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LutokiH-Mopayntoroumni enams HIPEC
Ha ¢popMyBaHHSA BHYTpiuepeBHOro romeocrasy
Y NAUIEHTOK 3 PaKOM SIEYHMUKIB

MapkisH ®eumnd, Hatansa IrymeHuesa,
CeBepuH ®epHesa, PomaH fpema, HaTtans Bonoabko

JlbBiBCbKUV HavioHanbHuii MeguyHui YHiBepcuteTt
imeHi flannna anvybkoro, JlbBiB, YKpaiHa

Bctyn. Pak se4vHukiB (P) 3anuwaeTbCcs HO300rE0 3 HaANBU-
WMM piBHEM CMEPTHOCTI cepefi OHKOrHEeKO/0ryYHUX 3axXBOpHo-
BaHb. binblWwicTb BUNaAKiB AiarHOCTYETbCA HA eTani nepmuToHe-
anbHOI AuMceMiHauii, Wwo o0bMeXy€e MOXIMBICTb paamKasbHOro
nikyBaHHs. Cepen cnocobiB 60poTbbu 3 NepuTOHeanbHUM Kap-
LMHOMATO30M BCe YacTille BUKOPUCTOBYETLCS iHTpaonepaLiliHa
rineptepMmiyHa BHyTpilWwWHboYepeBHa XimioTepania (HIPEC), wo
AEeMOHCTpYE 36inblieHHs 6e3peumanBHOI Ta 3arasbHOi BUXK-
BAHOCTI Y nauieHToK 3 PA Ha nowmnpeHux crtaaiax. NeBHi naTo-
izionoriyHi acnektn Bnamey HIPEC Ha BHYTpiLUHbOYEPEBHUMN
romMeocTa3s He 3'dcoBaHi. PO3yMiHHSA UbOro BAAMBY MoXe 6yTu
KJ1to4eM Ao ycniwHoro 3actocyBaHHsa HIPEC Ta nporHo3yBaHHSA
il eeKTUBHOCTI y KOXXHOMY OKpeMOMYy Bunaaky PS.

MeTta. OUiHMTKN 3MiHW iIHTPanepuToOHeanbLHOro roMeocTasy y na-
LieHTOK 3 PS nowwupeHunx ctagin nicnsa 3actocyBaHHs HIPEC sk
eTany uMTopeayKTUBHOI onepaduii, 4OCIIAUTY 3MIHWN PIBHIB eKc-
npecii YHM Tta TOP-B B MikpooTo4veHHi PS B Hacnigok BnAuBy
HIPEC Ta cmcTteMHoi XiMioTepanii.

Martepianu i meTogmn. Y focnigxeHHi B3snu ydactb 33 na-
LuieHTKOK 3 P4, wo nikyBanucb y JIbBiBCbKOMY perioHasibHOMY
OHKoueHTpi 3 2016 no 2020 p. 12 3 HUX oTpumanu HIPEC. Ansa
BCiX NaUIEHTOK 6yfi0 OTPUMAHO MEPBUHHI KyNbTypU MyXuH,

rnepuToHeanbHOro Me3oTenito Ta MaKpO(baFiB, B CynepHaTaHTaxX AKMUX BU3HAYyanun akTUBHICTb UU-

TOKiHiB YHI Ta TOP-B.

Pesynbtatn. BusABNEeHO 3HMXEHHSA KOHUEHTpauih untokiHie YHIM, TOP-b y ApeHa>XHOMY BMICTi
nicng HIPEC y NOpiBHAHHI 3 TUMW X NOKa3HMKaMW B aCUUTUYHIN pianHi Ao onepadii. FNineptepmMis
y cucteMi in vitro npussoauna Ao 3HuxeHHs ekcnpecii YHM B o60BiM KynbTypi 3pinMx nepuro-
HeanbHMX/acuuTacouinoBaHnx Makpodaris, OTpUMaHMX BiA XBOPUX 3 peunanBHUM PS. 3HMKEHHS
6yno 3adikcosaHo B 10 3 12 Bunagkis.

BucHoBku. HIPEC Ma€ UMTOKIH-MOAYNIOOYNI BMNANB HA iHTpaabAoMiHaNbHMA rOMeoCTas XBOpUX 3
PA - npurnivytotoun ekcnpecito YHIN neputoHeanbHMMKM Makpodaramn. 3HnxeHHs ekcnpecii YHIM
B CynepHaTaHTax KynbTyp PS 6yno acouinoBaHo 3 BULLOKD YyTAMBICTIO A0 XiMioTepanii.

Knrouosi cnosa: YHI, TOP-B, nepuTtoHeanbHi Makpodarm, Me3oTenin, 3ananeHHs, pak Se4YHUKa,
rineprepmivyHa iHTpanepuToHeanbHa xemonepaysis.
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Cytokine-modulating influence of hipec on
the intraperitoneal homeostasis formation in
patients with ovarian cancer

Markiyan Fetsych, Natalia Igumentseva, Severyn Ferneza,
Roman Yarema, Natalia Volodko

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Background: Ovarian cancer (OC) has the greatest mortality
rate among oncogynecological diseases. Most cases are
diagnosed at the peritoneal dissemination stage, resulting
in radical treatment. Most cases (75%) are diagnosed in III-
IV stages at the stage of peritoneal dissemination, making
the radical treatment impossible. Intraoperative hyperthermic
intraperitoneal chemoperfusion (HIPEC), which has ceased
to be an experimental technique over the past decade, is
increasingly used among the methods of combating peritoneal
carcinomatosis and demonstrates an increase in recurrence-free
and overall survival in advanced stages of OC. Nevertheless,
certain pathophysiological aspects of the effect of HIPEC on intra-
abdominal homeostasis, and therefore on the further course of
the disease, have not been elucidated. However, understanding
this effect may be the key to the successful application of HIPEC
and predicting its efficacy in each case of OC.

Objectives: To access changes in intraperitoneal homeostasis
in patients with advanced OC after HIPEC procedure (as a stage
of cytoreductive surgery); in particular, to evaluate changes of
TNF and TGF-B expression under the influence of HIPEC and
systemic chemotherapy in the OC microenvironment.
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Materials and methods: The study included 33 OC patients treated at Lviv Regional Cancer
Centre in 2016-2020. Twelve of them received HIPEC. The primary tumor cultures and primary
cultures of peritoneal mesothelium and macrophages were obtained for all patients. The cytokines
TNF and TGF-B activity were determined in their conditional media.

Results: The decrease of TNF and TGF-B concentrations in the drainage exudate after HIPEC was
revealed compared with the same parameters in the ascitic fluid before the operation. One-hour
hyperthermia of the primary culture of peritoneal ascites-associated macrophages of recurrent OC
patients decreased the TNF level in conditional media. A decline was found in 10 out of 12 cases.

Conclusions: HIPEC has a cytokine-modulating effect on the intra-abdominal homeostasis of
patients with OC, suppressing TNF expression by peritoneal macrophages. Reduced activity of
TNF in supernatants of OC primary tumor cultures was associated with higher sensitivity to
chemotherapy.

Keywords: TNF, TGF-B intraperitoneal macrophages, mesothelial cell, inflammation, ovarian
cancer, hyperthermic intraperitoneal chemoperfusion.
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BcTtyn

Pak se4vHukiB (PSl) xapakTepusyeTbCcs HamBu-
O CMEpTHICTIO cepen MHEeKOoNMOoriYHnx nyx-
NnH. Yepes cBii 6e3cumnToMHUI nepebir PS
30e6inblLoro AiarHOCTYETbCA Ha Mi3HIX CTagiax
[1], konun BXe HassBHi NepuUTOHeanbHi MeTacTa-
3n. MNepuToHeanbHa auceMiHauia € GakTopoM
HeCnpuATANBOIro NPOrHo3y A5 nauieHTok 3 PA
- ix 5-pivyHa BMXUMBaHICTb He nepeBuye 29%
[2]. Onsa ui€ei kaTeropii XBOpUX 3aCTOCYBaHHS
ximioTepanii (XT) Ta ULMTOPEAYKTUBHOI onepa-
Lii € HeobXiAHMMM K CTaHAAPT Ta nepLua JiHig
Tepanii. MpoTe, 6e3peunanBHa Ta 3arasbHa
BMXMBAHICTb NauieHTOK 3 PA 3 nepuTtoHeanb-
HOKO AuCeMiHaLui€elo CTaHOBUTbL Yy cepefHbOoMy
12 Ta 45 MicsauiB BigNoBiAHO. BuKopUCTaHHS
HIPEC #ak eTany uMTOpeayKTMBHOI ornepauii
nokpawye ix 6espeumanBHy Ta 3arasjibHy BuU-
XXMBAHICTb WOHaMMeHLWwe Ha 6-7 Mmicauis [3,4].
Pe3synbTat KNIHIYHUX [OCNIAXEHb, OTpuUMa-
HUX MNPOTArOM OCTAaHHbLOI AeKaAWn MNPOAEMOH-
cTpyBanu edektuBHicte HIPEC [4-6], 3aB-
OAKW 4OMy MeToAMKa nepecTasia BBaXaTtucs
nunile ekcrnepuMeHTanbHo Ta byna BKOUYEHA
B KiflbKa MDKHApOAHUX CTaHAapTIiB NiKyBaHHSA
PA. BogHo4yac HM3Ka nNuTaHb WoAo0 naTodisi-
onoriyHmx MexaHismie aii HIPEC 3anumwaeTbcs
BIAKPUTUMMU.

Bnnue HIPEC Ha iHTpanepuToHeanbHW ro-
MeocTa3 nauieHTiB 3 P4 BMBUYEHUM HepocTaT-
HbO. 3aBASKW BHYTpillHbOYepeBHIn nepdys3ii
Ta rinepTepmii 3poctae rnmbuHa neHeTpadii,
KOHLEHTpauigd Ta UUTOTOKCUYHICTb XiMiornpe-
napaTty. BucnosntoBasiocs NpunyLeHHs Wwoa0
iMmyHoMogaytotoyoro srnavBy HIPEC yepes BnanBe
Ha cuctemy 6inkiB Tennosoro woky [7,8]. B
3pa3kax nepdysaTty, OTPUMAHOMYy nicAsa UU-
Topenykuii Ta npouenypun HIPEC B nauieHToOK
3 P4 BuaBneHo 3MiHM cniBBigHOLWEHHSA cybno-
nynauin T-nimpoumTtisa (CD4/CD8) 3anexHo
BiA 1i Tpmeanocti [9]. lMpoTe cepen KNiTUH-
HUX KOMMOHEHTIB, AKi (POpPMYIOTb 3arajibHWi
naHawadT iHTpaabaoMiHanbHOro romeocrasy
6inbwy ponb BigirpatoTb Me3oTenianbHi Ki-
TWUHW Ta nepiToHeanbHi Makpodaru. bionoriy-
HO AKTWUBHI NPOAYKTU X CeKpeLil, peuenTopu,
L0 eKCNpecyrTbCHa Ha X MOBEPXHi, MOXYTb
cnpmaTn abo rasbmyBaTM iMMNJI@HTALIiO Binb-
HUX PaKOBUX K/ITUH 3 HACTynHUM ¢opMyBaH-
HAM iMNNaHTauiHKMXx cdepoigis, X aaresieto,
OCTaTOYHMM MNPOSIBOM SKUX € NEPUTOHEATBHUMN
KapumHoMaTo3. ALXXe oyepeBMHA He € NacuB-
HuM 6ionoriyHum 6ap’epom, BoHa cdhopmoBa-
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Ha Me3oTeniasibHUMUN KNITUHAMKU, PO3MilLEeHU-
MW Ha 6aszanbHin MeMbpaHi Ta MiACNIM30BOMY
Wwapi Crnony4yHol TKaHWUHU, WO MICTUTb KPOBO-
HOCHIi Ta niMdaTUUHI CyaVHN, @ TaKOX HEpPBO-
Bi 3aKiHuyeHHs. CaMe Me30Tenili yTBOPHE 3a-
XUCHUIN disionoriyHnii 6ap’ep Ha NOBEpPXHi
o4yepeBMHM, 3abe3neyyloyn BilbHe 6e3 npwu-
JINNaHHA BHYTPiWWHbOYEpPEBHE KOB3aHHA oOp-
raHiB 3a paxyHOK cekpeuii NnpoTeorfikaHis Ta
rianypoHaTy. AKTUBHUA Me30TeniasibHUI Mik-
pOMNiHOLUNTO3 3a5y4a€ETbCA B NpoLecun cekpeduii
Ta BCMOKTYBaHHA PiAMHU 3 YEepeBHOI MOPOXK-
HUHW. Me3oTenin MoXe 04HOYaCHO eKcrnpecy-
BaTW enitenianbHi LMTOKEPATUHU Ta MapKepwu
Me3eHXiManbHUX TKaHWH (BUMEHTWH, AECMiH
TOWO), MOCTYNMOBO Nepexoasyu Big eniteni-
aNlbHOr0 A0 Me3eHxiManbHOro geHoTuny 3a-
NeXHOo Big 0Cco6/IMBOCTEN MIKPOOTOUYEHHS, 30-
Kpema nig snanesom TOP -B. daHuin deHoMeH
BiAOMWN SAK Me3oTeniaslbHO-Me3eHXiMallbHUM
nepexig [10,11]. BogHouyac Mme3oTenianbHUM
KNiTMHaM npuTaMmaHHi iMyHoMoAay oY DyHK-
Lii, Wo peani3yTbCa 4Yepe3 eKCrnpecito LUTo-
KiHiB, @ came MCP-1 (CCL2), CXCL1, II-1B, II-8
(CXCL8) [12], 1I-6, II-10 (13) Ta II-15 [14],
TOP-B, TpomMboumTapHuin dakTop pocty (TOP),
dakTop pocTty dibpobnacTis (OPPD), renapuH-
3B'a3ytounin daktop pocty (F3®P) Ta dakTop
pocTy eHgoTenito cyanH (OPEC). 3aBaskun na-
PaKPUHHIN aKTUBHOCTI, 0COBAMBOMY CReKTpy
peuenTopiB aaresii Me3oTenin 3any4daetbcsa B
npouecu penapawuii, perynauito nyxJMHHOro
pOCTYy Ta iMNMaHTaUIiHOro MeTacTasyBaHHS.

He MeHW 3Ha4yyWwMM KOMMOHEHTOM iHTpaabao-
MiHaNIbHOrO roMeocTasy Chig BBaXxaTu nepuTo-
HeanbHi Makpodaru (MMdod). MM € Bucokon-
NacCTUYHUMU KNITUHaMMU, i, y BiANOBIAb Ha Pi3Hi
TUNN NOAPA3HEHHS, BOHM MOXYTb (opMyBa-
TW ABa OCHOBHMX (DEHOTUMU: MPOTUMYXSIUHHI
M1-nogibHi Ta nponyxnuHHi M2-nogibHi [15].
MM MOXYTb MPOSABAATY LMTOTOKCUYHICTb LLOAO
paKoBMX KJiTUH, NpoTe, ix andepeHuiauia Bia-
6yBa€ETbCcsa Nig BMIMBOM PO3UYMHHMX (haKTopiB
MNYXJIMHHOTO MIKPOOTOYEHHS, WO NpU3BOAUTL
A0 dopMyBaHHSA (eHOoTMNy acumuT-acouino-
BaHux Makpodarie (AAM), 6nm3bkmMx 3a CBO-
iMM BnactmBocTaMnm go M-2 noapibHux. Ans
HUX XapaKTepHe 3HWXEHHA TyMopouuaHOro
noTeHuiany i MiATPMMKA BMXMBAHHSA PaKoOBUX
knitTnH [16]. UutokiHn (YHM, TOP- B, IL-10)
Ta xeMokiHuM (CCL18 ta CCL22), cekpeToBaHi
AAM, 3abe3neuyloTb NepexpecHy B3aAEMOAIil0
MK MakpodaramMm Ta NyXJIMHHUMU KNITUHaMK,
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Introduction

Ovarian cancer (OC) has the highest mortality
rate among gynecological cancers. Because of
its asymptomatic nature, OC is typically iden-
tified in advanced stages [1,2], when perito-
neal metastases are already formed. Perito-
neal dissemination is a factor of unfavorable
prognosis for patients with OC; their 5-year
survival does not exceed 29% [2]. For this
category of patients, the use of chemother-
apy (ChT) and cytoreductive surgery is the
standard first-line therapy. However, recur-
rence-free and overall survival of OC patients
with peritoneal dissemination are, on aver-
age, 12 and 45 months, respectively. HIPEC,
as a stage of cytoreductive surgery, increas-
es recurrence-free and overall survival by at
least 6-7 months [2, 3]. The results of clinical
trials of the last decade confirmed the effica-
cy of HIPEC [4-6]. Therefore, this technique
was no longer considered just experimental
and has been included in some international
guidelines as an optional procedure for treat-
ing OC. However, some questions about the
pathophysiological mechanisms of its action
remain unclear.

The effect of HIPEC on intraperitoneal homeo-
stasis in OC patients has not been sufficiently
studied. Intra-abdominal perfusion and hy-
perthermia have been observed to increase
the depth of penetration, concentration, and
cytotoxicity of the chemotherapy drug. In
this respect, HIPEC is assumed to have an
immunomodulation effect due to its action on
the heat shock protein system. [7, 8]. The
perfusate samples taken from patients with
OC after cytoreduction and HIPEC revealed
changes in the ratio of T-lymphocyte subpop-
ulations (CD4/CD8) depending on their du-
ration [9]. However, out of all cellular com-
ponents that form the overall landscape of
intra-abdominal homeostasis, mesothelial
cells and peritoneal macrophages have the
greatest importance. Biologically active prod-
ucts of their secretion, receptors expressed
on their surface, can stimulate or prevent
free cancer cell implantation, followed by
the formation of implantation spheroids and
their adherence, and peritoneal carcinoma-
tosis. The peritoneum is not a passive bio-
logical barrier; it is formed by mesothelial
cells located on the basement membrane
and the submucosal layer of connective tis-
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sue, which contains blood, lymphatic vessels,
and nerve endings. Mesothelium, in partic-
ular, forms a protective physiological barrier
on the surface of the peritoneum, ensuring
free, non-sticking intra-abdominal gliding of
organs due to proteoglycan and hyaluronate
production. Active mesothelial micropinocy-
tosis is involved in the secretion and absorp-
tion of fluid from the abdominal cavity. The
mesothelium can simultaneously express ep-
ithelial cytokeratins and markers of mesen-
chymal tissues (vimentin, desmin, etc.), pro-
gressively transitioning from an epithelial to
a mesenchymal phenotype depending on the
microenvironment character, in particular un-
der the influence of TGF-B. This is referred to
as the mesothelial-mesenchymal transition
[10,11]. At the same time, mesothelial cells
have immunomodulatory functions, revealed
through the expression of cytokines, name-
ly MCP-1 (CCL2), CXCL1, II-1B, II-8 (CXCLS8)
[12], II-6, 1I-10 (13) and II-15 [14], TGF-B,
platelet-derived growth factor (PDGF), fibro-
blast growth factor (FGF), heparin-binding
growth factor (HBGF), and vascular endothe-
lial growth factor (VEGF). Due to paracrine
activity and a unique spectrum of adhesion
receptors, mesothelium is involved in healing
processes, regulation of tumor growth, and
implantation metastasis.

Peritoneal macrophages (PMs) are equally
important components of intra-abdominal
homeostasis. PMs are highly plastic cells
that can form two distinct phenotypes in re-
sponse to various stimuli: antitumor M1-like
and protumor M2-like [15]. PMs can be cy-
totoxic to cancer cells; however, their devel-
opment occurs under the influence of soluble
substances in the tumor microenvironment,
creating ascites-associated macrophages
(AAMs), which have properties similar to
M2. They lower tumoricidal potential and
provide less support for cancer cell surviv-
al [16]. Cytokines (TNF, TGF-B, IL-10) and
chemokines (CCL18 and CCL22) produced
by AAMs ensure cross-interaction between
macrophages and tumor cells, promote tu-
mor growth, progression, metastasis, and
the formation of chemotherapy resistance
[16, 17]. Apart from cancer cells, AAMs
are the predominant population in ascites.
In the AAM subpopulation, the immune re-
sponse-related signaling pathways are sup-
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CNpUA0Tb POCTY MyXJIMHU, Nporpecii, MeTacra-
3yBaHHIO, (OPMYBaHHIO XEMOPE3UCTEHTHOCTI
[16,17]. Came AAM@ € AOMiHYyHOUOKO MNonyns-
LLIEIO B acuMTi KpiM pakoBMX KNITUH. CUrHanbHi
LWIgxuy, Wo BiAgnosigaloTb 3@ iIMYHHY Bignosiab
y cybnonynsauii AAM npurHiveHi. EkcnpecoBa-
HUMU BUABNAKOTLCA MEHU, WO BiANOBIAAOTL 3a
NIATPUMKY MYyXJIMHHOIO POCTY Ta iMnJiaHTauito
NYXJIMHHUX KoMnnekcis [17].

MuTaHHA Npo Te, Ha sKi NaHkn Mikpodiziono-
riyHOro naHulra B Xo4i iMniaHTauiiHOro me-
TactasdyBaHHa BrnnueBae HIPEC Ta npoaykTu
cekpeuil Me3oTenito Ta NepuMToHeaobHTX Makpo-
daris (3okpema YHIN Ta TOP-B), 3anmwacrbcs
BiAKpnTMM. He scHo, um pie HIPEC nuwe Ha
MNYXJWHHI KOITUHW, 4K T 4ig onocepeakoBa-
Ha BMJIMBOM Ha LUUTOKIHOBUWA perynsaTopHuii
Kackag. He 3po3ymMino, siki came KnitmHmM gop-
MYKOTb OCHOBHWIM Ny UMTOKiHIB YHIM Ta TOP-B i
AK BMNJIMBAE Ha piBEHb iX EKCrpecii rineptepmis.

3 MEeToK MNoAasblIOro BUBYEHHS 3a3HavyeHuXx
NMMUTaHb MNpPoOBEAEHO MOPIBHANbHE AOCNIAXEH-
HA: 1) BMiCTY umTokiHiB YHM i TOP-B B acuuTi,
niaasmi Ta ApeHaxHoMy ekcygaTi nicna HIPEC
XBOpux Ha PA, ekcnpecii uMx LUTOKIHIB B CYy-
nepHaTtaHTax nepBMHHUX A060BUX KynbTyp PS
B CuUCTeMi in vitro; 2) B cynepHaTaHTax nep-
BUHHUX A060BUX KynbTyp, 36aravyeHnx meso-
TenieM Ta nepuToHeanbHUMM Makpodaramu;
3) AMHaMIKM LUMX NOKA3HWKIB B YMOBax rinep-
TEepMIl.

MaTepianu Ta metoamn

MaygieHTN

Y pocnigXeHHi B3gaM ydacTb 33 NauieHTKM
3 peumavBHuM PH, wo nikyBanucb y JIbBiB-
CbKOMY perioHanbHOMYy OHKoueHTpi 3 2017 no
2020 p. CepepHin Bik nauieHTOK — 54+ poku.
lMcronorivHa 6ypoea 31 nyxauHW Bignosigana
Cepo3Hii HM3bkoaudepeHuiiosaHin (high grade)
KapuMHOMi, ABOX — CBIT/IOKNITUHHIA KapuUWHOMI.
BciM maujieHTKaM gk eTan npoTupeunamBHoOro Ji-
KyBaHHS1 BUKOHAHO MOBTOPHY uMTOpeaykuito. 12
3 Hux otpumanu HIPEC. [ng Bcix nauieHTok 6yno
OTPUMAHO MEPBUHHI MYXJINHHI KYNbTYpW, B Cyrnep-
HaTaHTax SIKMX BU3Ha4Yanu aKTUBHICTb LMTOKIHIB
YHMN Ta TOP-B.

MigroToBka NepBUHHOI KYJIbTYPU KAITUH
MoapibHeHy NyxXnnHy nepeHoCunu B CTEPUIib-
HUWA CKNAHUMIA dnakoH 3 20 mn 0,02% po3un-
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Hy konareHasu (Wornington, USA) y ®CO ans
depMeHTaATMBHOI Ae3arperavii TKaHWHUM npwu
NOCTIHOMY MNepeMillyBaHHi Ha MarHiTHi Mi-
wanui y BoasHi 6aHi npn 37°C npotarom 20-
30 xB. OTpMMaHy CycneHsito KNiTmH QinbTpy-
Banu 4yepes CTepUSIbHUI KanpoHOBUIM diNbTp
y dnakoHi Ha 15 mn, Ta ueHTpudyrysanu.
HapocanoBy piaAvHY 31MBan y CKASHKY 3 MO-
ApiOHEeHO TKaHWHOK i NOBTOPOBaNM npouec
aesarperauii. Ogep>xxaHuii KNITUHHWIA ocag ne-
peHocunn y dnakoH Ha 15 mn, wo mictuB 5
mMn cepeposuia RPMI-1640 («Gibco»). Micna
LbOro KJITUHW CyCrneH3yBasn B MOXWUBHOMY
cepeposuwi RPMI-1640 6e3 cuposatku. Kinb-
KiCTb XMBUX K/ITUH MNigpaxoByBasin B KaMepi
Fopsiesa B npucyTHOCTI 0,1% BOAAHOIO po3ymn-
HY TPMMAHOroro CUHLOro, KM 3abapsntoBas
MepTBi KNiTUHKU. [Ang po60TH BUKOPUCTOBYBaNu
CyCrneHsil KNITUH, XUTTE3AATHICTb AKUX nepe-
BuwyBsana 80%. OpepxaHy cycneHsito gesa-
rperoBaHunx, BIAMUTUX KJITUH NYXJIMHHOIO Ma-
Tepiany po3BOoAMIN MOXWUBHUM CepefoBULLEM
RPMI-1640 Ta nepeHocuMnn B KyNnbTypasbHWUN
nocya Ans nojanbloi iHkybauii B TepMocTa-
Ti 3 5% CO2, npn 37°C Ha npoTasi 24 roa.
Micna pobosoi iHKybauii KNiTUH, cepenosBuLLe
B SKOMY BOHW pocnu, 3nmBanu y ¢dnakoH (Ha
15 mn) Ta ueHTpudyrysanu Moro Ans O4MCTKM Big,
Aomiwok. OTpuMaHy piauHy po3nusanu rno 1 mn
B Kpionpobipkn Ta 36epiranm npu — 80°C Ta no-
[ANbLUOro AOCNIAXEHHS.

BusHaueHHAa aktuBHocTti YHIM 3a uwurto-
TOKCUYHOIK [i€I0 Ha YYT/IMBY KYJbTYpy
TpaHcopMmoBaHux Mmuwaumx cdiébpobnac-
TiB L-929

BionoriyHnii MeTo4 BM3HAYEHHSA AKTUBHOC-
Ti YHIT 3@ UMTOTOKCUMYHOKO AIE0 Ha YyTNMBY
KynbTypy TpaHCHOPMOBAHUX MUWA4mMX @ibpo-
6nactie L-929. BusHaueHHs akTtuBHOCTi YHIM
nposoaunocs 6ionoriyHMM MeToaoM 3 BUKO-
pUCTaHHAM 4yTnmBux Ao YHIT MoHowwapoBoi
KynbTypu KNITUH TpaHChOpMaBaHUX MULLAYNX
dibpobnacTis L-929, aki KynbTMBYBanucs B ce-
penosuili RPMI-1640 (Gibco). B g9k0CTi HynbO-
Boro koHTponto (Ko) 6panu Tinbkn cepeaosuLle
RPMI-1640 (6e3 cupoBaTkun) 6e3 kniTuH L-929,
a apyroro koHTponto (K1) - knituHm L-929 3
NOXWBUHUM cepenosuiem RPMI-1640 6e3 cu-
poeaTtku (TEC). 3a 4 roavHW A0 3aKiHYEHHS
iHKy6aUil B KOXHY NYHKY BHOcuiau no 15 mkn
MTT - 6apsHuka (5 mr/mn) [3-(4,5-dimeth-
ylthiazol - 2yl)- 2,5- diphenyltetrazolium bro-
mide]. CyTb MeToAy I'PYHTYETbCSA Ha 34ATHOCTI
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pressed, while the genes associated with
cancer development and the implantation of
tumor complexes are expressed [17].

The question of which links of the micro phys-
iological chain in the process of implantation
metastases are impacted by HIPEC and the
secretion products of mesothelium and peri-
toneal macrophages (particularly TNF and
TGF-B) remains unanswered. It is unclear
whether HIPEC operates solely on tumor cells
or whether it influences the cytokine regulato-
ry cascade. It is also unclear which cells form
the main pool of TNF and TGF- cytokines and
how hyperthermia affects their expression
levels.

Aiming to understand more about the ques-
tions above, the present study provides a
comparative analysis of 1) the levels of the
TNF and TFR-B cytokines in the ascites, plas-
ma, and drainage exudate after HIPEC in pa-
tients with OC; expression of these cytokines
in the supernatants of primary daily cultures
of OC in the in vitro system; 2) the dynamics
of these indicators in hyperthermia.

Materials and Methods

Patients

The study included 33 patients with recur-
rent OC treated at the Lviv Regional Cancer
Centre between 2017 and 2020. The aver-
age age of patients was 54. The histological
structure of 31 tumors was serous low-dif-
ferentiated high-grade carcinoma, 2 - clear
cell carcinoma. All patients underwent re-
peated cytoreduction as a stage of anti-re-
lapse treatment. Twelve of them received
HIPEC. All patients had primary cultures of
peritoneal mesothelium and macrophages
taken, and the activity of the cytokines TNF
and TGF-B measured in them.

Preparation of primary cell culture

The tumor, resected and chopped with scis-
sors, was placed in a sterile glass vial with
20 ml of 0.02% collagenase solution (Worn-
ington, USA) in buffered saline solution for
enzymatic tissue disaggregation. This pro-
cedure took 20 to 30 minutes and involved
constant stirring on a magnetic stirrer in a
water bath at 37 °C. The acquired cell sus-
pension was filtered through a sterile kapron
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filter in a 15-ml vial and centrifuged. The
supernatant liquid was added to a beaker
containing shredded tissue, and the disag-
gregation procedure was repeated. The cell
pellet that emerged was placed into a 15-ml
vial that contained 5 ml of RPMI-1640 me-
dium (Gibco). Cells were then suspended in
a serum-free RPMI-1640 nutrient medium.
The number of living cells was counted in a
Goriaev chamber in the presence of a 0.1%
aqueous solution of trypan blue, which col-
ored dead cells. Cell suspensions with more
than 80% viability were used for the study.
The resultant suspension of disaggregated,
washed tumor cells was diluted with RPMI-
1640 medium and placed in a culture dish
for 24 hours of incubation in a thermostat
with 5% CO2 at 37°C. After daily incubation
of cells, the conditional medium was poured
into a vial (15 ml) and centrifuged to remove
impurities. The resulting liquid was placed
into 1 ml cryotubes and kept at -80°C for
future research.

Determining TNF activity by the cytotoxic
effect on a sensitive culture of modified
mouse fibroblasts L-929

Biological method of determining the activity
of TNF by the cytotoxic effect on a sensitive
culture of modified mouse fibroblasts L-929.
TNF activity was measured biologically using
a TNF-sensitive monolayer culture of cells
from transformed L-929 murine fibroblasts
grown in RPMI-1640 medium (Gibco). A se-
rum-free RPMI-1640 medium without L-929
cells was used as a zero control (Ko), and
L-929 cells with a serum-free RPMI-1640 me-
dium were used as the second control (K1).
Four hours before the end of incubation, 15
pl of MTT dye (5 mg/ml) [3-(4,5-dimeth-
ylthiazol-2yl)-2,5-diphenyltetrazolium  bro-
mide] was added to each well. The approach
is based on the ability of the mitochondri-
al dehydrogenase of living cells to split the
tetrazolium rings of the yellow MTT dye and
form dark blue formazan crystals imperme-
able through the membrane and accumulate
in living cells. After 4 hours of incubation in a
CO2 incubator, the medium was carefully as-
pirated from each well, and 100 pl of dimeth-
yl sulfoxide (DMSO) was added to release
and further dissolve the formed crystals. The
solution turned blue in this process. The level
of the produced formazan product is directly
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MiTOXOHApiasIbHOI AeriaporeHasmn XMBuUxX KniTuH
po3LenoBaT Kiibuga TETPA30/il0 >KOBTOMO
MTT - 6apBHMKa Ta YyTBOPIOBATU TEMHOCUHI
Kpuctanu opmMasaHy, siki € HENPOHUKHI Yepes
MeMbpaHy i HarpoMazXyTbCs B XUBUX KITiTU-
Hax. Yepe3 4 rogmHu iHkybauii B CO2- iHkyba-
TOpi 3 KOXHOI NTYHKN 06epexHO BiACMOKTYBanu
cepeposulle, gogasanun no 100 Mkn anmeTtun-
cynbdokemay (DMSO) ans BMBINbHEHHSA Ta No-
Janbloro po3yMHEHHSA YTBOPEHUX KpUCTani..
Po3unH npu ubomy 3adapboBYETLCHA Yy CUHIl
Konip. KinbKiCTb XUBUX KNITUH € NPSAMO MNpo-
nopuiriHa A0 piBHS YTBOpeHOro dopMasaHHo-
ro rnpoAaykrty. BuMiptorouu MNOrMHaHHA CBiTna
npy 490 HM BM3Ha4yanu piBeHb BMIMBY AOCINI-
JXKYyBaHUX 3pa3KiB Ha >XUTTE3AATHICTb KNITUH
MiweHen L-929. [Ina OuUiHKM pe3ynbTaTiB BU-
paxoByBanu MiTOTUYHUI iHAekc (MI) MI = /K
x 100%, pne [ - cepenHe 3HayeHHs abcopbuii
[ocnigKyBaHMX 3paskiB; K — cepeiHE 3HaYeH-
Ha abcopbuii KOHTponbHMX 3pa3kie [18]. Ana
BM3HAUeHHA KoHuUeHTpauii YHIT kopuctysanu-
cs1 KanibpyBanbHO KpUBOK, NobyaoBaHOK 3a
pesyfnbTaTaMn BMIMBY PIi3HUX KOHLEHTpaLUil
pekombiHaHTHOro YHIM-a Ha kNiTnHK L-929.

BusHaueHHs akTuBHOCTI TOP-B 3a picT-iH-
riéyrouoro pfi€l0 Ha KINITUHHY KynbTypy
CCL-64

BusHaueHHs akTuBHocTi TOP-B nposoannu 6io-
NIOriYHMUM METOAOM 3 BMKOPUCTAHHAM YYTNUBOI
no TOP-B kynbtypu CCL-64 (MvllLu; Ameri-
can Type Culture Collection Rockville, Md) eni-
Tenito nereHb HOopku. Ha uto kynbTypy TOP- B
Ma€ picT-iHribytounii BnamMe. MoOHOLWAPOBI Khi-
TUHU NiHii CCL-64 iHKybyBanu B MNOXUBHOMY
cepeposui DMEM (Dulbeccos Modified Eagles
Medium, «Sigma»). Ona ekcnepumeHTy 6panu
KNITUHW TPETLOIro Nacaxy nicns po3MopoXyBaH-
HS1, KON BOHW aocsaranu cybkoHdntoeHTy. Mic-
nga Tpuncudisadii 8 0,25% po34nHi TpUNCUHY B
OCbB (¢isionoriuHo conboBoMmy 6ydepi, pH 7,2)
KNiTMHW BigMMBanu B cepenoBuwi RPMT-1640
(«Sigma») 3 20% TEC ueHTpudyryroum ix 3 xs
npu 1500 06/xB, ocas KNiTUH pecycneH3yBanu
B cepenoBuLli RPMT-1640 3 10% TEC i 50 mkr/
M/ reHTaMmiumMH cynbdaTy, Ta paxyBanu Kifb-
KiCTb XXWBUX KNITUH B Kamepi Fopsesa. TOP- B
TeCT-3pa3ku AoAaBasiucsa B NIYHKU 3 KNITUHaMK
CCL-64 BnnamB TP®-B Ha cuHTe3 OHK B kaiTU-
Hax-MileHsax obpaxoByBanu 3a AONOMOIOK iH-
Aekca ctumynsauii (SI): SI = D/N x 100%, ae
D- cepenHe 3HauveHHs abcopbuii pocnigxysa-
HMX 3pa3kiB; N- cepegHe 3HauyeHHs abcopbuii
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KOHTPOJIbHUX 3pa3kKiB (BuMKopuctaHo MTT) [19].
[ns BU3Ha4yeHHs KoHueHTpauii TP®-B B gocnia-
HUX 3pa3Kax BUKOPUCTOBYBaIM NornepeaHbo rno-
6ynoBaHy KonibpyBanbHy KpMBY 3aneXHUX KOH-
LeHTpauieto pekoMmbiHaHTHoro TOP-B («Gibco»),
BHECEHOro B CynepHaTaHT K/ITUH-MilleHen i
CTyNeHeM MpUrHideHHsa B HUX cnHTesy AHK.

OTpuMaHHSA [060BOiI KyNbTypyu NEpUTOHE-
anbHux Mmakpodaris (MMd)

3pa3ku neputoHeasnbHoro 3mmuey (60-100 mn),
AaKi 6panu nig vyac onepaduii, LeHTpudyrysanu.
KniTMHHUI ocap 36upann Ta HawapoByBanu
Moro Ha 3 M/ pO34insao40oro po3ymnHy dikon-se-
porpaditHy (ryctmHa po3uuHy p=1,077 r/mn).
Micnsa uenTpudyrysaHHsa npm 1500 06/xB npo-
TAromMm 20 XB YTBOPEHY KJITUHHY CYCMeH3il0 Ha
mMexi da3 36mupanu, Tpuui sBigMmeanu ®Cb ueH-
TpUdyryBaHHsAM Npu TUX e ymosax. Ocaa Kni-
TUH iHKybyBanu B yawkax lMeTpi 3 NOXMBHUM
cepeposuuem RPMI-1640 npotarom 1 rog B
CO2 iHkybaTopi (Temnepatypa 37° C; 5% CO2).
Cepeposule 3 KNITUHAMK, K HE MPUKPINUIN-
C4, BIACMOKTYBasnu, a Hanumniai MOHOHYyKeapu
3MMBann CBiXkuM cepegosuwem RPMI-1640
6e3 cupoBaTkn. KniTuHM cycneHsysanu B 2-3
M/l cepefoBULLA Ta OUIHIOBANIWU 1X XWUTTE3AAT-
HICTb, NiAPaX0BYUUN KiNIbKICTb XXUBUX KNITUH B
kamepi lopsieBa i3 3actocyBaHHaM 0,1% Boa-
HOro pO34MHY TpanaHoOBOro CMHLOro. B poboTty
6panu 3pa3ku, B SKUX KibKIiCTb XMBUX KJTiTUH
nepesuysana 90%.

MopentoBaHHSA BMJIMBY rineprepmii in vitro
3 MeTo MOAEentoBaHHSA, KynbTypu Makpoda-
ris nporpisanncb 0o 39°C nNpoTaroM roauvHu,
nicns 4oro KysbTUBaLis NpoAOBXYyBanacb npu
37°C npoTtaroMm gobw y AocnigxXxeHin rpyni, B
KOHTPO/bHIKN — Yy Becb nepiog 4acy. KnitnHu
BUCiBaNM y Yawku MNeTpi 3 NOXMBHUM cepeno-
Buwem RPMI-1640 Ta ikybysanu npu 37°C Ta
39°C y CO2 inkybaTtopi 3 mictom 5% CO?2.

OTpuMaHHA A060BOI Ky/IbTYpyu Me30Tenito
3iwkpib enitenianbHOro wapy KIiTUH 3 Yepes-
HOI MOPOXXHMHW Nig Yac onepauil 3 ne3a cKalb-
rnend 3 knitMHamm B 15 mn cepeposuiia RPMI-
1640 3 onepaduiriHoi nocTynanu B nabopaTopito,
Ae KNiTMHU Tpudi BigMMBanu y gocdaTtHo-co-
nboBoMy 6ydepi (PCB) ueHTpUdyryBaHHAM.
Ocaa KniTMH po3soawnin B cepenosuui RPMI-
1640 6e3 cMpoBaTKN B HEBEJIUKIN KINbKOCTI Ta
KNiTUHW paxyBanu B KaMmepi lopsaea. KnitnHu
BUCiBaNM y yawku MNeTpi 3 NOXMBHUM cepeno-
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linked to the quantity of live cells. The degree
of the impact of examined materials on the
viability of L-929 target cells was assessed
by measuring light absorption at 490 nm. To
assess the results, we calculated the mitotic
index (MI) MI = D/K x 100%, where D is the
average absorption value of the examined
samples, and K is the average absorption val-
ue of the control samples [18]. To assess the
results, we calculated the mitotic index (MI),
defined as MI = D/K x 100%, where D is the
average absorption of the examined samples,
and K is the average absorption of the control
samples [18]. Based on the effects of various
concentrations of recombinant TNF on L-929
cells, a calibration curve was created to mea-
sure the concentration of TNF.

Determining TGF-B activity by its growth-
inhibitory effect on CCL-64 cell culture

The activity of TGF-B was measured using a
biological approach with TGF-B sensitive cor-
tical lung epithelial culture CCL-64 (Mv1Lu;
American Type Culture Collection Rockville,
Md). TGF-B inhibits cell proliferation in this
culture. Monolayer cells of the CCL-64 line
were cultured in DMEM nutritional medium
(Dulbecco’s Modified Eagles Medium, “Sig-
ma”). Cells of the third passage after thaw-
ing, when they reached subconfluent, were
taken for the experiment. After trypsinization
in @ 0.25% solution of trypsin in PSB (phys-
iological saline buffer, pH 7.2), cells were
washed in RPMT-1640 medium (“Sigma”)
with 20% fetal calf serum by centrifuging
them for 3 min at 1500 rpm, the cell pellet
was resuspended in RPMT-1640 medium with
10% fetal calf serum and 50 pg/ml gentami-
cin sulfate and counted the number of living
cells in the Goriaev chamber. TFR-B test sam-
ples were added to wells containing CCL-64
cells. The stimulation index (SI) was used to
determine the effect of TRF-B on DNA synthe-
sis in target cells: SI = D/N x 100%, where
D is the average absorbance value of the ex-
amined samples, and N is the average ab-
sorbance value of the control samples (MTT
was used in this case). A previously prepared
calibration curve was used to measure the
concentration of TFR-B in test samples based
on the concentration of recombinant TFR-B
(“Gibco”) injected into the supernatant of the
target cells and the degree of inhibition of
DNA synthesis in them.
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Obtaining a daily culture of peritoneal
macrophages (PMF)

Samples of peritoneal lavage (60-100 ml),
which were taken during the operation, were
centrifuged. The cell sediment was collect-
ed and layered on 3 ml of Ficol-Verographite
separating solution (density of the solution
p=1.077 g/ml). After centrifugation at 1500
rpm for 20 min, the formed cell suspension
at the phase boundary was collected and
washed three times with PSB by centrifu-
gation under the same conditions. The cell
sediment was incubated in Petri dishes with
nutrient medium RPMI-1640 for 1 hour in a
CO2 incubator (temperature 37 C; 5% CO2).
The medium with non-adherent cells was
aspirated, and adherent mononuclear cells
were washed away with fresh serum-free
RPMI-1640 medium. The cells were sus-
pended in 2-3 ml of medium, and their vital-
ity was determined by counting the number
of living cells in the Goriaev chamber using a
0.1% aqueous solution of trypan blue to col-
or. This study used samples with more than
90% live cells.

The modeling of hyperthermia effect on
macrophages in vitro

For modeling purposes, macrophage primary
cultures were heated to 39°C for an hour be-
fore being kept at 37°C for a day in the stud-
ied group and for the entire time in the control
group. Cells were seeded in Petri dishes with
nutrient medium RPMI-1640 and incubated at
37°C and 39°C in a CO2 incubator containing
5% of CO2.

Obtaining a daily culture of mesothelium
The epithelial layer of cells was scraped from
the abdominal cavity during surgery using
a scalpel blade. Collected cells were trans-
ferred to the laboratory in 15 ml of RPMI-
1640 medium, where they were centrifuged
three times in phosphate-buffered saline
(PBS). A small amount of the cell pellet was
diluted in serum-free RPMI-1640 medium,
and cells were counted in a Goriaev chamber.
Cells were seeded in Petri dishes with RPMI-
1640 nutrient medium and cultured in a CO2
incubator with a setting of 5% CO2 at 37°C
and 39°. After incubation, the medium was
collected and centrifuged to remove cellular
debris from the solution. The supernatant
medium was kept at -80° C.
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Buwem RPMI-1640 Ta ikybysanu npu 37°C Ta
39°Cy CO, iHky6aTopi 3 MicToM 5% CO.,. NMicnsa
3aKiH4YeHHSs iHKybauii, cepepoBuwa 36mpanu
Ta ueHTpudyrysaam ANs OUYMLLEHHS PO3YUHY
BiA4 KniTMHHOro aebpicy. 36epirann cynepHa-
TaHTe cepenosuue npu — 80°C.

MeToan craTtUCTU4YHOI 06po6kKM opeprka-
HUX pe3yJibTaTiB AOCNIfXKEHHSA

Onsa nepBMHHOI 06p06KM AAaHUX BUKOPUCTAHO
nakeT npuknagHmx nporpam MS Exel 2000.
MepBuMHHa ob6pobka paHMX BKAKYana: BiAg-
6ip, cTaHpapTusauilo AaHUX AN NpoBeAeH-
HA aHanily, aHania oaHopigHocTi BMbIpoOK,
BM3HA4YeHHs Tuny po3noainy. Obpobka pa-
HUX npoBoAWSiacad 3 BUKOPUCTAHHAM Mpo-
rpamHoro 3abesneyeHHs Statistica 10.0. Ta
StatTech v. 1.2.0. Bci oTpuMaHi gaHi npoxo-
OWNU NMepeBipKy Ha HOPMasbHICTb poO3noai-
Ny WNgXOM aHanisy MokKasHWKIiB acuMeTpii,
eKcuecy, aHanisy 6okcnnoTiB Ta pesynbTa-
TiB 06paxyHKy kpuTepito Wanipo-Yinka (do-
patok Tabn 5.1 ta 5.2). 3a pe3synbratamu
aHanisy posnoainy 6yno NnpunHaTE pilleHHS,
WO po3noAisl He BigNOBIAAE HOpMasibHOMY,
ToMy 6yn0 3aCTOCOBAHO BiAMOBIAHI CTaHAap-
TN nMpeacTaBfieHHA LUeHTpanbHOI TeHAeHUil
Ta KpuTepil nepesipkn pi3HUUI MiX rpyna-
Mu. Ong npeacraBneHHs AaHux 6yno BUKO-
pucTaHo MediaHy Ta KBaptuni y surnaai Me
(25%; 75%), ne Me - megiaHa, 25% - nep-
Wi kBapTunb, 75 % - TpeTih kBapTUib. [o-
[ATKOBO BKa3syBanucsa y Tabnmusax MmiHiManb-
Hi Ta MakcuManbHi 3HayeHHda y rpyni. Ona
NOPIBHAHHSA MiX rpynamMu 6yno 3actocoBaHo
H-kpuTtepin Kpackena-Yonnica, npu AOCTO-
BipHOCTI pi3HMUI NpOBOANBCS anoCTepPiOpHUI
(NoCT-X0K) aHani3 Ang nonapHOro NOpPiBHSAH-
HA i3 3acToCyBaHHAM TecTy [laHa.

Bci cratuctnuHi obpaxyHku 3pobneHo i3 3acto-
CyBaHHSIM nporpamMHoro 3abesnedeHHs RStudio v
1.4.1106 Ha 6a3i R v 4.1.0.
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Pe3synbTatn

3 MeTol 3'CyBaHHS BHECKY KOXHOI cybrony-
nauii gocnigXXyBaHUX KiTUH B (OPMYBaHHS
3aranbHOro iHTpaabAoMiHanNbHOro nynay LMUTO-
KiHiB 6yno pgocnig)eHo kKoHueHTpauii YHIM Ta
TOP-b y cynepHaTaHTaXx NEPBUHHUX KYNbTyp
Me30Tenitn, nepuToHeanbHMX/acunTacouino-
BaHMX Makpodaris Ta P4 (Tabn. 1).

BuaBunocs, W0 OCHOBHUW «BHeCOK» Yy dop-
MyBaHHa iHTpaabaoMiHanbHoro piBHa YHI
3A4IMCHIOITb PaKoBi KNITMHWM Ta Makpodaru.
BogHouac, piBHi ekcnpecii TOP- ak makpoda-
ramuy, Tak i Me30TesliEM Manxe He Biapi3HANN-
Csl, NpoTe 6y HMXUYMMK, HiXX piBEHb ekcnpe-
cii TOP-B B kKynbTypax P4.

Ons pocnigXeHHs 3B'A3KYy MiXK Bignosiaato Ha
cucteMHy XT Ta piBHAMU eKCrpecii UMTOKIHIB B
KOHAMUIOHOBaHUX NYyXJIMHHUX cepeaosuLlax PH
nauieHTok 6yno posnoaineHo Ha migrpynu 3a-
NexXHO Bia TpmBanocTi 6e3peunansHoro nepiogy
BiJ, MOMEHTY 3aBepLUeHHS a’toBaHTHOI xiMioTe-
panii nicis NepBMHHONO NiKyBaHHA A0 NOSIBU 03-
HaK nporpecyBaHH4d. B rpyny BMCOKOYYTINBUX
Ao ximioTepanii xBopuX 6yno BKOYEHO TUX,
B KOO O3HaKW MporpecyBaHHs XBOpobu 6yno
BUSABMEHO binblie Hixk vepe3 12 micauis nicns
3aBepueHHa AXT. B rpyny noMipHO- i HU3bKO-
YyTNMBMX A0 XiMioTepanii BiNWNM NaUIEHTKM, B
SAKNX peumanB BUHUK MeHLUe HiX 3a 12 Micauis.
Bci BOHM OTpuUMann 3 UMUMKW NPOTUPEUNINBHOI
XiMioTepanii 40 NOBTOPHOI LUTOPEAYKLIl.

Y BuAaineHnx rpynax XBOpuUX MpoaHasizoBaHoO
piBHi YHI i TOP-b B MikpooToueHHi PS. Busisne-
HO CYTTEBY Pi3HMLIO MiX piBHAMU ekcnipecii YHI1
y CyrnepHaTaHTax MepBUHHUX KNITUHHUX Kysb-
Typ PA xBopuX uMx rpyn. 30KpeMa, KoOHLUeHTpa-
uig YHM y cynepHaTaHTax NyxAvH y NOMipHO/
HU3bKouyTAMBMX A0 XT xBopux 6yna BUCOKOIO
- pocsarana mamxe 1,52 £ 0,13 Hr/mn (Tabn.
2). HatomicTb y rpyni KniHiYHO YyTnmBux Ao XT

Tabanysa 1

KoHuyeHTpauyii YHMN ta TOP-b y cynepHaTaHTax NnepBUHHUX KYNbTYp Me30Tenito,
neputoHeanbHUX/acuyuracoyiioBaHnx Mmakpodaris Ta P

LTokin KoHLeHTpauis UMTOKIHY B CynepHaTaHTax A060BMX NEPBUHHUX KAITUHHUX KYNbTYp, HI/MA
Me3zoTenin (n = 10) MeputoHeanbHi/ AAMd (n = 11) PakoBi knitnHn (n = 12)
YHM 0,02 £ 0,01 1,06 + 0,88 1,47 £ 0,84
TOP-B 1,96 + 1,81 1,98 £ 0,79 2,82 £ 1,51

Mpumitka: p < 0,05 (ans YHM B KynbTypi Me30TeNito Ta pakoBUX KITUH).
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Methods of statistical processing of the
results

The study involved the MS Excel 2000 pack-
age for primary data processing, which in-
cluded sample selection, data standardization
for analysis, sample homogeneity analysis,
and distribution type determination. Such
software as Statistica 10.0 and StatTech v.
1.2.0 were used for data processing. Asym-
metry indicators, kurtosis, boxplot analysis,
and Shapiro-Wilk test results (Appendix Ta-
bles 5.1 and 5.2) were used to evaluate the
normality of the distribution of the obtained
data. Based on the distribution analysis re-
sults, it was concluded that the distribution
was not normal. Thus, appropriate standards
of representation of central tendency and
criteria for testing the difference between
groups were applied. The data was presented
using the median and quartiles as Me (25%;
75%), where Me is the median, 25% is the
first quartile, and 75% is the third quartile.
In addition, tables showed the group’s mini-
mum and maximum values. The Kruskal-Wal-
lis H-test was used to compare groups, and
in case of significant differences, a posteriori
(post hoc) analysis using Dan’s test was car-
ried out.

All statistical calculations were performed us-
ing the R-based RStudio v 1.4.1106.

Results

To determine the contribution of each subpop-
ulation of studied cells to the formation of the
total intra-abdominal pool of cytokines, the
concentrations of TNF and TGF-f in the super-
natants of primary cultures of mesothelium,
peritoneal/ascites-associated macrophages,
and OC were investigated (Table 1).

Cancer cells and macrophages appear to pro-
vide the most “contribution” to the formation

Original research: Clinical sciences

of the intra-abdominal level of TNF. At the
same time, expression levels of TGF-B by both
macrophages and mesothelium were almost
the same but lower than TGF-expression lev-
els in OC cultures.

To study the relationship between the re-
sponse to systemic ChT and the levels of
cytokine expression in conditioned tumor
medium, patients were divided into sub-
groups depending on the duration of the re-
lapse-free period from the moment of com-
pleting adjuvant chemotherapy (AChT) after
primary treatment until the appearance of
progression signs. The group of patients
highly sensitive to chemotherapy includ-
ed those who showed evidence of disease
progression more than 12 months after the
end of AChT. Patients with a relapse in fewer
than 12 months were included in the group
of patients with moderate and low sensitiv-
ity to chemotherapy. All of them received 3
cycles of anti-relapse chemotherapy before
recurrent cytoreduction.

In selected groups of patients, the levels
of TNF and TGF-B in the microenvironment
of the OC were analyzed. A significant dif-
ference between the expression levels of
TNF in the supernatants of primary cell cul-
tures of OC patients of these groups was
revealed. TNF concentrations in tumor su-
pernatants were particularly high in individ-
uals who were moderately/lowly sensitive
to ChT, reaching almost 1.52 0.13 ng/ml
(Table 2). The equivalent indicator, on the
other hand, was much lower in the group
of tumors clinically sensitive to ChT: 0.65
0.08 ng/ml. TGF-expression levels showed
the opposite tendency. The concentration
of TGF-B in samples of highly sensitive and
moderately/lowly sensitive tumors to ChT
differed and was higher in the ChT-sensitive

Table 1

Concentrations of TNF and TGF-B in supernatants of primary cultures of the
mesothelium, peritoneal/ascites-associated macrophages and OC

Cytokine Cytokine concentration in supernatants of daily primary cell cultures, ng/ml
Mesothelium (n = 10) Peritoneal/ AAM (n = 11) Cancer cells (n = 12)

TNF 0,02 £ 0,01 1,06 £ 0,88 1,47 £ 0,84

TGF-B 1,96 £ 1,81 1,98 £ 0,79 2,82+1,51

Note: p < 0.05 (for TNF in the culture of mesothelium and cancer cells).
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NYX/IMH BiANOBIAHWA NOKa3HMK BUSBUMBCH 3Hau-
HO HWX4MM — 0,65 £ 0,08 Hr/mn. PiBHI ekcnpecii
TOP-B Manu NpoTUnexHy TeHaeHuito. KoHueH-
Tpauia TOP-b y 3paskax BMCOKOYYTIMBUX Ta
NOMipHO/HU3bKOUYTAMBMX A0 XT NYX/IMH TakoxX
BiApi3HANack i 6yna BMLWOO B rpyni YyT/IMBUX A0
XT nyxnvH (4,61 £ 0,82 Hr/mn), y rpyni 6inbLu
pe3ncteHTHUX Ao XT PS BoHa 3HMXyBanacb
(3,76 £ 0,54 Hr/mn) (Tabn. 2).

3 METO A0CNIAXKEHHSA BMNMBY rinepTepMivyHo-
ro pexuMy iHTpanepuToHeanbHOI XiMioTepanil
Ha npo3ana’sbHi LUMTOKIHW B YepeBHiN MOpOX-
HWHI MW NpoBenn BU3HAYeHHA piBHA YHI1 Ta
TOP-B y cepo3HOMY BMICTi, SKMA OTPUMAHO 3
abaoMiHanbHMX ApeHaxiB y 12 nauieHTiB 4ve-
pe3 20 rog nicna ymTopeayKuii Ta npouenypwu
HIPEC i NOpiBHAMN TX 3 KOHLEHTpaLisiMn LNUTO-
KiHiB B acuuTi 4o nikyBaHHs (Tabn. 3).

PiBeHb YHI B acumMTuyHin pigunHi 4o onepadii
ctaHoBuB 0,858 Hr/mn, piseHb YHI B apeHax-
HOMY BMICTi TUX CaMMUX MNALIEHTIB, OTPUMAHUX

Original research: Clinical sciences

yepes 17-20 roa nicna umtopeaykuii 3 HIPEC
6yB BipOriAHO HMXYMM HiX piBeHb YHIT B acuuTi
i nnasmi xsopux i konueasc4 Big 0,005 no 0.048
Hr/ Mn i ctaHoBMB B cepeaHboMy 0,04 Hr/mn.
AHanoriyHa TeHAeHUis A0 3HAYHOro 3HMXKEHHSA
cnocTepiranacsa aAnsa KoHueHTpauii TOP-f.

3 MEeTOoK A0CNIAXEHHS BMJAUBY rineptepMii Ha
piBeHb ekcnpecii YHIMN Tta TOP-B B nonynsauii
nepuToHeanbHMX/acuMTacouiioBaHUX MaKpo-
dariB 4acTMHY KyNnbTypanbHUX MAAHLWETIB i3
NEPBUHHUMW MakpodaranbHUMW KysbTypamu
Ha 1 rogmMHy noMmictunam B TepMocTaTt npu 40°C
nicnsg 4oro nNpoAoBXyBanu iHKybauito npu
37°C po 3aBepuweHHsA obu. [Opyry 4acTuHy
nnaHweTiB iHKybyBann nuwe npu 37°C. NMicnga
3aBeplUeHHs iHKybauii KynbTypanbHUA Hapo-
cap 6yno BigibpaHo i 3aMOpoOXeHO A0 BU3Ha-
YeHHS piBHA UMTOKIHIB (Tabn. 4).

O6paxyHOK OTpMMaHUX AaHUX 3a KpUTEpieEM
Kpackena-Yonnica A03BO/MB MpPeAcTaBUTKU iX
HacTynHUM 4YmHOM (Tabn. 5):

Tabauysa 2

KoHueHTpayii YHIM Ta TOP-b y cynepHaTaHTax NepBUHHUX KYJIbTYP PaKy S€EYHUKA XBOPUX,
KNIHIYHO YYT/IMBUX i pe3ncTeHTHuX Ao XT

LuToKiH KOHUeHTpauis UMTOKIHY B CynepHaTaHTax NepBUHHUX KNITUHHUX KynbTyp PS, Hr/Mn
pyna Bucoko yytnueux Ao XT PA (n = 12) | 'pyna noMipHO/HU3bKO yyTamemux Ao XT PA (n = 11)
YHIM 0,650 + 0,084 1,52 £ 0,13
TOP-B 4,61 £ 0,82 3,76 £ 0,54

Mpumitka: p < 0,05 (ans YHM).

Tabanys 3

PiBHi YHHIN i TOP-B y 6ionoriyHux pignHax naui€eHTiB
3 peuynguBHumM PS nicna BUKOHaHHA uutopeaykuii ta HIPEC

LToKiH KoHUeHTpauis LMTOKIHY B 6i0N0riYHUX piaMHaX XBOpUX 3 peunamBHuM PA, Hr/Mn
Acumt (n =9) [OpeHaxkHui BMicT (7 = 12) CupoBaTtka (17 = 10)
YHM 0,858 + 0,09 0,04 £ 0,014 0,648+0,041
TOP-B 6,06 + 0,81 0,82 +£1,51 1,82+0,82
Mpumitka: p < 0,05 (ans YHM).
Tabnnys 4

KoHueHTpauii HHIN ta TOP-b y cynepHaTaHTax NnepBUHHUX KAITUHHUX KYJIbTYP NEepUTo-
HeanbHMUX/acuuTtacouiiioBaHux Makpodaris

KoHLUeHTpauis UMTOKIHY B CyrnepHaTaHTax NnepBUHHUX
LnTOoKiH KNITUHHUX KYyNbTyp NepuToHeanbHUX/acumTacolinoBaHx Makpodaris, Hr/mn
Inky6auisa Tinbkn npu 37°C (n = 12) FoanHum iHkybauis 40°C (n = 12)
YHM 1,063 + 0,88 0,48 £ 0,61
TOP-B 1,98 £ 0,79 1,60 £ 1,94

Mpumitka: p < 0,05 (ans YHM).
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tumors (4.61 0.82 ng/ml). In contrast, the
group more resistant to ChT OC decreased
(3.76 0.54 ng/ml) (Table 2).

To study the effect of the hyperthermic mode of
intraperitoneal chemotherapy on pro-inflamma-
tory cytokines in the abdominal cavity, we de-
termined TNF and TGF- levels in serous contents
obtained from abdominal drains in 12 patients
20 hours after cytoreduction and the HIPEC pro-
cedure. We compared them to cytokine concen-
trations in ascites before treatment (Table 3).

The level of TNF in ascitic fluid before surgery
was 0.858 ng/ml; the level of TNF in the drain-
age content of the same patients obtained
17-20 hours after cytoreduction with HIPEC
were probably lower than the levels of TNF in
the ascites and plasma of patients. The con-
centration of TGF-B showed a similar tendency
of significant decline.

Original research: Clinical sciences

To study the effect of hyperthermia on the
level of expression of TNF and TGF-B in the
population of peritoneal/ascites-associated
macrophages, a portion of the culture plates
containing primary macrophage cultures were
placed in a thermostat at 40°C for 1 hour, fol-
lowed by incubation at 37°C until the end of
the day. The second portion of the plates was
incubated only at 37°C. After the incubation,
the culture supernatant was collected and fro-
zen until the cytokine level was measured.
(Table 4).

The received data processed based on Kru-

skel-Walli's criterion enabled to present it as
follows (Table 5):

The graph clearly shows the difference in TNF
concentrations in supernatants in primary cul-

Table 2

Concentrations of TFN and TGF-B in supernatants of primary cultures
of OC patients clinically sensitive and resistant to ChT

Cytokine concentration in primary supernatants of cell cultures of OC, ng/ml
Cytokine A group of highly sensitive Moderately/lowly sensitive group of
OC patients to ChT (n = 12) OC patients to ChT (n = 11)
TNF 0,650 = 0,084 1,52 £ 0,13
TGF-B 4,61 + 0,82 3,76 £ 0,54

Note: p < 0,05 (for TNF).

Table 3

TNF and TGF-B levels in biological fluids of patients
with recurrent OC after cytoreduction and HIPEC

Cvtokine Cytokine concentration in biological fluids of patients with recurrent OC, ng/ml
Y Ascites (n = 9) Drainage exudate (n = 12) Serum (n = 10)
TNF 0,858 + 0,09 0,04 £ 0,014 0,648+ 0,041
TGF-B 6,06 = 0,81 0,82 + 1,51 1, 82+ 0,82
Note: p < 0,05 (for TNF).
Table 4

TNF and TGF-B concentrations in supernatants of primary cultures
of peritoneal/ascites-associated macrophages

Cytokine concentration in supernatants of primary cultures of peritoneal/ascites-associated macrophages,
Cytokine ng/ml
Incubation only at 37°C (n = 12) Hours of incubation 40°C (n = 12)
TNF 1,063 £ 0,88 0,48 + 0,61
TGF-B 1,98 £ 0,79 1,60 + 1,94

Note: p < 0,05 (for TNF).
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Tabanys 5

KoHueHTpauis untokiHy YHIM B 6ionoriuHnx pignHax
Ta cynepHaTtaHTax NepBMHHUX KYJibTyp Me30TenNito, NyXJIMHHUX KJiTUH,
acumTtacouinoBaHMx MakpodariB 3 Ta 6e3 rineprepmii

Mpyna Me (25%; 75%) Min Max N

LpeHax 0,02 (0,01; 0,03) 0,004 0,050 9
MesoTenin 0,02 (0,02; 0,03) 0,002 0,041 10
Makpodaru 6e3 nporpiBaHHs 1,04 (0,16; 1,65)*# 0,016 2,500 11
Makpodaru 3 nporpiBaHHAM 0,05 (0,01; 0,91) 0,005 1,590 12
MyxnnHa 1,41 (0,40; 1,50)*# 0,042 5,000 6

Me - MegiaHa, 25% - nepwuii kBapTuib, 75 % - TpeTin kBapTuib, Min - MiHiManbHe 3HadyeHHs y BMbipui, Max — Makcu-
ManbHe 3HayeHHs y Bubipui, N — 06’eM BUBipkK,* - 4OCTOBIPHICTb Pi3HULI NpX MOPIBHSAHHI i3 rpynot «apeHax», # - go-
CTOBIPHICTb Pi3HWMLI NMpW NOPIBHSHHI i3 rpynot «Me30Tenin».

AHaniz rpadika 4iTKO AEMOHCTPYE pi3HULIO pi3HMUI MDK rpynamm Ana nokasHuka YHII
KoHueHTpauii YHIT B cynepHaTaHTax nepsBuH- (p=0,001). Mpu anocTtepiopHOMY aHanisi i3
HUX KYNbTyp acuuTacouiioBaHux Makpodaris 3aCTocyBaHHAM TecTy [laHa BCTaHOB/EHO
0o i nicng nporpisaHHsa. (Puc. 1) OOCTOBIpHICTb pi3HMUi Yy napax «Makpoda-

rm 6e3 nporpiBaHHSA — ApPEeHaXXHWUN ekcyaaT»
3a pesynbtatamm ob6paxyHKy kpuTtepito Kpa- (p=0,03), <«nyxnauHa-gpeHaxHUn ekcyaaT»
ckena-yonnica BCTaAHOB/IEHO [AOCTOBIPHICTb (p=0,02), «makpodaru-mesoTenin» (p=0,04),

Ta «nyxnuHa-mesoTtenin» (p=0,03) (Tabn. 6).

3a pe3ynbTaTamMmmn obpaxyHKy Kputepito Kpacke-
na-Yonnica He BUSABNEHO AOCTOBIPHOCTI pPi3HMLUI
MiX rpynamm ansa nokasHuka TOP-b (p = 0,23),
TOMY ronapHe rnopiBHAHHSA He NPoBOAMIIOCS.

AHaniz BMKOHaHWX [OCADKEHb 3acBigymMB, WO

B CymnepHaTaHTax MakpodaranbHUX KynbTyp

nicng rogMHHOro MporpiBaHHA BiporigHO 3HU-
‘ XXeHoto 6yna KoHueHTpauis YHIM. 3HMXeHHSs

6yno 3adikcosaHo B 10 3 12 Bunaakis. Ce-
peaHsa KoHueHTpauiga YHI 3HM3unaca nicng
o- . . \ nporpieaHHsa 3 1,06 no 0,48 Hr/mn.

JIpeHax Me30TeiH Makpodarv 663 makpogarm 3 IyXTHHA
nporpiBaHKA  nporpiBaHHAM

KoHueHTpauia TOP-b makpodaranbHux Kynb-

PucyHok 1. KoHueHTpauii YHIM y cynepHaTaHTax nepBuH- TYP Y 3pasKax TaKox N!a”a TeH-E_'-eHL'-”O Ao
HUX KynbTyp PS, neputoHeansHoro mesotenito, AAM 3HWXKEHHS MpoTe crnocTepiranacs pigwe y 8 3

Tabavys 6

KoHueHTpauisa untokiHy TOP-b B 6ionoriuHux pignHax
Ta cynepHaTtaHTax NepBMHHUX KYJibTyp Me30TeNilo, NyXJIMHHUX KJiTUH,
acumTtacouinoBaHMx MakpodariB 3 Ta 6e3 rineprepmii

Mpyna Me (25%; 75%) Min Max N

[OpeHax 0,55 (0,19; 2,84) 0,156 7,840 10
Me3soTenin 1,25 (0,92; 2,49) 0,199 5,680 12
Makpodaru 6e3 nporpiBaHHs 1,76 (1,46; 2,09) 1,186 3,744 12
Makpodaru 3 nporpiBaHHAM 0,92 (0,11; 1,84) 0,038 6,282 12
MyxnuHa 0,50 (0,13; 1,44) 0,052 3,952 6

Me - MegiaHa, 25% - nepwwuii kBapTuib, 75 % - TpeTin kBapTWiIb, Min — MiHiManbHe 3HadyeHHs y BMbipui, Max — Makcu-
ManbHe 3Ha4yeHHs y BMbipui, N — 06’eM BUbipku.
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Table 5

TNF concentration in biological fluids and supernatants of primary cultures
of mesothelium, tumor cells, and ascites-associated macrophages with
and without hyperthermia

Group Me (25%; 75%) Min Max N

Drainage exudate 0,02 (0,01; 0,03) 0,004 0,050 9
Mesothelium 0,02 (0,02; 0,03) 0,002 0,041 10
Macrophages without heating 1,04 (0,16; 1,65)*# 0,016 2,500 11
Macrophages with heating 0,05 (0,01; 0,91) 0,005 1,590 12
Tumor 1,41 (0,40; 1,50)*# 0,042 5,000 6

Me - median, 25% - the first quartile, 75% - the third quartile, Min - the minimum value in the sample, Max - the
maximum value in the sample, N - the sample volume,* - the reliability of the difference when compared with the
“drainage” group, # - the reliability of the difference when compared with the “*mesothelium” group.

tures of ascites-associated macrophages be-
fore and after heating. (Fig. 1)

Based on the Kruskel-Wallis criteria calcula-
tion results, the reliability of the difference
between groups for the TNF indicator was

found (p = 0.001). In the a posteriori analysis
using Dan’s test, the reliability of the differ-
ence in the pairs "macrophages without heat-
ing — drainage exudate” (p = 0.03), “tumor -
drainage exudate” (p = 0.02), “macrophages
- mesothelium” (p = 0.04), and “mesothelial

- tumor” (p = 0.03) (Table 6).

According to the Kruskel-Wallis criteria calcu-
il lation results, the reliability of the difference
between groups for the TGF-B indicator was
not disclosed (p = 0.23). Hence, no pairwise
comparison was performed.

TNF level

The results of experiments showed that the
' concentration of TNF was inclined to drop in

supernatants of macrophage cultures after
an hour of heating. A decrease was observed
in 10 out of 12 cases. After heating, the av-
erage TNF concentration dropped from 1.06
to 0.48 ng/ml.

0- 4

Drainagé exudate Macrophages Tumor

with heating

Macro‘phages
without heating

Mesothelium

Figure 1. TNF concentrations in the supernatants of
primary cultures of OC of peritoneal mesothelium,
AAM, mesothelium, and peritoneal/ascites-associated
macrophages

The concentration of TGF-B in macrophage
cultures in the samples lowered too, but it
occurred less frequently in 8 out of 12 cas-

Table 6

The concentration of cytokine TGF-B in biological fluids and supernatants
of primary cultures of mesothelial, tumor cells, and ascites-associated macrophages
with and without hyperthermia

Group Me (25%; 75%) Min Max N

Drainage exudate 0,55 (0,19; 2,84) 0,156 7,840 10
Mesothelium 1,25 (0,92; 2,49) 0,199 5,680 12
Macrophages without heating 1,76 (1,46; 2,09) 1,186 3,744 12
Macrophages with heating 0,92 (0,11; 1,84) 0,038 6,282 12
Tumor 0,50 (0,13; 1,44) 0,052 3,952 6

Me - median, 25% - the first quartile, 75% - the third quartile, Min - the minimum value in the sample, Max - the
maximum value in the sample, N - sample size.

207



Mpaui HTLW MeanyHi Hayku
2023, Tom 72, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2023, Vol. 72, 2

OpwuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKKn

12 BuNagkiB i 3Ha4YeHHs i nicna nporpiBaHHSA
Konueanucsa y wmpokux mexax (Big 0,03 po
6,28 Hr/mn) (Puc. 2).

Pigens TOP
e
.

Me30Tedii

Makpodari 3 yXIHHA

NpOrpiBaHHAM

TpeHaxE Makpodari ez

TIPOTpiBaHHA

PucyHok 2. KoHueHTpauii T®OP-b y cynepHaTaHTax nep-
BUHHWUX KY/IbTYp Me30Tenito, neputoHeanbHMX/acumraco-
uiioBaHux mMakpodaris

OTpuMaHi HaMn JaHi AEMOHCTPYOTb BULLI PiBHI
akTmsHocTi YHIT B MikpooToueHHi PA, acoui-
MoBaHi 3 ripwo 4YyTAMBICTIO A0 XxiMioTepanii
Ta peunanByBaHHSAM. [poTe 3pocTaHH4g npo3a-
nanbHOro Myny UWTOKIHIB B MeXax 4YepeBHOI
NOPOXHUHWN 3abe3nNeyyeTbCa He TibKU KNIiTU-
Hamn PA, ane n AAM. CaMe BOHM CNpustOTb
BUXXMBAHIOK pakoBUX KITUH nicna XT, dop-
MyBaHHIO Ximiope3ncteHTHocTi (17). Len de-
HOMEH CBOro yacy 6yB Ha3BaHUMN «LUTOKIHHOK
NIATPUMKOK MYXJIMHHOI MNporpecii neputoHe-
anbHUMK  Makpodaramu» (16). PesynbTaTtu
Haloro AOCNIAXXEHHS A03BOJIAOTbL NMPUMNYCTU-
T, wo HIPEC moxe iHiuitoBaTn gedparmeHTa-
Lito uboro natodisionoriyHoro naHutora.

O6roBopeHHA

OTpuMaHi HaMu pe3ynbTaTh NiATBEepPAXYOTb pa-
Hille BiAOMi AaHi WOAO0 perioHanbHOro BrnBY
HIPEC nicna umtopeaykTuBHOI onepauii (19).
lnepTtepMiyHMiM KOMNOHeHT 3abe3neuvye 36inb-
LWEeHHS rMMbunHM neHeTpaLii Ta LMTOTOKCUYHOCTI
XT. lNpoTe B epy iMyHHOI Tepanii 3poCTaE iHTe-
pec A0 MOTEeHUiNHUX iMyHOMoAytouUnx edek-
TiB rineptepmii [21-23]. OTpuMaHi HaMu AaHi
CBigyaTb Mpo 3HWUXEHHS PiIBHA Mpo3anasbHoro
YHM Ta TOP-b B ekcyaaTi 3 UepeBHOI MOPOXHU-
HU nicna npouenypwu HIPEC. MNpuynHoO Uboro
aBMLL@ MOXe ByTW He TiNbKW BUAANEHHS MNyX-
JIMHHUX Mac-npoAayLeHTiB UUTOKIHIB nicng uu-
TopeayKLuii, ane n 3HmxeHHs ekcnpecii YHM kni-
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TUHHUMU KOMMOHEHTaMW BHYTPiLLHbOYEPEBHOIO
MIKPDOOTOYEHHS, 30KpeMa Makpodaramu, nia
BM/JIMBOM FOAMHHOI rinepTepMii. PaHiwe Hamu
6yno nokasaHo, WO neputoHeanbHi AAM npwu
P 3a cBoiMu BnactuBocTaMm noAibHi o MNMAM
[9,16]. MAM/AAM MiATPUMYIOTb BUXMBAHHS pa-
KOBUX KNITUH, 30KpeMa BUAINAKTbL rnpo3ananbHi
umToKiHM (YHM, IL-6), CTUMynNOOTb HEeoaHrio-
reHe3 (VEGF), nepetsoptototb TGF-B Ta Buai-
naTtb IGF1, ynm cTMMynolTbL Nposidepauito
KMITUH, MOTEHUiYM IMMANAHTaUIl0 MyX/IUH-
HUX KOMIMEKCIB Yy YepeBHili MOpPOXHUHI [24].
OctaHHi poku MNMAM po3rnagatoTbCa AK MOTEH-
LuinHa TepaneBTMYHa MiweHb [25]. OTpuMaHi
[oKas3n iMyHocynpecuBHol y4dacTi NMAM y pery-
naAuii MexaHisMmiB Aii KOHTPONbHMX Todok PD-1/
PD-L1[25,26]. HIPEC npu3BoauTb A0 aKTuBauii
CUTHaNbHUX LWNAXIB, 3MiH €KCMpecii reHiB aK y
3a/IMWLKOBUX MYXJIMHHUX KNITUHAaX, TakK i B iMy-
HouMuTax, IHOYKYHOUM B OCTaHHIX MOCUNEHHSA
ekcnpecii PD-1 [23]. Pe3ynbTaTh Haworo Ao-
CNigXeHHs BKa3ylTb Ha ornocepeaKoBaHUN Ln-
TOKIH-MOAYNIOKYNA BMMB BUCOKMX Temnepa-
TYp Ha BHyTpidepeBHEe MiKpOOTOYeHHs npu P4A,
Lo niaTBEpAXEHO B Aocniai in vitro 3 roaHHUM
nporpiBaHHAM A060BOi KyNbTypy NepuToHeasb-
HUX AAM, oTpUMaHUX Bi4 XBOpUX Ha P4.

Wu C.C. Ta cniBaBTopu [27] BMKOPUCTYBanu
moaenb PA muwi, wob ouiHMTK BNAMB rinep-
TepMiyHOT XT Ha IMYHHI e1eMeHTMN NYXJIMHHOIro
MIKPOOTOYEHHS B YepeBHil MOPOXHUHI. Byno
BCTAHOBJIEHO, LLO rinepTepMisa He TiNbKW Cripu-
sna HarpoMazXXeHHto M1- makpodaris Ta AeH-
OPUTHUX KNITUH Y NYyXJIMHHUX JIOKyCax, ane
TaKOX 3MeHLIMNa KiNbKiCTb pakoBUX CTOBOY-
ponofibHux knitnH. Omxe HIPEC moxe cnpwu-
ATU PO3BUTKY afanTUBHOI iMYHHOI Bignosiai,
slKa NepeBaXKHO HauineHa Ha cToBOypoBi Kni-
TnHM npu PA. Came cnnsdi ctoB6ypoBi KNITUHU
B nonynauii P4, aki nepexunu XiMmiotepanito
€ [XepenoM po3BUTKY peuuanBy XBopobu.
HIPEC moxe BigirpaBaTh UeHTpanbHy posib B
eniMiHauii MiHIManbHUX 3a7UWKOBUX MYXJSIUH-
HMX OocepeakiB nicns ap’toBaHTHOI ximioTepa-
nii abo npu peumausi PA [28]. Taknum unHomMm,
HIPEC Mae neBHM MOAYMOKYMA BNAMB Ha
iMyHOaAcOUiNOBaHi KOMMOHEHTM BHYTPILLHbO-
yepeBHOro romeocrtasy npu P4, aki onocepea-
KOBAHO MOXYTb BM3HauaTn edeKTUBHICTb Ha-
CTYMNHUX eTaniB NikyBaHHA. 3'acyBaHHSA 6inbLu
KOHKPETHUX MONEKYNAPHUX HACNiAKIB BNINBY
HIPEC Ha BHYTpilWWHbOYEepeBHE MiIKPOOTOUYEHHS
notpebye noganbLINX AOCAIAXKEHD.



Mpaui HTL MeanyHi Hayku
2023, Tom 72, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2023, Vol. 72, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

es, and its values after heating varied widely
(from 0.03 to 6.28 ng/ml). (Fig. 2)

i .

TGF-B level

"~

—

Macrabhages
without heating

Mesothelium

Drainagé exudate

Macrophages Tul"nOr

with heating

Figure 2. Concentrations of TGF-B in supernatants
of primary cultures mesothelium, peritoneal/ascites-
associated macrophages

Our findings show that higher levels of TNF ac-
tivity in the OC microenvironment are related
to bigger chemotherapy sensitivity and recur-
rence. However, AAM and ROC cells contribute
to the expansion of the pro-inflammatory pool
of cytokines within the abdominal cavity. They
promote both the survival of cancer cells after
ChT and the development of chemoresistance
(17). This was originally referred to as “cy-
tokine support of tumor progression by peri-
toneal macrophages” (16). Our findings show
that HIPEC can initiate the defragmentation of
this pathophysiological chain.

Discussion

Our findings support previously published re-
search on the regional impact of HIPEC af-
ter cytoreductive surgery (19). The hyper-
thermic component increases the depth of
penetration and cytotoxicity of ChT. Howev-
er, in the age of immunological treatment,
there is a growing interest in the potential
immunomodulatory effects of hyperthermia
[21-23]. We found a decrease in pro-inflam-
matory TNF and TGF-f levels in exudate from
the abdominal cavity after the HIPEC proce-
dure. The cause of this phenomenon could
be the removal of tumor mass-producers of
cytokines after cytoreduction and a decrease
in TNF expression by intra-abdominal micro-
environmental cellular components, partic-
ularly macrophages, under the influence of
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hourly hyperthermia. We previously showed
that peritoneal AAMs in OC are similar in their
properties to TAMs [9,16]. TAM/AAM sup-
ports cancer cell survival by secreting pro-in-
flammatory cytokines (TNF, IL-6), increasing
neoangiogenesis (VEGF), converting TGF-
and secreting IGF1, consequently stimulat-
ing cell proliferation and potentiating tumor
complex implantation in the abdominal cavity
[24]. In recent years, TAM has been consid-
ered a potential therapeutic target [25]. TAM
was found to play an immunosuppressive
role in modulating the mechanisms of action
of PD-1/PD-L1 control points [25,26]. HIPEC
activates signaling pathways and affects gene
expression in both remaining tumor cells
and immunocytes, increasing PD-1 expres-
sion in the latter [23]. The findings of this
study show a mediated cytokine-modulating
effect of high temperatures on the intra-ab-
dominal microenvironment in OC, which was
confirmed in an in vitro experiment with one-
hour heating of a daily culture of peritoneal
AAMs taken from patients with OC.

Wu C.C. et al. [27] used the OC mouse model
to evaluate the effect of hyperthermic ChT on
the immune elements of the tumor microenvi-
ronment in the abdominal cavity. It was found
that hyperthermia not only stimulated the ac-
cumulation of M1-macrophages and dendritic
cells in tumor loci but also reduced the number
of cancer stem-like cells. Therefore, HIPEC can
stimulate the development of an adaptive im-
mune response primarily directed at OC stem
cells. The primary cause of disease relapse is
dormant stem cells in the OC population that
have survived chemotherapy. HIPEC can play
a central role in eliminating minimal residual
tumor cells after adjuvant chemotherapy or in
the recurrence of OC [28]. Thus, HIPEC has a
certain modulating effect on immuno-associ-
ated components of intra-abdominal homeo-
stasis in OC, which can indirectly determine
the effectiveness of the next stages of treat-
ment. More research is required to elucidate
the more specific molecular consequences of
HIPEC's effect on the intra-abdominal micro-
environment.

In conclusions: It has been confirmed that
the pro-inflammatory landscape of intra-ab-
dominal homeostasis generated by cytokine
activity, primarily TNF, is mostly formed by
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Y BUCHOBKaXx: BCTAHOBMEHO, L0 Npo3anajbHui
naHgwagT iHTpaabaoMiHanbHOro romMeocrasy,
3YMOBJIEHOIN0 aKTUBHICTIO LUMUTOKIHIB, 30KpeMa
YHI, dopMyeTbCs nepeBa)kHO MapakKpUHHOL
aKTUBHICTIO pakoBWUX KJIITUH Ta NepuToHeanb-
HMX acumMTacouinoBaHnx Makpodaris.

BusiBNeHO 3HMXXEHHS KOHUEHTpauil LMTOKIHIB
YHM, TOP-b y apeHaxxHoMy BMicTi nicna HIPEC
Yy MOPIBHAHHI 3 TUMU XX MOKA3HWUKaMW B acuu-
TWUYHIN pianHi 4o onepadii.

lnepTtepmia oo 40°C MpOTAroM roguHU y cuc-
TeMi in vitro Npm3BoAuUTb A0 3HMXKXEHHS eKC-
npecii YHM B fo6oBin KynbTypi 3pinux nepu-
TOHeanbHMX/acuumTacouinoBaHnx Makpodaris,
OTPUMaHUX Bi4 XBOPUX 3 peunanBHuM PH.

Original research: Clinical sciences

KniHiyHa 4yTnuBiCTb A0 CUCTEMHOI XiMioTepa-
nii Ta TpuBanictb 6e3peunamBHOro nepioay
noHaa 12 MicauiB acouiioBaHa 3i 3HUXEHHSAM
ekcnpecii YHI B cynepHaTaHTax NEpPBUHHUX
KNITUHHUX KYNbTYp peunansHoro PA.

Moasika: aBTOpM BUCNOBAOKTL BASAYHICTb
npodecopy CywenbHuubkomy C. I. 3a 6arato-
piyHY cniBnpaulo i yd4actb B 06roBopeHHi pe-
3y/bTaTiB AOCNIAXEHHS.

3asBa npo iHcdopmoBaHy 3rogy: A0OChi-
OXeHHsa 6yno cxBasieHO NOKasbHOK eTUYHOK
KoMici€eto JIbBIiBCbKOrO perioHasibHOro OHKO-
ueHTpy. KoxHa 3 nauieHToK o3Hamomunachb 3
iH(pOopMOBaHOO 3roAoto Ta nignucana ii.

Adopatok
Tabnuys 5.1
MepeBipka HopManbHOCTI ana YHN
Fpynu P AcumeTpis Exkcuec
[OpeHax 0,305 1,05 1,44
Me30Tenin 0,960 0,07 0,26
Makpodaru 3 nporpiBaHHAM 0,284 0,13 -1,28
Makpodaru 6e3 nporpiBaHHAM 0,004 0,80 -1,10
MyxnuHa 0,050 1,69 3,42
P - ToyHe 3HaueHHs 3a pe3ynbTaTaMn 0bpaxyHKy kpuTepito LLanipo-Yinka
Tabauys 5.2
MepeBipka HopMmanbHOCTi ana TOP-b
pynn p AcumeTpis Ekcuec
[OpeHax 0,003 1,80 3,26
MesoTenin 0,014 1,36 0,89
Makpodaru 3 nporpiBaHHAM 0,020 1,46 1,41
Makpodarn 6e3 nporpiBaHHSAM 0,007 1,63 2,16
MyxnuHa 0,043 1,71 2,74

P - TouHe 3HauyeHHs 3a pe3ynbTaTamMmn 06paxyHKy kpuTepito LLanipo-Yinka
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cancer cells and peritoneal ascites-associated
macrophages. TNF and TGF-B concentrations
in the drainage exudate have been lower af-
ter HIPEC compared to the same parameters
in the ascitic fluid before the surgery. Hyper-
thermia up to 40°C for one hour in an in vitro
system leads to a decrease in the expression
of TNF in a daily primary culture of peritone-
al/ascites-associated macrophages obtained
from patients with recurrent OC.

Clinical sensitivity to systemic chemothera-
py and a relapse-free period of more than 12
months are related to decreased TNF expres-

Original research: Clinical sciences

sion in recurrent OC primary cell culture su-
pernatants.
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Appendix
Table 5.1
Normality check for TNF
Group P Asymmetry Excess
Drainage 0,305 1,05 1,44
Mesothelium 0,960 0,07 0,26
Macrophages with heating 0,284 0,13 -1,28
Macrophages without heating 0,004 0,80 -1,10
Tumor 0,050 1,69 3,42
Table 5.2
Normality check for TGF-8
Group p Asymmetry Excess
Drainage 0,003 1,80 3,26
Mesothelium 0,014 1,36 0,89
Macrophages with heating 0,020 1,46 1,41
Macrophages without heating 0,007 1,63 2,16
Tumor 0,043 1,71 2,74
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