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IMYHOTEHETUYHUN TA ®PAPMAKOXIMIYHUI AHAJII3
BJIACTUBOCTEM IJIIKOITPOTETHIB CUCTEMMU ABO K
KPUTEPIIB THINBIIYAJIBbHOT YYTJINBOCTI IIIOI0
IMPOTUITYXJIMHHOTO ITPEITAPATY BOPTE3OMIBY ¥V
XBOPHUX HA ILTABMOKJIITUHHY MIEJIOMY

MeTa po60Tu — ekcnepuMeHTaNbHe AOCHiLKEHHA 0CO0BNMBOCTEl Aii npenapaty 60pTe30Mib y XBOPUX HA NNA3MOKNi-
TUHHY mienomy (MKM) 3anexHo Bif HOCICTBA KOHKPETHOTO (heHOTUNY i papMaKkoXiMi4HOT XapaKTePUCTUKM TiKONpo-
TeiHiB cuctemmn ABO.
Marepianu i metoau. JocnigxeHHs nposeaeHiy 104 xsopux Ha [TKM, cepep Hux — 49 oci6, nocTpaxganux BHacnigok
aBapii Ha YAEC, Ta 65 nauieHTiB rpynu nopiBHAHHA. IMyHOreHeTUYHi KpuTepii NO3UTUBHOT BiANOBIAT HAa NiKyBanbHi
nporpamy BU3HAYanu Ha OCHOBI TPUBANOCTI peMmicii, BIACYTHOCTI iH(MEKLIAHMX YCKNafHeHb i CTyNeHA HafBHOCTI
XPOHIYHOT HUPKOBOT HELLOCTATHOCTI AIK YCKNAZLHEHHS 3aXBOPIOBAHHS.
Pe3ynbratu. Po3risHyTa MOXNMBICTb yyacTi rikonpoTeiHiB A i By dopmyBaHHi 6ionoriyHoi iHauBigyanbHOCTI Noau-
HU Ha piBHi 6iNOK-6iNKOBOT B3aEMOAIT 3 NiKAPCbKUM MPOTUNYXAUHHUM NpenapaToM 60pTe30MiboM, AKWii WMPOKO 3a-
CTOCOBYETbCS B OHKOJIOMiYHii NpakTuLi, 30kpemMa npu nikyeaHHi KM, [loBeaeHO, 0 CeNeKTUBHO MilleHHIo ans 6op-
Te30Miby € rikonpoTei B, 1o ynoBinbHIOE po3ni3HaBaHHA i B3aEMOfil0 aHTUreHa B 3 MOHOKNOHANbHUM aHTU-B aH-
TUTINOM, NPU LbOMY TEPMiH arNtOTUHALIT NOJOBKYETLCA HA 66 %. KBAHTOBO-XiMiYHi PO3paxyHKMU NiATBEPAUAN NpUNy-
WEHHS, WO peaKLis YTBOPEHHs Komnnekcy 6opte3omiby 3 rikonpoTeiHom B cknagae migrpyHTs GopMyBaHHsA B3a€-
MOZii 3 OCHOBHOI0 peakuieto iHribyBaHHA npoTeacoMm 26S, 1o, NEBHOIO Mipoto, CNpUsE YNOBiNbHEHHIO AiT npenapary.
Ins nauienTis 3 rpynamu kposi O (I) i A (II) piBHoBara 3miwyeTbcs B 6ik 0OCHOBHOT peakLii, o 3yMoBIOE BUlLy edek-
TUBHICTb Npenapary.
BucHoBKU. OCKiNbKM KOMNIEKCOYTBOPEHHSA BifOYyBAETHCA NMEPEBAXKHO B JIYXHOMY CEPEAOBULLi, NALiEHTaM 3 rpynoto
kpogi B (III) Ta HasABHOI XPOHIYHOK HUPKOBOIO HELOCTATHICTIO PEKOMEH0BAHO 0OMEeXyBaTU BBELEHHSA Npenaparis
3 IY)KHOI0 peaKLUieto WoHakMeHLe npoTaroM fobu nicns BBeaeHHs 6opTe3omidy, BianoBigHo A0 nepiofy ioro Hanis-
po3naay B nnasmi.
KniouoBi cnoBa: nnasmokniTuHHa mienoma, 6opTte3omib, mikonpoteiHn A i B, 6inok-6inkoea B3aemopis, dapma-
KOXiMiYHWMIM aHani3, iMyHOTreHeTUYHi aKTopHu.
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IMMUNOGENETIC AND PHARMACOCHEMICAL
CHARACTERIZATION OF THE ABO SYSTEM GLYCOPROTEIN
PROPERTIES AS CRITERIA OF INDIVIDUAL SENSITIVITY TO
ANTITUMOR AGENT BORTEZOMIB IN THE PLASMA CELL
MYELOMA PATIENTS

Objective. Experimental study of the effect profile of bortezomib in the plasma cell myeloma (PCM) patients depend-
ing on a specific phenotype carrier state and a pharmacochemical characteristics of ABO system glycoproteins.
Materials and methods. The research was conducted on the 104 PCM patients, including the Chornobyl NPP acci-
dent survivors (n =49) and 65 study subjects in the comparison group. Immunogenetic criteria for positive response
to the applied treatment protocols were issued according to the duration of remission, absence of infectious com-
plications, and evidence of chronic renal failure as a disease complication.
Results. Possibility of glycoproteins A and B participation in the formation of human biological individuality at a level
of protein-protein interaction with antineoplastic drug bortezomib, which is widely used in cancer management prac-
tice, in particular in the PCM treatment is considered. The glycoprotein B was shown being a selective target for borte-
zomib, slowing down the recognition and interaction of antigen B with monoclonal anti-B antibody, while the agglu-
tination period lengthens at that by 66 %. Assumption that the formation of bortezomib complex with glycoprotein B
provides a background for interaction with the key reaction of proteasome 26S inhibition, which to some extent con-
tributes to the drug effect retardation was confirmed through the quantum-chemical calculations. Equilibrium is shift-
ed toward the main reaction leading to a higher drug efficacy in patients with blood groups O (I) and A (II).
Conclusions. Since the complexation occurs predominantly in alkaline medium the administration of drugs with
alkaline reaction should be restricted for at least round the clock after administration of bortezomib according to
its half-life in plasma in patients with B (III) blood group and chronic renal failure.
Key words: plasma-cell myeloma, bortezomib, glycoproteins A and B, protein-protein interaction, pharmacochemi-
cal characterization, immunogenic factors.
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BCTYII

OmHUM 3 aKTyaJIbHUX HAIIPSIMKIiB JOCIIKeHb B OHKOI€-
MAaTOJIOTil HAa ChOTOHI € TIOIIYK crieln(iyHUX MapKepiB
ONTHUMi3allil Tepamii XpoHiuHMX JimMdonporidepaTuB-
Hux HoBoyTBOpeHb (XJITTH) [1], 1o BkiItoyae i hapma-
KOTeHETUUHUM aHaJli3 s ineHTUdikauii reHiB-KaHIu-
JIaTiB Ta aHTUTEHHUX IEeTePMiHAHT TeHETUYHUX CUCTEM
KpOBi SIK KpUTEPiiB iHAUBIIyaJIbHOI YYTJIMBOCTI IIOAO
OPOTUINYXJIMHHUX MpenapariB, 30KpeMa 00pTe30oMmioy, y
XBOPHX Ha INIa3MOKIITUHHY MieaoMy (ITKM).

VYci cTyneHi KiHeTUKM Ta AMHAMIiKU JIiKapChbKUX Tpe-
rnapaTtiB MOB’s13aHi 3 Ai€l0 cneuu@iyHux i Hecleuu-
¢iuHux pepmeHTIB Ta OUIKiB. BpaxoByoun IKMPOKUA
GioxiMiYHMI moJiMopi3M MOMYJIALii Toaeif, MOXHa
MPUITYCTUTHU, 110 €(PEeKTUBHICTh KOHKPETHOTO Ipemna-

B« Tetiana F. Liubarets , e-mail: tliubarets@yahoo.com

INTRODUCTION
Identification of specific markers for optimization
of the chronic lymphoproliferative neoplasm
(CLPN) treatment is one of the most important
research fields in oncohematology [1]. It includes a
pharmacogenetic characterization to identify the
candidate genes and antigenic determinants of the
genetic blood systems as individual sensitivity crite-
ria to anti-cancer drugs and bortezomib in particu-
lar in the plasma cell myeloma (PCM) patients.
All stages of kinetics and dynamics of pharma-
ceutical preparations are related to the effects of
specific and nonspecific enzymes and proteins.
Given the wide biochemical polymorphism of
human populations, it can be assumed that the
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paTy Ha eTamnax 6ioTpaHcdopMallii moB’s13aHa 3 MOJi-
MOpGHOIO cUCTEMOIO (hepMEHTIB, OiNIKiB, peLeNTOPiB
Ta IHIIUX KIITUHHUX MimeHe# [2, 3], mo i o0yMoB-
JIIOE BiIMiHHOCTI peakilii opraHi3aMy Ha JiKapChbKi mpe-
naparmu.

CyuacHi ninxonu ao JjikyBaHHs XJIITH 6a3ytoTbes Ha
OpUHLMIAX Tepallil 3 BAKOPUCTAaHHSIM MpernapaTiB Ham-
paBJIEHOI CIIPSIMOBAHOCTI, 30KpeMa 00opTe30Mily, SIKuit
3aCcTOCOBYEThCS s JiKyBaHHsS [TKM. Ilpenapat npus-
HaYeHWI )T IPUTHIYeHHSI KOHKPETHUX MOJICKYJISIPHUX
LIUISIXiB, KPUTUYHUX JJISI BMKMBAHHS NYXJIMHHUX
KJIITUH, € iHridiTopom mpoTteacomu 20S i cripusie amnori-
TO3Y 3JIOSIKICHO TpaHC(OPMOBAHUX KJIITUH, SIKi BTpaTH-
JIN aJIBTEPHATUBHY IIPOTEaCcOMY.

OCKiTbKY MIIIIEHSIMU JTii JTAHOTO TIpeTiapaTy y XBOpHX Ha
ITKM € nna3mMaTuaHi KJITUHY JTiMOOITHOTO MOXOIKEHHS,
a Hallli JoC/TiIKeHHs Oy/Iv TTOB’s13aHi 3 (papMaKoXiMiYHOIO
CTPYKTYpOIO aHTUreHiB cuctemMu ABO, BUBUEHHS XapaKTe-
py MiXMOJIEKYJISIPHOTO pPO3ITi3HAaBaHHI 1 cremmdiku
BiIIOBIii Ha 6OPTE30Mi0, SIK Gi0JIOTIYHO AKTUBHY CITOIYKY,
PO3MISIAAIMCH B KOHTEKCTI HEMilLLIEHEBOT B3aEMO/Iil.

Anturenu cuctemMu ABO € ¢isoreHeTMYHO OiNbIl
paHHIMM i €BOJIIOLIIMHO JeTepMiHOBAaHUMM Cepell YCiX
BiJOMMX Ha CHOTOJHi CUCTEM €PUTPOLIUTIB, 1110 3a0e3I1e-
yye iCHYBaHHSI OpraHi3aMy Yy HaBKOJMILIHBOMY Cepelo-
BUILI 32 YMOB BIUINBY €K30I€HHUX Ta CHIOTC€HHUX YMH-
HuUKiB. EKcripecisi rpynoBux aHTUIreHiB A i B, sIK ajioreH-
HUX, cTagiecrienuiyHuX Ta 1udepeHLinHUX MapKepiB 3
BUCOKOIO iMYHOTE€HHIiCTIO, MOXe OyTM mMopyllieHa
BHACJIAOK 3JI0SKiCHOI TpaHcopMallii i B moaaablIoMy
MPU3BECTH IO COMATHMYHOI Mommdikalii crerndigHmx
aHTureHiB [4, 5]. JociaKeHHs CBiTOBOI CITIILHOTH B ra-
JTy3i OHKOTeMaToJIOTil Ta Hallli TIonepeaHi JOCTiIKeHHS
CBiYaTh, 1110 AHTUTE€HM IPYIT KPOBi MOB’SI3aHi 3 pU3UKOM
BUHUKHEHHS COJIIHUX 3/10KICHUX HOBOYTBOPEHbD i Ire-
MAaTOJIOTIYHUX XBOPOO, TOMY OiJIbIIICTh IOCTiTHUKIB
BU3HAIOTh IX 3HAYEHHSI K IPOTHOCTMYHUX KPUTEPIiB
nepe6iry 3axBopioBaHb [6, 7]. Ki1iouoBe 3HaYeHHS aHTU -
IeHiB aHOI CUCTEMU Y Mpoliecax KUTTEMISIILHOCTI Op-
raHi3My i BHCOKa Pi3HOMAaHITHIiCTh Oi0JIOTiYHUX (PYHK-
il CKJIaaW IHOTPYHTS IJiS HOBOTO TOIJISAAY Ha 3Ha-
YYIIiCTh OKPEMUX MEXaHi3MiB Yy (hOpMyBaHHi BilMOBii
Ha pPi3HOMAaHITHI XiMiuHi Ta OiojioriyHi ctumyau. Lle,
30KpeMa, peryJiioBaHHs (YyHKIi OiONMOTiYHUX CHUCTEM
3a MOPUHLMIIOM pO3Mi3HaBaHHS 1 OiloOK-JiraHAHOL
B3a€EMO/iI, sIKa iHAYKY€E Ha KIITUHHOMY pPiBHi TpaHC-
JIaUiiHi Mommdikalii OiNKiB, KacKaj peakiiii y MeTa-
0OMiYHUX, TPAHCIIOPTHUX Ta iIMYHOJOTIYHUX TIpoliecax.
CaMe 1i mOpouecH peryaroloTb AudepeHLitoBaHHS
KJIITUH Ta iX mpoJidepauiio. ToMy TOCTiIKEeHHs y4yacTi
nIikorpoTeiHiB A i B y mporecax ¢gopmyBaHHS 0ioJo-

effectiveness of a particular drug at the stages of
biotransformation is associated with a polymor-
phic system of enzymes, proteins, receptors and
other cellular targets [2, 3], which are a source of
differences in organism response to medications.

Contemporary approaches in the management
of CLPN are based on the principles of therapy
using the target-directed drugs, bortezomib in par-
ticular, which is used to treat the PCM. The drug
is designed to suppress the specific molecular
pathways critical for the tumor cells survival. It is
an inhibitor of the 20S proteasome and promotes
the apoptosis of malignantly transformed cells that
have lost an alternative proteasome.

Since the plasma cells of lymphoid origin are the
targets of this drug in PCM patients, and our research
has covered the pharmacokinetic structure of the
ABO system antigens, the study of the nature of inter-
molecular recognition and specificity of response to
bortezomib as a biologically active compound was
considered in the context of non-targeted interaction.

The ABO system antigens are phylogenetically
earlier and evolutionarily determined ones among
all erythrocyte systems known today, which ensures
the existence of organism in environment under
the influence of exogenous and endogenous fac-
tors. Expression of the group antigens A and B as
allogeneic, stage-specific and differential markers
of high immunogenicity may be disturbed due to
malignant transformation and subsequently lead to
somatic modification of specific antigens [4, 5].
The worldwide research in the field of oncohema-
tology and our previous studies suggest that the
blood group antigens are associated with a risk of
solid malignant tumors and hematological di-
seases, therefore most of researchers recognize
their importance as the prognostic criteria for a dis-
ease course [6, 7]. The key role of antigens of this
system in the vital processes of organism and the
high diversity of biological functions appeared a
background for the new consideration of signifi-
cance of individual mechanisms in the response to
a variety of chemical and biological stimuli. It is, in
particular, the regulation of biological system func-
tions on a recognition principle and protein-ligand
interaction, which induces the translational modi-
fications of proteins at the cellular level, both with
a cascade of reactions in metabolic, transport and
immunological processes. Just these processes reg-
ulate the cell differentiation and their proliferation.
Therefore, the study of glycoproteins A and B par-
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TiYHOI iHAWBINYyaJIbHOCTI JIIOAWHU Ha PiBHI OUTOK-01JIKO-
BOI B3a€MO/Iii 3 JTiKapCbKUMMU IIperapaTraMu COPUSIE PO3-
LLIMPEHHIO PO3YMiHHSI OKPEMUX MEXaHi3MiB peLenTop-
HUX TIpOLIECiB, OCHOBY SKHX CKJIamaloThb JIiraHaHi
B3a€EMO/II.

META

MeTta poboTu mojsgrajsa B eKCIIEpUMEHTaJIbHOMY
JOCJiIKeHHi 0COOJIMBOCTEN Aii Mpenapary 60pTe30Mid y
xBopux Ha ITKM 3anexHo Bia HOCilicTBa KOHKPETHOTO
denotumy i papMakoxiMidHOT XapaKTepPHUCTUKH TIIIKOII-
poreiniB cuctemu ABO.

MATEPIAJIN I METOJIN

EdextuBnicts Teparrii [IKM 0Oyno mpoaHamizoBaHO y
104 mauienTiB 3 Il cTamiero 3axBoproBaHHS 3a Kjiacui-
Karieto Durie-Salmon (1975), ki oTpruMyBaJIM JIiKyBaH-
Hsl BiAMOBIAHO MO KJIiHiYHMX IPOTOKOJIIB i3 BKJIIOYEH-
HSIM OopTe30Mily y BiliJIeHHI padialliiHOI OHKoreMa-
TOJIOTi1 Ta TpaHCIUIaHTallii CTOBOYPOBUX KIIiTUH IHCTH-
TYTY KJIiHiYHOI pamiojorii Jlep>xaBHoi yctaHoBU «Hairio-
HaJIbHUII HAyKOBUI LIEHTPp palialliiHOI MeAULIMHU
HAMH Yxkpainn» (IKP HHLPM), y Tomy uncai — 49
noctpaxkaanux BHacaigok asapii Ha YAEC Tta 65
MAali€HTIB TPYITU MTOPiBHSHHSI.

KpuTtepii no3uTHBHOI BiANOBIiAi Ha JIiKyBaJbHi ITporpa-
MU OLIIHIOBAJIMd HAa OCHOBi TEPMiHY TPUBAJIOCTI pemicii i
3HUKEHHS PiBHS KJIiHiKO-reMaTOoJIOTiYHUX MOKAa3HUKIB,
sIKi BU3HAYAIOTh CTYITiHb XpPOHIYHOI HUPKOBOI HEAOCTAT-
HocTi (XHH). Ananiz ABO iMyHOreHeTUYHOI CTPYKTYpH
koroptu xBopux Ha [TKM (104 ocobu) Ta KOHTPOJIBHOI
rpymu (250 oci0®) mpoBoAMIM YHi(iKOBAHUM METOJI0M [8]
3a JOIMOMOTOI0 JiarHOCTUYHMX MOHOKJIOHAJIbHMX pea-
reHtiB (MKA) antu-A, antu-B (ITI1 «Ipynotect», YK-
paina). OcKiTbKH B TpyIIi OTIPOMiHEHNX 0Ci0 He OYJ10 BU-
SIBJIEHO e(eKTy coOMaTU4YHOI MoIM@ikallil aHTUTeHHUX
JNEeTEpMiHAHT (3HUXKEHHSI a00 BiICYTHICTh CEpOJIOTIYHOI
aKTMBHOCTI B peakilii aHTUTeH-aHTUTiI0), IJIs1 OLIiHKU Ail
0opTe30Midy SIK YMHHUKA «0i030H1yBaHHS» BUKOPHUCTO-
ByBaJIM TiepudepruuHy KpoB xBopux Ha [1KM 3 rpymamu
kpoBi A (10 oci6) Ta B (10 oci0) 6e3 ypaxyBaHHS HasiB-
HOCTi B aHaMHE3i KOHTaKTy 3 iOHi3ylOUMM BUIIPOMiHIO-
BaHHsIM. KiHlieBa KOHLIEHTpallisl IiperapaTty 60opTe3omMid
B po3unHi ctaHoBua 0,006 /M.

OuiHoBaMU Aito MpernapaTiB y MOAENbHIN CUCTEMI in
vitro [9] 3 BUKOpPUCTAaHHSIM BjiacHO1 Moau@ikalii: 6io-
JIOTIYHO aKTHUBHY PEUYOBMHY OOJABaJM HE B IIUIbHY
KpOB, a 10 MOIMepeaHbO BiIMUTUX €PUTPOLIMTIB BiMO-
BiHO1 I'PyNU KPOBi. 3a KOHTPOJIb Opanu nepudepudHy
KpoB J0HOPiB 3 rpynamu kKpoBi A (10 oci6) ta B (10
0cio).

ticipation in the processes of formation of human
biological personality at the level of protein-protein
interaction with therapeutic agents contributes to
enhanced understanding of certain mechanisms of
reception processes based on ligand interactions.

OBJECTIVE

Experimental study of the effect profile of borte-
zomib in the PCM patients depending on the spe-
cific phenotype carrier state and the pharmaco-
chemical characteristics of ABO system glycopro-
teins.

MATERIALS AND METHODS
The efficacy of treatment was assayed in PCM pa-
tients (n = 104) with a disease stage Il according to
the classification by Durie-Salmon (1975). Patients
were treated according to the clinical protocols inclu-
ding bortezomib at the Department of Radiation
Oncohematology and Stem Cell Transplantation of
the Institute of Clinical Radiology of the State Insti-
tution «National Research Center for Radiation Me-
dicine NAMS of Ukraine» (ICR NRCRM). Study
sample included the ChNPP accident survivors
(n = 49) and the control group subjects (n = 65).
Criteria for a positive response to the treatment
programs were evaluated according to the duration
of remission and reduction of clinical and hemato-
logical parameters that determine a degree of the
chronic renal failure (CRF). The ABO immunoge-
netic structure of the PCM patient cohort (n = 104)
and control group (n = 250) was assayed by the uni-
fied method [8] using diagnostic monoclonal
reagents (MCR) anti-A, anti-B (PP «Groupotest»,
Ukraine). Since no effect of somatic modification
of antigenic determinants (reduction or absence of
serological activity in the antigen-antibody reac-
tion) was revealed in the group of exposed persons,
the peripheral blood of PCM patients with blood
groups A (n = 10) and B (n = 10) was used to eva-
luate the effect of bortezomib as a factor in
«biosensing» without taking into account the con-
tact to ionizing radiation in a history. Final concen-
tration of bortezomib in solution was 0.006 g/mL.
The effect of drugs was evaluated in the model
system in vitro |9] using own modification, namely
the biologically active substance was added not to a
whole blood, but to the previously washed erythro-
cytes of the corresponding blood group. Peripheral
blood of donors with blood groups A (n = 10) and
B (n = 10) was used as a control.
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KBaHTOBO-XiMiYHMIT PO3paxyHOK €HEPreTUYHUX ITa-
paMeTpiB Ta FeOMeTpil KOMITJIEKCiB MTPOBOAMBCS B MaKeTi
nporpam HyperChem 8.07 3a MeTOmOM MOJIEKYISIPHOL
MeXaHiKu, 3 BUKOpUCTAaHHSAM cuyioBoro mojiss AMBER
ta Polak-Ribier anroputmy.

PE3VIJIBTATU JOCIIIZKEHHA
OwiHka MOImKUPEeHOCTi (PeHOTUTITIB i TEHIB 3a CUCTEMOIO
ABO Ta Rh y xBopux Ha I[TKM 3 ypaxyBaHHSM Iepediry
3aXBOPIOBAHHS IMOKa3ajia BipOriAHO MiABUILEHY YaCTOTY
HocilicTBa (peHOTUTTY B 3 TOpyImIeHHSIM reHHOT piBHOBA-
I'M BHACJIIZOK 3pOCTaHHS YacTOTH ajeis [? y maiieHTiB 3
XHH, o gae nigcraBy BilHeCTU JaHUI iMyHOTeHETUY-
HUI MapKep OO0 NpeAuKTOPiB YCKIagHEHOro mnepediry
3aXBOpIOBAHHS (TabI. 1, 2).

Mg xBopux Ha [TKM mnipu HocificTtBi eHoturry A(II)
Ha TJIi 30epexXeHHs TeHHO1 piBHOBAaru XapakKTepHO J10C-

Ta6nuusa 1

Quantum-chemical calculation of energy parame-
ters and geometry of complexes was carried out in
the HyperChem 8.07 program package by the
method of molecular mechanics, using the AMBER
force field and the Polak-Ribier algorithm.

RESULTS
Estimation of the prevalence of phenotypes and genes
of the ABO and Rh systems in PCM patients taking
into account the disease course has shown a signifi-
cantly increased incidence of phenotype B carrier sta-
tus with a genetic imbalance due to the increase in /%
allele frequency in CRF patients which gives grounds
for referring this immunogenetic marker to predictors
of a complicated disease course (Tables 1, 2).

A significant increase in the length of remission
period after the standard polychemotherapy

XapakTepucTuKa po3noginy aHTureHis eputpouutapHoi cuctemu ABO y xBopux Ha [TKM 3anexHo Big HaaBHocTi XHH

Table 1

Distribution of antigens of ABO erythrocytic system in PCM patients depending on the presence of CRF

F'pynu xsopux Ha MKM 3 ypaxyBaHHsIM

Gerouny 3aranbHa rpyna HasgHocTi XHH, n = 104
ABO/ Rh KonTponbHa rpyna xsopux Ha MKM PCM patients with taking into account
Control All PCM patient the CRF (n = 104) P
ABO/ Rh ontrof group patients xBopi 3 XHH xBopi 6e3 XHH
phenotypes CRF patients patients having no CRF
n =250 % n=104 % n=39 % n=65 %
o) 70 28,00 37 35,58 " 28,21 26 40,00 > 0,05
All) 100 40,80 36 34,62 " 28,21 25 38,46 > 0,05
B(lll) 55 22,00 23 22,12 13 33,33* 10 15,38 < 0,05
AB(IV) 25 10,00 8 7,68 4 10,25 4 6,16 > 0,05
Rh+ 213 85,20 91 87,5 33 84,62 58 89,23 > 0,05
Rh- 37 14,80 13 12,5 6 15,38 7 10,77 > 0,05

IMpumitka. * — BiporigHicTb po36ixHocTelt y rpynax nopisHsHHS, p < 0,05.
Note. * — significant difference in study groups, p < 0.05.

Ta6nuusa 2

XapaKrepucTuka po3noginy reHis epurpouutapHoi cuctemu ABO y xBopux Ha IMKM 3anexxHo Big HaaBHocTi XHH

Table 2

Distribution of genes of ABO erythrocytic system in PCM patients depending on the presence of CRF

. Fpynu xBopux Ha NMKM 3 ypaxyBaHHsIM
AnenbHi SaranbHa rpyna HasigHocTi XHH, n = 104
reHun KowtponbHa rpyna  ygonux wa KM PCM patients with taking into account
c | All PCM the CRF (n = 104) p
Allele ontrol group xeopi 3 XHH xeopi 6ea XHH
genes _ _ CRF patients patients having no CRF
n =250 n=104 n=239 n=65

P 0.540 0.600 0.5267 0.6324 >0.05

A 0.290 0.243 0.2100 0.2533 > 0.05

£ 0.170 0.162 0.2633* 0.1143 <0.05

IMpumitka. * — BiporigHicTb po36ixHocTelt y rpynax nopisHaHHS, p < 0,05.
Note. * — significant difference in study groups, p < 0.05.
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Ta6nauusa 3

XapaKTepucTuKa po3noginy aHTureHie eputpouutapHoi cuctemu ABO y xeopux Ha MKM 3anexHo Big TpuBanocri

pemicii npu npoBepeHHi ctangapTHoi NMXT
Table 3

Distribution of antigens of ABO erythrocytic system in PCM patients depending on the duration of remission

upon the applied PCT

®eHotunu ABO/ Rh
ABO/ Rh phenotypes

KonTponbHa rpyna
Control group

Ipynu xsopux Ha NMKM
PCM patients groups

MepiaHa TpuBanocri
pemicii, mic. (aiana3oH)
Median of the remission

n =250 % n=42 % duration, months (range)
0() 70 28,00 16 38,09 9 (5-19)
Alll) 100 40,80 14 33,33 22 (9-26)*
Bl 55 22,00 10 23,81 8 (5-21)
AB(IV) 25 10,00 2 4,77 7(6-8)
Rh+ 213 85,20 34 80,95 11 (5-26)
Rh - 37 14,80 8 19,05 18 (7-21)

MMpumitka. * — BiporigHicTb po36ixHocTelt y rpynax nopisHaHHs, p < 0,05.
Note. * — significant difference in study groups, p < 0.05.

TOBipHE 30iJbIIEHHSI TPUBAJIOCTI Ilepiody pemicii mpu
npoBeneHHi crangaptHoi [1XT y mopiBHAHHI 3 HOCIIMU
denotunis O(I) i B(IIT) (tadm. 3).

He BugBneHo 3anexHocTi nepediry ITKM Big Hocili-
cTBa aHTUreHiB Rh cucremu.

Ockinbku peHoturl B BitHeceHO 10 iMyHOTeHETUYHUX
MapKepiB YCKJIaIHEHOTO TMepediry 3aXBOpPIOBaHHS, 30K-
pema XHH, a npu mnpoBeaecHHi eKCIEepUMEHTaAIbHUX
JOCHiAXeHb BILIMBY OOpTe30MiOy Ha 0i0JIOTiUHY CUCTE-
My OyJIO BUSIBJIEHO reMaTOJIOTiuHY, CEPLEBY, KUIIKOBO-
IIJTYHKOBY Ta HUPKOBY TOKCUYHIcTh [10—12], Mu mpu-
MYCTWJIM MOXJIMBICTb BiAMiHHOCTI y (papMaKoJOTiyHii
BIAIOBIiI MalLlieHTa Ha JaHWI JTiIKapChbKUI TIpernapar 3a-
JIEXKHO Bijl HOCIHCTBA Y (peHOTUITI IIiKOnpoTeiHiB A i B.

Pesynbratu mociimkeHHsT crieuu@iku BiamoBimi Ha
0opTe30Mib, SIK 0i0JOTiYHO aKTUBHY CITOJIYKY, [IiKOIIPO-
TeiHiB A i B Ha OCHOBI MiXXKMOJIEKYJISIPHOTO PO3Mi3Ha-
BaHHS, IMHAMIKM i CTyIeHsl 0inoK-0i1KOBOi B3aeEMOJii
MOJIEKYJIIPHUX CTPYKTYP 3a MPUHLMIIOM OiJTOK-JliraHI-
HOI B3a€EMOJIil B CUCTEMi «aHTUIEH-aHTUTIJI0» CBiA4YaTh
TIpo TIeBHi 0COOMMBOCTI (TabII. 4).

BcTraHoBneHo, 110 npu B3aemMozii 60pTe30Midy 3 ITi-
KompoTeiHoM B, mpenapaT ynmoBiIbHIOE pO3Mi3HaBaHHS
AHTUTEHY 3 aHTUTLJIOM, ITOJOBXYIOUYM TEPMiH MOSIBU ar-
JoTUHALIl Ha 66 %. [l riikonpoTeiny A naHuii eekT
Maiixke He BUpaXKeHUi, 1110 CBiTYUTh PO 3HAYHO MEHIITY
YYTJIUBICTb J0 BIUIMBY 30BHILLIHBOTO CTUMYJY — JAHOTO
JIIKapChKOTO TIperapary.

MoxnnBo, BUSBJIEHI BIIMiHHOCTI B3a€EMOZil TJIIKOII-
poreina B 3 aHTuTiiamum oO0yMoBiIeHi (papMaKOXiMiyHU-
MU ocobnuBocTsIMU OymoBu ABO aHTUTreHHUX me-
TepMiHaHT i 6opTe30Midy. JI1st mepeBipkM AaHOI TinmoTe-
31 OyJ0 TIPOBEIEHO KBAaHTOBO-XiIMiYHUII PO3paxXyHOK

administration was observed in PCM patients with
the phenotype A (II) carrier status compared with
the O (I) and B (IIT) phenotype carriers (Table 3).

No dependence of PCM course on carrier status
of the Rh antigens system was revealed.

Since the phenotype B is attributed to immuno-
genetic markers of complicated course of the dis-
ease, with CRF in particular, and as the hematolog-
ical, cardiac, gastrointestinal, and renal toxicity was
found within experimental studies of bortezomib
effects on biological system [10—12] we have sug-
gested a possible difference in pharmacological
response of a patient to this drug, depending on the
carrier status of glycoproteins A and B in phenotype.

Study results of specificity of the response to borte-
zomib as a biologically active compound of glycopro-
teins A and B on the basis of intermolecular recogni-
tion, time course and the degree of protein-protein
interaction of molecular structures by the principle of
protein-ligand interaction in the antigen-antibody
system indicate to the certain features (Table 4).

It was established that bortezomib interacting
with glycoprotein B slows down the antigen recog-
nition with antibody, prolonging the agglutination
period by 66 %. This effect is almost not expressed
for glycoprotein A, which indicates a significantly
lower sensitivity to the external stimulus i.e. this
study medication.

Perhaps the revealed differences in glycoprotein
B interaction with antibodies are driven by some
pharmacochemical features of the structure of
ABO antigenic determinants and bortezomib. A
quantum-chemical calculation of interaction of
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Ta6nuusa 4

Bnnue 60pTe3omiby Ha KaHTUreH-aHTUTINOY» B3AEMOAII0 epUTPOLUTIB Y 3pa3Kax KpoBi AoHOpiB Ta nauieHTie 3

MKM 3 A(II) Ta B(III) rpynamu KpoBi
Table 4

Effect of bortezomib on the «antigen-antibody» erythrocyte interaction in blood samples of donors and PCM

patients with A(II) and B(III) blood groups

CraTtucTuuHi Doxopu A(ll), n=10 Mauientn A(ll), n=10  [JdoHopu B(lll), n=10 Mauientn B(lll), n=10
NOKa3HUKKN Donors A(ll), n=10 Patients A(ll), n=10 Donors B(lll), n= 10 Patients B(lll), n=10
KOHTPOJIb pocnip, KOHTPOJb pocnip, KOHTPOJIb pocnip, KOHTPOJIb pocnip,
aHTUreH-A  aHTUreH-A aHTUreH-A  aHTureH-A aHTureH-B  aHtureH-B  aHTureH-B aHtureH-B
Statistical control test control test control test control test
parameters antigen-A  antigen-A antigen-A  antigen-A  antigen-B  antigen-B  antigen-B  antigen-B
£8 £8 £S5 £8 £8 £S5 £S5 £8
] T & ] T & & &
cTEE Twif TE if Tw EE Twm EE ©wm EE Tw if ©w Ef
o 82 o 22 o 22 o 8= o 22 o 82 "o e=2 o 8=
$EED JEED JEED JEED JEES JEEZ JEEZ JEES
TS ©C© FE ©C© FTE ©GC TFE ©G FE ©GC FTE ©GC FTE ©GC TE ©G
Me (miana3oH) 6 4+ 6 4+ 6 4+ 6 4+ 6 4+ 6 4+ 6 4+ 6 4+
(6-6) (6-6) (6-6) (6-6) (6-6) (7-9) (6-6) (8-10)
p p=0,004 p=0,004

B3aEMOZII CYIIPaMOJICKYJISIPHUX CTPYKTYP HEITHII-
6oponosoi kuciaotu (bK, 6opre3omid) 3 aHTUreHAMU
ABO cuctemu KpoBsi.

CTpyKTypHO O0OpPTE30Mi0 HaIEKUTh A0 KjIacy MernTu-
JIUI0OPOHOBUX KMUCJIOT, SIKi € OpraHiYHUMU CIIOJIyKa-
MU TPUBAJEHTHOro O0pY, 110 MiCTUTh OAWH IEITUI-
HUI 3aMiCHMK Ta JBi FApOKCWIbHI rpynu (puc. 1).

MexaHi3MOM iHriOyBaHHS IMTPOTEACOMU TAKMMU KUC-
JIOTAMHW BBaXXa€TbCSI YTBOPECHHS KOBAJIEHTHHX a-
IYKTIiB T€TPaKOOPAMHOBAHOTO OopaTy 3 aKTUBHUMMU
LIEHTpaMU €H3UMY. AKTUBHMIA LICHTP, Y BUIJISOL Tid-
pOKCcUIbHOI rpyny N-KiHLEBOro 3aJUIIKy TPEOHiHY
KaTaJiTUYHO aKTMBHOI IIPOT€AaCOMM, KOBAJEHTHO
3B’SI3YETHCS 3 aTOMOM OOpy OOPTE30MiOy B KOMILIEKC
eH3uM-iHribiTop [13], mpu LLOMY OOp TMepexoauTh B
TeTpaeapuyHy (Gopmy, TUM CaMUM iMIiTylOuUM Bia-
NOBiAHUI TeTpaeapUUHUI NPOMiXKHUI MPOAYKT aMi-
nomizy (puc. 2).

BaxnuBoro BiIacTUBICTIO OOPOHOBUX KHUCIOT € iX
CXWJIBHICTh JO YTBOPEHHS CTiKMX KOMILIEKCIB 3
nomirinpokcucnonykamu [14, 15]. Lli mpouecn €

supramolecular structures of peptidyl boronic acid
(BA, bortezomib) with antigens of the blood ABO
system was conducted to verify this hypothesis.

Bortezomib according to its structure belongs to the
class of peptidyl boronic acids, which are the organic
trivalent boron compounds containing one peptide
substituent and two hydroxyl groups (Fig. 1).

Formation of covalent adducts of tetra-coordi-
nated borate with active enzyme centers is believed
a mechanism of proteasome inhibition by the such
acids. The active center, in a form of hydroxyl
group of the N-terminal residue of threonine of the
catalytically active proteasome covalently binds to
the boron atom of bortezomib into an enzyme-
inhibitor complex [13] with the boron passing into
a tetrahedral form, thereby simulating the corre-
sponding tetrahedral intermediate product of ami-
dolysis (Fig. 2).

Propensity to form the stable complexes with poly-
hydroxy compounds is an important property of
boronic acids [14, 15]. These processes are more

PucyHok 1. CtpyktypHa popmyna 6optesomiby

Figure 1. Structural formula for bortezomib
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NN
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€H3UM
enzyme

PuUcyHOK 2. CTpyKTypa Kommnjekcy
eH3um-6opTe3omi6

Figure 2. Structure of enzyme-bor-
tezomib complex

OUIBII CIPUSITIMBUMU B JIY>)KHUX PO3UMHAX, JIe Y BU-
COKill KOHIIEHTpallii iCHYye YOTUPMKOOPIMHOBAHUM
OopaTHUii ioH (piBHAHHS 1, 2, puc. 3).

favorable in alkaline solutions, where the four-coor-
dinated borate ion is in a high concentration (equa-
tions 1, 2, Fig. 3).

. OH  Ho pH>9 \ O
R—BZOH + R—B: +
OH HO < 0
JOH  HoO pH 7.5 0
R—B_ + R—B_ +
OH HO > 0

2H0 (1)
PUCYHOK 3. CxeMu yTBOpPEHHSA KOMN-
nekcie bK 3 nonirigpokcucnonykamu
2HO0  (2) | Figure 3. Formation of the boronic

acid complexes with polyhydroxy com-
pounds

ITpoBeneHO AOCIHiIXEHHSI MOXKJIMBOCTI YTBOPEHHS
CYIPaMOJIEKYISIPHUX CTPYKTYp OOpTe30MiOy 3 ByIJie-
Bomamu aHTureHiB ABO cuctemMu KpoBi y XBOpUX 3 1a-
HUM YCKJIQIHEHHSM $SIK OCHOBU (DOpPMYBaHHS Pi3HOL
BiAmoBiai Ha ikyBaHHS. B aHTHreHax rpym KpoBi A i B
KiHILIEBUM MOHOCAaXapuJIOM € TajaKTo3a, 3aMillieHa B
no3uliii 2 (aHTureH A), i He3aMilleHa (aHTureH B). Ta-
JIaKTO3a TaKOX € MePenKiHIIeBUM MOHOCAXapUIOM aH-
tureHy O. Bimomo, 1110 60pOHOBI KMCJIOTH YTBOPIOIOTh
3 BUCOKOIO CEJIEKTUBHICTIO KOMILJIEKCU 3 LIyKpaMmu, i
came 3 rajlakto3o1o [16, 17]. BincyTHicTh 3aMiCHUKIB B
KiHILIEBili TaJlakTo3i aHTUreHy B, iiMoOBipHO, poOUTH i
JMOCTYITHIIIIOO IJIST KOMITJICKCOYTBOPEHHSI IIOPiBHSIHO 3
rajakTo3o1o antureHiB A i O. JIyis minTBepIKeHHS 11b-
Oro MPUMYILIeHHS Oy1a JoCiakKeHa MOXKIINBICTb YTBO-
PEHHSI KOMILIEKCiB O0pPTe30Mi0y 3 rajakTo3010 aHTU-
reHiB B no3uuisix 3, 4, ne OH-rpynu 3HaxoasITbCsl B
Cis-TIOJIOXKEeHHi. 3 1Iiefo MeTor0 OYJ10 MPOBEASHO KBaH-
TOBO-XiMIUHMII PO3paXyHOK iMOBIpHMX KOMILIEKCIB 3
YOTUPUKOOPAMHOBAHUM OopoM (puc. 4). i cropo-
LLIEHHS MOJeJTi BILUIMB NENTUAHOI YAaCTUHU aHTUTEHIB
HE BpaxoBYBaBCs.

Jng onmtuMizauii eHeprii OyJIo TaKOX MTOCHTiIXKEHO
BIUIMB MOJEIIOBAHHS MOJIEKYJISIPHOI JMHAMIKU B PO3-
YKHI Ha MOBEIiHKY KOMILJIEKCIB y 0iOJOrYHUX CHUCTE-
max (Esq). Ilpoiiec MomenmoBaHHS AUHAMIKM MaB TPU

Possible formation of bortezomib supramolecular
structures with carbohydrates of the blood ABO sys-
tem antigens was studied as a basis for the different
responses to treatment in the patients having this
complication. Galactose is a terminal monosaccha-
ride in the antigens of the blood groups A and B,
substituted in position 2 (antigen A) and unsubsti-
tuted (antigen B). Galactose is also a penultimate
monosaccharide of antigen O. Boronic acids are
known as forming with high selectivity the comple-
xes with sugars, specifically with galactose [16, 17].
Absence of substitutions in the terminal galactose of
antigen B probably makes it more readily available
for complexation than galactose antigens A and O.
To confirm this assumption the possibility of borte-
zomib complexes forming with galactose antigens at
positions 3, 4 was evaluated. The OH-groups are
there in cis-position. A quantum-chemical calcula-
tion of probable complexes with four-coordinated
boron was performed for this purpose (Fig. 4). Effect
of the peptide portion of antigens was not taken into
account to simplify the model.

Effect of simulation of molecular dynamics in solu-
tion on the behavior of complexes in biological systems
(Esq) was also investigated in an effort to optimize the
energy. There were three phases in the process of
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PucyHoK 4. Ctpykrypa rnikonporteinis cuctemn ABO Ta MosenbHUX Komnnekcie 60pTe3omiby 3 ByrneBogHoio

YaCTUHOIO AHTUreHiB KPOBi

Figure 4. Structure of ABO system glycoproteins and model complexes of bortezomib with carbohydrate por-

tion of blood antigens

¢a3u: HarpiBaHHS, pyX, i OXoJoIKeHHs. BukoHaHHs
OINTHMi3allil TeoMeTpii KOMIUIEKCIiB MPOBOAUIOCH
LIUISIXOM MiHiMi3allii eHeprii CUCTEeMMU 3i 3MiHOIO 11 reo-
MeTpil i, $IK pe3yJbTaT, BU3HAUYEHHSIM HaWOiIbII
CTiiikoi KoHdopMmaliii. OnTumiszailiss CUCTEeMU MTPOBO-
JIUJIAChH LIISIXOM BU3HAYEHHSI TOBHOI €HEPTii SIK i30J1b0-
BaHux Mosiekyn (E;) Tak i conbBaToBaHUX cucteM (Es);
IIUISI BU3HAYEHHSI BIUIMBY PO3UYMHHUKA Ha ONITUMAJIbHY
CTPYKTYpPY B poO3paxyHKax BUKOPHCTOBYBaJU OJIOK Y
dopmi kyba 3i cropoHor Bia 18 mo 25x107'° 3amexHO
BiJl pO3MipiB MOJEKYJISIPHOT CUCTEMMU.

B T1aGn. 5 HaBedeHi po3paxoBaHi 3MiHU €HEpriid
MMOBIpHUX €Tabili30BaHMUX KOMILJIEKCIB OOpPTEe30Mi0y
Ta iX MepPeXiMHUX CTaHiB, KOJU MOJIEKYJH, 11O peary-
I0Tb, YTPUMYIOTbCSI MiX COOOI0 CHUJIaMU MiXMOJIEKY-
JIIPHOI B3a€EMOJil, OCKUJIbKM pi3HULSI OOYUCIEHUX

dynamics simulation, namely the heating, motion, and
cooling. Optimization of geometry of the complexes
was carried out by minimizing the system energy with
the change in its geometry and, as a result, by deter-
mining the most stable conformation. Optimization of
the system was achieved by determining the total ener-
gy of both isolated molecules (E;) and solvated systems
(Es). A cube-shaped block with a side of 18 to 25x10'°
depending on the dimensions of molecular system was
used in calculations to determine the influence of sol-
vent on the optimal structure.

Table 5 shows the calculated values of energy
changes of probable stabilized bortezomib comple-
xes and their transition states when the reacting mol-
ecules are held together by the intermolecular inter-
action forces, since the difference in calculated

Ta6nuusa 5
3miHa eHeprii yTBOpeHHA nepexigHUX CTaHiB i CONbBAaTOBaHMX KOMNJIEKCIB aHTUTeHiB KpOBi 3 6opTe3omibom
Table 5
Modification of energy formation of the transition states and solvated complexes of blood antigens with
bortezomib
3pa3ok AE nepexigHoro crany, Kkasa/Mosb AE conbBaTOBaHOro KOMMeKCy, Kkasa/MoJsb
Sample DE of the transition state, kcal/mol DE of the solvated complex, kcal/mol
AE; AE; AEgq AE; AE; AEgq
01 -6,182 -9,397 -10,229 2,020 1,164 0,431
Al -8,324 -9,460 -9,603 7,059 6,644 4,590
B1 -13,092 -14912 -18,740 4,925 3,230 1,660
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EHepTiii 17151 1BoX abo Oinblie KoHdopmalliil Mae di-
3UYHUI CEHC SIK MOPIBHSIHHSI BiTHOCHUX KOHpOP-
MaliifHUX eHepriii abo BigMiHHOCTe# KOHpipmalliii-
HUX €HEePTriil pi3HUX MOJEKYJI.

ITopiBHSIHO BMCOKi 3HaY€HHS 3HMXKEHHSI €Hepril
CUCTEMHU 3 YTBOPEHHSIM II€peXiJHOro CTaHy KOMII-
JIeKciB rpynu B (Tab:1. 5) MOSICHIOIOTHCS KOMIUTIMEH-
TapHiCTIO aHTUTeHa B 10 MosieKkynu 6opTe30oMidy, 1110
MPOSIBIISIETECSI B YTBOPEHHI ABOX BOTHEBUX 3B'SI3KiB
(puc. 5, a). Lle BKa3ye Ha CeNEKTUBHICTh MpernapaTy
caMe JI0 LIbOTO aHTUTEHA, a HEBUCOKI €Heprii CoibBa-
ToBaHOTO KoMruiekcy Bl (puc. 5, 6) cBigyaThb 1po BU-
COKY MMOBipHICTb AIOTO YTBOPEHHSI.

ITpu oMy HaliMeHIla CTabiIbHICTh MepexiTHOro
craHy Al, 1110 NOSICHIOETHCS BiICYTHICTIO BOAHEBUX
3B's13KiB (puc. 6, a), i BUIlIa eHeprid Moro KOMILJIEKCY
BKa3ylOTh Ha CTilKiCTb aHTUTeHA A 10 KOMITJIEKCOYT-
BopeHHs. EHepris yrBopeHHs kKoMIuiekcy Ol HeBu-
COKa, ajie TepexiTHu CTaH MEHII €HEePreTUYHO BU-
TiTHWI y TIOPiBHSIHHI 3 TIepeXigHuM ctaHoM B1 3a Ha-
SIBHOCTI JIMIIIE OJJHOI'O BOAHEBOIO 3B'13KY (puc. 6, 0).

energies for two or more conformations has a physical
meaning as a comparison of relative conformational
energies or differences in the confirmatory energies of
different molecules.

The relatively high values of the system energy drop
with a formation of transition state of the group B
complexes (Table 5) are attributed to the complemen-
tarity of antigen B with bortezomib molecule, which
is expressed itself in the formation of two hydrogen
bonds (Fig. 5a). This indicates the drug selectivity just
towards this antigen, and the low energies of solvated
complex B1 (Fig. 5b) indicate a high probability of its
formation.

Herewith the lowest stability of transition state Al
due to the lack of hydrogen bonds (Fig. 6a) and the
higher energy of its complex indicate the stability of
antigen A to a complex formation. The energy of Ol
complex formation is not high, but the transition state
is less energy-efficient compared with the transition
state B1 in the presence of only one hydrogen bond
(Fig. 6b).

PucyHoK 5. Mogenb cra6inisoBaHoro Kom-

nnekcy B1

a — nepexiaHunii ctaH, 6 — KOBaNIEHTHUIA KOMIJIEKC
(KONbOPOM MO3HAYeHO: 3eneHnM — 6op, YepBO-
HUM — KMUCEHb, CUHIM — a30T, 61aKUTHUM — BO-
LEHb, YOPHUM — BYITELb)

Figure 5. Model of stabilized complex B1
a — the transition state, b — the covalent complex
(boron is shown in green, oxygen in red, nitro-
gen in dark blue, hydrogen in blue, and carbon
in black)

a 6/b

PucyHoK 6. MepexigHi ctaHn komnnekcis
A1 (a) Ta 01 (6)

Figure 6. Transition states of the A1 (a)
1a 01 (b) complexes

Tomy, IMOBIpHO, 31aTHICTh 10 KOMITJIEKCOYTBOPEH-
HS 3MIHIOETBCS B psaay aHtureHis: B1 > O1 > Al.

BUCHOBKU

1. Pe3ynbTaTy 1OCHiIKEHHS IMTOKA3aJIM, 110 CEAEKTHUB-
HOIO MillIeHHIO [JIs OopTe30Mildy € riikonpoTeiH B.
IIpenapaT ynoBiibHIOE PO3ITi3HABAaHHS i B3aEMO/IiIO
aQHTUT€HA 3 aHTUTJIOM, MOJOBXYIOUM TEPMiH MOSBU

Therefore, it is likely that the ability to complex forma-
tion is modified in a sequence of antigens: B1> O1> Al.

CONCLUSIONS

1. Study results indicated that the glycoprotein B is a
selective target for bortezomib. The drug slows down
recognition and interaction of antigen with antibody,
prolonging the agglutination period, that indicates a
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anTIOTUHALLI, 110 CBIAYUTH MPO TMeBHY MoaudiKallio
AHTUTEHHUX JOETepMiHAHT i 30iJbLIEHHS Yacy OiJIoK-
0inKoBOI B3aemomii 3 BianoBinHumu MKA.

2. KBaHTOBO-XiMiuHi pO3paxyHKM ITiATBEPIKYIOTh
TirmoTe3y 1IOA0 MiIBUILEHOI WMOBIPHOCTI YTBOPEHHS
KOMILIEKCIiB 0opTe30MiOy 3 miikKomporeiHoM B, 110
OmnocepeaKOBaHO BILJIMBAIOTh Ha aKTUBHICTH il Mpe-
napary BHAcCJiZOK KOHKYPEHTHOI B3aeEMOii 3 pe-
aKIli€lo iHTiOyBaHHS ITpoTeacomMu 268S.

3. V pasi HeoOXimHOCTi INMpU3HAUYEHHS XBOPUM Ha
ITIKM, skuM BBOOMTbCS OOpTe30MiO, IiperapariB 3
JIYXKHOIO peaklli€lo, HeoOXiZIHO BpaxoOBYyBaTH, 10O J0-
JIATKOBE KOMIIJIEKCOYTBOPEHHS BiIOYBAETHCS B JTyXK-
HOMY CepeloBHUILLi, 110 0OMEXY€E BBEICHHS MpernapaTiB
3 JIY>)KHOIO peakli€lo LIOHAMMEHIle MPOTSroM A00u
micyisl BBeAeHHsI O0pTe30Mily, BiAIMOBITHO A0 Tepioay
loro HamiBpo3Iaay B Ma3Mi, XBOPUM 3 TPYMOIO0 KPOBi
B (II) Ta HagBHOIO XPOHIYHOIO HUPKOBOIO HEIOC-
TaTHICTIO.

4. Pe3ynbrati BUKOHAHUX JOCHIIXKEHb CBiYaTh PO
3HAUYMMICTh YpaxyBaHHS (hapMaKo-XiMiYHMX XapaKTe-
pUCTUK aHTUreHiB cucremu ABO g onTuMizanii
nporpaMm Tepamnii [IKM 3 BkiloueHHsIM iHTiOiTOpa
nporeacoM 26S 60pTe30MiOOM.

IH®OPMAIIIA ITPO ®PTHAHCYBAHHS
HocnigxeHHs1 BUKoOHaHe Ha 3amoBiieHHsT HAMH Yk-
paiHu B MexXXax BUKOHAHHS TeM: «PoJib MOJIEKYJISIpHO-
TeHETUYHUX MapKepiB COMaTUUYHMX KJIiTWMH, dapMa-
KO-XiMiYHMX XapaKTepUCTUK AaHTUIE€HiB CHUCTEMU
ABO Ta nikyBanpbHUX 3ac00iB Y BUOOPI iHIMBimyasi3o-
BaHUX MporpaM Teparii XBOpUX Ha XpOHiuHi JiMpo-
npoJjidepaTuBHi HOBOyTBOpeHHsI» (No mepkpeecTpa-
wii 0116U003575), «Ponp moniMopdi3My reHiB Lu-
TokiHiB (TNF-o, TGF-B1, IL-6, IL-10, IFN-Y) Ta TeHiB
TOJJOBHOTO KOMILIEKCY TricTocymicHOCcTi (HLA-A,
HILA-B, HLA-C, HLA-DRBI, HLA-DQAI, HLA-DQBI)
B Mmepediry miasMOKJIITUHHOI MIi€JIOMU Yy BigmaJleHU
nepion Tmicns aBapii Ha YopHoOMIBCHKIT AEC»
(0119U100873).
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1. Relationship between progression-free survival and overall survival in
chronic lymphocytic leukemia: a literature-based analysis / C.
Beauchemin, J. B. Johnston, M. E. Lapierre et al. Curr. Oncol. 2015
Vol. 22, no. 3. P. e148-156. DOI: http://dx.doi.org/10.3747/
€0.22.2119.

2. Askin L., Cetin M., Turkmen S. Absence of a correlation between the
ABO blood group and thrombus burden in patients with ST-segment
elevation myocardial infarction / L. Askin et al. Coron. Artery Dis. 2018.
Vol. 29, no. 2. P. 145-150. DOI: 10.1097/MCA.0000000000000564

certain modification of antigenic determinants and
increased time of protein-protein interaction with
the corresponding MCR.

2. Results of the quantum-chemical calculations
confirm the hypothesis of an increased probability of
bortezomib complexes formation with glycoprotein
B, which indirectly influence the drug activity due to
competitive interaction with the reaction of protea-
some 268 inhibition.

3. In case when the administration of medications
with alkaline reaction is required to the PCM
patients who already receive bortezomib, the phe-
nomenon of additional complex formation in alka-
line medium should be taken into account, which
limits the administration of drugs with alkaline reac-
tion at least for one day after administration of
bortezomib (in accordance with its half-life in plas-
ma) to the patients with blood group B (IIT) and
chronic renal failure.

4. Results of the performed research testify to the
importance of taking into account the pharmaco-
chemical characteristics of ABO system antigens for
optimization of PCM therapy programs involving
the proteasome 26S inhibitor bortezomib.
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