were transferred as to eppendorf tubes. The plugs were subjected to in-gel 

trypsin digestion as follows: The plugs were dehydrated with 100% acetonitrile and then 

reduced with 50 mM DTT in 50 mM NH4HCO3 for 30 min, followed by alkylation with 

50 mM iodoacetamide in 20 mM NH4HCO3 solution for an additional 30 min. Liquid 

was removed, and pH adjusted to around 8.0 by the addition of 10 mM NH4HCO3 to the 

samples. The liquid was removed, and the samples dehydrated with 100% acetonitrile. 

After dehydration, the gel plugs were rehydrated with 10 μl of trypsin solution (10 ng/L 

bovine modified sequencing grade trypsin from Promega, WI) in 25 mM NH4HCO3. 

Samples were then digested for 8 h at 37°C. 

 

4.2.2.4 MALDI-TOF/TOF analysis of tryptic digests 

For MALDI-TOF/TOF analysis, solution containing tryptic peptides from a 2-D gel plug 

was lyophilized and resuspended in 10 μl of 50% acetonitrile/0.1% formic acid solution. 

Sample was then mixed with a matrix solution (25 mM α-cyano-4-hydroxycinnamic acid 

in 50% acetonitrile/0.1% formic acid) (1:1, vol/vol). One μl of the mixture was manually 

spotted on the sample plate for mass analysis using MALDI-TOF/TOF (4700 Proteomics 

Analyzer, Applied Biosystems, CA). Mass spectra of the peptides were first obtained in 
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the mass range between 800 and 4000 using the positive ion reflector mode. For each 

sample analysis, the top five most intense peptide ions were selected and subjected to 

fragmentation and sequencing using the MS/MS mode.  

 

4.2.3 1D gel and LC-MS/MS 

Protein samples (25 μg) were dissolved in 1D sample buffer (containing 100 mM Tris, 

pH 6.8, 2% SDS, 5% β-mercaptoethanol, 15% glycerol, and enough bromophenol blue to 

make the buffer dark) and applied to SDS-PAGE gels (10 cm, 12.5% polyacrylamide). 

Proteins were separated according to molecular weight (200 V, 55 min). SDS-PAGE gels 

were stained with Sypro Ruby overnight. Each gel strip was divided into 15 fractions, and 

each fraction was cut into 2x2 mm pieces. The gel pieces from each fraction were 

trypsin-digested as detailed in section 4.2.2.3. The tryptic digests were lyophilized until 

analyses by MS. 

 

LC-MS/MS analyses of peptide mixtures were conducted with a LC-MS/MS equipped 

with an autosampler (FAMOSTM, LC Packings/Dionex, CA), nano-LC system (LC 

Packings, CA), a nanoelectrospray interface (Applied Biosystems, CA), and a triple 

quadrupole/linear ion trap mass spectrometry (4000 Q TRAP, Applied Biosystems, CA). 

The samples were first loaded onto LCPackings C18 precolumn (300 μm×1mm, particle 

size 5 μm), washed for 5 min with the loading solvent (5% ACN/H2O/0.05% formic acid), 

and then injected onto a LCPackings PepMap C18 column (75 μmx150 mm, particle size 

5 μm) for nano-LC separation at a flow rate of 200 nl/min. The solvents used were: (A) a 

solution containing 5: 95: 0.09 (vol by vol) of water, CAN, and FA, and (B) a solution 

containing 20: 80: 0.09 (vol by vol) of water, CAN, and FA. The initial gradient was 

linear from 100% solvent A to a mixture of 40% solvent A and 60% B in 45 min, 

followed by ramping solvent B to 90% in1 min, which was then maintained for an 

additional 5 min. The column was reconditioned with 100% solvent A for 15 min after 

each analysis. 
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All mass data were obtained under the linear ion trap (LIT) scan modes. An EMS 

(Enhanced MS) scan was used as a survey scan, followed by an ER (Enhanced 

Resolution) scan to confirm mass and charge status. A dependent scan, EPI (enhanced 

product ion) scan, was used to obtain high quality MS/MS spectra on specific ions of 

interest.  

 

The following IDA (information dependent acquisition) criteria were used for obtaining 

MS/MS data. The intensity threshold was set to 50,000 counts per second. The top three 

most intense ions with highest intensity were chosen for MS/MS analysis. The former 

target ions were excluded after 2 occurrences within a 60 sec window. Rolling collision 

energy, with collision energy spread of 5 ev, was used for each peptide based on its m/z 

and charge state. MS/MS parameters used were: NanoSpray source in EPI scan mode 

with 30 V declustering potential, unit resolution for Q1, fill time of the trap (Q3) for 50 

ms and LIT scan rate at 4,000 amu/s. The other parameters were set as follows: curtain 

gas at 10 psi, ion source at 2.5 kV, temperature at 150°C, gas 1 at 25 psi, gas 2 at 65 psi, 

and CAD gas at high. 

 

4.2.4 Database search for MALDI-TOF/TOF and LC-MS/MS data 

Mass spectra obtained using MALDI-TOF/TOF were processed and submitted for 

analyses using the Global Protein Server Workstation (Applied Biosystems). Protein 

searchs were performed against the NCBI nonredundant protein database, based on both 

mass fingerprints and MS/MS data. Protein identification for the LC-MS/MS data was 

performed using the MASCOT search engine (Matrix Science, London, UK) against the 

NCBI nonredundant protein database. Protein identification was considered positive if 

confidence was greater than 99% and at least two peptide sequences with MS/MS spetra 

matching to the protein.  
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4.3 Results 

 

Similar to serum, NAF is a complex biological fluid composed of a mixture of proteins, 

the concentrations of which span over 12 orders of magnitude. Therefore, some 

procedures for pre-fractionation and separation of proteins are necessary for effective 

identification of proteins in NAF samples. Proteins are generally separated by charge,  

molecular weight, and hydrophobicity. 2D gel was the preferred method for protein 

separation before MS identification, because the separation is based on both charge and 

molecular weight. Using a standard protocol for 2D gel preparation, good separations and 

well-resolved gel images were obtained for type II NAF. However, the same protocol 

was not effective for type I NAF, as severe streaking was observed on the 2D gels. 

 

4.3.1 2D gel and MALDI-TOF/TOF 

 

4.3.1.1 Protein purification before 2D gel analyses 

The most commonly used purification procedure for proteins before 2D analyses involves 

precipitation of proteins from biological fluids using either acetone or a mixture of 

acetone and TCA. This procedure removes lipids, lipid soluble substances and other 

small molecules. The procedure worked well for all type II NAF samples that we have 

analyzed (N=4), but did not work well for any of the type I NAF samples (N=4), as 

shown in Figure 4.1. There was severe streaking of the proteins spots in the directions of 

both isoelectric focusing (IEF) and molecular weight separation of all type I samples. 

 

The major streaking spot in the IEF direction for type I NAF (Figure 4.1 type I) contained 

apo-D when analyzed by MALDI-TOF/TOF MS. In the second SDS-PAGE gel direction, 

many gel plugs on the path of streaking were picked, analyzed by MALDI-TOF/TOF MS 

and found to contain apo-D as well. It appeared that protein(s), e.g. apo-D, precipitated 

during the isoelectric focusing step, and caused both horizontal and vertical streakings. 

Apo-D is very hydrophobic and, therefore, may have poor solubility in the sample buffer  
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Type I  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Type II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. 2D gel images of type I and type II NAF 
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and IPG strips during isoelectric focusing. Because of the poor resolution of type I NAF 

on 2D gel, a limited number of focused protein spots could be visualized and picked for 

the identification of proteins using MS. In contrast, protein spots from 2D gel of type II 

NAF were well focused and could be easily visualized and excised for the identification 

of proteins by MS.  

 
To improve the performance of type I NAF on 2D gel, various clean-up methods were  

used, including acetone precipitation (Figure 4.2A), acetone/TCA precipitation (Figure 

4.2 B), petroleum ether precipitation (Figure 4.2C), ultracentrifugation (Figure 4.2D), and 

delipidation by Cleanascite reagent (Figure 4.2E). None of the above methods could clear 

the streaking on 2D gels of type I NAF (Figure 4.2A-E). Acetone/TCA precipitation did 

yield better resolution than other methods, and therefore, it was used to separate proteins 

before 2D gel analysis in this study.  

 

4.3.1.2 MALDI-TOF/TOF analysis for 2D spots 

Protein spots visible from all 2D gels, including many of the streaking spots from type I 

NAF, were excised, digested by trypsin and characterized by MALDI-TOF/TOF. A total 

of 53 proteins were identified, among which 15 were common to both types, 3 were 

unique to type I, and 35 were unique to type II (Table 4.2). The name, molecular weight, 

and major function of proteins, method of structural identification, and the NAF type for 

proteins identified are listed in Table 4.3. 

 

4.3.2 1D gel and LC-MS/MS 

Due to difficulty in resolving proteins from type I NAF on 2D gel, an alternative strategy 

for protein identification was used. Because both type I and II NAF resolved well in 1D 

SDS PAGE gel, the entire 1D gel strip from each sample was sectioned slice-by-slice. 

The tryptic digest from each slice was further separated by a nano-LC coupled to MS/MS. 

Using this strategy, a total of 75 proteins was identified, among which 25 were common 

to both types, 12 were unique to type I NAF, and 38 were unique to type II NAF (Table 

4.2). The names, molecular weights, and major function of these proteins, the method of  
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Table 4.2. Number of proteins characterized by method of identification and NAF type 

Number of proteins identified Method of Identification 
Type I only Type II only Both types Total 

2D gel and MALDI-TOF/TOF 3 35 15 53a

1D gel and LC-MS/MS 12 38 25 75a

Total  13 57 29 99 
a29 proteins were detected by both methods 
 

identification, and the associated NAF type are shown in Table 4.3. 

 

4.3.3 Comparison of two strategies and summary of proteins identified 

Among the 99 proteins identified, 24 were detected by 2D gel coupled with MALDI-

TOF/TOF only, 46 were characterized by 1D gel coupled with LC-MS/MS only, and 29 

were successfully detected by both methods (Figure 4.3). 

 

 

2924 46

Strategy I Strategy II

Figure 4.3. Number of proteins identified by two different strategies: Strategy I, 2D gel 

coupled with MALDI-TOF/TOF; Strategy II, 1D gel coupled with LC-MS/MS. 

 

When the proteins identified by both strategies were combined, a total of 99 different 

proteins were characterized, among which 29 were common to both types, 13 were 
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unique to type I NAF, and 57 unique to type II NAF (Table 4.2). Protein ID, major 

function, molecular weight, NAF type, and method of identification of these proteins 

were summarized and listed in Table 4.3. These proteins were segregated into 9 groups 

based on their major functions. Out of the 99 proteins identified, 33 are involved in 

immune response, 19 are carrier proteins for various steroids, nutrients and other 

biochemicals, 18 are membrane proteins and proteins involved in structure maintenance, 

9 are proteases and their inhibitors, 6 are involved in milk formation, 5 are enzymes, 3 

are involved in fibrolysis/coagulation, and the remaining 6 have unclassified/unknown 

functions.   

 

4.4 Discussion 

 

Two strategies, i.e. 2D gel coupled with MALDI-TOF/TOF and 1D gel coupled with LC-

MS/MS, have been utilized for characterizing NAF proteins in our study samples. The 

first strategy, 2D gel coupled with MALDI-TOF/TOF, performed well in the separation 

and identification of proteins in type II NAF, but had limited use for characterizing 

proteins for type I NAF. This may be attributable to the hydrophobic nature of some 

major proteins, such as apoD and prolactin-inducible protein, in type I NAF. We showed 

that 1D gel coupled with LC-MS/MS worked well for both types of NAF. The 1D-gel-

LC-MS/MS yielded more protein IDs compared to the 2D-gel-MALDI-TOF/TOF (75 vs. 

54). In addition, when proteins identified using both strategies were combined, 29 

proteins were identified by both methods, 24 proteins were only identified  respectively 

by strategy I and 46 were only identified by strategy II, suggesting that these two 

methods complement each other (Figure 4.3).  

 

As discussed in Chapter 1, the formation of milk in the breast lobule and duct is an 

integrated activity in which various types of mammary cells and tissues contribute in a 

coordinated fashion. Based on the proteins identified in NAF (Table 4.3), we suggest that 
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many of the mechanisms involved in milk formation are involved in the production of 

NAF, as discussed below.  

 

As shown in Table 4.3, NAF proteins may play important roles in a wide variety of 

cellular functions in the breast, for example, immune response, protein degradation, and 

milk formation. One third of the NAF proteins characterized (33 out of 99) were involved 

in immune responses. Proteins involved in acquired and innate immune responses are a 

part of the repertoire of proteins in NAF. The presence of a large number of 

immunoglobulins, especially secretory IgA, is indicative of humoral immunity. These are 

likely present in NAF for defense against microorganisms. The detection of several 

macrophage-associated proteins, complements, bacteriolytic lysozyme, and cytokines in 

NAF indicate the presence of elements of cellular and innate immunity in breast fluid. 

Proteins such as tumor antigen 90K stimulate host defense mechanism against pathogens 

and tumor cells. Members of the S100 protein family, which are calcium binding proteins 

expressed by macrophages, have also been found in NAF. Elevated levels of S100 

proteins in serum and tissues have been associated with various types of cancers, 

including breast and prostate cancer [98,99]. Thus, a variety of proteins associated with 

known immune surveillance mechanisms have been found in NAF. Further comparison 

of profiles of the immune response proteins between breast cancer cases and controls 

may reveal risk markers for breast cancer.  

 

The second largest group of proteins present in NAF was carrier/transport proteins, 

including binding proteins for various hormones, lipids, vitamins, iron, and calcium. The 

breast is a target organ for hormones of endocrine origins (such as sex glands) or 

paracrine origins (such as local adipocytes). Therefore, the presence of proteins capable 

of binding and regulating the activities of various hormones, such as androgens, 

progesterone, and thyroid hormones in NAF, is expected. These proteins may affect the 

proliferation of breast glands by regulating the availabilities and activities of endocrine 

and paracrine substances. Among these carrier proteins, lipophilin-B and uteroglobin 
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both belong to the secretory lipophilin family, and may be involved in the development 

and metastasis of various types of cancers including breast cancer [100]. Further studies 

on the association between their expression in NAF and breast cancer risk are warranted. 

One third group of proteins was mainly membrane-binding proteins and proteins 

involved in the maintenance of cellular structure. Several members of the annexin family, 

a group of calcium-regulated membrane-binding proteins, have been found in NAF. 

Annexins play important roles in signal transduction, cell proliferation and differentiation. 

Decreased expression of annexins, such as annexin I and II, have been associated with 

cancer progression [101,102]. Annexin I and dynamin may also participate in the 

formation and secretion of NAF. Another protein of interest in this group is gelsolin, an 

actin-binding protein which is important for cell mobility and has been suggested as a 

prognostic marker for breast cancer [103]. Interestingly, proteins in this group were 

present predominantly in type II NAF, suggesting that sloughing of membrane proteins 

and endoplasmic proteins occurs simultaneously with the secretion of other proteins in 

type II NAF. Further studies are needed to reveal the relevance of this observation to 

breast cancer risk. 

 

Another group of proteins found in NAF included protease and protease inhibitors, a 

diversified group involved in a wide variety of biological activities. Proteases and their 

corresponding inhibitors, such as cathepsin B and cystatin D, are responsible for 

degradation and maintaining homeostatic functions of proteins, including some matrix 

proteins. It is not surprising that many proteins in this group, such as  cathepsin D 

(aspartic protease) and cathepsin B (thiol protease), play important roles in the invasion 

and metastasis of various types of cancers [104,105]. Elevated circulating levels of these 

proteins have been reported for patients with advanced-stage breast cancer [106,107]. 

Proteases in this group have also been the targets for certain anti-tumor drugs, such as 

metalloproteinase inhibitors [108].  Several of the protease inhibitors are involved in 

inflammation, coagulation/fibrolysis, and protection of tissues against bacteria-derived 

enzymes.  
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Based on the major proteins representative of type I and II NAF, we speculate that the 

dominant secretion pathways for type I and type II NAF differ. First, major type I 

proteins were also abundant in other apocrine types of tissues, such as sweat glands [57], 

and fluid from gross cystic disease of the breast [109]. ApoD and GCDFP-15 have been 

used as biomarkers of apocrine secretion in many studies [110,110]. Second, major type I 

proteins are more hydrophobic and are often involved in lipid metabolism, consistent 

with the lipid-secreting function of the apocrine tissues. Last, women with type I NAF 

were, on average, more obese than those with type II profiles suggesting that body fat 

played a role in the secretion of type I NAF. It is, therefore, hypothesized that type I NAF 

may be the result of a gradual up-regulation of apocrine secretion post pregnancy, while 

type II NAF is primarily derived from transcytosis and exocytosis transport. 

 

In addition to the proteins of high abundance, many of the medium- to low-abundant 

proteins also demonstrated different distributions between type I and type II NAF. A 

group of carrier proteins for various nutrients, such as vitamin D binding protein, fatty 

acid binding proteins, and calcium and iron-binding proteins, are common components of 

breast milk. These nutrition-associated proteins were also found predominantly in type II 

NAF. A number of membrane-binding proteins and proteins for maintaining cellular 

structures were also found predominantly in type II NAF. Among these proteins, annexin 

I promotes membrane fusion and is involved in exocytosis, and dynamin, is a GTPase 

that is involved in endocytosis of newly formed vesicles. It is not surprising that a few 

typical milk-associated proteins, including lactalbumin, casein proteins, lactadherin and 

butryphilin, were also found only in type II NAF. The presence of different profiles of 

medium- to low-abundant proteins further supported the hypothesis that the dominating 

pathways that are involved in the secretion of the two NAF types may differ. A more 

thorough analysis of the spectra differences between type I and type II may help to 

provide a better understanding of the mechanisms for NAF formation. 

 

Although type I and  type II NAF displayed a major difference in the profiles of the 
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highly abundant proteins as well as  many medium- to low-abundant proteins, they had at 

least 29 proteins in common using two different strategies for protein identification. The 

most abundant proteins that are characteristic of type I NAF on 1D gel, such as prolactin-

inducible protein, apoD, and ZAG, were also found but with lower abundance in type II 

NAF. Similarly, some typical type II proteins on 1D gel, such as lactoferrin, were also 

detected in trace amounts in type I NAF. This is consistent with our speculation that type 

I and type II may be in equilibrium as a function of time since last pregnancy, as 

discussed in Chapter 3. Briefly, type II NAF is more prevalent in women with a recent 

history of pregnancy and the opposite is true for type I, and the presence of a mixed type 

further supports this hypothesis. NAF contents of non-lactating women represent a 

balance of secretory activities through apocrine vs. transcytosis/exocytosis pathways. 

 

In summary, we have developed successful methods for the identification of NAF 

proteins. Using two different state-of-the-art analytical tools, 99 proteins have been 

characterized in NAF, encompassing a variety of biological functions, such as immune 

response, binding of steroids and other hormones, membrane binding and signal 

transduction, and protein degradation. A number of proteins identified may play 

important roles in defense mechanisms against breast cancer, proliferation of breast 

glands, and breast cancer metastasis and invasion. Several of these proteins (such as 

tumor antigen 90 K, S100 proteins, cathepsin D, and lipophilin B) have also been found 

in serum and reported to be associated with breast cancer [98,111], suggesting that NAF 

is a good source for discovering breast cancer biomarkers. From the protein profiles 

identified, it is likely that the formation of NAF and breast milk may share common 

mechanisms, in which the coordination of multiple pathways is involved. However, the 

dominant pathways responsible for the secretion of type I and type II NAF may differ. 

The regulation of protein profiles in NAF may be influenced by the physiologic state of 

the breast. The results from this study will serve as the basis for further research on 

potential biomarkers for human breast cancer.  
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CHAPTER 5: SUMMARY AND FUTURE DIRECTIONS  
 
 
5.1 Secretor status 
 

Our study of 238 healthy premenopausal women between 30-40 years of age indicates 

that the secretory activity of the breast is under the influence of multiple factors, 

especially diet and reproductive background. An earlier menarche and past history of 

childbirth were associated with being a secretor of NAF. Later age at first childbirth was 

also associated with being a secretor. Our study also showed, for the first time, that 

dietary lactose and milk intake, a modifiable factor, was associated with the secretion of 

NAF. The odds for being a secretor of NAF increased two fold with an increment of 10 g 

in dietary lactose consumption. However, dietary intake of total calories, proteins, fats or 

carbohydrates did not affect the secretion of NAF. This result suggests that dietary intake 

of lactose may be used to increase the secretion volume of NAF.  

 

5.2 Patterns of major proteins in NAF 

 

Two major protein profiles were identified in NAF, with about 60% of the samples being 

type I, 30% being type II, and 10% having a mixture of both type I and II. Type I is 

enriched with proteins that are also found in gross cystic disease fluid of the breast; these 

are mostly lipid mobilizing proteins, such as zinc-alpha glycoprotein and apoD. Type II 

NAF is abundant in milk-associated proteins such as lactalbumin and lysozyme. However, 

these differences may be more quantitative than qualitative, as revealed by analyses using 

mass spectrometry. Comparison of characteristics of women with these two different 

types of NAF profiles revealed that women with type I NAF were, on average, older, had 

higher body fat mass, higher consumption of saturated fat, longer years since last 

childbirth, and were less likely to have breastfed their babies (P<0.05). After mutual 

adjustment using age-adjusted logistic regression models, secretion of type I NAF was 

predicted independently by more years since last childbirth (OR=2.6, CI 1.3 to 5.2), 

higher total body fat mass (OR=3.0, CI 1.5 to 6.1), and higher % dietary calorie intake 
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from saturated fat (OR=4.1, CI 1.1 to 14.6). The level of the above characteristics of 

women with mixed type NAF generally fell between women with type I and those with 

type II NAF. Women with type I and type II NAF did not differ significantly in their 

circulating levels of testosterone, progesterone, or estradiol. Future studies should 

examine the prevalence of various proteins in NAF in breast cancer cases and controls. 

 

5.3 Proteomic analyses 

 

Using 2D gel coupled with MALDI-TOF/TOF and 1D gel coupled with LC-MS/MS, a 

total of 99 proteins were characterized in the NAF of healthy, 30 to 40 year-old women. 

Several methods were tested to improve the resolution of type I NAF proteins on 2D gel, 

with limited success. Proteins identified included proteins involved in immune response, 

carrier proteins for nutrients and hormones, proteases and their inhibitors, matrix proteins, 

and membrane proteins. There appeared to be quantitative differences in these proteins in 

NAF samples from different women. The significance of these quantitative differences in 

relation to breast cancer risk will be the focus of future studies. The long term objective is 

to discover biomarkers for earlier detection of breast cancer than can be achieved by 

mammography.  
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