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Abstract: The aim of the work was to study the metabolic characteristics of saliva in breast cancer
and the subsequent assessment of the potential information content of its individual biochemical
indicators. The study included 487 patients of the Omsk Clinical Oncology Center with morpho-
logically verified breast cancer and 298 volunteers without breast pathologies. Saliva samples were
obtained from all patients before the start of treatment, and the values of 34 biochemical indicators
were determined. It has been shown that concentration of total protein, urea, uric acid (UA), the
total content of α-amino acids and lipid peroxidation products, and the activity of metabolic and
antioxidant enzymes (in particular catalase—CAT) of saliva changed significantly in breast cancer.
Biochemical indicators characterizing early breast cancer have been identified, which can be used
for timely diagnosis in addition to existing methods. The coefficients UA/Urea and UA·CAT/Urea
are proposed, for which the maximum deviation from the norm was observed in the early stages of
the disease. It was shown that for ductal breast cancer, changes in the activity of metabolic enzymes
of saliva were more pronounced, while, for lobular breast cancer, the indicators of enzymatic and
non-enzymatic components of antioxidant protection changed. The results confirmed the potential
importance of saliva in the diagnosis of breast cancer.
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1. Introduction

Breast cancer (BC) is the most common female cancer worldwide. According to
GLOBOCAN 2020, breast cancer is the leader in the structure of global incidence (24.5%
of all malignant tumors) and consistently ranks first in the structure of global mortality in
women (15.5% of deaths from malignant tumors) [1]. The incidence rates of breast cancer
in the world over the past 30 years have increased, which is associated with an absolute
and relative increase in incidence [2]. However, the 5-year survival rate for breast cancer
can approach 90% in developed countries when it is detected at an early stage [3]. Thus,
early detection of breast cancer is important to improve prognosis and survival [4,5].

Technologies that allow for detecting breast cancer at an early stage include digital
mammography, magnetic resonance imaging of the mammary glands with contrast, elas-
tography [6]. Plasma carcinoembryonic antigen (CEA) and cancer antigen 15–3 (CA 15–3)
are the most commonly used tumor markers in breast cancer [7–9]. Tumor markers are
considered a non-invasive and cost-effective way to monitor the course of the disease,
determine the prognosis and plan treatment by predicting the response to treatment [10],
but their applicability for the diagnosis of breast cancer has not been confirmed [11,12].

In the last decade, interest has increased in the use of saliva as an additional test that
improves traditional approaches to the medical evaluation of serious systemic diseases,
including the detection and screening of breast cancer [13–16]. Potentially informative sali-
vary tumor markers in breast cancer are epidermal growth factor (EGF), human epidermal

Metabolites 2022, 12, 166. https://doi.org/10.3390/metabo12020166 https://www.mdpi.com/journal/metabolites

https://doi.org/10.3390/metabo12020166
https://doi.org/10.3390/metabo12020166
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/metabolites
https://www.mdpi.com
https://orcid.org/0000-0002-6147-4854
https://doi.org/10.3390/metabo12020166
https://www.mdpi.com/journal/metabolites
https://www.mdpi.com/article/10.3390/metabo12020166?type=check_update&version=2


Metabolites 2022, 12, 166 2 of 15

growth factor receptor 2 (HER2), vascular endothelial growth factor (VEGF), carcinoembry-
onic antigen (CEA), CA15-3, and oncogenic tumor suppressor protein (p53) [17–20]. Recent
“omics” technologies, such as transcriptomics, proteomics, and glycoproteomics, due to
their ability to simultaneously quantify hundreds of molecules and patterns, have been
used to distinguish breast cancer patients from healthy people [13,21–24]. The use of sali-
vary volatile organic compounds for the diagnosis of breast cancer has been described [25].
It has been reported that hydrophilic metabolites, such as amino acids and polyamines, can
be used to differentiate breast cancer patients from healthy individuals [26–29]. In general,
the dynamics of individual components of saliva in breast cancer (trace elements, amino
acids, fatty acids, cytokines, etc.) has been widely studied [30–33]. However, an integrated
approach to the study of saliva for its use in the diagnosis of breast cancer has not yet
been implemented.

Saliva is an alternative to blood and other biological fluids as a source of potential
biomarkers [16]. The main advantage of saliva is its easy non-invasive collection. Studies
devoted to the analysis of the proteome and transcriptome of saliva have shown the great
potential of this biological fluid for the detection of breast cancer [13,34]. The existence of a
positive correlation between the expression of a number of biomarkers in blood serum and
in saliva has been previously shown, since patients with cancer have a higher expression of
specific biomarkers compared to patients without cancer [17,35–37]. However, most of the
studies included patients in the advanced stages of the disease, when the patient’s prognosis
was poor, and other diagnostic methods are more effective for making a diagnosis [13]. The
identification of cancer at an early stage is extremely important to ensure a good prognosis
for the patient and to provide therapy that reduces disease progression and death [38].

The concept of the study stems from the fact that all biomarkers of breast cancer that
are technically possible have been identified; there is no universal diagnostic indicator or a
combination of complementary indicators of breast cancer, which is due to the significant
heterogeneity of the disease. The search for a combination of potential biomarkers is most
promising in saliva, which we have shown earlier using lung cancer as an example. It
was especially important to analyze the possibility of detecting early breast cancer using
saliva [39].

In the present study, 34 biochemical indicators of saliva in breast cancer were identified
and their potential significance was assessed. This study was one of the largest and
included patients with early stages of breast cancer (226/487). The metabolic features of the
composition of the saliva of patients depending on the prevalence of the process and the
histological type of breast cancer were considered. Biochemical indicators of saliva were
identified, the change of which is typical for the early stages of breast cancer.

2. Results
2.1. Metabolic Features of Saliva Composition in Breast Cancer

We observed a change in the metabolic profile of saliva in breast cancer (Table 1).

Table 1. Biochemical composition of saliva in breast cancer patients and healthy controls.

Indicator Breast Cancer,
n = 487

Control Group,
n = 298 p-Value

Protein, g/L 0.64 [0.37; 1.09] 1.08 [0.65; 1.70] 0.0000

Urea, mmol/L 9.63 [6.25; 13.38] 6.66 [4.36; 9.13] 0.0000

Uric acid, µmol/L 65.4 [24.1; 136.1] 85.9 [34.4; 144.5] 0.0119

α-Aminoacids, mmol/L 4.23 [3.89; 4.76] 4.06 [3.83; 4.32] 0.0000

NO, µmol/L 29.1 [17.4; 44.6] 22.8 [13.2; 36.8] 0.0001

ALP, U/L 72.8 [47.8; 106.5] 60.8 [41.3; 84.7] 0.0002

LDH, U/L 1451.0 [861.6; 2093.0] 1101.5 [635.7; 1908.0] 0.0002
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Table 1. Cont.

Indicator Breast Cancer,
n = 487

Control Group,
n = 298 p-Value

Catalase, nkat/mL 3.78 [2.53; 5.99] 4.58 [3.32; 5.79] 0.0052

MDA, µmol/L 7.09 [5.81; 8.97] 6.50 [5.73; 7.95] 0.0006

GGT, U/L 23.2 [20.0; 26.5] 20.4 [17.4; 24.4] 0.0000

SOD, c.u. 73.7 [34.2; 142.1] 57.9 [31.6; 113.2] 0.0247

α-Amylase, U/L 306.5 [122.6; 605.3] 185.2 [83.5; 384.4] 0.0002

Na/K-ratio, c.u. 0.686 [0.481; 1.067] 0.751 [0.505; 1.190] 0.1270

SOD/Catalase-ratio, c.u. 19.8 [8.4; 39.7] 14.5 [6.6; 37.7] 0.0168

SB/TC-ratio, c.u. 0.627 [0.561; 0.704] 0.609 [0.567; 0.667] 0.0503
Note. NO—nitric oxide, ALP—alkali phosphatase, LDH—lactate dehydrogenase, MDA—malondialdehyde,
GGT—gamma-glutamyl transpeptidase, SOD—superoxide dismutase, SB—Schiff bases, TC—triene conjugates,
c.u.—conventional units.

Thus, with breast cancer, the content of total protein in saliva decreased (−40.7%) with
a simultaneous increase in the level of α-amino acids (+4.2%). An increase in the activities of
metabolic enzymes LDH (+31.7%), ALP (+19.7%), GGT (+13.7%) and α-Amylase (+65.5%)
was observed. The proportion of toxic lipid peroxidation products SB/TC-ratio (+3.0%) and
MDA (+9.1%) increased against the background of a decrease in catalase activity (−17.5%)
and uric acid content (−20.5%).

Analysis of the entire group of patients with breast cancer compared with healthy con-
trols by principal component analysis (PCA) showed that the groups differed significantly
(p = 0.0014, Figure 1a).
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Figure 1. (a) PCA Factor plane for two groups (BC and Control); (b)—ROC curve for random forest
method; (c)—Tree graph. Num. of non-terminal nodes—10, num. of terminal nodes—11. Model:
C&RT. ALP—alkali phosphatase, MDA—malondialdehyde, GGT—gamma glutamyltransferase,
SB—Schiff Bases, TC—triene conjugates.

The contribution of biochemical indicators of saliva to the division of groups was
ambiguous: for PC1, medium-strength correlations were established for protein (r = 0.6680),
catalase (r = 0.6420), LDH (r = 0.5942), ALP (r = 0.5616), GGT (r = 0.5395), α-amino acids
(r = 0.5086), urea (r = 0.4474) and α-amylase (r = 0.4083). For PC2, only two strong
correlations were noted with the content of Schiff bases (r = 0.7515) and the SB/TC-ratio
(r = 0.7784, p < 0.0001). The use of the listed biochemical indicators for the construction of
the random forest method classifier made it possible to obtain sensitivity values of 84.53%,
specificity of 75.00%. When assessing the quality of classification by the AUC-ROC metric,
it was shown that the area under the curve was 0.9091 (Figure 1b). We have shown the
fundamental possibility of constructing a diagnostic scheme based on a decision tree using
nine biochemical salivary indicators (Figure 1c). When constructing classification trees, we
took into account the division into two groups (BC/Control). Sensitivity was shown to be
as high as 91.72%, while specificity was only 60.40%.

2.2. Metabolic Features of Saliva Composition Depending on the Stage of Breast Cancer

At the next stage, we compared the biochemical composition of saliva depending
on the prevalence of breast cancer (Table 2). It was shown that the same biochemical
indicators change statistically significantly in comparison with healthy controls as, in
general, for breast cancer. Additionally, seromucoids and Ca/P-ratio were included in the
list of indicators, Na/K-ratio and SOD/Catalase-ratio were excluded (Table 1 vs. Table 2).
In the early stages of breast cancer (Groups I, and II), there was a minimum content of total
protein and uric acid, a maximum content of urea and catalase activity (Table 2).
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Table 2. Biochemical composition of saliva of patients with breast cancer depending on the stage.

Indicator Group I,
n = 226

Group II,
n = 131

Group III,
n = 75

Group IV,
n = 55

Kruskal-
Wallis Test

(H, p)

Protein, g/L 0.68
[0.39; 1.08]

0.56
[0.37; 1.07]

0.58
[0.29; 1.14]

0.84
[0.46; 1.16] 71.46; 0.0000

Urea,
mmol/L

10.08
[6.66; 14.12]

9.18
[5.90; 13.10]

9.17
[6.00; 12.08]

8.37
[5.83; 12.30] 71.86; 0.0000

Uric acid,
µmol/L

59.6
[23.2; 128.4]

58.3
[26.3; 126.1]

75.6
[16.7; 137.6]

103.8
[39.5; 141.3] 10.87; 0.0280

α-
Aminoacids,

mmol/L

4.29
[3.90; 4.89]

4.23
[3.91; 4.67]

4.14
[3.86; 4.72]

4.24
[3.84; 4.65] 25.64; 0.0000

NO, µmol/L 29.1
[17.2; 47.5]

30.4
[18.2; 42.5]

22.8
[13.9; 46.0]

32.3
[22.1; 44.6] 18.41; 0.0010

ALP, U/L 76.1
[50.0; 108.7]

68.4
[47.8; 104.3]

71.7
[41.3; 102.1]

82.6
[47.8; 123.9] 16.35; 0.0026

LDH, U/L
1509.0
[829.5;
2088.0]

1452.5
[899.1;
2070.0]

1280.0
[636.8;
2034.0]

1703.0
[972.0;
2279.0]

16.79; 0.0021

Catalase,
nkat/mL

3.86
[2.65; 6.25]

3.70
[2.36; 5.22]

3.84
[2.25; 6.11]

3.52
[2.56; 5.51] 11.01; 0.0264

MDA,
µmol/L

6.92
[5.73; 8.89]

7.09
[5.90; 9.15]

7.18
[5.94; 9.23]

7.26
[5.81; 8.89] 13.56; 0.0089

GGT, U/L 23.1
[19.8; 26.1]

24.0
[20.4; 27.4]

22.7
[19.9; 26.6]

22.2
[19.4; 26.1] 37.86; 0.0000

Seromucoids,
c.u.

0.099
[0.062; 0.163]

0.104
[0.068; 0.165]

0.080
[0.055; 0.135]

0.098
[0.055; 0.138] 8.257; 0.0826

SOD, c.u. 76.3
[34.2; 168.4]

57.9
[28.9; 113.2]

75.0
[36.8; 134.2]

73.7
[39.5; 113.2] 10.31; 0.0355

α-Amylase,
U/L

319.0
[157.7; 596.8]

262.2
[124.8; 664.9]

341.5
[111.6; 940.6]

347.8
[115.4; 482.9] 14.84; 0.0050

Ca/P-ratio,
c.u.

0.256
[0.185; 0.354]

0.274
[0.196; 0.380]

0.274
[0.221; 0.450]

0.266
[0.185; 0.345] 10.40; 0.0343

SB/TC-ratio,
c.u.

0.628
[0.557; 0.698]

0.627
[0.566; 0.696]

0.601
[0.556; 0.683]

0.647
[0.569; 0.765] 9.531; 0.0491

Since the content of urea, uric acid (UA) and catalase activity (CAT) vary in different
directions, we proposed the coefficients “UA/Urea” and “UA·CAT/Urea” (Table 3). These
coefficients made it possible to distinguish between patients with breast cancer and healthy
ones; the maximum differences were noted for early breast cancer (Group I).

Multivariate assessment of biochemical indicators of saliva by PCA showed that
PC1 separated healthy controls and patients with breast cancer (p < 0.0001), while PC2
separated early and advanced stages of breast cancer (Figure 2A). A clear division was
observed between groups 1 and 4, while groups 2 and 3 actually coincided (Figure 2A). The
division according to the first main component correlated with the content of seromucoids
(r = 0.6694), total protein (r = 0.6566), α-amino acids (r = 0.5747), urea (r = 0.5011), LDH
activity (r = 0.5429), ALP (r = 0.5408), GGT (r = 0.5368), α-amylase (r = 0.4871) (Figure 2B).
For PC2, there was a strong correlation with the SB/TC-ratio (r = 0.7591) and medium-
strength correlations with the content of uric acid (r = 0.4536), urea (r = −0.4397) and
α-amino acids (r = −0.4942) (Figure 2B). The separation of the control group and groups 1
and 4 was statistically significant (p < 0.0001).
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Table 3. Ratios of biochemical indicators of breast cancer patients depending on the stage.

Groups n UA/Urea, c.u. UA·CAT/Urea, c.u.

Group I 226
6.47 [1.97; 18.0] 30.4 [6.80; 70.1]

<0.0001 <0.0001

Group II 131
7.28 [2.15; 17.5] 28.3 [5.50; 65.8]

<0.0001 <0.0001

Group III 75
10.95 [1.33; 20.2] 32.5 [3.70; 91.6]

0.0026 0.0015

Group IV 55
11.78 [4.24; 20.3] 42.6 [9.87; 92.2]

- 0.0416

Control 298 15.05 [4.74; 29.2] 63.3 [17.2; 145.9]
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2.3. Metabolic Features of Saliva Composition Depending on the Histological Type of Breast Cancer

At the first stage, PCA analysis showed that ductal and lobular breast cancer differ
from each other (Figure 3). Thus, PC1 allowed to separate the group with ductal breast
cancer (to the right of the vertical axis, p = 0.0140), while the groups with lobular breast
cancer and the control group represented a single field in the diagram (Figure 3A). Strong
correlations were found for MM 254 (r = 0.7818) and MM 280 (r = 0.7742), medium-strength
correlations were found for total protein (r = 0.6673), catalase (r = 0.5567), α- amino acids
(r = 0.5479), LDH (r = 0.5465), ALP (r = 0.5059), GGT (r = 0.4790), urea (r = 0.4377) and
α-amylase (r = 0.4271).
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Figure 3. (A)—Individuals factor map (PCA); (B)—Variables factor map. UA—uric acid, LDH—
lactate dehydrogenase, CAT—catalase, ALP—alkali phosphatase, MDA—malondialdehyde, GGT—
gamma glutamyltransferase, AA—α-Aminoacids, SB—Schiff Bases, TC—triene conjugates, SOD—
superoxide dismutase, MM—middle molecules.

With different histological types of breast cancer, different biochemical indicators of
saliva changed (Table 4). Thus, for lobular breast cancer, the maximum decrease in the
level of protein toxins (MM 254 and MM 280) was noted with a simultaneous increase
in the content of lipid peroxidation products (TC and SB). In addition, in lobular breast
cancer, a decrease in catalase activity and uric acid concentration was more pronounced,
while, in ductal breast cancer, the changes concerned AOA and salivary peroxidase activity
(Table 4). It should be noted that, for ductal breast cancer, changes in the activity of
metabolic enzymes were more pronounced than in healthy controls. Among themselves,
groups with ductal and lobular breast cancer differed in the content of medium molecular
weight toxins and GGT activity (Table 4).

Table 4. Biochemical composition of the saliva of patients with breast cancer, depending on the
histological type.

Indicator Lobular BC,
n = 86

p-Value
(Lobular vs.

Control)

Ductal BC,
n = 227

p-Value
(Ductal vs.
Control)

p-Value
(Ductal vs.
Lobular)

Kruskal-Wallis
Test (H, p)

Sodium,
mmol/L

6.5
[4.1; 11.8]

−22.2%
0.0435

7.7
[4.7; 12.5]

−7.8%
0.1455 0.2577 5.183; 0.0749

Protein, g/L 0.63
[0.36; 1.02]

−20.3%
0.0303

0.69
[0.40; 1.15]

−12.7%
0.1909 0.3301 49.97; 0.0000 *

Urea, mmol/L 9.86
[4.86; 14.33]

+43.7%
0.0001

9.43
[6.03; 12.83]

+37.5%
0.0000 0.4063 41.49; 0.0000 *

Uric acid,
µmol/L

56.73
[27.03; 126.92]

−37.2%
0.0219

70.27
[25.00; 140.48]

−22.3%
0.0427 0.4440 4.922; 0.0853
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Table 4. Cont.

Indicator Lobular BC,
n = 86

p-Value
(Lobular vs.

Control)

Ductal BC,
n = 227

p-Value
(Ductal vs.
Control)

p-Value
(Ductal vs.
Lobular)

Kruskal-Wallis
Test (H, p)

α-Aminoacids,
mmol/L

4.16
[3.89; 4.79]

+3.2%
0.0063

4.29
[3.88; 4.89]

+6.5%
0.0000 0.1737 20.75; 0.0000 *

NO, µmol/L 25.4
[15.6; 44.6]

+8.0%
0.3540

26.8
[18.2; 40.7]

+14.0%
0.0355 0.6847 8.614; 0.0135 *

ALP, U/L 69.54
[39.11; 97.79]

+10.3%
0.9190

73.88
[47.81; 108.65]

+17.2%
0.0055 0.0741 12.47; 0.0020 *

MM 254, c.u. 0.206
[0.136; 0.332]

−21.1%
0.0064

0.256
[0.168; 0.382]

−1.9%
0.8093 0.0163 8.728; 0.0127 *

MM 280, c.u. 0.177
[0.118; 0.291]

−19.2%
0.0139

0.200
[0.144; 0.342]

−8.7%
0.8621 0.0267 7.210; 0.0272 *

LDH, U/L 1374.0
[731.8; 2008.0]

+27.7%
0.1590

1532.0
[1022.0; 2217.0]

+42.4%
0.0000 0.0852 20.12; 0.0000 *

Catalase,
nkat/mL

3.26
[2.45; 5.49]

−26.6%
0.0013

3.88
[2.52; 6.25]

−12.6%
0.0211 0.2193 7.107; 0.0286 *

TC, c.u. 0.930
[0.822; 1.103]

+5.0%
0.0043

0.904
[0.800; 1.031]

+2.0%
0.0851 0.1197 3.821; 0.1480

SB, c.u. 0.576
[0.490; 0.755]

+7.3%
0.0004

0.555
[0.494; 0.686]

+3.4%
0.0009 0.2518 6.924; 0.0314 *

MDA, µmol/L 6.92
[5.47; 8.29]

+3.7%
0.8404

7.14
[5.90; 9.15]

+7.1%
0.0181 0.1598 10.13; 0.0063 *

GGT, U/L 21.9
[18.3; 24.9]

+5.3%
0.1069

23.4
[19.8; 26.5]

+12.5%
0.0000 0.0424 27.94; 0.0000 *

SOD, c.u. 84.2
[31.6; 152.6]

+45.4%
0.0214

68.4
[39.5; 144.7]

+18.2%
0.0073 0.6601 6.430; 0.0402 *

α-Amylase,
U/L

217.4
[113.4; 451.5]

+17.4%
0.3211

304.7
[116.0; 526.4]

+64.5%
0.0077 0.3808 7.360; 0.0252 *

AOA, mmol/L 2.46
[1.29; 3.52]

+4.2%
0.4735

2.23
[1.19; 3.18]

−5.5%
0.0205 0.4471 3.603; 0.1651

Peroxidase, c.u. 0.320
[0.210; 0.750]

−12.3%
0.9743

0.555
[0.290; 0.865]

+52.1%
0.0119 0.1040 4.026; 0.1336

SOD/Catalase-
ratio,
c.u.

21.5
[9.9; 41.7]

+50.5%
0.0052

19.9
[8.2; 42.8]

+39.3%
0.0010 0.6554 6.739; 0.0344 *

SB/(DC +
TC)-ratio, c.u.

0.115
[0.107; 0.153]

+3.6%
0.0006

0.112
[0.103; 0.137]

+0.9%
0.0140 0.1293 4.345; 0.1139

SB/TC-ratio,
c.u.

0.644
[0.579; 0.707]

+6.8%
0.0040

0.631
[0.569; 0.723]

+4.6%
0.0006 0.8889 10.32; 0.0057 *

Note. *—the differences between the three groups are statistically significant (Lobular BC, Ductal BC and Control
group), p < 0.05. AOA—antioxidant activity, SB—Schiff Bases, DC—diene conjugates, TC—triene conjugates, ALP—
alkali phosphatase, MDA—malondialdehyde, GGT—gamma glutamyltransferase, LDH—lactate dehydrogenase,
MM—middle molecules, SOD—superoxide dismutase.

3. Discussion

We have shown that in breast cancer there is a decrease in the content of total protein,
which is consistent with the literature data [22]. The reason for the decrease in total protein
in saliva may be related to the transport system, in which transport depends on the polarity
and charge of the molecule. So far, most of the biomarkers identified are not intrinsic to
saliva but are serum-derived low molecular weight inflammatory markers that are carried
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into saliva. In another study on the example of 20 patients with breast cancer and 11 healthy
volunteers, patients with breast cancer showed a significant decrease in the level of total
protein, pH, and lipid peroxidation products [40]. We have not shown any significant
changes in pH, while the content of lipid peroxidation products increased. An increase in
the level of lipid peroxidation products was also accompanied by a shift in the equilibrium
towards more toxic Schiff bases, which was characterized by an increase in the SB/TC-ratio.
At the same time, the activity of antioxidant enzymes (catalase) and the content of uric acid,
as the main component of the non-enzymatic link in the antioxidant defense system of
saliva, decreased [41]. We have shown similar changes earlier in the example of lung cancer,
which suggests a similar pattern of changes in the lipid peroxidation–antioxidant defense
system of saliva in oncological diseases [39]. Gornitsky et al. showed significantly higher
concentrations of a marker of oxidative damage to DNA (8-oxo-7-hydrodeoxyguanosine)
in saliva [42]. It is known that oxidative stress is the main phenotypic feature in patients
with breast cancer [43,44]. However, very little is known so far about the use of salivary
oxidative stress biomarkers to diagnose breast cancer [45]. Oxidative stress can be detected
by assessing the rate of synthesis of reactive oxygen species, the concentration/activity of
enzymatic and non-enzymatic antioxidants, as well as the level of products of oxidative
modification of proteins and lipids. Disturbances in the mechanisms of antioxidant defense
(a decrease in the concentration of reduced glutathione, an increase in superoxide dismutase
activity, a decrease in the activity of glutathione peroxidase) and the intensity of oxidative
damage to cells (an increase in the content of MDA, protein carbonyl groups and 8-OHdG)
were previously shown in the blood serum of patients with BRCA1-dependent breast
cancer [46,47].

In a study [45], catalase activity did not differ between groups, while salivary peroxi-
dase activity in saliva was significantly higher in patients with BRCA1-dependent breast
cancer compared with the control group. Salivary peroxidase performs a dual role: it is
responsible for the breakdown of cytotoxic hydrogen peroxide and has bactericidal activity
against Streptococcus mutans, Escherichia coli, Salmonella typhimurium, and various species
of Lactobacillus and Actinomyces [48]. It should be emphasized that salivary peroxidase is
the only antioxidant synthesized exclusively in the salivary glands [29,31]. Thus, salivary
peroxidase activity reflects the prevention of oxidative stress by the salivary glands. An
analysis of the data obtained by the authors [45] suggested that an increase in peroxidase
activity in the saliva of patients with BRCA1-dependent breast cancer indicated an increase
in the enzymatic antioxidant defense that protects the salivary glands and the entire oral
cavity from oxidative damage. Nevertheless, our study showed a decrease in catalase
activity in all groups of patients with breast cancer, reaching a minimum value in metastatic
breast cancer (Table 2). At the same time, an increase in SOD activity was observed, which
was consistent with the previously obtained data. A statistically significant increase in
peroxidase activity was noted only for ductal breast cancer (Table 4).

Breast cancer patients showed higher concentrations of polyamines and amino acids
in saliva than controls [24]. The increased concentration of amino acids in saliva was
consistent with another report [29]. We have shown an increase in the total content of α-
amino acids in saliva both in general for the group of breast cancer patients and depending
on the stage of the disease (Tables 1 and 2). It was interesting to note that the maximum
increase was observed in the early stages for ductal breast cancer (Table 4). An increase in
the content of free amino acids was observed against the background of a decrease in the
content of total protein, which may indicate a pronounced increase in protein catabolism.
An additional confirmation of this assumption was the increase in the content of saliva
urea as the end product of protein metabolism in the body (Tables 1–3).

An increase in the activity of metabolic enzymes in saliva in breast cancer patients
was an interesting fact (Table 2). An increase in the activity of LDH, the final enzyme of
anaerobic glycolysis, was natural due to an increase in glycolysis along with a low efficiency
of mitochondrial oxidation in breast cancer [49,50]. Several studies have shown that
overexpression of ALP may be associated with metastatic processes in cancers, including
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breast cancer [51,52]. Both LDH and ALP showed high activity in the early stages, which
slightly decreases at advanced stages of breast cancer (−15.2 and −5.8% for LDH and
ALP, respectively) and increases sharply in metastatic cancer (+33.1 and + 15.2% for LDH
and ALP, respectively). For GGT, an increase in activity was observed only in the early
stages, and then the activity decreases (Table 2). Elevated GGT has been known to be
an independent risk factor for endometrial cancer, especially in postmenopausal and
obese premenopausal women [53]. In an experiment on mouse tumors, significantly
increased GGT activity was found in transplanted spontaneous breast carcinoma compared
to normal or lactating mammary glands [54]. Human breast tumors showed significantly
elevated enzyme levels compared to normal tissue or histologically unaffected breast tissue
containing carcinoma [55]. The α-amylase activity was significantly increased and reached
its maximum value in metastatic breast cancer (Table 3). Previously, we had shown this
for lung adenocarcinoma [56], which is consistent with the literature data [57]. For all
enzymes, a statistically significant increase in activity was characteristic of ductal breast
cancer (Table 4).

Our study has several limitations. The list of detectable salivary indicators was com-
piled based on the possibility of their determination using a semi-automatic biochemical
analyzer. Thus, we planned to test the potential significance of their analysis in breast
cancer and to understand the feasibility of a more in-depth study of individual indicators.
Based on the results obtained, we further planned to determine the activity of LDH and
ALP isoenzymes, the content of free amino acids, proteins and their molecular weight, etc.
The limitations included the absence of patients with non-malignant pathologies of the
mammary glands (fibroadenoma), which can be considered as a comparison group. In
addition, at this stage of the study, we did not consider the change in the metabolic profile
of saliva depending on the tumor phenotype.

4. Materials and Methods
4.1. Study Design and Group Description

The study included 487 patients of the Clinical Oncological Dispensary in Omsk.
The sample size of this study was the number we could recruit within the study periods
(January 2015–May 2017). All patients had been histologically diagnosed with breast cancer.
None had received any prior treatment, including hormone therapy, chemotherapy, molec-
ularly targeted therapy, radiotherapy, surgery, etc. The inclusion criteria were considered:
the age of patients 30–70 years, the absence of any treatment at the time of the study, the
absence of signs of active infection (including purulent processes), and good oral hygiene.
Good oral hygiene meant clean teeth free of stuck food; pink gums that don’t hurt or bleed
when brushing and no bad breath or pain. We took into account that patients did not
have untreated dental caries and periodontal disease, which could affect the results of
the study. The volunteers included in the study did not reveal any clinically significant
concomitant diseases other than cancer pathology (in particular, diabetes mellitus, cardio-
vascular pathologies, etc.) that could affect the results of the study. Exclusion criteria: lack
of histological verification of the diagnosis.

A detailed description of the study group is given in Table 5. Additionally, the study
group was divided into the following subgroups: primary resectable breast cancer (Group
I-T1-2N0M0, n = 226), treatment tactics were selected taking into account the biological
subtype of breast cancer (Group II-T1-3N1M0 and T3N0M0, n = 131), primary inoperable
breast cancer (Group III-T0-3N2M0, T4N0-2M0 and T0-4N3M0, n = 75) and disseminated
breast cancer (Group IV-T0-4N0-3M1, n = 55). TNM classification has been made in accor-
dance with AJCC (8th edition, 2017). The control group consisted of 298 healthy patients,
in whom no breast pathology was detected during routine clinical examination.

The study was approved at a meeting of the Ethics Committee of the Omsk Regional
Clinical Hospital “Clinical Oncology Centre” on 21 July 2016 (Protocol No. 15). All of the
volunteers provided written informed consent.
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Table 5. The structure of the study group.

Feature Breast Cancer,
n = 487

Control Group,
n = 298

Age, years 54.5 [47.0; 56.0] 49.3 [43.8; 56.1]

Histological type

Ductal 227 (46.6%) -

Lobular 86 (17.7%) -

Mixed (Ductal + Lobular) 12 (2.5%) -

Rare forms 58 (11.9%) -

Unknown 104 (21.3%) -

Clinical Stage

Stage I 119 (24.4%) -

Stage IIa 123 (25.3%) -

Stage IIb 88 (18.1%) -

Stage IIIa 55 (11.3%) -

Stage IIIb 47 (9.6%) -

Stage IV 55 (11.3%) -

Subtype

Luminal A-like 64 (13.1%) -

Luminal B-like (HER2+) 230 (47.4%) -

Luminal B-like (HER2-) 63 (12.9%) -

HER2-positive 38 (7.8%) -

Triple-negative 28 (5.7%) -

Unknown 64 (13.1%) -

4.2. Collection, Processing, Storage and Analysis of Saliva Samples

Saliva (5 mL) was collected from all participants prior to treatment. Collection of saliva
samples was carried out on an empty stomach after rinsing the mouth with water in the in-
terval of 8–10 am by spitting into sterile polypropylene tubes; the salivation rate (mL/min)
was calculated. We did not find significant differences in the salivary flow rate in the
studied groups, so they are not shown in the tables below. Saliva samples were centrifuged
(10,000× g for 10 min) (CLb-16, Moscow, Russia), after which biochemical analysis was im-
mediately performed without storage and freezing using the StatFax 3300 semi-automatic
biochemical analyzer (Awareness Technology, Palm City, FL, USA) [39].

The pH, mineral composition (calcium, phosphorus, sodium, potassium, magnesium,
chlorides), the content of urea, total protein, albumin, uric acid, α-amino acids, imidazole
compounds, seromucoids and sialic acids and the activity of enzymes (aminotransferases—
ALT, AST; alkaline phosphatase—ALP; lactate dehydrogenase—LDH; gamma-glutamyl
transpeptidase—GGT; α-amylase) were determined in all samples. The content of sub-
strates for lipid peroxidation processes (diene conjugates—DC, triene conjugates—TC,
Schiff bases—SB, malondialdehyde—MDA) and the level of medium molecular weight
toxins (MM) were determined. We determined the MM at wavelengths of 254 and 280 nm;
they are designated MM 254 and MM 280, respectively [58]. Additionally, we assessed the
activity of antioxidant enzymes (catalase, superoxide dismutase—SOD) and antioxidant
activity. The potential value of calculating ratios such as “Na/K-ratio”, “Ca/P-ratio”,
“SOD/Catalase-ratio” and “SB/TC-ratio” has been preliminary shown. In the article, tables
show only indicators for which differences in values between groups are statistically signif-
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icant. A complete list of the values of the determined indicators is given in Supplementary
Materials (Tables S1–S3).

4.3. Statistical Analysis

Statistical analysis was performed using Statistica 13.3 EN software (StatSoft, Tulsa,
OK, USA); R version 3.6.3; RStudio Version 1.2.5033; FactoMineR version 2.3. (RStudio,
version 3.2.3, Boston, MA, USA) by a nonparametric method using the Mann–Whitney U-
test and the Kruskal–Wallis H-test. The description of the sample was made by calculating
the median (Me) and the interquartile range as the 25th and 75th percentiles (LQ; UQ).
Differences were considered statistically significant at p < 0.05.

A principal component analysis (PCA) was performed using the PCA program in
R [59]. The choice of variables for the PCA method was carried out according to the results
of comparison of biochemical indicators in the studied groups. When comparing two
groups, we used the Mann–Whitney test; when comparing three groups or more, we used
the Kruskal–Wallis test. Next, we selected indicators for which the differences between all
groups are significant at the p < 0.10 level. PCA results are presented in the form of factor
planes and corresponding correlation circles. In each case, the figures show only the first
two principal components (PC1 and PC2). The color of the arrows on the correlation circle
changed from blue (weak correlation) to red (strong correlation), as shown on the color bar.
The orientation of the arrows characterized positive and negative correlations (for the first
principal component, we analyzed the location of the arrows relative to the vertical axis;
for the second principal component, relative to the horizontal axis). The significance of the
correlation was determined by the correlation coefficient (r): strong—r = ±0.700 to ±1.00,
medium—r = ±0.300 to ±0.699, weak—r = 0.00 to ±0.299.

To construct classification trees, the exhaustive search method for one-dimensional
branches CART (classification and regression tree) was used. In the diagrams, ID is the
number of the vertex, N is the number of objects directed along this branch, branching
conditions are indicated near each vertex, and the diagram inside each vertex shows
the classification result; if all the observations are classified correctly, then the column
corresponding to the predicted class will be high, and the rest are small.

5. Conclusions

Certain metabolic features characterized the composition of saliva in breast cancer.
In accordance with the concept of the study, nine biochemical salivary indicators were
identified to differentiate patients with breast cancer from healthy controls with a sensitivity
of 91.72%. These indicators were total protein, urea, α-amino acids, nitric oxide, MDA,
GGT, alkaline phosphatase, as well as SB/TC-ratio and Na/K-ratio. Biochemical indicators
were identified, the change in which characterizes early breast cancer, which can be used for
timely diagnosis in addition to existing methods. For these purposes, the ratios UA/Urea
and UA·CAT/Urea were calculated. It was shown that, for ductal breast cancer, the
activities of metabolic enzymes of saliva changed greatly, while, for lobular breast cancer,
changes in the indicators of enzymatic and non-enzymatic components of antioxidant
protection were more pronounced. The obtained data emphasize the expediency of further
study of the metabolic characteristics of saliva in relation to the diagnosis of breast cancer.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/metabo12020166/s1, Table S1: Biochemical composition of saliva
in breast cancer patients and healthy controls (full list), Table S2: Comparison of saliva composition
depending on breast cancer stage and healthy control (Kruskal–Wallis criterion), Table S3: Compari-
son of the saliva composition of patients with ductal and lobular breast cancer and healthy controls
(Kruskal–Wallis criterion).
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their clinical usefulness. Coll. Antropol. 2011, 35, 241–247.
11. Hirata, B.K.B.; Oda, J.M.M.; Guembarovski, R.L.; Ariza, C.B.; de Oliveira, C.E.C.; Watanabe, M.A.E. Molecular markers for breast

cancer: Prediction on tumor behavior. Dis. Markers 2014, 2014, 513158.
12. Van Poznak, C.; Somerfield, M.R.; Bast, R.C.; Cristofanilli, M.; Goetz, M.P.; Gonzalez-Angulo, A.M.; Hicks, D.G.; Hill, E.G.;

Liu, M.C.; Lucas, W.; et al. Use of biomarkers to guide decisions on systemic therapy for women with metastatic breast cancer:
American society of clinical oncology clinical practice guideline. J. Clin. Oncol. 2015, 33, 2695–2704. [CrossRef]

13. Zhang, L.; Xiao, H.; Karlan, S.; Zhou, H.; Gross, J.; Elashoff, D.; Akin, D.; Yan, X.; Chia, D.; Karlan, B.; et al. Discovery and
preclinical validation of salivary transcriptomic and proteomic biomarkers for the non-invasive detection of breast cancer. PLoS
ONE 2010, 5, e15573. [CrossRef]

14. Kaczor-Urbanowicz, K.E.; Wei, F.; Rao, S.L.; Kim, J.; Shin, H.; Cheng, J.; Tu, M.; Wong, D.T.W.; Kim, Y. Clinical validity of saliva
and novel technology for cancer detection. BBA Rev. Cancer 2019, 1872, 49–59. [CrossRef]

15. Koopaie, M.; Abedinejad, F.; Manifar, S.; Mousavi, R.; Kolahdooz, S.; Shamshiri, A. Salivary miRNA-21 expression as a potential
non-invasive diagnostic biomarker in breast cancer. Gene Rep. 2021, 25, 101317. [CrossRef]

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

17. Navarro, M.A.; Mesia, R.; Diez-Gibert, O.; Rueda, A.; Ojeda, B.; Alonso, M.C. Epidermal growth factor in plasma and saliva of
patients with active breast cancer and breast cancer patients in follow-up compared with healthy women. Breast Cancer Res. Treat.
1997, 42, 83–86. [CrossRef]

18. Pereira, D.d.A.; Areias, V.R.; Franco, M.F.; Benitez, M.C.; do Nascimento, C.M.; de Azevedo, C.M.; Alves, G. Measurement of
HER2 in saliva of women in risk of breast cancer. Pathol. Oncol. Res. 2013, 19, 509–513. [CrossRef]

19. Streckfus, C.; Bigler, L.; Tucci, M.; Thigpen, J.T. A preliminary study of CA15-3, c-erbB-2, epidermal growth factor receptor,
cathepsin-D, and p53 in saliva among women with breast carcinoma. Cancer Investig. 2000, 18, 101–109. [CrossRef]

20. Brooks, M.N.; Wang, J.; Li, Y.; Zhang, R.; Elashoff, D.; Wong, D.T. Salivary protein factors are elevated in breast cancer patients.
Mol. Med. Rep. 2008, 1, 375–378. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.18027/2224-5057-2015-1-31-40
http://doi.org/10.1016/j.canep.2012.02.007
http://doi.org/10.5306/wjco.v5.i3.283
http://doi.org/10.1016/j.cca.2018.12.028
http://doi.org/10.1016/j.breast.2013.11.003
http://doi.org/10.1016/j.ctarc.2021.100402
http://doi.org/10.1016/j.breast.2020.05.005
http://doi.org/10.1200/JCO.2015.61.1459
http://doi.org/10.1371/journal.pone.0015573
http://doi.org/10.1016/j.bbcan.2019.05.007
http://doi.org/10.1016/j.genrep.2021.101317
http://doi.org/10.1016/j.critrevonc.2016.12.009
http://doi.org/10.1023/A:1005755928831
http://doi.org/10.1007/s12253-013-9610-8
http://doi.org/10.3109/07357900009038240
http://doi.org/10.3892/mmr.1.3.375


Metabolites 2022, 12, 166 14 of 15

21. Cavaco, C.; Pereira, J.A.M.; Taunk, K.; Taware, R.; Rapole, S.; Nagarajaram, H.; Câmara, J.S. Screening of salivary volatiles for
putative breast cancer discrimination: An exploratory study involving geographically distant populations. Anal. Bioanal. Chem.
2018, 410, 4459–4468. [CrossRef]

22. Al-Muhtaseb, S.I. Serum and saliva protein levels in females with breast cancer. Oncol. Lett. 2014, 8, 2752–2756. [CrossRef]
23. Liu, X.; Yu, H.; Qiao, Y.; Yang, J.; Shu, J.; Zhang, J.; Zhang, Z.; He, J.; Li, Z. Salivary glycopatterns as potential biomarkers for

screening of early-stage breast cancer. EBioMedicine 2018, 28, 70–79. [CrossRef]
24. Murata, T.; Yanagisawa, T.; Kurihara, T.; Kaneko, M.; Ota, S.; Enomoto, A.; Tomita, M.; Sugimoto, M.; Sunamura, M.;

Hayashida, T.; et al. Salivary metabolomics with alternative decision tree-based machine learning methods for breast cancer
discrimination. Breast Cancer Res. Treat. 2019, 177, 591–601. [CrossRef]

25. Pereira, J.A.M.; Taware, R.; Porto-Figueira, P.; Rapole, S.; Câmara, J.S. The salivary volatome in breast cancer. Precis. Med. Investig.
Pract. Provid. 2020, 301–307. [CrossRef]

26. 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]

27. Takayama, T.; Tsutsui, H.; Shimizu, I.; Toyama, T.; Yoshimoto, N.; Endo, Y.; Inoue, K.; Todoroki, K.; Min, J.Z.; 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]

28. Tsutsui, H.; Mochizuki, T.; Inoue, K.; Toyama, T.; Yoshimoto, N.; Endo, Y.; Todoroki, K.; Min, J.Z.; Toyo’oka, T. High-throughput
LC-MS/MS based simultaneous determination of polyamines including N-acetylated forms in human saliva and the diagnostic
approach to breast cancer patients. Anal. Chem. 2013, 85, 11835–11842. [CrossRef]

29. 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]

30. Bel’skaya, L.V.; Kosenok, V.K. The level of cytokines in saliva in breast cancer. Vopr. Onkol. 2019, 65, 825–831.
31. Bel’skaya, L.V.; Sarf, E.A.; Kosenok, V.K. Indicators of L-arginine metabolism in saliva: A focus on breast cancer. J. Oral Biosci.

2021, 63, 52–57. [CrossRef] [PubMed]
32. Bel’skaya, L.V.; Sarf, E.A. Determination of the content of organic acids in the saliva of patients with breast cancer by capillary

electrophoresis. Klin. Lab. Diagn. 2018, 63, 419–422. [PubMed]
33. Bel’skaya, L.V.; Sarf, E.A.; Shalygin, S.P.; Postnova, T.V.; Kosenok, V.K. Potential Diagnostic Significance of Salivary Copper

Determination in Breast Cancer Patients: A Pilot Study. Biol. Trace Elem. Res. 2022, 200, 953–960. [CrossRef] [PubMed]
34. Delmonico, L.; Bravo, M.; Silvestre, R.T.; Ornellas, M.H.; De Azevedo, C.M.; Alves, G. Proteomic profile of saliva and plasma

from women with impalpable breast lesions. Oncol. Lett. 2016, 12, 2145–2152. [CrossRef]
35. Duffy, M.J.; Shering, S.; Sherry, F.; McDermott, E.; O’Higgins, N. CA 15-3: A prognostic marker in breast cancer. Int J. Biol. Markers

2000, 15, 330–333. [CrossRef]
36. Agha-Hosseini, F.; Mirzaii-Dizgah, I.; Rahimi, A.; Seilanian-Toosi, M. Correlation of serum and salivary CA125 levels in patients

with breast cancer. J. Contemp Dent. Pract. 2009, 10, E001–E008.
37. Farahani, H.; Amri, J.; Alaee, M.; Mohaghegh, F.; Rafiee, M. Serum and Saliva Levels of Cancer Antigen 15-3, Carcinoembryonic

Antigen, Estradiol, Vaspin, and Obestatin as Biomarkers for the Diagnosis of Breast Cancer in Postmenopausal Women. Lab. Med.
2020, 51, 620–627. [CrossRef]

38. Degnim, A.C.; Visscher, D.W.; Berman, H.K.; Frost, M.H.; Sellers, T.A.; Vierkant, R.A.; Maloney, S.D.; Pankratz, V.S.; de Groen, P.C.;
Lingle, W.L.; et al. Stratification of breast cancer risk in women with atypia: A Mayo cohort study. J. Clin. Oncol. 2007, 25,
2671–2677. [CrossRef]

39. Bel’skaya, L.V.; Sarf, E.A.; Kosenok, V.K.; Gundyrev, I.A. Biochemical Markers of Saliva in Lung Cancer: Diagnostic and Prognostic
Perspectives. Diagnostics 2020, 10, 186. [CrossRef]

40. Emekli-Alturfan, E.; Demir, G.; Kasikci, E.; Tunali-Akbay, T.; Pisiriciler, R.; Caliskan, E.; Yarat, A. Altered biochemical parameters
in the saliva of patients with breast cancer. Tohoku J. Exp. Med. 2008, 214, 89–96. [CrossRef]

41. Soukup, M.; Biesiada, I.; Henderson, A.; Idowu, B.; Rodeback, D.; Ridpath, L.; Bridges, E.G.; Nazar, A.M.; Bridges, K.G. Salivary
uric acid as a noninvasive biomarker of metabolic syndrome. Diabetol. Metab. Syndr. 2012, 4, 14. [CrossRef] [PubMed]

42. Gornitsky, M.; Velly, A.M.; Mohit, S.; Almajed, M.; Su, H.; Panasci, L.; Schipper, H.M. Altered levels of salivary 8-oxo-7-
hydrodeoxyguanosine in breast cancer. JDR Clin. Transl. Res. 2016, 1, 171–177. [CrossRef]

43. Hecht, F.; Pessoa, C.F.; Gentile, L.B.; Rosenthal, D.; Carvalho, D.P.; Fortunato, R.S. The role of oxidative stress on breast cancer
development and therapy. Tumor Biol. 2016, 37, 4281–4291. [CrossRef]

44. Gurer-Orhan, H.; Ince, E.; Konyar, D.; Saso, L.; Suzen, S. The role of oxidative stress modulators in breast cancer. Curr. Med. Chem.
2017, 25, 4084–4101. [CrossRef]

45. Sawczuk, B.; Maciejczyk, M.; Sawczuk-Siemieniuk, M.; Posmyk, R.; Zalewska, A.; Car, H. Salivary Gland Function, Antioxidant
Defence and Oxidative Damage in the Saliva of Patients with Breast Cancer: Does the BRCA1 Mutation Disturb the Salivary
Redox Profile? Cancers 2019, 11, 1501. [CrossRef]

46. Rajneesh, C.P.; Manimaran, A.; Sasikala, K.R.; Adaikappan, P. Lipid peroxidation and antioxidant status in patients with breast
cancer. Singap. Med. J. 2008, 49, 640–643.

47. Pande, D.; Negi, R.; Karki, K.; Khanna, S.; Khanna, R.S.; Khanna, H.D. Oxidative damage markers as possible discriminatory
biomarkers in breast carcinoma. Transl. Res. 2012, 160, 411–418. [CrossRef]

http://doi.org/10.1007/s00216-018-1103-x
http://doi.org/10.3892/ol.2014.2535
http://doi.org/10.1016/j.ebiom.2018.01.026
http://doi.org/10.1007/s10549-019-05330-9
http://doi.org/10.1016/B978-0-12-819178-1.00029-0
http://doi.org/10.1007/s11306-009-0178-y
http://doi.org/10.1016/j.cca.2015.10.032
http://doi.org/10.1021/ac402526c
http://doi.org/10.1016/j.cca.2015.05.008
http://doi.org/10.1016/j.job.2020.12.002
http://www.ncbi.nlm.nih.gov/pubmed/33476704
http://www.ncbi.nlm.nih.gov/pubmed/30720957
http://doi.org/10.1007/s12011-021-02710-5
http://www.ncbi.nlm.nih.gov/pubmed/33837914
http://doi.org/10.3892/ol.2016.4828
http://doi.org/10.1177/172460080001500410
http://doi.org/10.1093/labmed/lmaa013
http://doi.org/10.1200/JCO.2006.09.0217
http://doi.org/10.3390/diagnostics10040186
http://doi.org/10.1620/tjem.214.89
http://doi.org/10.1186/1758-5996-4-14
http://www.ncbi.nlm.nih.gov/pubmed/22515434
http://doi.org/10.1177/2380084416642197
http://doi.org/10.1007/s13277-016-4873-9
http://doi.org/10.2174/0929867324666170711114336
http://doi.org/10.3390/cancers11101501
http://doi.org/10.1016/j.trsl.2012.07.005


Metabolites 2022, 12, 166 15 of 15

48. Knás, M.; Maciejczyk, M.; Waszkiel, D.; Zalewska, A. Oxidative stress and salivary antioxidants. Dent. Med. Probl. 2013, 50,
461–466.

49. Liu, Y.; Zhou, Q.; Song, S.; Tang, S. Integrating metabolic reprogramming and metabolic imaging to predict breast cancer
therapeutic responses. Trends Endocrinol. Metab. 2021, 32, 762–775. [CrossRef] [PubMed]

50. Abad, E.; Samino, S.; Yanes, O.; Potesil, D.; Zdrahal, Z.; Lyakhovich, A. Activation of glycogenolysis and glycolysis in breast
cancer stem cell models. Biochim. Biophys. Acta Mol. Basis Dis. 2020, 1866, 165886. [CrossRef]

51. Tsai, L.-C.; Hung, M.-W.; Chen, Y.-H.; Su, W.-C.; Chang, G.-G.; Chang, T.-C. Expression and regulation of alkaline phosphatases in
human breast cancer MCF-7 cells. Eur. J. Biochem. 2000, 267, 1330–1339. [CrossRef]

52. Moura, S.L.; Pallarès-Rusiñol, A.; Sappia, L.; Martí, M.; Pividori, M.I. The activity of alkaline phosphatase in breast cancer
exosomes simplifies the biosensing design. Biosens. Bioelectron. 2022, 198, 113826. [CrossRef]

53. Han, Y.; Park, I.S.; Kim, S.I.; Wang, W.; Yoo, J.; Jo, H.; Lee, J.; Seol, A.; Han, K.D.; Song, Y.S. Increasing serum gamma-
glutamyltransferase level accompanies a rapid increase in the incidence of endometrial cancer in Korea: A nationwide cohort
study. Gynecol. Oncol. 2021, 161, 864–870. [CrossRef] [PubMed]

54. Dawson, J.; Smith, G.D.; Boak, J.; Peters, T.J. γ-Glutamyltransferase in human and mouse breast tumours. Clin. Chim. Acta 1979,
96, 37–42. [CrossRef]

55. Hanigan, M.H.; Frierson, H.F., Jr.; Swanson, P.E.; De Young, B.R. Altered expression of gamma-glutamyl transpeptidase in human
tumors. Hum. Pathol. 1999, 30, 300–305. [CrossRef]

56. Bel’skaya, L.V.; Kosenok, V.K.; Massard, G. Activity of salivary metabolic enzymes in non-small cell lung cancer. Vopr. Onkol.
2017, 63, 926–932.

57. Ramya, A.S.; Uppala, D.; Majumdar, S.; Surekha, C.; Deepak, K.G. Are salivary amylase and pH—Prognostic indicators of
cancers? J. Oral Biol. Craniofacial Res. 2015, 5, 81–85. [CrossRef] [PubMed]

58. Bel’skaya, L.V.; Kosenok, V.K.; Massard, G. Endogenous Intoxication and Saliva Lipid Peroxidation in Patients with Lung Cancer.
Diagnostics 2016, 6, 39. [CrossRef] [PubMed]

59. Lê, S.; Josse, J.; Husson, F. FactoMineR: An R Package for Multivariate Analysis. J. Stat. Softw. 2008, 25, 1–18. [CrossRef]

http://doi.org/10.1016/j.tem.2021.07.001
http://www.ncbi.nlm.nih.gov/pubmed/34340886
http://doi.org/10.1016/j.bbadis.2020.165886
http://doi.org/10.1046/j.1432-1327.2000.01100.x
http://doi.org/10.1016/j.bios.2021.113826
http://doi.org/10.1016/j.ygyno.2021.03.024
http://www.ncbi.nlm.nih.gov/pubmed/33795129
http://doi.org/10.1016/0009-8981(79)90049-4
http://doi.org/10.1016/S0046-8177(99)90009-6
http://doi.org/10.1016/j.jobcr.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/26258019
http://doi.org/10.3390/diagnostics6040039
http://www.ncbi.nlm.nih.gov/pubmed/27854319
http://doi.org/10.18637/jss.v025.i01

	Introduction 
	Results 
	Metabolic Features of Saliva Composition in Breast Cancer 
	Metabolic Features of Saliva Composition Depending on the Stage of Breast Cancer 
	Metabolic Features of Saliva Composition Depending on the Histological Type of Breast Cancer 

	Discussion 
	Materials and Methods 
	Study Design and Group Description 
	Collection, Processing, Storage and Analysis of Saliva Samples 
	Statistical Analysis 

	Conclusions 
	References

