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Momusayus u yens: COrnacHo 3NUIEMHOJIOTHIECKUM JaHHBIM, B MUPOBOM CTPYKTYype
KPP 3aHuMaeTt TpeTbe MECTO MO PacIpOCTPAaHEHHOCTH, YCTyIas paKy JIETKOTO U paKy
MOJIOYHOM JKene3bl, a TakkKe 3aHMMaeT BTOPOE MECTO II0 CMEPTHOCTH OT
OHKoOJIOTHYecKuX 3aboneBanuii [1]. Ha mannsiii MomeHT npuanabl pazsutus KPP ve 1o
KOHIIa OIpe/esieHbI, MO3TOMY €ro HM3YyYeHHE SIBJISIETCS aKTyalbHOW MpoOJieMOd Ha
CETONMHSAIIHUN JieHb. M3BecTHO, uTO OKUcIuTeNbHbIH cTtpecc (OC) sBisercs BaKHBIM
MAaTOr€HETUYECKUM (DAaKTOpPOM Ppa3BUTHsI MHOIMX 3a00J€BaHUI, B TOM 4HCIE
onkonorudecknx. Y OompHBIX KPP mpomcxomut HapymieHue B (DyHKIIMOHHPOBaHUE
AHTHUOKCHJIAHTHOM CHCTEMBI, B pE3yJIbTaTe Yero MPOUCXOANUT U30BITOUHOE HAKOIUIEHUE
akTUBHBIX ¢opM kucimopoga (ADK), BHI3BIBAIOIMINX OKUCIUTEIEHOE MOBPEXKICHUE
KJIIETOK CJIM3UCTOW 00070YkH KHIIKHM [2]. B mocieaHne HECKOIBKO JIET aKTHBHO
nzyvarotcs 1gG ¢ okcHIOpeIyKTa3HBIMU CBOHCTBaMH, KOTOPbIE OBUIM BBISBJICHBI TIPH
HEKOTOpbIX 3aboneBanusix [3—7]. [lpenmonaraercs, 4YTO TaKHUEe KaTaJIUTHYCCKU
aKTUBHbIE aHTUTENa (a03MMBI) MOT'YT KOMIICHCHPOBAaTh NEQULUT BHYTPHUKIECTOYHBIX
AHTHOKCHJIAHTHBIX (PEPMEHTOB, MOTOMY 4YTO B OTJIMYHME OT TKAHEBHIX ()EPMEHTOB,
aHTHUTENIa TPUCYTCTBYIOT B KPOBOTOKE JUIMTEIHHOE BPEMS U B MEHBIIEW CTENeHH
noasepratorcst nporeonusy. 1gG taxke MOTyT mepeHoCcUThCs OyaydH CBSI3aHHBIMHU C
BHEKJIETOYHBIMH Be3MKyJIaMu. BHexierounsle Be3ukynsl (BB) — srto memOpanHo-
3aMKHYTBIE CTPYKTYpHI, pazmMepoM oT 30 mo 1000 M, sBISIONIMECS TPaHCIOPTEPAMHU
CJIO)KHOTO OMOMOJIEKYJISIDHOTO T'py3a: OENKOB, MENTUIOB, JUIMUIOB W HYKJICHHOBBIX
KHCJIOT; OEJIKM MEPEHOCATCS Ha MOBEPXHOCTH BE3UKYJ, 00pa3ysi OEJIKOBYIO KOPOHY, B
coctaB kotopoi Bxoaar IgG [8]. [Tocie BbICBOOOXIEHUS KIETKAMHU BO BHEKJICTOYHOE
npoctpancTBo BB TpaHCcopTHPYIOT CBOE COMIEp)KHMOE KaK K OMU3JIEKAIINM KIETKaM,
TaK ¥ K OTAAJICHHO PACIIOJIOKEHHBIMU KJIETKaMH Pa3HbIX TKAHEH C IOMOLIbIO CUCTEMBI
KpoBOTOKa. Takum o0Opasom, BB yuacTByloT B peryisiuuud MEXKJIETOYHBIX
B3aUMOJICUCTBUI 3M0pPOBBIX TKaHedl wu omyxonu. CyIIecTByeT HCCIe0BaHuE,
noKasbiBatoliee ysenuuenue mnonymsiuun 1gG+BB  cpean mnammeHTOB ¢ pakoM
MODKETYI0UYHON JKEJIe3bl; NPU HCCIEIOBAHUM PEAaKUMH Ha XMMHOTEPAIHIO, OBLIO
BBISICHEHO, YTO TMPOMCXOJHMT 3HAYMTENbHOe CHkKeHue monysimun IgG+BB y
MaIMEeHTOB, OTBETUBINMX Ha JieueHue [9]. Jlus amonun cBsizanHbix ¢ BB 1gG Hamu
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ucnoib3oBasack |deZ — HelaBHO CMHTE3MPOBaHHAsI PEKOMOWHAHTHAS dHIONENTHA3a,
cnenupudecku paciiemsomnias 1gG B mapHupHOi 001acTH Ha ABoitHOM Fab-dpparment
nBe yactu Fc-pparmenta [10].

IIpencraBisiercst akTyaabHBIM MCCIEAOBAHME KaTaJla3HOW aKTHUBHOCTU CBOOOIHBIX
ceiBopoTouHbIX I1gG u cBa3annbix ¢ BB IgG npu KPP, nis onpenenenus 3HaunmMocti
BKJaza Tex nwim apyrux IgG B marorenes 3aboneBanust. Llenpio 1aHHOTO HCClIeIOBaHUS
SBJISIETCS] U3Y4EHHUE KaTala3HOo! akTuBHOCTH IgG, BbIIENEHHBIX U3 CBIBOPOTKU KPOBH, U
(parMeHTOB aHTHUTEIN, SMIOUPOBAHHBIX C MOBEPXHOCTH BB 0OJIBHBIX KONIOpEKTATBEHBIM
PaKoM M 3I0POBBIX JOHOPOB.

Memoovt u aneopummoel: B wucciemoBaHue OBUIO BKIIOYCHO 18 MmanmweHTOB C
kosopekTanbHbIM pakoM (T3.4No.2Mo), cpenuuii Bo3pacT KOTOPHIX cocTaBuil 64.5
[60;70] roga u 16 ycIoBHO-30POBBIX JAOHOPOB (cpearuii Bo3pacT — 55 [50.5;64.5]).
Brinenenue mansix BB u3 ninasmel kpoBu IpOBOANUIOCH METOAOM YIbTpaQHIbTPALIAU C
JIBOWHBIM ynbTpaueHTpudyruposanueM. Jus wu3ydeHuss MophoJOrHMH M pa3Mepa
BBIJICJICHHBIX YacTUI MPOBOAMIACH MPH MOMOIIA TPAHCMHCCHOHHHOHN DIIEKTPOHHOU
tomorpadun (HoBocubupcek). Pacnipenenenre n KOHIEHTpAIUs! BBIICICHHBIX BE3UKYII
ObUIM oOIpeneneHbl C TOMOLIBI0O METOJa aHaluu3a TPaeKTopuid HaHowacTum. Jlms
MOTBEPKICHHS 9K30COMATBHON IPUPO/IBI BBIICTICHHBIX BE3UKYII OMIPECIsSUIN YPOBCHb
terpacnianuHoB CD9, CD63 1 CD81 MeTo10M NPOTOYHOM IUTOMETPUH C YKPYTTHEHUEM
Ha JIATEKCHBIX YacTULAX, HOKPBITHIX MOHOKIOHAJBHBIMH aHTUTedaMu npotus CD9
(ab134375, Abcam). Llutomerpus Opina BeimonHeHa Ha npudope Cytoflex (Beckman
Coulter, CLLIA), nony4yeHHble NaHHBIE aHATW3UpOBaTUCH B mporpamme CytExpert 2.0
Software. BB nuakyOmnpoBanu ¢ sHAomnporea3oii [deZ B COOTHOIIIEHHH KOJTMYECTBA Oeka
B mnpobe 1:0,5. Beigenenue IgG u3 CHIBOPOTKM KpoBH W M3 0OpaboTanHbx ldeZ
npenapatoB BB npoBoxnmm ¢ nomomnipio apduHHON XpomaTorpadguu Ha KOJOHKAX ¢
Protein-G-Sepharose na xpomatorpade AKTA pure (GE, USA). Jlnamu3 aHTUTEd
npoBoaunn npotuB 20 MM docharnoro Oydepa, pH = 7.0. Konnenrpammro IgG
OTIpeNIeNsLIH CEKTPOPOTOMETPUIESCKUM METOAOM Ha MHOTO(GYHKIMOHAILHOM pHIEPE
Varioskan LUX (Thermo Seinctific, USA) (mpubop pasmemen Ha 6aze IIKIT
«Memunuackast reHomukay, THUMI) mpu nmmwre Bomaer 260, 280 m 320 HM.
OnexTpodopeTnyecknil aHaIU3 MOJYYEHHBIX NPENapaToB NpoBoawics 1o Jlemmian B
rpanueHTHOM 4—18 % [TAAT'. Busyanu3arus resieii mpoBoIuiIach ¢ IOMOIIBIO CHCTEMBI
iBright Imaging Systems FL1500 (Thermo Scientific, CILIA) (nmpubop pa3melieH Ha
06aze LKII «Memunuackas reHomukay, THHWMII). KaramasHyio akTHBHOCTB
npenapaToB  aHTUTEN  ONPENeNsIM  CHEKTPO(YOTOMETPUYECKHM  METOJOM  Ha
cnekrpodoromerpe Varian Cary 60 UV-Vis (Agilent, USA) no ymeHbleHHIO
ONTUYECKOH IJIOTHOCTH C TEUCHHWEM BPEMEHHM, BBI3ZBAHHOE PA3JIOKECHUEM IEPEKHCH
BOJIOpOJa HpU J00aBICHHM HccleayeMoro obpasma. Crartuctudeckas oOpaOoTka
JIAaHHBIX TIPOBOJIMIIACH B ITporpaMMe Statistica 12.0.

Pesynomamur: 1o cobmoaennio o0menpuHATHIX Kputepues (BoiaeneHue IgG metonom
addunHOit Xpomarorpadum Ha adduHHOM copOeHTe U IIEKTpoPopeTHIecKas
TOMOT€HHOCTH BBIJICJIEHHBIX MPENapaToB) ObLIO JOKAa3aHO, YTO BHISBIICHHAS KaTajla3Hast
AKTUBHOCTH SIBJIIETCSI COOCTBEHHBIM CBOWCTBOM aHTUTEN. YPOBEHb KaTanazHOU
AKTUBHOCTH CBHIBOPOTOUYHBIX IgG MamueHToB € KOJOpEKTalbHBIM pakoMm (995.17 +
+ 196.12 mxM H2O2/mun/mr 6eika) nocrosepro (P = 0.01) Bbliile, 4eM y 30pOBBIX JIUI]
(445.75 £+ 172.5 mMxM H20z/mun/mMr OGenka). Takxke BBISBICHO, YTO H3ydaemas
akTUBHOCTh [gG 3aBHCHT OT cTaaMu paka W CTeleHH TUPPEepEeHUUPOBKU OITyXOJIH.
Karanaznas axtuBHOCTh IgG 'y OOnbHBIX C  HH3KOAU(QPEPEeHINPOBAHHBIM

1648 BGRS/SB-2024



KoJIopeKTalbHBIM pakoM (580.94 + 220.31 MmxM H2O»/mMun/mMr Genka) Obuia 3HAaYUMO
(p = 0.04) Hmxke, 4eM y OOJNBHBIX C BBHICOKOAU(PPEPESHIIMPOBAHHBIM KOJIOPEKTAIBHBIM
paxom (1471.32 £ 697.7 MM H>Oz/mMun/Mr Genka). YpoBeHb KaTana3HOW aKTUBHOCTH
IgG y manueHToB BO BTOpPOH cTaauu pa3BUTHs 3a0oneBanus (494.11 + 163.82 MxM
H202/Mun/Mr Genka) okasaics craruuecku 3HadnMo ke (P = 0,04), yeM y maiueHToB
¢ TpeTheii cragueit paka (1333.4 £277.69 mxM HoO2/mun/Mr Oenka).

Jis monyuenns 1gG ¢ nosepxHoctn BB Oblna pazpaboTtana crieruaibHas METOJMKA C
ucnonb3oBanueM sHonentu3bl ldeZ. Ilpenapatst BB 00JbHBIX ¢ KOJOPEKTaIbHBIM
pakoM uHKyOHpoBanu ¢ ldeZ mocne vero moasepranu ahGuHHON XpoMaTorpaduu Ha
kosioHke ¢ Protein-G-Sepharose. [ToryueHHbIe OTUUINIEHHBIE 0OPA3IBl IO PE3yJIbTaTaM
anexTpodopesa coaepxanu pparments IgG maccamu 20 kDa (Fc-dparment) u 130 kDa
(Fab2-pparmenrt). TTonyuennsie ¢pparments! 1gG ¢ moBepxuoct BB Taxke ob6magamu
KaTaJa3HOW aKTUBHOCTHIO, OJTHAKO WX KaTaja3Has aKTUBHOCTh OKa3ajach HUKE, UeM Y
COOTBETCTBYIOIIMX TIPENapaToB CHIBOPOTOYHBIX MeibHBIX 1gG  marmmeHToB ¢
KOJIOPEKTAILHBIM PaKOM.

Buigoowi: [lpoBeneHHOE HCClieIOBaHHUE SIBISETCSI MWIOTHBIM B M3YYCHUH a03UMOB C
OKCHJIOPETyKTa3HbIMH CBOMCTBAMH y OONBHBIX C KOJOPEKTAILHBIM  PaKOM.
[Mony4eHHBIE pe3yIbTATHl MOKA3BIBAIOT MEPCIEKTHBY AabHEUIIET0 U3yUeHHs JaHHON
TeMaTUKH. Bb10 TIOKa3aHo, YTO KaTajla3Has akTUBHOCTH |gG moBkIaeTcs y O0JIbHBIX €
KOJIOPEKTATLHBIM PAKOM, a TAKXKE 3aBHCUT OT cTerneHu Au((HEpEeHIIMPOBKH OMyXOJIU U
cTamuu paka. HeManoBaXHBIMH SIBISIFOTCS PE3yJbTaThl AaKTUBHOCTH 3IFOUPOBAHHBIX C
noBepxHocTd BB ¢parmenToB 1gG. Paspaborana meronuka otunctku 1gG, cBA3aHHBIX
¢ BB, Takke mnoka3aHO, 4YTO TOJyYEHHbIE TMpemapaThl 00JamaloT KaTala3HON
AKTUBHOCTBIO, UTO JIACT OCHOBY JJIsl TAIIbHEHIIIEr0 pa3BUTHS HOBOTO MEPCIIEKTUBHOTO
HaIMpaBJIEHUS UCCIIETOBAHUM.
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Motivation and purpose: According to epidemiological data, colorectal cancer ranks
third in prevalence, behind lung cancer and breast cancer, and also ranks second in
mortality from cancer [1]. At the moment, the causes of colorectal cancer development
are not fully determined, so its study is an urgent problem today. It is known that
oxidative stress (OS) is an important pathogenetic factor in the development of many
diseases, including cancer. In patients with colorectal cancer, there is a disruption in the
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functioning of the antioxidant system, resulting in excessive accumulation of reactive
oxygen species (ROS), causing oxidative damage to the cells of the intestinal mucosa
[2]. In the last few years, IgG with oxidoreductase properties, which have been identified
in some diseases, have been actively studied [3-7]. It is assumed that such catalytically
active antibodies (abzymes) can compensate for the deficiency of intracellular
antioxidant enzymes, because, unlike tissue enzymes, antibodies are present in the
bloodstream for a long time and are less subject to proteolysis. IgG can also be
transported bound to extracellular vesicles. Extracellular vesicles (EVs) are membrane-
closed structures ranging in size from 30 to 1000 nm, which are transporters of complex
biomolecular cargo: proteins, peptides, lipids and nucleic acids; proteins are transferred
to the surface of the vesicles, forming a protein corona, which includes IgG [8]. After
being released by cells into the extracellular space, EVs transport their contents both to
nearby cells and to distantly located cells of different tissues via the bloodstream. Thus,
EVs are involved in the regulation of intercellular interactions between healthy tissues
and tumors. There is a study showing an increase in the 1IgG+EV population among
patients with pancreatic cancer; When studying the response to chemotherapy, it was
found that there was a significant decrease in the IgG+ EV population in patients who
responded to treatment [9]. To elute EV-bound IgG, we used IdeZ, a recently synthesized
recombinant endopeptidase that specifically cleaves IgG in the hinge region into a
double Fab fragment and two parts of an Fc fragment [10].

It seems relevant to study the catalase activity of free serum IgG and EV-related IgG in
CRC, to determine the significance of the contribution of one or another 1gG to the
overall catalase activity. The purpose of this research is to study the catalase activity of
IgG isolated from blood serum and antibody fragments removed from the surface of EVs
of colorectal cancer patients and healthy donors.

Methods and algorithms: The study included 18 patients with colorectal cancer (T3-
4N0-2MO0), whose average age was 64.5 [60;70] years and 16 apparently healthy donors
(average age — 55 [50.5; 64.5]). Isolation of small explosives from blood plasma was
carried out by ultrafiltration with double ultracentrifugation. To study the morphology
and size of the isolated particles, it was carried out using transmission electron
tomography (Novosibirsk). The distribution and concentration of the isolated vesicles
were determined using the nanoparticle trajectory analysis method. To confirm the
exosomal nature of the isolated vesicles, the level of tetraspanins CD9, CD63 and CD81
was determined by flow cytometry with enlargement on latex particles coated with
monoclonal antibodies against CD9 (ab134375, Abcam). Cytometry was performed on
a Cytoflex instrument (Beckman Coulter, USA), and the data obtained were analyzed in
CytExpert 2.0 Software. EVs were incubated with IdeZ endoprotease in a ratio of the
amount of protein in the sample of 1:0.5. Isolation of 1gG from blood serum and from
IdeZ-treated IV preparations was carried out using affinity chromatography on Protein-
G-Sepharose columns on an AKTA pure chromatograph (GE, USA). Antibodies were
dialyzed against 20 mM phosphate buffer, pH = 7.0. The IgG concentration was
determined by the spectrophotometric method on a multifunctional Varioskan LUX
reader (Thermo Seinctific, USA) (the device is located at the Medical Genomics Center
for Common Use, TNIMC) at wavelengths of 260, 280 and 320 nm. Electrophoretic
analysis of the obtained preparations was carried out according to Laemmli in a gradient
of 4-18 % PAGE. The gels were visualized using the bright Imaging Systems FL1500
(Thermo Scientific, USA) (the device is located at the Medical Genomics Center for
Common Use, TNIMC).The catalase activity of antibody preparations was determined
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spectrophotometrically on a Varian Cary 60 UV-Vis spectrophotometer (Agilent, USA)
by the decrease in optical density over time caused by the decomposition of hydrogen
peroxide upon addition of the test sample. Statistical data processing was carried out
using the Statistica 12.0 program.

Results: Based on compliance with a number of generally accepted criteria (isolation of
IgG by affinity chromatography on an affinity sorbent and electrophoretic homogeneity
of the isolated preparations), it was proven that the identified catalase activity is an
intrinsic property of antibodies. The level of catalase activity of serum 1gG from patients
with colorectal cancer (995.17 + 196.12 uM H>O»/min/mg protein) was significantly
(p=10.01) higher than in healthy individuals (445.75 + 172.5 uM H202/min/mg protein).
It was also found that the studied 1gG activity depends on the stage of cancer and the
degree of tumor differentiation. Catalase activity of 1gG in patients with poorly
differentiated colorectal cancer 580.94 = 220.31 uM H>Oz/min/mg protein was
significantly (p = 0.04) lower than in patients with well-differentiated colorectal cancer
1471.32+697.7 uM H20./ min/mg protein. The level of catalase activity of IgG in
patients in the second stage of the disease (494.11+163.82 uM H202/min/mg protein)
was statistically significantly lower (p = 0.04) than in patients with the third stage of
cancer (1333.4 £277.69 uM H>O,/min/mg protein). To obtain IgG from the surface of
EVs, a special technique was developed using endopeptyse IdeZ. IV preparations from
patients with colorectal cancer were incubated with IdeZ and then subjected to affinity
chromatography with a Protein-G-Sepharose column. According to the results of
electrophoresis, the resulting purified samples contained 1gG fragments with masses of
20 kDa (Fc fragment) and 130 kDa (Fab2 fragment). The resulting 1gG fragments from
the EV surface also had catalase activity, but their catalase activity was lower than that
of the corresponding whole 1gG serum preparations from patients with colorectal cancer.
Conclusions: The study is a pilot study of abzymes with oxidoreductase properties in
patients with colorectal cancer. The results obtained show prospects for further study of
this topic. It has been shown that 1gG catalase activity is increased in patients with
colorectal cancer and also depends on the degree of tumor differentiation and the stage
of cancer. The results of the activity of IgG fragments eluted from the EVs surface are
also important. A method for purifying IgG associated with EVs has been developed,
and it has also been shown that the resulting preparations have catalase activity, which
provides the basis for the further development of a new promising area of research.
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