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Abstract: Metabolic alterations are a hallmark of the malignant transformation in cancer cells, which is
characterized by multiple changes in metabolic pathways that are linked to macromolecule synthesis.
This study aimed to explore whether salivary metabolites could help discriminate between breast
cancer patients and healthy controls. Saliva samples from 23 breast cancer patients and 35 healthy
controls were subjected to untargeted metabolomics using liquid chromatography-quadrupole
time-of-flight mass spectrometry and a bioinformatics tool (XCMS Online), which revealed
534 compounds, characterized by their retention time in reverse-phase liquid chromatography
and by the m/z ratio detected, that were shared by the two groups. Using the METLIN database,
31 compounds that were upregulated in the breast cancer group (p < 0.05) were identified, including
seven oligopeptides and six glycerophospholipids (PG14:2, PA32:1, PS28:0, PS40:6, PI131:1, and PI38:7).
In addition, pre-treatment and post-treatment saliva samples were analyzed for 10 patients who
experienced at least a partial response to their treatment. In these patients, three peptides and PG14:2
were upregulated before but not after treatment. The area under the curve, sensitivity, and specificity
for PG14:2 was 0.7329, 65.22%, and 77.14%, respectively. These results provide new information
regarding the salivary metabolite profiles of breast cancer patients, which may be useful biomarkers.

Keywords: metabolites; breast cancer; biomarkers; METLIN database; RPLC/MS analysis

1. Introduction

Metabolic alteration is a hallmark of cancer cells and their malignant transformation is characterized
by multiple changes in metabolic pathways that are linked to macromolecule synthesis [1,2].
Thus, cancer cells have altered metabolic requirements to facilitate inappropriate proliferation and
survival, and these cells must simultaneously coordinate nutrient uptake and metabolism to meet
their catabolic and anabolic demands. The classic example of a reprogrammed metabolic pathway
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in cancer is the Warburg effect or “aerobic glycolysis” [3]. Breast cancer (BC) is one of the most
commonly diagnosed cancers and is the leading cause of cancer-related mortality among women [4].
The diagnosis of BC involves (i) identification of a suspected lesion via radiological screening and
(ii) a confirmatory biopsy [5]. However, conventional screenings with physical examinations and
a mammography provide less-than-desirable sensitivity (54%) and specificity (77%) [6] and, despite its
invasiveness and risk of morbidity, breast biopsy with histopathological evaluation remains the gold
standard diagnostic method [7]. Thus, the identification of specific and sensitive BC biomarkers is
an important goal to improve BC diagnosis, treatment monitoring, and patient comfort.

Several studies have developed targeted and untargeted metabolomics approaches to highlight
altered metabolites (up or down regulated) associated with BC and the most commonly used biological
samples are biopsies, plasma, or serum [8], although a few studies also used urine or saliva [8]. Indeed,
saliva reflects the body’s physiological condition and may be useful for monitoring a patient’s clinical
status and identifying systemic diseases [9]. Saliva has already been widely used in genetic testing
because of its more favorable transport stability relative to that of blood [10]. Saliva is 99% water but
also contains mucus, electrolytes (such as K* or Na*) [11], nucleic acids, and proteins [9]. Relative to
blood-based testing, saliva-based testing is simpler, easier, and safer, given the non-invasive method of
collection [10].

In 2010, Sugimoto et al. [12] described salivary metabolic profiles for oral, breast, and pancreatic
cancers based on an untargeted metabolomic approach using capillary electrophoresis coupled with
a time-of-flight mass spectrometer, which identified upregulation of 14 amino acids (AAs) (including
taurine and lysine). In addition, a review of salivary biomarkers for diagnosing BC revealed that
several targeted approaches highlighted sialic acid, taurine, proline, and valine as potential diagnostic
values [13]. Three metabolomic studies have also indicated that the saliva of Asian BC patients
contained elevated levels of various AAs [12,14,15].

The development of bioinformatic tools has made it relatively simple to automate the highlighting
of distinct metabolite features from different groups of samples [16]. For example, the XCMS Online tool
detects and identifies chromatographic features with varying relative intensity values for comparisons
between sample groups, with the reported data including the p-values and fold changes [17,18].
These tools have potential utility for identifying early subclinical markers that can be used to predict
the development of BC and facilitate early intervention. Therefore, the goal of the present study was to
identify salivary metabolites that were differentially expressed in the saliva of BC patients and healthy
controls and might guide early diagnoses and/or treatment regardless of the type and stage of cancer.
For this purpose, an untargeted metabolomics approach using liquid chromatography-quadrupole
time-of-flight mass spectrometry and a bioinformatics tool was applied to saliva samples of healthy
controls, patients with BC, and ten patients with BC who received treatment that has been shown to
be effective.

2. Results

2.1. Patient Characteristics

This study included 23 women with BC (mean age: 47.52 + 9.79 years) and 35 healthy women
from the general population (mean age: 42.00 + 13.83 years). All BC cases involved invasive ductal
carcinoma, although one case also involved a micropapillary component and another case also involved
squamous differentiation. None of the controls had a history of cancer treatment. Table 1 shows the
demographic characteristics of the 50 subjects who provided saliva samples. There were no significant
differences regarding age, menopause status, tobacco use, medication use, or childbearing. Table 2
shows the BC patients’ clinicopathological characteristics. A complete list of subject characteristics is
provided in Supplementary Table S1.
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Table 1. Breast cancer patients and healthy controls demographic data.

Characteristic * Breast Cancers (n = 23) Healthy Controls (1 = 35) p-Value *
Mean age range (years) 47.52 +9.79 42.00 + 13.83 0.1028
Menopause status 0.7072
Premenopause 14 (60.87) 23 (65.71)
Menopause 9 (39.13) 12 (34.29)
Tobacco use 0.2019
No 19 (82.61) 33 (94.29)
Yes 4 (17.39) 2(5.71)
Use of medication 0.2446
No 16 (69.57) 19 (54.29)
Yes 7(30.43) 16 (45.71)
Childbearing 0.2663
No 8 (36.36) 18 (51.43)
Yes 14 (63.64) 17 (48.57)

* Values expressed in median + standard deviation or frequency (%). Additional baseline characteristics are listed in
Table S1 in the Supplementary Materials, # p-value by Student’s t test and Chi-squared/Fisher exact test.

Table 2. Breast cancer cases clinical and pathological characteristics.

Characteristic * Breast Cancer Cases (n = 23)
Grade
Grade 1 2
Grade 2 13
Grade 3 8
Node status
Node negative 13
Node positive 10
Stage
Stage 1 2
Stage 2 12
Stage 3 5
Stage 4 4
ER status
ER positivity > 10% 14
ER positivity < 10% 9
PR status
PR positivity > 10% 13
PR positivity < 10% 10
HER?2 status
HER?2 positive 11
HER?2 negative 12
KI67 status
KI67 <20% 9
KI67 > 20% 14
Molecular profile
Luminal A-like 5
Luminal B HER2 negative-like 8
Luminal B HER2 positive-like 3
HER? positive (non-luminal)-like 3
Triple negative 3

ER: estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth factor receptor 2, Ki67: antigen
KI-67, * Values expressed in median + standard deviation or frequency (%). Additional baseline characteristics are
listed in Table S1 in the Supplementary Materials. The bold is the name of different categories.

2.2. Quality Control for Untargeted Metabolomics

The conditions of the stored saliva samples were evaluated at different points throughout the
—80 °C storage period (6 months). Each sample was injected twice into the liquid chromatography
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(LC)/mass spectrometry (MS) system, and the same LC/MS profiles were obtained at all time points,
which suggested appropriate storage conditions and reproducible analytical methods. In order to
validate the procedure for the saliva collection and storage, the presence of previously described
cancer-related salivary metabolites (AAs including lysine and taurine) was checked manually in
LC/MS chromatograms (via search of the corresponding m/z ratio) (Supplementary Table S2) [12,18-28],
although no significant inter-group differences were observed using XCMS Online profile comparison
(all p > 0.05).

2.3. The LC/MS Profiles of the Healthy Controls and BC Patients

The LC/MS salivary profiles were compared between BC patients and healthy controls using
XCMS Online, which revealed 534 compounds that were present in both groups (evidenced by the same
m/z ratio during MS analysis and same retention time during reverse phase liquid chromatography).
The resulting LC/MS profiles are provided in Supplementary Figure S1. Significant inter-group
differences were observed for 37 compounds (upregulated or downregulated, p < 0.05 for all). Only one
downregulated compound was ignored because we chose to focus on upregulated metabolites in the
BC patients. Then, the extracted ion chromatograms (EICs) for the 36 corresponding compounds were
manually evaluated, it was confirmed that 35 compounds were upregulated, and 1 compound was
excluded because it did not correspond to a chromatographic peak. The molecular weights of all known
medications used by the subjects were compared with those of each upregulated compound (according
to the determined charge state in the MS spectrum), which confirmed that the identified compounds were
not prescribed medications or their metabolites (Supplementary Table S3). The proposed metabolite
names were also search in the METLIN database, which identified 4 of the 35 compounds as potentially
being drugs or phytochemical compounds. These compounds corresponded to dioscin (an antifungal
agent) or donepezil (an oral medication used to treat Alzheimer’s disease), desglucomusennin
(a phytochemical compound), dilazep (a vasodilator), and tetrahydrogambogic acid (a compound
isolated from fruits) (Table 3, lines 1-4). Among the 31 remaining compounds, the METLIN database
proposed a putative identification for 13 metabolites (seven oligopeptides and six glycerophospholipids)
based on the experimental m/z and charge state (Table 3, lines 5-17). The characteristics of the
18 unidentified upregulated compounds (i.e., retention time, fold change between the patient and
control groups, and p-value) are shown in Supplementary Table S4.

Table 3. Potential salivary metabolites of breast cancer.

-Metabolite mjz Retention Fold Value Raw Formula Putative METLIN Mw g/mole
Number Time Change®@ P Identification ® (Error in ppm)

1 380.22 3.0 1.8 0.03 Cp4Hy9NO3 Donazepil 379.2147 (1)
Dioscin or

2 457.23 25 3.1 0.003 Cy5H7,046 Desglucomusenin 868.482 (1)
Dilazep or

3 62233 3.1 23 0.04 C3pHyoN6Og H-Thr-Trp-Trp-(Ile/Leu)-OH 604.3009 (1)

or H-Pro-Arg-Arg-Arg-OH
4 633.34 3.0 22 0.02 C3gHyg0g Tetrahydrogambogic acid 632.3349 (1)
5 440.23 34 3.7 0.03 C15H31NgO5 H-Arg-Arg-Ser-OH 417.2448 (3)

H-His-Lys-(Ala-Ser)-OH or

6 44224 3.1 21 0.01 C15H3N,04 (Cly-The).OH 441.2335 (1)
H-Ala-Lys-Phe-Trp-OH or

7 54323 54.8 22 0.03 CyeH3N5058  H-Gly-Lys-Thr-Ser-OH or 525.2045 (1)

H-Arg-Arg-Ser-Ser-OH

8 585.31 15.7 31 0.02 CoeHipNgOg H-Phe-Tle-Gln-Arg-OH 562.3227 (2)
H-Glu-Phe-GIn-Arg-OH or

9 596.31 3.0 27 0.03 Cp5H3sNgOg H1le-Lye-Gln Tror OH 578.2812 (1)

10 630.33 3.1 19 0.04 CaypHysN, 05 [i-Phe-Lys-Lys-Trp-OH or 607.3482 (1)

H-Phe-GIn-Arg-Tyr-OH
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Table 3. Cont.

-Metabolite Retention Fold Putative METLIN Mw g/mole
Number "z Time Change @ p-Value Raw Formula Identification ® (Error in ppm)
11 644.31 3.0 3.0 0.02 C34H33NOg H-Phe-Phe-GIn-Trp-OH 626.2852 (1)
12 669.42 36.9 2.1 0.04 C35Hg,O7P PA 32:1 (c) 630.4624 (5)
13 718.39 194 6.3 0.01 C34HggNO1 P PS 28:0 (c) 679.4423 (9)
14 817.46 2.4 3.5 0.04 CyoH7501,P PI31:1(c) 778.4996 (9)
15 874.49 25 29 0.03 Cy6H7gNO; P PS 40:6 (c) 835.5362 (7)
16 919.47 3.0 2.5 0.02 C47H77,013P PI38:7 (c) 880.5101 (1)
17 533.22 2.5 2.4 0.01 Cp3Hy309P PG 14:2 (c) 494.2644 (1)

@ Increasing fold change between the group of patients and of controls; ® Metabolites putatively annotated
according to results in METLIN database.

2.4. Comparing the LC/MS Profiles before and after Systemic Treatments

Saliva samples from 10 patients receiving a systemic treatment (eight cases involving neo-adjuvant
chemotherapy and two cases involving endocrine chemotherapy) were analyzed before and after
treatment administration to identify any differences in the LC/MS profiles. Overlay of LC/MS profiles
are shown in Supplementary Figure S2. All 10 patients had at least a partial response, therefore a change
in the LC/MS profile could suggest a treatment response biomarker. The patients’ characteristics,
treatments, and responses are listed in Supplementary Table S5. The LC/MS profiles of the control
group were also compared to those of the patients’ pre-treatment and post-treatment groups (Figure 1).
The 227 compounds with altered pre-treatment regulation were searched for the 13 previously
identified compounds, which confirmed that four of the identified compounds were upregulated before
treatment and returned to healthy control level after treatment. These compounds with pre-treatment
upregulation corresponded to ions with m/z ratios of 440.23 (H-Arg-Arg-Ser-OH), 533.22 (PG14:2),
543.23 (H-Ala-Lys-Phe-Trp-OH or H-Gly-Lys-Thr-Ser-OH or H-Arg-Arg-Ser-Ser-OH), and 630.33
(H-Phe-Lys-Lys-Trp-OH or H-Phe-GIn-Arg-Tyr-OH).

HC vs BC before treatment HC vs BC after treatment

Figure 1. Venn diagrams comparing the liquid chromatography/mass spectrometry (LC/MS) profiles
before and after treatment. HC corresponds to healthy control and BC to Breast cancer patients.

The green circle represents all metabolites found in pair-wise comparisons of the 35 healthy
controls (HCs) and 10 breast cancer patients (BCs) before treatment. The blue circle represents all
metabolites found in pair-wise comparisons of the 35 HCs and 10 BCs after the treatment. A total of
245 compounds found in the BC group did not change when the results before and after treatment were
compared. A total of 227 compounds were upregulated or downregulated only before the treatment
and were not present after treatment, and 314 compounds were only present after treatment.
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2.5. The Receiver Operating Characteristic Curve Analysis

The diagnostic test accuracy measurements for salivary metabolites are shown in Table 4.
ROC curves were used to evaluate the predictive value of each compound, based on the optimal cut-off
values for the salivary compounds and their sensitivity and specificity values (Table 4). Among the six
identified lipids, the only significant difference in the area under the curve (AUC) values was observed
between PG14:2 and PA32:1 (p = 0.0434). Among the lipids, the highest AUC value was 0.7329 (PG14:2),
the highest sensitivity was 65.22% (PG14:2), and the highest specificity was 88.57% (PS28:2). Among the
peptides, the highest AUC value was 0.7478 (H-Phe-Phe-GIn-Trp-OH), the highest sensitivity was
73.91% (H-His-Lys-[Ala-Ser]-OH or [Gly-Thr]-OH), H-Phe-Phe-GIn-Trp-OH, and H-Arg-Arg-Ser-OH),
and the highest specificity was 80% (H-Glu-Phe-GIn-Arg-OH or H-Ile-Lys-GIn-Trp-OH). Among the
unidentified compounds, the highest AUC value was observed for a 614.82 m/z compound, the highest
sensitivity (86.96%) was observed for a 594.82 m/z compound, and the highest specificity (82.86%) was
observed for a 356.69 m/z compound.

Table 4. Diagnostic test accuracy measurements for salivary metabolites breast cancer.

Metabolites AUC CI95% CSEE‘S:;W Sensitivity CI95% Specificity CI95%
PG14:2 07329  05962-0.8697  19,325.80 65.22%  42.77-83.62% 77.14% 59.86-89.58%
PA 321 0.5988  0.4319-0.7656 191530 60.87%  38.54-80.29% 60.00% 42.11-76.23%
PS 28:0 0.6273 0464407902  25012.90 47.83%  26.82-69.41% 88.57% 73.26-96.80%
PI31:1 0.5876 0425007502  37,403.88 4348%  23.19-65.51% 82.86% 66.35-93.44%
PS 40:6 0.5950  04357-07544 1278424 56.52%  34.49-76.81% 57.14% 39.35-73.68%
P138:7 0.6609  0.5132-0.8085 1951.16 60.87%  38.54-80.29% 7143% 53.70-85.36%
HH;i(LG}'fy(?ﬁ)Sér})I OH 07280  0.5962-0.8597 6274.70 7391%  55.97-91.86% 62.86% 46.85-78.86%
H-Phe-Phe-Gln-Trp-OH 07478  0.6113-0.8844 1961.38 7391%  55.97-91.86% 74.29% 59.81-88.77%
H-Phe-Ile-Gln-Arg-OH 06795  0.5373-0.8218 2406.38 69.57%  50.76-88.37% 68.57% 53.19-83.95%
H-Arg-Arg-Ser-OH 06621  0.5137-0.8105 4842.48 7391%  55.97-91.86% 51.43% 34.87-67.99%
;:Slﬁepi‘yes%?n"}rr%%g 0.6565  0.4961-0.8170 5926.30 60.87%  40.92-80.81% 80.00% 66.75-93.25%
HHP ?ﬁ:ﬁfﬁ;ﬁy%ﬁr 0.6783  0.5356-0.8209 6499.44 56.52% 36.26-76.78% 74.29% 59.81-88.77%
H-Ala-Lys-Phe-Trp_OH or
H-Gly-Lys-Thr-Ser-OHor 06497  0.5028-0.7966 3266.77 60.87%  40.92-80.81% 62.86% 46.85-78.86%
H-Arg-Arg-Ser-Ser-OH
mfz 602.96 06584  0.5005-0.8163 6006.47 56.52%  36.26-76.78% 7143% 56.46-86.39%
mfz 749.4 0.6696  0.5186-0.8205 3542.90 6522%  45.75-84.68% 65.71% 49.99-81.44%
mfz 456.72 07441  0.6080-0.8802  101,578.83 69.57%  50.76-88.37% 74.29% 59.81-88.77%
mfz 475.70 07391  0.5979-0.8803 7027.85 6522%  45.75-84.68% 74.29% 59.81-8877%
mfz 467.71 07702 0.6473-0.8931 8138.34 7391%  55.97-91.86% 65.71% 49.99-81.44%
mfz 614.32 06665  0.5135-0.8194  11,030.99 5217%  31.76-72.59% 77.14% 63.23-91.05%
mfz 457.73 06497  0.5132-0.8085 11,2045 6087%  40.92-80.81% 60.00% 43.77-76.23%
m/z 356.69 0.6845  0.5384-0.8306 2956.67 47.83%  27.41-68.24% 82.86% 70.37-95.34%
mfz 467.71 0.6857  0.5452-0.8262 1249676 7391%  55.97-91.86% 60.00% 43.77-76.23%
mfz 534.23 0.6826  0.5389-0.8263 3642.90 6522%  45.75-84.68% 65.71% 49.99-81.44%
mfz 1015.04 0.6609  0.5103-0.8114 9239.95 6522%  45.75-84.68% 68.57% 53.19-83.95%
mfz 413.22 06783 0.5365-0.8200 2335.12 7391%  55.97-91.86% 57.14% 40.75-73.54%
mfz 602.32 0.6646  0.5182-0.8110 4543.59 6087%  40.92-80.81% 65.71% 49.99-81.44%
mfz 661.34 07025  0.5670-0.8380 1690.58 69.57%  50.76-88.37% 65.71% 49.99-81.44%
mfz 875.49 0.5652  04024-07281  14,840.39 39.13%  19.19-59.08% 77.14% 63.23-91.05%
mfz 594.82 0.6857  0.4024-0.7281 619.06 86.96%  73.19-100.00% 51.43% 34.87-67.99%
mfz 614.82 08124  0.4024-0.7281 2749.30 8261%  67.12-98.10% 77.14% 63.23-91.05%
mfz 818.47 0.6186  0.4622-0.7751 7969.76 60.87%  40.92-80.81% 62.86% 46.85-78.86%

AUC: area under curve, CI: confidence interval; m/z = mass-to-charge ratio; ROC: Receiver operating characteristic.
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3. Discussion

This study explored whether salivary metabolites could be detected using an untargeted approach
and help discriminate between BC patients and healthy control subjects. Some constituents can
be found in both blood and saliva, although saliva is a less expensive, simpler, and non-invasive
diagnostic material [29]. Substances can pass through the epithelial membranes via several mechanisms,
including passive diffusion (for highly lipid-soluble molecules), an active process (for electrolytes, IgA),
and ultrafiltration through membrane pores (for small polar molecules, <300 Da) [30]. We analyzed
biomolecules in the patients” saliva using LC coupled with an MS analyzer, equipped with
an electrospray source, to determine the m/z ratios of the ions. The full mass spectrums were
then analyzed using a bioinformatics tool (XCMS Online), which identified 31 compounds that were
upregulated in BC patients and 13 potentially relevant compounds (seven oligopeptides and six lipids).

Relative to normal cells, tumor cells dramatically alter AA uptake and secretion, which accounts
for the majority of the carbon-based biomass production in rapidly proliferating cancer cells [31].
In addition, AAs also contain nitrogen and are the dominant nitrogen source for hexosamines,
nucleotides, and other nitrogenous compounds in rapidly proliferating cells [32]. Cheng et al. [31]
used a targeted approach to evaluate specimens from 27 BC patients, and reported that the BC patients
had higher salivary levels of 17 AAs [14]. Sugimoto et al. used an untargeted approach and identified
28 salivary metabolites, including 14 AAs that were upregulated in BC patients (all p < 0.05) [12].
However, they did not perform direct identification, and no significant differences were observed for
these metabolites when the BC patients were compared to the patients with other cancers (oral and/or
pancreatic cancer). Zhong et al. [33] used an untargeted approach (30 BC patients and 25 healthy
controls) to identify 18 metabolites, including phenylalanine, citrulline, and histidine, which were
confirmed using standard samples. In the present study, these AAs were present in the samples, but not
statistically significantly upregulated in BC patients. However, the seven oligopeptides upregulated
in our BC patients were composed of 14 AAs that were included in those identified by Cheng et
al. Thus, because saliva contains peptidases and proteinases, some differences in collection and/or
storage protocols may influence its final free amino acid composition. Moreover, given that our study
evaluated Brazilian patients, and that previous studies evaluated Asian patients, ethnicity-related
factors might have contributed to these differences [32,34].

The de novo biosynthesis of fatty acids is low in normal adult tissues, although tumorigenesis
is associated with a dramatic increase in lipid production [35], which has also been confirmed in BC
patients [15]. Phospholipids are an essential component of the cell membrane and are involved in
a variety of biological functions, such as division of the cytoplasm, inter-cell adhesion, and protein
storage [36]. Our results identified six glycerophospholipids that might be related to BC (PG14:2,
PA32:1, PS28:0, PS40:6, PI31:1, and PI38:7). Based on the Human Metabolome Database, PG14:2,
PS28:0, PS40:6, and PI31:1 have extracellular and membrane localizations, while PA32:1 has no cellular
localization. The pathways of the identified ions are listed in Table 5.

The PG14:2 phosphatidylglycerol has a phosphoglycerol moiety occupying a glycerol substitution
site and is related to glycerophospholipid metabolism [37]. The PA32:1 phosphatidic acid is
a glycerophosphate with a phosphate moiety occupying a glycerol substitution site [38] and is
extremely important as an intermediate in the biosynthesis of triacylglycerols and phospholipids,
which are related to the cardiolipin biosynthesis pathway [39]. Cardiolipin is an important component
of the inner mitochondrial membrane, where it accounts for approximately 20% of the total
lipid composition [38] and is essential for the optimal functioning of numerous enzymes that
are involved in mitochondrial energy metabolism, as well as triacylglycerol biosynthesis [40].
The PS28:0 and PS40:6 phosphatidylserines have a phosphorylserine moiety occupying a glycerol
substitution site and are related to phosphatidylcholine biosynthesis, phosphatidylethanolamine
biosynthesis, glycerophospholipid metabolism, and the lipid metabolism pathway [37]. The PI31:1
and PI38:7 phosphatidylinositols are key membrane constituents and participate in essential
metabolic processes, both directly and indirectly via a number of metabolites [37]. The PI38:7
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phosphatidylinositol is related to lysolipid incorporation into the ER pathway, phosphatidylcholine
biosynthesis, phosphatidylethanolamine biosynthesis, glycerophospholipid metabolism, and the lipid
metabolism pathway [37].

Table 5. Identified salivary metabolites and their pathways.

METLIN Identification Related Pathway
H-Arg-Arg-Ser-OH N/S
H-His-Lys-(Ala-Ser)-OH or (Gly-Thr)-OH N/S
H-Ala-Lys-Phe-Trp-OH Or H-Gly-Lys-Thr-Ser-OH or N/S

H-Arg-Arg-Ser-Ser-OH
H-Phe-Ile-GIn-Arg-OH N/S
H-Glu-Phe-GIn-Arg-OH or H-Ile-Lys-GIn-Trp-OH N/S
H-Phe-Lys-Lys-Trp-OH or H-Phe-GIn-Arg-Tyr-OH N/S
H-Phe-Phe-GIn-Trp-OH N/S
PA 32:1 Triacylglycerol Biosynthesis; Cardiolipin biosynthesis;

Glycerophospholipid metabolism

Phosphatidylcholine biosynthesis,
PS 280 Phosphatidylethanolamine biosynthesis,
’ Glycerophospholipid metabolism and Lipid
metabolism pathway

PI31:1 N/F

Phosphatidylcholine biosynthesis,
PS 40:6 Phosphatidylethanolamine biosynthesis,
’ Glycerophospholipid metabolism and Lipid
metabolism pathway

Lysolipid incorporation into ER pathway,
Phosphatidylcholine biosynthesis,
PI38:7 Phosphatidylethanolamine biosynthesis,
Glycerophospholipid metabolism and Lipid
metabolism pathway

PG 14:2 Glycerophospholipid metabolism

N/S: not searched, N/F: not found in the Human Metabolome Database (HMDB), PA: phosphatidic acid;
PS: phosphatidylserine; PI: phosphatidylinositol, PG: phosphatidylglycerol.

Zhong et al. [33] identified salivary lipids that were significantly elevated in BC patients [15],
including three lipids that were related to phosphatidylcholine biosynthesis (PE22:0/20:4, PC18:1/16:0,
PS14:1/16:1) and two lipids that were related to glycerophospholipid metabolism (LysoPE18:2/0:0
and LysoPC22:6). The present study also revealed alterations in these metabolic pathways, based on
increases that were observed for PS28:0, PS40:6, PI138:7, PA32:1, PS28:0, PS40:6, P138:7, and PG14:2.
However, our ROC curve analysis revealed no significant differences in the metabolites” AUCs, with the
exception that PG14:2 was superior to PA32:1 (p = 0.0434), and the highest AUC values were observed
for PG14:2 (0.7329) and PI38:7 (0.6609). Zhong et al. [33] also identified high AUC values for predicting
BC using three upregulated lipids, which were LysoPC18:1 (AUC: 0.92), LysoPC22:6 (AUC: 0.92),
and MG 0:0/14:0/0:0 (AUC: 0.929). These higher AUC values were clearly superior to the values for
the lipids that we identified in the present study. However, the present study compared salivary
compounds before and after treatment in 10 patients with good treatment response and found that
four compounds (three peptides and PG14:2) were upregulated before treatment but subsequently
normalized after treatment. Thus, even if this sub-analysis was clearly limited by the small sample size,
ours is the first report to examine the effects of systemic cancer treatment on salivary metabolite profiles,
which may suggest that salivary metabolites could be useful for monitoring treatment response.

In conclusion, the present study identified 31 upregulated compounds in saliva of BC patients,
and we were able to identify 13 potentially relevant compounds via the METLIN database
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(seven peptides and six lipids). A comparison of pre-treatment and post-treatment metabolite
profiles from 10 patients revealed that three peptides and PG14:2 were upregulated before treatment
and returned to normal levels after relatively successful treatment. Thus, although caution must be
exercised when interpreting this finding, it may be interesting to follow these compounds specifically to
monitor a response to treatment of breast cancer patients; these metabolites could be useful biomarkers
for BC treatment response. The ROC curve analyses revealed that the salivary lipids provided good
specificity and fair sensitivity for identifying BC, although a larger cohort of BC patients and healthy
controls is needed to confirm our findings. Nevertheless, we believe that our results indicate that
salivary testing may be useful for the early diagnosis of BC.

4. Materials and Methods

4.1. Ethical Considerations

This prospective study was conducted in accordance with the principles of the Declaration of
Helsinki, and the study protocol was approved by the Research Ethics Committee of the Faculty of Health
Sciences, University of Brasilia (Plataforma Brasil protocol: 57449716.5.0000.0030). All individuals
provided written informed consent before participating in the study.

4.2. Study Participants

The control subjects were healthy women who were recruited from the general population to
undergo a normal physical examination and radiological breast imaging. The inclusion criteria for the
control subjects were women with normal clinical and imaging findings, and the exclusion criterion
was abnormal imaging or clinical findings. The controls were selected to have ages that matched the
ages of the cases. Consecutive BC patients were recruited at the Hospital Universitario de Brasilia,
Hospital de Base do Distrito Federal, Hospital Sirio-Libanés, and Centro de Céancer de Brasilia-Cettro
between October 2016 and October 2017. The inclusion criteria for the BC group were: (i) not pregnant
or lactating; (ii) no active oral/dental disease; (iii) no prior neoplasia, except for non-melanomatous skin
cancers, cervical carcinoma in situ, or benign tumors (e.g., adenomas); (iv) no impaired renal function,
congestive heart failure, or active infection (e.g., hepatitis and HIV); and (v) a histopathological diagnosis
of BC. These patients were enrolled before any systemic treatment (i.e., neo-adjuvant chemotherapy or
palliative endocrine/chemotherapy) and before definitive surgery. There was no central pathological
review for the present study. Tumor staging was performed based on the 7th edition of the American
Joint Committee on Cancer guidelines [41]. Molecular profile classification was performed according to
the Saint Gallen consensus [42]: (i) luminal A-like: all of estrogen receptor (ER)-positive, progesterone
receptor (PgR)-positive, human epidermal growth factor receptor 2 (HER2)-negative, and Ki-67 ‘low’;
(ii) luminal B-like HER2-negative: ER-positive, HER2-negative, and at least one of Ki-67 ‘high” and
PgR-negative or PgR-low; (iii) luminal B-like HER2-positive: ER-positive, HER2 over-expressed
or amplified, any Ki-67, and any PgR; (iv) HER2-positive (non-luminal): HER2 over-expressed
or amplified, ER-negative, and PgR-negative; and (v) triple-negative: ER-negative, PgR-negative,
and HER2-negative. Stage I-1II cases were treated using neo-adjuvant chemotherapy with or without
double HER2 blockade, followed by surgery with or without radiotherapy, and with or without
adjuvant endocrine treatment. Stage IV cases were treated using palliative chemotherapy or endocrine
therapy with or without double HER2 blockade.

4.3. Specimen Collection, Transportation, and Preparation

Stimulated saliva samples were collected from each participant, who abstained from eating,
drinking, smoking, and performing oral hygiene procedures for more than 1 h before sample
collection. The participants were instructed to chew a cotton swab (Salivette®; Sarstedt AG & Co.,
Niimbrecht, Oberbergischer Kreis, Germany) for 2 min, which was then placed in a plastic container
and packaged in a Styrofoam box with recyclable ice packets for less than 4 h before transport and
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processing. The Salivette® provides an optimal method for hygienic collection of saliva. Moreover,
the dimensionally stable and biocompatible synthetic swab stands out for its superior absorption quality
and virtually complete saliva recovery under the recommended centrifugation conditions. The saliva
sample (typically 5-10 mL) was centrifuged for 5 min at 3000 rpm and 8 °C. After centrifugation,
a sediment was observed, and the supernatant was transferred to a clean Eppendorf tube and frozen at
—80 °C until further analysis. Before liquid chromatography (LC) and mass spectrometry (MS) analysis,
the saliva samples were diluted with one volume of the mobile LC phase (90:10, water with 0.1% formic
acid (v/v)/acetonitrile with 0.1% formic acid (v/v), v/v). High-performance liquid chromatography
(grade acetonitrile and formic acid were supplied by CarloErba (Val de Reuil, France), and ultra-pure
water was obtained using a Milli-Q Purification system (Millipore, Molsheim, France).

4.4. Liquid Chromatography-Quadrupole Time-of-Flight Mass Spectrometry (LC-Q-TOF/MS)

The LC/MS analyses were performed using an Agilent 1100 LC system (Agilent Technologies,
Les Ulis, France) coupled with a MicrOTOF-Q II Mass Spectrometer (Bruker Daltonics, Wissem-bourg,
France) with an electrospray ionization (ESI) source. The separation was performed using an Atlantis

dC18 column heated at 40 °C (150 X 2.1 mm, 3 um, 100 A; Waters Corporation, Milford). The mobile
phase was composed of (A) water with 0.1% formic acid (v/v) and (B) acetonitrile with 0.1% formic
acid (v/v). The elution gradient started at 10% B, which was increased to 90% B over a 45-min interval,
with a 2-min plateau, a 3-min return to the initial composition, and a 10-min final equilibration step.
The flow rate was set at 0.2 mL/min, the injection volume was 20 pL, and each sample was injected
twice. The ESI-TOF-MS analysis was performed in positive ionization mode, and the mass-detection
range was set at m/z 50-1200. The ESI source parameters were a drying gas (N;) flowrate of 5.0 L/min,
drying gas temperature of 200 °C, nebulizing gas pressure of 10 psi, and capillary voltage of 4500 V.
The ion transfer method used two different settings: a couple collision RF/transfer time equal to (i)
100 Vpp/23 us during 30% of the acquisition time (300 ps) and (ii) 400 Vpp/100 pus during 70% of
the acquisition time (700 ps) (i.e., an acquisition time of 1 s for each MS spectrum). The collision
energy and the pre-pulse storage were maintained at 5 eV and 5 us, respectively. All data acquisitions
were controlled using TOF Control software (version 3.4, BrukerDaltonics, Wissembourg, France),
and Hystar software (version 3.2, Bruker Daltonics, Wissembourg, France) was used to interface the
HPLC and MS systems.

4.5. Metabolic Pathways

The metabolites identified using XCMS Online were searched for in the Human Metabolome
Database (www.hmdb.ca), KEGG network (www.genome.jp), PubChem (www.pubchem.ncbi.nlm.nih.
gov), Small Molecule Pathway Database (www.smpdb.ca), and LIPID MAPS Lipidomics Gateway
(www.lipidmaps.org).

4.6. Data Analysis

Subject characteristics were compared using the Student’s f-test, the Chi-squared test, or Fisher’s
exact test. Differences were considered significant at p-values < 0.05. Receiver operating characteristic
(ROC) curves were used to evaluate the predictive value of each biomarker based on the methods of
DeLong et al. [43]. Optimal cut-off points on the ROC curves were identified based on: (i) the shortest
Euclidean distance between the results of the binary classification test (100% sensitivity and 100%
specificity); and (ii) the maximum Euclidean distance between the results of the binary classification test
(a 45° line). Sensitivity and specificity values, as well as the respective 95% confidence intervals (Cls),
were calculated for each metabolite’s optimal cut-off value. All statistical analyses were performed
using SAS software (version 9.4). The LC/MS profiles generated via LC-Q-TOF/MS were converted
into mzML files using Hystar software (Bruker Technology), which were then uploaded to XCMS
Online (www.xcmsonline.scripps.edu) [28]. All LC/MS profiles were processed using the “center-wave”
algorithm with an allowance of 10 ppm on the experimental m/z and a minimum S/N ratio of 3 to
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extract the molecular features. The orbiwarp algorithm was used for the retention time correction,
with a step size of 0.5 m/z and a maximum of 5 s allowed for deviation of the retention time.

Supplementary Materials: The following are available online at http://www.mdpi.com/2218-1989/10/12/506/s1,
Figure S1: Overlay of the LC/MS profiles (Total Ions Chromatograms) for BC patients (in dot lines) and healthy
controls (in plain lines), Figure S2: Overlay of the LC/MS profiles (Total Ions Chromatograms) for BC patients
before treatment (in dot lines) and after treatment (in plain lines), Table S1: Subjects characteristics, Table S2:
Salivary metabolites previously reported with their corresponding molecular weight and m/z of their parent
ion, Table S3: List of medications used by subjects, Table S4: Retention time and m/z value of the most intense
corresponding ion of unidentified compounds statistically overexpressed in patients with breast cancer, Table S5:
Patients and their treatment schedules.

Author Contributions: Conceptualization, D.X.A., A.C.A., EN.S.G., A.C. and H.C.; methodology, V.P. and A.C,;
formal analysis, D.X.A., EN.S.G. and A.C,; investigation, D.X.A., A.G.C.N,, EECPM.,, A.CA,,EN.S.G.and A.C;
writing—original draft preparation, D.X.A., A.C.A,, EN.S.G., A.C. and H.C,; writing—review and editing, D.X.A.,
A.CA,ENSG,, A.C.and H.C;; supervision, A.C.A., EN.S.G. and A.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by grants number 0193.00671/2017 from the Fundacao de Apoio a Pesquisa
do Distrito Federal (FAPDF, Brasilia, Brazil) and the “Plateforme d’expertise pour le suivi de toxines a 1’état de
traces en milieux reels” project from DIM analytics from the Ile de France region.

Conflicts of Interest: The authors declare no conflict of interest.

Availability of Data and Material: All data and materials are stored in the Laboratory of Oral Histopathology,
Health Sciences Faculty, University of Brasilia, Brasilia, Brazil, and in the Laboratory of Bioanalytical Sciences and
Miniaturization (LSABM), UMR CBI 8231, ESPCI Paris, CNRS, PSL University, Paris, France.

References

1.  Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674. [CrossRef]
[PubMed]

2. Dang, C.V. Links between metabolism and cancer. Genes Dev. 2012, 26, 877-890. [CrossRef]

3. Lunt, S.Y,; Vander Heiden, M.G. Aerobic glycolysis: Meeting the metabolic requirements of cell proliferation.
Annu. Rev. Cell Dev. Biol. 2011, 27, 441-446. [CrossRef] [PubMed]

4. Tautenhahn, R.; Cho, K,; Uritboonthai, W.; Zhengijiang, Z.; Patti, G.; Siuzdak, G. An accelerated workflow
for untargeted metabolomics using the METLIN database. Nat. Biotechnol. 2012, 30, 826-828. [CrossRef]
[PubMed]

5. Bray, E; Ferlay, J.; Soerjomataram, I.; Siegel, R.; Torre, L.; Jemal, A. Global cancer statistics 2018: Globocan
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68,
394-424. [CrossRef] [PubMed]

6.  Senkus, E.; Kyriakides, S.; Ohno, S.; Penault- Llorca, F.; Poortmans, P; Rutgers, E.; Zackrisson, S.; Cardoso, F.
Primary breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol.
2015, 26, 8-30. [CrossRef] [PubMed]

7.  Berg, W.A,; Gutierrez, L.; NessAiver, M.S.; Carter, W.; Bhargavan, M.; Lewis, R.; Ioffe, O. Diagnostic accuracy
of mammography, clinical examination, US, and MRI imaging in preoperative assessment of breast cancer.
Radiology 2004, 233, 830-849. [CrossRef]

8. Silva, C.L.; Olival, A.; Perestrelo, R.; Silva, P.; Tomas, H.; Camara, J.S. Untargeted Urinary 'H NMR-Based
Metabolomic Pattern as a Potential Platform in Breast Cancer Detection. Metabolites 2019, 9, 269. [CrossRef]

9. Zhang, YJ.; Wei, L,; Li, J.; Status qu Zheng, Y.; Li, X. Status quo and development trend of breast biopsy
technology. Gland Surg. 2013, 2, 15-24.

10. Chiappin, S.; Antonelli, G.; Gatti, R.; Palo, E. Saliva specimen: A new laboratory tool for diagnostic and basic
investigation. Clin. Chim. Acta 2007, 383, 30-40. [CrossRef]

11. De Almeida Pdel, V.; Gregio, A.M.; Machado, M.A ; Lima, A.; Azevedo, L. Saliva composition and functions:
A comprehensive review. . Contemp. Dent. Pract. 2008, 9, 72-80. [PubMed]

12.  Sugimoto, M.; Wong, D.T.; Hirayama, A.; Soga, T; Tomita, M. Capillary electrophoresis mass
spectrometry-based saliva metabolomics identified oral, breast and pancreatic cancer-specific profiles.
Metabolomics 2010, 6, 78-95. [CrossRef] [PubMed]


http://www.mdpi.com/2218-1989/10/12/506/s1
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1101/gad.189365.112
http://dx.doi.org/10.1146/annurev-cellbio-092910-154237
http://www.ncbi.nlm.nih.gov/pubmed/21985671
http://dx.doi.org/10.1038/nbt.2348
http://www.ncbi.nlm.nih.gov/pubmed/22965049
http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.1093/annonc/mdv298
http://www.ncbi.nlm.nih.gov/pubmed/26314782
http://dx.doi.org/10.1148/radiol.2333031484
http://dx.doi.org/10.3390/metabo9110269
http://dx.doi.org/10.1016/j.cca.2007.04.011
http://www.ncbi.nlm.nih.gov/pubmed/18335122
http://dx.doi.org/10.1007/s11306-009-0178-y
http://www.ncbi.nlm.nih.gov/pubmed/20300169

Metabolites 2020, 10, 506 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Porto-Mascarenhas, E.C.; Assad, D.X.; Chardin, H.; Gozal, D.; Canto, G.; Acevedo, A.; Guerra, E. Salivary
biomarkers in the diagnosis of breast cancer: A review. Crit. Rev. Oncol. Hematol. 2017, 110, 62-73. [CrossRef]
[PubMed]

Patti, G.J.; Yanes, O.; Siuzdak, G. Innovation: Metabolomics: The apogee of the omics trilogy. Nat. Rev. Mol.
Cell Biol. 2012, 13, 263-269. [CrossRef] [PubMed]

Johnson, C.H.; Ivanisevic, J.; Benton, H.P.; Siuzdak, G. Bioinformatics: The next frontier of metabolomics.
Anal. Chem. 2015, 87, 147-156. [CrossRef]

Tautenhahn, R.; Patti, G.J.; Rinehart, D.; Siuzdak, G. XCMS Online: A web-based platform to process
untargeted metabolomic data. Anal. Chem. 2012, 84, 5035-5039. [CrossRef]

Huan, T.; Forsberg, E.; Rinehart, D.; Jonhson, C.; Ivanisevich, J.; Benton, H.; Fang, M.; Aisporna, A.;
Hilmers, B.; Poole, F.; et al. Systems biology guided by XCMS Online metabolomics. Nat. Methods 2017, 14,
461-462. [CrossRef]

Chen, Y,; Cheng, S.; Zhang, A.; Song, J.; Chang, J.; Wang, K.; Zhang, Y.; Li, S.; Liu, H.; Alfranca, G.; et al.
Salivary analysis based on surface enhanced Raman scattering sensors distinguishes early and advanced
gastric cancer patients from healthy persons. J. Biomed. Nanotechnol. 2018, 14, 1773-1784. [CrossRef]
Ishikawa, S.; Sugimoto, M.; Kitabatake, K.; Sugano, A.; Nakamura, M.; Kaneko, M.; Ota, S.; Hiwatari, K;
Enomoto, A.; Soga, T.; et al. Identification of salivary metabolomic biomarkers for oral cancer screening.
Sci. Rep. 2016, 6, 31520. [CrossRef]

Ishikawa, S.; Sugimoto, M.; Kitabatake, K.; Tu, M.; Sugano, A.; Yamamori, I; Iba, A.; Yusa, K.; Kaneko, M.;
Ota, S.; et al. Effect of timing of collection of salivary metabolomic biomarkers on oral cancer detection.
Amino Acids 2017, 49, 761-770. [CrossRef]

Li, X.; Yang, T.; Lin, J. Spectral analysis of human saliva for detection of lung cancer using surface-enhanced
Raman spectroscopy. J. Biomed. Opt. 2012, 17, 037003. [CrossRef] [PubMed]

Ohshima, M.; Sugahara, K.; Kasahara, K.; Katakura, A. Metabolomic analysis of the saliva of Japanese
patients with oral squamous cell carcinoma. Oncol. Rep. 2017, 37, 2727-2734. [CrossRef] [PubMed]

Reddy, L; Sherlin, H.].; Ramani, P,; Premkumar, P.; Natesan, A.; Chandrasekar, T. Amino acid profile of saliva
from patients with oral squamous cell carcinoma using high performance liquid chromatography. J. Oral Sci.
2012, 54, 279-283. [CrossRef] [PubMed]

Takayama, T.; Tsutsui, H.; Shimizu, I.; Toyama, T.; Yoshimoto, N.; Endo, Y.; Inoue, K.; Todoroki, K.; Min, J.;
Mizuno, H.; et al. Diagnostic approach to breast cancer patients based on target metabolomics in saliva
by liquid chromatography with tandem mass spectrometry. Clin. Chim. Acta 2016, 452, 18-26. [CrossRef]
[PubMed]

Wang, Q.; Gao, P,; Cheng, F; Wang, X.; Duan, Y. Measurement of salivary metabolite biomarkers for early
monitoring of oral cancer with ultra-performance liquid chromatography-mass spectrometry. Talanta 2014,
119, 299-305. [CrossRef]

Wei, |.; Xie, G.; Zhou, Z; Shi, P; Qiu, Y.; Zheng, X.; Chen, T.; Su, M.; Zhao, A.; Jia, W. Salivary metabolite
signatures of oral cancer and leukoplakia. Int. J. Cancer 2011, 129, 2207-2217. [CrossRef]

Achalli, S.; Madi, M.; Babu, S.G.; Shetty, S.; Kumari, S.; Bhat, S. Sialic acid as a biomarker of oral potentially
malignant disorders and oral cancer. Indian J. Dent. Res. 2017, 28, 395-399. [CrossRef]

Almadori, G.; Bussu, F; Galli, J.; Limongelli, A.; Persichilli, S.; Zappacosta, B.; Minucci, A.; Paludetti, G.;
Giardina, B. Salivary glutathione and uric acid levels in patients with head and neck squamous cell carcinoma.
Head Neck 2007, 29, 648-654. [CrossRef]

Aps, J.K,; Martens, L.C. Review: The physiology of saliva and transfer of drugs into saliva. Forensic Sci. Int.
2005, 150, 119-131. [CrossRef]

Choi, B.H.; Coloff, ].L.. The diverse functions of non-essential amino acids in cancer. Cancers 2019, 11, 675.
[CrossRef]

Cheng, F; Wang, Z.; Huang, Y.; Duan, Y.; Wang, X. Investigation of salivary free amino acid profile for early
diagnosis of breast cancer with ultra performance liquid chromatography-mass spectrometry. Clin. Chim.
Acta 2015, 447, 23-31. [CrossRef] [PubMed]

O’Donnell, P.H.; Dolan, M.E. Cancer pharmacoethnicity: Ethnic differences in susceptibility to the effects of
chemotherapy. Clin. Cancer Res. 2009, 15, 4806—4814. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.critrevonc.2016.12.009
http://www.ncbi.nlm.nih.gov/pubmed/28109406
http://dx.doi.org/10.1038/nrm3314
http://www.ncbi.nlm.nih.gov/pubmed/22436749
http://dx.doi.org/10.1021/ac5040693
http://dx.doi.org/10.1021/ac300698c
http://dx.doi.org/10.1038/nmeth.4260
http://dx.doi.org/10.1166/jbn.2018.2621
http://dx.doi.org/10.1038/srep31520
http://dx.doi.org/10.1007/s00726-017-2378-5
http://dx.doi.org/10.1117/1.JBO.17.3.037003
http://www.ncbi.nlm.nih.gov/pubmed/22502575
http://dx.doi.org/10.3892/or.2017.5561
http://www.ncbi.nlm.nih.gov/pubmed/28393236
http://dx.doi.org/10.2334/josnusd.54.279
http://www.ncbi.nlm.nih.gov/pubmed/23047040
http://dx.doi.org/10.1016/j.cca.2015.10.032
http://www.ncbi.nlm.nih.gov/pubmed/26523874
http://dx.doi.org/10.1016/j.talanta.2013.11.008
http://dx.doi.org/10.1002/ijc.25881
http://dx.doi.org/10.4103/ijdr.IJDR_632_16
http://dx.doi.org/10.1002/hed.20579
http://dx.doi.org/10.1016/j.forsciint.2004.10.026
http://dx.doi.org/10.3390/cancers11050675
http://dx.doi.org/10.1016/j.cca.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/25987308
http://dx.doi.org/10.1158/1078-0432.CCR-09-0344
http://www.ncbi.nlm.nih.gov/pubmed/19622575

Metabolites 2020, 10, 506 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zhong, L.; Cheng, F; Lu, X,; Duan, Y.; Wang, X. Untargeted saliva metabonomics study of breast cancer
based on ultra performance liquid chromatography coupled to mass spectrometry with HILIC and RPLC
separations. Talanta 2016, 158, 351-360. [CrossRef] [PubMed]

Phan, V.; Moore, M.; McLachlan, A.; Piquette-Miller, M.; Xu, H.; Clarke, S. Etnic differences in drug
metabolism and toxicity from chemotherapy. Expert Opin. Drug Metab. Toxicol. 2009, 3, 243-257. [CrossRef]
[PubMed]

Li, J.; Cheng, J.X. Direct visualization of de novo lipogenesis in single living cells. Sci. Rep. 2014, 4, 1-8.
[CrossRef] [PubMed]

Escriba, P.V.,; Gonzalez-Ros, ] M.; Goiii, EM.; Kinnunen, P,; Vigh, L.; Sanchez-Magraner, L.; Fernandez, A.;
Busquets, X.; Horvath, I.; Barcelo-Coblijn, G. Membranes: A meeting point for lipids, proteins and therapies.
J. Cell Mol. Med. 2008, 12, 829-875. [CrossRef] [PubMed]

Wishart, D.S.; Feunang, Y.D.; Marcu, A.; Guo, A.; Liang, K.; Vasquez-Fresno, R.; Sajed, T.; Johnson, D.;
Li, C.; Karu, N.; et al. HMDB 4.0: The human metabolome database for 2018. Nucleic Acids Res. 2018, 46,
D608-D617. [CrossRef]

Jewison, T.; Su, Y.; Disfany, EM.; Liang, Y.; Knox, C.; Maciejewski, A.; Poelzer, J.; Huynh, J.; Zhou, Y,;
Arndt, D.; et al. SMPDB 2.0: Big improvements to the Small Molecule Pathway Database. Nucleic Acids Res.
2014, 42, D478-D484. [CrossRef]

Ejsing, C.S.; Sampaio, J.L.; Surendranath, V.; Duchoslav, E.; Ekroos, K.; Klemm, R.; Simns, K.; Schevchenko, A.
Global analysis of the yeast lipidome by quantitative shotgun mass spectrometry. Proc. Natl. Acad. Sci. USA
2009, 106, 2136-2141. [CrossRef]

Dudek, J. Role of cardiolipin in mitochondrial signaling pathways. Front. Cell Dev. Biol. 2017, 5, 90.
[CrossRef]

American Joint Committee on Cancer. AJCC Cancer Staging Manual 2017. Available online: https:
//cancerstaging.org/Pages/default.aspx (accessed on 26 September 2020).

Goldhirsch, A.; Winer, E.P,; Coates, A.S.; Gelber, R.; Piccart-Gebhart, M.; Thurlimann, B.; Senn, H.-J.
Personalizing the treatment of women with early breast cancer: Highlights of the St Gallen International
Expert Consensus on the Primary Therapy of Early Breast Cancer. Ann. Oncol. 2013, 24, 2206-2223.
[CrossRef] [PubMed]

DeLong, E.R.; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the areas under two or more correlated
receiver operating characteristic curves: A nonparametric approach. Biometrics 1988, 44, 837-845. [CrossRef]
[PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.talanta.2016.04.049
http://www.ncbi.nlm.nih.gov/pubmed/27343615
http://dx.doi.org/10.1517/17425250902800153
http://www.ncbi.nlm.nih.gov/pubmed/19331590
http://dx.doi.org/10.1038/srep06807
http://www.ncbi.nlm.nih.gov/pubmed/25351207
http://dx.doi.org/10.1111/j.1582-4934.2008.00281.x
http://www.ncbi.nlm.nih.gov/pubmed/18266954
http://dx.doi.org/10.1093/nar/gkx1089
http://dx.doi.org/10.1093/nar/gkt1067
http://dx.doi.org/10.1073/pnas.0811700106
http://dx.doi.org/10.3389/fcell.2017.00090
https://cancerstaging.org/Pages/default.aspx
https://cancerstaging.org/Pages/default.aspx
http://dx.doi.org/10.1093/annonc/mdt303
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://dx.doi.org/10.2307/2531595
http://www.ncbi.nlm.nih.gov/pubmed/3203132
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Patient Characteristics 
	Quality Control for Untargeted Metabolomics 
	The LC/MS Profiles of the Healthy Controls and BC Patients 
	Comparing the LC/MS Profiles before and after Systemic Treatments 
	The Receiver Operating Characteristic Curve Analysis 

	Discussion 
	Materials and Methods 
	Ethical Considerations 
	Study Participants 
	Specimen Collection, Transportation, and Preparation 
	Liquid Chromatography-Quadrupole Time-of-Flight Mass Spectrometry (LC-Q-TOF/MS) 
	Metabolic Pathways 
	Data Analysis 

	References

