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Abstract

The growth and development of breast cancer are accompanied by an increase in oxidative
stress. A close relationship is known to exist between the biological activity of several
antioxidant enzymes and the regulation of estrogen-mediated signaling in breast cancer.
The aim of this study was to study the activity of salivary antioxidant enzymes and the
level of lipid peroxidation products in breast cancer before and after surgical treatment. The
study included 115 patients with breast cancer (58.7 £ 10.9 years) and 60 healthy volunteers
(51.8 & 12.1 years). Saliva samples were obtained again from 53 patients 4 weeks after
surgery. The content of lipid peroxidation products, catalase activity, total antioxidant
activity (AOA) and total peroxidase activity (TPA) in saliva were analyzed before and
after breast cancer surgery. An increase in lipid peroxidation products in saliva was
observed with positive estrogen receptor expression. For the first time, it was shown that
in patients with breast cancer, the levels of salivary TPA and AOA increased, which is
likely due to the important role of the salivary glands in antioxidant protection. It can be
speculated that the effectiveness of antioxidant defense was associated with estrogen and
progesterone receptor expression and was reduced in prognostically unfavorable breast
cancer phenotypes (non-luminal and triple-negative breast cancer).

Keywords: saliva; breast cancer; phenotypes; estrogen receptors; antioxidant activity;
peroxidase; lipid peroxides; oxidative stress

1. Introduction

One of the most common mechanisms of breast cancer carcinogenesis is oxidative
stress due to increased free radical formation and decreased antioxidant defense mech-
anisms [1]. In the body, there is an oxidative balance between the rate of free radical
formation and removal, which performs a regulatory function and is of particular impor-
tance in carcinogenesis [2]. Oxidative stress metabolites, in particular reactive oxygen
species (ROS), are synthesized by various metabolic pathways, including aerobic respira-
tion in mitochondria [3], and act as procarcinogens, damaging cellular components such
as lipids, proteins, and DNA [4,5]. Antioxidant enzymes, by controlling the concentration
of free radicals in the cell, which regulate the rate of proliferative processes in the tumor,
can influence the course and outcome of the disease [6]. A close relationship is known
between the biological activity of a number of antioxidant enzymes and the regulation
of estrogen-mediated signaling in breast cancer [7]. Prooxidant processes in mammary
gland tissue are mainly associated with lipid peroxidation, since the mammary gland is
abundantly surrounded by adipose tissue [8,9]. Specifically, an increase in oxidative stress
markers (malondialdehyde and nitric oxide) compared to controls, along with a decrease in
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superoxide dismutase activity and reduced glutathione levels, was demonstrated in tissues
obtained after surgical removal of breast tumors [10]. Elevated levels of lipid peroxida-
tion markers were observed in the plasma or serum of patients with breast cancer [11,12].
Disease progression or response to treatment largely depends on the individual patient’s
ability to neutralize lipid peroxidation products or ROS (e.g., hydroxyl radical) [13]. The
role of oxidative stress markers in breast cancer has been described in detail in a number of
reviews [14-16].

In recent years, saliva has become a popular diagnostic material for research and
clinical trials [17-19]. Due to its availability, ease of collection, and the possibility of re-
peated non-invasive sampling, it is ideal for screening, diagnosis, or monitoring of many
diseases [20]. Despite the fact that the use of saliva as a biological fluid has a number
of limitations related to the composition of saliva, collection methods, storage rules, and
interpretation of test results, saliva is actively used for scientific research [21]. In the oral
cavity, ROS are produced in the epithelium and directly in saliva and also regulate the
oral microbiota [22]. As in plasma and tissues, free radicals and ROS in saliva play an
important role in redox signaling and are necessary for physiological functions [23]. The
antioxidant system of saliva includes enzymes (peroxidase, catalase, superoxide dismu-
tase, etc.) and molecular antioxidants (ascorbic and uric acids, vitamin E, glutathione,
etc.) [24]. Antioxidant enzymes act as scavengers, namely superoxide dismutase (which dis-
mutates the superoxide radical to hydrogen peroxide), catalase, and glutathione peroxidase
(which convert hydrogen peroxide to water) [25]. Glutathione peroxidase, together with
glutathione-S-transferase, is involved in the detoxification of fatty acid hydroperoxides [26].
Although changes in salivary antioxidant enzyme activity in oncological pathologies have
been studied in detail, the relationship between the lipid peroxidation system and salivary
antioxidant defense before and after breast cancer surgery has not yet been examined.

A hypothesis has been formulated that changes in lipid peroxidation and antioxidant
defense parameters in saliva are closely linked to the molecular biological characteristics of
breast cancer, and those specific antioxidant enzymes in saliva may increase their activity in
compensation due to the involvement of the salivary glands in the oral antioxidant defense
system. The relationship between saliva parameters and breast cancer can be observed
through their changes after surgical removal of the tumor.

The aim of this study was to evaluate the activity of salivary antioxidant enzymes and
the level of lipid peroxidation products in breast cancer before and after surgery.

2. Results

In breast cancer patients, catalase activity in saliva decreased (—36.7%, p = 0.0017)
while AOA increased (+37.0%) compared to the healthy control (Table 1, Figure 1).

The content of lipid peroxidation products increased: DC (+12.3%, p = 0.0156), TC
(+14.6%, p = 0.0135) and SB (+28.8%, p = 0.0047). After surgery, catalase activity increased
(+5.1%), AOA decreased (—5.3%), but AOA continued to increase (+97.2%, p = 0.0015)
compared to the control group. A proportional increase in the content of lipid peroxidation
products in saliva was also shown after breast cancer surgery: DC (+25.2%, p = 0.0004), TC
(+30.8%, p = 0.0003) and SB (+48.4%, p = 0.0005) (Figure 1). Differences in the content of
lipid peroxidation products before and after surgery were statistically significant (Figure 1).
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Table 1. Biochemical parameters of saliva before and after breast cancer surgery and in healthy

controls.
Breast Cancer Healthy Controls (3)
Indi ea ontrols
ndicators Before Surgery (1) After Surgery (2) Y
2.90[1.96; 3.99] 3.50 [2.44; 3.98] 3.33[2.23; 4.31]
Catalase, nkat/L 1 5 0017 i p1-3 = 0.0017
AOA, mmol/L 2.14 [1.74; 3.05] 2.03[1.83;2.91] 2.14[1.75; 2.50]
1.48 [0.92; 2.86] 2.13[1.08; 3.63] 1.08 [0.59; 2.14]
TPA, cu. - p2-3 = 0.0015 p2-3 = 0.0015
3.01[2.72; 3.36] 3.35 [3.05; 3.50] 2.68 [2.59;2.80]
DC, c.u. p1-3=0.0156 p2-3 = 0.0004 p1-3 = 0.0156
pl-2 =0.0014 pl-2 = 0.0014 p2-3 = 0.0004
1.66 [1.44; 1.98] 1.89 [1.66; 2.05] 1.45[1.24; 1.52]
TC, c.u. p1-3=0.0135 p2-3 =0.0003 p1-3=0.0135
p1-2 =0.0131 p1-2 =0.0131 p2-3 = 0.0003
0.932[0.835;1.089]  1.074[0.940; 1.248]  0.724 [0.665; 0.898]
SB, c.u. pl-3 =0.0047 p2-3 = 0.0005 p1-3 = 0.0047
pl-2 =0.0077 pl-2 = 0.0077 p2-3 = 0.0005

Note. p-values are given for comparison of groups designated by numbers: 1—breast cancer before surgery,

2—breast cancer after surgery, 3—healthy control.
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Figure 1. Comparison of salivary biochemical parameters before and after breast cancer surgery.

BS—Dbefore surgery, AS—after surgery, CAT—catalase, AOA—antioxidant activity, TPA—total perox-

idase activity, DC—diene conjugates, TC—triene conjugates, SB—Schiff bases. *—differences from

healthy controls are statistically significant; p-values are given for comparison of groups before and

after surgery. Here and further in Figures 1-5, the values on the Y-axis were calculated as the value of
the indicator for the main group minus the value of the corresponding indicator in the control group,
divided by the value in the control group, and expressed as %. The error bars in Figures 1-5 represent

the IQR (25-75%).
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The decrease in catalase and AOA before surgery was inversely proportional to the
breast cancer stage (Figure 2A). Thus, the minimum catalase activity (—31.8%, p = 0.0484)
and AOA (—4.0%) were observed for stage I, while at stage Il an increase in both indicators
was observed (+18.6% and +2.7%, respectively). Peroxidase activity was higher at all
stages than in the healthy control (Figure 2A). After breast cancer surgery, catalase, AOA,
and TPA activities increased, with catalase activity (+10.2%) and AOA (+34.7%) being
higher at stage III, while the maximum increase in TPA was observed at stage I breast
cancer (+118.9%, p = 0.0012) (Figure 2B). For lipid peroxidation products before surgery,
an increase was noted in stage II: DC (+17.1%, p = 0.0328), TC (+23.1%, p = 0.0028) and SB
(+34.2%, p = 0.0095) (Figure 2A). After surgery, the content of lipid peroxidation products
was higher in stage III breast cancer: DC (+27.1%, p = 0.0067), TC (+38.5%, p = 0.0059) and
SB (+58.4%, p = 0.0090) (Figure 2B).
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Figure 2. Relative activity of catalase, AOA, peroxidase, and the content of lipid peroxidation
products in saliva compared with healthy controls before (A) and after (B) surgery depending on
the stage of breast cancer. *—differences from healthy controls are statistically significant; p-value is
given for comparison of stages I and III breast cancer.

Before breast cancer surgery, there were pronounced differences in the content of lipid
peroxidation products in saliva between the subgroups with different expression of HER2
receptors (Figure 3A). Thus, with positive HER2 expression, the level of lipid peroxidation
products in saliva is lower and does not show statistically significant differences from
the healthy control (Figure 3A). After surgery, the content of lipid peroxidation products
levels out, which means a more intense increase in DC (+24.4%, p = 0.0272), TC (+30.4%,
p = 0.0271) and SB (+46.8%, p = 0.0202) in the subgroup with positive HER2 expression
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(Figure 3B). Statistically significant increase in saliva AOA after surgery with positive HER2
expression (+120.7%, p = 0.0345) (Figure 3).
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Figure 3. Relative activity of catalase, AOA, peroxidase, and the content of lipid peroxidation
products in saliva compared to the control group before (A) and after (B) surgery depending on
HER?2 expression. *—differences with healthy controls are statistically significant.

Before surgery, statistically significantly higher AOA (+6.0%, p = 0.0263) and TPA
(+51.5%, p = 0.0446) were observed in the subgroup with positive expression of estrogen
receptors (Figure 4A). After surgery, this subgroup showed an increase in the content of lipid
peroxidation products, which was statistically significant compared to the preoperative
values: DC (+7.6%, p = 0.0167), TC (+15.9%, p = 0.0338) and SB (+16.7%, p = 0.0181)
(Figure 4B). It should be noted that lower values of antioxidant enzyme activity are observed
in the subgroups with higher lipid peroxidation levels after surgery (Figure 4B).

A decrease in salivary catalase activity was observed for all breast cancer phenotypes
before surgery (Figure 5A). The maximum decrease was noted for estrogen-hormone
positive subtypes (—11.4%, —21.6% and —14.1% for Lum A, Lum B(—) and Lum B(+),
respectively). Salivary AOA also decreased, but in this case the maximum decrease was
observed in estrogen-hormone negative subtypes (—9.3% and —10.7% for Non-Lum and
TNBC, respectively) (Figure 5A). The increase in salivary AOA was more pronounced in
those subgroups where catalase activity decreased more significantly (Figure 5A). The
maximum increase in the TPA was observed in the subgroups of Lum B(—) (+152.8%,
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p = 0.0016) and Lum B(+) (+93.3%, p = 0.0128) breast cancer and was statistically significant
(Figure 5A).
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Figure 4. Relative activity of catalase, AOA, peroxidase, and the content of lipid peroxidation
products in saliva compared to the control group before (A) and after (B) surgery depending on ER
expression. *—differences with healthy controls are statistically significant.

When analyzing the patterns of changes in the level of lipid peroxidation products in
saliva for the Lum A and Lum B(—) subtypes, no differences were shown (Figure 5A). For
Lum B(+), with a high content of primary lipid peroxidation products—diene conjugates
(+16.4%), the content of triene conjugates sharply decreased (+0.8%), and then the content
of the most toxic Schiff bases increased (+16.5%). For Non-Lum A and TNBC, a uniform
increase in the level of lipid peroxidation products in saliva from primary to Schiff bases
was shown (Figure 5A). The level of lipid peroxidation products in saliva in TNBC was the
highest (+15.0%, p = 0.0194; +25.4%, p = 0.0056 and +35.9%, p = 0.0097 for DC, TC and SB,
respectively). Postoperatively, increases in catalase, AOA, and OPA activity were observed
only in Lum B (+) breast cancer (Figure 5B). This subtype also had the lowest levels of lipid
peroxidation products. Patients with Non-Lum breast cancer were referred for neoadjuvant
chemotherapy, so postoperative data were not available for this subgroup.
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Figure 5. Relative activity of catalase, AOA, peroxidase, and the content of lipid peroxidation
products in saliva compared to the control group before (A) and after (B) surgery depending on
breast cancer phenotypes. *—differences with healthy controls are statistically significant.

3. Discussion

The role of lipid peroxidation in breast cancer has not been fully studied. A number
of studies have shown elevated levels of various lipid peroxidation markers (malondi-
aldehyde, 8-F2-isoprostanes, or 4-hydroxynonenal) in plasma, serum, urine, and tissues
in breast cancer [27-30]. The content of lipid peroxidation products in breast tissue was
significantly higher, which was accompanied by a significant increase in the amount of
both enzymatic and non-enzymatic antioxidants compared to healthy controls [31]. Thus,
patients with breast cancer have more pronounced lipid peroxidation, and the antioxidant
system is activated as an adaptive mechanism.

The significant role of lipids in the diagnosis and prognosis of breast cancer is
known [32-34]. In particular, the first signature based on lipid metabolism has been
identified that can be used to predict and guide immunotherapy or chemotherapy in ER+
breast cancer [32]. Thus, arachidonate-15-lipoxygenase expression was positively correlated
with larger tumor size, more advanced tumor stage, and vascular invasion [32]. A multi-
dimensional signature of 20 plasma lipid biomarkers has been developed to distinguish
healthy controls from breast cancer patients based on high-resolution liquid chromatog-
raphy tandem mass spectrometry [33]. Lipids have been shown to be associated with
breast cancer risk, and lipid-lowering medications may be effective in breast cancer pre-
vention [34]. However, when we consider lipids and lipid peroxidation processes in the
oral cavity, it must be kept in mind that only about 2% of lipids enter saliva from blood
serum (cholesterol and free fatty acids) [35,36]. It is known that lipids enter the oral cavity
mainly with the secretions of the parotid and submandibular salivary glands [37]. The
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likelihood of specific tumor products getting into saliva is extremely low. Therefore, the
lipid composition of saliva reflects the body’s systemic inflammatory /immune response to
a specific cancer subtype. The sources of a number of lipids in saliva are also the membranes
of secretory vesicles and fragments of bacterial cell membranes. Lipids are one of the main
components of cell membranes; therefore, changes in the lipid composition of saliva may
reflect changes in the composition of the cell membranes of the salivary glands [38].

We have shown an increase in the level of lipid peroxidation products in saliva in
all cases, with the most intense increase observed after breast cancer surgery. In this case,
activation of lipid peroxidation processes can be considered as a leading pathogenetic
factor in the destabilization of cell membranes and disruption of intercellular interactions.
Moreover, the content of lipid peroxidation products in saliva before treatment is closely
associated with the HER?2 status of the tumor. Higher lipid peroxide levels are character-
istic of HER2-negative breast tumors. After treatment, differences in lipid peroxidation
levels between subgroups leveled out, but overall, lipid peroxide concentrations in saliva
remained higher.

Lipid peroxidation processes are known to be activated after surgery, especially in
the early postoperative period [39]. This is due to surgical stress, which leads to excessive
formation of lipid peroxidation products, which have a toxic effect on membrane and
intracellular structures. This postoperative surge is a temporary physiological response
to surgical trauma and the subsequent healing process. However, there are known cases
where persistent systemic oxidative imbalance persisted even after tumor removal. In par-
ticular, normalization of metabolic status after radical surgery in patients with edematous-
infiltrative breast cancer did not occur in some cases [40]. A four-week observation period
represents the late postoperative period, when the effects of surgical trauma should have
abated. However, we did not observe a return of lipid peroxidation levels to preopera-
tive values, indicating both the need for an extended observation period and additional
correction of the oxidative imbalance.

An increase in lipid peroxidation products in saliva has been noted with positive
expression of estrogen receptors, accompanied by a statistically significant increase in AOA
and TPA. Estrogen receptors are known to be present in biopsies of normal tissues taken
from the cheek, parotid gland, submandibular gland, and minor labial salivary glands.
Specific nuclear receptors are localized in the basal layer of gingival epithelium, periodontal
ligament fibroblasts, endothelial cells of periodontal vessels and oral mucosa, and alveolar
and jaw bone cells [41,42]. This suggests that estrogen plays a biological role in homeostasis
and normal functioning of the salivary glands and oral mucosa [43]. Estrogen receptor beta
is the predominant estrogen receptor subtype in the salivary glands and oral mucosa [44].

It has been suggested that the role of oxidative stress in estrogen-receptor-positive
breast cancer may differ from that in other tumor types [45]. Several studies have demon-
strated in vitro that mitochondrial ROS can be induced by physiological concentrations of
estrogen [46,47]. Because oxidative metabolism of estrogen and subsequent ROS generation
are key estrogen-associated carcinogenic mechanisms [48,49], ROS scavenging systems are
expected to play a particularly important role in estrogen-receptor-positive malignancies.
The oxidative effect of estrogen is associated with the production of ROS from unstable
compounds such as semiquinones, formed through tissue-specific conversion of estro-
gen to catechol estrogen metabolites [46]. Estrogen-mediated oxidative stress may result
from altered antioxidant enzyme status [50], in particular, estrogens affect the activity of
glutathione transferase, glutathione peroxidase, superoxide dismutase, and catalase [51].
Estrogen and its metabolites can have the same damaging effects as ROS, alkylating or
damaging the integrity of DNA and proteins [52], and also binding to estrogen receptors
and activating elements of the estrogen response, which leads to increased ROS levels [53].
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Under these conditions, even increased activity of cellular antioxidant enzymes does not
protect macromolecules from the effects of oxidative stress in breast cancer. These results
indicate an increased need for antioxidants in breast cancer [54].

The antioxidant properties of saliva are mediated by a combination of various molecu-
lar mechanisms [55-57]. For example, catalase plays an important role because it mediates
NADPH-dependent dismutation of hydrogen peroxide into water and oxygen [58]. Hydro-
gen peroxide can be produced and released into saliva by oral microbiota [59]. Hydrogen
peroxide can also penetrate cell membranes and serve as a second messenger in many
cellular processes [60]. Traditionally, catalase activity measured in saliva is attributed
primarily to bacteria. More recent proteomic studies have shown that catalase activity in
saliva is of both human and bacterial origin [61].

We have shown a decrease in salivary catalase activity in all cases before breast
cancer surgery, which may indicate a decrease in its production by the oral microbiota
and a decrease in its intake from the plasma. This leads to the need to enhance other
links in the antioxidant defense of saliva, in particular peroxidase. Two peroxidases are
present in saliva: lactoperoxidase, produced by the parotid and submandibular glands, and
myeloperoxidase, contained in polymorphonuclear neutrophils [62]. These enzymes not
only reduce hydrogen peroxide, but also have an antimicrobial effect due to the oxidation of
thiocyanate ion [63]. The resulting hypothiocyanate ion limits the proliferation of bacteria in
the oral cavity by oxidizing thiol residues in the main microbial proteins [64], and can also
inactivate proteins involved in the detoxification of human saliva [65]. Thus, antioxidant
systems play an important role in maintaining the redox balance of saliva.

ROS are known to be essential for immune responses, but their excessive produc-
tion triggers and maintains pro-inflammatory processes, particularly through the redox-
sensitive transcription factors nuclear factor (erythroid 2)-like 2 (Nrf2) and nuclear factor kB
(NF-kB) [66]. Inflammation further enhances oxidative stress by increasing ROS production
and myeloperoxidase release, which leads to oxidative damage to lipids, nucleic acids, and
proteins and promotes tissue damage [66]. Salivary myeloperoxidase levels are dependent
on two main factors: the natural migration of neutrophils into saliva and the inflammatory
response of the mucous membranes in oral diseases. It can be speculated that salivary
myeloperoxidase levels may reflect systemic changes in the body, just as oral health affects
overall health [67].

Lactoperoxidase is involved in the one-electron oxidation of 17(3-estradiol to the
reactive phenoxyl radical [14]. Lactoperoxidase plays a role in breast carcinogenesis through
the activation of carcinogenic aromatic amines such as benzidine, 2-aminofluorene, and
others, resulting in the formation of metabolites that are highly reactive and covalently
bind to DNA [68].

An increase in the activity of lactoperoxidase, as the only antioxidant synthesized in
the salivary glands, reflects the effectiveness of the salivary glands in preventing oxidative
stress. An increase in peroxidase activity in the saliva of patients with breast cancer indicates
an increase in enzymatic antioxidant defense, which protects the salivary glands and the
entire oral cavity from oxidative damage. An increase in catalase activity is associated
with a positive status of HER2 receptor expression and a negative status of hormone
receptor expression. An increase in AOA and TPA is associated with a positive expression
of estrogen receptors. This pattern persists after surgical removal of the tumor. It is known
that breast cancer subtypes are characterized by different ROS production and susceptibility
to antioxidant treatment [69]. We have shown that salivary catalase activity decreases more
significantly in luminal breast cancer subtypes (Lum A, Lum B(—) and Lum B(+)), while
AOA decreases to a greater extent in HER2-positive (Lum B(+) and Non-Lum) and TNBC.
It is known that estrogens and their metabolites are capable of altering the redox balance
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through increased generation of superoxide radicals with their signaling and damaging
effects [70,71], which may cause a more noticeable depletion of antioxidant protection in
patients with estrogen-positive (liminal) breast cancer [72].

Thus, saliva is suitable for assessing oxidative stress levels, enabling non-invasive
diagnostics of both systemic disorders in the body, including those caused by breast
cancer, and localized disorders in the oral cavity [73]. The oral mucosa reflects metabolic
disorders and pathologies of individual organs and systems [74]. Monitoring the activity of
salivary antioxidant enzymes can identify subgroups of patients with impaired antioxidant
defense systems and identify risk groups for developing oral complications during breast
cancer treatment [75]. Specifically, correcting decreased oral antioxidant defenses may
involve the use of medications, physical therapy, hygiene products, and, in some cases,
dietary modifications [76-78]. The use of antioxidants is considered a promising approach
for correcting metabolic disorders that develop as a result of chemotherapy for breast
cancer [79,80].

Study limitations include an incomplete list of salivary antioxidant enzymes measured
(glutathione peroxidase, superoxide dismutase, and others were not included), as well
as the lack of analysis of the non-enzymatic components of salivary antioxidant defense
(albumin, uric acid, and others). The observation period after breast cancer surgery was
only 4 weeks, and subsequent measurements were not possible due to the initiation of
adjuvant chemotherapy. Volunteers did not receive any medications for the treatment of
breast cancer, but it was not possible to completely exclude the use of drugs for chronic
comorbidities, which can also be considered a limitation of the study.

The small sample size and the lack of samples collected at multiple centers are among
the study’s limitations. The small sample size is due to the fact that some patients received
prior chemotherapy after the diagnostic checkup or had contraindications for surgery,
resulting in loss to follow-up and the failure to obtain a repeat saliva sample after surgery.
A larger cohort is planned for continued research.

4. Materials and Methods
4.1. Study Design

This study involved 115 patients with breast cancer (58.7 & 10.9 years) and 60 healthy
volunteers (51.8 & 12.1 years). Volunteers were recruited at the Omsk Clinical Oncology
Dispensary: breast cancer patients were recruited in the emergency department, and
healthy controls were recruited in the blood transfusion department. Healthy volunteers
were active blood donors and underwent a preliminary examination by a physician to
rule out contraindications. The criterion for inclusion in the healthy control group was the
absence of breast abnormalities during routine mammography and/or ultrasound.

The breast cancer group included patients strictly prior to treatment with no signs
of active infection or inflammatory processes in the oral cavity. Histological verification
of the diagnosis was considered a prerequisite. Tumor tissue expression was determined
for estrogen (ER) and progesterone (PR) receptors [81], human epidermal growth factor 2
(HER?2) [82], and the Ki-67 proliferative activity index [83].

A detailed description of the group of patients with breast cancer is given in Table 1.
No differences in age were found between subgroups with different stages and phenotypes
of breast cancer. Patients with stage IV did not undergo surgery; therefore, these patients
were excluded from further analysis. For patients with non-luminal breast cancer, surgery
was performed only after neoadjuvant chemotherapy; for this subgroup, saliva samples
were obtained before the first course of treatment (Table 2).
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Table 2. Description of breast cancer subgroups.
Subgroups Before Surgery, n (%)  After Surgery, n (%)
Age, years 58.7 £10.9 59.1 +10.2
Stage
IA +1B 40 (34.8%) 25 (47.2%)
IIA +IIB 45 (39.1%) 19 (35.8%)
IITA + IIB + IIIC 26 (22.6%) 9 (17.0%)
v 4 (3.5%) -
Breast Cancer Phenotype
Luminal A =Lum A 40 (34.8%) 10 (18.9%)
Luminal B HER2-negative = Lum B(—) 36 (31.3%) 25 (47.2%)
Luminal B HER2-positive = Lum B(+) 11 (9.6%) 8 (15.0%)
Non-luminal HER2-positive = Non-Lum 10 (8.7%) -
Triple negative breast cancer = TNBC 18 (15.6%) 10 (18.9%)

Saliva collection was performed strictly before the start of anticancer drug therapy:
twice during hospitalization for surgery (Before Surgery) and before the start of the first
course of adjuvant chemotherapy (After Surgery).

4.2. Saliva Biochemical Analysis

Saliva samples were obtained as previously described [84,85]. Saliva samples were
collected between 8 and 10 a.m. (the time of peak salivary secretion) after an overnight fast,
after rinsing the mouth with water without stimulation. A tooth brushing was permitted
no later than one hour before sample collection. All volunteers were instructed to abstain
from alcohol consumption for two days prior to saliva collection and from smoking and
taking medications from the moment of awakening until saliva collection. Samples were
collected by spitting into sterile polypropylene tubes and centrifuged to reduce turbidity
and remove cellular elements at 10,000x g for 10 min (CLb-16, Moscow, Russia). Saliva
analysis was performed immediately after collection without storage or freezing.

All saliva samples were analyzed for catalase activity (nkat/mL), total antioxidant
activity (AOA, mmol/L), total peroxidase activity (TPA, c.u.), and the content of lipid
peroxidation products—diene conjugates (DC, c.u.), triene conjugates (TC, c.u.), and Schiff
bases (SB, c.u.).

Determination of AOA was carried out using ready-made commercial Vector-Best
kits (cat. No. B-7501, Novosibirsk, Russia) using the semi-automatic biochemical analyzer
StatFax 3300 (Awareness Technology, Palm City, FL, USA). Catalase activity was determined
using a commercial Servicebio kit (cat. No. G4307-48T, Wuhan Servicebio Technology,
Wuhan, China). TPA was determined using a commercial Ecotech kit (Moscow, Russia).
The levels of lipid peroxidation products were determined spectrophotometrically using
the Volchegorsky method [86].

4.3. Statistical Analysis

Statistical analysis of the obtained data was performed using Statistica 13.3 EN soft-
ware (StatSoft, Tulsa, OK, USA) using a nonparametric method. The distribution and
homogeneity of variances in the groups were preliminarily checked using the Shapiro-Wilk
and Bartlett tests. The sample was described using the median (Me) and interquartile
range as the 25th and 75th percentiles [LQ; UQ)]. Differences were considered statistically
significant at p < 0.05.
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5. Conclusions

Increased levels of lipid peroxidation products in saliva are associated with negative
HER?2 expression status and positive estrogen receptor expression status. In the same
subgroups, a decrease in salivary catalase activity was noted, while an increase in AOA
and TPA was associated only with positive expression of estrogen receptors. This pattern
persists after surgical removal of the tumor. Thus, for the first time it has been shown that
peroxidase and antioxidant activity in the saliva of breast cancer patients increases, demon-
strating the important role of the salivary glands in antioxidant defense. We hypothesize
that the effectiveness of antioxidant defense is associated with the expression of estrogen
and progesterone receptors and is reduced in prognostically unfavorable breast cancer
subtypes (Non-Lum and TNBC).
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