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ABSTRACT

BACKGROUND: Reactive oxygen species play important and ambiguous role in carcinogenesis, and local oxidative metabo-
lism may differ significantly from systemic metabolism and determine the processes occurring in tumor tissues.

AIM: This study aimed to examine the expressions of key oxidative metabolism genes, particularly CYB5R, POR, NOX4,
S0D1, NF-kB, and NRF2, in ovarian neoplasm tissues, and determine cytochrome b5 reductase and cytochrome P450 reduc-
tase activity, blood neutrophil activity, and antioxidant indices in the blood plasma and peritoneal fluid.

MATERIALS AND METHODS: The study included two groups of patients: a study group (n=10) with ovarian adenocarci-
noma and a comparison group (n=6) with benign ovarian neoplasms. The expressions of CYB5R1, CYB5R2/R4, CYB5R3, POR,
BIRC3, NOX4, NRF2, NF-kB, SOD1, HMOX1, and BCLZ2 genes, cytochrome b5 reductase, and cytochrome P450 reductase acti-
vity, oxidative activity of blood neutrophils, and antioxidant potential of plasma and peritoneal fluid were evaluated in these two
groups of women.

RESULTS: The expression levels of CYB5R3 and BCL2 were significantly lower in adenocarcinoma tissues. The activities of
cytochrome b5 reductase and cytochrome P450 reductase increased in the group with adenocarcinoma. On average, the acti-
vity of blood neutrophils corresponded to the reference values. For blood plasma, the antioxidant capacity were not different,
whereas the antioxidant capacity in the peritoneal fluid increased approximately twofold in ovarian cancer.

CONCLUSIONS: Significantly increased cytochrome b5 reductase activity in adenocarcinoma tissues may be a response
to intracellular oxidative stress, whereas CYB5R3 gene expression may be reduced by a negative feedback mechanism. The
activities of cytochrome P450 reductase and its gene change to a lesser extent in the presence of ovarian adenocarcinoma. The
oxidative balance in the blood and peritoneal fluid correlated with the tissue expressions of NF-kB and NRF2.
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AHHOTALMA

BBepeHune. AkTHBHbIe HOpMBI KUCIIOPOAA MIPaloT BaXKHYH M HEOLHO3HAYHYHO POJib B KaHLieporeHese, Npy 3TOM NoKasib-
HbIii OKCUATUBHBIA METabOIM3M MOXET CUITBHO OT/IMYATLCA OT CUCTEMHOTO MeTabosu3Ma 1 onpefensTb NpoLecchl, NPouc-
XOASALLME B TKaHU OMyXONU.

LUenb uccnepoBaHMs — U3y4nTb 3KCMPECCUIO KIOUEBBIX FEHOB OKCMAATUBHOrO MeTabonn3Ma, B YaCTHOCTU FeHOB
CYB5R, POR, NOX4, SOD1, NF-kB, NRFZ, B TKaHsix HOBOOOPa30BaHWN AIMUHUKA NapanniefibHO C ofpefeneHeM akTUBHOCTH
umTOXpoM b5-pepykTasbl, umToXpoM P450-pesyKTasbl, aKTMBHOCTM HEUTPOGUIIOB KPOBM M aHTUOKCUAAHTHBIX MOKasatenen
MNa3Mbl KPOBM U NEPUTOHEANbHOW XUOKOCTY.

Martepuansl u MeToabl. B uccneoBaHve BKOUMNM [1BE MPyNMbl NALMEHTOK: 0CHOBHYI0 rpynmny (n=10) c ageHoKapuuHo-
MOM SMYHWUKOB U Tpynny cpaBHeHWs (n=6) ¢ [OOPOKa4ECTBEHHBIMIU HOBOODPA30BaHMAMN SUYHUKOB. Y 3TUX ABYX Py JKeH-
LUMH NpoBefeHo u3ydeHue aKcnpeccun reHoB CYB5R1, CYB5RZ/R4, CYB5R3, POR, BIRC3, NOX4, NRFZ, NF-xB, SOD1, HMOX]1,
BCL2, u3y4eHne aKTMBHOCTM LIMTOXPOM b5-peaykTasbl U uuToxpoM P450-peayKTasbl, a TaKKe OnpefeneHne OKCMAATUBHOM
aKTUBHOCTM HEMTPOGMIOB KPOBM W aHTMOKCMAAHTHOTO NOTEHLMana nnasmbl U NepuToHeanbHOWM XUAKOCTY.

PesynbTatbl. YcTaHoBMEHO, 4T 3Kcnpeccus reHoB CYB5SR3 u BCLZ Bbina 3Ha4YMMO HUMKE B TKAHSX afeHOKapLMHOMbI.
AKTVBHOCTb LMTOXPOM b5-pepyKTasbl u umToXpoM P450-peayKTasbl 0Ka3anach NoBbILLEHA B rpyMNMe NaLUMeHToK € afleHoKap-
LMHOMOW. AKTUBHOCTb HEMTPOGMIIOB KPOBU B CPEIHEM COOTBETCTBOBaNa pedepeHTHbIM 3HayYeHUAM. [ina nnasMbl KpoBM 3Ha-
UeHUS aHTMOKCUIAHTHOW EMKOCTU He UMENW Pasnnunid, @ aHTUOKCUAAHTHAA EMKOCTb MEPUTOHEANbHOM KUAKOCTU B Clyyae
paKa AMYHMKOB Bblna yBenuueHa NpuMepHo B ABa pasa.

3akniouenue. CyLieCcTBEHHO YBENMYEHHAs aKTMBHOCTb LMTOXPOM b5-pefyKTasbl B TKaHSX afieHOKapLMHOMbI MOXKET
ABNATLCA OTBETOM Ha BHYTPUKIIETOYHbIA OKCMAATUBHBIA CTPECC, NpK 3TOM 3Kcnpeccus reHa CYB5R3 MoxeT ObiTb CHUMXe-
Ha N0 MeXaHU3My OTpULaTeNIbHOW 00paTHOW CBA3K. AKTMBHOCTL LMTOXPOM P450-peayKTasbl U €€ reHa B MeHbLUeN CTeneHu
M3MEHSETCA NPW afleHOKapLMHOME ANYHWUKOB. OKCMAATUBHBINA BanaHc KpoBU M NEPUTOHEaNbHOW MUAKOCTU B3aUMOCBS3aH
¢ TKaHeBo# akcnpeccueit NF-kB u NRF2.

KnioueBble cnosa: unuToxpoM b5-pefykTasa; umtoxpoM P450-peaykTasa; NRFZ; NF-KB; nna3Ma KpoBM; aHTUOKCUAHTHaA
€MKOCTb; aKTUBHOCTb HEMTPODUIOB; PaK AMYHUKOB.
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BACKGROUND

Ovarian cancer is one of the major causes of death in
women from cancer diseases [1]. One of the main mecha-
nisms of its pathogenesis is oxidative stress, which is in-
volved in the occurrence, development, and progression of
ovarian cancer and chemoresistance, since it causes pheno-
typic modifications of tumor cells through cross-interaction
between tumor cells and the surrounding stroma. Oxidative
stress leads to an adaptive response of cancer cells through
metabolic reprograming in the short term, and genetic re-
programing provides long-term adaptation, whereas reac-
tive oxygen species (ROS) can contribute to molecular genetic
changes causing cancer progression, and in contrast, long-
term increased ROS levels have a cytotoxic effect and can
induce activation of apoptotic pathways [2].

Oxidative stress, inflammation, and apoptosis are interre-
lated in carcinogenesis [3]. Inflammation, especially chronic
inflammation, is characterized by sustained tissue damage,
injury-induced cell proliferation and repair [4]. In ovarian can-
cer, oxidative stress regulates the expression of inflammato-
ry genes and activates activator protein 1, hypoxia-inducible
factor 1a, heat shock factor 1, universal transcription factor
NF-kB, transcription factor NRF2, and tumor suppres-
sor p53 [2]. NF-kB promotes the initiation of carcinogenesis
and plays a crucial role in tumor cell proliferation and survival,
but may also perform a protective function in ovarian cancer by
regulating antioxidant gene expression [2]. Increased NF-«xB
activation in invasive malignant ovarian lesions compared
with benign or borderline neoplasms confirms the relation-
ship between carcinogenesis and systemic inflammation [5].

Elevated ROS levels activate NRFZ signaling, inducing the
expression of antioxidant enzymes such as heme oxygenase
(HMOX), catalase, superoxide dismutase (SOD), and gluta-
thione transferase. NRF2 plays a critical anti-inflammatory
role; however, although NRF2 helps maintain the stability of
the normal environment of ovarian cells and genome under
conditions of oxidative stress, it protects cancer cells from
oxidative damage and from the effects of cytotoxic drugs,
thereby increasing resistance to chemotherapy [2].

One of the main sites for the synthesis of intracellular
ROS is microsomal respiratory chains, represented by re-
ductases integrated into the membrane of the endoplasmic
reticulum, which transport electrons from nicotinamide ad-
enine dinucleotide (NADH; reduced form) or nicotinamide
adenine dinucleotide phosphate (NADPH; reduced form) to
cytochromes. NADH-dependent cytochrome b5 reductase
(CYB5R) participates in the synthesis of cholesterol, elonga-
tion of fatty acids, and microsomal hydroxylation of xenobi-
otics and steroid hormones and is part of the transmembrane
redox system, which maintains the antioxidants ascorbate
and coenzyme Q10 in a reduced state and protects the cell
from apoptosis [6].

The role of cytochrome b5 reductase in carcinogenesis
has not been sufficiently studied; however, its increased
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expression is known to correlate with a poor prognosis in
patients with estrogen receptor-negative breast cancer, and
a decrease in the expression of the gene for this enzyme
reduces significantly metastatic spreading to the lungs in a
mouse model [7]. NADPH-dependent cytochrome P450 re-
ductase (POR) reduces cytochrome P450 and can transfer
an electron to cytochrome b5, heme oxygenase, squalene
monooxygenase, and 7-dehydrocholesterol reductase. The
most crucial task of this chain is to catalyze the metabolism
of drugs, especially antitumor drugs [8]. Studies available in
the literature are mainly focused on the participation of this
enzyme in the metabolism of anticancer drugs.

This study aimed to analyze the expression of key genes
involved in oxidative metabolism, inflammation, and apopto-
sis (CYB5R, POR, NOX4, SOD1, HMOX1, NFKB1, NRF2, BCL2,
BIRC3) in ovarian adenocarcinoma tissues and determine the
activity of cytochrome b5 reductase, cytochrome P450 reduc-
tase, and some indicators of oxidative metabolism (activity of
blood neutrophils and antioxidant indicators of blood plasma
and peritoneal fluid).

MATERIALS AND METHODS

Overall, 16 female patients aged 47-57 years were includ-
ed. The main group consisted of 10 patients with histologically
confirmed ovarian cancer (moderate and poorly differentiated
serous adenocarcinoma), and the comparison group comprised
6 patients with benign ovarian tumors (serous-mucinous cyst-
adenoma). The exclusion criteria were age >75 years and
presence of multiple primary tumors of other locations. All
patients signed voluntary informed consent for inclusion in
the study and use of medical data obtained.

Surgical intervention and follow-up of patients were
performed in the D.D. Pletnev City Clinical Hospital of the
Moscow Department of Health, as well as the morpholog-
ical verification of the diagnosis in the Anatomic Pathology
Department. The study materials were samples of malignant
tissue, peritoneal fluid, blood plasma, and whole blood ob-
tained on the day of surgery. Blood and peritoneal fluid sam-
ples were transported in a vacutainer with Li-heparin at a
temperature of +4°C and analyzed no later than 2 hours after
the material collection. Tissue samples were transported in
physiological solution (0.9% NaCl solution), and then divided
into two parts: one part was frozen at -80°C and gene ex-
pression was studied a month later, and in the other part, the
activity of microsomal reductases was determined no later
than 2 hours after taking the material.

Evaluation of gene expression by polymerase
chain reaction

The level of gene expression was assessed by real-time
polymerase chain reaction (PCR). RNA was isolated from
tissue using YellowSolve kits (Klonogen, Russia) accord-
ing to standard methods, followed by phenol-chloroform
extraction and precipitation with chloroform and isoamyl
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alcohol (49:1). The RNA concentration was determined us-
ing the Quant-iT RiboGreen RNA reagent dye (MoBiTec,
Germany) on a plate reader (EnSpire equipment, Finland)
A, = 487 nm, A = 524 nm. Reverse transcription was per-
formed using reagents from Silex (Russia) according to
standard methods.

PCR was performed using the appropriate primers (Syn-
thol) and intercalating dye SYBR Green on a StepOnePlus
device (Applied Biosystems, USA). The following primers
(Syntol, Moscow, Russia) were used:

NRF2 (NFE2L2) (F: TCCAGTCAGAAACCAGTGGAT,
R: GAATGTCTGGCGCCAAA AGCTG);
NOX4 (F: TTGGGGCTAGGATTGTGTCTA,
R: GAGTGTTCGGCACATGGGTA);
BIRC3 (F: AAGCTACCTCTCAGCCTACTTT,
R: CCACTGTTTTCTGTACCCGGA);
BCL2 (F: GCCTTCTTTGAGTTCGGTGG;
R: ATCTCCCGGTTGACGCTCT);
NFKB1 (F: CAGATGGCCCATACCTTCAAAT,
R: CGGAAACGAAATCCTCTCTGTT);
HMOX1 (F: TCCTGGCTCAGCCTCAAATG;
R: CGTTAAACACCTCCCTCCCC);
SoD1 (F: AGGGCATCATCAATTTCGAGC;
R: GCCCACCGTGTTTTTCTGGA);
POR (F: GGGATGCGAGGCATGTCAG;
R: CAGGGCGTTGTCGATCTCT);
CYB5R1 (F: TCAGGCCATACACTCCTGTCA;
R: CACACCCCTTCAGGTAGACCTT);
CYB5R2 (F: CAAGGGGACGCTTGTTTTACC;
R: AGGTGATCGGCCAGTGTTTTT);
CYB5R3 (F: TCTACCTCTCGGCTCGAATTG;

R: CCTTGTCATCATCGCTGGAGAT);
and TBP (reference gene) (F: GCCCGAAACGCCGAATAT,
R: CCGTGGTTCGTGGCTCTCT).

Determination of microsomal
reductase activity

For recording the activity of cytochrome b5 reductase
and cytochrome P450 reductase, a protocol based on re-
cording tissue chemiluminescence in the presence of luci-
genin and NADH or NADPH, respectively, was used. Reg-
istration was performed on a Lum-1200 device (DISoft,
Russia). The reagents Krebs—Ringer solution (pH 7.4),
lucigenin (10,10-dimethyl-9,9-biacridinium dinitrate, Sig-
ma-Aldrich, USA), and NADH and NADPH (Sigma-Aldrich,
USA) were used. Before analysis, samples were washed
three times with Krebs-Ringer solution, and three por-
tions weighing 15.5+0.5 mg were taken with a 20-G biopsy
needle (GTA, Italy). Samples were placed in cuvettes with
Krebs—Ringer solution and lucigenin (final concentration,
60 pM), chemiluminescence was recorded at 37°C for
5 min, 10 pl of 10 mM NADH or NADPH was added, and the
signal was recorded for 20 min. The average intensity of the
stimulated luminescence of /\,py and /y,ppy Was calculated
for three parallel measurements.
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Determination of the oxidative activity
of neutrophils

Determination of the oxidative activity of blood neutro-
phils was performed according to the following method.
First, 25 pl of whole blood collected in vacutainers with
heparin was placed into a cuvette containing Hanks solution
stabilized with HEPES and luminol (45 pM) (all reagents from
Sigma-Aldrich, USA), and spontaneous chemiluminescence
was recorded for 10 min. Then, a priming stimulus, phorbol
12-myristate 13-acetate (50 ng/ml), was added. After 30 min
of incubation, a second stimulus, N-formyl-methionyl-leu-
cyl-phenylalanine (10 uM), was added, and the response was
recorded for at least 60 min. The amplitude of the neutrophil
response after the two-stage stimulation was calculated. The
reference interval for apparently healthy donors (n=110) was
determined earlier and was 3.5-9.0 relative units.

Determination of the antioxidant capacity
of blood plasma and peritoneal fluid

Chemiluminescence was recorded at 37°C in a system
containing the free radical generator 2,2'-azobis(2-amidino-
propane) dihydrochloride (ABAP) and a fluorescence activator
luminol in a phosphate buffer solution (100 mM, pH 7.4) (all
reagents from Sigma-Aldrich, USA). The initial fluorescence
was recorded until a plateau was reached; 10 pl of plasma or
peritoneal fluid, previously diluted 10 times with phosphate
buffer solution (100 mM, pH 7.4), was added; and recording
was performed until a new steady-state level was reached.
Using PowerGraph 3.0 software (DISoft, Russia), the fluo-
rescence suppression area S was determined, reflecting the
antioxidant capacity of water-soluble antioxidants in blood
plasma. The reference interval was previously determined
for blood plasma (n=98) and is 195405 relative units. A de-
crease in S corresponds to a state of oxidative stress.

Statistical processing

The Statistica software package, version 10.0 (Stat-
Soft Inc., USA), was used for statistical data processing. The
normality of distribution was tested using the Shapiro-Wilk
test. A comparative analysis of two independent groups on
a quantitative basis was performed using the Mann—Whitney
U test. The differences were considered statistically signifi-
cant at a value of p <0.05. To assess correlations, the Spear-
man rank correlation coefficient was calculated.

RESULTS

Gene expression

In patients with moderately and poorly differentiated ade-
nocarcinomas of high malignancy (n=10) and in women with
benign neoplasms (n=6), gene expression was determined in
the tumor tissue, namely, cytochrome b5 reductase (CYB5R],
CYB5RZ/R4, CYB5R3), cytochrome P450- reductase (POR),
prooxidant enzyme NADPH oxidase 4 (NOX4), antioxidant
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Fig. 1. Expression of key genes regulating oxidative metabolism in the tissue of ovarian neoplasms in two groups of patients (the average
value of the MRNA level of the studied gene in three parallel experiments in relation to the RNA level of the gene of the internal TBP

standard is given).
*Significant differences between groups (p <0.05, nonparametric U-test).

enzymes superoxide dismutase 1 (SOD7) and heme oxygen-
ase 1 (HMOXT), proinflammatory pathway transcription fac-
tor NFKBI, anti-inflammatory pathway transcription factor
NRF2, antiapoptotic oncogene protein BCL2, and apoptosis
inhibitor BIRC3 (Fig. 1).

Significant differences were obtained for the expression
of cytochrome b5 reductase (isoform 3) and the antiapoptotic
protein BCL2 (p=0.05). No significant differences were found
in the expression of other isoforms of cytochrome b5 re-
ductase (1, 2, 4, and 5), and no significant differences were
revealed in the expression of cytochrome P450 reductase.

Microsomal reductase activity

Table 1 presents the results of determining the activity
of microsomal reductases in the tissues of ovarian tumors.

The activity of cytochrome b5 reductase and cytochrome
P450 reductase was significantly higher in the group of fe-
male patients with adenocarcinoma than in those with benign
neoplasms, whereas the activity of cytochrome b5 reductase
increased by almost an order of magnitude, and the activity
of cytochrome P450 reductase increased by four times. Thus,
cytochrome b5 reductase is a more sensitive metabolic link
in ovarian cancer.

Oxidative activity of blood neutrophils and antioxidant ca-
pacity of blood plasma and peritoneal fluid

For each patient, the oxidative activity of neutrophils and
the antioxidant capacity of blood plasma and peritoneal fluid
were calculated (Table 2).

The activity of blood neutrophils corresponded to the
reference values. For blood plasma, the antioxidant capacity
values corresponded to the reference interval determined
for apparently healthy donors and did not differ between
groups. The antioxidant capacity of the peritoneal fluid for
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the comparison group corresponded to the blood plasma
indicators, and in the case of malignant tumors, it approx-
imately doubled.

Correlation between gene expression
and indicators of oxidative metabolism

Based on the results of gene expression and previous-
ly obtained indicators of oxidative metabolism, correlations
were calculated between the expression of the CYB5R and
POR genes and activity of the corresponding microsomal re-
ductases; between the expression of the NFKBT gene and
oxidative activity of neutrophils; and between NRFZ gene
expression and antioxidant capacity of blood and peritoneal
fluid (Table 3).

A weak negative correlation was observed between the
expression of CYB5R3 genes and activity of cytochrome
b5 reductase. A positive correlation of moderate strength was
noted between POR and cytochrome P450 reductase activi-
ty. Furthermore, a positive correlation of moderate strength
was obtained for the level of expression of the NFKBI gene
with the activity of blood neutrophils, as well as for the NRF2

Table 1. The intensity of NADH- and NADPH-dependent
chemiluminescence in the tissues of ovarian neoplasms
(data are given in the form of mean and standard deviation)

. Ovarian
Indicator Bemgn(;:sz;a lasms adenocarcinoma
- (n=10)
Ixap™, rel.units 0.88 (0.55) 7.70 (3.55)
Iaop™*, relunits 1.02 (0.77) 4.40 (2.56)

*lyagy is proportional to the activity of cytochrome b5 reductase;
**luagon iS Proportional to the activity of cytochrome P450 reductase.
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Table 2. Neutrophil activity and antioxidant capacity of blood plasma and peritoneal fluid (data are given in the form of mean and standard

deviation), conl. units

Antioxidant capacity S

Activity of the blood

Group of patients

Blood plasma

Peritoneal fluid neutrophils

With benign neoplasms (n = 6) 370 (88) 333(110) 5.1(3.0)
With adenocarcinoma (n = 10) 328 (132) 618 (250) 4.3(2.1)
Table 3. Spearman correlation coefficients between gene expression levels and indicators of oxidative metabolism
Gene expressio
Parameter

CYB53R POR NFKB1 NRF2 NRF2
Indicator of Activity of Activity of Activity Antioxidant Antioxidant capacity
oxidative cytochrome b5 cytochrome P450  of neutrophils  capacity of plasma of the peritoneal fluid
metabolism reductase reductase
Correlation -0.19 0.45 0.67 0.36 0.63

coefficient r.*

*Correlation of average strength is marked in bold in the bottom line: 0,3 < r; < 0,7.

gene expression level with the antioxidant capacity of blood
plasma and peritoneal fluid, and the correlation with the anti-
oxidant capacity of peritoneal fluid was significantly stronger.

DISCUSSION

The main results of the study include decreased expres-
sion of the CYB5R3 gene in high-grade adenocarcinoma tis-
sue with increased cytochrome b5 reductase activity by an
order of magnitude; absence of significant changes in the
expression of the POR gene with several times increased ac-
tivity of cytochrome P450 reductase; decreased expression
of the antiapoptotic protein gene BCLZ; direct correlation be-
tween neutrophil activity and NFKBI gene expression; direct
correlation between the antioxidant capacity of peritoneal
fluid and plasma and NRF2 gene expression; and absence of
significant changes in the expression of genes for the oxida-
tive balance enzymes NOX4, SOD1, and HMOX1 and inflam-
mation NFKB1 and NRF2.

No studies have analyzed the expression or activity of
microsomal reductases in ovarian cancer. One of the few
studies on the function of cytochrome b5 reductase in estro-
gen-negative breast cancer showed a significant correlation
between high expression of CYB5R3 and low relapse-free
and overall survival of patients [7]. Our own studies have
shown an ambiguous change in the activity of cytochrome
b5 reductase and P450 reductase in papillary thyroid cancer,
whereas for the most malignant cases, a sharp increase in
the activity of these enzymes was registered [9]. Regarding
cytochrome P450 reductase, research is mainly being con-
ducted on its role in the metabolism of anticancer drugs be-
cause this enzyme can directly reduce substances [10]. The
combination of the influence of cytochrome P450 reductase
and the use of chemotherapeutic drugs may be a new stra-
tegy for treating tumors.

DOl https://doiorg/1017816/2313-8726-2023-10-2-133-143

Our studies have shown an increase in the activity of cy-
tochrome P450 reductase in high-grade adenocarcinoma tis-
sues (about four times compared to benign tumors), whereas
gene expression has changed insignificantly; however, the
positive correlation of these indicators most probably in-
dicates the regulation of the activity of this enzyme at the
genetic level. The situation with cytochrome b5 reductase is
different, as with a significant decrease in expression, the
activity of this enzyme in adenocarcinoma tissue increased
by almost an order of magnitude. It can be assumed that
cytochrome b5 reductase is more actively involved in car-
cinogenesis, and this is explained by its multivalued role and
localization in the endoplasmic reticulum and on the out-
er membrane of the mitochondria. In addition to reducing
cytochrome b5, cytochrome b5 reductase maintains coen-
zyme Q10 in a reduced state, thus regulating the intracellular
antioxidant balance. It is possible that increased cytochrome
b5 reductase activity is a response to intracellular oxidative
stress, and decreased gene expression is the result of neg-
ative regulatory feedback.

The antiapoptotic protein BCL2, along with BAX and p53,
is the main regulator of drug-induced apoptosis, and BCL2
is often overexpressed in adenocarcinoma tissues [11], and
the level of this protein in the urine is also increased. The
presence of BCL2 expression in ovarian cancer is a favorable
prognostic sign, especially in BAX-negative cases [12].

In contrast, Y. Mano et al. have reported that BCL? ex-
pression correlates with poor response to chemotherapy,
especially in serous and endometrial adenocarcinomas [13].
Positive expression of BCL2 and p53 in ovarian cancer is
closely correlated with pathological stage, metastasis, and
recurrence, i.e., with poor prognosis [14]. There is evidence
that BCL2 has no prognostic value in terms of response to
chemotherapy and survival and is independent of the nature
and malignancy of the tumor [15]. Thus, information about
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the role of BCLZ in the pathogenesis of ovarian cancer and
its clinical significance is controversial.

In our study, BCL2 gene expression was reduced in ade-
nocarcinoma tissues, which is consistent with the results of
a study [16] that discussed the feasibility of assessing BCL2
expression in conjunction with BAX. Overall, the current
standpoint is that proteins in this family may be promising
therapeutic targets but must be considered in their entirety.

Moreover, the NF-kB signaling pathway is significant in
the pathogenesis of ovarian cancer. The p-STAT3/NF-kB/IL-6
signaling pathway represents a cascade loop involved in an-
giogenesis in ovarian cancer [17]. Like many participants in
oxidative metabolism, the role of this pathway is twofold, as
inflammation promotes oncogenesis, proliferation, and sur-
vival of tumor cells; in addition, this pathway is a regulator of
the expression of antioxidant genes [2]. Our study showed a
trend toward increased gene expression, which is consistent
with literature data; however, significant differences were
not obtained, possibly because of the relatively small size
of the groups.

NFKB1 gene expression was positively correlated with
neutrophil activity. A recent meta-analysis has proven that
an increase in the neutrophil/lymphocyte ratio is a poor prog-
nostic sign in ovarian cancer [18]. Increased neutrophil activi-
ty indicates inflammation and may have a beneficial cytotoxic
effect [19]; conversely, neutrophils are powerful inflammato-
ry effector cells that promote tumor progression and metas-
tasis, and extracellular neutrophil traps serve as activators
of the NF-kB pathway [20]. Oxidative stress, which originat-
ed from neutrophils, is closely associated with inflammation
and the activity of the NF-kB pathway [21], which is also
confirmed by our data. In the present study, we used a new
protocol for assessing neutrophil activity, using two-stage
stimulation with a priming and main stimulus. This protocol
allows the assessment of the full radical-producing poten-
tial of a neutrophil, reflecting its maximum activity. For the
studied cohort, neutrophil activity on average corresponded
to reference values, which confirms the absence of signifi-
cant systemic inflammation and the absence of a significant
increase in NF-kB expression.

The key role of NRFZ in ovarian carcinogenesis has been
supported by several studies, with aberrant activation of
NRF2 noted in most ovarian cancers, which is often associ-
ated with copy number loss in the NRF2 inhibitory complex
KEAP1-CUL3-RBXT [22]. In general, high NRFZ expression
is a favorable sign in ovarian cancer [23]. NRF2 regulates
the HERT signaling pathway and modulates the sensitivity of
cancer cells to certain anticancer agents, which should be
considered when developing treatment strategies. However,
NRF2 protects cells from oxidative stress and stimulates tu-
mor growth and resistance to chemotherapy drugs by inacti-
vating the oxidative stress caused by them.

Our studies showed a tendency toward a decrease in
NRF2 gene expression in the group of female patients with
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adenocarcinoma, although significant differences could not
be detected. The values of the antioxidant capacity of blood
plasma were not beyond the reference interval. A positive
correlation between the expression of the NRF2 gene and
antioxidant system of the blood and peritoneal fluid confirms
their relationship in a single antioxidant-anti-inflammato-
ry system. The antioxidant capacity of plasma is provided
primarily by uric acid, and uric acid, according to recent
data, functions as an ROS interceptor and at the regulatory
level, increasing the expression of mRNA, NRF2 proteins,
and NRF2-sensitive genes, including the catalytic subunit of
gamma-glutamate-cysteine ligase, heme oxygenase-1, and
NQO1 [24]. Uric acid decreases NRFZ ubiquitination and in-
creases NRF2 protein nuclear translocation, thereby activat-
ing the KEAP1-NRF2-ARE pathway, whereas the effects of
uric acid were significantly suppressed by the NRF2 inhibitor
brusatol [25]. Thus, physiological concentrations of uric acid
are a regulator of the anti-inflammatory NRF2 pathway; on
the contrary, significantly elevated levels of uric acid sig-
nificantly inhibit autophagy and protein levels of the NRF2/
SLC7A11/GPX4 signaling pathway, causing endothelial dam-
age and atherosclerosis [26].

NADPH oxidase is the most crucial source of endoge-
nous superoxide anion radicals in ovarian cancer, whereas
epithelial ovarian cancer is characterized by a higher level of
NADPH oxidase expression compared with normal ovarian
tissues. NOX4 expression is increased in malignant ovarian
tumors than in benign ones [27]. Increased NOX4 expression
in ovarian cancer is induced by HIF-1 alpha and the insu-
lin-like growth factor IGF-1 [1]. In our study, NOX4 gene ex-
pression was slightly reduced in the adenocarcinoma group
than in the group of patients with benign tumors; this re-
quires further careful study because the regulation of NOX
family genes is complex and determined by a specific cell
type.

Gene expression in the antioxidant enzymes SODT and
HNOX1 was slightly reduced in the group of patients with
ovarian cancer. The decrease in SODT gene expression is
consistent with literature data demonstrating a decrease in
the levels of superoxide dismutase, catalase, and low-mo-
lecular-weight antioxidants (vitamins C and E) in ovarian
cancer [28]. Disorders of heme metabolism in ovarian
cancer, primarily in endometriosis-associated cancer, are
studied less. Experiments in ovarian cancer cell lines reveal
that heme induces heme oxygenase-1 (HO-1) expression.
Low levels of exogenous heme promoted the growth of
ovarian cancer colonies, and higher doses of heme resulted
in slower growth of cancer cell colonies in the induction of
HO-1 [29]. Moreover, suppression of the NRF2/HO-1/xCT/
GPX4 cytoprotective pathway is the basis of the action of
the ferroptosis inducer in ovarian cancer [30]. All this con-
firms the duality of the effects of participants in oxidative
metabolism and the need for a thorough study of its role
in carcinogenesis.
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CONCLUSION

In high-grade adenocarcinoma tissues, the activity of
cytochrome b5 reductase is significantly increased, which
can be due to a response to intracellular oxidative stress,
whereas expression of the CYB5R3 gene, but not CYB5R1
and CYB5R2\4, is reduced. The decrease in CYB5R3 gene
expression may result from negative feedback. Additionally,
the activity of cytochrome P450 reductase is increased, but
to a lesser extent, and positively correlates with the POR
gene expression. Thus, cytochrome b5 reductase is involved
in carcinogenesis in ovarian cancer, to a greater extent than
cytochrome P450 reductase. The expression levels of the
NFKB1 gene did not differ between the groups, but cor-
related with the activity of blood neutrophils, the levels of
which were generally normal. Furthermore, the expression
levels of the NRF2 gene did not differ between the groups
and correlated with indicators of plasma antioxidant capac-
ity. The correlation with peritoneal fluid antioxidant capacity
was significantly stronger, indicating closer metabolic con-
nections at the local level in the peritoneal cavity than at
the systemic level.
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