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Abstract. The present study evaluated the proteomic profile of
saliva and plasma from women with impalpable breast lesions
using nano-liquid chromatography-quadrupole-time-of-flight
(nLC-Q-TOF) technology. Plasma and saliva from patients with
fibroadenoma (n=10), infiltrating ductal carcinoma (n=10) and
healthy control groups (n=8) were assessed by combinations
of inter/intra-group analyses, revealing significant quantitative
and qualitative differences. The major differentially-expressed
proteins in the saliva of patients compared with the controls
were a2-macroglobulin and ceruloplasmin, but the proteins
that met the minimum fold-change and P-value cut-offs were
leukocyte elastase inhibitor and a-enolase, and deleted in malig-
nant brain tumors 1. Concerning plasma, a-2-macroglobulin
and ceruplasmin were upregulated, while other proteins such
as haptoglobin, hemopexin and vitamin D-binding protein
were downregulated compared with the control. The changes
in immune, molecular transport and signaling pathways were
the most representative in the proteomic profile of the saliva
and plasma. This is the first study to describe the proteome
of saliva and plasma from the same women with impalpable
breast lesions.

Introduction

The detection of impalpable breast lesions by mammography
has become more common, accounting for ~25% of diagnosed
breast pathologies (1). The detection of impalpable breast lesions
generates questions associated with the nature of the lesion
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(benign or malignant) and, consequently, with the conduct of the
investigation to be executed. Even with advances in imaging, the
requirement for biopsies to determine the origin of the lesion has
not been eliminated. Furthermore, the biopsies do not represent
the best method of evaluation, as the tumor microenvironment
can be heterogeneous and unpredictable (2).

The development of non-invasive techniques would revo-
lutionize the detection of early breast cancer, avoiding the
physical and psychological discomfort of patients who are
submitted to biopsies (3). Currently, the growing research field
of circulating biomarkers present in the body fluids or ‘liquid
biopsy,” promises to revolutionize the undetected malignant
cells or their molecular biomarkers (2,4-6).

Until a few years ago, saliva was considered only a fluid
supporting the digestive system and a stimulating factor for
release of endogenous enzymes. More recently, saliva has
become a new alternative source for biomarkers that can reveal
local and systemic diseases (7-9). Saliva is a liquid less complex
than blood, but it remains able to contain the same proteins and
represent the pathological condition of the individual (6,10).

By contrast, blood has previously been the most studied fluid
for biomarker research. The disadvantage of using plasma (blood
liquid component) is that it is rich in albumin and other high
abundance proteins. However, methods for enrichment of low
abundance proteins found in plasma have been developed (11).

As a matter of scientific interest, the proteomic profiles of
saliva and albumin-depleted plasma were analyzed in the present
study by comparing specimens obtained from patients with
impalpable breast lesions and a control group. One-dimensional
gel electrophoresis and liquid chromatography (LC), followed
by mass spectrometry, were applied. This technique consists
in the separation of single particles from complex mixtures,
such as saliva and plasma, by a reverse high-pressure liquid
in a column. This column is coupled to a mass spectrometer,
which will measure the mass-to-charge ratio (m/z) of charged
particles, such as peptides and other compounds (12).

Materials and methods
Patient selection. Patients were recruited between March 2008

and December 2014 at Instituto Nacional de Cancer (INCA)
and Hospital Universitario Gafrée-Guinle (HUGG) in Rio
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de Janeiro, Brazil. Control subjects were recruited between
March 2008 and December 2009 in HUGG. Ethics committee
approval was obtained for the completion of this study, and all
subjects enrolled provided written informed consent. Patients
with breast lesions classified as grade 3 or 4 by an experienced
radiologist using the Breast Imaging Reporting and Data
System (13) were included in the study as cases. Subjects
who were evaluated and considered systemically healthy
were included as controls. Subjects were excluded from the
study if they showed immunodeficiency syndromes or genetic
syndromes, or if they had been previously diagnosed as cancer
patients and were under treatment. The clinical data of the
patients were obtained from the hospital records (Table I).
Histological classification was graded according to current
(2012) World Health Organization criteria (14), and nuclear
grade was defined as grades I-III according to the study by
Elston and Ellis (15). The number of individuals enrolled and
their histopathological types are shown in Table II.

Study design. For the investigation, the specimens of saliva
and plasma were pooled (Table II). For all analyses of saliva
and plasma, two pools were evaluated from each tumor group
(biological replicates). Fibroadenoma (FBR) specimens
composed the pool of benign lesions, while infiltrative ductal
carcinoma (IDC) specimens (luminal A and B) composed the
pool of malignant breast lesions.

Saliva and plasma collection. Saliva was collected as
previously described (8). Saliva (~1 ml) was collected and
homogenized with 1 mM phenylmethylsulfonyl fluoride
(Sigma-Aldrich, St. Louis, MO, USA) and 1 mM ethylenedi-
amine tetraacetic acid (EDTA; Sigma-Aldrich). The samples
were kept on ice and, as soon as possible, were centrifuged at
14,000 x g for 15 min at 4°C. The supernatant was transferred
to another microtube and homogenized with 1 mM Protease
Inhibitor Cocktail (Sigma-Aldrich). The tube was hand shaken
and stored at -80°C.

Blood samples (5 ml) were obtained from each subject by
venipuncture and collected into evacuated tubes containing
EDTA as an anticoagulant, and plasma samples were sepa-
rated by centrifugation at 1,000 x g for 10 min at 25°C. The
plasma samples were transferred to 1.5-ml tubes, homogenized
with 1 mM Protease Inhibitor Cocktail (Sigma-Aldrich) and
preserved at -80°C.

Sample preparation and SDS-PAGE. Plasma specimens were
enriched by depletion of albumin using Cibracon blue column
(Sigma-Aldrich), according to the manufacturer's protocols.
The enriched product was stored at -80°C until analysis. The
saliva and plasma protein concentrations were measured using
the bicinchoninic acid (BCA) or Smith reagent methods (Pierce
BCA Protein Assay kit; Pierce Biotechnology, Inc., Rock-
ford, IL, USA) (16). Subsequently, specimens were pooled,
according to the histopathological classification (Table I) to
a total of 20 ug, which was loaded in Amersham enhanced
chemiluminescence high resolution gels (GE Healthcare Life
Sciences, Chalfont, UK), with a concentration of 4-20%. After
the run, the SDS-PAGE gels were stained with Coomassie
Blue R-250 (Sigma-Aldrich), according to the manufacturer's
instructions.
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In gel digestion. Each lane of the gel was divided into slices
of 2-5 mm and washed with 25 mM ammonium bicarbonate
in 50% acetonitrile (ACN; Sigma-Aldrich), overnight at room
temperature, to destain the proteins. The slices were then
dehydrated in 100% ACN for 10 min and dried completely in a
speed-vac centrifuge (Thermo Fisher Scientific Inc., Waltham,
MA, USA). The gel fragments were immersed in 10 ul of
the digestion buffer containing trypsin (modified sequencing
grade; Promega Corporation, Madison, WI, USA) at a final
concentration of 10 ng/ul in 25 mM ammonium bicarbonate.

The gel fragments were digested with trypsin for 16 h
at 37°C. The resulting tryptic peptides were extracted from
the gel pieces by incubating with 50 ul of 50% ACN in 5%
trifluoroacetic acid (TFA; Tedia Co., Inc., Fairfield, OH, USA),
twice for 15 min each, with agitation. Supernatants were trans-
ferred, pooled and concentrated as previously described (17).
Each sample was then diluted with 10 pl of water in 0.1% TFA
to produce the final volume of digested ultrafiltrate sample
(DIUs).

Analysis of DIUs by nano-LC-quadrupole-time-of-flight
(nLC-Q-TOF). Prior to the nLC-Q-TOF analysis, the DIUs
underwent manual desalination Zip Tip (Eppendorf, Hamburg,
Germany). Each Zip Tip was activated with 10 1 ACN and
washed three times with 10 pl ultrapure sterile water, and then
a 10 pl sample was loaded by pipetting up and down 10 times
within the tube. Each Zip Tip was subsequently washed three
times with water and ACN elution was performed. Following
this, the samples were reduced to a final volume of 20 ul in
a speed-vac centrifuge (Thermo Fisher Scientific Inc.) and
stored at -20°C until mass spectrometry analysis (Q-TOF
Ultima Global; Waters Corporation, Wilmslow, UK).

The resulting peptides were loaded into an electrospray
ionization Q-TOF mass spectrometer (Waters Corporation).
The DIU samples were loaded onto the Waters nanoAC-
QUITY UPLC® System (Waters Corporation) with a Waters
Opti-Pak C18 trap column coupled to Q-Tof Ultima® (Waters
Corporation). Subsequently, a 3.0-ul sample was injected into a
nanoEase C18 150-mM x 75-pum column (Waters Corporation)
at a flow rate of 0.6 yl/min, and eluted with ACN containing
0.1% formic acid.

The instrument control and data acquisition were
performed using a MassLynx data system (version 4.0; Waters
Corporation). The experiments were performed by scanning
from a mass-to-charge ratio of between 200 and 2,000. The
exact mass was automatically determined using the Q-Tof's
LockSpray™ (Waters Corporation).

Database searching. The data generated by the MassLynx
data system (version 4.0; Waters Corporation) were imported,
and all MS/MS samples were analyzed using Mascot
(version 2.3.02; Matrix Science, London, UK). The following
parameters were used to search the database: i) Taxonomy;
ii) peptide by digestion with a trypsin cleavage site allowed;
iii) carbamidomethylation as fixed modification; d) and oxida-
tion as varied modification. The proteins were identified by
the correlation of tandem mass spectra to the NCBInr proteins
and MSDB database, using MASCOT online software
(www.matrixscience.com). For protein quantification, the data
files were analyzed by Scaffold Q+ (version 4.4.3; Proteome
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Table I. Clinical data of the cases evaluated in this study.
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Characteristics FBR (n=10) IDC (n=10) Control (n=8)
Mean age + SD, years 41.3+16.3 49.7x14.7 474+8.0
Ethnicity*, n (%)

White 7 (70.0) 3(30.0) 7 (87.5)

Black/Mixed 1(10.0) 3(40.0) 1(12.5)

NI 2(20.0) 4 (40.0) 0(0.0)
Menarche, n (%)

<12 years 4 (40.0) 3(30.0) 5(62.5)

>12 years 4 (40.0) 4 (40.0) 3(37.5)

NI 2(20.0) 3(30.0) 0(0.0)
Menopause, n (%)

<45 years 0(0.0) 1(10.0) 2(25.0)

>45 years 2(20.0) 3(30.0) 3(37.5)

NI 1(10.0) 2(20.0) 0(0.0)

NM 7 (70.0) 4(40.0) 3(37.5)
Children, n (%)

No child 5(50.0) 3(30.0) 2(25.0)

1 1(10.0) 2 (20.0) 2(25.0)

2 2 (20.0) 1(10.0) 2(25.0)

>3 1(10.0) 3(30.0) 1(12.5)

NI 1(10.0) 1(10.0) 1(12.5)
Oral contraceptive use, n (%)

Yes 7(70.0) 3(30.0) 7(87.5)

No 1(10.0) 5(50.0) 1(12.5)

NI 2(20.0) 2(20.0) 0(0.0)
History of breast/ovarian cancer, n (%)

Yes 7 (70.0) 2 (20.0) 4(50.0)

No 1(10.0) 5(50.0) 4 (50.0)

NI 2(20.0) 3(30.0) 0(0.0)
Alcoholism, n (%)

Yes 4 (40.0) 1(10.0) 2(25.0)

No 4 (40.0) 7 (70.0) 6(75.0)

NI 2(20.0) 2(20.0) 0(0.0)
Smoking, n (%)

Yes 1(10.0) 3(30.0) 4(50.0)

No 7 (70.0) 5(50.0) 4 (50.0)

NI 2(20.0) 2(20.0) 0(0.0)
Lymph node infiltration®, n (%)

Yes - 5(50.0) -

No - 2 (20.0) -

NI - 3(30.0) -

“Bthnicity was self-declared; "Sentinel lymph node infiltration. SD, standard deviation; FBR, fibroadenoma; IDC, infiltrative ductal carcinoma;

NI, not informed; NM, not menopausal.

Software, Inc., Portland, OR, USA). Protein probabilities were
assigned by the Protein Prophet algorithm (18).

Criteria variables were tested to identify the
differentially-expressed proteins. In the first analysis, the pools
of benign and malignant cases (subgroups) were compared
with the control pool. The second time, each individual tumor

group was compared with another tumor group. Fisher's
exact test was used to account for the sample pairing using
the protein analysis program Scaffold Q+ version 4.4.3. A
fold-change cut-off of 1.5 and a P-value cut-off of 0.05, as used
by various quantitative proteomic studies (19-22), were used as
minimum criteria for differential protein expression.
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Table II. Specimens included in the study.

Fluid FBR IDC Controls
Saliva, n 10 10 8
Plasma, n 10 10 8

FBR, fibroadenoma; IDC, infiltrative ductal carcinoma (luminal A
and B).

The proteins present in the saliva and plasma, according
to their functional class, were determined by the PANTHER
program,version 10.0 (23) (release date May 15,2015,containing
11,928 protein families, divided into 83,190 functionally
distinct protein subfamilies; http:/www.pantherdb.org/).
The construction of the interaction pathways between the
differentially-expressed proteins was generated by Integrated
System Interactome (24).

Results

In the quantitative analysis of the saliva, the FBR and IDC
groups, exhibited 8 and 9 proteins, respectively, that were
differentially-expressed with regard to the control (Table III).
The a-2-macroglobulin and ceruloplasmin proteins were
downregulated in all cases evaluated in comparison with the
control group, but the two proteins were upregulated in the
FBR group compared with the other case groups. Three other
proteins, leukocyte elastase inhibitor, deleted in malignant
brain tumors 1 protein and a-enolase, were the only proteins
that demonstrated isolated cases of overexpression, but that
met the minimum established P-value and fold-change cut-offs
(Table III).

Concerning the plasma, the analysis of the FBR and IDC
groups revealed 6 and 3 proteins, respectively, that were
differentially-expressed with regard to the control, respec-
tively. The list of these proteins is shown in Table IV. The
a-2-macroglobulin protein showed overexpression in all cases
in comparison to the control group, and ceruloplasmin showed
overexpression in cases of benign lesions. In particular, the
vitamin D-binding protein was downregulated in all cases
evaluated compared with the control, and when compared
between tumor groups, the protein was downregulated in the
IDC group.

For the quantitative analysis (considering P<0.05 and
fold-change >1.5), only the a-2-macroglobulin, chain B quater-
nary R co-liganded hemoglobin structure in complex with the
thiol-containing compound, ceruloplasmin, hemopexin and
vitamin D-binding proteins showed significant qualitative
changes in the plasma (Table I'V).

Discussion

The present study revealed the saliva proteins of women with
impalpable breast lesions, reinforcing the idea that saliva is a
fluid containing biomarkers that are able to promote the early
detection of breast cancer or that even act as a complementary
test for the cancer prognosis.
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Certain proteins that were identified in the present study
have previously been described in the saliva pool from cases
of FBR described by Streckfus e al (25). According to the
study, the a-enolase protein was upregulated in the saliva pool
of 10 cases of FBR (25). By contrast, in the saliva pool from
the FBR cases, a-enolase was found to be downregulated.
This difference in expression can probably be explained by
the individual/population profiles; for example, tobacco users
were included in the present study, while Streckfus er al (25)
excluded tobacco smokers. However, the same group (26,27)
found the a-enolase protein upregulated in the saliva pool of
IDC cases [histological grade 2, human epidermal growth
factor receptor 2 (HER?2)-positive or -negative, and positive
sentinel lymph nodes]. The present study results for the IDC
tumors (luminal A and B) were in agreement with these
findings. Therefore, we suggest that a-enolase protein may
be associated with early breast carcinogenesis tumors in the
majority of breast cancer subtypes (luminal A, luminal B and
HER2-positive).

The present study results on proteins, such as deleted in
malignant brain tumors 1 and leukocyte elastase proteins, also
showed contradictory levels of expression compared with the
studies by Streckfus er al (26,27). According to the studies,
these proteins showed underexpression in the pool of saliva
from women affected with IDC (histological grade 2, nega-
tive HER?2 receptors and positive sentinel lymph nodes). On
the other hand, in the present study, these same proteins were
upregulated in the saliva pool of cases with IDCs (luminal A
and B). Thus, we believe that the results are incompatible, due
to differences in the populations studied.

Theother proteins,actincytoplasmatic 2,0-2-macroglobulin,
ceruloplasmin, and chain A and B quaternary R co-liganded
hemoglobin structure, present in the saliva pool of FRB and IDC
cases, exhibited variability in their expression in the intra-group
analysis (Table III). The same variability was observed in other
studies (25-28). For example, the a-2-macroglobulin described
in the saliva pool of cases with IDC (histological grade 2,
HER?2-positive or -negative, and positive sentinel lymph nodes)
was upregulated (27), while in the saliva pools of the present
study (IDC and FBR) a-2-macroglobulin was downregulated.

The proteins present in the saliva and plasma, according to
their functional class determined by the PANTHER program
version 10.0, revealed immune system proteins, binding to
nucleic acids and transportation proteins (data not shown),
which are common among tumors (4,25-30). When observing
the interactome, the highlighted proteins were involved in
the initial process of carcinogenesis (data not shown), for
example, the metalloproteinases and epidermal growth factor
receptor (31).

Plasma is the main fluid in the assessment of predic-
tive and prognostic biomarkers for diseases in general. The
proteins identified in plasma have contributed to enhancing
the molecular classification of breast cancer (32). In the
present study, albumin plasma protein was selected for deple-
tion, probably causing fewer proteins to be identified in the
plasma specimens as compared with the saliva specimens
from the same patients. Thus, we believe that this depletion
has affected the results. Other studies have also described
that depletion reduced the number of final proteins identi-
fied (33-35).
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The present study observed that the a-2-macroglobulin
protein was upregulated in the plasma pool from all groups
(FBR and IDC), and that haptoglobin and vitamin D-binding
proteins downregulated, in comparison with the controls.
Other proteins, including hornerin, haptoglobin, ceruloplasmin
and hemopexin, exhibited contradictions in the analysis and
differences among groups, but appeared to be upregulated in
the plasma pool of the FBR cases (Table I'V).

o-2-macroglobulin and ceruloplasmin proteins have previ-
ously been identified as downregulated in the plasma of women
21 months prior to the diagnosis of breast cancer (36), as well
as in the serum pool of women with IDC (HER2-positive) who
were treated with neoadjuvant chemotherapy (37). Moreover,
the level of the plasma concentration of a-2-macroglobulin
and ceruplasmin proteins appeared to be upregulated in the
plasma pool of the IDC group in the present study.

Finally, a protein associated with vitamin D transportation
was downregulated in all tumor groups (FBR and IDC) that were
evaluated in the present study. Vitamin D is extremely important
in cancer prevention, acting as an anti-apoptotic, anti-proliferative
and anti-tissue invasion agent. In recent studies, the reduction in
levels of vitamin D-binding protein has enhanced the risk for
developing breast cancer (38), as well as for bladder (39) and
pancreatic (40) cancer, and prostate tumors (41).

It is known that in the downregulation of vitamin D
receptors in breast epithelial tissue, or even in the reduction
of its active form, breast tissue is able to start the process of
ductal and branch lengthening, becoming a relative risk for
the development of breast cancer (42,43). As determined in the
present results, vitamin D-binding protein was downregulated
in all breast lesion groups, suggesting that complementation
of vitamin D is important for preventing the evolution of and
improving the prognosis of breast cancer. However, we believe
that supplementation of vitamin D should be reviewed, as the
defect may lie in the transportation of vitamin D, as observed
in the present study.

There are no well-defined data on the intersection of proteins
that have been revealed between saliva and plasma. For example,
in the present study, the a-2-macroglobulin protein was down-
regulated in the saliva pool, while in the plasma pool, it displayed
overexpression for all groups evaluated (FBR and IDC). The
deleted malignant brain tumors 1 protein showed overexpression
only in the saliva pool. Thus, we believe that the concentration of
a number of these proteins may be fluid-dependent (28).

To the best of our knowledge, this is the first study assessing
the proteomics of pools of saliva and plasma from the same
cases characterized by impalpable breast lesions. We believe
that the study should be continued, comparing the results
with other breast cancer subtypes and increasing the number
of subjects to validate the proteins that were described in the
saliva and plasma.

It is expected that with advances in imaging technologies,
the detection of impalpable breast lesions will become increas-
ingly common, and the development of less invasive testing
is a real necessity. The proteins found in the present study
provide evidence of the molecular changes that are associated
with early breast lesions. The cause of the downregulation of
vitamin D, as an additional risk factor for breast cancer, should
be tracked, considering that the cause may possibly lie in its
transportation pathway.
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