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ABSTRACT

Background. Chemotherapy is one of the main types of treatment in ovarian cancer. Standard first-line treatment
includes platinum drugs. Every fifth patient develops chemoresistance after platinum-containing first line therapy.
Glutathione detoxification systems play an important role in platinum drugs utilization.

Aim. To assess the redox status of blood plasma and ascitic fluid in ovarian cancer patients before and after
neoadjuvant platinum-containing chemotherapy (NACT).

Materials and methods. We determined the activity of the glutathione system and thioredoxin levels in blood
plasma before and after NACT and in the ascitic fluid before NACT, and the presence of GSTP1 gene polymorphism
(Ile105Val (rs1695), Alal14Val (rs1138272) in 30 III-1V FIGO stage ovarian cancer patients. Patients were divided
into 3 groups: NR —no relapse in 2 years after last chemotherapy course; R1 — relapse in less than 6 months; R2 —
relapse in more than 6 months.

Results. We established an increase of the glutathione-transferase activity and a decrease of the GSH level in
plasma after chemotherapy in R1 patients, and an opposite dynamic of glutathione-transferase and GSH in the R2
group. Thioredoxin level in plasma of all patients was lower than in the control group; differences in levels between
groups were not statistically significant. GSTP! 105Val allele was more frequently present in patients than in the
control group, and more frequently in R2 than in R1.

Conclusion. The increase in plasma glutathione-transferase and glutathione-reductase levels can be a prognostic
marker of early relapse. Thioredoxine dynamics do not correlate with the chemotherapy response. The presence of
the GSTP1 105Val allele is a risk factor for ovarian cancer development, but a protective factor against early relapse.
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MapameTpbl F1yTaTUOHOBOM CUCTEMbI U TUOPEAOKCUHA B N/1a3Me KPOBU
n acumte u noammopdusm reHa GSTP1 lle105Val kak ¢pakTOpbl pe3UCTEHTHOCTH
K N/IaTUHOCOAEepKaLleid XMMMoTepanun y 60/1bHbIX pakoM AMYHUKOB
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PE3IOME

BBenenne. XumuoTepanus SIBISIETCS OAHUM M3 OCHOBHBIX BHJIOB JICUCHHUS PACTIPOCTPAHEHHOTO paka SIHMIYHUKOB
(PA). V xakmolt mATOH NMAIMEHTKH Pa3BUBACTCS XMMHOPE3UCTEHTHOCTH IIOCINIE IUIATHHOCOAEpIKallel Teparin
nepBoit muHIK. CrcTeMa JeTOKCHKAINK TTTyTaTHOHA UIPaeT BXHYIO POJb B YTHIN3AIUH IUIATHHOBBIX Ipenapa-
TOB U3 OITyXOJICBBIX KJIETOK.

eab. OLEeHUTb OKUCIUTENEHO-BOCCTAHOBUTEIIBHBII CTaTYC IUIa3Mbl KPOBH U aCIUTHYECKOMN KUJIKOCTH Y 00J1b-
HbIX Pl 10 1 mocnie HeoapIOBaHTHOMW IIaTHHOCOAepKatielt xumuorepanuu (HAXT).

Matepunajbl U MeTOAbl. Mbl ONpeieNInId aKTUBHOCTh IIyTATUOHOBOM CHCTEMbI U YpOBEHb THOPEIOKCHUHA B
mia3me kposu 10 u nociie HAXT u B actiutuueckoit sxuakoctu 10 HAXT y 30 nanumenros Ha -1V cragusx (mo
FIGO) paxa simunnkoB. [TanmenTs! Obutn pa3neneHsl Ha Tpy rpynnbsl: bP — 6e3 penuauBoB B TedeHHe 2 JIeT mocie
3aBepIleHus] XUMHUoTepanuy; P1 — pennans 3aboneBanus B TedeHHEe 6 Mec IOCIIE 3aBEPLICHHST XMMHUOTEPAIINH
nepBoii muHUM; P2 — perunuB nociae 6 Mec 0T MOMEHTA 3aBEPILICHUS XUMUOTEPAIIUY [IEpBOM JINHUU.

PesyabTarhl. YcranoBieHo yBenudeHue aktuBHoctd GT u cHkeHue yposHs GSH B mia3Me nociie Xumuorepa-
nuu y nanuenTos ¢ P1, a taxxe nporuBononoxHas quHamuka GT u GSH B rpynne P2. Yposens Tuopenokcusa
B IUTa3Me y BCEX MAIMEHTOB OBUI HIDKE, YeM B KOHTPOJIFHOH IPYIIIE; Pa3iInius B YPOBHAX MEXTY TpyNIaMu He
OBLTH CTaTUCTUYECKU 3HAUMMBIMH. AJTenbHbIA BapuanT 105Val rena GSTP! BeBIsuIcS ¢ 60iee BEICOKOH 9acTo-
ToH y nanueHnTos ¢ P51, yem B koHTpone, u yamie B rpynne P2, uem y P1.

3axmouenue. [Tosrimenne akruBHOCTH GST 1 GR B mia3me 60apHBIX PS5 MOkeT OBITH MPOTHOCTHYECKUM MapKe-
pOM paHHero peruanBa. JlnHaMUKa THOPEIOKCHHA HE KOPPEIUpYyeT ¢ OTBETOM Ha XUMHUoTepanuio. [Ipucyrcrue
ammenst 105Val B reae GSTPI siBisieTcst pakTOpOM PHCKA Pa3BUTHS paka SIMYHUKOB, HO 3aIIUTHBIM (PaKTOPOM
HPOTHB PAHHETO PELHINBA.

KiroueBble ci10Ba: pak sSIMYHUKOB, aCLUTHYECKAs JKHAKOCTb, XUMHOPE3HUCTEHTHOCTD, INIyTaTHOHOBAs CHCTEMA,
nommmop¢m3M rerna GSTPI.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/Ieﬁ HaCTOHH.[eﬁ CTaTbu.

Hcrounuk punancupoBanus. Pabora BeimonHeHa mpu nmoaaepskke rpanta [Ipesunenrta Poccuiickoit depepamumn
(Ne MK-3196.2018.7).

CooTBeTcTBHE NPUHIMNAM 3THKH. VccnenoBanue 0100peHO JOKAIbHBIM 3THYECKUM KOMHTeTOM WHCTHTYTaA
MEIUIMHEBL, SKOJOTHU U przndeckoi KynbTypsl Yal'VY (mpotokon Ne 9 ot 15.09.2015). Bee manmeHTsI HOATIMCATH
MH(GOPMHUPOBAHHOE COTVIACHE HAa Y4ACTHE B CCIICAOBAHHUH.

Jns uurupoBanusi: [omrosa J[.P., I'eaunr T.I1., Abakymosa T.B., 'eaunr C.O., AntoneeBa W.U., ®enoro-
Ba A.IO. IlapameTpsl IIyTaTHOHOBOM CHCTEMBI M THOPEJOKCHHA B IITa3Me KPOBH M acIUTe U MOIUMOPGHHU3M
rera GSTPI lle105Val xak ¢pakTOpbl pe3NCTEHTHOCTH K IIATHHOCOACPIKAIICH XUMHOTEPANNH Yy OOIBHBIX PAKOM
SIMYHUKOB. bronemens cubupckoti meduyunvl. 2020; 19 (4): 67-72. https://doi.org/10.20538/1682-0363-2020-
4-67-72.
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INTRODUCTION

The increased glutathione system activity underlies
the resistance to platinum-containing chemotherapy (CT)
in ovarian cancer (OC), among other causes. Binding
to SH-groups of glutathione inactivates cisplatin, with
mainly glutathione-S-transferases (GST) providing the
neutralization [1]. Platinum-resistant cells demonstrate
a higher activity of GST in the cytosol compared with
the original platinum-sensitive SKOV3 and SGC7901
cells, and the GSTP inhibition increases the cytotoxicity
of platinum drugs by 4 times [2]. GST plays a role in
drug resistance by providing the direct detoxifying effect
and the MAP kinase pathway inhibition. GST modulates
the tumor response to platinum-containing CT in OC
[43]. GST activity in ovarian cancer ascites negatively
correlates with the sensitivity to platinum drugs and pos-
itively correlates with the risk of recurrence. The expres-
sion of the glutathione-dependent enzymes genes reflects
the adaptive antioxidant potential and can take part in
drug resistance development [4].

The limited data are available on the thiol cell detox-
ification systems, represented by thioredoxin (Trx) and
glutaredoxin, the regulators of the redox potential, cell
proliferation, and DNA repair. Some authors propose
that thioredoxin contributes to the formation of doxoru-
bicin and cisplatin resistance, protecting cells from the
oxidative stress and inhibiting the apoptosis through pro-
tein kinases ASK1 and JNK1 [5].

The aim of the study was to assess the parameters of
the glutathione system and thioredoxin in blood plasma
and ascites and polymorphism of the GSTP/ Ile105Val
gene as factors of chemoresistance in patients with ad-
vanced ovarian cancer.

MATERIALS AND METHODS

The study included 30 patients (median age 62 years;
lower quartile — 45, upper quartile — 65) with verified OC
presenting with ascites (performance status according to
ECOG - 0-2, life expectancy at least 6 months). The pa-
tients were treated with 2—4 cycles of the neoadjuvant
chemotherapy (NACT) according to the AP regimen
(cisplatin 75 mg/m? and doxorubicin 40 mg/m? intrave-
nously in the 1st day every 3 weeks) and, subsequent-
ly, cytoreductive surgery and adjuvant chemotherapy.
Ascitic fluid (AF) for analysis was taken before starting
chemotherapy. The cell-free fraction was collected after
centrifugation at 1,500 rpm for 10 min. With dynamic
observation, all patients were divided into groups: NR —
no relapse; R1 — early relapse, relapse-free period up to
6 months; R2 — late relapse, relapse-free period from 6
to 12 months. In the plasma of patients before treatment
and after NACT and AF before treatment, the activity
of the glutathione system components was determined:

glutathione-S-transferase (GST), glutathione reductase
(GR), glutathione peroxidase (GPO), and the level of
reduced glutathione (GSH) [6, 7]; thioredoxin (Trx) le-
vel was evaluated by ELISA (Cloud Clone Corp., USA).
Genomic DNA for the analysis of GSTPI gene polymor-
phisms Ile105Val (rs1695), Alal14Val (rs1138272) was
isolated with a “DNA express blood” kit (NPF Litech,
Moscow). Genotyping of the samples was performed
by allele-specific real-time PCR with Tag-Man probes
(Syntol, Moscow). The control group consisted of 20 ap-
parently healthy women (median age 52, lower quartile
45; upper quartile 58). Quantitative data are presented
as median and lower and upper quartiles. Due to the
abnormal distribution in the groups, the nonparametric
Kruskal — Wallis test was used to describe the statistical
differences (the differences were considered significant
at p < 0.05). The frequencies of the GSTPI lle105Val
gene polymorphism, as well as the correspondence of the
distribution of the observed genotype frequencies to the
theoretically expected ones from the Hardy — Weinberg
equilibrium, were checked using the y2 test. To assess
the relative risk of developing an event, the OR (odds
ratio) value and confidence intervals were calculated us-
ing an on-line calculator in case-control studies (http://
gen-exp.ru/calculator_or.php). Statistical data process-
ing was carried out using the Statistica 13.0 software
package.

RESULTS

The activity of GST statistically significantly differs
between the groups of OC patients, depending on the
time to the recurrence. Plasma GST activity in patients
of the R1 group is several times higher than the values
GST in the control, R2 and NR groups both before and
after NACT (Fig. 1,a). The same dynamics exists in the
AF: the early relapse is associated with high enzyme ac-
tivity before treatment (Fig. 1,b). The high detoxification
potential of GST may reduce the effectiveness of plati-
num-containing NACT by conjugating the drug, along
with a decrease in free GSH. After NACT, the enzyme
activity in all studied groups slightly decreases, while re-
maining elevated in the R1 group. The decrease in the
plasma GST activity after NACT is associated with a
longer relapse-free period.

The main function of GR is to maintain glutathione
in the reduced form, which conjugates with exogenous
toxins. The change in GR activity in the plasma of OC
patients is similar to the dynamics of GST in plasma
(Fig. 1,a), which suggests a decrease in the enzymatic
recovery of GSSG after NACT.

In the R1 group, the lowest GSH values are found in
blood plasma in comparison with all other groups stu-
died (Table 1). In the NR group, low plasma GSH values
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are observed before treatment, and a sharp increase (by
3.5 times) happens after NACT, which possibly reflects
an increase in the antioxidant status and may act posi-
tively, preventing the formation of resistance to doxoru-
bicin and cisplatin.
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Fig.1. Level of GST and GR in plasma (a) and ascitic fluid (b),
depending on the duration of the relapse-free period: * marked
data are significantly different from the group R1

The activity of GPO, utilizing hydrogen peroxide, is
lower than the control in blood plasma in all groups and
does not differ significantly (Table 1).

Ascites sampling may reveal additional factors to
clarify the molecular biological “portrait” of the ovarian
tumor [8]. We found that the R1 group had the lowest
GSH values in AF, while the maximum level was in the
R2 group (Table 1). Thus, an increase in GST and a de-
crease in GSH in plasma after NACT may be markers
of early relapse. In contrast, low GST activity and high
GSH levels in plasma and ascites occurred in the group
of NR patients.

Trx may play a role in the mechanisms of antitumor
drug resistance; this effect is tissue-specific and depends
on the microenvironment [9]. We found that the Trx le-
vel in blood plasma, decreased in all groups compared to
the control, did not differ significantly before and after
platinum-containing chemotherapy (Fig. 2).

Tumor sensitivity to cisplatin is determined by the
activity of detoxification enzymes, which include GST,
and the activity depends on gene polymorphism [10].
When comparing two groups, patients with OC and
controls, we found that the presence of a functionally
weakened GSTPI allele (genotype Ile/Val or Val/Val)
in the genotype is a risk factor for OC (OR = 1.82; 95%
CI 1.1-2.8; p = 0.035). The GSTPI114Val allele is as-
sociated with a decrease in the functional activity of
the enzyme and is also more common in OC patients
than in the controls (19% versus 5.5%; OR = 3.20; 95%
CI 1.5-6.8; p = 0.023). In the R1 group, compared with
the R2 patients, the Ile/lle GSTP! genotype is more com-
mon (OR =4.30; 95% CI 1.25-14.81; p = 0.034).

Table 1
GSH and GPO levels in plasma and AF in patients with advanced OC before and after NACT, Me (0 -0.)
P . GSH, mmol/l GPO, umol/min/l
aram T!
eters Rl,n=12 R2,n-8 NR, 7= 10 RL,n=12 R2,n-8 NR, 7= 10
1972 72.8 25.16 9.075 7.905 11.048
Plasma of primary patients (s 64;22 44) (54.0-95.5) (23.8-30.2) 3 675.—11 835) (4.372-12.278) | (10.83-11.67)
: : p=0.00005 p =0.003 : : p=0.653 p=0.101
. 47.5 105.5 10.695 8.28
Plasma of patients after complet- (14 - b | @137445) | (306212000 | o Pt 07y | 6405-17.10) | (81-9.24)
& : : p=0219 p = 0.0006 : : p=0.477 p=0619
.. . . 101 32 7.073 19.83
Aseltic fuid of OC patients R o 2 | o129 20.4-98.5 12 o 3 | 4298 | (1575-256)
: p =0.003 p=0.160 T p =0.037 p = 0.802
Control 80.72 52.01
(76.5-82.3) (50.5-54.0)
DISCUSSION resources occurs. The glutathione system in the blood

Ovarian carcinogenesis provokes a prooxidant state,
both in the tumor and in the adjacent normal tissues,
and the subsequent chemotherapy aggravates this con-
dition. In the late stages of OC, depletion of antioxidant

plasma can move to a higher level of functioning and
provide protection of macromolecules from reactive ox-
ygen species. We describe such observation in the group
of patients with a long relapse-free period. Conversely,
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the decrease in the antioxidant proteins favors the sur-
vival of a tumor and the metastasis development. We
observed significantly lower values of GSH and Trx lev-
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On the one hand, its low activity disrupts the inac-
tivation of carcinogens. The decrease in the concentra-
tions of GSH and GSH-dependent enzymes in plasma
and ascites are observed with tumor progression. Earlier
in the experiment, we established a tendency towards a
decrease in lipid peroxidation and oxidative modification
of proteins in ascites with the progression of OC [12].
On the other hand, GSH and Trx in tumor reduce the
cytotoxic effect of cisplatin; low levels of Trx in the cy-
toplasm of OC cells are associated with an increase in
progression-free survival [13]. The observed dynamics
of Trx levels in plasma and ascites needs further study-
ing of the Trx role in the formation of OC cells clones
with a high antioxidant status.

GSTP activity differs depending on the substrate;
with the GSTP1105Val allele, the overall survival in OC
patients is reduced after the platinum-containing chemo-
therapy [14]. Thus, it can be assumed that overexpres-
sion of the GSTP gene determines the resistance of OC
cells to platinum-containing CT.

CONCLUSION

The platinum-containing NACT has a significant ef-
fect on the functional state of the glutathione system in the
plasma of OC patients. The patients of the early relapse
group have decreased GSH and Trx levels, and increased
activity of GST and GR in plasma after NACT. In patients
with no relapse in 2 years, an increase in the antioxidant
status of plasma is observed: the levels of GSH and thiore-
doxin are increased, and the activity of GST is decreased.
In general, the system of glutathione and glutathione-de-
pendent blood plasma enzymes dynamically changes its

prfmg of protein

els in plasma in the group of OC patients with relapses
in comparison to the NR group. The glutathione system
plays a dual role in the process of carcinogenesis [11].
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Fig. 2. Level of thioredoxin in plasma and ascitic fluid of patients with OC before and after NACT with early and late relapse
(R1 + R2) (a) and without relapse for 2 years (NR) (b)

profile during ovarian carcinogenesis and may be used
for assessing individual sensitivity to platinum-containing
chemotherapy, as a prognostic marker for early relapse.
The presence of the Ile105Val allele in the GSTP1 gene is
a risk factor for the development of ovarian cancer, but a
protective factor against early relapse.
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