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IpenapaToB MEIUIIMHCKOTO Ha3HAYEHUs, KOTOpPBIe MOTYT OBbITh HCIONB30BaHBI AJIS PagHOHYKIHIHON
JMAarHOCTUKY B OHKOJIOTHH. PannodapmarieBTHUeCKui Tpenapar il AMarHOCTHKY paKa IIPeACTaTebHOM
JKeJIe3bI METOZOM ITO3UTPOHHON SMUCCHOHHON ToMOTpaduu, coaepskamuii rerepoaumMep ¢ ahGHUHHOCTHIO
K nmpocrarcrnenuduueckomy Mmemopannomy antureny (IICMA) u perienTopy racTpyH-pHIM3HHT TIENTHAA
(I'PII), obmeit popmyast (1)

B
G

N'Lﬂ

E JTMWU J{ b /\/"‘)LH/YH\)L {: ERERN ﬁ;‘ nﬁ

o
C PaJUOHYKIMIHOM METKOM, B KauyeCTBE KOTOPOH MCHONb3YIOT IO3UTPOH-AKTHBHBIA PaJUOHYKIU
%Ga. Taxke npemIokeH crocod mHomydeHHs paauodapMalleBTHUeCKOro mnpenapara. M3obpereHue
MO3BOJISIET TOBBICHTH BBISBIIEMOCTh paka IPEACTaTelIbHOM JKele3sl W €ro METacTa3oB B CBS3U C
BBICOKOM pa3pemniaronieii ClocoOHOCThI0 TEXHOIOTHH TO3UTPOHHON SMUCCHOHHON TOMOTpadvH ¥ CHU3UTH
Jy4eBYIO Harpy3Ky Ha MaIleHTOB.
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PAJIMO®APMATEBTHYECKWI IPEMAPAT JUISI TMATHOCTHKHY PAKA
MPEJICTATEJBHOM KEJIE3BI METOIOM IO3UTPOHHOMN YMUCCHOHHOM
TOMOTPA®WH 1 CIIOCOE Er'0 NOJYYEHWS

N3o00pereHne OTHOCHUTCA K MeEAUIMHE, paJuoJIOTHH, K CcOCTaBaM H crnocobam
IOJIYYEHHUS PaAUOaKTUBHBIX IIPENapaTOB MEJUIMHCKOI'O Ha3HAYE€HU, KOTOPBIE MOTYT OBITH
KCII0JIB30BaHbl I PaIUOHYKIUAHON IUAarHOCTUKY B OHKOJIOTHH.

B u3obperenuu omucaH HOBBIA IpenapaT M CHocod €ro MOdy4eHHs JUIS AUAarHOCTHUKH
omyxojiel, 3KCHpeccUpyromux npocrarcnenupudeckuil MemOpanubii antured (IICMA), B
JacTHOCTH paka npexacrarensHod xene3bl (PIDK). PIDK 3anumaer BTOpoe MECTO B CTPYKType
3a0071€BaEMOCTH U IIATOE B CTPYKTYpE CMEPTHOCTH OT OHKOJIOTUYECKUX 3a00JI€BaHUN Yy MYXIUH
[Torre LA, Bray F, Siegel RL et al. Global cancer statistics, 2012. CA: A Cancer J Clin.
2015;65(2):87-108]. Metoasl sgepHON MEIUIIMHBI 3aHUMAIOT JTUAUPYIOIIUE IIO3UIMH B
CTaJUpOBaHUM, PECTAJAUPOBAHUY, a TaKKe B BBIABICHHMH penuauBoB 3aboneBanusa. [IOT-KT c
MedeHbIME Juraggamu kK IICMA B Hacrosmee BpeMs IMUPOKO NMPUMEHSIOTCA B KIMHHYECKOM
npaktuke. IIpesocxoncto IIDT-KT ¢ $8Ga-TICMA mno puarHocTHdeckoi TodHOCTH Hajx |SF-
xomuHoM 1 !C-aneraTom otpaxkeHo B crathe [Liitie S, Heskamp S, Cornelissen AS et al. PSMA
Ligands for Radionuclide Imaging and Therapy of Prostate Cancer: Clinical Status. Theranostics.
2015;5(12):1388—401.].



B uccnemosanum [Afshar-Oromieh A, Zechmann CM, Malcher A et al. Comparison of
PET imaging with a (68)Ga-labelled PSMA ligand and (18)F-choline-based PET/CT for the
diagnosis of recurrent prostate cancer. Eur J Nucl Med Mol Imaging. 2014;41(1):11-20]
BLIIONHEHO CpaBHEHME AuarHocTudeckoit sddextusHoctr IIIT-KT ¢ %Ga-TICMA u ¢ '®F-
XOJIMHOM B ONpEENICHUH JIOKAJTM3AIUH MAaTOJIOTHIECKUX 04aroB y 37 OOIbHBIX ¢ OMOXUMHYIECKAM
peruauBoM PIDK. BEIIO IpOAEMOHCTPHPOBAHO AMArHOCTHYECKOE NpeBocxofAcTBo $Ga-TICMA
naa '8F-xomuHoM B o6HapyxeHMM MeTacTazoB PIDK: 78 odaros y 32 mamueHTOB HpOTHB 56
odaroB y 26 nanuentoB. Kpome Toro, oka3zanocsh, 9to pazinuaue B 9yBcTBUTENbHOCTH IIOT-KT ¢
8Ga-TICMA u c !’F-xonMHOM 3HAauYMTENBHO YBENMYMBAETCA NP HHU3KMX  YPOBHAX
npocrarcnenududeckoro anruresa (IICA).

B cratee [Von Eyben, F.E.; Picchio, M.; von Eyben, R.; Rhee, H.; Bauman, G. 68Ga-
Labeled Prostate-specific Membrane Antigen Ligand Positron Emission Tomography/Computed
Tomography for Prostate Cancer: A Systematic Review and Meta-analysis. Eur. Urol. Focus 2018,
4, 686—6934] npuBeneH MeTa-aHaIN3 IMyOnuKanuii, nocBameHHbX uHpopMaTtuBHOCcTH ITOT-KT ¢
8Ga-TICMA y MalMeHTOB C 370KaYeCTBEHHEIM HOBOOOPA3OBAHMEM IIPECTATEILHON >KENe3bl.
UyBCTBUTEIFHOCTE METOAA B BBISABICHUU IMEPBUYHOTO OMYXOJIEBOrO odara cocraBisuia 70% u
JyBCTBUTENBFHOCTE B HICHTU(QUKAIIMM MeETacTa3oB B JuMbaTudeckue y3ibl Bcero 61%.
OCHOBHEIMM TNpUYMHAMH HM3KOM dyBcTBHTENbHOCTH IIDT-KT ¢ 8¥Ga-TICMA ssnsrorca He
TOJIKO Majible pa3Mephbl OIyXOJIEBOTO odara, Ho M Hu3kas skcrpeccus [ICMA Ha MeMmOpanax
OMYXOJIEBBIX KJIETOK mpuMepHO y 10% OGONBHBIX pakoM MpeicTaTeNhbHON KeIe3bl, PE3UCTCHTHEIE
K aHTHAaHIAPOTEHHOW Tepamuu (OPMBI paka MpPEACTaTeNhHON Kele3bl  (Hampumep,
HeHpOIHAOKpUHHBIA pak) [Schwarzenboeck, S.M.; Rauscher, 1.; Bluemel, C.; Fendler,W.P.;
Rowe, S.P.; Pomper, M.G.; Asfthar-Oromieh, A.; Herrmann, K.; Eiber, M. PSMA Ligands for
PET Imaging of Prostate Cancer. J. Nucl. Med. 2017, 58, 1545-1552; Sheikhbahaei, S.; Afshar-
Oromieh, A.; Eiber, M.; Solnes, L.B.; Javadi, M.S.; Ross, A.E.; Pienta, K.J.; Allaf, M.E;
Haberkorn, U.; Pomper, M.G.; et al. Pearls and pitfalls in clinical interpretation of prostate-
specific membrane antigen (PSMA)-targeted PET imaging. Eur. J. Nucl. Med. Mol. Imaging
2017, 44, 2117-2136].

HoBriM marom k nosbimenuto 3¢pdexruBaoctr II0T-auarsocTuky paka mpeacTaTenbHON
JXKeJe3sl CTala pa3pabOTka MEYEHBIX COCAWHEHWH Ha OCHOBE JIMTAHAOB K PENENTOpy I'acTpUH-
pwinsuer nentuaa (I'PIT), koTopelif Takke 3KCIPECCHPYETCS Ha KIIETKaX paka IpeAcTaTelIbHOU
skenessl [Beer, M.; Montani, M.; Gerhardt, J.; Wild, P.J.; Hany, T.F.; Hermanns, T.; Miintener,
M.; Kristiansen, G. Profiling gastrin-releasing peptide receptor in prostate tissues: Clinical

implications and molecular correlates. Prostate 2012, 72, 318-325]. B wuccaenoBanum



[Minamimoto, R.; Sonni, I.; Hancock, S.; Vasanawala, S.; Loening, A.; Gambhir, S.S.; [agaru, A.
Prospective Evaluation of 68Ga-RM2 PET/MRI in Patients with Biochemical Recurrence of
Prostate Cancer and Negative Findings on Conventional Imaging. J. Nucl. Med. 2018, 59, 803—
808] mpomeMOHCTpHpOBaHA BBICOKAs YYBCTBUTEIBHOCTH MEYECHOI'O COCAMHEHHUS, HMEIOIIETO
TponHOCTh K penentopaM I'PIT B nuarnoctuke paka npeacrarenbHol xxenessl - 88 %. B Gonee
panHeM uccrnenoBaHuu [Minamimoto, 2016], BBIIONHEHHOM Ha Malloil koropte narueHToB (7
HAIMEHTOB), IPOU3BEACHO MPAMOE COnocTaByieHue pe3ynbratoB IIOT Bu3yanusanuu ¢ MedeHBIMI
panuodapmnpeparamu crnerupuaasiIME kK IICMA u penentopy I'PII. Ilpu stom He ObLNIO
00HapyXeHO MOJTHOI COMOCTaBUMOCTH MOYIEHHBIX PE3YIbTAaTOB, YTO HO3BOJIUIO CAETIATh BRIBOJ
0 HeoOxomumocTH Busyanusanuu kak k [ICMA, Tak u k penenropy I'PII y kaxpmoro mamnueHra
[Minamimoto, R.; Hancock, S.; Schneider, B.; Chin, F.T.; Jamali, M.; Loening, A.; Vasanawala,
S.; Gambhir, S.S.; Tagaru, A. Pilot Comparison of 68Ga-RM2 PET and 68Ga-PSMA-11 PET in
Patients with Biochemically Recurrent Prostate Cancer. J. Nucl. Med. 2016, 57, 557-562].

B mocnemHue rogsl MOSBWINCH MyONHKAMKA O pa3paboTKe MEYEHHBIX PaJHOHYKIHIaMH
rerepoauMepoB Ha ocHoBe guragga k [ICMA u aronucra k penentopy I'PII npousBogsHoro or
6ombesuna [Eder, M.; Schifer, M.; Bauder-Wiist, U.; Haberkorn, U.; Eisenhut, M.; Kopka, K.
Preclinical evaluation of a bispecific low-molecular heterodimer targeting both PSMA and GRPR
for improved PET imaging and therapy of prostate cancer. Prostate 2014, 74, 659—668; Bandari,
R.P,; Jiang, Z.; Reynolds, T.S.; Bernskoetter, N.E.; Szczodroski, A.F.; Bassuner, K.J.; Kirkpatrick,
D.L.; Rold, T.L.; Sieckman, G.L.; Hoffman, T.J.; et al. Synthesis and biological evaluation of
copper-64 radiolabeled [DUPA-6-Ahx-(NODAGA)-5-Ava-BBN(7-14)NH2], a novel bivalent
targeting vector having affnity for two distinct biomarkers (GRPr/PSMA) of prostate cancer. Nucl.
Med. Biol. 2014, 41, 355-363; Mendoza-Figueroa, M.J.; Escudero-Castellanos, A.; Ramirez-
Nava, G.J.; Ocampo-Garcia, B.E.; Santos-Cuevas, C.L.; Ferro-Flores, G.; Pedraza-Lopez, M.;
Avila-Rodriguez, M.A. Preparation and preclinical evaluation of 68Ga-iPSMA-BN as a potential
heterodimeric radiotracer for PET-imaging of prostate cancer. J. Radioanal. Nucl. Chem. 2018,
318, 2097-2105; Escudero-Castellanos, A.; Ocampo-Garcia, B.; Morales-Avila, E.; Luna-
Gutiérrez, M.; Isaac-Olivé, K.; Ferro-Flores, G.; Santos-Cuevas, C. Synthesis and preclinical
evaluation of the 177Lu-DOTA-PSMA(inhibitor)-Lys3-bombesin heterodimer designed as a
radiotheranostic probe for prostate cancer. Nucl. Med. Commun. 2018, 40, 278-286; Liolios, C.;
Schéfer, M.; Haberkorn, U.; Eder, M.; Kopka, K. Novel Bispecific PSMA/GRPr Targeting
Radioligands with Optimized Pharmacokinetics for Improved PET Imaging of Prostate Cancer.
Bioconjugate Chem. 2016, 27, 737-751]: T'ereponumepsl, Hanenennsie Ha [ICMA u I'PII Ha



ocHoBe aroHucroB IPIl: a -  Glu-urea-Lys(Ahx)-HBED-CC-BZH3; b - DUPA-6-Ahx-
(NODAGA)-5-Ava-BBN(7-14)NH2; ¢ - DOTA-PSMA(inhibitor)-Lys3-bombesin; d - HEQO-HE3.
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Tem He MeHee, CyNIECTBEHHBIM HEIOCTATKOM aroHUcCToB K penentopy ['PII sBmgerca ux
cwibHas (U3HONOTHUYECKAas aKTHBHOCTh M MHTOTE€HHOCTh - HWHAYKIMA KJIETOYHOTO MIEICHUS
[Casanueva, F.F.; Perez, F.R.; Casabiell, X.; Camina, J.P.; Cai, R.Z.; Schally, A.V. Correlation
between the effects of bombesin antagonists on cell proliferation and intracellular calcium
concentration in Swiss 3T3 and HT-29 cell lines. Proc. Natl. Acad. Sci. USA 1996, 93, 1406—
1411]. Kpome Toro, 61710 MPOAEMOHCTPUPOBAHO, YTO aHTaroHUCTHI K penentopaM I'PII umeror
Gonbnie CalTOB CBA3BIBAHHMS C OIMYXOJIEBOW KJIETKOW, Ye€M aroHHCTHI, YTO TMOBBIMIAET 3aXBaT
MEUYEHOT'O PaJHOHYKIIHJIOM TeTepoauMeEpa OmMyXxoJieBhIM y3ioM [Mansi, R.; Fleischmann, A.;
Maicke, H.R.; Reubi, J.C. Targeting GRPR in urological cancers—from basic research to clinical
application. Nat. Rev. Urol. 2013, 10, 235-244; Varasteh, Z.; Velikyan, I.; Lindeberg, G.;
Sorensen, J.; Larhed, M.; Sandstrém, M.; Selvaraju, R.K.; Malmberg, J.; Tolmachev, V.; Orlova,
A. Synthesis and characterization of a high-affnity NOTA-conjugated bombesin antagonist for
GRPR-targeted tumor imaging. Bioconjug. Chem. 2013, 24, 1144-1153].

N3BecTHBl Takke pa3pabOTKM HOBBIX Te€TEPOAMMEPOB, KoTophle Biiodaior ITCMA-
cBs3pIBaromuii pparment, onucannbni [Kularatne, S.A.; Wang, K.; Santhapuram, HK.; Low, P.S.
Prostate-specific membrane antigen targeted imaging and therapy of prostate cancer using a
PSMA inhibitor as a homing ligand. Mol. Pharm. 2009, 6, 780—789] u aHTaroHucT kK penentopy
I'PIT - GRPR RM26 [Varasteh 2014], cBsa3aHHBI Yepe3 TIYTAaMUHOBYIO KHUCJIOTY, HECYIIYIO
xenarop NOTA, mns MedeHHsA paJuOMETAUIaMM WM THPO3UH A PaJuoraloreHHMpOBaHM
[Abouzayed, A.; Yim, C.-B.; Mitran, B.; Rinne, S.S.; Tolmachev, V.; Larhed, M.; Rosenstrom,

U.; Orlova, A. Synthesis and Preclinical Evaluation of Radio-Iodinated GRPR/PSMA Bispecific
4



Heterodimers for the Theranostics Application in Prostate Cancer. Pharmaceutics 2019, 11, 358;
Mitran, B.; Varasteh, Z.; Abouzayed, A.; Rinne, S.S.; Puuvuori, E.; De Rosa, M.; Larhed, M.;
Tolmachev, V.; Orlova, A.; Rosenstrom, U. Bispecific GRPR-Antagonistic Anti-PSMA/GRPR
Heterodimer for PET and SPECT Diagnostic Imaging of Prostate Cancer. Cancers 2019, 11, 1371;
Lundmark F, Abouzayed A, Mitran B, Rinne SS, Varasteh Z, Larhed M, Tolmachev V,
Rosenstrom U, Orlova A. Heterodimeric Radiotracer Targeting PSMA and GRPR for Imaging of
Prostate Cancer-Optimization of the Affinity towards PSMA by Linker Modification in Murine
Model. Pharmaceutics 2020, 12, 614]: rerepoaumeps! auranasl k IICMA u penenropy I'PII Ha
OCHOBe aroHucToB K penenropam ['PIL. a. npousBogasie NOTA-DUPA-RM26: BQ7800, BQ7810,
BQ7812, BQ7813; b. mpousBoausie DUPA-X-triazolyl-Tyr-PEG2-RM26 (X = PEG2 (BO530),
(CH2) 8 (BOS535), 6e3 muakepa (BO536).

a - b w
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IlepBbiii M3y4eHHBIH MeEYEHBIH TeTEPOAMMEP MPOAESMOHCTPHPOBAT CIEIU(PHIECKOE
cBa3bBanue ¢ obenmu mumeHamu: IICMA u penentopa I'PII, oxnako ero cpoacrBo k IICMA
OBUIO B CyOMHKPOMOJSIpDHOM [Hamna3oHe, 4TO TMPUBEIO K HU3KOMY HAaKOIUICHHIO B OMYXOJLIX,
skcnpeccupytomux Toiabko IICMA [Mitran]. Jlanee, ObuiM CHHTE3UPOBAaHB TpPH aHAJIOTa
rerepoauMepoB Ha ocHoBe nentuga BQ7800 [Lundmark], ucnonesys ciexyronmue JBe CTpaTeTUu
Juis noBeimenus agpuanoctu [IICMA cBs3BIBaOmero JoMeHa:

1. IIyrem BKIOUeHUS (PeHMIANaHWHA, Ipeanoaras, yTto ero ruapododHas GokoBas
nens Oyaer B3aumojeiictBoBarhk ¢ Phe546, u Trp541 Bo BXOJHOM TOHHENE K MECTY CBSA3BIBAHUS
Glu-Ureido PSMA- csa3siBaromuiiero ¢parmenta [Barve, A.; Jin, W.; Cheng, K. Prostate cancer
relevant antigens and enzymes for targeted drug delivery. J. Control. Release 2014, 187, 118-132;
Kopka, K.; BeneSova, M.; Barinka, C.; Haberkorn, U.; Babich, J. Glu-ureido-based inhibitors of
prostate-specific membrane antigen: Lessons learned during the development of a novel class of
low-molecular-weight theranostic radiotracers. J. Nucl. Med. 2017, 58, 17S-268S].
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2. Ilyrem yBenmuenus nnueel PEG- nuHKepa, KOTOpBI HE BJIMSET Ha CPOJCTBO K
penentopam I'PII [Varasteh, Z.; Rosenstrom, U.; Velikyan, I.; Mitran, B.; Altai, M.; Honarvar, H.;
Sorensen, J.; Rosestedt, M.; Lindeberg, G.; Larhed, M.; et al. The effect of mini-PEG-based spacer
length on binding and pharmacokinetic properties of a 68Ga-labeled NOTA-conjugated
antagonistic analog of bombesin. Molecules 2014, 1, 9, 10455-10472].

OCHOBBIBasICh Ha THX CTPATETHIX, ObLI CHHTE3UPOBAH I'€TEPOIUMEDP, KOTOPBIH SBIETCS
KOMOMHaIUeH MenTuaa M MCeBAONENTHA, U MPEICTaBIIAeT IOCIEN0BaTENbHOCH aMUHOKHUCIIOT U
xumudeckux — momudukanuii:(3S,7S,218,24S,36R,39S,428,45S,48S,548,578,588,62S)-54-((1H-
imidazol-4-yl)methyl)-42-((1H-indol-3-yl)methyl)-39-(3-amino-3-oxopropyl)-21,36-dibenzyl-24-
(4-(2-(4,7-bis(carboxymethyl)-1,4,7-triazonan-1-yl)acetamido)butyl)-62-carbamoyl-58-hydroxy-
57-isobutyl-48-isopropyl-45,64-dimethyl-5,10,19,22,25,34,37,40,43,46,49,52,55,60-tetradecaoxo-
29,32-dioxa-4,6,11,20,23,26,35,38,41,44,47,50,53,56,61-pentadecaazapentahexacontane-1,3,7-
tricarboxylic acid. CoryacHO TUPAC (MexayHapoHbIH COr03
TEOPETUIECKON U puKiiagHoi xumun) mnporpamMma Chemdraw creHepupoBana CIEAYIONIYIO
ab0OpeBuatypy rereponumepa: BQ7812.

Cunre3upoBanHbIi retepoaumep BQ7812 ¢ dhopmymnoi:

npogemoncTpupoBan 10-kpatHoe noseimenue adpdurnoctn k [ICMA, B To Bpems Kak
cpoactro k pernentopy I'PII He u3aMeHUIOCH U OBUIO HAa HU3KOM HAHOMOJIIPHOM YpPOBHE.

Cunres rerepoaumepa BQ7812.

Coxpamenus:
Fmoc — ®@ropeHnnMeTokcukapOOHIIBHAS 3al{UTHAS TPYIIIa
Boc — tper6yrunokcukapOOHUIbHAS 3aIUTHAS TPYIIIa

Trt — TpudeHmIMETHIEHAS 3aNIUTHAS TPYIINa
Alloc — ammunokcukapOOHIWIBEHAS 3alIUTHAS TPyIIa

Cunre3 mpoBoJAT Ha TBepaoit ¢aze cmoasl Rink Amide 4-metunbGeH3ruapuiaMuH
(MBHA) npucoeauHenneM Fmoc-JIei-OH & wucxomHoit cMone, U NOCICAYIOIMHUM
HapalqUBaHUEM IIeNH IyTeM mnocienoBarenbHoro aobasnenus Fmoc-Cta-OH, Fmoc-T'uc(Trt)-

OH, Fmoc-I'mu-OH, Fmoc-Ban-OH, Fmoc-Ana-OH, Fmoc-Tpn (Boc) -OH, Fmoc-I'na (Trt) -OH,
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Fmoc-D-®en-OH, Fmoc-O20c¢-OH, Fmoc-JIuz(Alloc) -OH, Fmoc-®en-OH, 8-(Fmoc-
aMUHO)OKTaHOBOU KHCIOTHI H (S) -5- (Tper-6yrokcu) -4- (3 - ((S) -1,5-mu-tper-Oyrokcu-1,5-
JIUOKCOTICHTaH-2-MT) YPEUI0) -5- OKCOMIEHTAaHOBOU KHUCIIOTHL

Peaknuu npucoeguHenus mpoBogaT B aumetmingopmamune (JIM®) ¢ ucnonaszoBaHUEM
STHWIHAHTUAPOKCHUUMHUHOaneraTa (okcuma), N,N’-mumszonponmwikapbomuumuyga (DIC) wu
quusonponwnTiaMuaa (DIPEA).

Ilepen xaxaoit cTaguei NpUCOSINHEHU CIEAYIONIETO BEMECTBA 3aIIUTHYO Irpynny Fmoc
YAQISIOT c TIOMOMIBIO 20% pactBopa MIATIEpUINHA B AMO.
3amurHas rpynmna Alloc 6okoBo# menu gusuHa yaansercs nyreM aobasnenus PhSiHz u Pd
(PPhs)s4 B muxnopmerane(DCM) ¢ mocnexyromumM npucoenuaeHneM NOTA-6uc-tper6yTunoBoro
a¢pupa. OTmEmIeHHE OT TBEPAOTO HOCHTENS, a TAKXKe YJalEHHE NPOYMX - 3aIUTHBIX TPYIII
BRINONHAIOT oOpabotkoit 5% H>O B TpudTopykcycHoit kuciaore (TFA) B coueranuu ¢
THOAHH30JIOM W TPUU3ONPONWICHIAHOM B KadecTBe MOMIOTHTENeH. Mcrnoms30BaHUe OKCHMa B
couetanuu ¢ DIC GoJee BEITOIHO O CPAaBHEHUIO C HCIIONA30BaHUEM CBA3BIBAIONINX PEareHTOB HA
ocHOBe conell docdonus / amuna / yponus, takux kak PyBOP, HBTU u HATU, u3-3a 6onee
HHU3KOW parieMu3anuy, 6oliee BBICOKMX BBIXOJOB, MEHBINEH B3PHIBOOIACHOCTH U 0ojiee HHU3KOM
croumoctu [Al-Warhi, T.I.; Al-Hazimi, HM.A.; El-Faham, A. Recent development in peptide
coupling reagents. J. Saudi Chem. Soc. 2012, 16, 97-116, do0i:10.1016/j.jscs.2010.12.006, Jad,
Y.E.; Acosta, G.A.; Khattab, S.N.; De La Torre, B.G.; Govender, T.; Kruger, H.G.; El-Faham, A ;
Albericio, F. Peptide synthesis beyond DMF: THF and ACN as excellent and friendlier
alternatives. Org. Biomol. Chem. 2015, 13, 2393-2398, doi:10.1039/c40b02046d, Wehrstedt,
K.D.; Wandrey, P.A.; Heitkamp, D. Explosive properties of 1-hydroxybenzotriazoles. J. Hazard.
Mater. 2005, 126, 1-7, doi:10.1016/j.jhazmat.2005.05.044. Subirds-Funosas, R.; Prohens,
R.; Barbas, R.; El-Faham, A.; Albericio, F. Oxyma: an efficient additive for peptide synthesis to
replace the benzotriazole-based HOBt and HOAt with a lower risk of explosion. Chemistry 2009,
15, 93949403, doi:10.1002/CHEM.200900614.]. Oto aenaer kombunanuio Oxyma / DIC Gonee
peHTa0eNbHON B HCIIONIB30BaHUY 110 CPABHEHHUIO C JPYTUMHU CBA3YIOIUMH PEareHTaMH Ha PHIHKE
JUIs CUHTe3a retepoaumepa BQ7812.

Monyuennslit rerepogumep BQ7812, 651n MedeH paguou3oronoM In s AMarHOCTHKH
paka TMpeAcTaTeNhHONU Xelle3bl ¢ IMOMOMIBI0 OXHOMOTOHHOM SMHUCCHOHHON KOMIBIOTEPHOI
tomorpaduu [Fanny Lundmark, Ayman Abouzayed, Bogdan Mitran, Sara S. Rinne , Zohreh
Varasteh, Mats Larhed, Vladimir Tolmachev, Ulrika Rosenstrom and Anna Orlova Heterodimeric
Radiotracer Targeting PSMA and GRPR for Imaging of Prostate Cancer—Optimization of the
Affinity towards PSMA by Linker Modification in Murine Model // Pharmaceutics.- 2020, 12,



614; doi:10.3390/pharmaceutics12070614]. On mpogemoHcTpUpoBal HaubGonbimy0 adpGUHHOCTD
k IICMA ngomeny. OnHako MeTouKa OJHO(GOTOHHOI SMUCCHOHHON KOMITBIOTEPHOU ToMoTrpaduu
HMEET PAJl HEIOCTATKOB, 2 UMEHHO OTHOCUTENIFHO HU3Kas pa3pemaronas crnocoOHOCTh METOAA 10
CpaBHEHUIO C IIO3UTPOHHOM SMUCCHOHHON ToMorpadueii (1 cM) U TMHHBIA TEPUOJ MOTypacnaaa
uzorona (2,8047 cyr).

3agaueit 3asBJIIEMOTO n300peTeHus SIBJISAETCS co3/laHue HOBOTO
paauodapMaIeBTUIECKOTO Ipenapara A AUarHOCTHKY paka IpeACcTaTeIbHON JKelle3bl METOJIOM
MO3UTPOHHOM  SMHUCCHOHHOM  TOMOrpauu, TO3BOJSIONIETO MOBBICUTE 3 PEKTUBHOCTD
JUATHOCTUKH 3a CYET UCTIONB30BAHMS IS MEYEHHs TO3UTPOH-U3Iydaronero paauonykiuaa %Ga.

TexHUYECKUM pe3yIbTaTOM IpeliaraéMoro H300peTeHHs SBISETCS IOBBINICHHUE
BBIABIIIEMOCTH paka IPEACTAaTeNBHOM >Kele3bl M €ro METacTa3oB B CBA3M C  BBICOKO#
paspemaromeil  CrOCOOHOCThIO TEXHOJOTHMHM IO3UTPOHHOM OMHMCCHOHHOM TOMorpadpuu u
CHIDKEHUE JTy4deBOI Harpy3Ky Ha [TAI[UeHTOB.

N306peTeHue nosAcHIeTCA CIeAYIOMIME YepTeKaMHu, Te:

Ha ¢ur. 1 npexacraBneH rpaduk pe3yIsTaTOB OINpPEJENEeHUS CIEUGUIHOCTH HOBOTO
COCIUHEHHUS B SKCIIEPUMEHTE in Vitro.

Ha ¢ur. 2 npexacrasnen rpadux mpounecca cBsas3nsiBaHudA[68Ga]Ga-BQ7812 ¢ PC-3pip
KJIETKaMH B 3aBUCUIMOCTH OT BpEMEHH MHKYOallHH.

Ha ¢ur. 3 npexacraBneH rpagux pe3yabTaTOB M3MEPEHUI B SKCIEPUMEHTE in VIVO C
MbImamu uHEE Balb/c-nu/nu ¢ PC-3pip yenoBedeckuMu onmyxoiIiMH MpeACTaTeIbHOM skenes3bl: A
- B 3aBHCHMOCTH OT BPEMEHHU IIOCIIE€ MHBEKIMU 3asiBIEMOTO Ipemnapara; B - COOTHOIIeHUE
OIIYXOJIb-TKaHb B MBIIIaX B 3aBUCUMOCTH OT BPEMEHH I10CIIE MHBEKITUH 3asBIIIEMOT0 IIpenapara.

Ha ¢wur. 4 npencraBnena PET/CT Busyamuzaius pacnpefencHUs B OpraHU3ME MBIIIEH
muauu  Balb/c-nu/nu ¢ PC-3pip kceHorpadTamu, O5KCHPECCHPYIOIMUMH Ha IIOBEPXHOCTH
perentopsl racTpuH-pwinsuHr nentuaa © IICMA depes 1 m 3 waca mocime BBeICHHS
paguodapmaneBTHieckoro mnpemnapara. CTpenkod yka3aHa OMyXOjib, CTPEIKOH-IIyHKTHPOM
yKa3zaHO (PM3HMOJIOTHYECKOE HaKOIUIEHWE IpenapaTa B IIOYKaX U IODKENTYIOYHOM Xkenese —
opranax mMumensax ans guragaoB k IICMA u penenropy I'PIL

Ha ¢wur. 5 — npencrasnen rpaduk pe3ynbTaToB TECTa Ha in Vivo CIeU(PUIHOCTS.

M306perenue ocymecTBIAETCS CIEAYIONUM 00pa3oM.

BKiIIoYeHHE TO3UTPOH-U3TYdalomero paguoHykKmuaa %Ga B Monekyly rerepoauMepa
BQ7812 npoBoauTCcs  aBTOMaTMYECKM C  MOMOMIIBI0  YCTpoiicTBa  Jjs  CHHTE3a
paguodapMIpenaparoB Ha OCHOBe paauoHykiuia *®Ga (matenr ma IIM P® Ne 199965, omyst.

29.09.2020r), MO3BONSIONIETO MPOU3BOAUTH PAAUOXUMUYECKYIO PEaKIMI0 HOHHOrO obMeHa ¢



PaZAMOaKTHBHBIMM MeTalIaMM 1O pa3paboranHoit mporpamme s OBM (Ceuzperenbcto Ne
2020610097, ITlporpaMmma yrmpaBiaeHHS YCTPONUCTBOM IS CHHTE3a paauodapMipenapaToB Ha
ocHoBe wu3otona Ga-68, omybn. 10.01.2020). Cnoco6 nomyuenus paauogapmaneBTUIECKOTO
Ipernapara 3aKkjIovaeTcs B MedeHUH rerepoauMepa ¢ adpdunanoctsio k [IICMA u penenropy I'PII,
TIO3UTPOH-U3TyIaroIKUM pasuoryKIuaoM 8 Ga, myTeM cuHTe3a, OCYIIECTBIAEMOTO B [BA dTama:

- Ha TepBOM »JTale OCYIIECTBIAIOT DIIOMpPOBaHMEe reHepaTopa °2Ge/®Ga myrem
IIpoNyckaHus dYepe3 KOJOHKYy reHeparopa 5 pactBopa HCl 0,1M, B pmosupoBke 8wmi,
IOCNEI0BATENLHEIM [PONYCKaHUEM DIK0aTa, CoAepkamero paauoHyknaun 8Ga, uepes
KapTpU/DK C HaHECEHHBIMM Ha HETo 5T XJIOpHJa HaTpusd B TBEPJIOM arperaTHOM COCTOSHUH U
yepe3 KapTpHK KOHEUHOH OYMCTKHY I TBEpA0(da3HOM SKCTPaKIIMK 110 THILY c1aboro aHHOHHOTO
obMeHa ¢ HaHeceHHRIMH Ha Hero 40-45 Mr copOeHTa, KapTpHIK KOHEYHOH OUHMCTKH
mocyeAoBaTensHO TpoMbiBaloT SM pactBopoM NaCl u 1,3 Mi IucTHIUTHPOBAaHHOI BOJBI, Ha
BBIXO/IE OTYYaroT KaTHOH 3-X BajieHTHOrO $Ga’";

- Ha BTOPOIA 3Tanle, OTydeHHBIM pacTBOp KaTHOHA 3-X BaneHTHOTrO $Ga’”,

MIOMEINAIoT B peakTop 9, 3arpyxkenssni 0,65 ma 2M noaxucnensoro anerata Hatpus (pH
4,5) u 2 HaHOMOIIA pacTBOpa rerepoaumepa ¢ apdpunaHocthio k [ICMA u penenropy I'PII, cmech
MHKYOUpYIOT B TeueHHe 12 MuHYT mpu Temnepatype 90 °C, mocne 4ero peakilMOHHYHO CMECh
pa3z6aBiIgIOT 5 MJI BOJBI JUIS UHBEKIIUH.

Ilonyuen paguodapmaiieBTUUECKUN Tpenapar s AUArHOCTHKH paka IpeIcTaTelIbHOM
JKeNle3bl METOJOM IO3UTPOHHOM SMUCCHOHHOHM ToMorpaduu, coJepKamuii rerepoguMmep ¢

ab¢unHOCTEIO K [ICMA 1 penienitopy I'PII, o6meit popmysnsr (I)

M
C PpagMOHYKIMJHOM METKOH, B KadeCTBE KOTOPOH HCHOIB3YIOT MO3UTPOH-aKTUBHBII
panuonykmuz %Ga.
3agBnsieMoe M300peTeHHE OCHOBAHO Ha pe3yilbTaTaxX 3KCIEPUMEHTa, IPOBEIEHHOI'O Ha

nabopaTopHBIX MbIIax, TuHUK Balb/c-nu/nu ¢ onyxonsamu PC-3pip kceHorpadTamu.



N306peTeHne WLTIOCTPUPYETCS MPUMEPaMHU.

IIpumep 1.

Xapaxrepuctuka HOBOTO coenunenus [68Ga]Ga-BQ7812 in vitro

CrnenuuuHOCTh MEUEHHOTO TeTepOoAMMEpa MpOBEpsUIM Ha KieTkax omyxomsx PC-3pip,
uMmeromux skcrpeccuro oboux kak [ICMA tak u penenropa I'PII. Konnentpamus pactBopa
[68Ga]Ga-BQ7812 cocraBmana — 40 nM, xoHneHtpanusa Omoxupyromux pactBopoB NOTA-
PEG2-RM26 pns G10KMpPOBKHM pPELENTOpPOB K racTpuH-pwimsuear nentuny IICMA — 1 pM.
MeueHHBI TeTepoAMMEp NPOJEMOHCTPUPOBAN clelU(UIECKOe CBA3BIBaHHE C o0bOeumu
KJIETOYHBIMHM MUIIeHIMHU. C yBeTU4YeHUE KOHIIEHTPAI[UN MEUYEHHOTO TeTepoAUMeEpa HabIoaaIoch
YMEHBIIEHUE OTHOCUTENBHOTO CBS3bIBAaHUA €T0 ¢ KJIEeTKaMU. Pe3ynbTaThl NpeACTaBiICHB Ha
¢wur. 1.

HccnemoBanme cBaseiBaHua [68GalGa-BQ7812 ¢ xiaerkamu PC-3pip paka
IIPEICTAaTEIbHOM JKele3bl M3ydaloch B Te4eHHE 3-X 4acoB. CBA3bIBaHHE XapaKTEPH30BAIOCh
OnIcTpoif kMHeTHKOH. B TeueHMe mepBOro 4daca aKTUBHOCTh, CBf3aHHAs ¢ KJIETKaMHU. JTOCTHUITIA
75% or MakcuManbHOM HaOmomaeMod npu HMHKyOanmuu B TedeHHe3-x dYacoB. M3mepeHue
MHTEpHAJIM30BaHHOM aKTMBHOCTH, IPOBEIEHHOE 4epe3 3 dYaca Mocie Hadala HHKyOaruy,
mokasajo, 4ro 25% aKTUBHOCTH acCOIMHPOBAHHOW C KJIETKaMH OBUIO HWHTEPHAIM30BAaHHO.
ITomyueHHbIe pe3yabTaThl TOKA3BIBAlOT Ha (UT. 2, 9TO MEYEHHBIN TeTepouMep UMEET OBICTPYIO
KMHETHKY CBS3BIBaHUSA HEOOXOMUMYIO Juil Buiyanusupyronero POII ¢ GrIcTphIM BHIBEIEHHEM.
OTHOCUTENRHO BBICOKAs CTENEHb MHTEPHAIM3AIMM IpernapaTta I MOJEKYNbI, COCTOSmeN u3
uaruburopa IICMA u antaronucra penenropa I'PII, Takxke NOMKHO MONOXUTENHHO BIHATH Ha
yllep>KaHHe Ipernapara B OIIyXOJIM U IOBHINATh KOHTPACT.

IIpumep 2.

XapaKTepucTHKa HoBoro mpenapara[*Ga]Ga-BQ7812 in vivo:

BEICOKas MArHOCTHYECKas IPUTOAHOCTE HOBoro coenunenus [#Ga]Ga-BQ7812 6nu1a
IIPOZIEMOHCTPUPOBAHA MPH U3YIEHUH €T0 PacIpeaesieHUs B OpraHU3Me SKCIIEPUMEHTAIbHBIX
JKUBOTHBIX J1abopaTopHbIX MbImielt ntuauM Balb/c-nu/nu ¢ kceHorpadTamMu KJI€TO9HOI TUHUK
PC-3pip co3ganHOlM Ha OCHOBE YEJIOBEUECKOTO paka MpeICTaTeNsHOM skene3sl. Ha ¢gur.3 (A)
IIPEJICTAaBICHO HAKOIUIEHHE paano¢apMalieBTHIECKOT0 Mpernapara B OIyXOJIU U BHYTPEHHUX
opraHax Kak % BBEJICHHOU akTUBHOCTH Ha 1 r TkaHu. OTMe4aeTcsa BRICOKHI YPOBEHb HAKOILICHUS
[8Ga]Ga-BQ7812 no cpasHeHuUIO ¢ OHOBOH akTUBHOCTHIO. Ha dur. 3 (B) moka3aHO BEICOKOE
COOTHOIIECHUE KOHIIEHTpalui paguodapMalieBTHIECKOTO IIpenapaTa B OIYXO0JIH U OKPYKAFOIIUX
OpraHax U TKaHSIX, YTO CBHJETEILCTBYET O BRICOKOM KadecTBe [IOT u3obpaxkeHus omyxomu.

IIpumep 3.
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XapakTrepucTika HoBoro npenapara [Ga]Ga-BQ7812 in vivo:

Ha ¢ur. 4 npeicTapieHa BU3yalu3alus HaKOIUIEHMS HOBOTo coenuHeHua [®3Ga]Ga-
BQ7812 B kceHorpadre omyxomu PC-3pip, skcnpeccupylonmieil Ha HOBEPXHOCTH PEHENTOPHI
racrpuH-pwin3uHr nentuna U IICMA, y meimeit nuauu Balb/c-nu/nu. Ilocne BHyTpuBEHHOTO
BBEJCHUA paguodapMaIieBTHIECKOTO Mpenapara yxe depe3 1 ac oTMedaeTcs ero BKIIOYEHUE B
OIIYXOJIEBYIO TKaHb C MOJIydeHHEM BbhIcOkokadecTBeHHOTO IIOT u3obpaxenus. ®uznonoruaeckas
akkymymsanusas POII ormedeHa B modkax M MOMKEITYAOYHOM >Kele3e — OpraHax, HMMEOIIUX
peuenrtopsl k IICMA (nouxu) ¥ racTpyUH-pUIN3UHT NenTUay (HOoMKenyaoqHas xenes3a). Uepes 3
uaca mocne BeedeHus [°°Ga]Ga-BQ7812 orMeuaercs yMepeHHOE CHIDKEHME HaKOTLICHHUS
paauodapMaleBTUIECKOTO IIpenapaTa B OIyXOJIM U IToYKax. TeM He MeHee, COXpaHAeTCs BICOKas
KOHTPacTHOCTh H300pa)KeHHs OITyXojiM Olarojaps WHTEpHAIM3allMM MEYEHHOTO BEIECTBa B
KJIETKaX OITyXOJIH.

XapakrTepn3anus in vivo:

PesynarTatel Tecta Ha in vivo crnenupuIHOCTH HpeacTaBieHbl Ha ¢ur.S5. Ilornomenue
aKTUBHOCTH B «HEOJIOKMpOBaHHOW) rpymme (MHbenupoBaHHON 40 pmol MedeHoro reTepoIuMepa)
CpaBHHBAJIM C 3aXBaTOM B IpyIe, HHBEIIUPOBaHHON coBMecTHO ¢ 5 nmol cBasyromero IICMA
(PSMA-617), u B rpymnme, COBMECTHO MHbeIHMpoBaHHON 5 nmol ceasyromero penenrop I'PII
(RM26). CoBmecTHast HHBEKIUS OOOMX areHTOB NPUBOJUT K 3HAUUTEILHOMY CHUXEHHIO
MIOTJIONICHUS. aKTUBHOCTH B OIYXOJSAX, COBMECTHas WHBEKIMSA cBa3yromero BemectBa [ICMA
3HAYUTEIHHO CHUXKAET IMOTVIONIEHNE aKTUBHOCTH B IOYKaX, OpraHe ¢ SHIOI'€HHOM jKcmpeccueit
IICMA, a coBMmecTHas UHBEKIUA CBA3yromero BemectBa peuentop I'PII 3HaunTeNnbHO CHMKAET
MOTJIONICHUE AKTUBHOCTH B MOJDKEIYJOYHON XKelle3e, OpraH ¢ DSHAOICHHON JSKCIpeccHuei

penentopos I'PIL
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®opmyaa n3odpeTreHun

1. PamodapmaneBTuueckuif  mpemapar JAJIi  JAMarHOCTUKM  paka
IIpEICTAaTeNIbHOM Kejle3bl METOJAOM IO3UTPOHHOM AMHCCUOHHOW ToMorpaduu,
cojepxkanmii rerepogumep ¢ adpPUHHOCTEIO K mHpocTaTcHelpUIeCKOMY
MeMOpanHoMy aHTUTeHY (IICMA) 1 penentopy ractpun-punusuar nentuaa(l PII),

obmeit popmyansi (I)
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C paI[I/IOHYKJIPII[HOﬁ MCTKOﬁ, B Ka4UCCTBC KOTOpOﬁ HCIIOJIB3YIOT HOBI/ITPOH-aKTPIBHLIﬁ

panuonykmuz %Ga.

2. Cmoco6 mnomydeHus paguodapMalieBTUIecCKoro Iipemapara mo 1. 1,
3aKJII0YANOIIUcA B MEdeHIH reTepoiuMepa ¢ apduanocThio K [ICMA 1 pertenitopy
I'PII, TO3WTPOH-aKTUBHEIM  PaJHMOHYKIHAOM  %Ga, TIyTeM  CHHTE3a,
OCYHIECTBIISIEMOTO B /IBa dTarna:

- Ha IEPBOM 3Talleé OCYNIECTBISIOT 3IOMpoBaHKMe TeHeparopa %Ge/*®Ga
IyTeM IIponycKaHUsA dYepe3 KOJIOHKy reHepatopa pactBopa HCl 0,1M, B
JIO3UPOBKE 8MJI, IIOCIEJ0BATEIBHBIM NPONYCKaHMEM D3JII0aTa, COJACPXKaIIero
usoton %Ga, depes KapTpUIX ¢ HaHECEHHBIMH HAa HETO 5T XIIOpHJa HATpHs B
TBEpJIOM arperaTHOM COCTOSHUM M dYepe3 KapTpWIK KOHEYHOM OYMCTKH I
TBepAO0(]a3HOIM SKCTPAKIMY IO TUITY c1aboro aHMOHHOTO 00MEHa C HaHECEHHBIMU
Ha Hero 40-45 mr copbeHTa, KapTpu/K KOHEYHOM OYMCTKH IOCIEAO0BaTEIHHO

npoMeiBaioT SM pactBopoMm NaCl, u 1,3 M1 IUCTUIIIMPOBAHHO BOJBI, Ha BRIXOJIE



TIONY4aroT KaTHOoH 3-X BajeHTHOro %Ga’*;

- Ha BTOPOM 3Tale, TONYYEHHBIM pacTBOp KaTMOHa 3-X BaleHTHoro ®3Ga’*,
TIOMENIAIOT B peaKTop, 3arpyxeHusiii 0,65 M1 2M MOAKUCICHHOTO alleTaTa HaTpus
(pH 4,5) u 2 nMol pactBopa rerepogumepa ¢ apdunnoctsio k IICMA u penientopy
I'PII, cMech HHKYOUPYIOT B TedeHue 12 MunyT npu Temmeparype 90°, mocie gero

PEaKIIMOHHYIO CMECh pa30aBIIIIOT 5 MJI BOJIBI I MHBEKIIWA.



% o1 pobaBneHHOW aKTMBHOCTH

% 0T goBagneHHOR ARTHERDCTH
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PagnodapmanesTH4ecKH npenapar ajas
AHATHOCTHKH PAKA NPEACTATE/IBHOM KeJIe3bl
METOAOM NMO3ZUTPOHHOH IMUCCUOHHOM

ToMorpadpuu u crnocod ero MOJyUeHus!
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®Pur. 1

1 nM [®Ga]Ga-BQTE12

4=  CymMMapHas aKTHBHOCTb
4= AKTUBHOCTbL Ha KNeTOUHbIX MemBpaHax
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PagnodapmanesTH4ecKH npenapar ajas
AHATHOCTHKH PAKA NMPEACTATEIBHOH JKeje3bl
MeTOAOM MO3UTPOHHOH IMUCCHOHHOH

ToMOrpadhuu u cnocod ero NOJy4eHus
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PagnodapmanesTH4ecKH npenapar ajas
AHATHOCTHKH PAKA NPEACTATEILHON KeJe3bl
MeTOAOM NMO3UTPOHHOH IMUCCHOHHOMU

TOMOTpadhuu H crocod ero NOJy4YeHUs

Mpib 1 (1 wac | Mbimb 2 (1 wvac | Meimb 3 (3 yaca | Meis 4 (3 uaca

HOCJIC BBCACHHUA IMOCJIC BBCACHUA HOCJIC BRCACHUA IIOCJIC BBCACHUA
POI) POII) POI) POI)

®Dur. 4




PagnodapmanesTH4ecKH npenapar ajas
AHATHOCTHKH PAKA NPEACTATE/IBHOM KeJIe3bl
METOAOM NMO3ZUTPOHHOH IMUCCUOHHOM

ToMorpadpuu i crnocod ero NoJay4eHust

1 4, [*®Galca-BQ7812

EE He GNokMpoBaHHBIA
e~ FF BROKMpOBaHHbIA GRPR
L BrnokuposaHHsin PSMA
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