ABOUT THE JOURNAL

The “Pharmacy Formulas” journal complies with modern standards
and requirements of domestic and foreign legislation for peer-
reviewed scientific publications.

The journal publishes reviews, unique research articles, theoretical
and methodological works, brief reports, results of dissertation
research for the degree of Philosophy Doctor and for the degree
of Full Doctor, methodological materials for practical activities and
training of employees in pharmaceutical and related specialties.

The subject of published materials is limited to two branches of
science — Medical and Biological — and three corresponding scientific
specialties (03.02.00 General Biology, 14.03.00 Biomedical Sciences,
14.04.00 Pharmaceutical Sciences) in accordance with the Order
of the Ministry of Education and Science of the Russian Federation
of October 23, 2017 No. 1027 “On approval of the nomenclature of
scientific specialties, for which academic degrees are awarded” and
the Order of the Ministry of Education and Science of the Russian
Federation of December 12, 2016 No. 1586 (edited March 27, 2018)
“On approval of rules for forming a list of peer-reviewed scientific
publications”.

Infrastructure support

Given the favorable development of the industry’s venture infrastructure
and a favorable regime for state investment in science, Russian companies
that create innovative products and compete in the global market need
to develop their information infrastructure. This includes developing and
maintaining an information database on ongoing research, obtaining
information about all export support programs — Export Promotion Cellin the
Pharmaceutical Division, organization of Biotechnology Parks and Biotech
Incubation Centers. In particular, for the development of pharmaceutical
research.

To present the results of high-quality scientific research to the reader, we are
ready to take the responsibility for preparing articles to adhere to the journal
requirements, high-quality review of scientific articles, preparing articles for
publication, providing opportunities and science communication for the
founders of the journal to promote their articles.

From the first issue of our journal, the authors will be able to use the
journal website; obtain the Digital Object Identifier (DOI) of the manuscript
immediately after uploading it to the website; unique author Open
Researcher and Contributor ID (ORCID); use professional social networks
source (Google Scholar, ResearchGate); repositories; open electronic
archives; bibliography management system; social media; be registered
as a reviewer; get assistance in preparing materials for mass media (press
release, interview).

The journal’s publishing house has direct information transmission channels
to the RSCl and well-known international databases: Scopus, Web of Science,
PubMed and CNKI.

Editorial policy

Our journal is focused on clinical pharmacology; professionals of
expert organizations; employees of the centers of pre-clinical and
clinical studies of drugs; employees of regulatory and supervisory
organizations and institutions in the pharmaceutical industry and
the Federal Service for the Oversight of Consumer Protection
and Welfare (Rospotrebnadzor); researchers, medical and
pharmaceutical workers of organizations and institutions of the
Ministry of Health of the Russian Federation; experts of Russian
Academy of Sciences (RAS) scientific organizations and other
environmental security researchers.

The Editorial Board’s activities are aimed at meeting the needs of
readers and authors, while respecting their rights and legitimate
interests.

Intellectual work of scientists is recognized as the highest value,
the decision-making is predominantly based on the need to assist
the author in improvement of his/her scientific work. The Editorial
Board is responsible for the quality of published scientific articles.
Besides, support initiatives to reduce the number of misconduct in
scientific research and violations of ethical standards.

Negative results obtained by authors in the course of research are
not an obstacle for the article to be published in the journal.

The Editorial Board encourages scientific discussions and exchange
of experience on the pages and website of the journal.

The Editorial Board pays great attention to the distribution of
electronic versions of the journal and providing access to it to the
largest publishers of scientific journals in the world.

The main goal of the founders and editors of the ‘“Pharmacy
Formulas” journal is to promote the development of modern
domestic science.

The journal as a network publication is published with the
support and participation of the Saint Petersburg Chemical and
Pharmaceutical University of the Ministry of Health of the Russian
Federation.

Publisher resources

For detailed information on the journal and its policy, see the
mandatory sections of the printed edition and on the open
access journal website.

The journal website meets all the requirements of the
international bibliographic database. A full electronic document
flow for authors, reviewers, scientific and literary editors is
carried out on our platform.

fmny www.simeden.ru Info-formulas@
¥ / www.journals.eco-vector.com/PharmFormP > mail.ru

www.facebook.com/ +7 (903) 092-50-75
PharmacyFormulas2019 WhatsApp, Viber, Telegram



OT PEQAKLIUU
FROM THE EDITOR

PaboTa aBTOPOB Hay4HbIX CTaTel U Y4/1€HOB pesAaKLu-
OHHOM KO/I/Iernn B yC/IOBUAX [,0MO/THUTE/IbHBIX Harpy30K Ha
obpa3oBaTe/ibHY0 U HaY4HYIO AeATe/IbHOCTb He OCTaHOBU-
/1a peann3aLmio N1aHoB pegaKLnu.

HanpoTue, BO3pOClIaA BaXXHOCTb Hay4HbIX ny6au-
Kauuil B peLieH3MPyeMOM XypHa/se B YC/10BUAX r106asb-
HOMO WM3MEHEHMA CTPYKTYPbl WMCTOYHMKOB
MHGOPMaLMK MO aKTya/lbHbIM BOMpOCam
SKCMEepPUMEHTa/IbHOM U K/AMHUYECKON Me-

AMLMHBI He Bbl3blBAa€T COMHEHMIA. B yacTHO-

CTU, peasibHaA MpaKkTUKa MOKasbiBaeT, 4YTO

mHopmauma no Bonpocam 3PPeKTUBHO-

CTV NPOPUNAKTUHECKUX U/U /1e4eBHbIX BO3-

AEVCTBUM, Ba/UAHOCTU AMAFHOCTUYHECKUX

MeTO/0B, U3/10XEHHaA B BUAE npecc-penu-

30B, pernoctos, O/10repckux coobLyeHui,
TE/NE€BU3MOHHBIX LWOY U T.M., U306MnyeT Hef0CTOBEPHBIMU
CBe/,eHUAMMU, @ UHOTAA M NOTEHLMA/NIbHO OMACHBIMU OWN6-
Kamu. Hepeako B cOOBLLLEHNAX MPUBOAUTCA CCbI/IKA Ha pe-
MPUHTHYIO PYKOMKWCb, KOTOPaA He A0/1Ha nybAnkoBaTbCA
B CpeAcTBax mMaccoBoi MHopmaumu. Mel Hageemcsa, 4YTO
HallM YMTaTe/ M, COCTOABLUMECA U MOTEHLMa/IbHble aBTOPbI
OCO3HAIOT, 4TO TO/IbKO CBe/AeHUsA, Onyb/nMKOBaHHbIE B BUje
pe3y/bTaTOB OPUIMHA/IbHBIX UCC/eA0BaHUIA AN nX 0630-
poB noc/se o6A3aTe/IbHOr0 peLeH3npoBaHUA, MOTYT ObiTb
MCMNO/Ib30BaHbl MPU MPUHATUM MHAMBUAYA/IbHBIX Bpaveb-
HbIX pelleHul, ynpaB/eHYeCKUX pelleHuit UM cocTas/le-
HUW peKOMEeHAaLNit.

BaHbIM 3/1€ MEHTOM, CMOCOOCTBYIOLLMM MOBbILLEHWIO
YPOBHA Hay4HOM 0H6OCHOBAHHOCTM PaboTbl, ABAAGTCA CO-
6a0aeHne cTaHgapTa nybauvkaumu. B HacToAwee Bpems
MEXAYHapOAHbIM Hay4HbIM COObLIEeCTBOM MPUHAT PpAg,
CTaHAapTOB AaA Ny6/AuKauuii pes3ynbTaToB UCC/1e0BaHNMI
pasHoro awusaiiHa. Hanbosiee akTya/ibHbIMM CTaHAapTamMu
asasaoTcA CARE — 4218 ONMMCaHUA KAMHUYECKOro c/1y4vas,
CONSORT - ana nybavKauuMu pesy/bTaTOB PaHAOMMU3U-
poBaHHOro ucnbitanuda, STROBE - gasa o6cepBalMOHHOrO
nccnegoanusa, STARD — aaa nccaeoBaHuA TOYHOCTU Me-
Toga auarHocTuky, PRISMA - gna cuctemaTmyeckoro ob-
30pa u MeTaaHanu3a, SPIRIT — a4s1A onyb6/AnKoBaHWA Npoek-
Ta MPOTOKO/1a KAMHUYECKOro UCMbITaHUA. B Tekyliem rogy
naaHupyeTtca opuLmMaibHOE U3gaHue nepeBoda CTaHAapTa

PRISMA Ha pycckuii A3bIK, OCTa/ibHble ByAyT NMoka AocTyn-
Hbl HA @HI/IMIMCKOM W/N APYIUX A3bIKAX.

Hawm pegakTtopbl U peLeH3eHTbl MOHUMAIOT, YTO He-
peAKo MOTMBOM (/1A HamucaHuA paboTbl AB/AETCA Heob-
XOAMMOCTb CaMOBbIPaXKeHUA aBTOpa. OTO O4YeHb XOPOLLMIA
MOTMB, 1 Halla peLeH3noHHaA paboTa 3ak/to4vaeTca B Mo-
MCKe KOMMPOMMCCa Mexay Opu-
rMHA/IbHOCTbIO aBTOPOB U Lie/1e-
coobpasHocTblo  cob/togeHun
ME¥AyHapOAHOro cTaHgapTa.

Hukonai E¢pumos
3aMecTuTenb MaBHOro
penakTtopa — Hay4YHbIi

penakTop Pepakuun naaHupyer
Nikolay Efimov COBEpLIEHCTBOBATb paborty
Deputy Editor-in-Chief - ~ PELEH3EHTOB, KOTOpaA AB/A-

eTCcA BaXHEeWWMM 3/eMeHTOM
MOBbILIEHWA KayecTBa Hay4HbIX
ny6auvkauyui. He aABnAetca ce-
KpeToMm, 4TO NoA00p peLeH3eHTOB AB/AGTCA TPYAHOM 3a-
faden, Tak Kak 3Ta paboTa Bbino/HAeTCA gratis, To ecTb
ABAAeTCA «ObLeCTBEeHHO-Hay4YHOM». OAHAKo npuB/ieKa-
Te/IbHbIMU CTOPOHAMU 3TOM AeATe/IbHOCTU AB/NAIOTCA BO3-
MOMHOCTb MO/1y4aTb HOBEMLLYHO HAay4YHY MHPOPMALMIO U
MOBbILLIEHWE /IMYHbIX KOMMETEeHLMI N0 BONPOCaM MeTOz,0-
/1I0TMU Hay4HbIX UCCea0BaHui. Pegakumeit obcyxaatoTca
W AOMO/IHUTE/IbHbIE METO/bl MPUB/IEYEHUA PeLeH3eHTOB,
B TOM 4yunc/ae 6osee TeCHOe COTPYAHUYECTBO C niatdop-
Mol Publons, pa3spelueHne HaunC/1eHUA yHETHBIX eAnHUL,
B CUCTEME HEenpepbIBHOMO MeAULMHCKOro obpasoBaHuA
3a BbINO/IHEHME Ka4eCTBEHHOM peLeH3nn.

B HacToALLee BpemMA YMTATe/IAM KypHaa npeAoCTas-
/IAETCA A,0MNO0/IHUTE/IbHAA BO3MOXKHOCTb OCTaB/IATb MOy, Ony-
6/1MKOBaHHOW CTaTbel CBOM KOMMEHTapUM 1 y4acTBOBaTb B
ANCKyCCUM.

Y/eHaMu1 peaKLMOHHOM KO//Iernn U pesakuueit ooy k-
AQAOTCA NYTU NoBbIWeHWA 3PPEKTUBHOCTH paboTbl U pac-
LUIMpeHMe TeMaTUKK Ny6/nMKaumii B HOBOW pybpuKe n3gaHua
«/INCKYCCMOHHaA TpubyHa» C Lie/Ibl0 OpraHu3aLmu Ha caiTe
*KypHana Gopyma ana obcyKAeHnA BONPOCOB, KOTOpPble BO/-
HYIOT YMTaTe/1ei, HO He CBA3aHbI C TeKYLLUMU NMyHAUKaLMAMM.

Mbl LLleHUM UHTEepec, KOTOPbIV NPOABAAIOT K KYpHany
YyuTaTe/IM U aBTOPbI, U NMPU/IOXKUM BCE YCUAUA AA €ro Mno-
BblLLIEHUA. B 3TOM gie/1e HaM O4YeHb MOMOryT BaLLK MoXe/1a-
HWA U PEKOMEHAALMN.

Scientific Editor



The work of the authors of scientific articles and
members of the Editorial Board under the conditions
of additional loads on educational and scientific activ-
ities did not stand in the way of the Editorial Board to
implement the plan.

Instead, the increased importance of scientific
publications in a peer-reviewed journal is beyond
doubt in the context of a global change in the struc-
ture of information sources on topical issues of ex-
perimental and clinical medicine. In particular, real
practice shows that information on the effective-
ness of preventive or therapeutic effects, the validi-
ty of diagnostic methods released by press, reposts,
blogger posts, television shows, etc. is replete with
inaccurate information and sometimes potentially
dangerous errors. Frequently, messages provide a
link to a reprinted manuscript, which should not be
published in the media. We hope that our readers,
regular and potential authors understand that the
information published in the form of the results of
original studies or their reviews can be used only af-
ter mandatory peer review to make individual medi-
cal decisions, management decisions or making rec-
ommendations.

An important element in improving the level of
scientific validity of the work is adherence to the
publication standard. To date, the international sci-
entific community has adopted a number of stand-
ards for the publication of research results of vari-
ous designs. The most relevant standards are CARE
to describe a clinical case, CONSORT to publish the
results of a randomized trial, STROBE for an observa-
tional study, STARD to investigate the accuracy of a
diagnostic method, PRISMA for a systematic review
and meta-analysis, SPIRIT to publish a draft clinical
trial protocol. This year, the official translation of the
PRISMA standard into Russian and further publica-

tion is planned, the rest will be available in English
and other languages.

Our editors and reviewers understand that often
the motivation for writing a publication is the need
for the author’s self-expression. This is a very good
motive, and our review work is about finding a com-
promise between the originality of the authors and
the appropriateness of adhering to an international
standard.

The editors plan to improve the work of review-
ers, which is an essential element in improving the
quality of scientific publications. It is no secret that
the selection of reviewers is a difficult task, since this
work is done by gratis, that is, it is a “social scientific”
one. However, the attractive aspects of this activity
are the opportunity to receive the latest scientific
information and increase personal competencies in
the methodology of scientific research. The editors
are also discussing additional methods of attract-
ing reviewers, including closer cooperation with the
Publons platform, allowing the accrual of accounting
units in the continuing medical education system for
performing a high-quality review.

Currently, the readers of the journal are given an
additional opportunity to leave their comments under
the published article and participate in the discussion.

Members of the Editorial Board and the Editorial
Council are discussing ways to improve the efficiency
of the work and expand the topics of publications in
the new section of the “Forum for Discussion” aim-
ing at developing a forum on the journal’s website
to discuss issues that concern readers, not related to
current publications.

We appreciate the interest shown by readers and
authors to the journal and will do our best to increase
it. In this matter, your wishes and recommendations
will help us a lot.
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UccnepoBaHMe CBOMCTB U aKTUBHOCTU HyK/leas
DfCas9 n DsCas9 B KneTkax ayKapuoT
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AHHOTALUSA. O6bekTaMy JAHHOMO UCCIeA0BaHUS ABNSOTCS ABE HOBble Hykeasbl cemerictBa CRISPR/Cas9,
reHbl KOTOpbIX Obliv HalaeHbl B reHoMax 6aktepuit: DfCas9 n DsCas9. 3Tm Hykneasbl 6bliM HalAeHbl B paM-
Kax paboT, NpoBeneHHbIX KOMMNaHmeln brokaa coBMeCcTHO €O CKOMIKOBCKUM MHCTUTYTOM HayKM U TEXHOMOMUU U
CaHKT-MNeTepbyprcknMM NOIUTEXHUYECKMM YHMBEPCUTETOM MNeTpa Benrkoro B paMkax CornawleHus no rpaHty Mu-
HucTepcTBa 06pa3zoBaHus n Hayku PO (CornaweHne 14.606.21.0006 ot 26 ceHTa6ps 2017 rona). B pamkax storo
cornawenus Hykneasbl DfCas9 1 DsCas9 6biim oxapakTtepur3oBaHbl in vitro cotTpygHmkamm Ckontexa m CMo6IY.

Ha ocHoBe pe3ynbTaToB 3TMX UCCIE00BaHMIA B HacToswen paboTte 6b110 NPOBEAEHO U3yYeHME reHOM-MOAM-
duumMpyroLen HyKneasHom akTMBHOCTM 3TUX (PEPMEHTOB B KJ1IeTKaX MAEKOMUTAKLWMX, @ MMEHHO — Ha Ky/nbType
HEK293. B yactHOCTK, 6blIM NOSTy4YeHbl 3KCMNPECCUOHHbIE FreHETUYECKME KOHCTPYKUMM C Hykeasamm DsCas9 u
DfCas9 n Heob6xoauMbiMu Hanpasnsowmmy PHK (nocneposatensHocTy Hanpasnsowmx PHK 6b11m onmncaHbl pa-
Hee) [1]. Moka3aHa aKcnpeccust 4aHHbIX HYKJ1eas Ha YPOBHe 6es1Ka, a Takke akTMBHOCTb Hykneasbl DfCas9 B nokyce
VEGF2 B knetkax HEK293. TeopeTnyeckoe nccnenoBaHue npoBoauaoCb METOAOM aHamM3a 3apybexxHom 1 oteve-
CTBEHHOW NUTEPATYPbl. IKCMEPMMEHTAsIbHAS YaCTb PaboTbl 6biNa BbIMONHEHA C MOMOLLBK PECTPUKTA3HO-Uras-
HOMO MEeToAa KJIOHMPOBAHMUS, TPAH3UEHTHOM TpaHChEKLMN, METOAA AeTeKUMM SKCnpeccum 6enkoB Western Blot u
MeToOa feTekumm retepoaynnekcHom gsyuenoyveyHorn AHK ¢ ucnonbsosaHmeM T7 SHOOHYKNEa3bl.

KJIIOYEBBIE CJIOBA: reHHag Tepanug, pegaktupoBaHmne reHoma, CRISPR/Cas9, DsCas9, DfCas9, SpCas9, re-
HOMHbIe HyKJieasbl, aKTUBHOCTb U CreundUUYHOCTb HyKNeas, T7 SHAOHYKea3a, reHHble MoanduKaumm

COKPALLIEEHUA:

CRISPR/Cas9 - knactepu3oBaHHbIE, PEryIpHO pasfaeneHHble, KOPOTKMe NasnHApOMHble NoBTOpbl/CRISPR-
accoummpoBaHHbI 6enok 9 (Clusters of Regularly Interspced Short Palindromic Repeats/CRISPR Associated
Protein 9);

DfCas9 - Hykneasa Defluviimonas sp;

DsCas9 - Hykneasa Demequina sediminicola;

CkonTtex — CKOJIKOBCKUIA MHCTUTYT HAYKN U TEXHONOMUIA;

Creny - CaHkTt-Netepbyprckmin NOAUTEXHUYECKUA YHUBEPCUTET UM. [eTpa Bennkoro;

HEK293 - kneTo4Has NTMHUS, Nosly4eHHas 13 aMbpmroHasnbHbIX noyek Yyenoseka (Human Embryonic Kidney 293);

PHK - puboHyKknenHoBas KncnoTa;

OHK - ne3okcmpuboHyknenHoBas KUCNOTa;

SpCas9 - Hykneasa, BblaeneHHas 13 reHoma Streptococcus pyogenes;

ZFN - HyKkneasa, coaepallas AOMeH «LMHKOBbIN naneuy (Zinc Finger Nuclease);

TALE - Transcriptional Activator-Like Effector;

MN.H. — Napbl HYK1€OTUAOB;

AAV - apeHoaccoummpoBaHHble BUpYChl (Adeno-Associated Viruses);

ORF - oTKpbITas paMkKa cuutbiBaHMS (open reading frame);

SaCas9 - HykNeasa, BblaeneHHas n3 reHomMa Staphylococcus aureus;

PAM - npunexalwmin K npotocnericepy Motus (Protospacer Adjacent Motif);



BBEAOEHUE

leHHaA Tepanua — NepCcrneKTUBHOE HanpaB/eHne aeve-
HMA Hac/eACTBEHHbIX 3ab0/1eBaHMil, OCHOBaHHOE Ha BOC-
CTAHOB/IEHUM 3SKCMPeccun MOBPEXKAEHHbIX B pe3y/bTate
MyTaumi reHoB. O4HUM M3 HanpaB/Ie€HWUIA FeHHOM Tepanuu
AB/IA€TCA peAaKTMPOBaHME reHOMa, HamnpaB/eHHOe Ha
ucnpas/ieHne MyTauuii B mosekysnax AAHK, B pesy/abtate
KOTOPbIX BO3HWKAIOT T€ U/ UHble HAac/1eACTBEHHble 3a60-
/leBaHuA.

Ha cerogHAWHMI AeHb CyllecTBYeT PAfd, MHCTPYMeH-
TOB A/1 PeAaKTUPOBaHMA FreHOMa, Takmx Kak ZFN, TALE u
CRISPR/Cas9. Kaxpgana u3 nnatpopm obsagaeT cBOUMM npe-
UMyLLecTBaMU U HegocTaTkamu. Hanbosiee nepcneKTMBHOM
M 4acCTO MUCMO/Ib3yeMOM A4/1A peAaKTMPOBaHUA reHoMa n/iat-
dopmoii ABAAGTCA CMCTEMA Ha OCHOBE MEHOMHbIX HyK/1ea3s
cemeinctBa CRISPR/Cas9. 3Ta cucTema uUmeeT pAg A0CTO-
MHCTB, TaKMX KaK BbICOKAA Fr€HOMHAA aKTMBHOCTb MHOMMX
HyK/1€ea3 CeMeiiCTBa, BbICOKaA CMeyUPU4HOCTb M OTHOCK-
Te/IbHO HM3KaA K/1eTO4YHasA TOKCUYHOCTb.

Hanbosee LWMPOKO wucno/sb3yembiM 6Ge/KoM cemeit-
ctBa Cas9 ABAAETCA HyK/easa, BblAe/IeHHas M3 reHoma
Streptococcus pyogenes. /[laHHanA reHOMHaA HyK/easa yxe
He pas noKasblBasa CBOK 3PPEeKTUBHOCTb U A0CTATOYHO
4acTo BCTpeyaeTcA B paboTax, CBA3aHHbIX C PeAaKTUpO-
BaHueM reHoma [2]. Ho Hapsigy co cBOeit BbICOKOM b dek-
TMBHOCTbIO SpCas9 umeeT 1 HegoCTaTKU. OAWH U3 HKUX — ee
60/blIas MO/EKy/IApHasa Macca U, c/1eAoBaTe/IbHO, A/MHA
KOoAMpYIOLLel ee reHeTUYECKOM OTKPBITOM PaMKK CHUTbIBA-
HWA, KOTOpas cocTaB/AeT 60/1ee 4000 Nap HyKk/1eoTHAoB. B
pe3y/ibTaTe BO3MOXHOCTb 4OCTaBKM FeHa AaHHOM HyK/1easbl
C MOMOLLbIO a4€HOaCCOLMMPOBAHHbIX BUPYCOB OrPaHUYeHa,
NMOCKO/IbKY Npeae/ibHblli pasMep reHoMa ageHoaccouunpo-
BaHHOrO BMpYyCa COCTaB/AET ~4,7 TbIC. M.H., U, nomnumo ORF
A/1A HyK/1easbl, 3TOT FeHOM AO0/IKEeH cogep:kaTb elle pery-
/IATOPHbIE NOC/1eA0BATE/IbHOCTU A/1A SKCMPECCUM HyK/1easbl
W pery/lAaTopHble Noc/1e0BaTe/IbHOCT BUPYCHOIO reHoma.
ELlle 0AHMM BaXKHbIM HE40CTAaTKOM AB/NAETCA TO, YTO HyK/1e-
a3a MMeeT HeA0CTaTOYHYIO A/1A TepaneBTUYeCKoro npume-
HeHUA CneyMPUIHOCTb.

M3-3a 3TUX HEQ0CTaTKOB BeAELTCA MOUCK HOBbIX HYK/e-
a3, KOTopble MMEeKT MeHbLUMI pa3mMep U ABAATCA 6osee
TOYHBIMU U IPPEKTUBHbIMU. TaK, B Hay4yHOW /nTepaType
MOXHO BCTPETUTb HyK/easy Staphylococcus aureus, reH Ko-
TOpo Kopo4e SpCas9 NpMMepHO Ha 1000 NMap HYK1e0TUAO0B
[3]: Nomumo SaCas9 B psAge paboT BCTpe4aroTCcA HyK/1easbl
NmeCas9 (Neisseria meningitidis), CjCasg (Campylobacter
jejuni) n T.a4. [4].

MepeuncaeHHble HyK/1easbl UMEIOT MEHbLUMIM pasmep no
cpaBHeHuto ¢ SpCasg u 06/1a4atoT BbICOKOM crieunduyHo-
CTbO, HO HEe /IMLIEHbl CBOMX HEAOCTAaTKOB. MHOrMe 13 HUx
UMEIOT C/103KHYt0 PAM-NoC/1e40BaTe/IbHOCTD (YTO 3aTPYAHS-
€T TapreTMpoBaHWe), MEHEEe aKTUBHbI U/U/M HA UX UCTIO/b30-
BaHME MMEIOTCA NaTeHTHble OrpaHnyeHna. Mcxoaa ns aToro,
CyL,eCcTBYeT 3anpocC Ha MOUCK HOBbIX HyK/1€a3 HebOo/bLIOoro
pasmepa, npu 3ToM 06/134at0LLMX BbICOKOM aKTUBHOCTBIO U
TOYHOCTbIO.

Moatomy Komnanuern 3A0 «BUMOKA/», coBMecTHO cO
CKO/IKOBCKMM MHCTUTYTOM HayKM U TEXHO/I0rMM, a TaKKe
CaHKT-MeTepbyprckMM MO/IMTEXHUHECKUM YHUBEPCUTETOM
MeTpa Bennkoro, B pamKkax paboT no rpaHTy MuHMUCTEpCTBa
06pa3oBaHua 1 Hayku PO B TeyeHue Tpex /et (corsatueHve
N214.606.21.0006 OT 26 CeHTAGPA 2017 I.) NPOBOAU/CA MO-
MCK ManopasmepHbIx opTosoros SpCasg. CKoATex coBmMeCT-
Ho ¢ CI6MNY 6uoHPopmMaTUHeCKUMM MeTOAAMM OOHAPYKU/U
HOBble Ma/lopa3MepHble HyK/1easbl, HalgeHHble B 6akTepu-
Ax: DfCas9 u DsCas9, 0XapakTepu3oBaAn 3TW HyK/easbl in
vitro (onpeagennau PAM-noc/e0BateibHOCTU AAA AAHHbIX
HYK/1eas, Noc/1e40BaTe/IbHOCTU Hanpas/saowmx PHK), a Tak-
e MoKasa/u, YTO 3Tu 6e/IKM NPOABAAIOT HYK/1€a3HYHO aKTUB-
HOCTb B OTHOLLIEHUM ABYLenoveyHoi AHK in vitro.

MATEPWUAJIbl U METOAbI

K/IoHMpOBaHMe reHeTUYEeCKUX KOHCTPYKUMIA C HyK/e-
asamu DfCas9 u DsCas9

MAasmuabl ANA SKCNPeCccun U3yHaeMblX HyK/1eas u Heob-
XOAMMbIX Hanpas/sowmx (rMaoBbix) PHK Gbiim nosnyyeHs
MeTOA0M PeCTPUKLUMM U AMrMpoBaHuaA. /A 3Toro nocse
nepegayuu naasmug, ¢ Hykneasamm DfCasg n DsCas9 CkonTe-

NEB - 6uotexHonorndeckas komnaHus New England Biolabs, CLUA;
QIAGEN - koMnaHus, pa3pabaTtbiBalollas U Npom3BoAsLLas 060pyaoOBaHUE M pacxoaHble MaTepuasnbl Ans
MOJIEKYNSIPHOW AMArHOCTUKM, Hay4HbIX U (DapMaLeBTUHECKUX UCCIIeN0BaHU;

MUP - nonnmepasHas uenHas peakums;

tracrRNA - TpaHc-aktusupyrowas PHK (Trans-Activating CRISPR RNA);

crRNA - CRISPR-accoumnmpoBaHHag PHK (CRISPR RNA);

GFP - 3eneHbit pnyopecueHTHbIN 6enok;
T7EI - T7 aHpoHykneasa I (T7 Endonuclease I);
SATA - sTuneHaMaMUHTETPAYKCYyCHas KNC0Ta;

NIH - HauuoHanbHbie MHCTUTYTbI 3apaBooxpaHeHns CLUA;
VEGF - sHpoTenuanbHbI pakTop pocta cocynos (Vascular Endothelial Growth Factor);
GRIN2B - NR2B-cy6beamHuua rnytamatHoro NMDA-peuentopa (Glutamate receptor, ionotropic, N-methyl

D-aspartate 2B);
YO - ynbTpadumoner;

SgRNA - oguHo4Has Hanpasnstowasa PHK (Single Guide RNA);
NGS - cekBeHvpoBaHue cnenyrowero nokoneHus (Next-Generation Sequencing);
Mrell - 6enok MenoTnyeckom pekombuHaumm 11 (Meiotic Recombination 11).
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XOM 6bl/1 pa3paboTaH gM3aiiH U 3aKa3aHbl O/IMFrOHYK/Ne0THUAbI
¢ caitamu pectpuKumm Notl u EcoRI Ha 5’-KoHLax.
Mnasmugy CMV-MCS-T2A-GFP-poly(A)-MCS-sgRNA (3A0
«BUOKAL») nnHeapusoBanu sHaoHyKAeazamu Notl u EcoRl
(NEB, CLLA) npu +37 °C B TeyeHue AByX Hacos. loc/e nvHea-
pu3aumm BeKTop 06pabaTbiBasin 10 e/, KULLEYHOW LLe/104HOM
docdarasbl TeneHka (NEB, CLUA) npu +37 °C B TeyeHue 30
MUH. 3aTem pa3sroHaam [HK B 1% arapo3Hom rese u pparmeHT
HeobX0AMMOro pasmepa O4MLLA/M OT re/1A C UCMO/Ib30BaHU-
eM Habopa anAa o4uncTKM PparmerToB /[HK 13 araposHoro
rens QIAquick Gel Extraction Kit (QIAGEN, Fepmanus).
MocnesoBaTenbHOCTU Hykneas DfCas9 u DsCas9 amnau-
duumposaam ¢ nomoubto MUP ¢ ncnoabszosannem AHK-no-
mMmepasbl Phusion Polymerase (NEB, CLUA). AMMIMKOHbI
pasgenanu B 1% araposHOM re/e, O4MLLA/N MX, MOC/1e Yero
o6pabatbiBanm nx pectpuktasamu Notl u EcoRI (NEB, CLLA)
npu +37 °C B Te4yeHue gByx 4acoB. [asee ovumLLanmn pparmen-
Tbl AHK ¢ nomoubto Kommepueckoro Habopa QIAquick PCR
Purification Kit (QIAGEN, CLUA). Mo/ay4eHHble ammIMKOHbI
/MrMpPOBa/IM C pa3pesaHHoi naazmugon CMV-MCS-T2A-GFP-
poly(A)-MCS-sgRNA, onMcaHHoOi BbiLLe, C WUCMO/b30BaHWEM
T4 AHK aurassl (NEB, CLLIA). PacyeT Ko/M4eCTBa aMI/IMKOHOB
u BekTopa npoussoanaca B NEBioCalculator (NEB, CLUA).
MHKYB1pOBanu MrasHyto cmech rnpu +25 °C B TedeHue Haca,
roc/e 4yero TpaHCGOPMMUPOBaA/IN B KOMMETEHTHbIe KaeTKu E.
coli wtamma NEB Stable (NEB, CLLA).
TpaHcdOpMMpOBaHHbIE K/AETKU BblCEBA/M Ha YalLKW C
arapom /lypus-bepTaHu ¢ go6asseHuem amnuumaamta (100
MKF Ha 1 /IMTp rOTOBOM Cpespbl) U UHKYGUpOoBaau npw +37 °C B
TeyeHue 16 4acoB. 3aTeM NPOBOAMN/IN aHa/N3 HaKTepuabHbIX
K/10HOB Ha Hasmuue nAHK, cogeprkalleit LieseByto BCTaBKy, C
nomoLubio TagM AHK-nosmnmepassl (Ankop Buo, Poccus).
Mo/10XKMTe/IbHbIE K/IOHbI 3aCeBa/IN B XKUAKYIO cpeay /lypusa-
BepTtaHu ¢ AobaB/ieHMeM aMnUUUAIMHA U MHKYOUpOBanu npu
+37 °C B Te4eHwme Houu. Beigenanm naasmuanyto AHK ¢ ucnoss-
30BaHWeM Habopa QIAprep Spin Miniprep Kit (QIAGEN, CLLA).
Moc/ie NoNy4eHUs reHeTUYECKUX KOHCTPYKLMI NpoBeps/n
noc/1eA0BaTe/IbHOCTU C MOMOLLIbIO CeKBeHMpOBaHWA Mo CeH-
repy C ucrno/b3oBaHMem cekseHaTopa 3100 Genetic Analyzer
(Applied Biosystems, CLLA) u Habopa BigDye Terminator v3.1
Sequencing Kit (Thermo Fisher Scientific, CLUA).
KnoHupoBaHue n1asmuaHbIX BEKTOPOB C HanpaB/IAoLLIY-
mu (rugosbivn) PHK
Mosy4eHHble nnasmuabl CMV-DfCas9-T2A-GFP-poly(A)-
MCS-sgRNA 1 CMV-DsCas9-T2A-GFP-poly(A)-MCS-sgRNA
(3A0 «BMOKA/») iMHeapusoBanu aHAOHYK/Aea3zamu Xbal
u Avrll (NEB, CLLA) npu +37 °C B Te4eHue 4BYX Yacos. MNo-

c/le AMHeapu3aLuu BekTopa obpabaTtbiBann 10 e/, Kuiley-
HoW wenoyHol pocdartasbl Tenenka (NEB, CLUA) npu +37
°C B TeyeHue 30 MUH. 3aTem pasroHanu IHK B 1% arapos-
HOM rese u pparmMmeHT Heo6X0AMMOro pasmepa o4uLLAIN
OT re/A C WCrNo/Ib30BaHMeM Habopa A/1A OYUCTKU ¢par-
mMeHTOB AHK 13 araposHoro rena QlAquick Gel Extraction
Kit (QIAGEN, CLUA).

MocnepoBatenbHocTH tracrRNA nmMetoT He6o/1bLLION pas-
mep (~110 M.H), NO3TOMY Gbl/M 3aKa3aHbl B BUAE aMM/IMKOHOB
¢ caittamu pectpuruum Xbal u Avrll (cm. Taba. 1).

Mocse nosyy4eHnsa amnInKoHbl 0bpabaTtbiBa/iM pecTpuK-
Tasamu Xbal v Avrll (NEB, CLUA) npw +37 °C B TeyeHue gByx
Yacos. flanee ounwann pparmentsl AHK ¢ nomoLpo Kom-
Mepueckoro Habopa QlAquick PCR Purification Kit (QIAGEN,
CLUA). Mosy4eHHble aMM/IMKOHbI IMFMPOBA/IN C MOpe3aHbIMu
nnasmugamu  CMV-DfCas9-T2A-GFP-poly(A)-MCS-sgRNA 1
CMV-DsCas9-T2A-GFP-poly(A)-MCS-sgRNA ¢ UCMo/1b30BaHu-
em T4 AIHK avrassl (NEB, CLUA). OcTa/ibHble 3Tarlbl KAOHWUPO-
BaHWA aHa/IOMM4YHbl METOAMKE MO/YYeHUA MAIa3MUAHBIX Bek-
TPOB C HyKk/1easamu DfCasg u DsCas9.

Mocne nosnydeHusa n BepuPMKaLMM KOHCTPYKUm CMV-
DfCas9-T2A-GFP-poly(A)-tracrRNA-sgRNA 1 CMV-DsCas9-
T2A-GFP-poly(A)-tracrRNA-sgRNA /MHeapu30BOBa/M UX MO
3HAOHYKNea3am pecTpukuum Nhel u Avrll Tak, Kak oHM 6yayT
BbICTYMNaTb B KayecTBe BEKTOpa A/1A K/1oHMpoBaHuA CrRNA.
Bblgenenune 1 04nCTKY BEKTOPOB NPOBOAMW/IN C MOMOLLBIO FO-
PM30HTA/ILHOrO 3/1eKTpodopesa C Noc/1eAytoLei OHUCTKOM
KOMMep4eCcKUM Habopom.

MocnepgosatenbHoct crRNA nmeroT pasmep meHee 60
M.H., YTO He MO3BO/IAET 3aKa3aTb UX B BUAE aMI/IMKOHA UK
aMnamduumpoBsaTb. [103TOMY Hamu Obl/M 3aKasaHbl A/IMHHbIE
O/IMFOHYKNeOTU DI, COAEpiKallMe 3TU NoC/1e40BaTe/IbHOCTH
n cant pectpukyum Nhel. C 3Tumu npaiimepamu nposoau-
v MNUP ¢ nomouwbto AHK-nosmmepassbl Phusion Polymerase
(NEB, CLLA) (Tabn. 2).

Mony4eHHble $parmMeHTbl pasroHAAM B 1,5% arapo3HOM
rese, noc/ie 4ero no/10Chl HyXXHOrO pasMepa Bblpe3asin 1 Bbl-
AenAnn ¢ noMoLLplo Kommepyeckoro Habopa QIAquick Gel
Extraction Kit (QIAGEN, CLLUA). O6pabaTbiBa/iM pecTpuKTasa-
mu Nhel u Avrll (NEB, CLLA) npu +37 °C B Te4eHwMe 4BYX H4acoB.
[fanee ounwanm ¢pparmentsl AHK C NOMOLLBbIO KOMMepYe-
ckoro Habopa QIAquick PCR Purification Kit (QIAGEN, CLLA)
W IMrMPOBA/IM C MOArOTOB/IEHHbIMM BekTopamn CMV-DfCasg-
T2A-GFP-poly(A)-tracrRNA-sgRNA 1 CMV-DsCas9-T2A-GFP-
poly(A)-tracrRNA-sgRNA. OcTa/ibHble 3Tarbl KJAOHUPOBaHUA
QHA/IOrMYHblI METOAUKE MO/YHeHUA M1a3MUAHBIX BEKTPOB C
Hyk/s1ea3amu DfCasg n DsCas9.

Taba. 1.

MepeyeHb aMMN/IMKOHOB, UCMO/Ib3YEMbIX NP KIOHUPOBaHuM tracrRNA

Table 1.

List of amplicons used in the cloning of tracrRNA

HaseaHue npaiimepa

MocnepoBaTtenbHOCTL OT 5' — 3’

DsCas9-T2A-GFP-tracrRNA-MCS-sgRNA2-MCS

Amlicon_DsCas9_

AAAGGACGAGCTAGCGCCTATCGCTCTGGGAAATGGGCTC
TGCCGCTAACAAGGAGAAACTTGTTGGATCAGGACTCCACA

tracrRNA AGATGAGACGGCTCCCTCGTGGGGCCGTTTTCTTTTTTTTTT

Amlicon_DfCas9_
tracrRNA

TCTAGGCGCATTTCTCGAGTCTAGAAGGT
DfCas9-T2A-GFP-tracrRNA-MCS-sgRNA2-MCS

AAAGGACGAGCTAGCGTCCTAGCAGAAGAAGCGGCGTGGTCTTTCC
CGCGATAAGGTTAAAACCACACCATTGGGGCAGGCTGCGGCCT
GCCCCATCTGTTTTTTTTTCTAGGCGCATTTCTCGAGTCTAG



HasBaHue npaiimepa

U6-2_Dop.Pr_F

Df-VEGF1.R

U6-2_Dop.Pr_F

Df-VEGF2.R

U6-2_Dop.Pr_F

Df-VEGF3.R

U6-2_Dop.Pr_F

Df-VEGF4.R

U6-2_Dop.Pr_F

Df-VEGF5.R

U6-2_Dop.Pr_F

Df-GRIN2B1.R

U6-2_Dop.Pr_F

Df-GRIN2B2.R

U6-2_Dop.Pr_F

Df-GRIN2B3.R

U6-2_Dop.Pr_F

Df-GRIN2B4.R

U6-2_Dop.Pr_F

Df-GRIN2B5.R

U6-2_Dop.Pr_F

DsCas9-VEGF1.R

Tabn. 2.

lMepeyeHb NpaiivepoB UCNo/Ib3yeMbIX 415 amviMduKaumm crRNA

Table 2.

LList of primers used for crRNA amplification

NMocnepoBaTenbHOCTb OT 5’ — 3’
DfCas9-T2A-GFP-tracrRNA-sgVEGF1
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACCTCTGCTCT
GCGAGTGCTGGGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgVEGF2
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACCCCCTTC
TTGGGGGCTTTGTGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgVEGF3
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACCCTGACA
CACCGAAACAGCAGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgVEGF4
TTTTTCTAGGCGCATTTCTCGAGTCTAG

TTGTGGAAAGGACGAGCATGCCTGGCTGTTCGTTTAGGATGGTCCGGGC
TTGGCCACGCCGCTTCTTTTTTCCTAGGGGATCCA

DfCas9-T2A-GFP-tracrRNA-sgVEGF5
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACCTGGGGG
CGAGATGCGCGTGGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgGRIN2B1
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACACTGCCGG
ACATCACCACCAGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgGRIN2B2
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACTCATTGAC
TTCTAAATGCATGCATGCTCGTCCTTTCCAC

DfCas9-T2A-GFP-tracrRNA-sgGRIN2B3
TTTTTCTAGGCGCATTTCTCGAGTCTAG

AAATGGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACACCT
CCTCCCCCCATCTTCAGCATGCTCGTCCTTTCCACA

DfCas9-T2A-GFP-tracrRNA-sgGRIN2B4
TTTTTCTAGGCGCATTTCTCGAGTCTAG

AAATGGATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACCT
TGGCTTCCCAATTTAAGTGCATGCTCGTCCTTTCCACA

DfCas9-T2A-GFP-tracrRNA-sgGRIN2B5
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GATCCCCTAGGAAAAAAGAAGCGGCGTGGCCAAGCCCGGACACGAGG
ATGACAGCAATGCCGCATGCTCGTCCTTTCCACA

DsCas9-T2A-GFP-tracrRNA-sgVEGF1
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCTGGCC
GCAACTAAAAATAAATATGTACTACGCATGCTCGTCCTT

DsCas9-T2A-GFP-tracrRNA-sgVEGF2



®APMALIEBTHYECKWUE HAYKH

U6-2_Dop.Pr_F

DsCas9-VEGF2.R

U6-2_Dop.Pr_F

DsCas9-VEGF3.R

U6-2_Dop.Pr_F

DsCas9-VEGF4.R

U6-2_Dop.Pr_F

DsCas9-VEGF5.R

U6-2_Dop.Pr_F

DsCas9-GRIN2B1.Rev

U6-2_Dop.Pr_F

DsCas9-GRIN2B2.Rev

U6-2_Dop.Pr_F

DsCas9-GRIN2B3.Rev

U6-2_Dop.Pr_F

DsCas9-GRIN2B4.Rev

U6-2_Dop.Pr_F

DsCas9-GRIN2B5.Rev

MocTaHOBKa TpaH3MeHTHOM TpaHcdeKymm KaeTok HEK293

Mocte nosydeHns BCeX KOHCTPYKUMA Oblia mpousseseHa
NOArOTOBKA /11 TPAaH3MEHTHOM TPaHCPEKLIMM B MOZE/IbHble K/1eT-
K HEK293, KoTopble BblpallyBaim Ha nuTatesibHol cpeae Gibco
DMEM, high glucose, GlutaMAX Supplement, HEPES ¢ 10% MHak-
TUBMPOBaHHOI CbIBOPOTKOI FBS (Thermo Fisher Scientific, CLLIA).

Mepean TpaHcheKuymen naasmmabl NacTepusoBaan Mpu
+80 °C B Te4yeHMe 20 MMHYT. 3a feHb A0 MOCTAaHOBKW TPaHC-
deKLMM BbICEA/IN KATKMU Ha 6-TU /IyHOYHbIM N/1aHLLET, Mo 400
TbIC. KNETOK Ha /lyHKy. Yepe3 nATb 4acoB Mbl Hab/togaM
NPUKpPEr/IeHne KAETOK KO AHY /IYHOK U GOpMMpOBaHUe Xa-
paKTepHoi MopdO0rMn A/1A AAHHOM KAETOYHOM AMHKMK. Ha
CeayoLmit AeHb NpoBe/n TpaHCPeKL Mo AMNopeKTaMmMHOM
3000 (Thermo Fisher Scientific, CLLIA) no npoTokoy npows-
BOAMTe/IA. Hepes 72 yaca noc/ie TpaHcPeKLUn NpoU3BOAN/MU
OLEHKY YPOBHA 3Kcnpeccnn GFP ¢ nomoLbio MMKpOCKomna
ZEISS Primovert (Carl Zeiss, FepmMaHus) U MPOTOHHOIO LUTO-
doopumetpa Guava EasyCyte HT (Merck, Fepmanus).

TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCTGGCC
GCAACTTAAAGAATTTAATTCTGATGCATGCTCGTCCTTTCCACAAG

DsCas9-T2A-GFP-tracrRNA-sgVEGF3
TTTTTCTAGGCGCATTTCTCGAGTCTAG

GGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACCAAGATCCGCAGACGTGTAAGCATGCTCGTCCTTTCCACA

DsCas9-T2A-GFP-tracrRNA-sgVEGF4
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACCAAACAAATGCTTTCTCCGCGCATGCTCGTCCTT

DsCas9-T2A-GFP-tracrRNA-sgVEGF5
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACTTTGTGTGTATATATATATAGCATGCTCGTCCTT

DsCas9-T2A-GFP-tracrRNA-sgGRIN2B1
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACGAATCTTTTGCTCCCAAGTGGCATGCTCGTCCTTTCCACA

DsCas9-T2A-GFP-tracrRNA-sgGRIN2B2
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACAGTGGTCCAGGTAGCCATGCGCATGCTCGTCCTTTCCACA

DsCas9-T2A-GFP-tracrRNA-sgGRIN2B3
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCT
GGCCGCAACCTTGTAGTTTAATATTAAGAGCATGCTCGTCCTTTCCACAAG

DsCas9-T2A-GFP-tracrRNA-sgGRIN2B4
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCTGG
CCGCAACGGCAAAATAATTGACATGAAGCATGCTCGTCCTTTCCACA

DsCas9-T2A-GFP-tracrRNA-sgGRIN2B5
TTTTTCTAGGCGCATTTCTCGAGTCTAG

ATGGATCCCCTAGGAAAAAAAGCCTATCGCTCTGGGAAATGAGCTCTGG
CCGCAACTTCCAATATGTGTTCTATTAGCATGCTCGTCCTTTCCACA

Mocie oLeHKkM ypoBHsA SKcrpeccnn GFP 06pasbl KIETOK LieH-
TpudyrvpoBa/m npu 1000 06/mMrH (revolutions per minute, rpm) B
Te4eHue AeCATU MUHYT B LieHTpudyre Eppendorf, 5417 R (Eppendorf,
Tepmanma). Cm/m CyriepHaTaHT 1 momMecTw/m o6pasLipl Ha 80 °C a/in
Noc1eAytoLLIErO BblAe/1IeHNA reHOMHOM IHK C MOMOLLIbO KoMMepye-
croro Habopa DNeasy Blood & Tissue Kit (QIAGEN, CLLIA).

OueHKa sKcnpeccum Hykaeas DfCasg n DsCas9 B KneTKax
aykapuot meTtogom Western Blot

KneTouHble 0cagKu, pasmMopoKeHHbIe Ha /ibAy U OTMbITble
pacTBOpOM XeHKCa, /IM3MPOBa/IN C NMOMOLLBIO /IM3UPYHOLLLEro
6ydepa (RIPA buffer 1X, Merck, Nepmanus) ¢ gobaeneHvem
cvmecu uHrMbutopos npoteas (Protease Inhibitor Cocktail,
Merck, Fepmanus) npu +4 °C B TeyeHne 30 MuH. [lanee Lek-
TpUdYrMpoBasm 20 MUH NMpu 12000 rpm. CynepHaTaHT cMelLla-
v c 6ypepom a1A HaHecenua Pierce™ Lane Marker Reducing
Sample Buffer (Thermo Fisher Scientific, CLLIA) 1 noctasum B
TBepAOTe/bHbIN TepmocTaT (BioSan, /1ateus) Ha +100 °C B Te-
YeHue Tpex MUHYT.



MpuroToBuAM Kamepy 411 6esKkoBoro 3nektodpopesa/WB
(Bio-rad, CLLA), no/makpuaamuzHbii resb asis snektpodope-
3a 6es1koB Mini-PROTEAN® TGX (Bio-Rad, CLLIA), ycTaHOBW/M
B 3/1eKTpOdOpe3Hyto Kamepy. BHecm o6pasLpl M MapKep Mo-
Neky/nApHbIX Macc 6enkos Spectra™ Multicolor Broad Range
Protein Ladder (Thermo Fisher Scientific, CLLA) B syHKM U
MOAK/IOUU/N 3NEKTPOAbI K 610Ky MUTaHUA. N0C/1e OKOHYAHUA
aneKkTpodopesa A0CTa/M re/lb U Pasge/Man Ha fBe 4acTu.
OgHa yacTb 6bl1a ucnosb3oBaHa g4 Western Blot, gpyryto
OKpacu/u pactBopom be/ikoBoro Kpacutena Coumassie blue
(Thermo Fisher Scientific, CLUA).

Cobpam KacceTy ana Western Blot 1 nogritoumam K uctos-
HWKY MUTaHUA CO C/IeAYHOLLMMM MOoKasaTenAamMmM: 60 B, 14 20 MUH.
Mocne nepeHoca oTmbLM MembpaHy PVDF Membrane Filter Paper
Sandwich 0,2 pm Pore Size (Thermo Fisher Scientific, CLUA) (1XTBST
1 1% pacTBOP CyXOro MO/IOKA). 3aTem UHKYBUPOBa/IM C MEpBUYHbI-

Out Primers Name (Forward)

Mu aHTuTenamm Monoclonal ANTI-FLAG® M2-Peroxidase antibody
produced in mouse (Merck, FrepmaHua). [1/18 MPOsB/IEHUS CMeLLa-
/1 B paBHbIX 06bemax peareHTs! Clarity Westem Peroxide Reagent
(Bio-rad, CLLIA) v Clarity Western Luminol/Enhancer Reagent (Bio-
Rad, CLLIA) v HaHeUM CMeCb peareHToB Ha MeMbpaHy. /asiee no-
MeCTWn B TpaHcuitoMmmHaTop FluoroChem 8800 (Alpha Innotech
Corporation, FfepmaHwA) A4/17 OLLeHKM pe3y/bTatoB Western Blot.

OueHKa aKTMBHOCTU HyK/1ea3bl DfCasg u DsCas9 ¢ nomo-
wbto T7 SHAOHYK/1€a3bl.

Hykneasbl DfCasg u DsCas9, npeanonoxutensHo, oyayT
BHOCUTb AiBYXLIENOYeYHbIN pa3pbie B Mo/ekyay AHK. Lenesble
CaliTbl pa3pbIBOB BbIOpa/in 3apaHee, M03TOMY C MO/y4eHHOM re-
HomHoM AHK npoBoanin amnandukaumio ¢ cno/ib3oBaHnem
npaimepos (cM. Tab/. 3), NOAOOPAHHBIX CNeLMasbHO Ha Bbi-
6paHHble /I0KYCbl, MOCTaBU/IN aMMIMGUKALMIO C UCMO/Ib30Ba-
Huem Q5 Hot Start High-Fidelity DNA Polymerase (NEB, CLLIA).

DfCas9-VEGF1_T7.F
TGCTAACACCGCAAGTTCCT

DfCas9-VEGF2_T7.F
GTGGTCCCAGGTCGTTTCC

DfCas9-VEGF3_T7.F
GTGGCCCTGACTTTAGCACT

DfCas9-VEGF4_T7.F
GCTGAGAAGCTGAAAGCCGA

DfCas9-VEGF5_T7.F
TGCTGTGGACTTGAGTTGGG

DfCas9-GRIN2B1_T7.F
GCACTCCTACGACACCTTCG

DfCas9-GRIN2B2_T7.F
AGGGATAAATGCCTTCACGGA

DfCas9-GRIN2B3_T7.F
AAAGAGCCTTCAGGAACGTGT

DfCas9-GRIN2B4_T7.F
GCAGGCAAATGAGGTCTTGTT

DfCas9-GRIN2B5_T7.F

CTAAAGAATTTTCTGGCTGTTGTCC

DsCas9-VEGF1_T7.F
GGTTGACCTTCCTCCATCCC

DsCas9-VEGF2_T7.F GTG-
CAGTTTTTCGAGATATTCCGT

DsCas9-VEGF3_T7.F
AGCTGCGGACATGTTAGGG

DsCas9-VEGF4_T7.F
GTAGCGCTCGGATCCTTCC

DsCas9-VEGF5_T7.F
TCTCCCTGATCGGTGACAGT

DsCas9-GRIN2B2_T7.F

CTTTGTAGGTAAAAGGTGGCAAAT

DsCas9-GRIN2B3_T7.F

ACAGTGTGCAGCATATAAAAGATGT

DsCas9-GRIN2B4_T7.F
ACCTCAGGGGGAGACAACAT

DsCas9-GRIN2B5_T7.F
GGGAAGTCACGACTATAGGATGG

lMepeyeHb NpaiivepoB UCMo/Ib3yeMbIX /15 aMI/IMGUKALIMM Lie/IEBbIX CAlATOB PaspblBOB Taba. 3.
List of primers used for amplification of target break sites Table 3.

Out Primers sequence (Reverse) Product length
caZECEZZféf:éEIZfTTT 949(529/420)
ACCGCCCCAAAACTACA 901(242/659)
GC?CTZZ?AZ‘ESSEXE?TCA 917(263/654)
GCCDAan:z;\\fCGAEI"tT_GTé'ZGG 904(341/563)
TCACCOATCAGRGAGAGAGA 944(336/608)
GGTTCTCCCAGCTTEACTCAR 920(169/751)
GAGCCTAATGGGTTGCTGGT 924(183/741)
GTCACCACGOAGTCAAGETAG 972(792/150)
TCTCAGAGGTGACCTARCTTTGT 934(813/121)
GATE'?EZEE?‘?&E‘G'GTQGA 900(663/237)
AATDGS&ZZXESrFTifZ?ccc 987(717/270)
cchAsch;acsTa/gg:GZKIggTG 909(94/815)
Aegéﬁzéaiﬁﬂ'é/m 956(139/817)
TCC'?:;C\:SCZ-XES:;EZGRACC 1000(170/830)
ae?fggé\éﬁc{,z&:cc 941(160/779)
GCACCAMCCCANCICCATCTA 935(738/197)
AAACCTGCTCAGCAGAGETG 976(795/18)
CCAGTAACCAAGGGGGAACE 919(764/155)
AGGATCTACATCACGTAACCTGT 956(183/773)
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C 1o/y4eHHbIMM pparMeHTamu nocsie  amnaMduKaLmm
NMPOBOANN PeaKLUMIO AeHaTypaLuu-peHaTypaLumm COr/iacHo
NPOTOKONY npousBoauTend ana T7 3HaoHykneaswl | (T7EI)
(NEB, CLLIA) B ABYX nosTOpax (0A1H MOBTOP BbICTYMAET B PO/
KOHTpo/1A). ObLuee KonmyecTBo AHK, ncnosbayemoit 4nd npo-
Be/|eHMA OAHOM peaKuuu, COCTaB/AART 500 Hr. [locse geHaTy-
pauuu-peHaTypauumM B 0bpaboTaHHble 0b6pasupbl A06aBuaM
T7El, mm60 Bogy (419 KOHTPO/IbHBIX 06pa3LoB). [asee nocra-
BW/IM 06pasLbl Ha +37 °C Ha 30 MMHYT, NOC/Ie Yero MHrIMbMpo-
Ba/IM PEAKLMIO C MOMOLLbIO 0,25 MO/b/n DATA (Thermo Fisher
Scientific, CLUA). BHec/m NpOUHKY6GMpOBaHHble 06pasLibl B 2,0%
arapo3Hblii re/b U NpoBe/n 3/1eTKpodopes npu 100 B B Teve-
Hu1e Yaca. [TomecTnm ream B TpaHcu/itommHatop FluoroChem
8800 (Alpha Innotech Corporation, FepmaHusa) A4/A OLEHKM
pesy/ibTaToB.

OueHKy pe3y/bTaToB (MHTEHCUBHOCTU GParMeHTOB) Npo-
BoAW/M B nporpamme ImageJ (NIH, CLLIA), B KOTOpoOI onpese-
/A MIHTEHCUBHOCTL [IHK-$parmeHTOB noc/ie anekTpodopesa
M PaccyMTbIBa/IM NMPOLEHT FeHOMHBIX MOAUPUKALIMIA MO ceay-
towelt popmyne:

% gene modification=100%*(1-(1-fraction cleaved)"?)

PaspesanHyto ¢parumto (fraction cleaved) pacumtbiBaim
no ¢opmyne:

Fraction cleaved=molar ratio2/(molar ratio1+molar ratio2),

rae: Molar ratiot=Intensity1/size1 — mo/sApHOe cooTHOLLe-
HU1e, paccHUTaHHOE A/19 MaXKOPHOro HeHya;

Molar ratio2=Intensity2/size2 — MoAApHOe COOTHOLLIEHME,
paccunTaHHoe aaA cneyuduaHoro 6eHaa;

size 1 - pa3mep PpparmeHTa, COOTBETCTBYIOLLErO HereTepo-
aynaexcron AHK (M.H.);

size 2 — pasmep pparmeHTa, COOTBETCTBYIOLLLErO reTepoay-
naekcHoi AHK (n.H.);

Intensity1 — MHTEHCMBHOCTbL pparmeHTa, COOTBETCTBYHOLLe-
ro HeretepogynaekcHon [AHK;

Intensity2 — MIHTEHCMBHOCTb PparmeHTa, COOTBETCTBYOLLe-
ro retepogynsexkcHon AHK.

PE3YJIbTATbI

Hamu BblM MosyyeHbl reHeTUHeCKMe KOHCTPYKLMM C HyK/le-
asamu DfCasg n DsCas9, npegHasHadeHHble A/1A SKCNPeccm reHoB
B K/IeTKax 3yKapuoT. Moc1eA0BaTe/IbHOCTU AaHHBIX HyK/1ea3 bbln
B3ATbI U3 M/Ia3mMng, nepeaaHHbiX CKO/IKOBCKUM MHCTUTYTOM HayKu
1 TeXHO/IorMM. Cxema KIOHMpOBaHWA Hykieas DfCas9 u DsCas9
onuncaHa B Matepuaziax 1 meTogax. [oMMmo cammx Hyk/1eas, rno-
/ly4€HHbIe BEKTOPA TaKKe SKCNpeccMpoBa/iv Hanpas/atoLLe PHK,
NoAXoAALME MO CTPYKTYPE (/1A B3aMMOAENCTBUA C YKa3aHHbIMM
HyK/1€a3amu, Tem cambiM 0becremBas Bce HeOHX0AMMble KOMMO-
HEHTbI 418 MOANOUKALWM Lie/1eBbIX /IOKYCOB B K/1ETOHHOM reHOMe.

[Aina BepndUKaLum NoNyHeHHbIX FreHEeTUHECKMX KOHCTPYK-
LM MpoBe/In ceKBeHnpoBaHue no CeHrepy C aHa/IMTUHECKOM

pecTpuKumeir. Ha OCHOBe MO/ly4eHHbIX Pe3y/bTaToB MUKK
XpomMaTorpamm 4eTkue, 6e3 LWyma, a no pesy/bTaTtam aHa-
/IMTUHECKOW PEeCTPUKLMM KOHCTPYKLMA C Hyk/aeason DfCaso,
nopesaHHad no caitam pectpukumum Notl n EcoRl, Gbina pas-
pesaHa Ha ¢parmeHTbl, COOTBETCTBYIOLIME TEOPETUHECKM
oXxugaembimM: 5233, 2691 U 632 M.H., YTO COOTBETCTBYET AU-
3aiiHy aKcnepuMeHTa. [/17 KOHCTPYKLMM C HyK/1easom DsCas9,
rnopesaHHom no cavtam pectpukumnm Notl n EcoRI, pasmepsl
dparmeHTOB COOTBETCTBOBA/IM TEOPETUHECKN OXMAAEMbIM:
5233 M.H. U 3149 M.H., YTO TaKXe COOTBETCTBYeT AM3aiiHy
3KCrneprmMeHTa. Ha 3Tom 3Tane mMbl No/y4n/iv ABe n1asmugabl
¢ Hyksneasamu DfCasg u DsCas9. B 3Tux n/a3mmgax Takke
cogepkuTCA reH, kogupytowuii 6en1oxk GFP, cBA3aHHbIN ¢ Hy-
K/lea3amMu B €MHYIO PaMKy CYUTbLIBAHUA Yepes 3/1eMeHT T2A,
B3ATbIN 13 BUpYyca Thosea asigna. brarogapa cBoicTBam a/1e-
MeHTa «Camopaspesaemoro» nentuaa T2A, npu nonagaHum
B K/IETKY C M/1a3MU/Abl SKCMPECCUpYeTCa KaKk HyK/1easa, Tak U
GFP. Mpuyem, noc/1egHnin MOXKET C/YKUTb MapKepoMm 3pdek-
TUBHOCTM TpaHcheKLum [5].

Bblia NpoBeAeHa OLLeHKa 3KCMPeccun No/y4eHHbIX Maas-
MUg, cogepikalimx Hykneasbl DfCas9 u DsCas9, B K/ieTKax
M/IeKoMUTatoLLMX. /117 3Toro 6bl/1a BblbpaHa cTabw/bHaA Kie-
TouHaA mHmA HEK293 (Human Embryo Kidney, clone 293), ko-
TOpaA 4acTo UCMO/b3yeTcA A/1A OLEHKM aKTUBHOCTU hepmeH-
TOB B K/€TKax YesoBeKa. [lpeumyllecTBammn gaHHOM AMHUM
AB/IAETCA MPOCTOE KY/IbTMBUMPOBAHWE U CMOCOBHOCTb K BbICO-
KOMY YPOBHIO 3K30reHHOW 3KCrpeccum.

OueHKy aKcrnpeccun Hykneas DfCasg n DsCas9 B KaeTKax
HEK293 npoBoaw/u ¢ nomolubio Metoga Western Blot. A4
3TOro nposenu TpaHchekumto k1eTok HEK293 niasmugamm,
cogepawumm Hykneasbl DfCasg u DsCas9, no onvcaHHoM B
Matepwuanax n metogax metogmke. B kadecTse oTpulaTe/b-
HOro KOHTPO/A wmcnosb3oaan naasmuay GFP-CellBiolab.
1718 MON0KMTE/IbHOrO KOHTPO/A Ha FLAG-Tar ncno/iL3o8anu
nnasmugy pEE-H6F-cPCSK9, npeaHasHaveHHyto 419 3Kkcnpec-
cum 6enka cPCSK9 ¢ Tarom FLAG. OTmeTnMm, 4To obe Hyk/e-
asbl - DfCasg n DsCas9 - cogepskat FLAG-Tar Ha N-KoHLie, 4TO
MO3BO/IN/I0 BU3Ya/IM3MPOBATh MX IKCMpeccuto H6e3 1cno/ib3o-
BaHMA cneuudUYHbIX A8 AaHHbIX HYK/1€a3 aHTUTen.

Moc/e CHATUA KNETOK NPOBe/N OLLeHKY SPPEKTUBHOCTU
TpaHCPeKLMU C UCNO/Ib30BaHNEM NPOTOYHOIO LUTO(GAyOpH-
meTtpa GUAVA. AHa/M3MpoBa/n MPOLLEHT Mony/aauun Kiae-
TOK, cogepawnx GFP. Kaxaplit obpaseL, usmepsanm B Tpex
TEXHWUYECKMX MOBTOPHOCTAX (KO/IMYECTBO aHa/U3UPyeMbIX
COBbITHI — He MeHee 3000). Pe3y/bTaTbl NpeACTaB/ieHbl B
Tab/uue 4.

Mocne 3Toro ocaAkm TpaHCPELMPOBAHHBIX K/NETOK UCMO/1b-
30Ba/IM A/11 aHa/IM3a SKCNpeccun Hykaeas metogom Western
Blot no onu1caHHoM Bbile MeToauKe. Pe3ybTatsl Western Blot
npeACTaB/IeHbl HA PUCYHKeE 1.

Tabn. 4.

MpoueHT nony/Aumm KAeTok, cogepatumx GFP

Table 4.

Percentage of the cell population containing GFP

° HasBaHue nnasmuabl, KOTOPOW MpoueHT GFP+ KneTok B nonynaummn
N2 n/n o CpepHee 3Ha4yeHue
TpaHcheumnpoBann KNneTku YXKUBbIX KNETOK, 3 noBTOpa (%)
1. OTpUUATENbHbI KOHTPOJb 0,05 0,10 0,24 0,13
2. GFP-CellBioLab 84,76 84,64 85,10 84,83
3. pEE-H6F-cPCSK9 0,54 0,20 0,34 0,36
4. DsCas9-T2A-GFP 67,40 68,13 67,88 67,8
5. DfCas9-T2A-GFP 74,63 72,56 70,44 72,54




Puc. 1. PesyabTaTbl aHa/M3a sKcnpeccum Hyk/eas metogom Western Blot
Fig. 1. The results of the protein expression analysis with Western Blot

Ha aTom pucyHke:

A) MapKep MO/IEKY/IAPHbIX MacG;

B) Pesy/ibTat nposieieHust membpaHbl nocie Western Blot;

2 - m3at HEK293, TpaHcdelpoBaHHbIX n1asmuaon pEE-
H6F-cPCSK9, ncnosb3oBanm B Ka4ecTse KOHTPO/A Ha FLAG-
tag. Oxungaembliit pasmep 6e/ka - 54,6 K/a;

3 — s/m3at HEK293, TpaHcdeumpoBaHHbIX M1a3mMMAON C
SpCas9, paamep He/1Ka — 160 K/a;

4 — OTPULLATE/IbHBIN KOHTPO/Ib (/33T He TpaHcheLmpoBaH-
Hbix HEK293), 0xk1aaembiit pasmep 6e/1Ka — HeT;

5-/m3at HEK 293, TpancdeLppoBaHHbIx n1asmuaon DsCasg-
T2A-GFP, pa3mep 6e/1ka — 116 K/lg;

6 —/m3at HEK 293, TpaHcdeuppoBaHHbIx n1azmmnaon DfCasg-
T2A-GFP, pa3mep beska — 122,3 K/la.

Mocne nonyyenuna pesyabtatoB ¢ Western Blot 6biim
3an/1aHMpoBaHbl  K/IOHUPOBAHMA KacceT A/1A 3KCIpeccunm
tracrRNA B KOHCTPYKUMM C Hykaeasamu DsCas9 m DfCas9.
Cxema K/n10HMpoBaHusa tracrRNA B reHeTU4ecKyrto KOHCTPYK-
umto DsCas9 aHasormyHa cxeme K/I0HMPOBAHUA CaMMX Hy-
K/1€a3 ¢ TeM OT/IMYMEM, YTO NMoc/1e40BaTe/IbHOCTb tracrRNA
3aKasblBa/slacb B BUAE aMI/IMKOHA, U PECTPUKLIMIO MPOBOANAN
c nomoLpto pectpukTas Avrll u Nhel.

BepudmKaLmio njasmmug npoBOAN/IN CEKBEHMPOBAHUEM MO
CeHrepy 1 aHaMTUYECKOW pecTpuKLmeit. [1o pesy/ibTaTam aHa-
/IMTUYECKOM PeCTPUKLMM NO caliTam pecTpukumm Notl n EcoRI
naasmuga ¢ DfCasg-tracrRNA gasa ¢pparmeHTbl, COOTBETCTBY-
IoLLIMe TeOPeTUHECKM OXMAAEMbIM: 5320 M.H., 2691 M.H. 1 632
n.H. Nrasmmaa ¢ DsCas9-tracrRNA, nopesaHHas no caiTtam pe-
crpuKumm Xbal, Nsil v EcoRI, Takke gana pparmeHTbl, COOTBET-
CTBYIOLLIME TEOPETUHECKM OXMAAEMbIM: 3723 M.H., 2828 M.H. 1
1934 N.H., 4TO COOTBETCTBYET AM3alHY SKCMEPUMEHTa.

AaneeccaittaGenBank[6]B3sa/mnociesoBaTe/IbHOCTUTE-
HOBVEGF-3HA0TeManbHoropaktopapocracocysos(Homep
nocnegoate/ibHOCTM NG_008732.1) u GRIN2B — NR2B-cy6b-
eauHuua raytamatHoro NMDA-peuenTtopa (Homep noc/e-
poBatenbHocT NG_031854.2). Ha 0cHOBE AaHHbIX noc/1e0-
BaTe/IbHOCTEN NMogo06pann BPYYHYIO MOC/1e40BaTe/IbHOCTU
CrnencepoB A/1A Ka)Aoro LeneBoro reHa obeux Hykneas.
MocneapoBaTenbHOCTM NOABMPaaM Tak, HTOObI OHU Npu/era-
/M K nocanegosartenbHoctAM PAM, npegocTas/ieHHbiM CKO/-
TexXoM. [NA Kaxaom Hykneasbl Oblau BbiOpaHbl NATb Noc/e-
AoBaTtenbHoCTel ¢ reHa VEGF 1 nATb noc/iegoBaTe/ibHOCTEN
c reHa GRIN2B. B cymme no gecAaTtb noc/iegoBaTe/IbHOCTEN
crRNA Ha Kaxayto Hykaeasy (cm. Taba. 5). KaoHupoBaHue

lMepeyeHb NocIeA0BaTe/IbHOCTEN Lie/IeBbIX CAlTOB pa3pbiBoB M PAM faor 5
List of sequences of target break sites and PAM rables:
Hykneasa leH HasBaHue crRNA MocnepoBaTtenbHOCTb CrRNA PAM
crRNA-GRIN2B1 TGGTGGTGATGTCCGGCAGT
crRNA-GRIN2B2 ATGCATTTAGAAGTCAATGA
GRIN2B crRNA-GRIN2B3 TGAAGATGGGGGGAGGAGGT
crRNA-GRIN2B4 ACTTAAATTGGGAAGCCAAG
crRNA-GRIN2B5 GGCATTGCTGTCATCCTCGT
DfCas9 GGGCACT
crRNA-VEGF1 CCAGCACTCGCAGAGCAGAG
crRNA-VEGF2 ACAAAGCCCCCAAGAAGGGG
VEGF CrRNA-VEGF3 TGCTGTTTCGGTGTGTCAGG
crRNA-VEGF4 CTGGCTGTTCGTTTAGGATG
crRNA-VEGF5 CACGCGCATCTCGCCCCCAG
crRNA-GRIN2B1 CACTTGGGAGCAAAAGATTC
crRNA-GRIN2B2 CTGAGCCCAAAAGCAGTTGT
GRIN2B crRNA-GRIN2B3 CGCATTCTGACTGCAAATCC
crRNA-GRIN2B4 TTCATGTCAATTATTTTGCC
crRNA-GRIN2B5 TAATAGAACACATATTGGAA
Dscas? crRNA-VEGF1 TTACACGTCTGCGGATCTTG TACAA
crRNA-VEGF2 GCGGAGAAAGCATTTGTTTG
VEGF crRNA-VEGF3 ATTTTATATACAAAAACCGG
crRNA-VEGF4 TATATATATATACACACAAA
crRNA-VEGF5 ATCAGAATTAAATTCTTTAA




®APMALIEBTHYECKWUE HAYKH

crRNA ocylecTs/A/10Cb AOBELIMBAHUEM MOC/1€40BaTe/b-
HOCTU O/IMFOHYK/N€OTUAAMU C CAalTOM pecTpuKumu Xbal B
reHeTUYeCcKMe KOHCTPYKLUKM C Hyk/1eazamum DsCasg u DfCasg.
BepuduKauuio naasmug npoBoAU/IN CEKBEHUPOBAHWEM MO
CeHrepy 1 aHa/IMTUHECKON PeCTPUKLIMEN.

Mo au3aliHy 3KCnepuMeHTa ucc/iegyemMble HyK/1easbl
MOTyT BHOCUTb AByLenovedHble paspbiebl B [HK. MMo3To-
MY, MOC/1e NOAY4YEeHUA NAa3mug CO BCEMU HanpaBAAOLWLN-
Mu PHK, Mbl npoBenn TpaHCHEKLMIO KAETOYHOM /NUHUM
HEK293 c ucnosbsosaruem Lipofectamine 3000 no meTo-
AWKe, ONMMCaHHOM Bbilwe. Yepes 72 yaca noc/ae TpaHcpek-
Lun NpoBe/in OLeHKY 3GdeKTUBHOCTU TpaHcdeKLuun no
dnyopecueHTHOMY cBeveHuto GFP ¢ momolybio npoToy-
HOro umtopatoopumeTpa. PesyabTaTbl npeacTaB/eHbl B
Tabavue 6.

Bce 06pasupl LeHTpUdyrnposam, MM CynepHaTaHT U1
BblA&/IU/IN U3 K/IETOYHbIX 0CaAKOB reHoMHyto [IHK ana oueH-
KU aKTUBHOCTH HyK/1ea3 DfCasg 1 DsCas9 ¢ nomoLLbto T7 3H-
[OHYK/1€asbl.

C nonyyeHHoi reHomHoi AHK mbl npoBoAnan amnandu-
KaLMIO C MCNOo/Ib30BaHWeM rnpaiiMepoB, Nog00paHHbIX CrieLy-
a/IbHO Ha BblOpaHHble Lie/1eBble /IOKYChI, FAe MO AU3alHY SKC-
repuMeHTa AO0/KEH MPOUCXOAUTL ABYLENOYeYHbIi paspbiB
AHK (cm. Taba. 3).

Mocne amrn/MduKaLmn noayyHeHHble gpparmeHTbl obpaba-
ThiBa/M T7 Endonuclease | (T7El) cornacHo npoToKo/y npous-
BOAUTE/IA.

MoMUMO MOBTOPA, B KOTOPbIN A006aB/AeTcA Boga BMecTo T7E,
Mbl TaK}Ke UCMO/1b30BA/I C/1eAYIOLLIME KOHTPO/IU:

® CUHTETUHECKMIA KOHTPO/1b (COCTOMT 13 GParMeHTOB M/1a3miz,
DsCasg-T2A-GFP-tracrRNA-sgVEGF2 1 DsCasg-T2A-GFP-tracrRNA-
SgVEGF3, KOTOpble OT/IM4atoTCA APYr OT APyra 20 Napamm HyK/1eo-
TW/A0B, @ UMEHHO NMOC/Ie40BaTE/IbHOCTLIO /I0KYCoB VEGF2 1 VEGF3)
— A1 KOHTPO/1A paboTbl T7E,

e SpCas9 — /1A OLEHKM SKCTpeccun AaHHOM Hyk/1easbl B
K/IeTKaX 3YKapuOT M CPaBHEHMA ee aKTMBHOCTM C HyK/1easamu
DfCas9 u DsCas9;

e pparmeHTbl U3 KAeTok HEK293 Tex »e /I0KycoB, HO He

MpoLeHT nomny AU KAETOK, cogepalpx GFP ¢ TOMOLLbI0 MPOTOYHOTO LMTOg/I0opUMeTpa faor &
Percentage of the cell population containing GFP using a flow cytofluorimeter fablec
N2 HasBaHue nnasmMuabl, KOTOPOM MpoueHT GFP+ KNeToK B NONyNSILMU XXUBbIX KNETOK, Cpeanee
n/n TpaHcheunpoBanu KneTku 3 nosTopa (%) 3Ha(q;)u ne
1. TpaHchekuusa 6e3 nnasmMuabl 0,05 0,11 0,06 0,07
2. GFP-CellBioLab 59,91 62,20 59,07 60,40
3. DfCas9-T2A-GFP-tracrRNA-sgVEGF1 34,09 35,09 36,28 35,15
4. DfCas9-T2A-GFP-tracrRNA-sgVEGF2 42,92 43,30 41,53 42,58
5. DfCas9-T2A-GFP-tracrRNA-sgVEGF3 45,88 45,21 44,62 45,24
6. DfCas9-T2A-GFP-tracrRNA-sgVEGF4 40,63 38,54 39,30 39,49
7. DfCas9-T2A-GFP-tracrRNA-sgVEGF5 32,10 33,10 32,74 32,65
8. DfCas9-T2A-GFP-tracrRNA-sgGRIN2B1 31,56 33,40 31,42 32,47
9. DfCas9-T2A-GFP-tracrRNA-sgGRIN2B2 32,23 30,89 29,76 30,96
10. DfCas9-T2A-GFP-tracrRNA-sgGRIN2B3 26,98 27,82 27,82 27,54
11. DfCas9-T2A-GFP-tracrRNA-sgGRIN2B4 25,64 23,95 24,57 24,72
12. DfCas9-T2A-GFP-tracrRNA-sgGRIN2B5 29,09 30,81 30,39 30,10
13. SpCas9-T2A-GFP-tracrRNA-sgVEGF1 24,46 24,65 23,67 24,26
14. SpCas9-T2A-GFP-tracrRNA-sgVEGF2 32,71 30,51 31,93 31,72
15. SpCas9-T2A-GFP-tracrRNA-sgVEGF3 24,26 22,38 25,66 24,10
16. DsCas9-T2A-GFP-tracrRNA-sgVEGF1 27,54 28,33 28,15 28,01
17. DsCas9-T2A-GFP-tracrRNA-sgVEGF2 28,30 29,57 27,60 28,49
18. DsCas9-T2A-GFP-tracrRNA-sgVEGF3 36,03 36,69 34,36 35,69
19. DsCas9-T2A-GFP-tracrRNA-sgVEGF4 39,04 38,87 38,31 38,74
20. DsCas9-T2A-GFP-tracrRNA-sgVEGF5 40,93 39,07 38,70 39,57
21. DsCas9-T2A-GFP-tracrRNA-sgGRIN2B1 38,74 37,89 38,61 38,41
22. DsCas9-T2A-GFP-tracrRNA-sgGRIN2B2 46,06 46,20 47,80 46,69
23. DsCas9-T2A-GFP-tracrRNA-sgGRIN2B3 30,50 32,75 31,93 31,73
24. DsCas9-T2A-GFP-tracrRNA-sgGRIN2B4 31,39 27,68 28,23 29,10
25. DsCas9-T2A-GFP-tracrRNA-sgGRIN2B5 33,01 32,40 35,66 33,69
26. | SpCas9-T2A-GFP-tracrRNA-sgGRIN2B1 20,26 18,79 20,89 19,98
27. SpCas9-T2A-GFP-tracrRNA-sgGRIN2B2 21,69 21,72 22,05 21,82




Puc. 2. Pe3y/bTaThbl 3/1IeKTPOPOpPETUHECKOrO aHa/IM3a Nocie 06paboTkM
T7 3HAOHYK/1€a30i CUHTETUYECKOrO KOHTPO/IA U UCC/IEAYEMOrO

o6pasua (SpCas9), Hymepauys 0603Ha4aeT HOMEP /lyHKM U3 CXeMbl
IMKBOTUPOBaHKs 06pasLioB (Tab. 7)

Fig. 2. Results of electrophoretic analysis after T7 endonuclease treatment
of the synthetic control and the test sample (SpCas9), the numbering
indicates the number of the well from the aliquotation scheme of the
samples (table 7)

06paboTaHHble HyK/1easamu — A/18 KOHTPO/IA aMnanduKaLmm
n Hecneunduyeckoro paspesanusa T7EI.

Snexktpodoperpammbl 06paboTkm PpparmeHTos AHK BbIOpaH-
HbIX /IOKYCOB T7 3HA0HYR/1€a301 MPe,CTaB/IeHbl B PUCYHKaX 2,31 4.

Ko/miecTBeHHYIO OLieHKy akKTMBHOCTU MPOBOAWIM MPU MOMO-
L nMporpammHoro obecriedeHns ImageJ, nocpeAcTBOM KOTOPO-
ro 6bUIM onpege/ieHbl 3HaYeHUA MHTEHCMBHOCTU OKpacku 6eHaoB
BblAe/1IeHHbIX 06/1acTelt uHTepeca Ha m3obpaxkeHusax. B obiactb
MHTEpeca BK/KOYAOTCA MarKOPHbIM 6eHg, COOTBETCTBYHOLLMIA U3-
HaYa/IbHOMY pasmvepy ¢pparmeHTa, 1 creLmdriHbIi GeHg, 0bpaso-
BaHHbIM B pe3y/ibTaTe cneumpuiHoro AencTama T7 SHAOHYK/1€asbl.
Mo ¢opmynam, ykasaHHbIM B MaTtepua/iax 1 MeTogax, paccimTaH
MPOLIEHT reHHbIX MOAUBUKALMIA. Pe3y/bTaTbl pacieTa npeacTas/e-
Hbl B Tab/mLe 8.

OBCY>XKAEHUE

B xoge Bbino/HeHnA paboTbl Obl/n MO/yHeHbl KOHCTPYKLMM
C reHOMHbIMW Hykn1eazamu DsCas9 1 DfCas9. C HMMK MpoBOAW/
TPaH3MEHTHYIO TPaHCPEKLIMIO A/1A OLLEHKM SKCMIPEeCCUM STUX Hy-
K/1€a3 B K/E€TKaX M/IEKOMUTAIOLLINX.

OPPeKTUBHOCTb TPAHCHEKLMM OLEHMBA/IM MO CBEYEHUIO
GFP, KOTOpbIl Bbl/1 B KOHCTPYKLMKM COeAMHeH Yepes T2A. [NepBsan
BU3ya/IbHas OL|eHKa OCyLLIeCTB/IA/ACk C MOMOLLbIO MUKPOCKONa.
OLeHMBaNI0Ch COCTOAHUE KAETOK M cBeveHne GFP npu YO. Bce
K/IeTKM Noc/1e TPaHCPEKLMM MMeM COOTBETCTBYHOLLIYIO AaHHOM
/MHUM MOPGO/IOTHIO, U NP MePer/IoHeHNN MUKPOCKOTa Ha YO
Hab/1t04a/10Cb 3€/1eHOe CBeYeHMe.

[lanbHelwanA OLueHKa NpoBOAUIACh C MOMOLLbIO NPOTOY-
HOro UMTO(/IIOOPMMETPa, C MOMOLLbIO KOTOPOro Gbi1 Mpo-
n3BegeH pacyet npoueHta GFP-Nos0XuTeNbHbIX KAeTOK. 1o
pesy/bTaTaM B OTpULATE/IbLHOM KOHTPO/Ie, KOTOPbIN npes-
cTaB/An coboi HeTpaHcheLpoBaHHble K/eTKK, npoLeHT GFP

Puc. 3. Pe3y/bTaTbl 3/1eKTPOPOPETUHECKOrO aHa/IM3a nociie
06paboTKm T7 3HAOHYK/Ea30M ucciegyemoro obpasua (DsCas9),
HymepaLua 0603Ha4aeT HOMep /IYHKU U3 CXeMbl a/IMKBOTUPOBaHUsA
o6pasyoB (TabA. 7)

Fig. 3. Results of electrophoretic analysis after T7 endonuclease treatment
of the test sample (DsCas9), the numbering indicates the number of the
well from the aliquotation scheme of the samples (table 7)

Puc. 4. Pe3yabTathbl 3/1eKTpOdopeTHiecKoro aHaimsa nocie
06paboTKu T7 3HAOHYK/1€a30/ CUHTETUHECKOTO KOHTPO/IA U
ncciegyemoro obpasua (DfCas9), Hymepaumsa o6o3HayaeT Homep
/IYHKM U3 CXeMbl a/IMKBOTUPOBaHUsA 06pasuios (Tab. 7)

Fig. 4. Results of electrophoretic analysis after T7 endonuclease
treatment of the synthetic control and the test sample (DfCas9), the
numbering indicates the number of the well from the aliquotation
scheme of the samples (table 7)
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Taba. 7.
CxemMa a/IMKBOTUPOBaHHs 06pasLioB
Table 7.
The scheme of aliquoting samples
Homep | HaumeHoBaHue
MpumeyvaHue
NYHKHU o6pasua
_ | MpencraBnsier co6oit cMmechb u3 2-x MLIP npoaykToB no 250 Hr Kaxaoro (DsCas9-T2A-GFP-

1 CuHTeTUueckui | tracrRNA-sgVEGF2 u DsCas9-T2A-GFP-tracrRNA-sgVEGF3). DTo no3Bo/SieT CMOAeNNpPOBaTh

: KOHTpO/b ycnosus ansa pa6otbl T7EI u BbiCTynaeT B poiin KOHTpons pa6otocnoco6HocTn T7EI
(NONOXUTENbHbIN KOHTPOb).

2 CuHTeTUYECKUM | [ly6nMpoBaHUE CUHTETUYECKOTO KOHTpons, Ho BMecTo T7EI no6aBnsertca Boaa. Mo3BoNsieT UCKIOUUTD
: KOHTpOJb 2 OLUMGKU U HENPaBU/IbHYHO MHTEPNPETALMIO PE3YNIbTAaTOB NPU NOCTAHOBKE CUHTETUYECKOIO KOHTPONS.

3. SpCas9 Uccnenyembiit o6pasen, SpCas9, o6pab6oTaHHbIn T7EL

4 SpCas9 ToT e camblii uccneayemblit o6pasew, TOJIbKO B NOC/IEACTBMU B HEro A06aBnseTcs BoAa BMeCTo
: KoHTponb 1 T7EIL BbicTynaeT B poJiM OTpULaTE/IbHOro KOHTpOnS.

5 SpCas9 ®parmeHT 13 knetok HEK293 Toro ke nokyca, 4to M SpCas9, HO He 06pa6oTaHHbIN HyK/lIea3amMu.
: KoHTponb 2 0O6paboTtaHHbIi T7EI Ana KoHTponsa amnandukaumm u Hecneumduyeckoro paspesanus T7EL

6 SpCas9 ®parmeHT 13 knetok HEK293 Toro ke nokyca, 4to u SpCas9, Ho He 06pa6oTaHHbIN HyK/ieasamMu.
: KoHTponb 3 Bmecto T7EI nob6asnsetcsa soaa.

7. DsCas9 Uccnenyemblii o6pasen, DsCas9, o6pa6oTaHHbii T7EL

3 DsCas9 ToT e caMbli uccnepyemblii o6paseL, TONbKO B NOCNEACTBMU B HEroO A06aBNsieTc Boga BMECTo
: KoHTponb 1 T7EIL BbicTynaeT B poJiM OTpULATENIbHOFO KOHTPOAS.

9 DsCas9 dparmeHT U3 Knetok HEK293 toro e nokyca, 4ro u DsCas9, Ho He 06paboTaHHbIN HyK/IeasaMu.
: KoHTponb 2 O6pa6oTaHHbIN T7EI ana KOHTponsa amnaudukaumm u Hecneumduveckoro paspesaHua T7EL

10 DsCas9 ®dparmeHT U3 kKnetok HEK293 toro e nokyca, 4ro un DsCas9, Ho He 06paboTaHHbIN HyK/leasaMu.
’ KoHTponb 3 Bmecto T7EI po6asnserca Boaa.

11. DfCas9 Uccnepyembiit o6pasen, DfCas9, o6paboTaHHbI T7EL

12 DfCas9 ToT Xe camblit uccneayemblit o6pasel, TOJIbKO B NOCEACTBMU B HEro Ao6aBsnseTcs BoAa BMeCTo
: KoHTponb 1 T7EL BbicTynaeT B po/in OTpULLATENIbHOrO KOHTPONS.

13 DfCas9 ®parmeHT 13 knetok HEK293 Toro ke nokyca, 4to u DfCas9, Ho He 06pa6oTaHHbIl HYKNeasaMu.
: KoHTponb 2 0O6paboTtaHHbIi T7EI Ana KoHTponsa amnandukaumm u Hecneumduyeckoro paspesanus T7EL

14 DfCas9 ®parmeHT 13 knetok HEK293 Toro ke nokyca, 4to u DfCas9, Ho He 06pa6oTaHHbIM HyKIeasaMu.
. KoHTponb 3 Bmecto T7EI nobasnsercsa soaa.

Uccnenyembliii o6pasel,

SpCas9-GRIN2B2
DfCas9-GRIN2B1
DfCas9-GRIN2B2
DfCas9-GRIN2B3
DfCas9-GRIN2B4
DfCas9-GRIN2B5
SpCas9-VEGF1
DfCas9-VEGF1
DfCas9-VEGF2
DfCas9-VEGF3
DfCas9-VEGF4
SpCas9-GRIN2B2
DsCas9-GRIN2B1
DsCas9-GRIN2B2
DsCas9-GRIN2B3

Pe3y/bTaTbl pacieTa OTHOCUTE/ILHOrO KO/IMYECTBA reHHbIX MOAMUKaLumii a/1s HyKkaeas SpCas9, DfCasg u DsCas9 faon. &
Results of calculating the relative number of gene modifications for SpCas9, DfCas9 and DsCas9 nucleases fable .
molar ratio 1 molar ratio 2 fraction cleaved % gene modification
7,87 0,80 0,09 4,60
7,59 0 0 0
8,05 0 0 0
36,29 0 0 0
40,47 0 0 0
15,05 0 0 0
6,5 3,02 0,31 52,39
37,32 0 0 0
9,37 0,46 0,05 9,18
9,46 0 0 0
9,48 0 0 0
8,99 0,72 0,07 3,56
9,12 0 0 0
8,99 0 0 0
9,47 0 0 0




DsCas9-GRIN2B4 | 7,78 |

DsCas9-GRIN2B5 | 8,00 | 0
SpCas9-VEGF1 | 9,27 | 2,01
DsCas9-VEGF2 | 10,69 | 0
DsCas9-VEGF3 | 8,97 |

MO/IOXKUTE/IbHBIX K/NETOK COCTaB/IAN MeHee 0,3%, YTO He BbIXO-
AWT 33 npese/ibl AOMNYCTUMBIX 3Ha4eHui. MpoueHT GFP-noso-
XUTE/IbHbIX KAETOK MpU TpaHCHEKLuM KOMMEpYeCKon naas-
mugon ¢ GFP Bbilwesn Ha yposHe 85. MpoueHT GFP+ KaeTok
npu TpaHCPeKLUUM naasMugamu, CodeprKaBLUMMU HyK/1easbl
DsCasg 1 DfCas9, coctas/isiet 65-75 (Tabn. 4).

Mcxoas 13 no/lyHeHHbIX A@HHbIX, MOMKHO CKa3aTb, YTO TPaHC-
deKuyA npoLusa ycrewHo. Ho A48 KAeTOoK C 1a3Mmnaamu, cogep-
aLMMK HyK1easbl, 3PGEKTUBHOCTb TPAHCPEKLMM HUXKE, Hem Y
KOMMepYecKoi nasmuapl ¢ GFP. 3To mMosKeT 6biTb CBA3AHO C
pasHuLEeN B pasmepe ucciedyemblx niasmug u naasmuas ¢ GFP.

[na nosblilLeHna 3GHEKTUBHOCTU TPaHCPEKLIMM C HyK/1easa-
MW MOYKHO UCMO/1Ib30BATb /IMHEAPU30BaHHbIE M/1a3MUApI, HTOObI
YBE/IMHUTb KO/IMHECTBO NMpob0ogaembIx KOMUIA B KIETKY. Takxke B
KOMMepyecKon niasmuae GFP akcnpeccupyeTtca ¢ npomoTopa
HanpAmyto, a B N/iasMmaax C Hyk/1easamu — yepes T2A. B ceAsn
C 3TUM CHWXKeHue npoueHTa GFP+ K1eTOK MOXeT cBUaeTe/lb-
CTBOBATh TaKXe O He CTOMPOLEHTHOM 3pdeKTUBHOCTU T2A. Tem
He MeHee, 3P PeKTUBHOCTb TPaHCHEKLIMM BO BCEX CIy4asx bbia
£,0CTaTO4HO BbICOKOM, YTOObI MOXHO Obl/10 Ae/1aTb BbIBOAbI 00
AKTMBHOCTM HyK/1€a3.

Mocne npoBeAeHUA TPaHCPEKLMM U3 KIETOYHbIX OCaAKOB
Obl/1 BblgeneH 6eoK, nocie Yyero noctaeneH Western Blot. Mo
pesy/ibTaTty, NpeACTaB/leHHOMY Ha PUCYHKe 1, Mbl Hab/togaem
/17 KOHTPO/IbHOrO 6e/1ka ¢ FLAG-tag Apkuii 63H4 nogxoAALLero
pasmepa — 54,6 K/a (/mMHMA 2), Y4TO CBUAETE/ILCTBYET O CrieLy-
$r4HOM CBA3bIBaHWUM aHTUTEA. [1/1A 6e/ka SpCasg Mbl He A0/KHbI
6bl/IM Hab/MOAATL B3HA, TaK Kak 3TOT 6e/10K He cogeprkan FLAG-
tag (3). Ana 6enkos DfCasg, DsCasg (6 M 5 COOTBETCTBEHHO) Ha-
621042/ B3HABI COOTBETCTBYIOLLIErO pa3mepa, YTO CBUAETE b
CTBYeT 06 MX SKCMPeCCum B K1ETKaX M/IEKOMUTAROLLIMX.

McxoaA U3 nosyyeHHbIX gaHHbIX o Western Blot 6b1m caena-
Hbl AM3alHbI M MPOBe/AEHbl KIOHMPOBaHUA HanpasaAtowyx PHK
B M/1a3mMugpl ¢ Hykneasamu DfCasg v DsCas9. Mocie nonyydenua
KOHCTPYKLMI Bbl1a TaKKe NnocTaB/ieHa TpaHCeKLMA A/1Aa BHeCe-
HUA ABYLLernoYveyHbIX pa3pbisoB B [IHK B BbIOpaHHbIX /10KyCax.

Ob6paboTKy pe3y/bTaToB Nowle TpaHCheKLMM NMPOBOAN/IN
C UCno/ib3oBaHnem rnporpammsbl Guava EasyCyte HT. Mcxoga ns
MO/Ty4EeHHbIX Pe3y/IbTAaTOB MOXHO 3aK/1IH04MTb, YTO TPaHCPeKLMA
MpOLL/Ia YCMELLHO, TaK KaK B K1eTkax HEK293, KoTopble He 6blin
TpaHcdeLmpoBaHbl, cBedeHne GFP Ha MUKpOCKone He Habtoaa-
etcA. [pu aHa/M3e NpoLeHTa Nony/ALMIA KA€TOK Ha MPOTOYHOM
LUMTOP/MOOPUMETPE, NMPOLLEHT HETPaHCPELIMPOBAHHBIX KAETOK,
NoMajatoLLMX B BbICTaB/IeHHYO nonyaaumio GFP+ KieTok, He
BbIXOAMT 3a Mpeae/ibl 40NyCTUMbIX 3HadeHuit (He 6onee 1%). B
TO BPEMA KaK Mo KOHTPO/IbHOWM KOMMepyecKol niasmuae GFP
MPOLLEHT MOMY/ALMIA KAETOK, cogepalmx GFP, HaxoauTca B
paiioHe 60%, AaHHbI MapaMeTp y K1eTOK, TPaHC(eLpOBaHHbIX
HYK/1€a3HbIMU KOHCTPYKUMAMMU, COAEPKaLLMMU Hanpas/AoLLne
PHK, BapbMpyeT 0T 20 10 46% (cM. Tab/1. 6).

M3 3TUX AaHHbIX Mbl CAE/13/1 BbIBOA, YTO TPaHCdEKLMA NPo-
LL/Ia YCMeLHO, HO He C O4eHb BbICOKOM 3P(EKTUBHOCTBIO, OCO-
6eHHO a1A N/1a3mug, € HyK/1easamu. Ho yumuTbiBad, YTO 1x pasmep
B 4Ba pa3a 6o/bllle KoMMmepUecKkoi naasmmuabl ¢ GFP, MOXHO
NPeAMNO/IOKNTb, HTO UMEHHO C 3TUM CBA3aHO nageHue 3pdeKTus-
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HOCTV TPaHCPEKLMM B ABA Pa3a OTHOCUTE/IbHO MO/IOXKUTE/IBHOrO
KOHTpO/A (KoMmepyeckas miasmuaa ¢ GFP). [1s nosbieHWs
3pdeKTMBHOCTU TpaHCdeKLmn B ByAyLLieM MOMKHO MCMO/Ib30-
BaTb /IMHEAPU30BAHHbIE M/1a3MU/Abl WK YBE/IMYMBATD KO/IMHECTBO
N/1a3MUZ, U APYTUX PEAreHTOB A/18 Kax40M TpaHCpeKLmm.

Mowie npoBeseHns TpaHCEKLMM U3 KIETOK Obl/ia Bblge/ieHa
reHomHaA [IHK aaa amnanduKaLmm 10KyCcoB ¢ npeano/iaraeMbim
AsyuernodeyHbim paspbisom AHK. Mosy4enHbie TLP npogyKTbl
o6pabaTbIBa/Mcb SHAOHYK/ea3oM T7EL SHgoHyKea3a T7 pa3pe-
3aeT TO/IbKO ogHouenoveyHyto [HK, koTopas 6yaeT B A4aHHOM
C1yHae CBUAETE/IbCTBOBATL O HA/IMHYMM Pa3/IiUiA MEXAY LIeno4-
KaMu B ABYyLeErnovedHbix Mosekysax [AHK (retepoayr/iekcobr).
MMeHHo reTepogayniekcel byayT paspesatbca T7EL Ecm xke obe
Lenu AByLeno4e4Hoi moseky/bl IHK Mo/ HOCTBIO KoMMieMer-
TapHbl APYr ApYry, Takaa AHK He ByaeT paspesaHa.

Ha 0cHOBaHWMM 3TMX A@HHbIX MOMHO OL@HUTb MPOLLEHT reHo-
MOB, NMOABEPrLMXCA MOAUUKaLMK (MPpU peHaTypaumm C apy-
MMMU Liernoykamu oHu 6yayT 06pas3oBbiBaTh reTepOAYI/IEKCbI).
Pe3y/ibTaTbl 3KCNeprMeHTa npeACcTas/IeHbl HAa PUCYHKAX 2,3 1 4.

Mocie 06paboTKM 3HAOHYKNea3oM T7El y cuHTeTMYecKoro
KOHTpo/A u SpCasg Hab/toAAoTCA AOMO/HUTE/IbHbIE O3HAPBI,
Ppasmepbl KOTOPbIX COOTBETCTBYHOT MPEAYCMOTPEHHOMY AM3aliHy
3KCnepumeHTa. MNpy 3TOM B KOHTPO/IAX, rAe BMeCTO T7 3HAOHY-
K/1easbl f06aB/1eHa BOAQ, AOMO/HUTE/IbHBIX 63HA0B HeT. M3 3Tux
AAHHBIX MOYHO 3aK/IOUUTB, YTO METOZ, AeTeKLMM paboTocrnoco-
6eH 1 SpCasg NpoAB/IAET CBOKO aKTUBHOCT B K/1eTkax HEK293.

B c1yyvae DsCas9 Mbl He Hab/toAaeM AOMO/HUTE/IbHBIX G3H-
£,0B, 4YTO rOBOPUT 06 OTCYTCTBMM aKTUBHOCTW AAHHOM HyK/1€asbl
B K/ETKaX 3YKapMOT Ha BblOpaHHbIX MOC/1e40BaTe/IbHOCTAX. Y
Hyk/1easbl DfCasg ¢ 1okycom VEGF2 HabtogaeTca 40noHUTe Ib-
HbIi 63H4, BblLLe GPOHOBOMO YPOBHS, HTO CBUAETE/IbCTBYET O Ha/In-
Ynm akTmBHOCTM DfCasg B 3ToM caiite.

[anee nonyeHHble 3n1ekTpodoperpammbl 0bpabaTbiBa/in B
nporpaMmHoOM obecnedeHnn ImageJ u paccinTbIBa/IM MPOLIEHT re-
HOMHbIX MOAUPUKALMIA. MCXOAA U3 MONYHEHHBIX PE3y/IbTaToB (CM.
Tab1. 8) MOXKHO CAe/1aTb BbIBOZ, UTO MPU KCMPECCHM B KIETKaX Hy-
Kneasbl DfCasg 417 BCcex /10KycoB, kpome VEGF2, He gaBa/m gonos-
HUTE/IbHble 63H/bl, pa3Mepbl KOTOPbIX COOTBETCTBOBa/IM Obl Mpes-
YCMOTPEHHbBIM AM3alHOM 3KCNEepPUMEHTa NPOAYKTaM aKTUBHOCTU
T7El. 3T0 roBOpwT 06 OTCYTCTBUM aKTUBHOCTU A@HHOW HyK/1€a3bl B
K/IeTKaX 3yKap1OT Ha BbIOpaHHbIX MOC/1e40BaTe/IbHOCTAX.

Ana nokyca VEGF2 Hab/togaeTca AOMo/HUTE/IbHBIN B3H4,
pasMep KOTOPOro npeAycMOTPeH AM3aiHOM 3SKCNepuMeHTa.
PacyeTHbIM noKasaTe/b — NPOLEHT FeHHbIX MOAUPUKaLMIA A/1A
[laHHOrO /I0KyCa — COCTaBAAET 9,18%, B TO BPEMA KaK A/1A HyK/1e-
asbl SpCas9 ¢ 1okycom VEGF1 — 53,39%. YunTbIBas, 4TO NPOLEHT
reHOMHbIX MoAMPUKaumii ana SpCasg coBnagaeT C AaHHbIMM,
HalgeHHbIMM HaMK B HAy4YHOM inTepaType, BblOpaHHbIM MeTOZ,
OLIEHKUN aKTUBHOCTY HyK/1€a3 paboTocrnocober.

M3 no/syvyeHHbIX pe3y/IbTaToB TaKXe BUAHO, YTO HyK/e-
asa DfCas9 ¢ BbibpaHHbIM /10Kycom VEGF2 nposB/iAeT cBOO
AKTUBHOCTb B K/I€TKaX 3yKapuoT, HO MeHbLLe, Yem HyK/1easa
SpCas9g u apyrve 60/ee KOPOTKME HyK/1easbl. OTO MOXKeT
ObITb CBA3AHO C HeyAa4YHbIM nogbopom crRNA U, BO3MOKHO,
He onTUMa/sbHbIM ornpegeseHnem PAM-nociesoBaTe/ibHO-
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CTU. AA pelueHnA 3Tol npobsembl HeobxoamMMa AasbHel-
aA onTMuMu3sauma npasu/1 U a/IrOPUTMOB nop,6opa 3TUX NO-
C/legoBaTe/IbHOCTEN ANA HyK/easbl DfCasg.

[lnABCex 06pa3LoB c Hykeasol DsCas9 He Hab/togatoTCA A0-
NO/IHUTE/IbHbIE B3HApI, Pa3Mepbl KOTOPbIX COOTBETCTBYHOT Npes-
YCMOTPEHHbIM /M3aiHOM 3KCTNEPUMEHTa NPOAYKTaM aKTUBHOCTU
T7El, 4TO roBOPUT 06 OTCYTCTBMM aKTMBHOCTM 3TOM HyK/1€asbl B
K/IeTKaX 3YKap1OT Ha BbIOPaHHbIX MOC/1eA0BaTe/IbHOCTAX. TaK Ke,
KaK 1 B Ulydae ¢ Hykneasoit DfCas9, Heobxoanma onTMMm3aLyn
npasua 1 aaroputmos rnogbopa crRNA. /lpyroe ob6bAcHeHWe co-
CTOUT B TOM, YTO Hyk/1ea3a DsCas9 geicTBUTE/IbHO HEeaKTVBHA B
K/IeTKaX 3yKapWoT, XOTA ee 3KCrpeccus bbl1a MoKasaHa Hamu.

YauTbiBan, UTO METOA, ONpeae/IeHnA aKTUBHOCTM HyK/1eas C
NMOMOLLIbIO T7 3HAOHYK/Ea3bl MOKA3bIBAET €€ TO/IbKO Ha Lie/1eBOM
amMn/mMULIMPOBaHHOM Y4acTKe reHomHol [HK, croxHo caenatb
BbIBOZ, 06 MCMO/b30BaHWM AAHHBIX HYK/1€33 B MPU/IONKEHUAX A/1A
PeAaKTUPOBaHMA reHOMa, BBMAY OTCYTCTBUA AaHHbIX MO Crieuy-
$UYHOCTU BHECeHMA ABYLIEMNOYEYHbIX Pa3pbiBOB B MO/1EKY/bl /IHK.
/N5 U3y4eHnA 4aHHOTO HarpaB/IeHWs, a TakKe A/1A 6o/1ee TOHHO-
ro0 U3MepEeHUA aKTMBHOCTU U CI']ELI'Mq)VNHOCTM AAHHBIX HYK/1€a3,
HeobX0AMMbI AOMO/IHUTE/IbHbIE UCC/IA0BaHUA C UCMO/Ib30BaHMe
CeKBeHWpoBaHWA wieaytolero nokoserua  (Next-Generation
Sequencing, NGS). Hanpumep, ¢ nomoLubto metoaa DISCOVER-
seq, KOTOPbIi OCHOBAaH Ha CBA3bIBaHWM C CAliTOM pa3pbiBa be/ka
Mre11, y4acTBytOLLLErO B penapaLmm AByL,eno4eyHbIX pa3pblBOB.

Mpy nony4eHun 6osee NOAPOBHBIX AaHHBIX 06 aKTUBHOCTU
1 cneumdUIHOCTH, Hyraeasbl DfCasg 1 DsCas9 MoryT HalTu cBoe
MpaKTU4eCcKoe MPUMEHEHHE A/ MONYHEHMA Pa3/IMHHbIX KAETOUHbIX
JMHUIA U KUBOTHBIX MOAe/e. BBuay vnx HebGo/bLIoro pasvepa,
KOTOPbIM NMO3BO/IAET AOCTaB/ATL MX C MOMOLLBIO 34€HOaCCOoLMM-
POBaHHbIX BUPYCOB, MOMET MOABUTLCA BO3MOXHOCTb OL@HUTb MX
noTeHUMaN ANA TepaneBTUHECKOro NpUMeEHeEHUA: peaakTUpOBaHMA
reHOMa Ye/10BeKa //1A /Ie4eHNA HaC/1eACTBEHHbIX 3a60/1eBaHMIA.
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BbIBOAbI

Hamu 6b1M No/syYeHbl KOHCTPYKUMU C HyK/1easamu
DfCasg n DsCas9 ¢ nogobpaHHbIMK creiicepamu A4
reHoB VEGF n GRIN2B, KoTOpbIMM NMOTOM 6blM TpaHC-
¢deunpoBanbl kKaeTkn HEK293. Mo nosny4yeHHbIM AaHHBIM
TPaH3WeHTHaA TpaHcpeKUuMA N1asMmngamm C HyK/1easamu
DfCas9 u DsCas9 M HeOOXOAMMBIMU HaMpaBAAIOLUMHU
PHK npowa ycnewHo.

Mocne noayvyeHUA 3TUX Pe3y/bTaTOB Mbl OLLEHU/IN 3KC-
npeccuio Hyk/zeas B KaeTkax HEK293 ¢ nmomouipto metoga
Western Blot 1 caenanm BbIBOg, O TOM, YTO AaHHble HyK/1easbl
SKCMPEeCCUPYIOTCA B K/I€TKaX M/IEKOMUTAIOLLMX.

[lanee Mbl MpOBEPW/IM aKTUBHOCTb 3TUX HYK/€a3 Ha
BbIOpaHHbIX Hamu /I0Kycax. Ha 3nektpodoperpammax, no-
/lyHeHHbIX Moc/ie 06paboTku T7 3HAOHYK/Eason, B C/1yyae
DsCas9g akTUBHOCTb B K/I€TKaX 3YKapWOT Ha BblOpaHHbIX Mo-
C/1le4,0BaTe/IbHOCTAX OTCYTCTBYeT. HanpoTue, A4/1A Hyk/Aeasbl
DfCas9 B /10Kyce VEGF2 HabatogaeTcA g0MNoMHUTE/IbHbIN B3H,
Bbille POHOBOrO YPOBHA, MPeAyCMOTPEHHbIN 4U3aUHOM JKC-
NepuMMeHTa, YTO CBUAETE/IbCTBYET O Ha/MHYMU HYK/1€a3HOM
AKTUMBHOCTM, HO HEBbICOKOW MO cpaBHeHuto ¢ SpCasg. 3710
noATBepXKAAeTCA pacyeTaMu MpOLEHTa FeHOMHbIX MOAU-
duKauui, KOTOPble MOKa3bIBAOT, YTO aKTMBHOCTL SpCasg B
LIeCTb pas Bbille, YeM akTMBHOCTb DfCasg.

Takum obpasom, Hbi1a ycneLHo npogeMOHCTPUpOBaHa
3KCMpeccus M3yvyaemblx B AaHHOW paboTe HyK/eas B K/eT-
Kax Ye/10BeKa, a TaKXKe aKTUBHOCTb OA4HOW M3 HUX Ha OAHOM
U3 A,ecATU NoA00paHHbIX CalTOB. A pelueHus npobembl,
CBA3AHHOW C HU3KOM aKTUBHOCTbBIO U/IM OTCYTCTBUEM aKTUB-
HOCTW AN1A faHHbIX HYK/ea3, He0BXOAUMO Aa/ibHellee nx
M3yyeHue, B TOM Ync/ie ONTMMM3aLMA NpaBua U a/IrOPUTMOB
nogbopa creicepHbIX NMoc/ies0BaTe/IbHOCTEN A/1A AAHHBIX
HyK/1€as.
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Investigation of the properties and activity
of DfCas9 and DsCas9 nucleases in eucaryotic cells
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ABSTRACT. This study is focused on the two novel nucleases of the CRISPR/Cas9 family, which were found
in bacterial genomes of DfCas9 (Defluviimonas sp) n DsCas9 (Demequina sediminicola). Discovery of these
nucleases was part of the results of a joint study conducted by BIOCAD together with Skoltech Institute of
Science and Technology and Saint-Petersburg Polytechnical University (SPPU) under a grant agreement with
the Department of Science and Education of Russian Federation (Agreement number 14.606.21.0006 from
September, 26th 2017). Under the agreement the nucleases DfCas9 and DsCas9 were characterized in vitro by
Skoltech and SPPU.

Based on the aforementioned results, in this study we characterized the genome-modifying nuclease activity
of these enzymes in a mammalian cell line HEK293. Specifically, we created genetic constructs designed to
express the nucleases DsCas9 and DfCas9 together with the necessary guide RNA molecules (sequences of the
guide RNAs were described previously) [1]. We demonstrated expression of the nucleases on a protein level, as
well as activity of DfCas9 at the VEGF2 locus in HEK293 cells. The theoretical study was conducted by analyzing
international and national literature. The experimental part was performed with a restriction-ligation cloning
method, transient transfections, Western blot protein detection method, and a T7 nuclease-based method of
detection of heteroduplex double-stranded DNA.

KEYWORDS: gene therapy, gene editing, CRISPR/Cas9, DsCas9, DfCas9 and SpCas9, genomic nucleases,
nuclease activity and specificity, T7 endonuclease, genome modifications
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ABSTRACT. Samples of antiemetic drugs (ondansetronum, palonosetronum, metoclopramidum) in the form
of powder for inhalation have been developed by the method of spray drying. The granulometric composition,
hygroscopicityand aerodynamic distribution of aerosol particles of the drugs have been investigated. The dosage
form of the powder for inhalation of antiemetics (ondansetronum and palonosetronum) in terms of its particle
size distribution, hygroscopicity and content of the agent corresponds to those for inhalation using dry powder
inhalers. In the study of the phase-dispersed composition of aerosol, ondansetronum and palonosetronum in
the dosage form of powder for inhalation as part of the HandiHaler inhaler (at a flow rate of 60 l/min) showed
high rates of the released dose up to 72-76%, respirable particle fraction (up to 5 um) up to 54-56% and a mass
median particle size of about 3 microns. Obtaining the inhaled form of metoclopramide requires optimization
of the production method for receiving the product with acceptable pharmaceutical properties.

KEYWORDS: delivered dose, inhalation administration, mass median particle size, lactose, metoclopramidum,
ondansetronum, palonosetronum, powder for inhalation, antiemetic drugs, spray drying, respirable fraction

ABBREVIATIONS:

i/m — intramuscular administration;
i/v — intravenous administration;
RF - the Russian Federation;

p/o - per os, oral administration;
DPI - dry powder inhaler.



INTRODUCTION

The relevance of improving the methods of administration
of antiemetic drugs is determined by a high prevalence of emetic
syndrome both in oncosurgical practice and in cytostatic therapy.
Moreover, in the field of disaster medicine, emetic syndrome is
considered to be an integral component of a primary response
to radiation in case of radiation injuries in high doses, as well as a
possible concomitant sign of poisoning by a number of toxicants.
Thus, equipping emergency medicine units and the Armed Forces
of the Russian Federation with highly effective antiemetics in a
convenient form for application is an important practical task.

Antiemetic drugs registered in Russia are represented by the
following dosage forms:

— oral (syrup, oral tablets): ondansetron, granisetron,
tropisetron, metoclopramide, domperidone, perphenazine,
hyoscine butyl bromide, aprepitant, palonosetron + netupitant,
trifluoperazine;

- injection (solution for ifm, iV + i/m administration):
ondansetron, metoclopramide, promethazine, hyoscine butyl
bromide, trifluoperazine;

- infusion (lyophilisate or concentrate for ifv administration,
solution for iv administration): granisetron, tropisetron,
fosaprepitant, palonosetron;

- suppositories: ondansetron, hyoscine butyl bromide;

- buccal forms that do not require drinking with water
(lyophilized, dispersible tablets): ondansetron, domperidone.

Among above listed active ingredients, ondansetron and
metoclopramide are included in standard kits of medical equipment
for civil defense of the Ministry of the Russian Federation for Civil
Defence, Emergencies and Elimination of Consequences of Natural
Disasters and the Armed Forces of the Russian Federation.

Latran (ondansetron hydrochloride dihydrate) is aimed at
prevention and relief of main clinical manifestations of an early
radiation reaction in radiation injury and, in the form of tablets
for oral administration, is included as a standard medicine in the
composition of individual medical civil protection kits, as well as in
the composition of first-aid kits for wartime [1, 2].

Metoclopramide in the form of tablets for oral
administration (10 mg) and in the form of a 0,5% solution for
injection in ampoules of 2 ml is in the list of medicines included
in the medical equipment kits for the military units of medical
service of the RF Armed Forces [2, 3].

It is obvious that the majority of the existing dosage forms
of antiemetic drugs (tablets, infusion solutions) are of little use in
the field and in emergency situations, namely in mass casualty
situations. In addition, classical oral dosage forms (syrup, solution,
tablets and capsules for oral administration) are limitedly suitable
for use in case of onset of vomiting.

Promising directions for improving the methods of using
antiemetics include the development of injectable forms for quick
self-administration in the field (syringes, autoinjectors), modern
oral forms (instant, not requiring drinking, sublingual tablets, buccal
forms, etc.), as well as inhalation forms [ 4, 5, 6].

As examples of the implementation of these approaches, one
can note ondansetron sublingual tablets and its injectable forms,
the development of forms for the intramuscular administration
of combined anti-missile therapy drugs, and the study of inhaled
forms of ondansetron (nebulizer solution) [7].

It is obvious that the development of drugs for the relief of
emetic syndrome or an early radiation reaction in a form suitable
for inhalation should be aimed at replacing oral drugs. At the same
time, among the advantages of inhalation therapy, one should
point out the high rate of the onset of the effect and the possibility
of administering drugs with the onset of nausea and vomiting. In

addition, the lack of technical means for a self-injection (or within
the framework of mutual assistance) of solutions (automatic
injectors, antiemetic drugs in the form of syringe-tubes) in the
nomenclature of the medical service today practically excludes
the possibility of self-administration of antiemetics when vomiting
begins at the prehospital stage.

Of the drugs registered in the Russian Federation, ondansetron,
metoclopramide (as official antiemetics for federal executive
authorities), and palonosetron, one of the most powerful long-
acting 5HT3-antagonists (its effective dose for humans is 0,25 mg),
can be distinguished as means for creating an inhaled dosage form
of drugs for prophylaxis and relief of early radiation reaction.

Among the options for inhalation use of antiemetic drugs,
preference should be given to the use of the following dosage
form: powder for inhalation in capsules together with an individual
portable inhaler. The advantages of this form include the possibility
of delivering drugs into the respiratory tract and into the systemic
circulation in higher doses than using a nebulizer or metered-dose
aerosol inhaler (container). The loading capacity of the dosage
form in a DPI can be up to 50100 mg per 12 breaths, which is
unachievable with other methods of inhalation. High speed of
drug administration, simplicity and ease of use, independence
from external energy sources can be an advantage of dry powder
inhalers when used in the field and in emergency situations.

The aim of the study is to develop a technology for producing
antiemetics in the form of a powder for inhalation using the spray
drying method and to investigate the pharmaceutical properties of
the resulting drugs.

MATERIALS AND METHODS

The preparation of drugsinthe form of apowderforinhalation
was carried out by spray drying in an open circuit of Nano Spray
Dryer B-90 HP (Buchi, Switzerland). At the first stage, the standard
settings of the device were used, in which the concentration of
the active principle in the working solution was varied to achieve
the required powder particle size and acceptable productivity.
The spray drying parameters are presented in Table 1.

Mixtures of the active principle with lactose were dissolved in
distilled water to a concentration of 1,0%. The ratios «active principle:
lactose» were 1:2,125 and 1:5,25 for ondansetron; 1:1,5, 1:24 and 1:99
for palonosetron; 1:1,5 and 1:0,25 for metoclopramide.

After obtaining powder samples, the particle size distribution
(inthe range 0,01-3500 pum) was analyzed using a Mastersizer 3000
laser diffraction analyzer (Malvern Instruments Ltd., Great Britain)
equipped with an Aero S air dry dispersion system. In the course of
grain-size analysis the following indicators were calculated:

Table 1.
Parameters of spray drying process
Taban. 1.
MapameTpb! npoLiecca pacrbIMTe/IbHOM CYLLIKU
Parameter Value
Gas flow rate 100-110 I/min
Set temperature 100 °C
Actual temperature: 100 °C
- at the input of the drying cylinder 85 °C
- at the outlet (in the electrostatic collector) 40 °
- at the outlet from the spraying head 35-40°C
Pressure 27-33 hPa
Peristaltic pump capacity 50%
Relative spraying rate 70%
Concentration of the active principle in 1%
the working solution °
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- the width of the distribution of particles in microns;

—standard percentiles of the particle size distribution in microns
(Dv(50)), «median volumetric distribution», the size less than 50% of
the sample particles; Dv(10), the size less than 10% of the sample
particles; Dv(90), the size less than 9o0% of the sample particles).

The determination of hygroscopicity of obtained drug
powders was carried out in accordance with FS 01/2016:51100
Section 5.11. «Properties».

In order to determine optimal parameters of the production
process and obtain data on pharmaceutical properties of
drugs in the finished dosage form, the delivered dose and the
respirable fraction were evaluated. These indicators characterize,
respectively, the amount of active substance actually received by
the patient (excluding the amount deposited on the constituent
parts of the inhaler) and presumably penetrating into the lungs
during inhalation.

To study the delivered dose, sampling devices containing
a filter were used, and then the extraction of the active
substance and its quantitative analysis by HPLC with ultraviolet
detection in accordance with the standards of the European
Pharmacopoeia (section «Dosage Forms - Preparations for
Inhalation <0671>») and Pharmacopoeia United States of
America (Section <601>) took place.

To study the aerodynamic distribution of drug particles by
size in the finished dosage form «powder for inhalation» and
the subsequent calculation of the respirable fraction of the
aerosol, the pharmaceutical impactor NGI («Copley Scientific»,
Great Britain) was used, corresponding to the specifications of
the State Pharmacopoeia of the Russian Federation (edition
X1V, volume 2, OFS.1.4.2.0001.15), the European Pharmacopoeia
(«Apparatus E») and the United States Pharmacopoeia
(«Apparatus 5»). To calculate the mass median size of aerosol
particles, delivered dose and respirable fraction, CITDAS 3.1
software (Copley, Great Britain) was used.

As measures of central tendencies for all quantitative
characteristics in the compared groups, the arithmetic mean and
root mean square (standard) errors of the mean were assessed.
Descriptive statistics in the text are presented as M + SD, where M
is the mean, SD is the standard deviation.

RESULTS AND ITS DISCUSSION

Substantiation of dosage compositions of medicines in
powder form for inhalation

When developing drugs in a final dosage form «powder for
inhalations», one focused on the estimated content of an active
principle in a dosage unit of the inhalation agent (capsule, metered
powder for inhalation). In general, for a capsule of a standard size 3
(the most common size for inhalation preparations), the maximum
powder content (active principle + excipients) is no more than

25 mg. In addition, the ranges of recommended single and daily
doses of the considered drugs were taken into account for their
non-inhalation administration. It was assumed that in subsequent
experiments the content of active and auxiliary substances can be
adjusted taking into account the optimization of the phase-disperse
composition of the aerosol of the drug. The rationale for the choice
of dosage compositions of drugs in the dosage form «powder for
inhalation» is presented in Table 2.

Taking into account the doses recommended for clinical
use of the drugs under consideration (with their non-inhalation
intake), several variants of dose compositions were selected:
they correspond to or close to a single and daily dose of drugs for
non-inhalation intake (based on 1 capsule, taking into account the
addition of up to 25 mg of an auxiliary substances - lactose).

Preparation of powder for inhalation by spray drying and
evaluation of its properties

Studies have been carried out on the production of powders
for inhalation of antiemetic drugs by the method of spray drying.
The results of evaluating the granulometric composition of
obtained samples are presented in Table 3.

The target indicator for inhaled dosage forms as powders
forinhalationis the median particle size Dv(50) of nomore thans
um (preferably 2-4 pm), as well as the dispersion index (range of
distribution) of particle sizes is no more than 3. The achievement
of these parameters allows one to make an indirect conclusion
about the production of powder, which granulometric
composition reaches acceptable values of deposition in deep
parts of the lungs during inhalation. Such samples do not
require significant optimization of the preparation procedure
and can be studied at subsequent stages as part of devices for
inhalation administration. It was noted that the majority of the
samples under study, with the exception of metoclopramide,
met formulated requirements.

It is known that with a decrease in the particle size (1 um or
less), the adhesion properties of the powder increase significantly.
When generating an aerosol in an inhalation device, this leads to
difficulty in deagglomeration and a decrease in the released dose.
The selection of laboratory operating parameters in order to
achieve a powder particle size of 2-4 pm should be considered as a
purpose of optimizing the dosage form for such samples.

For ondansetron samples it was shown that with an increase in
the content of the active principle in the dosage form, as wellas with
anincrease in its concentration in the working solution, an increase
in the Dv(50) index occurs. Optimal parameters for obtaining
ondansetron powder with a dose of the active principle of 8 mg and
with a particle size Dv(50) 2.90 * 0.01 um was the concentration of
the working solution of 0,5%. For a sample with a dose of the active
principle of 4 mg, the optimal production conditions assumed the
use of a working solution at a concentration of 1%.

Table 2.

Rationale for the choice of dose compositions of antiemetic drugs in a dosage form of powder for inhalation

Ta6a. 2.

060cHOBaHVe BbIGOPa 4030BbIX COCTABOB MPOTUBOPBOTHBIX NPENapaToB B /IEKAPCTBEHHOM (POPME «TTOPOLLIOK A/Il MHra/IALMIf»

Recommended doses, mg b £ active i di X der for inhalati
i (route of administration) ose of active ingredient in powder for inhalation
Name of the medicinal product (per 1 capsule, excipient - lactose, up to 25 mg)
Single Daily
0,25
Palonosetron 0,25-6,3 (i/v) 6,3 (i/Vv) 1
6,3
Ondansetron 4-8 (p/o,i/m,i/v) | 32 (p/o,i/m,i/v) ;
. . . . . 10
Cerucal (metoclopramide) 10 (i/m, i/v) 30 (i/m, i/v) 20




Table 3.

Granulometric composition of powder samples of antiemetic drugs obtained by spray drying, M£SD, n=4

Tabn. 3.

TpaHy/0MeTpyHecKkmii cocTas 06pasLioB NOPOLUIKOB NPOTUBOPBOTHBIX IEKAPCTBEHHBIX CPEACTB,
MO/Ty4EeHHbIX METOA0M PacrblIMTE/IbHOM CyLuKu, MSD, n=4

Drug sample (percentage | Dose of an active principle (in | Width of particle

in the working solution) | 25 mg of the dosage form),mg | distribution, um Dv(10), um Dv(50), um Dv(90), um

4 2,12£0,18 0,60%0,06 1,45+0,01 3,67%0,25

Ondansetron (0,5%)
8 2,12+0,26 1,20+0,01 2,90£0,01 7,34%0,35
4 2,43+0,33 0,84+0,02 2,30£0,12 6,441,06
Ondansetron (1,0%)

8 2,18%0,11 1,15£0,05 4,53+0,13 11,0£0,20

0,25 2,53+0,32 0,61+0,07 1,70%0,34 4,21%0,59

Palonosetron (0,5%) 1 2,89%0,42 0,79%0,14 2,21%0,19 6,55%0,28
6,3 2,39+0,13 1,16%0,03 3,75%0,24 10,13%0,86

0,25 2,48+0,27 0,75+0,05 2,09+£0,23 6,89£1,32

Palonosetron (1,0%) 1 3,03%£0,31 0,92%0,05 2,73%0,01 9,170,77
6,3 2,36%0,03 1,8+0,02 4,52£0,10 12,1%0,35
10 2,12£0,06 3,96%0,02 6,77+0,06 11,55%1,09

Metoclopramide (0,5%)
20 2,92+0,26 2,56%0,32 8,46x0,32 18,35%1,87
10 2,48+0,14 4,85%0,41 7,660,17 14,47%2,41
Metoclopramide (1,0%)

20 3,39%0,31 4,43%0,24 9,37%0,45 21,42£2,18

When evaluating the granulometric composition of samples
containing palonosetron as an active principle, we noted previously
revealed tendency for the particles to coarse with anincrease in the
proportion of the active substance in relation to the inert carrier.
Achieving the optimal size range of 2-4 um for palonosetron
samples with a dose of 0,25-1 mg of the active principle required
the use of a working solution at a concentration of 1%. Whena dose
of the active principle is 6,3 mg, a concentration of the working
solution of 0,5%is required to obtain a sample with a given size.

Samples of micronized metoclopramide powder were
characterized by large particle sizes. The Dv(50) parameter was 6-8
pm (when using a 0,5% concentration of the working solution) and

7-9 um (when using a 1% concentration of the working solution).
This indicated the necessity for further optimization of the
production procedure in order to obtain a product with acceptable
pharmaceutical properties.

Whenanalyzing the content of the active principle and assessing
the hygroscopicity of samples (Table 4), it was noted that for the
majority of investigated drugs the passage of the spray drying
procedure did not lead to a destruction of the active substance.
The exception was metoclopramide, for which the content of the
active principle was less than 50%. Apparently, for this preparation,
the procedure for optimization of production technology should
include a decrease in the drying temperature.

Table 4.

The content of the active agent in samples and the hygroscopicity of the powders, M + SD, n=5

Tabn. 4.

CogeprKaHu1e aKTMBHOIO Haya/1a B 06pasLiax U IMrPOCKONMYHOCTb NOPOLLKOB, MSD, n=5

DrugvsviTkFi’;z(:’:l':;:;a;ge in Nominal content in a capsule,mg | Actual content (% of nominal) Hygroscopicity, %
Lactose (control) 25 99,3%0,62 4,5+0,15
4 99,4%0,27 5,5£0,40
Ondansetron (0,5%) 98.741.10 794047
4 99,0+0,87 6,7%0,50
Ondansetron (1,0%) 98,641.14 11,740.93
0,25 97,7%0,71 5,3%0,63
Palonosetron (0,5%) 1 98,2+0,94 5,4%0,57
6,3 96,4%1,56 6,9%0,34
0,25 98,8+0,65 5,0£0,42
Palonosetron (1,0%) 1 99,1£0,85 5,2%0,69
6,3 95,2%2,34 6,7%0,12
Metoclopramide (0,5%) 10 49,8+3 51 diffuses in the air
20 38,7%4,64 diffuses in the air
Metoclopramide (1,0%) 10 25,4489 diffuses in the air
20 18,5£3,73 diffuses in the air
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Fig. 1. Results of studying the distribution of the mass-median
aerodynamic diameter of aerosol particles after inhalation of the
ondansetron sample (M+SD, n=3)

Puc. 1. PesyabTaTbl UCCIe40BaHUA pacnpege/eHnsa macc-
Me/WaHHOro pa3Mepa 4acTUL, a3PO30/1A MOC/IE UHFA/IALUU
obpasua «oHAaHCeTpoH» (MSD, n=3)

Note: MMAD — mass-median aerodynamic diameter of particles;

GSD - geometric standard deviation; FPF - fine particle fraction; DD —
delivered (released) dose

It was shown that the hygroscopicity of lactose (an inert
filler of the dosage form) was 4,5 * 0,15%, and of other samples
- ranging from 5,0 to 11,7%. The highest value of the indicator
was observed in the sample of ondansetron with a dose of the
active principle of 8 mg, obtained from the working solution
with a concentration of 1,0%. In the study of metoclopramide
samples, the watering of the powder was noted.

Thus, the use of spray drying without modifications (due
to the addition of excipients, changes in operating modes
or the composition of the gas mixture) made it possible to
obtain samples of some antiemetic drugs (ondansetron,
palonosetron), the powders of which, in terms of their particle
size distribution, hygroscopicity and active ingredient content,
are suitable for inhalation applications using MDI.

The study of aerodynamic distribution of aerosol particles
of drugs

To study the aerodynamic distribution of aerosol particles
formed upon activation of drugs during inhalation, the samples
of ondansetron, where a dose of the active principle was 4 mg
(1% in the working solution), and palonosetron, where a dose
of the active principle was 1 mg (0,5% in the working solution)
were taken for the next stage of the study.

The indicators of the phase-dispersed composition of
drug aerosols (particle size, respirable fraction, released
dose) were investigated in the HandiHaler inhaler under the
following conditions: pressure drop - 4 kPa, flow rate - 60 |/min,
inspiratory volume — 4 liters.

The results are shown in Figures 1and 2.

It was found that the drugs ondansetron and palonosetron
were characterized by a high rate of the released dose (up to
72-76%), and a respirable fraction of particles up to 5 micronsin
size (up to 54-56%). The mass-median size of aerosol particles
of the samples was about 3 um.

CONCLUSION

Directions for improving the methods of using antiemetics
in clinical practice and in emergency situations are associated
with the development of dosage forms that are practical for

0,3
oo e MMAD-= 3,28 um
% 0,25 GSD=2,99
@
3 i FPF=54,5%
_g 0'2 DD=76,4%
20,15
=
S
s 01
8
£0,05

0

Localization (impactor NGI stage)

Fig. 2. Results of studying the distribution of the mass-median
size of aerosol particles following inhalation of the palonosetron
sample (M+SD, n=3)

Puc. 2. Pe3y/bTaThl UCC/IeA0BaHUA pacnpeae/ieHna macc-
Me/MaHHOrO pa3mMepa 4acTUL, a3PO30/1A MOC/IE UHFA/IALUU
o6pasua «nazoHoceTpoH» (MSD, n=3)

Note: MMAD — mass-median aerodynamic diameter of particles;
GSD - standard gradient deviation; FPF - fine particle fraction; DD —
delivered (released) dose

application, among which dry powder inhalers deserve the
greatest attention due to their advantages (high speed of
administration in relatively high doses, simplicity and ease
of use, portability and independence from external energy
sources [10]).

Taking into account a possible content of the active
principle in the dosage unit of the inhalation agent, as well as
the value of the clinically recommended doses, palonosetron,
ondansetron and metoclopramide were selected for the
study. They are currently available on the market in injectable
and oral forms and are used in emergency situations. Among
the drugs under study, palonosetron had the lowest effective
dose (0,25-6,3 mg), which made it possible, if necessary, to
use excipients (lactose) to improve pharmaceutical properties
of the powder for inhalation.

Powders of palonosetron and ondansetron obtained
by spray drying were characterized by their particle size
distribution by a median particle size Dv(50) of no more than 5
um, while for metoclopramide the parameter Dv(50) was 6-8
um (when using 0,5% concentration of the working solution)
and 7-9 microns (when using 1% concentration of the working
solution), which indicated the need for further optimization of
the production method to obtain a product with acceptable
pharmaceutical properties. It was shown that with an increase
of the active principle in relation to lactose in the dosage form,
as well as with an increase in its concentration in the working
solution, anincrease in the particle size (Dv(50)) of the samples
obtained by spray drying occurs.

It was noted that for ondansetron and palonosetron the
spray drying procedure did not lead to the destruction of the
active substance, while in the case of metoclopramide, a 50%
decrease in the content of the active principle was detected.
Apparently, for this preparation, the procedure for optimizing
the production technology should include a decrease in the
drying temperature. In addition, metoclopramide powder was
hygroscopic (diffused in the air).

Thus, the use of spray drying made it possible to obtain
powders of antiemetics (ondansetron and palonosetron),



which, interms of their particle size distribution, hygroscopicity,
and active principle content, are suitable for inhalation use
with DPI. These assumptions were confirmed by the results of
a study of the phase-dispersed composition of the aerosol of
the samples of ondansetron and palonosetron in the dosage
form powder for inhalation as part of the HandiHaler inhaler.
At a flow rate of 60 I/min, the obtained drug samples were
characterized by a high release dose rate of up to 72-76%, a
respirable particle fraction (up to 5 microns) up to 54-56%, and
a mass median particle size of about 3 microns.
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ABSTRACT. Malignant neoplasms (MNO) of esophagus is the localization with a high mortality rate.
Years of searching for effective treatment in Russia have resulted in modest success. The median survival
rate of patients is expressed in months, 70% of patients die in the first year of dispensary registration, the
levels of one-year mortality rates for men and women practically do not differ.

The esophageal cancer (EC) morbidity and mortality rates have slightly decreased in 2000-2018 in
Russia and has declined only among the male population of the Northwestern Federal District.

To study the trends in the morbidity and mortality rates in the population of Russia and the Northwestern
Federal District of the Russian Federation. Qualitative analytical indicators, such as the accuracy index
and the year-to-year mortality patterns in esophageal cancer patients, will be further considered.

The highest standardized EC morbidity rates of the population were found in Zimbabwe (Harare, Africans)
- 15.5 0/0000, Japan (Miyage) — 14.3 0/0000 and the Arkhangelsk region of Russia - 12.8 0/0000. In 2000-
2019 the level of standardized morbidity rates of the Russian population with EC has decreased from
3.44 to 3.19 0/0000 or 7.3% (both sexes), mortality rates - from 3.32 to 2.66 0/0000, or 19.9%. A decrease
in the morbidity and mortality rates from EC occurred in the Northwestern Federal District of the Russian
Federation, only among the male population.

Annual EC mortality rate mainly occurs according to the classical model. The highest level is determined
in the first year of follow-up (72-74%); by the end of the decade, only 4.1% of patients remain from those
initially recorded.

The accuracy index has decreased in Russia and in the Northwestern Federal District of the Russian
Federation, respectively, to 0.84 and 0.86 (both sexes) but has remained above the critical mark of 0.7 for
localizations with a high mortality rate.

KEYWORDS: esophageal cancer, morbidity, mortality, accuracy index, annual mortality, localization structure,
Russia; Northwestern Federal District of the Russian Federation

ABBREVIATIONS:

MNO - Malignant neoplasms;

EC - esophageal cancer;

NWFD RF - Northwestern Federal District of the Russian Federation;
IARC - International Agency for Research on Cancer;

IA - index accuracy;

PCRD - Population-based Cancer Registry database.



INTRODUCTION

More than 8000 (8327-2019) primary EC cases
are registered in Russia annually and more than 7000
(7024-2019) deaths from this cause [1].

A huge number of publications are devoted to can-
cer of the esophagus, among which it is necessary to
highlight the fundamental work of Academician of the
Russian Academy of Sciences M.I. Davydov [2].

A large number of publications are also devoted to
the methodological problems of studying the patterns of
dynamics of morbidity, mortality and the effectiveness
of timely care for patients with esophageal cancer [3-11].

For 20 years, we have had the opportunity to deep-
en the development of effective anticancer measures
only using the database of the population of St. Peters-
burg cancer registry [12-14]. Now this opportunity has
expanded to the level of the federal district [15, 16].

Rough incidence among males is 3.9 times higher
than among females (9.43 and 2.42 0/0000 respectively),
and standardized (world standard), 5.7 times - 6.29 and
1.1 0/0000 respectively. The share of EC among all malig-
nant neoplasms in males is 2.2%, in females 0.6% [1, 17].

In the world the highest standardized incidence rates
of EC population were recorded among Africans in Zim-
babwe (Harare) - 15.5 0/0000 determined by extremely
difficult living conditions (poverty, dirt, dust storms). The
high level of EC incidence was recorded in Japan (Miyagi)
- 14.30/0000 and in the Arkhangelsk region of Russia —
12.8 0/0000. Average of 5-7 0/0000 was registered in many
countries (Fig. 1, 2). Minimum levels in male population
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(less than 2.0 0/0000) were reported in Colombia, Israel
and Algeria [18].

Among female population, the first one is Zimbabwe with
a sharp separation from the rest - 12.5 0/0000. The average
level is in the range of 1.5-2.0 0/0000. Less than 0,5 0/0000
are registered in Korea, Spain and Belarus [eighteen].

Table 1 shows the dynamics of standardized EC indi-
cators in Russia and the NWFD of the Russian Federa-
tion. For both sexes and among the male population, the
greatest decrease in the indicator is observed, among the
female population - a slight increase [1, 19].

Table 1.
Trends in esophageal cancer incidence rate (C15)
of the population of Russia and the Northwestern
Federal District of the Russian Federation (NWFD RF)
(standardized indicators) [1, 20-25]

Tabn. 1.
/AnHamuKa 3a60/1€BaeMOCTH Hace/IeHUA PakoM aor.
nuwesBoga (C15) B Poccun n C390 PP (cTaHAapTU3OBaHHbIE
nokasaresu) [1, 20-25
both sexes
2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019
Russia | 3,44 | 3,17 | 3,22 | 3,18 | 3,17 | 3,21 | 3,18 | 3,19
NWFD - - 4,13 | 4,23 | 4,02 | 3,96 | 3,95 | 4,11
males
2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019
Russia | 6,98 | 6,52 | 6,62 | 6,47 | 6,39 | 6,45 | 6,35 | 6,29
NWFD - - 8,40 | 8,07 | 772 | 7,49 | 766 | 7,45
females
2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019
Russia | 1,14 | 1,03 | 1,01 | 1,00 | 1,02 | 1,04 | 1,04 | 1,10
NWFD - - 1,46 | 1,72 | 1,65 | 1,68 | 1,49 | 1,95

Zimbabwe (Harare, Africans) ] 125

Japan (Miyagi)

Russia (Arkhange Isk), 2010
Russia (Karelia), 2010
Netherlands

United Kingdom (national register)
Latvia

France (Bas-Rin)

Lithuania

Germany (Schleswig - Holstein)
Belgium

Denmark

Belarus

Russia 2011

Russia (Saint Petersburg), 2011
Korea

Estonia

Russia (Chelyabinsk), 2010
Russia (Samara), 2010
Brazil (Goyana)

Germany (Bavaria)

Czech Republic
Switzerland (Geneva)
China (shanghai)

usa

New Zealand

Canada (Ontario)
USA (SEER) - 18 registers
Austria

India (Mumbai)

Nonway

Italy
Bulgaria
Spain (Granada)
Turkey (lzmir)

Colombia (Gali)

Israel

Algeria (Setif)

143
12,8;2019-12,55
11,2;2019-9,14
98
98
79
77
7.6
74
74
70
69
6,6,2019- 6,29
6,6;2019-5,71
65
62
6,2;2019-8,12
6,1;2019- 5,66
60
59
58
56
55

2 4 6 8 10 12 14 16

Fig. 1. Cancer incidence in Five Continents. Esophageal cancer. C15.
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Puc. 2. 3/10Ka4ecTBEHHbIE HOBOOGPA30BaHWA B HEKOTOPBIX CTPaHax

mupa. Pak nuiyeBoaa. C15. }KeHumHbl. 2008-2012 [9, 31].
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Fig. 3. Age-specific esophageal cancer (C15) morbidity rates of
the population of Russia and the USA [18, 20]
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Fig. 4. Trends in standardized indicators of esophageal cancer (C15)
morbidity rates of the population of Russia and the Northwestern
Federal District of the Russian Federation [1, 20-25]

PuC. 4. /iMHaMMKa CTaHAAPTM3OBaHHBIX MOKa3aTe/eil 3a6o/eBaeMocTH
Hacesienus Poccun n C3P0 PP pakom nuwgesoga (C15) [1, 20-25]

Figure 3 shows comparative data on the age-specific inci-
dence rates of the population of Russia and the United States
for a period close to 2010, according to the IARC Vol. XI “Cancer
incidence in Five Continents” [18] and the Guide by P. A. Herzen
Moscow State Medical Research Institute [20]. We do not see any
sharp differences between the levels of age-specific indicators.

Index accuracy

The quality of the estimation of cancer patients is deter-
mined by the index accuracy (1A) [26, 27], that is, the ratio of the
number of deaths to the number of initially registered patients.
Its value should not exceed not only 1, but also 0.7 for cancer
with a high mortality rate, such as EC[26-29].

Agraphical representation (Fig. 5) shows a gradual, constant
decrease in the value of the IA for Russia and less distinct - for the
Northwestern Federal District of the Russian Federation, which
indicates an improvement in the quality of registration of initially
registered patients.

The trends of standardized morbidity indicators among the
population of Russia and the Northwestern Federal District are
shown in Figure 4.

As for other administrative territories of Russia, IA in the
amount of more than 1 is registered in 11 territories among the
male population and 21 among the female population, i.e. the
number of deaths exceeds the number of initially recorded pa-
tients. The data obtained indicate the severity of the pathology
and the difficulties of intravital EC diagnosis.

Localization structure

PCRD allows one to study the particular feature about struc-
tural changes in malignant neoplasms for different localizations for
different observation periods. 3971 EC cases have been selected
for four observation periods from the PCRD of the Northwestern
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Fig. 5. Accuracy index for esophageal cancer patients [1, 20-27, 30]
Puc. 5. loctoBepHocTb yyeTta (UAY) 60/1bHbIX pakoM NULLEBOAA
[1,20-27, 30]



Table 2.

Localization structure of esophageal cancer (C15) in the NWFD RF. NWFD RF Population-based Cancer Registry (PCR)
database 2000-2018 (both sexes)

/loKa/IM3aLmMOHHas CTPYKTypa paka nuwesoga (C15) B G340 P. NMPP (340 2000-2018 (06a rosia) fabn. 2
ICD-10B-10 2000-2004 2005-2009 2010-2014 2015-2018
Abs. no. % Abs. no. % Abs. no. % Abs. no. %
C15 3934 4093 4093 3640
Cervical esophagus .0 31 0,8 321 7,8 352 8,6 128 3,5
Thoracic esophagus A 101 2,6 76 19 152 3,7 233 6,4
Abdominal esophagus .2 31 0,8 26 0,6 33 0,8 58 1,6
Upper third of esophagus .3 300 7,6 314 7,7 301 74 278 7,6
Middle third of esophagus 4 1281 32,5 1178 28,8 1145 27,9 1004 27,7
Lower third of esophagus .5 908 23,1 834 20,4 945 23,1 889 244
Overlapping lesion of esophagus | .8 128 3,3 173 4,2 240 59 329 9,0
Esophagus, NOS 9 1154 29,3 1171 28,6 925 22,6 721 19,8
Federal District of the Russian Federation: 2000-2004, 2005-2009, Table 3.
2010—2914, 2015-2018 (Table 2). For each period, the structure. of oﬁﬁgg%%ﬁ;&aomcg; chss)i?:r;rgiﬂi’éy J\?&?o
the malignant neoplasm of esophagus was calculated according (standardized indicators) [1, 20-25, 32]
to the 4th sign of ICD-10 and the one-year survival rate of patients Ta6n. 3

(which will be shown it in the second part of the article).

During four observation periods, the largest specific weight
in the structure of the EC oncopathology has fallen on the middle
third, lower third and upper third of esophagus. The proportion of
the thoracic esophagus has doubled: from 2.6 to 6.4%. The propor-
tion of Overlapping lesion of esophagus (C15.8) — a tumor extend-
ing beyond one or more other EC localizations has decreased[31].

Mortality

In Russia, more than 7000 (7024 — 2019) deaths from EC
are registered annually: 5546 among the male population, 1478
among the female population. The ratio of EC mortality among
males and females is as follows: in rough terms - 8.14 and 1.88
0/0000 (a difference of 4.3 times); in standardized - 5.4 and 0.83
0/0000 (6.5 times) [16, 20-25, 32].

The trends in the standardized mortality rates of the popula-
tion of Russia and the Northwestern Federal District of the Rus-
sian Federation from EC s presented in Table 3 [17].

In general, the process is the same as with morbidity: a de-
crease in rates among the male population and an increase
among the female population in the Northwestern Federal Dis-
trict of the Russian Federation.

Annual mortality

Annual mortality is the mortality of patients in each year of
follow-up [28, 29]. To study the order of death of EC patients,
2959 people were selected from the PCRD of the Northwest-
ern Federal District of the Russian Federation for the period
1995-1999 (Table 4). Out of the registered patients, 74.1% of men
and 70.0% of women died in the first year of observation. Out
of those who survived the first year (512 men and 247 women),
45.8% of men and 40.4% of women died in the second year of ob-
servation. In the third year, the mortality rate for men decreased
to 21.0%, women - to 12.8%. By the tenth year, 3.2% of men and
6.1% of women remained alive. In subsequent years, a slight de-
crease in annual mortality rates has been noted.

In 2000-2004, 2005-2009, 2010-2014, the mortality rate of
patients in the first year has remained within 70% with a slight
decrease among the female population by the last observation
period to 68.9%.

The death of patients develops mainly according to the clas-
sical type. Its level has been decreasing every year. There were
only afew minor spikes in mortality: in the sixth year for men and
in the fourth year for women. The spike in mortality in the tenth
year of follow-up may be attributed to the cancer registry data-
base cleanup (Fig. 6).

CmepTHOCTb HacesieHua Poccumn n C3PO oT paka
nuwesoga (C15) (cTaHaapTU30BaHHbIE
nokasaresu) [1, 20-25, 32

both sexes

2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019

Russia | 3,32 | 2,97 | 2,82 | 2,74 | 2,69 | 2,67 | 2,65 | 2,66
NWFD 3,82 | 3,66 | 3,49 | 3,43 | 3,39 | 3,55
males
2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019
Russia | 6,80 | 6,21 | 596 | 5,66 | 5,59 | 5,52 | 5,39 | 5,40
NWFD 8,09 | 734 | 6,8 | 6,82 | 6,69 | 6,81
females
2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019
Russia | 1,03 | 0,89 | 0,8 | 0,81 | 0,76 | 0,77 | 0,83 | 0,83

NWFD 1,15 | 1,34 | 1,33 | 1,30 | 1,29 | 145
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Fig. 6. Annual esophageal cancer mortality rate in the NWFD RF
(1995-1999). NWFD RF PCR database [15, 16, 28, 29]

Puc. 6. MoroguyHas neTabHOCTb 60/IbHBIX PAaKOM nuLLeBoga B (3P0
P® (1995-1999) B4 MPP C3®O PP [15, 16, 28, 29]
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It should be noted that according to the official data of
the annual reporting, formed outside the system of Popula-
tion-based Cancer Registries developed in the country, in the
first year of observation (Form No. 7) in Russia, not 70%, but
57.5% of patients die, in the Northwestern Federal District of
the Russian Federation — 55.8%. There are territories that re-
port the deaths in the first year of observation of less than 30%
of the primary registered EC patients (Rostov Oblast, Chechen
Republic) or from 30 to 39% (Moscow Oblast, Chukotka, Kam-
chatka). However, there is a sufficient number of administra-
tive territories showing real statistics (70 and more %): Bryansk,
Kaluga, Kostroma, Pskov, Kirov, Omsk, Magadan regions, Sev-
astopol [15, 16, 33].

Thus, the study of the the morbidity and mortality rates
patterns of the most severe pathology - esophageal cancer
- has led to the establishment of a slight decrease in the mor-
bidity and mortality of the population of Russia and the North-
western Federal District of the Russian Federation, an increase
in the reliability of estimation (hence, an increase in the quality
of estimation). It has become possible to identify the peculiari-
ties in death of patients during each of the ten years of dispen-
sary observation, the preservation of the highest (more than
70%) death of patients during the first year of observation.
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AHHOTALMS. 3n0KayecTBEHHbIE HOBOOBPA30BaHMS MULLEBOAA — JTIOKAM3aLUMS C BbICOKMM YPOBHEM NETasIbHOCTW.
3a MHormMe rogpl Nomcka 3eKTUBHOIO neyeHns B POccmm 4OCTUrHYTbI CKPOMHbIE yCnexu. MeayaHa BbIXKMBAaEMOCTH
B60/bHbIX UCUUCNSIETCS B MecsiuaX, 70% 60/bHbIX NorMbaeT B NepBblli rog, ANCNaHCEPHOrO YYeTa, ypOBHM OAHOrOAMY-
HOW NIETANIbHOCTU MYXKYMH U SKEHLLMH MPAKTUYECKM HE OT/IMYAROTCS.

Llenbto Halero nccnenoBaHmUs SIBUNOCh U3ydeHne AUHaMUKK 3a601eBaeMOoCT U CMEPTHOCTM HaceneHms Poccum u
C3d0 P®. MnaHnpyeTcs pacCMOTPETb TaKMe KauyeCTBEHHbIE aHAIMTUYECKME NOKA3aTeNm Kak AOCTOBEPHOCTb yyeTa 1
XapakTtep noroguyHom neTanbHOCTU 60/1bHbIX PAKOM MULLEBOAA.

Hanbonee BbICOKME YPOBHM CTAaHOAPTU30BAHHbIX NOKa3aTtenen 3a6onesaeMoctn HaceneHus Pl BbisiBNeHbl B 3UM-
6a6Be (Xapape, adppukaHupl) — 15,5 0/0000, AnoHumn (Mugre) — 14,3 0/0000 n ApxaHrensckor obnactm Poccum — 12,8
0/0000. C 2000 no 2019 rr. B Poccuu ypoOBEHb CTaHAAPTM30BaHHbIX MOKa3aTtenein 3abonesaeMoCcTn HaceneHus Prl
yMeHbLumncs ¢ 3,44 oo 3,19 0/0000 nnu Ha 7,3% (06a nona), cMepTHOCTU — € 3,32 0o 2,66 0/0000 mnm Ha 19,9%. CHuxe-
HVe YPOBHS 3a601eBaeMOCT U cMepTHOCTM OT Pl npomsoLwno 1 8 C3MO P, HO TONLKO cpeam My>KCKOro HaCeneHusl.

MorognyHas netanbHOCTb AN P, B OCHOBHOM, pa3BMBAETCS MO K1aCCUYECKOMY CLEeHapuio. HanBbICLIMiA ypOBEHb
onpenensieTcs B NepBsbivi rog, HabntoaeHus (72-74%,). K KOHLY AeCcITUNeTUs OCTaeTCsl U3 NepPBUYHO YUTEHHbIX TONTbKO
4.1% 60bHbIX.
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HO OH OCTancs 6osbLLe KpUTUYeCkor otMeTkM 0,7 AN NoKanv3aumin C BbICOKMM YPOBHEM JIETANIbHOCTU.
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ABSTRACT. Esophageal cancer (EC) is the most severe pathology of malignant tumors, with the mortality rate of
patients exceeding 70% in the first year of observation. Over the past 19 years, there was a slight improvement in the
effectiveness of anticancer measures for this localization of tumors. In February 2019 the Population-based Cancer
Registry database (PCRD) of the Northwestern Federal District of the Russian Federation (NWFD RF) was developed
with more than 1 million 350 thousand observations which provides insight into the real state of the effectiveness of
anti-cancer measures and directs the following development of the database. After a thorough data quality assurance,
about 1 million observations were selected for analysis.

From 2000 to 2018, 15760 primary EC cases were accumulated in the NWFD RF PCRD. Considering that the levels of
standardized morbidity and mortality rates of the population of Russia and the Northwestern Federal District of the
Russian Federation are close in terms of the level of indicators, we believe that the data obtained for the first time in
Russia on the survival of EC patients in the Northwestern Federal District of the Russian Federation fully reflect the state
of the effectiveness of combating EC in Russia.

The purpose of the study is to carry out a set of analytical calculations of the survival rates of EC patients in the
dynamics over the past 19 years according to the NWFD RF PCRD. All calculations were performed in accordance with
the international requirements for such development and, first of all, according to Eurocare standards.

The results of our study indicate that the EC median survival rate for both sexes has increased from five to six months.

The mortality rate of patients in the first year of follow-up has decreased from 72.4 to 71.4% (both sexes),from 73.9 to
71.6% among men, from 69.3 to 65.1% among women.

The five-year survival rate of EC patients in the NWFD RF had slight fluctuations, especially among the female
population. Data grouped for three five-year observation cycles has shown an increase in the five-year survival rate of
EC patients from 7.3 to 8.1%, and the one-year survival rate has increased over four five-year cycles from 25.3 to 30.8%.

For the first time in Russia, at the population level, the effect of treating EC patients has been shown according to the
fourth sign of ICD-10.

The greatest treatment success has been achieved for Cervical esophagus cancer patients (C15.0) from 23.3 to
35.0% (one-year survival), Thoracic esophagus cancer patients (C15.1) from 29.6 to 35.8%. The most significant
improvement has been made for Upper third of esophagus cancer patients (C15.3) — from 18.2 to 34.0%.

It is important to note that over the four observation periods, the proportion of Esophagus, unspecified cancer
patients (C15.9) has decreased (from 29.3 to 19.8%), which indicates a major diagnosis quality improvement.

KEYWORDS: esophageal cancer, the Northwestern Federal District of the Russian Federation, survival of
patients, median survival, age, disease stage, localization and histological structure

ABBREVIATIONS:

EC - Esophageal cancer;

PCRD - Population-based Cancer Registry database;

NWFD RF - Northwestern Federal District of the Russian Federation;
NOS - Not Otherwise Specified;

Unk. = Unknown.
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INTRODUCTION

Having at our disposal the new PCR database of the North-
western Federal District of the Russian Federation with about a
million of observations, the studies were conducted on the state
of cancer care for patients with malignant tumors in Russia, in-
cluding malignant melanoma of skin (C43), other malignant neo-
plasms of skin (C44), lip cancer (Coo ), tongue neoplasms (C01.02),
malignant neoplasm of colon (C18), rectum (C19, 20), liver (C22),
heart (C38), eye (C69), brain (C72), kidney (C64) and others [1-3].

Calculations of survival rates, subject to careful database
maintenance, reflects the real effect of all anti-cancer measures
taken. However, the process of improving survival rates is slow.
The graph shows this process over the five-year periods [1, 2].

It is also important that the state reporting (Form No. 7) pro-
vide objective data on the cancer incidence and mortality rate in
Russian population [4]. However, it does not include the data for
calculating one-year and five-year observed and relative survival
rates in the analytical indicators section. It specifies only the calcu-
lation of mortality in patients with cancer in the first year of obser-
vation, but these indicators are formed outside the PCR system
created in Russia [5] and do not correspond to the real state.

A large number of studies have been devoted to the method-
ology for calculating the survival rates of cancer patients[1, 2, 6-13].

Unfortunately, in the Russian Federation, only a limited
number of cancer registries calculate survival rates according to
international standards. The first register was the PCR of Saint
Petersburg, on the basis which three editions of the monograph
“Survival of cancer patients” were prepared[1, 2, 7, 8, 14, 15].

Calculation fragments were presented in the books of the PCR
of St. Petersburg [7, 8, 14, 15]. Calculation of the survival rates for pa-
tients diagnosed with cancer were presented in the Express-infor-
mation of the Northwestern Federal District of the Russian Federa-
tion[1,2]. Calculations of the survival rate of patients with malignant
neoplasms were also carried out by the PCR of the Arkhangelsk, Sa-
mara, Chelyabinsk regions and the Republic of Karelia [1, 2].

Express-Information 5th issue summarizes the data on the
one-year and five-year survival rates of cancer patients in 16 ad-
ministrative territories of the Russian Federation, which work
on the basis of the programs developed by the Laboratory of
Oncological Statistics staff of the N.N. Petrov National Medi-
cine Research Center of Oncology and the Laboratory of Medi-
cal Cybernetics of the “Novel” LLC[1, 2].

The calculation of the survival rate of cancer patients is
the most important indicator for assessing the activities of the
oncological service, provided that doctors of cancer registries
have access to the databases of the deceased. Median survival
is necessary to control the level of observed and relative sur-
vival rates of cancer patients.

Median survival

Median survival is a variant that is in the middle of the vari-
ation series dividing it in half. In our case, it is the period during
which 50% of the primary registered patients die [16].

For localizations with a high mortality rate, to which EC be-
longs, it is measured in months.

Table 1 shows the trends in median survival among esopha-
geal cancer patients in the Northwestern Federal District of the
Russian Federation for the period from 2000 to 2018.

Annual fluctuations in the indicator may be explained by
the difference in each observation year, the health status of
the recorded contingents, the age difference of patients and
other reasons. Large fluctuations in values among the female
population may also be explained by the small number of ob-
servations.

The improvement in the survival rate of EC patients is slow,
but at the same time, we may note a clear pattern of growth in
the median survival rate from five to six months, and even up to
seven months among the female population.

Cumulative survival

Table 2 shows the dynamics of the observed survival rates
of EC patients in the Northwestern Federal District of the Rus-
sian Federation for the period from 2000 to 2018. Over 19 years,
the one-year survival rate of EC patients in both sexes increased
from 29.2 to 29.6%, or by 1.7%.

Among the male population, an increase in the survival rate of
patients in the first year of observation was established from 27.5
to 29.3%, among the female population — a decrease from 33.8 to
30.4%. The relative survival rate in the first year of follow-up was
1.0% higher. The five-year observed survival rate of EC patients in the
Northwestern Federal District had small annual fluctuations, espe-
cially among the female population. The relative survival rate com-
pared to many other cancer sites for EC was also only 1.0% higher.

Thus, we may state that the five-year observed and relative
survival rate of patients with EC in the Northwestern Federal
District of the Russian Federation is actually 7-9%.

The high level of five-year survival in 2000 may be associat-
ed with the development of the methodology for the forma-
tion of the database and the difference in the age composition
of the compared groups.

It is important to note that the five-year survival rate of EC
patients in the Northwestern Federal District of the Russian
Federation for patients under 60 years of age exceeded 10%.

Trends in the observed five-year survival rate of esophageal
cancer patients, taking into account the stage of the disease

Figures 1-3 show the time series of survival rates of EC pa-
tients in the Northwestern Federal District of the Russian Fed-
eration, structured by five-year calendar periods from 2000 to
2014, which increases the reliability of the compared indicators.
To estimate the five-year survival rate, we need to deviate from
the analyzed date by at least seven years. The data at our dis-
posal for 2020 for calculating the five-year survival rate will be
available no earlier than 2027-2028.

The general rule: when sending materials to the publisher,
it is necessary to submit illustrative or tabular material. In our
case, both sets complement each other. There is one more nu-
ance, which we will dwell on later. Figure 1 reflects the surviv-

Table 1.

Trends in median survival EI’?OW eso h?\ﬁ’/?/al cancer (C15) patients in the Northwestern Federal District of the Russian Federation
N

FD RF)

FD RF Population-based Cancer Registry database (PCRD)

Taba. 1.

[A1HaM1Ka MeAuaHbl BbIXKMBAeMOCTH 60/1bHbIX pakom nuwesogaa (C15) 8 C3P0 PP B/ NPP C3$0 PO

Sex | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Both 54 | 46 | 48 | 51 | 55 | 51 | 51 | 52| 53
Male 51|45 | 49 | 48 | 53 | 51 5 51 | 48

Female | 6,3 | 5,1 | 47 | 59 | 67 | 5,1 57 | 53 | 68

56 | 55 | 58 | 56 | 59 | 65 6 59 | 63 | 58
5551|5752 58|66 |55 |59 | 59]|358

58 | 6,8 6 67 | 64 | 61 | 69 | 59 | 75 5,8
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Table 2.
Cumulative observed survival of esophageal cancer (C15) patients in the NWFD RF. NWFD RF PCRD ble
Taba. 2.
KymyasTuBHas Hab/logaemas BbikMBaeMoCTb 60/bHbIX pakom nuwesoaa (C15) 8 C3P0 PP B/ MPP C3$0 PO
both sexes
ofd;egar:osis 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
A;s:;:::n:' 732 | 840 | 801 | 792 | 769 | 767 | 842 | 827 | 827 | 830 | 837 | 879 | 819 | 790 | 768 | 894 | 923 | 924 | 899
Median "5,4" "4,6" "4,8" "5,1" "55" "5,1" "5,1" "5,2" "5,3" "5,6" "5,5" "5,8" "5,6" "5,9" "6,5" "6 i "5,9" "6,3" "5,8"
mos. | mos! | mos.’ | mos." | mos." | mos!’ | mos.' | mos." | mos!" | mos."| mos.’ | mos." | mos." | mos." | mos. | mos.' | mos." | mos." | mos.
g | 1 29,2 | 244 | 249 | 27,6 | 274 | 26,8 | 27,2 | 26,7 | 279 | 28,6 | 28,5 | 31,4 | 30,0 | 28,5 | 31,9 | 32,5 | 33,6 | 31,8 | 29,6
'g'g| 2 18,0 | 15,2 | 13,6 | 16,5 | 14,0 | 15,8 | 14,4 | 144 | 148 | 15,6 | 171 | 16,8 | 16,2 | 16,3 | 19,0 | 19,9 | 16,6 | 16,2
E'§| 3 14,2 | 109 | 11,3 | 12,2 | 11,8 | 104 | 10,8 | 10,6 | 11,6 | 13,0 | 13,4 | 12,6 | 12,1 | 12,8 | 13,8 | 14,3 | 9,7
g°-| 4 125| 96 | 92 (101 | 97 | 93 | 93 | 82 |(10,1| 99 | 119 10,1 11,1 | 10,6 | 11,2 | 8,6
o | 5 12,2 | 84 | 92 | 94 | 88 | 86 7.8 7,6 96 | 91 11,2 | 89 | 99 | 94 7.8
males
Year of diag-
nosis 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Ag:;:::ﬂ';" 530 | 620 | 590 | 586 | 562 | 574 | 609 | 613 | 614 | 587 | 622 | 633 | 598 | 602 | 573 | 619 | 669 | 662 | 666
Median "51|"45 | "49  "48 | "53 | "51 "5 "51 | "48 | "55 | "51 | "57 | "52 | "58 | "66 | "55 | "59 | "59 | "58
mos." | mos."| mos."| mos.’ | mos.’ | mos." | mos.’ | mos.’ | mos.’ | mos.” | mos.’ | mos.’ | mos.’ | mos." | mos." | mos.’ | mos.’ | mos." | mos.'
5 | 1 27,5 | 21,7 | 24,1 | 26,3 | 24,8 | 26,0 | 27,2 | 26,8 | 25,0 | 28,1 | 25,8 | 31,3 | 29,6 | 28,2 | 31,4 | 30,4 | 33,3 | 29,0 | 29,3
'E'g| 2 15,7 | 13,6 | 11,8 | 15,3 | 13,2 | 14,6 | 13,8 | 14,7 | 12,5 | 15,5 | 14,0 | 15,6 | 15,5 | 15,9 | 18,9 | 17,5 | 15,3 | 13,5
E'5| 3 12,6 | 10,1 | 89 | 10,8 | 10,8 | 9,3 | 10,3 | 10,8 | 9,1 | 12,5| 10,7 | 11,2 | 11,4 | 12,7 | 13,3 | 11,6 | 8,5
Bn.| 4 11,2 | 9,2 74 | 94 | 86 | 82 | 9.0 | 85 82 | 944 | 88 8,7 |104 | 9,8 | 10,7 | 7,0
© | 5 |108|80|73|92|79 |77 |75| 76|77 |88 85| 75|87 87|73
females
ofd::r:osis 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
A;s::tliteenr:. 202 | 220 | 211 | 206 | 207 | 193 | 233 | 214 | 213 | 243 | 215 | 246 | 221 | 188 | 195 | 275 | 254 | 262 | 233
Median "6,3" "5,1" "4,7" "5,9“ "6,7" "5,1" "5,7" "5,3“ "6,8" "5,8" "6,8" "6 i "6,7" "6,4" "6,1" "6,9“ "5,9" "7,5" "5,8"
mos.”| mos."| mos."| mos. | mos!” | mos." | mos.’ | mos.' | mos.’ | mos." | mos." | mos.' | mos.’ | mos" | mos." | mos. | mos.' | mos." | mos!
S | 1 33,8324 | 271 | 31,5 | 34,3 | 29,6 | 27,3 | 26,5 | 36,4 | 29,9 | 36,4 | 31,7 | 31,3 | 29,6 | 33,4 | 37,5 | 34,5 | 39,2 | 304
'§g| 2 24,1 | 19,8 | 18,6 | 20,0 | 16,1 | 19,7 | 16,0 | 13,4 | 21,4 | 16,0 | 26,4 | 19,8 | 18,2 | 17,8 | 19,4 | 25,5 | 20,0 | 23,1
5'E| 3 18,6 | 13,2 | 18,2 | 16,2 | 14,5 | 14,1 | 12,3 | 9,9 | 19,1 | 14,0 | 21,6 | 16,2 | 14,0 | 13,2 | 15,2 | 20,8 | 13,3
gn.| 4 16,0 | 10,8 | 14,6 | 12,0 | 12,6 | 12,8 | 9,9 72 | 15,6 | 11,3 | 21,2 | 13,6 | 12,9 | 12,8 | 124 | 124
o | 5 16,0 | 9,3 | 14,7 | 10,0 | 11,2 | 114 | 84 75 | 151 | 99 | 19,3 | 12,4 | 12,8 | 11,6 | 9,3
100 C15 2000-2014 NWFD PCR both sexes
2000-2004 2005-2009 2010-2014 Period Stage Total
I 11 111 IV | Unk.
No. 65 640 | 1455|1185 | 589 | 3934
% 1,7 | 16,3 | 36,9 | 30,1 | 15,0
§ 1 719 | 46,6 | 271 | 6,3 | 30,8 | 25,3
g 2 52,5 | 273 | 13,5 | 3,2 | 17,7 | 139
§ 3 459 | 20,3 | 10,1 | 2,1 | 12,5 | 10,3
4 394 | 158 | 8,3 1,6 9,9 8,3
5 377 | 135 | 75 1,5 8,9 7,3
No. 87 874 | 1516 | 1108 | 508 | 4093
o % 21 | 214 | 370 | 271 | 12,4
8 1 70,4 | 43,4 | 259 | 8,3 | 30,1 | 26,2
o 2 |395|267| 12 | 35 | 148|137
§ 3 259|203 78 | 26 | 119 9,9
4 | 222|163 62 | 1,9 | 91 | 78
5 19,8 | 14,7 | 5,3 1,6 7,5 6,8
No. | 158 | 957 | 1504 | 1128 | 346 | 4093
< % 39 | 23,4 | 36,7 | 276 | 8,5 | 100
3 1 75,3 | 48,2 | 276 | 10,7 | 22 29
0 1 2 3 4 5|0 1 2 3 4 510 1 2 3 4 5 g 2 61 29,3 | 12,9 3,7 13,8 | 15,9
§ 3 53 | 225 81 | 2,3 | 10,9 | 11,6
——1 -&-11 ——111 =<1V =#=Unk. =0=Total 4 459 |185| 63 | 1,8 | 97 | 9,6
5 41,4 | 16 4,8 1,6 9,2 8,1

Fig. 1. Trends in five-year observed survival of esophageal cancer (C15) patients considering disease stage (both sexes) NWFD RF PCRD
Puc. 1. luHammKa Hab/104aeMoi MATU/AETHEN BbIXKMBAaEMOCTH 60/1bHbIX pakom nuiesoaa (C15) ¢ yuetom ctragum 3a6osesanus 8 C300 PP
(o6a nona) 6/, NPP C340 PP



al or death of EC patients, taking into account the stage of the
disease. Naturally, the question arises: what is this first stage of
the disease, in which from 80 (2005-2009) to 40% (2010-2014)
of the primary registered patients die? The answer is simple:
tabular data (even after clarification) reflect the results of data
collection outside the database of cancer registries, and the
figures — the real state of the problem already according to the
actual results calculated on the basisof the PCR database. These
data, of course, may differ due to errors of doctors when mak-
ing a diagnosis. The five-year survival rate of patients with the
first stage of the disease should theoretically be 100%. From this
value, 10% of patients may die from other causes, that is, the sur-
vival rate of patients with stage | of the disease (if it is stage I)
should not be less than 9o%.

The discrepancy between the proportions of early stages and the
real value of survival rates is determined by the strongest administra-
tive pressure on the chief doctors of oncological dispensaries, heads
of all levels: local and all-Russian. Since these indicators are formed
manually, in a hurry, by January 20 (F. 7), and also on self-control, you
can trust them with great care. The same problems can be traced
when assessing the indicator of neglect (stage IV of the disease).

It is necessary to repeat once again that in order to obtain
information about the real state of the oncological service, one-
year and five-year survival rates should be calculated only on the
basis of the PCR database available in all administrative territo-
ries of the country [17].

Malignant neoplasm is the most severe pathology. What do
we see in the published reference books reflecting government
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-1 ~-11 =111 =1V =#=Unk. =0=Total

C15 2000-2014 NWFD PCR both sexes
2010-2014 ] Stage
Period ™1 T T | v | unk | Ot
No. | 24 | 193 | 450 | 438 | 159 | 1264
% | 1,9 | 153|355 | 34,7 | 12,6
§ 1 | 787|499 266 76 | 327 252
S| 2 |569|296| 13 | 4 |184 | 139
8| 3 |525|215/|105| 2,6 | 145 | 10,7
N a4 (437|178 86 | 1,7 | 121 86
5 | 394|167 79 | 14 [ 11,3 8
No. | 37 | 324 | 549 | 479 | 157 | 1546
ol % | 24 210354310102
8| 1 |771499|305| 97 | 34,7 | 295
| 2 |525|325 135 42 | 142 | 155
8| 3 |339|255| 89 | 33 125 115
N 4 | 278|204 8 | 21| 98 | 94
5 |278| 18 | 68 | 1,7 | 71 | 81
No. | 53 | 307 | 511 | 435 | 104 | 1410
e <| % | 38218361309 74
2| 1 |843|526/299 10,2 327 | 308
48 g 2 | 781 345|144 | 36 | 175 | 178
§ 3 | 698|296 108 | 24 | 163 | 14,6
4 | 633|256/ 86 | 22 | 133 | 125
5 | 633|217 63 | 2,2 | 133 | 10,8

Fig. 2. Trends in five-year observed survival of cancer patients under the age of 60 in the NWFD RF (both sexes) NWFD RF PCRD
Puc. 2. luHamuka Hab/1104aemoit NATuAeTHel BbixuBaemocTn 60/1bHbIX 3HO B Bo3pacTe Ao 60 set B (3P0 PP (06a nosa) B4, MPP C3HO PP

100

2000-2004 2005-2009 2010-2014

otal

-1 ~-11 =111 =1V =#=Unk. =0=Total

C15 2000-2014 NWFD PCR both sexes
. Stage
Period ™ T T | v [unk| Ot
No. | 41 | 447 | 1005 | 747 | 430 | 2670
% | 1,5 | 16,7 | 37,7 | 28,0 | 16,1
§ 1 | 679452273 56 | 301 253
& 2 50 | 26,3 | 13,7 | 2,7 | 175 | 13,9
§ 3 424|197 10 | 1,8 | 11,8 101
4 |368|149| 82 | 1,7 | 92 | 81
5 |368|121] 73 | 1,5 | 81 7
No. | 50 | 550 | 967 | 629 | 351 | 2547
ol % | 20 |216 379247138
8| 1 /657396233 72 | 282 24,3
o 2 | 308|234 111 3 |149| 126
§ 3 1205|174 | 72 2 |116| 89
4 | 185139 | 53 | 1,7 | 87 | 69
5 | 144|128 44 | 15 | 76 6,1
No. | 105 | 650 | 993 | 693 | 242 | 2683
«| % |39 |242|371 258 90
- § 1 |707|46,2| 264 11 | 175 | 28
S| 2 |[519]269|121| 37 | 12,2 149
§ 3 /441193 68 | 2,2 | 87 | 101
4 | 367153 | 51 | 1,6 | 8,22 8
5 1293|134 4 | 12 | 75 6,7

Fig. 3. Trends in five-year observed survival of cancer patients under the age of 60 and older in the NWFD RF (both sexes) NWFD RF PCRD
Puc. 3. fiuHamuka Hab/1104aemoii NATWIETHeN BbIXKMBaeMoCTH 60/1bHbIX 3HO B Bo3pacTe 60 /ieT 1 ctapiue B C390 PP (06a nosa) B/ MPP C3$0 PP
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reporting? The one-year mortality rate in EC patients is 56%, and in
some territories it is much less (Moscow region - less than 40%, the
Chechen Republic and the Republic of Ingushetia - 28%), while the
actual death rate of patients is not less than 70%.

This also applies to many other localizations of cancer that cre-
ate the illusion of well-being [5].

Figures 2 and 3 give an idea of the effectiveness of the per-
formed anticancer measures in relation to EC for patients in young-
er age groups (up to 60 years old) and patients aged 60 years
and older. Better survival rates are clearly seen among patients in
younger age groups. If the five-year survival rate of EC patients with
stage | of the disease among people under the age of 60 was 63.3%,
then among those who have reached 60 years of age, this indicator
inthe first stage was only 29.3%, in the second - 13.4%. not to mention
the third and fourth stages (Fig. 2, 3).

Localization structure of esophageal cancer and patient
survival rate

For the first time in Russia, at the population level, a study was
carried out to study changesin the detailed EC localization structure,
taking into account the fourth character of ICD-10. 15760 primary
cases for patients with a EC diagnosis were selected from the PCRD
of the Northwesten Federal District of the Russian Federation,
grouped by four five-year periods from 2000 to 2018. A stable EC
structure distribution was noted for detailed groups of neoplasms.

The first place in the localization EC structure belongs to the
middle third of esophagus (C15.4), the second - to the lower third of
esophagus (C15.5). These two detailed localization groups account
for more than 50.0% of all EC cases.

Itis important to note that C15.9 subheading (Esophagus, NOS)
decreased over the four observation periods from 29.3% to 19.8%,
which indicates an improvement in the quality of diagnosis of this
pathology.

We also have the opportunity to assess the effectiveness of the
ongoing complex of anticancer measures at the federal district lev-
el and note a significant improvement in the one-year survival rate
for cervical esophagus (C15.0), which increased from 23.3 to 35.0%.
The same applies to patients with a diagnosis of the thoracic esoph-

agus (15.1): anincrease in indicators from 29.6 to 35.8%. The survival
rate of patients in the upper, middle and lower third of esophagus
increased to varying degrees. There was a decrease in the survival
rate of EC patients of the abdominal esophagus (C15.2)[18-20].

Histological structure of esophageal cancer and pa-
tient survival

Out of 15760 cases, the EC histotype was indicated in registra-
tion cards only in 71.5%. The survival calculations for the group of
patients who did not have a histological report were significantly
worse than for those who underwent a complete examination.

The histological EC structure was presented by Squamous cell
carcinoma, NOS - M-8070/3; Squamous cell carcinoma, large cell,
non-keratinizing — M-8072/3; Squamous cell carcinoma, keratinizing
- M-8071/3, as well as Adenocarcinoma, NOS — M-8140/3 (Table 3).
Itis important to note that the Neoplasm, malignant M-8000/3 cas-
es (in fact, the absence of a histological conclusion) has decreased
from 4.0to 2.4%.

The entire observation period has been characterized by the
constancy of the distribution of histotypes according to the marked
headings. The highest one-year survival rate was in the M-8140/3
(Adenocarcinoma, NOS) — 38.1%. For other histotypes, the survival
rate of EC patients in the first year of follow-up exceeded 30%.

CONCLUSION

Thus, the study has shown some success in the organi-
zation of cancer care for EC patients. The quality of the initial
registration of patients has improved. The median survival rate
of EC patients has increased from five to six months. The ob-
served one-year survival rate has increased from 27.6% to 28.6%,
or 3.6%; The five-year one has hardly changed.

The study showed that the five-year survival rate of EC pa-
tients at the age of up to 60 years is almost two times higher
than among patients aged 60 and older.

The work shows the specificity of the survival rate of pa-
tients taking into account the histotype of the neoplasms.

Care should be taken to use government reporting data
generated outside of the PCR database.

Table 3.
Trends in localization structure and survival of esophageal cancer patients in the NWFD RF (both sexes)
NWFD RF PCRD
Tabn. 3.
/MHaMMKa /I0K/IM3aLMOHHOM CTPYKTYPbI M BbIKMBAEMOCTH 60/IbHbIX pakom nuLesoga B (3P0 PP (o6a nosa)
BA,NPP (390 PO
2000-2004 2005-2009 2010-2014 2015-2018
Survival Survival Survival Surv.
IcD Abs. o% Abs. Abs. % Abs. %

No ° 1- 5- 10- No 1- 5- No 1- 5- No ° 1-

year | years | years year |years year | years year

c15 3934 253 73 45 | 4093 262 | 68 | 4093 290 | 81 | 3640 308
Cervical

esophagus 0| 31 0,8 | 23,3 | 39 39 | 321 19,2 | 46 | 352 | 86 | 273 | 53 | 128 | 3,5 | 350
Thoracic

esophagus 1] 101 | 26 | 296 | 114 | 10,2 | 76 19 | 356 | 77 | 152 | 3,7 | 36,8 | 153 | 233 | 6,4 | 358
Abdominal

esophagus 2| 31 0,8 | 355 | 129 | 9,7 26 0,6 | 48,0 | 149 | 33 0,8 | 48,4 | 140 | 58 16 | 28,2
Upper third

ofggophagus 3| 300 | 76 | 18,2 | 59 35 | 314 | 77 | 194 | 50 | 301 | 74 | 235 | 74 | 278 | 76 | 34,0
Middle third

of esophagus 4 | 1281 | 32,5 | 28,3 | 74 51 | 1178 | 28,8 | 30,8 | 72 | 1145 | 279 | 31,6 | 84 | 1004 | 27,7 | 32,4

Lower third | g | gpg 23,1 | 29,5 | 78 36 | 834 | 20,4 | 30,3 | 88 | 945 | 23,1 | 32,2 | 10,1 | 889 | 24,4 | 30,9
of esophagus
Overlapping

lesion 8| 128 | 33 | 169 | 54 | 41 | 173 | 42 | 162 | 58 | 240 | 59 | 20,1 | 4,8 | 329 | 9,0 | 24,2
of esophagus

Esophagus,NOS | .9 | 1154 | 29,3 | 20,8 | 7,0 4,2 | 1171 | 286 | 22,8 | 6,0 | 925 | 22,6 | 26,3 | 75 | 721 | 19,8 | 28,1
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CocTosiHMe OHKONoOrM4yeckom nomowum B Poccuum:
pak nuwesoaa. NMonynsumMoHHble uccieaoBaHuUs
Ha ypoBHe deaepasibHOro okpyra. Hacrb II.
MeauaHa BbXXMBaeMOCTU, HabloaaemMas
U OTHOCUTE/NIbHAS BbIXKMBAaEeMOCTb 60/1bHbIX
C y4ETOM CTaanmn 3a6oneBaHus
U MUCTONIONMYECKOM CTPYKTYPbl Onyxoneum

©2021. BaxTaHr Muxannosuy Mepabuwsunm

HaunoHanbHbIn MEOULMHCKUIA NCCNeaoBaTebCKUM LEHTP OHKONOMMmn
uM. H. H. MeTpoBa MuHucTepcTBa 3apaBooxpaHeHuns Poccuiickon depepaumu,
CaHkT-lMeTepbypr, Poccua, MVM@niioncologii.ru

AHHOTALMA. Pak nuweBoaa — Tsaxkenenwas natonorms 3/ilokavyecTBeHHbIX HOBOOOpa3oBaHUI, rae eTanbHOCTb
601bHbIX HA NepBOM roay HabntoaeHus npesbiwaeT 70%. 3a nocneaHue 19 net Mbl BUAMM HE3HAYUTENIbHOE Yy4-
weHme 3 PeKTMBHOCTM MPOTUBOPAKOBbLIX MEPONPUSTUIA MO AAHHOM Nokanmsaumm onyxonein. CosgaHHas B GeBs-
pane 2019 roga 6a3a AaHHbIX MNonynsaumMoHHOro pakoBoro perncrpa Cesepo-3anagHoro ¢enepanbHOro okpy-
ra P® ¢ uncneHHoctbio 6onee 1 MAaH. 350 TbiC. HABNKOAEHUI MO3BONASET MOAYYUTb NpeacTaBieHne 0 peasibHOM
COCTOSAHMMN 3P PEKTUBHOCTM NPOBOAUMBIX MPOTMBOPAKOBLIX MEPOMPUATUN M HA 3TOM OCHOBE MJIAHMPOBATL ee
pa3BuTKe. MNocne TWaTeNbHOM NPOBEPKM KayecTBa AaHHbIX 6bl10 OTOGPaHO A1s aHaM3a OKOM0 MUIJIMOHA Ha-
61100EHUA.

C 2000 no 2018 rr. B B4, MPP C3®O P® HakonneHo 15760 nepBu4HbIX ciydaes Pr1. YuuTbiBasi, YTO YPOBHU CTaH-
[apTM30BaHHbIX NoKa3aTtenen 3ab6oi1eBaeMoCcTm U CMepTHOCTU HaceneHus Poccum n C3MO PO 6am3KK, Mbl nona-
raem, 4to Mnosly4eHHble Brnepsble B POCCUKM JaHHbIE O BbXKMBAaEMOCTM 60/bHbIX PN B C3MO PO BNonHe oTpaykaroT
cocTosiHMe 3 dekTUBHOCTU Bopbbbl € PI B Lenom no Poccun.

Llenbto HacTosLWwero nccieaoBaHus IBSETCS NpoBeAeHMe KOMIMJIEKCa aHAaNIMTUYECKMX pacYeTOB NnoKasaTenen
BbKMBaeMOCTM 60nbHbIX Pl B AnHamuke 3a nocneaHue 19 netno b, MNPP C3MO P®d. Bce pacyeTbl OCYyLLLECTBAEHbI
B COOTBETCTBMM C MEXAYHapOOHbIMU TPeB6OBaHUSMU NPOBEAEHMS TakKMX pa3paboTok 1, B MEPBY o4yepeap, Mo
cTanpaptaMm Eurocare.

Mony4yeHHble HaMK pe3ynbTaThl UCCIEA0BAHUS CBUAETENLCTBYIOT O TOM, YTO MeAMaHa BbDKMBAEMOCTM Ha 06a
nona no Pl Bo3pocna ¢ natm Ao WeCTn MecsLuEeB.

JNeTanbHOCTb 6OMbHBIX HA MEPBOM roay HabNAEHUS CHU3MAach € 72,4 0o 71,4% (Ha oba nona), c 73,9 no 71,6%
cpeam My>KUuH, € 69,3 0o 65,1% cpeam XKeHLWwyH.

MaTnneTHAsa BbiXKMBaeMoCTb 601bHbIX PN B C3M0 PO 1Mmena Hebonblme KonebaHms, 0COOEHHO Cpean )KeHCKO-
ro HaceneHus. CrpynnyUpoBaHHbIe AaHHbIE 3@ TPU NATUNETHUX UMK HabNOAEHMIA MOKa3anm pocT NATUNETHEN
BbIXXMBAEMOCTM 60bHbIX Pl ¢ 7,3 0o 8,1%. OOHONETHSAS BbIXKMBAEMOCTb BO3POCIa 3a YeTbipe NATUIETHUX LMKIa
c 25,3 no 30,8%.

Briepsbie B Poccum HamMuy Ha NonNynsUMOHHOM YpOBHe nokasaH 3@ dekT neveHms 6onbHbix Pl no yetseptomy
3Haky MKB-10.

Haunbonblwnii ycnex B n1e4eHun OOCTUrHYT Ang 6onbHbiX Pl weinHoro otaena nuwesoaa (C15.0) - ¢ 23,3 oo
35,0% (0QHONETHSS BbIXXMBAEMOCTb), FpyaHOro otaena nuwesoaa (C15.1) — ¢ 29,6 oo 35,8%. Oco6eHHO 3HaunTeNb-
Hble yCrexu oTMeYdeHbl A5 paka BepxHen Tpetu nuwesopa (C15.3) - ¢ 18,2 no 34,0%.

BaXHO OTMeTUTb, YTO 3a YeTblpe nepmona HabNtAEHUM CHU3UNCS YaOenbHbI BeC 60nbHbiX PN C15.9 - «3noka-
YecTBEHHbIE HOBOOOPA30BaHUS HEYTOUHEHHbIe» (C 29,3 Ao 19,8%), UTO CBMAETENLCTBYET O CYLLLEeCTBEHHOM MOBbI-
LUEHUWM Ka4yeCTBa AMArHOCTUKM BOMbHbIX.

KJIOYEBbBIE CJIOBA: pak nuwesona, C3M0 PO, BbiXKMBaeMOCTb 60/1bHbIX, MEAMAHA BbXKMBAEMOCTU, BO3PACT,
cTaamnsa 3aboneBaHus, NOKaNM3aLMOHHAsA U MMCTONOrMyeckas CTpykTypa
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AHHOTALUS. B cBSI3M C NOCTOSIHHO BO3pacTaloLLMM MCMOb30BaHMEM MOHOKJ/IOHA/NbHbIX aHTUTEN, MeYeHHbIX
897r, B KIMHNYECKOM MPaKTUKE aKTyasibHbIM SBASETCS M3y4YeHUe X GapMaKOKUHETUKU C OnpeaesieHMEM Ha Oc-
HOBaHUW MOJYYEHHbIX A3HHbIX MOMOLWEHHbIX 403 B OMyXOSIEBbIX O4arax, a TakXe MHTAKTHbIX OpraHax 1 TKaHaX
1 3(pPeKTUBHbIX 403 NALMEHTOB. B HacTosLWee BpeMs CyLecTByeT OrpaHMyeHHoe YnMcio paboT, B KOTOPbIX Npu-
BOAATCS A03bl NAUMEHTOB MNP NPOBEAeHUN AUArHOCTUYECKUX Npouenyp C UCMONb30BaHUMEM MOHOKJ/IOHANbHbIX
AHTUTEN, MeYeHHbIX %9Zr. B CBSI3M C 3TUM LEeNbo AaHHOW paboTbl SBASNACk OLEHKA, HA OCHOBE OMy6/IMKOBaHHbIX
[aHHbIX, BUopacnpeneneHnst pasinyHbiX MOHOKJIOHAsbHbIX aHTUTEN (paMyumpyMab, TpacTy3ymab, aTe3onusy-
Mab), MeyeHHbIX 8%Zr, C noc1eayLWmMM pacvyeToM MNOMIOLLEHHbIX 403 B PaANOYyBCTBUTENbHbBIX OpraHax 1 TKaHSX
M 3PPEKTUBHbBIX 403 NALMEHTOB.

Ha ocHoBe aHanm3a skcnepuMeHTasnbHbIX AaHHbIX 0 B1opacnpeneneHnMm MOHOKNOHAbHbIX aHTUTES, MEYEHHbIX
897r, BN BUArHOCTMKM OHKOJTIOMMYECKMX 3a601eBaHUI, B3ATbIX U3 LOCTYMHbIX MICTOYHUKOB U COBCTBEHHbIX OLLEHOK,
6bIn1 coenaH BblBOA O NPOTUBOPEUYMBOCTY PE3YyNbLTaTOB onpeneneHns NorMoLWeHHbIX 403 B OpraHax U TKaHaX U
3 deKkTUBHbIX 003. MNornoLweHHble A03bl B OpraHax, No AaHHbIM Pa3HbIX UCTOYHMKOB, BAPbUPYIOT Ha MOPSAOK B
paMKax ogHoro opraHa u gocturatot 440 MIp 3a npoueaypy. IpdexkTMBHasa A03a BapbupyeT oT 3 0o 112 m3B 33
npouenypy. 3To MOXET BbITb CBS3aHO C pas/iMumMeM B AM3aliHe UcciefoBaHUM, MeToAaxX PaauoOMETPUM U OLLEHKU
[03. CpaBHeHWe C J03aMu, BblYMCIIEHHBbIMU Ha OCHOBE 0O6Ler Moaenu GuopacnpeneneHms MOHOKIOHaNbHbIX
aHTUTeN, AEMOHCTPUPYET BO3MOXHOCTb MPUMEHEHMS 3TOM MoAeny Ans rpybor oueHKU 003 BHYTPEeHHero obnyye-
HUS naumeHToB. OgHaKo ANng 6onee TOYHOM OLEHKM A03bl 4151 KOHKpeTHOoro PO/ Heo6xoamMMa CcTaHAapTU3aums
rnoaxoA0B K onpeneneHuto BHYTPEHHUX 403 061y4YeHus C UCMob30BaHUEM Hanbonee 3deKTUBHbIX METOA0/0-
rMYeCKnX peLleHnin 1 NPOrpaMMHbIX MPOAYKTOB.

KJIIOUEBbBIE CJIOBA: #Zr, MOHOK/IOHasbHblE aHTUTENA, paanodapmnpenapaTbl, MOMOLWEHHbIE A03bl B Opra-
Hax, 3P deKkTMBHAs [03a, paMyumpyMmab, Tpactysymab, atesonmsymab
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BBEAOEHUE

PaHHee BbiABAEHME U anPdepeHLmnabHaa AUarHOCTH-
Ka OMyx0/1ei, a TaKXe TOYHasA OLeHKa UX pacnpoCcTpaHeH-
HOCTU M CBOEBpPEMeHHOoe ornpegeneHne 3GPeKTUBHOCTH
/Nle4eBHbIX MeponpuUATUI ABAAANCE OAHOW U3 Haubosee
aKTya/IbHbIX Mpo6/1eM COBpeMEeHHOM OHKO/I0rUK U Ny4ye-
BOM BM3yanu3aumu [1]. B nociegHue roapl peLueHune npo-
6/1emMbl CBOEBPEMEHHOM AMAarHOCTUKM OHKO/I0rMYECKUX
3a60/1€BaHNit B 3Ha4YMTE/IbHOW CTeNeHU CBA3bIBAIOT C pas-
BUTUEM TEXHO/I0rUiA AAEPHON MeAuLMHbI. lTpexae Bcero
¢ M3T, no3Bo/AOLLEA KOMYECTBEHHO OL,eHUBAaTb COCTO-
AHve nepdysuun, metaboinsama 1 peLenTopHOro craTyca
pas/IMyHBIX OpPraHOB M TKaHeW, a TakXe onpegeanaTb U
CBOEBPEMEHHO BbIAB/AATL (PYHKLMOHA/IbHO-MOPPOOTrU-
YeCKue HapyLleHus, Nexallue B OCHOBE pa3sBUTUA OMyXoO-
nesoro npouecca [1, 2].

Mpn 3tom passutne [3T B HacToAWlee BpeMA He
CTO/IbKO CBA3aHO C COBEpLUEHCTBOBaHWeM ob6opyaoBa-
HMA M NporpammMHoOro obecnevyeHus, CKO/IbKO C CUHTE30M
W BHegpeHMEeM B MPaKTUKY HOBbIX, BbICOKO3IPPEKTUBHBIX
pagrodapmaLeBTUHECKUX /1IeKapCTBEHHbIX MpenapaTos
[3]: B nocneanue roabl 60/bLWION MHTEpeEC Bbi3biBAET
ncnonb3osaHue ana M3T-AMarHOCTUKKM areHTOoB MO/u-
NenTUAHON MPUPOAbI, MEYEHHbIX PagMOHYKAUAAMU Me-
Ta/l/IoB U ra/ioreHoB. B KavyecTBe aHTUreHCBA3bIBaOLLLEN
MO/IeKY/Ibl-TipeaLlecTBeHHUKa PP/IMN MoryT 6biTb UCMO/b-
30BaHbl O4HOLLENOYEeYHbI€ MOHOK/IOHA/IbHble aHTUTeNa U
ux pparmeHTsl [4, 5].

MOHOK/IOHa/IbHblE aHTUTeNa MnpeAcTaBaAlT coboi
UMMYHOT/100y/IMHBI C omnpege/ieHHOW cneyudUIHOCTbIO,
Mo/y4eHHble U3 K/N@TOYHOMU /IMHUK OAHOrO K/A0Ha. MX Buo-
/lornyecKkan akTUBHOCTb XapaKTepu3yeTca CnoCOBHOCTbIO
crneundUYHO CBA3BIBATLCA C NMraHAOM (M3BECTHBIM MOg,
Ha3BaHMEM aHTWUIeH) U MOKET 3aBWUCETb OT MMMYHHOWM
3pPeKTOpHOM PYHKUMMU, TaKOW KaK aHTUTe/10-3aBUCUMan
K/NeTOYHaA LUTOTOKCMYHOCTb M KOMM/IeMEeHT-3aBuCcuman
LUTOTOKCUYHOCTD [5]. PO/IM Ha OCHOBE MOHOK/IOHA/bHbBIX
QHTUTEA MOTYT YCNEeWHO MCMO/Ab30BaTbCA Y MaLMEHTOB
C XMMMWOPE3UCTEHTHbIMW PacnNpoOCTPaHeHHbIMK dOopMa-
MU OHKO/I0rMyecknx 3abosieBaHui, B TOM 4ucie B Tex
CNly4anax, KOrga Onyxo/ieBble O4aru He YyBCTBUTE/IbHbI K
BO3/,€MCTBUIO HEKOHBIOTMPOBAHHbIX /1I6KAPCTBEHHbIX aH-
t™Ten [5, 6].

Mpu BbIbOpe pagnoHykauaa Ana cosganua PO/IN Ha
OCHOBE MOHOK/IOHA/IbHbIX aHTUTEN M UX (parMeHTOB
ANA [OCTUXKEHUA ONMTUMA/ZILHOTO COOTHOLLEHMA OMyXo0/1b/
$oH Ha nosyvyaembix U306paxkeHUAX cledyeT yYuTbiBaTb
BpemMA no/ayBbiBegeHMA 6e/Ka M3 opraHusma 4esoBeKa
W nepuog nosypacrnaga usotona [5, 7]. Tak, MHTaKTHblE
MOHOK/IOHa/IbHbl€ aHTUTE/a UMEIOT A0CTaTOYHO MPOA0A-
XUTe/NbHOE BpeMA ygepKaHusa B OpraHusme 4e/i0BeKa
(06bIYHO HECKO/IBKO AHelt) BC/ieqCTBUE Meg/IeHHOMO K/u-
peHca (CKOpOCTM OYMLLEHWUA NAa3mbl KpoBH). MosTomMy
npu ncnosb3oBaHmm PP/IN Ha OCHOBE MOHOK/I0HA/IbHbIX
QHTUTE/ OMTMMA/IbHOIO KavyecTBa M300pakeHUA MOXKHO
£A06MTbCA TO/ILKO B TOM C/ly4ae, ec/v NpoBOAUTbL MUCC/le-
£A0BaHUA Yepes3 A0CTAaTOYHO A/IMTe/IbHOE BpemMs nocae
BBE/AEHNA B OpraHM3mM. JTO MUCK/AKOYaeT UCMO/b30BaHue
PaAVOHYKANA0B — SMUTTEPOB MO3UTPOHOB C OTHOCUTE/Ib-
HO KOPOTKMM MEepUoAOM Mo/ypacrnaga, Takux Kak 4Ga
(T1/2=68 muHyT) 1 ®F (T1/2=110 MuHyT) [5, 8].

ONTUManbHbIMU  AAA MOHOK/IOHA/IbHBIX aHTUTEen,
NPpUMEHAEMbIX MPU PAANOHYKAUAHON AMArHOCTUKE OH-

Ko/soruveckmx 3abonesanuii metogom MM3T, ABAAOTCA
PaAMOHYKAUABI C OTHOCUTE/IbHO A/UTE/IbHbIM Mepuo-
aom dusmnyeckoro noaypacnaga. fNpexpge scero — 897r
[9, 10]. AnnTenbHbIN Nepuog nonypacnaga 3Toro pagu-
oHyk/maa (T1/2=78,4 4aca) Mo3BO/IAET OCYLLECTBAATH
TPAHCMNOPTUPOBKY MeYeHHbIX nm PP/ Ha goCTaTO4YHO
60/blIMe pacCcTOAHUA OT MecTa npomssoacTBa. KopoT-
Kuii npober no3uTpoHoBs, o6pasyloLmnxca npu pacnage
897r, B cpege obecneynBaeT BbICOKOE MPOCTPAHCTBEH-
Hoe paspelueHune nosyvaembix MIT-usobparkenuit. Mpu
3TOM ¥9Zr moxkeT 3pPEeKTUBHO UCMONb30BaATLCA Ha Aua-
FHOCTMYECKOM 3Tarne TepaHOCTUYEeCKOM mnpoueaypbl,
0obpa3sys TepaHOCTMYECKYl0 napy C TepaneBTUYECKUM
paaunoHykangom 177Lu [6].

B cBA3M C NOCTOAHHO BO3pacTalOWMM MCNO/b30Ba-
HMEM MOHOK/IOHA/IbHbIX aHTUTE/, MeYeHHbIX ¥Zr, B KAu-
HMYECKOWM MpaKTUKe aKTya/IbHbIM AB/AETCA U3Yy4YeHUe MUX
$hapMaKOKMHETUKM C OrpesesieHneM Ha OCHOBaHWUM MOAY-
YEeHHbIX AAHHbIX MOM/IOLLEHHbIX 403 B OMYX0/1€BblX O4arax,
a TaKXXe MHTAKTHbIX OpraHax W TKaHAX, U 3P PEeKTUBHbIX
4,03 nauueHToB [11]. B HacToAlwee BpemA cyliecTByeT
orpaHu4eHHoe Ync/10 paboT, B KOTOPbIX MPUBOAATCA A4,03bl
NaLMeHTOB Npu NPOBEAEHUU ANATHOCTUYECKUX NpoLleayp
C UCNO/Ib30BaHMEM MOHOK/IOHA/IbHbIX aHTUTE/, MEYEHHbIX
87r [6, 11, 12]. B pabote Zhukovsky u ap. [12] npeacras-
/IeHbl pacyeTbl 403 MHTAKTHbIX MOHOK/IOHA/IbHbIX aHTW-
Te/, MeYeHHbIX 397r, Ha OCHOBE AaHHbIX U OMOKUHETHKM
MOHOKaHa/bHbIX aHTUTen ¢ 99mTc m3 Mybaukauum 128
MKP3 [13]. Mpu 3TOM yunTbIBANOCH, YTO pacnpesesieHue
M CKOPOCTU Nepexoga Mexay opraHamMu onpeaenarnTcs
MOHOK/IOHa/IbHbIM @aHTUTE/I0M U He 3aBUCAT OT Pa4UOHY-
KAnaa-mMeTku. Mcnosb3oBarHadA B paboTte Zhukovsky v ap.
KamepHasa Moge b ABaAeTcA 0606LLeHHOM Moge blo pac-
npeae/neHna MOHOK/IOHA/IbHbIX aHTUT@N U He y4uTbiBaeT
cneundPuKM oTae/bHbIX aHTuTen. OcTasnbHble paboThl Oc-
HOBaHbl Ha OrPaHUYeHHbIX COBCTBEHHbIX AaHHbIX aBTOPOB
0 buopacnpege/iHUM KOHKPETHbIX aHTUTEe/, MO/yYeHHbIX
B X0O/4€e NPOBEeAEHHbIX IKCMepUMEeHTaNbHbIX paboT [6, 11].

Llenbto gaHHOM paboTbl ABAA/AACH OLLEHKa Ha OCHOBE
ony6/1MKOBaHHbIX AaHHbIX bropacnpeseneHna pasInyHbIX
MOHOK/IOHA/IbHbIX @aHTUTE/, MeYeHHbIX ¥7Zr, ¢ nocaeayro-
LMM pacyeTOM MOr/I0WEHHbIX 403 B PaAMO4yBCTBUTE/Ib-
HbIX OpraHax u TKaHAX 1 3G PEKTUBHbIX 403 NaLMEHTOB.

MATEPUAJIbl U METOAbI

ANA OLEHKM TMOr/IOWLEHHbIX B OpraHax M TKaHAX
4,03 Npu BBeaeHuM nauuneHtam PP/IMN Ha ocHoe ¥Zr
6b11 npousBegeH o630p nybaMKauMit C UCMO/b30BAHU-
em cuctembl PubMed Central, no kato4yeBbIM cC/10Bam
«positron emission tomography», «nuclear medicine»,
«89Zr», «ramucirumab», «trastuzumab», «atezolizumab»,
«biodistribution», «absorbed dose», «effective dose».
[lNA KaxA0ro MCTOYHUKA OLLeHUBA/UCH C/1eaytoLue napa-
MeTpbl: AU3AMH UCC/1e40BaHNUA, MeTOAMKA cbopa U peru-
CTpauuu gaHHbIX, pe3y/bTaTbl HakonaeHnua PP/IM B ovare
MULLEHU U APYrMX OpraHax u TKaHAX. OCHOBHble XapaKTe-
PUCTUMKM MeTOAMK CHOpa AaHHbIX B OTOOPaHHbIX UCC/1es0-
BaHMAX Mpe/cTaB/ieHbl B Tabanue 1.

Bo Bcex wuccnegosanuax PP/ BBOAMAUCH MbILaM
Yyepes XBOCTOBYIO BEHY, OMyX0/1M /I0Ka/IM3UPOBA/IUC NMOA-
KOXHO [11, 14-16], Kpome paboTbl Bensch F. u ap. [17], B
KoTOpoW *9Zr-aTe30/13ymab BBOAW/ICA MaLMeEHTaM BHY-
TpuBeHHO. [lepBOHaYa/ibHaA BU3ya/iM3aLma NpoBOAUAACH
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C ucnosb3oBaHuem M3T nyTem ctaTuyeckoro cbopa gaH-
HbIX B 3apaHee onpe/e/ieHHble MOMEHTbI BpDEMEHU noc/ie
MHBEKL MK 6e3 nonpasKkK Ha ocnabieHne nam paccesaHue.
XapaKTepucTuMkM ob6cneaoBaHHbIX B paboTax onyxosei
npeacTaB/eHbl B Tabauue 2.

[aHHble BO BCcex paboTax C XMBOTHbIMM Obl/M NpeacTaB-
/leHbl B BMAE MpOLIeHTa BBEAEHHON aKTMBHOCTM Ha rpamm

Kaskgoro opraHa (%ID[r), KOTOpbI paccuuTbiBaACsA nyTeM
[,€/1EHWA KOHLEHTPALMKM aKTUBHOCTH B opraHe (MBK/r), moy-
YEHHOW M3 HaKoM/1eHUA akTUBHOCTU PP/IT B 06/1aCTH MHTEpe-
ca Ha l3T-u306paxeHuu, Ha OOLLYIO BBEAEHHYIO aKTUBHOCTb
(MBK)[18, 19, 20].

B pa6oTe Bensch F. u ap. [17] AaHHble pacnpegeneHus
6bl/M NpegcTaB/eHbl Kak CcpegHee CTaHAAPTUM30BaHHOE

XapaKTepMCTMKB SKCNepUMeHTa/IbHbIX Bbl60p0K )KVIBOTHI:IX/I'IalJ,MeHTOB

Characteristics of the experimental samples of animals/patients

Taba. 1.
Table 1.

Aosuposka aﬁvﬁ:s:zﬁrp.ba B Cnoco6
PN UcTOUHMK 06beKT uccnenoBaHus P®JIN [Dosage PdF;nn [Ra‘;ionucli de erucrpaumm [Reg-
[Radiopharmaceutical] | [Source] [Object of study] of radiophar- AN N P rPau g
maceutical] activityina I’E'\dlo- istration method]
pharmaceutical]
CaMmubl ronbix
6eCTUMYCHbIX MblLLEen (Sr;m(gggr?d-z/dl(izal
(BospacTom 4-5 Henenb; 5-10 MBK Ha Solutions USA, Inc.)
89Zr-DF-pamyumpyma6b Li v ap., n=14 Envigo; Cambridge Mbilb [MBa/ 432,9+114,7 MBK/ Inveon Micro:PEf/
[®°Zr-DF-ramucirumab] | 2019 [14] | shire, UK) [Male athymic mic[e q mr [MBq/mg] [ CT scanner (Sie-
nude mouse (4-5 weeks 1 sﬁ d'er { Slel
in age; n=14; Envigo; mens SSIAcaI olu-
Cambridge shire, UK)] tions »Inc.)]
CaMKM 6eCTUMYCHbIX nu/
nu Mbiwei (NCRNU-M;

897 20-22 rp; BO3pacToM 6-8 Mquon_BT Focus
r-DFO-Tpactysyma6 | Holland n Henenb: n=32: Taconic 0,55-0,74 195-497 MBK/Mr 120 [microPET
[®°Zr-DFO-trastuzum- Aap., 2010 Farnf; Inr:) Fen,1ale athy- MBK Ha MbIlWb MBq/m Focus 120 rodent

ab] [15] mic nu/nu.m[ice (NCRNU-yM- [MBg/mice] [MBa/mg] scanner (Concorde
20-22 g; 6-8 weeks old; Microsystems)]
n=32; Taconic Farms Inc.)]
8Zr-DFO-Tpacty3symab .
(CyuaitHbIN) 2,3020.04MBk | 579,10228,11 MBK/
[#°Zr-DFO-trastuzumab [MBg/mice] mr [MBq/mg]
(random)]
89Zr-DFO-TpacTy3symab 2,2%0,02 MBk
(B-Gal) [®°Zr-DFO-tras- Camku NMRI rosibix Ha Mblilb 243’30:43;"32 MBk/ M3T/KT (Siemens
tuzumab (B-Gal)] Kris- Mblwweii (Bo3pactom 7 [MBg/mice] mr [MBq/mg] Germany) [Inveor,l
tensen n Hepenb; h=44; Taconic, Multimodality PET/
$9Zr-DFO-Tpactysyma6 | gp.,2019 | Denmark) [Female NMRI 1.60£0.06 o WS.
(endoS2) [16] nude mice (7 weeks old; | MBx wa Mo | 17 S11¥16,38 MBK/ | - ezg""ggf’;g n'e'
[#Zr-DFO-trastuzumab n=44; Taconic, Denmark)] | ~ [MBq/mice] mr [MBq/mg] s y)]
(endoS2)]
89Zr-DFO-Tpactysymab .
(endoS2-R) [*Zr 22501 MBK | 169,40¢54,48 MBK/
-DFO-trastuzumab [MBg/mice] mr [MBq/mg]
(endoS2-R)] a
64-x unun
40-cpesosble MN3T/
Bensch 37 MBK Ha KT (Siemens) [Bi-
89Zr-aTesonusymab E.u Jiioam (n=22) [Humans yenoBeka i ograph mCT 64-slice
[®°Zr-atezolizumab] 20'18?{,5] (n=22)] [MBq per PET/CT camera or a
human] Biograph
mCT 40-slice PET/CT
camera (Siemens)]
CaMupbl
MMMYHOKOMMETEHTHbIX
HenoBpeXAEeHHbIX
C57Bl/6J Mbiwel u caMubl
6ecTUMYCHbIX nu/nu 'giz:'n\le(r-ll-s(ll-?:aelgn:
MbllWei ¢ ocnabneHHbIM 1,53 MKKu /MKr
89Zr-ate3onnusymab Moroz A. UMMYHUTETOM (BO3pacTom 40-250 MKK". ana B16 F10 u 2,17 care, Mal_vern, PA)
39 . u ap., o, Ha Mbiwb [pCi [Small animal PET/
[®°Zr-atezolizumab] 2018 [11] 3-5 Hepenb; n=8; Charles per mice] MKKu /MKr ana CT scanner (Inveon
River) [Male immunocom- H1975 [uCi/ pg] Siemens Health- ’
petent intact C57Bl/6) care, Malvern, PA)]
mice and male immuno- ’ ’
compromised athymic nu/
nu mice (3-5 weeks old;
n=8; Charles River)]

*0aHHble 8 UCMOYHUKE Omcymcmaytom
*data is absent




Hakon/eHne B obbeme MHTepeca Ha M3T-u3obpaxeHuy,
KOTOpPOE PacCHMUTbIBA/IOCh KakK OTHOLLEHUE KOHL,eHTPaLIUK
aKTMBHOCTM B OpraHe WM TKaHW K BBE/,€HHOW aKTUBHO-
CTU, OTHECEHHOI K macce Tena [21]. Aaa onpegenexus ab-
CO/MIOTHOM aKTUBHOCTU B OpPraHax v TKaHAX UCNO/1b30Ba/u
AaHHbIe O Macce XMBOTHBIX C caiiTa npousBoguTens [22]
M faHHble 0 Macce YesoBeka [23].

Hakon/sieHHasa aKTMBHOCTb B OpraHax onpegens-
Nacb Kak WMHTerpasn OT aKTUBHOCTU paAMOHYKAWAa
no BpeMeHM NyTeM MOCTPOEHMA KPWBLIX HaKom/e-
HUA ¥ BbiBegeHuAa P®/IN B nporpammHom obecneye-
Huu (MO) Origin Pro 2020 (OriginLab Corporation,
Northhampton, MA, USA [24]).

AnAa npeobpa3oBaHMA HaKOM/NEHHOW aKTUBHOCTU B
OpraHax KMBOTHbIX K HaKOM/IeHHOW aKTUBHOCTU B Op-
raHax 4yesnoBeKa MCno/ab3oBaan metoa Cnapkc n Ugo-
raHa [18, 25].

[ANA OUEHKM MOr/NolWeHHbIX f03 B PajgMo4vyBCTBU-
Te/IbHbIX OpraHax M TKaHAX Ye/N0BeKa MCMo/1b30Basiu
cneymanusmposarHoe MO IDAC-Dose 2 [26].

[lononHnTeIbHO Oblna NpoBegeHa oueHKka 3pdeKTuBs-
HbIX /103 Ha OCHOBAHWM B3BELUMBAOLLMX KOIPPULIMEHTOB
u3 My6vkaumm MKP3 60 [27] n My6amkauuu MKP3 103
[28]. PacueT 3¢ deKTUBHBIX 403 MPOBOAU/CA HA €AUHULY

BBOAMMOI akTMBHOCTU (1 MBK) 1 0TA€/1bHO 3a mpoueaypy
(70 MBk) [19, 29].

PE3VJIbTATbI

OueHKa HaKOmM/IeHHbIX B OpPraHax akTUBHOCTeN #9Zr u
OLeHKa MOor/IoWeHHbIX 403 B pagMoYyBCTBUTE/IbHBIX Op-
raHax v TKaHAX npegcTaB/eHbl B Tabauye 3 u Tabauue
4 COOTBETCTBEHHO.

Hanbosblwime g03bl OblM MO/YyYeHbl MO AAHHBIM A40-
KAMHUYECKMUX UCCNeA0BaHUIA C MpenapaTom %9Zr-TpacTy-
3ymab B pabote Holland J. P. u ap., BbINO/HEHHON B
2010 rogy [15]. OHM OKasza/ncCb B CpeAHeM B 4-5 pas
BbIlLE 4,03, NO/IY4eHHbIX A/1A TOrO e npenapaTa B pabo-
Te Kristensen L. K. u gp. B 2019 [16]. Hau6obLine f03bl
B 06oux paboTax onpegenAnucb B cepale U nevyeHu.
TakXe BblICOKME OTHOCUTE/bHO APYrUX paguo4vyBCTBU-
eT/IbHbIX OPraHoOB A03bl OTMEYa/UCh B Cep/lLie U NeveHu
ANA npenapaTta $Zr-pamyunpymab no gaHHbiM paboThbl
Liv ap. [14].

[laHHble TPpU KAUHUYECKOM WCC/Aes0BaHUKU rmpena-
pata ®Zr-ate3o113ymab, onyb/mkoBaHHOM Bensch F.
u ap. [17], AnAa Bcex pagMoOuyBCTBUTE/NbHBIX OPraHoOB
OKasa/nCb B CPegHEM Ha MOpPAAOK HUXKE BEe/NUYUH, MO-
/IYy4EHHBIX MO AAHHbIM AOK/JAMHUYECKUX UCCAeA0BaHUN

Tabn. 2.

XapakTepucTHKa onyxo/ei

Table 2.

Characteristics of tumors

P®JIMN [Radiopharma-

ceutical] UcTouHuK [Source] Onyxonb [Tumor] Tun onyxonu [Type of tumor]
PC-3
89Zr-DF-pamyumupyma6 Lin 2019 [14] LNCAP Tpu NMHUU KNETOK paka npeacTaTenbHOM
[#°Zr-DF-ramucirumab] Ap-» »enesbl [Three prostate cancer cell lines]
LAPC-4
89Zr-DFO-TpacTty3symab . JIMHUA KNeTOK paka MOJIOHYHOM Xenesbl
[3°Zr-DFO-trastuzumab] Holland u ap. 2010 [15] BT-474 [Breast cancer cell line]
89Zr-DFO-Tpacty3symab
(cnyyaiHbli)

[®°Zr-DFO-trastuzumab

(random)]
89Zr-DFO-TpacTy3symab
(B-Gal) [®°Zr-DFO-tras-

tuzumab (B-Gal)] .
Kristensen u ap., 2019 SK-OV-3 JInHMA KNeTok paka snyHMKoB [Ovarian

89Zr-DFO-Tpactysymab
(endoS2)

[®°Zr-DFO-trastuzumab
(endoS2)]

89Zr-DFO-Tpacty3symab
(endoS2-R) [*Zr
-DFO-trastuzumab
(endoS2-R)]

89Zr-aTe3onusymab
[®°Zr-atezolizumab]

89Zr-aTe3onusymab
[®°Zr-atezolizumab]

[16]

Bensch F. u ap, 2018 [17]

Moroz A. u ap., 2018[11]

NSCLC (Non-small-cell lung
carcinoma)

TNBC (Triple Negative
Breast Cancer)

H1975

B16-F10

cancer cell line]

HemenkokneTouHbli pak nerkoro [Non-
small-cell lung carcinoma]

TpoiHOM HeraTUBHbIN pak MOJIOYHOM
enesbl [Triple Negative Breast Cancer]

Mogaenb HeMeNKOKNeTOUHOro paka
nerkoro yenogeka [Human Non-Small
Cell Lung Cancer Model]

Mopenb MbilwMHOM MenaHoMbl [Mice
melanoma model]
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B pabote Moroz A. u ap. [11]. Mpu 3TOM HanbosbluKe
£,03bl 33PMKCUPOBaAHBI B MEYEHU, Ce/e3eHKe U NMOYKax.
Li u gp. [14] 6b111 NpoBeseHbl UCCIEA0BAHNA Ha MOZe-
/X TO/IbIX MbILLIEM, HECYLLIMX MOAKOMXHDBIM KCEHOTpaHCM/AaH-
TaT pas/MyHbIX KAeToK PrCa nnHum (PC-3, LNCAP n LAPC-4).
Haunbosblume nor/oleHHble 403bl MO 3TUM AaHHbIM GblaK
ro/y4eHbl A/1A IMHUK paKa npeacTtaTte/ibHol ene3bl LNCAP
(B cpeaHem — Bbille HA 30%), @ HaumeHblune — a8 LAPC-4

(B cpeaHem HuKe Ha 25%). B gasbHewem, npu cpaBHEHUM
MCM0/1b30Ba/IM £,03bl, MO/TyHeHHbIE A/1A /IMHUM PaKa npeAcTa-
Te/bHOW ene3bl LNCAP.

B pabote Kristensen L. K. v ap. [16] 6b110 npoBeaeHo cpas-
HeHue 03 A1 HemeveHoro TpacTysymaba, DFO-TpacTysymaba
(cryyaithbii), DFO-Tpactysymaba (B-Gal) u DFO-Tpactysymaba
(endoS2). HavmeHbLLIMe MOr/IOLLLEHHbIE A403bl Bbl/IM MO/YHeEHD! /1A
DFO-tpacty3ymaba (B-Gal) (B cpeagHem Hue Ha 5%). Haubo iblumne

Tabn. 3.

Hakon/eHHasa akTUBHOCTb B opraHax npv eeeAeHUU MOHOK/IOHA/IbHOIo aHTUTE/Ia Me€4€HHOro 89Zr

Table 3.

Accumulated activity of ®9Zr-labeled monoclonal antibodies

89Zr-pamyumpymab p— —— 89Zr-aTesonmsymabd
[#Zr-ramucirumab] Zr-Tpacrysymat [“Zr-rastuzumab] [**Zr-atezolizumab]
—_ — — n-': H _ S R ) - o= o =
5 R B B . Edo g9 d 3N | gz | g5~
ot | oY | s | X2F =9 = == i S Qo8 | Rz
Smo g“-g SEE -l5§ ¢ = ¢ N o % =& gy P PN
OpraH N‘k')g "{gs Na 3 $ag I® 598 3Q o g2 l:nl:'l.""l-ﬂ %2&'
[Organ] §%2 | 435 | 43w | 23 cg'_ c g c g ) s = SRl | =T
2w | %23 | §29 | ERE| §2 | §5 | 8B | =@ | us= | 398 Za28
:gu ng Sgﬂ- ‘\;I'gr_\? C‘o_: < ov :ﬂJ“ s N -CH ~n 5 E NEE
38| 383 | 585 | £ 8= g3 o g = 4] 0835 | ox3
c 2= S= ¥ o= h N 59 o3 [<] en 5> 52>
° 5 5 g K g * g% | =5 =0
UHTerpanbHasa akTMBHOCTb, MBK™y [Integral activity, MBq*h]
fﬁggn‘; 1,67 1,81 1,52 3,53 391 7,90 2,36 17,84 - - -
CFS":;‘:’:]'T 0,47 0,79 0,42 - - - - 10,35 5,38 1,78 0,51
r['fi“‘,:’r']" 5,97 4,42 4,75 2,12 7,70 9,40 7,07 17,23 27,78 4,83 1,45
[K"i'g:gs] 0,26 0,30 0,29 0,70 0,49 0,71 0,72 6,33 4,05 0,52 0,30
[’:4""1‘:::; 23,83 | 39,56 | 18,10 0,62 0,73 0,94 0,58 8,08 64,83 | 11,29 5,21
Nerkue [Lungs] - - - - - - - 54,08 4,02 - -
ToHKas KMLUKa . . . . - " " "
[Small Intestine] ) ) 10,73 2,03 0.74
KpacHbii
KOCTHbIi MO3r =* -* -* -* -* -* -* =* 13,06 -* -*
[Red marrow]
Mosr [Brain] -* -+ -+ -* - -+ =+ -* 1,00 -+ -+
KocTtu [Bone] =* -* -* -* -* -* -* 23,25 23,36 -* -*
Mnasma [Blood] - - -+ =+ - -+ -+ 7,93 - -+ -+

*QdHHble 8 UCMOYHUKE OMCcymcmaytom
*data is absent

Tabén. 4.

Mor/owweHHble A403bl B OpraHax U TKaHAX, HOPMUPOBaHHbIE Ha 1 MBK BBeJeHHOI aKTUBHOCTH, NOC/1e BBEAEHUA
MOHOK/IOHA/IbHbIX aHTUTE/l, MeYEHHbIX 59Zr

Table 4.

Absorbed doses in organs and tissues, normalized to 1 MBq of injected activity, after administration
of 89Zr-labeled monoclonal antibodies

8Zr-Ramucirumab 8Zr-trastuzumab 89Zr-atezolizumab
o o o £ - o — ' ~ o= -
prey K : A s . = . . fard
0 N - N N o— wge, | V957 | Vg0 | v d o — .UO 0 NO = NGO —
praH o= ‘o s S<g0 | S5x20 | £<E0 | £ X3 a £ o oNo o Nin
o am a ay | 83S8q | eSsnl 850en 850, £ R S :a e X
[Organ] 25 | IZ | qE | BxgT| BxET Bve™ | Ex g 47 | £9 | S8k | 2285
56 | =3 | =% | 243 |¥4R | w43 |48 & | &4 == =T
- - - ~N ~N = o
Absorbed dose in 102 x mGy/MBq
Haanoueuniky 028 | 029 | 023 | 014 0,29 0,38 027 | 1,89 | 176 | 012 0,09
[Adrenals]
Mosr 002 | 003 | 001 0 0 0,01 0 019 | 034 0 0
[Brain]




MonouHag xenesa
[Breast]

BpoHxuonbl
[Bronchioles]

ToNCcTbIM KMLLEYHUK
[Colon wall]

[OpixaTenbHas cucrema
[ET region]

CreHKa >KesI4HOro nysbips
[Gallbladder wall]

CreHKa cepaua
[Heart wall]

Moukwu [Kidneys]

Hucxopsawasna
0604,04Has KULIKa
[Left colon wall]

MeuveHs [Liver]
Nérkue [Lung]

JNiumdaTtuueckue ysnbl
[Lymphatic nodes]

Mbiwubl [Muscle]

Muwesop
[Oesophagus]

Cnsucran o6onouka
nonoctu pra [Oral
mucosa]

SIvuHuKK [Ovaries]

MopxenynouHas xxenesa
[Pancreas]

MpeacTaTtenbHas xenesa
[Prostate]

CTreHKM CUrMOBUAHOM U
NPpAMO KMLLKKU
[Recto-sigmoid colon wall]

KpacHbIi KOCTHbIN MO3r
[Red (active)
bone marrow]

Crenas KMLIKa

U BOCXoAALWan
060404Han KULWKa
[Right colon wall]

CnioHHbIe Xenesbl [Sali-
vary glands]

Koxa [Skin]

CTeHKa TOHKOM KULUKMU
[Small intestine wall]

CeneseHka [Spleen]

CreHKa Xenyaka
[Stomach wall]

finuku [Testes]
Tumyc [Thymus]
LuToBMAHaN enesa
[Thyroid]
MoueTouHuku [Ureters]
CreHka Mo4eBoro

nysbips
[Urinary bladder wall]

MaTKka/weika MaTKu
[Uterus/cervix]

0,10

0,17

0,11

0,06

0,40

0,56

0,25

0,10

0,53
0,17

0,13
0,19

0,20

0,06

0,06

0,20

0,05

0,10

0,13

0,13

0,06

0,06

0,09

0,06

0,16

0,10

0,34

0,61

0,29

0,14

0,45
0,21

0,18

0,30

0,23

0,10

0,10

0,21

0,09

0,16

0,18

0,17

0,21

0,07
0,16

0,14

0,17

0,15

0,09

0,08

0,13

0,09

0,05

0,31

0,49
0,22

0,08

0,43

0,14

0,11

0,15

0,16

0,05

0,05

0,17

0,04

0,07

0,11

0,10

0,05
0,05
0,09
0,31
0,16

0,03
0,10

0,08

0,10

0,07

0,04

0,06

0,11

0,03

0,01

0,16

0,96

0,24

0,02

0,21
0,14
0,06
0,02

0,18

0,01

0,01

0,09

0,01

0,04

0,04

0,01
0,01
0,03
0,07

0,11

0,11
0,03

0,04

0,01

0,01

0,10

0,17

0,05

0,01

0,46

1,12

0,27

0,04

0,65
0,20

0,10

0,03

0,24

0,02

0,01

0,21

0,01

0,01

0,07

0,08

0,01
0,02
0,05
0,10

0,20

0,13
0,04

0,06

0,01

0,01

0,17

0,28

0,07

0,02

0,58

2,18

0,38

0,06

0,82
0,34

0,16

0,05

0,43

0,03

0,01

0,28

0,01

0,01

0,11

0,59
0,14

0,08

0,03

0,17

0,01

0,01

0,19

0,01

0,01

0,06

0,07

0,01
0,02
0,05
0,09

0,16

0,09
0,03

0,06

0,01

0,01

0,97

5,97

0,40

1,63

6,57

2,62

0,44

2,32
5,32
1,02
0,40

2,29

0,45

0,43

1,07

0,72

0,43

2,09

0,77
2,18
0,73
2,60
0,97
0,73
0,70

0,84

0,56

1,19

0,78

0,36
0,33
1,28
3,34
1,17

0,14
0,56

0,49

0,96

0,53

0,35

0,02

0,04

0,05

0,01

0,14

0,04

0,18

0,05

0,17
0,04

0,04

0,04

0,04

0,01

0,02

0,11

0,01

0,03

0,04

0,02

0,03

0,04

0,01

0,09

0,03
0,13
0,04
0,11
0,03
0,04
0,04

0,03

0,01

0,02

0,08

0,01

0,03

0,03

0,04

0,01
0,01
0,07
0,25
0,06

0,01
0,02

0,02

0,05

0,03

0,02
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- a1A DFO-Tpactysyma6a (endoS2) (B cpeaHem BbiLLie Ha 24%), KO-
TOpble 1 Bbl/IM UCMO/b30BaHb! Aa/1ee B paboTe Npy CpaBHEHUM.
UccnegoBanua Moroz u ap. [11] npoBoaunucs ans
MHTAKTHbIX CAML,OB Mbllliel Ha MO/ e/l HEMEe/IKOK/1IeTOY-
HOro paka /s1erkoro 4yesnoseka H1975 u Mogenu mbiwu-
HOW MesiaHOMbl B15-F10. MpY 3TOM BbIACHU/AM, YTO A,03bl,
nosy4eHHole Aaa mogenun B15-F10, okasanucb B cpepg-

HeMm Ha 7% Bblllie, N0 CPABHEHUIO C A403aMU ANA MOge-
v H1975, 1 6bln MCNo/b30BaHbl gasee B paboTe npu
CpaBHEHUMU.

Ha 0CHOBaHUM Mo/yYeHHbIX 4,03 B OPraHax U TKaHAX Gbl/n
MOCYUTaHbl SIGPEKTUBHBIE A03bI C UCTIO/Ib3OBAHWEM B3BELLN-
BatoLMX KoapduLmeHToB u3 Mybamkauun MKP3 60 [27] u
My6ukauyun MKP3 103 [28] (Tabn. 5).

Taba. 5.

¢deKTrBHbIE A03bI, COr/IacHo My6/mKaLm MKP3 60 [27] v My6mkaumm MKP3 103 [28]

Table 5.

Effective doses according to ICRP Publication 60 [27] and ICRP Publication 103 [28]

dddekTnBHbIE A03bI [Effective dose]

My6nukaumnsa
My6nukauuna MKP3 MKP3 103 1

60 1 MBK [Publica- | MBK [Publica-
tion ICRP 60 1 MBq] | tion ICRP 103
1MBq]

Li v ap., 2019, PC-3 [14]
89Zr-DF-pamyumupyma6 0,14 0,15
[®°Zr-DF-ramucirumab]

Liun ap.,2019,LNCAP [14]

89Zr-DF-pamyumnpyma6 0,18 0,19
[#°Zr-DF-ramucirumab]
Lin ap., 2019,
a 897
LAPC-3 [14] *°Zr 0,12 0,13

DF-pamyuupyma6
[#°Zr-DF-ramucirumab]

Kristensen L. K. u gp.,
2019, random [16]
89Zr-DFO-Tpacty3syma6
(cnyyaiHbin)
[8°Zr-DFO-trastuzumab
(random)]

0,07 0,08

Kristensen L. K. n
Aap., 2019, B-Gal [16]
89Zr-DFO-Tpacty3symab 0,12 0,14
(B-Gal) [**Zr-DFO-tras-
tuzumab (B-Gal)]

Kristensen L. K. u ap.,
2019, endoS2 [16] %°Zr-
DFO-Tpacty3symab (en- 0,18 0,22
doS2) [**Zr-DFO-tras-
tuzumab (endoS2)]

Kristensen L. K. u gp.,
2019, endoS2-R [16] *°Zr-
DFO-Tpacty3ymab (en- 0,10 0,11
doS2-R) [**Zr -DFO-tras-
tuzumab (endoS2-R)]

Holland J. P.u ap.,
2010 [15] ®°Zr-
DFO-Tpacty3syma6
[#°Zr-DFO-trastuzumab]

Bensch F. u ap., 2018
[17] ®#¥Zr-aTe30n13yMab 0,86 0,90
[8°Zr-atezolizumab]

1,43 1,60

Moroz A. v gp.,
2018,B15F10 [11]
89Zr-aTe3onnsymab
[89Zr-atezolizumab]

0,05 0,05

Moroz A. v ap.,
2018, H1975 [11]
89Zr-aTe3onnsymab
[89Zr-atezolizumab]

0,04 0,04

My6nukauma MKP3 60
My6nukauma MKP3 103 3a
3a npouenypy (7OMBK) |, o1y (70 MBK) [CRP publica-
[CRP publication 60 per tion 103 per examination (70 MBq)]
examination (70 MBq)] P 9
10,02 10,75
12,34 13,09
8,22 8,85
4,77 5,79
8,54 9,82
12,80 15,23
7,03 7,94
99,96 111,76
59,95 63,30
3,31 3,51
2,58 2,75




OBCY>KAEHUE

COrlacHO MPOBOAUMBIM KAMHUYECKUM WCC/IeA0BaAHUAM
MOHOK/IaHa/IbHbIX aHTUTE/, MeYeHHbIX %9Zr, nauueHTam BBO-
AAT aKTUBHOCTb B AmManasoHe oT 45 Ao 88 MBk [17, 29]. B
HacToAwWel paboTe, Ha OCHOBAHWUU MPOBEAEHHbIX PACYETOB,
6b1/M1 OLLeHeHbI A403bl NALMEHTOB 33 AMarHOCTUYECKYHO NpoLie-
AYPY C ydeToM BBegeHus 70 MBK (puc. 1-3). Pe3ysbTatsl no-
Kasa/u, 4TO 4,03bl B PAAMOYYBCTBUTE/IbHBIX OPraHax 1 TKaHsX
BapbMPYIOT OT 0,7 MIP (AMYKM NO AaHHBIM U3 paboTbl Moroz
u ap. [11]) Ao 440 mIp (ceneseHka no gaHHbIM U3 paboTbl
Holland J. P. u gp. [15]).

MoAny4eHHble B paboTe NMor/oLLeHHbIe A403bl A/ Pa3HbIX
MOHOK/IOHA/IbHbIX aHTUTE/1, MeYeHHbIX 39Zr, Gbl/M conocTas-
/IeHbl C 403aMK, MO/TyHEHHBIMU B APYruX paboTax.
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Puc. 1. Mor/owweHHbIe 403bl B OPraHax U TKaHAX MauueHToB
npy NpoBeAEHNUM AUArHOCTUUECKOrO UCC/IeA0BaHMA C *9Zr-
pamyumpymabom (70 MBK), nosy4eHHbie B pasHbIX paboTax
Fig. 1. Absorbed doses in organs and tissues of patients during
a diagnostic examination with *Zr-ramucirumab (70 MBq),
obtained in different studies
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npu NpoBeAeH!M ANArHOCTUECKOro UCC/IeA0BaHuA C 59Zr-
Tpacrasymabom (70 MBK), no/y4eHHble B pasHbix paboTtax

Fig. 2. Absorbed doses in organs and tissues of patients during a
diagnostic examination with 3Zr-trastazumab (70 MBq), obtained
in different studies

CpaBHeHMe TMOr/IoWeHHbIX /03, MO/yYeHHbIX B Ha-
cToAwwel paboTte asa 89Zr-pamyunpymaba, ¢ 403amu 13
paboTbl Zhukovsky u gp. [12] npegcTaB/ieHbl Ha pUCYHKe
1. Mony4yeHHble B HacToALlel paboTe A403bl, OCHOBaHHbIE
Ha BuopacnpeseneHun 3Toro npenaparta y mblwei [14],
A1 BCEX PAAMOYYBCTBUTE/IbHBIX OPraHOB U TKaHel, Kpo-
Me MbILLLL, OKa3a/MCb HUXe, MHOTrAa — A0 90%. OBpaTHbIii
pe3y/bTaT Obl/1 NO/Y4YeH NPy CPaBHEHUU STUX e 03 C
MOr/IOWEeHHbIMU 403aMHW, MpeAcTaB/eHHbIMU B paboTe
Meyer u ap. [30] a21A Mblleit ¢ paKOM MO/IOYHOM Kene-
3bl. OHM OKa3a/MCb Ha 90—95% Bbille. DTOT PaKT MOXKeT
O06BACHATLCA Pa3HbIMKM MOAE/NAMU OMyXo/ei, uccaeno-
BaHHbIX B ABYX paboTax (Moge b paka npescraTe/ibHOM
)Ke/ie3bl M paka MO/IOYHOM Ke/e3bl), a TaKkKe pasHbiMU
MeTOAUKaMW PaguoMeTpun.

MornoleHHble 403bl OT 89Zr-TpacTasymaba, nonyyeH-
Hble B HacTosALlel paboTe Ha OCHOBaHWUM gaHHbIX buopac-
npeAeneHua y Mblliei C IMHUAMMU KeTOK paka AMYHUKOB
M paka MO/IOYHO Kene3bl [15, 16], BblnM CONOCTaB/EHbI
C po3amu u3 pabotbl Zhukovsky u ap. [12] gars ob6wei
MO/ aHTUTe/, a TaKXKe C A03aMu, MO/yYeHHbIMU B
paboTte Lanforest u gp. [29] ana weHwuH ¢ HER2-no-
/IOKUTE/IbHBIM PaKOM MO/IOYHOW Kene3bl (puc. 2).
MornouieHHble A03bl B pabotax Zhukovsky u ap. wu
Lanforest u gp. okasaancb AnA 60/bWUIMHCTBA OPraHoB
Bblllle Ha 30-100% MO CPaBHEHWIO C 403aMW, NO/Y4EHHbI-
MU B HacToALW el paboTe Ha OCHOBAHUM AaHHbIX Bopac-
npeaenexua 89Zr-Tpactasymaba us pabotsl Kristensen u
4p. [16]. AaHHble pa3auuma MoryT GbiTb CBA3aHbI C TEM,
4yTo B paboTe Lanforest u g4p. OLeHKa NOr/0LWEeHHbIX 403
nposogunaack Ana »eHwmH ¢ HER2-nosnoxxutenbHbim
PakoOM MO/IOHHOM »Ke/e3bl, B TO BpeMA Kak B paboTe
Kristensen v gp. [16] — A/nA MbiLlei C pakOM AWYHWUKOB,
M COOTBETCTBEHHO, Pa3HbIMW KamepaMu HaKomM/aeHuA U
CKOpoCTAMU nepexoga. Ewe 60ablume g03bl 417 TaKUX
OpraHoB, KaK Hagno4YeyHWKM, MO/IOYHAA »Ke/se3a, Nnog-
enyao4HanA Kese3a, KpacHbIi KOCTHbIM MO3T, XXeya oK,
ceneseHKa, TUMYC, /IerkKue, Ke/4HbIM My3bipb U cepgue
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Puc. 3. Mor/oleHHble 403bl B OPraHax U TKaHAX NaLMeHToB

Npu NPOBEAEHUM ANArHOCTUYECKOrO UCC/IEA0BaHMSA C 39Zr-
are3onmsymabom (70 MBK), no/yueHHble B pasHbix paboTax

Fig. 3. Absorbed doses in organs and tissues of patients during a
diagnostic examination with 3Zr-atezolizumab (70 MBq), obtained
in different studies



BUOJTOTMYECKUE HAYKH

6b1AKM onpegesieHbl B HacToALW el paboTe Ha OCHOBAHMUU
AaHHbIX 0 Bruopacnpegesnenumn 89Zr-Tpactazymaba us pa-
607bl Holland u ap. [15]. Mpu 3Tom pacxoxaeHus 403 B
cepalie u ceneseHke 6bin10 60/1ee Yem B MATL pas, a B /1er-
KMX OTMEeYa/ioCb npeBbllleHne B AecATb pas. CTo/b Bbl-
COKME PaCXOXKAeHWA MOryT BbITb CBA3aHbI C pas/inyvem
B YYBCTBUTE/NBHOCTU U TOYHOCTU METOAMK MpoBeseHun
paguomMeTpuun A/1A oueHKkn buopacnpegenennsa PO/M ¢
KCeHOTpaHCMN/aHTaTaMu OMyxo/iu.

Mor/oLeHHble 403bl B OpraHax U TKaHAX, N0/y4eHHble
B HacToALW el paboTe aaa 89Zr-aTe30/113ymabda no gaHHbIM
6uopacnpegesenua us pa6otel Moroz u ap. [11] Ans uH-
TaKTHbIX CAMLLOB MbILLEN Ha MOge /I HEMe/IKOK/1eTOYHOr O
paKka sierkoro 4esnoBeka (pucC. 3), OKa3a/MUCb NOYTU AAA
BCEX OPraHoB B /Ba pPa3a HUXe MO CPaBHEHWIO C 403aMMu,
ornpegesieHHbIMU Mo obLLelt MoAenn AAA MOHOK/OHa/b-
HbIX aHTUTEN U3 paboTsl Zhukovsky u gp. [12]. Heobxoau-
MO OTMETUTb, 4TO ele 60/blune A03bl (B 4-5 pas Bbilue)
6b11M OMpese/ieHbl MO gaHHbIM Buopacnpegenexus 89Zr-a-
Te30/1M3ymaba U3 KAMHUHECKOro UCC/1e4,0BaHUA, OCHOBaH-
HOro Ha 25 MauueHTax ¢ MeCTHOPACNpPOCTPaHEHHbIM U/K
MeTacTaTUY4eCKMM PakKOM MOYEeBOro My3blpA, HeMe/IKo-
K/1€TOYHBbIM PaKOM /1IeFKOr0 M pakOM MO/IOYHOM Ke/e3bl,
npegcTassneHHoro B pabote Bensch v gp. [17].

SddeKTUBHbIE A03bl, MO/YyYeHHble Ha OCHOBaHUM [ly-
6/vKauumn 103 MKP3, oKkasaancb 40 10% Bbille 03, NOoAy-
YeHHbIX Ha OcHoBaHuu [MybauKaumm 60 MKP3. OueHka
3pPeKTUBHBIX 403 MNaLMEHTOB MpU BBEAEHUM MOHOK/O-
Ha/IbHbIX aHTUTE/l, M@4e€HHbIX 892]", Ha OCHOBAHWWU pa3HbIX
MCTOYHUKOB, AEMOHCTpUpyeT pasbpoc go mnopAaKa.
Haunbosbluee 3HaveHue Ao03bl — 1,6 M3B Npu BBEAEHUU
1 MBK — 6bl/10 Onpege/ieHo Ha OCHOBaHWU AaHHbIX Buopac-
npegenenus #9Zr-Tpactysymaba us pabotsl Holland J. P. u
ap- [15]. HanmeHbluee 3HaueHue f03bl — 0,4 M3B — Onpege-
/IEHO MO AaHHbIM Bropacnpesenerus $9Zr-ate3o0/11M3ymaba
13 paboTbl Moroz v ap. [11]. dbdeKTHBHbIE 4,03bl, NONYYEH-
Hble 3a npoueaypy (70 MBK), Ha OCHOBaHUM 3TUX AAHHbIX,
BapbuUpYHOT OT 3 M3B 4,0 112 M3B /19 Pa3HbIX MOHOK/IOHA/1b-
HbIX aHTUTeN: 8-11 M3B a/14 ¥9Zr-pamyunpymaba; 8-112 M3B
anA 8Zr-tpactysymaba; 3-63 M3B AnsA 89Zr-aTe30/m3ymaba.
Mpu 3TOM 3ddeKTUBHAA A03a 3a npoLeaypy, onpesesneH-
HaA Ha OCHOBAHWM OpraHHbIX 403 U3 paboTbl Zhukovsky n
ap- [12] ¢ ncnosb3osaHunem obLueit mogenu Guopacnpese-
/IeHWA MOHOK/IaHa/IbHbIX aHTUTE/, OKasanacb 42 M3B, 4TO
BXOAMT B OMnpe/e/ieHHbl B HacToALWel paboTe ananasoH
3 deKTUBHBIX 403 A1 06C/1e40BaHHbIX MOHOK/IAHA/IbHbBIX
aHTWUTeA, Onpese/IeHHbI Ha OCHOBAHUM SKCMepUMeHTa/lb-
HbIX AaHHBIX, OA4HAKO MOXKEeT MPUBOAMUTbL K 3aBbILLEHWIO
£,03bl 40 NATY pas gaa ¥Zr-pamyuunpymaba.
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B paboTe Ha OCHOBAHWM AaHHbIX AOK/AMHUYECKUX U
K/AMHUYECKUX UCCAe0BaHui Bblin onpegesieHbl Norao-
LleHHble A403bl B OPraHax U TKaHAX U 3P deKTUBHbIE 403bl
y MayMeHTOB MPU UCNONb30BAHUM MEYEHHbIX 39Zr MOHO-
K/I0Ha/IbHbIX @aHTUTE/ K Pa3/IM4HbIM OMyXO/1€BbIM aHTUre-
Ham. [lpoBegeHO cpaBHeHMe C A403aMu, Onpege/IeHHbIMU
Ha OCHOBaHWMK 06Leil moaenn buopacnpegesneHna mo-
HOK/IOHA/IbHbIX aHTUTe.

Ha ocHoBe aHaznM3a AOCTYMHbIX UCTOYHUKOB U CO6-
CTBEHHbIX OLEHOK A,03 MOXHO CAenaTb BblBOA O MPOTU-
BOPEYMBOCTU pe3y/bTaTOB OMNpese/IeHUA MOr/0WEeHHbIX
B OpraHax v TKaHAX U 3PPEeKTUBHbIX 403 Yy NaLueHTOoB
Npyu UCNO/b30BAaHUU ANA AUATHOCTUKM OHKO/IOTMHYECKUX
3a60/1eBaHMIt  MOHOK/IOHA/IbHbIX AHTUTE/N, MeYeHHbIX
89Zr. MpU 3TOM MOr/IOLWEeHHble 403bl, MO AaHHbIM Pa3HbIX
MCTOYHMKOB, BapbMUpYIOT B Npesenax nopAagKka B pamKax
OAHOr0 OpraHa M 40CTUratoT 440 mIp 3a npoueaypy. d¢-
deKTMBHAA A03a BapbupyeTca OT 3 40 112 M3B 3a npoue-
AYPY. OTO MOXeT BbITb CBA3AHO C pas3/MyMem B Au3aiHe
nccne0BaHUi, MeToAax PagMoOMeTPUM U OLeHKM A03.
Mosy4yeHHble pe3y/nbTaTbl AEMOHCTPUPYIOT 60/bLUytO
norpewHocts (BN/ioTb A0 MOpAAKa) MPU OLEHKe 403
BHYTpeHHero o6/y4yeHna nauneHTOB NpU MpoBegeHUn
AMArHOCTUYECKMUX UCC/e,0BAHNUIA C MPUMEHEHUEM MOHO-
K/IaHA/IbHbIX aHTUTE/l, MeYeHHbIX 89Zr.

Take HeobX0AMMO OTMETUTb KpallHe OorpaHuyeH-
Hble AaHHble K/AUHUYeCKUX uccaepoBaHuit o Buopac-
npegesieHn MOHOK/IOHA/IbHbIX aHTUTeN Yy MalMUeHTOB.
B cBA3M C 3TUM OLEHKM 403, MPOBeAEHHble B HAaCcTOA-
e paboTe, B OCHOBHOM, OCHOBaHbl Ha HGuopacrnpe-
Ae/IeHUN Yy Mblllel C MOAENAMU Pas/IMYHbIX OMYyXO/en.
3Ha4yeHus 403, onpege/seHHble C NpUMeHeHnem obuen
Mogenn bGuopacnpepeseHUA MOHOK/0HA/IbHBbIX aHTU-
Ten, B OCHOBHOM, HaxoAATCA B paMKax 403, onpege-
/IeHHbIX AnA obcnesoBaHHOrO B HacToAwel paboTte
Habopa MOHOK/IaHa/lbHbIX aHTUTE/, YTO AEMOHCTPUPY-
€T BO3MOHOCTb UCMNO/b30BaHMUA AAaHHON MoAenun AnA
rpyboit oueHKu 03 BHyTpEeHHero o6/1y4yeHuA nauueH-
TOB. /1A 60/1ee TOYHOM U cneundUYecKol OLEeHKU 403
nauMeHTOB NpU BBEAEHWM MOHOK/IOHA/IbHBIX aHTUTe/,
MeyeHHbIX %97Zr, Heobxoguma cTaHAapTu3auuAa noa-
XOA0B K OrnpegesneHUt0 BHYTPEHHUX 403 06ayveHua ¢
ucno/sb3oBaHvem Hanbosiee 3¢pPeKTUBHBIX MeTOp0/10-
rMYECKUX pelleHnin U NPOrpamMmMHbIX MPOAYKTOB, a TakK-
e rnpoBegeHue gasbHeNLWnX UccreA0BaHN B aHHOM
HanpaB/€HUU, B TOM YUC/AEe B YCAOBUAX KAMHUYECKOTO
NpUMeEHeHuA guarHocTuyeckux PP/IN Ha oCHOBeE MOHO-
K/I0Ha/IbHbIX aHTUTE.
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ABSTRACT. In connection with the constantly increasing use of monoclonal antibodies labeled with 8Zr, in
clinical practice, it is urgent to study their pharmacokinetics with the determination, based on the data obtained, of
absorbed doses in tumor foci,as well as intact organs and tissues, and effective doses of patients. To date, there are
a limited number of studies that provide patient doses for diagnostic examinations using®°Zr-labeled monoclonal
antibodies. In this regard, the purpose of this work was to assess the biodistribution of various monoclonal
antibodies (ramucirumab, trastuzumab, atezolizumab) labeled with 8Zr,based on published data, with subsequent
calculation of absorbed doses in radiosensitive organs and tissues and effective doses of patients.

Based on the analysis of experimental data on the biodistribution of monoclonal antibodies labeled with 8Zr
for the diagnosis of oncological diseases from the available literature sources and our own assessments, it has
been concluded that the results of the determination of absorbed in organs and tissues and effective doses
are inconsistent. The absorbed doses in organs, according to different literature sources, vary up to an order of
magnitude within one organ and reach 440 mGy per examination, the effective dose varies from 3 to 112 mSv
per examination. This may be due to differences in study design, radiometry and dose assessment methods.
Comparison with doses obtained on the basis of a general model of biodistribution of monoclonal antibodies
demonstrates the possibility of using this model for a rough estimate of internal doses of patients. However, for
a more accurate assessment, it is necessary to standardize approaches to the determination of internal radiation
doses using the most effective methodological solutions and software products.

KEYWORDS: %Zr, monoclonal antibodies, radiopharmaceuticals, absorbed doses in organs, effective dose,
ramucirumab, trastuzumab, atezolizumab
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Pa3paboTka npodecCMoHaNnbHbIX CTaHAAPTOB
B cchepe obpaLLeHns ¢ MeaUUUHCKUMMU
U GMoNorMyecKMMm oTXoaamm a1l paboTHMKOB
3-4 ypoBHSA KBanubukaumm
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AHHOTALMUS. Bonpochl, CBA3aHHblEe C akTyanmsaumer npodecCMoHanbHbiX CTaHOAPTOB A9 paboTHUKOB 3-4
YPOBHS KBanMuKaLmm, akTyabHbl 419 BCEX OTPaC/ien HAPOLAHOIo XO34MCTBa.

B HacTosiLeM nccnenoBaHmmn Mbl NPOBENY aHanm3 KBanmu@uKkaumi 1 NoAroTOBKM OCHOBHbIX YH4aCTHUKOB pbIHKa
TpyAa B 06nactn obpalleHns ¢ Meguko-6MonormyeckMMmn OTXo4amMm B OpraHmM3aLmax 34paBOOXPaHEHUS, Cenb-
CKOro XO34ACTBa U BETEPUHAPUU, NULLEBOM M BUOTEXHONOMMYECKOW NPOMbILLINEHHOCTU, TOProBAY NPOLOBOSIb-
CTBEHHbIMM TOBapaMu, CEKTOPOB rOCTENPUMMCTBA, TYPU3Ma, a TakKe APYrMx OopraHv3auuii, B pesynsrate aes-
TENbHOCTU KOTOPbIX 0OpasyoTcs Meamko-buonormyeckue orxogpl. Llenb gaHHoM paboTbl — aHanmMs3 anroputMa
aKkTyanusauum npodecCMoHanbHbIX CTaHOAPTOB A5 CNELManmCToB No 0OpaLleHnto ¢ MeEOULIMHCKUMUK U Brono-
rMyecKMMm OTXOOAMM.

B xone akTyanusauum npodecCMoHanbHoro craHgapra «PaboTHMK B 061acTy 06palleHmns ¢ MEOULIMHCKUMU U
B1onorMyeckMmMu oTXogamMmu» COTpyaHMKammn kadeapbl NPOMbILLIEHHON 3konornu CaHkT-NeTepbyprckoro XumMm-
KO-(hapMaLeBTUYECKOro yHMBepcuTeTa MuH3apasa Poccmm 6b110 BHECEHO NpeasioXXeHne AONONHUTL TPYAOBbIe
(GYHKUMKW JaHHOrO CTaHAAPTa HOBLIMM KOMMNETEHLMSMU M HOBOW KBanndmkaumen «Cneumannct no obpaLueHmio ¢
MeOULUMHCKMMW OTXOAaMK, 06pasyroLWMMNCS B OpraHm3aumax GapMaueBTUYeCcKOn AeaTeNbHOCTU.

KJIOYEBbBIE CJIOBA: MeoMuUMHCKME OTXOAbl, BUONOrMyeckne oTxoApbl, OTXoAbl hapMaLeBTUYECKUX NPOU3-
BOACTB, NpOdeCcCMOHalbHble CTaHAAPTbl, TBEPAbIE KOMMYHasbHble O0TX0Abl, MUMHTpyaa P®, TpynoBble QyHK-
uunmn, KBanmdukaumsa cneumanmcra

COKPALLEEHUA:

MBO - MeanumMHCKME U BUONOrnMYeckmne oTxoabl;

MuHTpyaa — MMHUCTEPCTBO Tpyda M coumanbHOM 3awmTtbl Poccurickomn depepaumm;

CaHlMuH - CaHuTapHble NpaBmia U HOPMbl;

MuHnpupoabl — MUMHUCTEPCTBO NPUPOLHbBIX PECYPCOB M 3KoNnornu Poccuiickonm depepaunu;

PocnpuponHap3op — ®enepanbHas ciyxba rno Hag3opy B chepe npnupoaononb30BaHUS;

Pocnotpe6Hansop — ®epepanbHasg cnyk6a no Haasopy B chepe 3awwmTbl NpaB noTpebutenen n 6aaronony-
yms YenoBeKa;

DOKKO - denepanbHblii KNAacCUPUKALMOHHBIN KaTasior OTXOA0B;

TKO - TBEpAble KOMMYHa/bHblE OTXOAbI;

CU3 - cpencrtea MHAMBMAYANIbHOM 3aLLMUTbI.



BBEOEHUE

Peanusaums HaLMOHA/NBHOTO MpOeKTa «3Ko/orusA» (YTB.
24.12.2018 r. Ha 3acegaHun npesuamyma CoBeTta no crpateru-
YeCKOMY PasBUTMIO W HaLMOHa/IbHbIM MpoeKTam npu lpesu-
seHTe PP) TpebyeT chopmMmMpoBaTh KOPMyC KBa/MGULMPOBAH-
HbIX CMeLMa/MCTOB B 06/1acTh 0bpaLLleHna ¢ MEANLIMHCKUMU U
Buosorndeckumm otxogamu (Mporpamma «Hucras CTpaHa»).
MpodeccroHasbHas AeATeIbHOCTb 3TUX CMeLMancToB pery-
/mpyeTca 60/1bLLMM KOAM4eCTBOM desepasibHbIX U OTPac/1eBbIX
HOPMATMBHbIX MPABOBbIX aKTOB [1-6].

OCHOBHbIMM Y4aCTHWKaMM PblHKa TpyAa B 06/1acTu obpate-
HUA ¢ MBO AB/1AIOTCA OpraHM3aLmm 34paBOOXPaHEHNA, Ce/bCKO-
ro XO3AKNCTBA U BETEPUHAPUM, MULLLEBOM U BUOTEXHO/IOrMHECKOM
NPOMBILL/IEHHOCTH, TOPrOB/IM MPOAOBO/ILCTBEHHBIMM TOBapamMu,
CEKTOPOB rOCTENpPUUMCTBA, TYPU3Ma, @ TaKe Apyr1e opraHusa-
LK, B pe3y/ibTaTe AeATe/IbHOCTU KOTOpbIx 06pasytoTca MBO.

Mo Hawemy MHeHWIO, aKTya/mM3auuA MpodeccroHasbHbIX
CTaHAaPTOB BbI3BaHa HEOOXOAMMOCTBIO BHECEHUA M3MEHEHUI
B COOTBETCTBMM C 3aMeYaHMAMM, MOCTYMMBLUMMM OT OpraHu-
3alMiA, 3aHATbLIX B cpepe obpalLieHna ¢ MeAULMHCKUMM 1 Bro-
/IOTVHECKMMM OTX0AaMu, MUHTPYAa U A4pYrnX OpraHusaLuii,
Y4eTOM MHPOPMALMOHHbBIX TEXHO/IOMMIA, UCMO/Ib3YeMbIX B AaH-
HOM Buge npodeccMoHabHOM AeATe/IbHOCTH, pe3y/bTaTamu
MOHWUTOPUHIa MPaKTUK1 MPUMEHEHUA AeMCTBYOLLIMX Npodeccu-
OHa/IbHbIX CTaHAAPTOB.

B coBpemeHHbIX YU10BUAX BO3HMK/IA HEOBXOAUMOCTb MO-
/AePHU3aLMM HALMOHA/IbHOW cucTeMbl obpalLieHna ¢ MBO, npega-
ycMaTpuBatoLLei, B TOM Y1C/Ie, MPUB/IEHEHME BbICOKOKBa/IMPU-
LIMPOBaHHbIX Ka/pOB, OTBEYAOLLIMX TPeOOBaHNUAM pbiHKa TPy/a
B 06/1acTM 0bpatyeHna c MBO.

Llenb gaHHOM paboTbl — aHa/M3 a/IrOPUTMA aKTya/M3aLmm
Npodecc1oHa/ibHbIX CTaHAAPTOB A/1A CNeLmancToB no obpa-
LLIEHMIO C MEAMLIMHCKMMM U BUONOTMHECKMMM OTXOAaMM.

N8 4OCTUMKEHUA MOCTaB/IEHHOM Lie/M HeobxoauMo Bbl10
PaccMOTpeTb U PeLLnTb C1eaytoLLine 3aaaum:

1. YcTaHOBUTb NMpob/emMHoe nose A/1A akTya/m3aumm npo-
deccmoHa/bHbIX CTaHAapTOB.

2. OnpegenvTb MecTo 0bpa3oBaTe/IbHbIX OpraHW3auuii B
3TOM npouecce.

MPOMECCUOHAJIbHbIE CTAHOAPTDI:

TEKYLLEE COCTOSSHUE

Pa3paboTka v aKTyanmn3auma CTaHAApPTOB OCYLLeCTBAA-
eTCA B COOTBETCTBUM ¢ [[paBuiamu pa3paboTky, yTBepxae-
HUA U TNpUMeHeHMA npodeccMOHa/IbHbIX CTaHAAPTOB,
yTBEPKAEHHbIX MOCTaHOB/IeHWeM [lpaBuTesbcTBa PO oT
22.01.2013 1., N2 23.

TpeboBaHuA K npodCcTaHgapTam, UMEIOLLIMM OTHOLLEeHUe
K A,eATe/IbHOCTH, CBA3AHHOW C obpallleHuemM ¢ MegULMHCKK-
MU 1 BUO/IOrMHECKMMU OTXOAAMM, OTPaKEHbI B C/1€A4YIOLLMX
CTaHAapTax:

— «PaboTHUK B 06/1acTH 0bpaLLeHua ¢ MeANLUHCKUMU
1 6MO/IOrMYECKMMU OTXO4aMU» (B HacToALLee BpeMs — Ha
yTBep}aeHun B HauuoHasbHOM coBeTe no npodeccuo-
Ha/ZIbHbIM KBazsMuKaumam npu fMpesngeHTe PoccMncKoM
degepaumn);

— «PaboTHUK MO peMOHTYy 0bopyaoBaHuaA A/1s obe33apa-
YKMBaHUA/0OE3BPEXKMBAHUA MEAULMHCKUX U BUOI0rMYeCcKmX
OTXO/,0B»;

— «/H)eHep-NPOeKTUPOBLLMK YCTAHOBOK /1A yTU/M3aLIMK
1 06e3BpeKMBAHUA MEAULIMHCKUX U BUO/IOTMHECKUX OTXOA,0B»;

- «[/1aBHbIM CcreumaancT B 06/1acTv 0bpaLLeHns C MeAnLMH-
CKMMU 1 BUO/IOrMHECKUMM OTXOAAMMY.

MpodeccroHabHbIN cTaHAapT «PaboTHUK B 06/1acTh 0bpa-
LEeHUA C MeANLIMHCKMMM 1 BUO/IOTMYECKUMM OTXOAAMM» aKTY-
a/m3mpoBaH COBETOM Mo NpodeCccMOoHa/IbHbIM KBa/IMPUKALIMAM
B XW/ULLHO-KOMMYHa/IbHOM XO3AMCTBE COBMECTHO C ACCOoLm-
aumen cneumannctoB B cpepe OXpaHbl OKPYKatoLen cpeabl
«9KO npodeccroHan», 000 «MHHOBALMOHHbIM 3KO/OrMYECKUIA
$oHg», Accoumaupein «HauMoHa/IbHbIN LIEHTP OLeHKM Hauayy-
LUMX AOCTYMHBIX TeXHOM0MUM», OO0 «’A/IbAA” MOCKOBCKMI
LLeHTP OLeHKM KBa/MdmKaLmmn B chepe oxpaHbl OKpY»KatoLLeit
cpepbl», ABTOHOMHOW HEKOMMePYeCKOM opraHu3aLmelt cogeit
CTBUA COXPAHEHUIO OKpY:KatoLLelt cpeap! «[pUpoA0OXPaHHbIN
COLMA/bHBIN MPOEKT "IK0B0KC”», MeKg4yHapOAHBIM LEHTPOM
copeiicteua 6usHecy, OO0 «CUC-HATYPA/IbHBIE PECYPCbl»,
BcepoccuickMM Hay4HO-MCC/IeA,0BaTE/IbCKUM MHCTUTYTOM TPY-
Aa MuHUcTepcTBa TpyAa M COLManbHOM 3alLmTbl Poccuiickom
depepaumn, npu ydacTum npeAcTaBuTesielt paboTogateseit
K/IO4EBbIX OTPaIel, BeAyLLiMX 06pa3oBaTe/IbHbIX OpraH13aLimii
BbICLLIErO 1 CPe/AHero npodeccroHa/ibHoro ob6pasoBaxua [7].

Kadeape npombiiuieHHo 3Kkonormm CaHkT-leTepbyprcko-
ro rocyAapCTBEHHOr0 XMMUKO-PpapMaLeBTUHECKOrO YHUBEPCH-
TeTa 6b1/10 NpeA/10KeHO MPUHATL y4acThe B paboTe no akTyamn-
3aLMM HEKOTOPbIX NPOPECCUOHa/IbHBIX CTaHAAPTOB, CBA3AHHbIX
c obpatenvem ¢ MBO.

Mo Halwemy MHeHWo, 0CcODOro BHUMAHWA 3aC1yKUBAET
KBa/MMKaLMA pabOTHUKOB 3-4 YpPOBHEl KBa/MPUKaLmu. ITO
CrieLya/IncThl, UMetolpe cpegHee npodeccroHasibHoe obpa-
30BaHKe, BbIMYCKHUKM KO/IeAKel. MMeHHO Ha 3TOM 3Tarne Tex-
HO/IOTMYECKOM LienoYKK 3ak1agbiBaeTca 3pPeKTUBHOCTL BCelt
oTpacum. CnpaBe/IMBO, YTO aKTya/M3aLmA NPOPeCCHOHa/IbHBIX
CTaHAaPTOB HAYMHAETCA UMEHHO C HUX.

M3MEHEHUE CTPYKTYPbl OTXO40B

QA BblAgeneHnsa Npob/1eMHOro no/A Mbl B3A/M 33 OCHOBY
HOpMaTMBHbIE MPABOBbIE aKTbl, PEry/IMPYHOLLME AeATe/IbHOCTb,
CBA3aHHYO ¢ obpalleHrem ¢ MBO, 1 nepeyeHb OpraHoB, KOTO-
Pble OCyLLeCTB/IAIOT HAA30P 3a 3TOM AEATE/IbHOCTHIO.

OCHOBHbIM 3aKOHOM B CUCTEME YrpaB/IeH!A OTXogamm B PO
ABnAeTcA PegepasibHblil 3akoH 0T 89-P3 «O6 0TXOAaX MpOMs-
BO/,CTBA U NMOTpeb/1eHs», KOTOPbINM onpeaenaeT TpeboBaHWA Mo
06palLeHnIo C OMacHbIMM OTXOAAaMM, BK/OHAA MX TPaHCMOPTH-
poBky. C 1 AHBapA 2009 roga MBO Mckt04eHb! 13 cdepbl MpUMe-
HEHWA YKa3aHHOrO 3aKOHa, U pery/IMpoBaHue KX Bbl1o CryLLeHO
Ha 60/1ee H13KMIA topUAnHEeCKUit ypoBeHb (CaHluH), YTO, B CBOHO
o4epesp, MOB/IEK/I0 MPABOBYHO HeOMNpeAe/IeHHOCTb Npu obpalLie-
HUM ¢ MBO (celtiac 3T1 BOMPOChI PELLIAKOTCA PasbACHATE/IbHBIMM
nMcbMamu MuHNpUpoas! 1 PocnipupogHassopa). B HacToswee
BPeMA Ha/A30p 33 AeATe/IbHOCTLIO Mo obpalieHnto ¢ MBO ocy-
LecTAAI0T PocnpupoaHaasop, PocnotpebHaasop, BetepuHap-
Hbll HaA30p. CXeMaTUHeCKM 3TO OTPAXKEeHO Ha puC 1.

6uonornyeckme
oTX0Ab!

PocnoTpe6bHagsop
MepuunHckue
oTXOAb!
MeauumHckme n PocnpupoaHansop

Buonoruyeckme BeTepuHapHbIi1

oTX0Ab! Haj3op

Puc. 1. OpraHusaumm Haasopa 3a o6opotom MBO
Fig. 1. Organizations of supervision over the circulation of medical and
biological waste



(MAPMALIEBTWYECKAA O6PA3OBATEIbHAA IEATENBHOCTD

Mpodeccopcko-npenogaBaTe/IbCKMM COCTaBOM Kadepbl
MPOMBbILL/IEHHOW 3KoM0rMK CMXPY npoBOAMACA MOHUTOPUHI
BOMPOCOB Pery/IMpOBaHNA U TEXHUYECKOro UCNO/HEHUA 0bpa-
LL|eHWs, B OCHOBHOM, C MEAULIMHCKMMM OTXOAamu [8].

[TOMMMO HaNM4MA HECKO/IbKUX HaA30PHbIX CTPYKTYpP, Cy-
LLLeCTBYIOT TPYAHOCTU, KOTOPble CBA3aHbl, NMpexae BCero, C
pasHoobpasnem MBO. OTxogapbl Ka1accos A, B, B, I' pasnyatoT-
CA Mo cBOeMy MOP$O/1I0rMieCcKOMy COCTaBY U TPeBYHOT pasHbIX
MeTOA0B 06e3BpeKMBaHWA/0be33apakMBaHUA U yTUAM3ALIUM.

Ec/m roBopuTb 06 0Tx0gax Kaacca I, K KakoBbIM OTHOCATCA
0TX0Abl papmaLeBTUHECKMX NPOU3BOACTB, TO METOAbI UX yTH-
/IM3aLMK AB/IAKOTCA A0CTAaTO4HO HEMPOCTOM npoLeAypoit. OTxo-
bl 3TOrO K/1acca MOryT 06pa3oBbIBaTbCA Ha papMaLieBTUHECKUX
NPOU3BOACTBAX, 1 TOr4a Mbl UMEeM £,e/10 C MPOU3BOACTBEHHbI-
MW OTXOAaMM, KOTOPble AO/MKHbI NOAUMHATLCA Pegepa/ibHOMY
3aKOHY OT 24 UtoHA 1998 T. N 89-93 «O6 0TX0AaX MPOU3BOACTBA
1 noTpeb/1eHuns». OHU A,0/1KHbI ObITb BK/HOUEHb! B Pegepa/ibHbIi
K/1aCCUPUKALIMOHHBINM KaTa/lor OTXOA0B, UMETb CBOM KO/, Ha HUX
A0/MKeH BbITb 3aBe/eH NacropT OTXOA0B, orpeae/ieHbl IMMUTbI
Ha UX pa3meLleHne. Takke Npou3BOAUTE/IN AO/TKHbBI UX BHOCUTD
B OT4eTHyto popmy N2 2-TT1 (0TX0A4pbl), @ NpeanpHATUA, TPOBOASA-
LMe YTUAM3ALMIO 3TUX OTXOAOB, AO/IXHbI UMETb MLEH3UIO Ha
[HHbBIN BUA, AeATE/IbHOCTU.

Mpu 3TOM npobsema Mo onpeseneHnto Koga OTXOA0B
dapmaLeBTUHEeCKUX NPOM3BOACTB TpebyeT pelueHnA. Ha ce-
roAHALHMIA AeHb B PKKO oTcyTCTBYET pasgen, NOCBALLEHHbIN
0TX0AaM papmaLeBTUHECKUX MPOU3BOACTB.

Hapaagy ¢ TpaguumMoHHbiMM npob/seMamu, B HacToslee
BpPeMA CTa/i0 aKTya/ZbHbIM PacCMOTPEHME BOMPOCOB, CBA-
3aHHbIX C HaYaBLUeNncA B 2019 rogy naHgemueit Covid-19. OHa
NpuBe/aa K YBE/IMHEHUIO KOMYeCTBa MeAULIMHCKUX U Brono-
rMYeckmnx 0TxoA0B (0TXo/bl Ka1accoB b, B 1 IN) B cocTae TBep-
AbIX KOMMYHa/IbHbIX OTXO/,0B: HEUCMO/Ib30BaHHbIE /IeKapCTBa,
KOTOPble 3aKynaancb BMPOK, MCMO/Ib30BaHHbIE CPeACTBa MHAN-
BUAya/IbHOM 3aLmThl. Ha calite PocnoTpebHag3opa 6b1m npo-
nMcaHbl npasu/a no ytmamsaumm CU3: «B gomMalHUX yc10BUAX
MCMO/b30BaHHYIO OAHOPA30BYI0 MEAMLIMHCKYIO MacKy Heob-
X04MMO NMOMEeCTUTb B OTAE/IbeIﬁ NakeT, repMeTU4HO 3aKpbITb
€ro v /MLLb Noc/ie 3TOro BbIGPOCUTL B MyCOPHOE Beapo» [9].
OcTaeTcA BOMpOC: YTO Aasblue ByAeT NMPOUCXOAUTb C STUMM
OTXO/aMM, KaK ByaeT NPOXOAUTb MPOLLECC yTUAU3aLUA?

BbISIBJIEHHbIE NMPOBJIEMbI

Takum o6pasom, B CBA3M C U3MeHeHUeM CTPYKTypbl TKO,
BO3HMKaeET HEO6XOAVIMOCTb B AOMO/THUTE/IbHbIX Tpe6OBaHVIHX
K KBa/MPUKaLMM pabOTHMKOB, 3aHMMAIOLLIMXCA YTUAU3aLmen
MeAMLMHCKMX 1 BUO/IOrMHECKMX OTXOA0B.

AHanu3 nporpamm npodeccroHa/IbHOro obpasoBaHuA,
roCyA,apCTBEHHbIX M OTPAC/IEBbIX HOPMATUBHBIX [OKYMEHTOB,
KOHCY/IbTalMmn ¢ paboTogaTenaMun BbIABUAM C/leAytolne oc-
HOBHblE MPenATCTBUA K pOPMMPOBAHMIO KOpMyca KBanmduLm-
POBaHHbIX CMeLManMCcToB, paboTatoLmx B chepe 0bpalleHma ¢
0TX0/aMM, B TOM Ync/ie GpapmaLeBTUHECKUMM:

® paspbiB MeXy TEOPETUHECKMMM 3HAHUAMM U pea/lbHOM
npodeccMoHaIbHOM A@ATE/IbHOCTBIO, YTO HEPEAKO NMPUBOAMT K

CMNCOK UCTOYHUKOB
1. TpygoBso kogekc Poccuitckoin Pegeparym oT 30.12.2001
N2 197-®3 (peg. oT 02.08.2019).

2. ®eaepa/ibHbiii 3aKOH OT 24.06.1998 N 8903 (pea. oT
25.12.2018), «O6 OTXO/AAX MPOM3BOACTBA M MOTPEG/IEHUS», CTATbA 15.

HeBOCTPeHOBAHHOCTU BbIMYCKHUKOB BbICLLMX y4eOHbIX 3aBe/e-
HUIA 1 KOAINIeAKEN Ha PbIHKE TPYAR;

* HECOOTBETCTBME MOAFOTOBKU B cHcTeme 06pa3oBaHuA
TpeboBaHUAM NPOPEeCCHOHa/IbHBIX CTAaHAAPTOB;

® OTCYTCTBME CaMOCTOATE/IbHOro BMAa NpodeccroHaib-
HOM feATe/IbHOCTM «CreumanmcT no obpaLleHuo ¢ MeAnLIMH-
CKMMM OTXOZAaMM, 0OpasyOLLMMUCA B OpraHusaumax gapma-
LLeBTUYECKOM AeATe/IbHOCTU»;

e oTCyTCTBUE B «CrpaBOYHMKE BOCTPEOOBaHHbIX Ha pblHKe
TPYAQ, HOBbIX U NepCrneKTUBHbIX MPodeccuid, B TOM Yncie Tpe-
ByroLmMx cpegHero npodeccroHanbHOro obpasoBaHusA» Npo-
deccnit B 06/1aCTH OXpaHbl OKPYKatoLL,ei cpeabl 1 paLyoHa/ib-
HOro NPUPOAONO/b30BAHUA, YTO 3aTPyAHAET GOpMUPOBaHMe
W pea/M3aLmio KagpoBOW NMOMTUKM, OpraHu3aumio obyyeHus
paboTHMKOB B 3TOM chepe.

3AKJTKOYEHUE

Co3gaHre n yTBepAeHWe HOBbIX MPOPEeCCMOHA/IbHbIX
CTaHAAPTOB — NPOLLECC A/MTe/bHbIN [10]. MMetoLLmeca Bonpo-
Cbl MIpeA/1araeTca peLlnTb, aKTya/M3UpyA CyLLeCTBYHOLLMe NPo-
¢deccroHa/IbHble CTaHAAPThI.

Mpu akTyanmnsaumm MNpodeccnoHaibHOro ctaHaapTa «Pa-
60THUK B 06/1aCTU 06paLLleHNA C MeAULMHCKUMU 1 B1o/ornye-
CKMMW OTXOAaMM» COTPYAHVKamMK Kadeapbl NPOMBILL/IEHHOM
3K0/10rMKM Bb10 BHECEHO Npe//I0XKeHne A0MNO/HUTbL TPYA0Bble
$YHKLUMM AaHHOTO CTaHAapTa:

1. A/04.4 Bbino/iHeHMe MeponpuATUIA MO OCMOTPY U
AMarHOCTUKE TeXHUYECKOro COCTOoAHMA 06opys0BaHMA
anA obessapaxuBaHusa (06e3BpexMBaAHUA) MeAULMH-
CKUX U BMO/IOTUYECKMX OTXO0A0B, 0OpasyroLmnxca npu
npoBeseHnn obe33apaxuBaHuAa (obe3BpexuMBaHUA)
CpeACTB MHAMBUAYA/IbHOM 3aWUTLl U Ae3uHPeKLnn 06b-
eKTOB, MOABEPrINXCA BO3AENCTBUIO KOPOHaBUPYCHOM
urderuun (hCov).

2. B/05.4 PykoBogacTBO paboTamu no AnarHocTuke, pe-
MOHTY U MOZepHU3aLun 06opyAoBaHusa A/1A obe3sapaku-
BaHWA (06e3BpeKMBaHNA) MEANULMHCKUX U BUONOTUHECKUX
0TX0/,0B, 06pasyoWwmMXcA Npu npoeegeHun obessapaku-
BaHuA (06e3BpexMBaHUA) CPeaCcTB MHAMBUAYA/NbHOW 3a-
LWKTBI U Ae3uHPEeKLUN 0OBEKTOB, NOABEPrLUMXCA BO3AEN-
CTBUIO KOpoHaBupycHoi uHdekryum (hCov).

MpepnaraeTcA TakKe AOMNO/NHUTb CTaHAAPT HOBOM KBa-
/mduKaumen «Cneymannct no obpaLLLeHUIo ¢ MeAULMHCKK-
MU OTXOgamu, obpasyowummnca B opraHusanuax papma-
LLleBTUYECKOW AeATe/IbHOCTU».

Mo Hawemy MHeHWIo, y4acTve npodeccopcKo-mpenosa-
BaTe/IbCKOro COoCTaBa Kade/pbl MPOMbILL/IEHHOM 3KO/0MMKU B
XO/e PacCMOTPEHUA a/IropUTMa akTyanusaumm npodeccuo-
Ha/IbHbIX CTaHAAPTOB MOMOXEeT PaCCMOTPETb 3TU BOMPOCh! CO
CTOPOHbI 0O6pa3oBaTe/IbHOrO Y4peXAeHWA U MPaBU/IbHO CPop-
MUWpPOBaTb TPYA0Bble GYHKLIMM CreLMaInCTOB.

CyMTaem, YTO NMO/TyHEHHbIN OMbIT YHacTUA B aKTyaaM3aLmm
npodeccMoHanbHOro craHgapTa «PaboTHUK B 0b6s1acTu obpa-
LLIEHWA C MEAULMHCKMMU U BUO/IOrMHeCKUMU OTXO4aMU» AB/IA-
€TCA MHTEPECHbIM U MO/IE3HbIM.

3. ®esiepasibHblii 3aKOH OT 17.09.1998 N 157-03 (pea. oT
07.03.2018), «O6 MMMYHOMPOPUIAKTUKE UHDEKLMOHHBIX BO-
/le3Hel», CTaTbA 9.

4. MNpukas MuH3gpascoupassuTua Poccum OT 12.04.2011
N 302H (pes. OoT 06.02.2018) «O6 yTBep:KAEHUM MepeyHel



BpegHbIX M (M1M) OMacHbIX MPOW3BOACTBEHHBIX HAKTOPOB U
paboT, NMpu BbINO/IHEHUU KOTOPbIX MPOBOAATCA 06A3aTe/IbHble
npe/ABapuTe/ibHble U MepUoAnNHeckue MeAULIMHCKUME OCMOT-
pbl (06cnepoBaHun), 1 MopagKa NpoBeAeHUs 06A3aTe/IbHbIX
npe/ABapUTe/IbHbIX U NEPUOANHECKUX MEAULUHCKMX OCMOTPOB
(06cneqoBaHwit) pabOTHUKOB, 3aHATBIX HA TAME/IbIX paboTax 1
Ha paboTax ¢ BpeAHbIMU 1 (U/11) OMACHBIMU YCIOBUAMU TPYAa»
(3apeructpurpoBaHo B MuHtocTe Poccuu 21.10.2011 N 22111).

5. Mpukas MuHucTepcTBa Poccuiickorn Pegepaumm no ge-
/laM TpaxaHCKol 0BOPOHbI, Ype3BbiHaHBLIM CUTYaLUAM U
/IMKBUAALMM NOC/IeACTBUI CTUXUIHBIX GeACTBUI OT 12 AeKabpsA
2007 T. N2 645 «O6 yTBepaeHnn Hopm noxxapHoii 6esonacHo-
c™1 «Oby4eHre Mepam noxapHow 6e30nacHOCTM paboTHMKOB
opraHu3auui» (3apernctpuposaH MuHtoctom Poccum 21 saHBa-
pA 2008 T., perucTpaLmoHHbii N2 10938), C U3MeHeHUAMM, BHe-
CeHHbIMM NpUKasamm MuHncTepcTBa Poccuiickoi Pepepaumm
Mo Ae/1am rpaxAaHCKoi 060pOoHbI, Ype3BbIHaliHbIM CUTYaLMAM
W IMKBUAALMM MOC/I@ACTBUIM CTUXUIAHBIX 6eACTBUIA OT 27 AHBA-
pA2009r. N2 35 (3apernctpupoBaH MuHtoctom Poccum 25 des-
pansA 2009 r., perucTpaLMOHHbIi N2 13429) 1 OT 22 UIOHA 2010 T.
N2 289 (3aperucTpupoBaH MUHIOCTOM Poccum 16 1io/1A 2010 T,
perucTpaumoHHbIii N2 17880).

6. MocTtaHoBneHne MuHTpyaa Poccun, MuHobpaszosa-
HUA Poccum OT 13 AHBApA 2003 I. N2 1/29 «O6 yTBEpXaeHUM

UHOOPMALIUA OB ABTOPAX

MopAagka obyyeHnA no oxpaHe TpyAa M MPOBEPKM 3HaHMIA
Tpe60oBaHuit OXpaHbl TpyAa paboTHUKOB OpraHu3aLmii» (3ape-
rMcTpupoBaHo MuHiocTom Poccun 12 deBpand 2003 r., pern-
CTPaLMOHHBIN N2 4209) C U3MEHEHMAMM, BHECEHHBIMU MPHKa-
30M MuHTpyaa Poccun, MnHobpHayku Poccumn oT 30 HOABpA
2016 1. N2 697H/1490 (3apernctpuposaH MuHtoctom Poccum 16
AeKabps 2016 I., perucTpaLumoHHblii N2 44767).

7. TIOACHUTE/IbHAA 3amMMCKa K MPOEKTY aKTya/nM3uMpoBaH-
HOro npo¢eccuoHasIbBHOrO CTaHAapTa «PaboTHUK B 06/1acTu
obpalLLleHWA C MeAMLIMHCKMMM U BUO/IOTMHECKUMI OTXOAaMM».
URL: http://profstandart.rosmintrud.ru/.

8. MepenbiruH B. B. Moaxoabl K KOMMEKCHOMY PeLLeHUIo
npo6/embl 06palLeHnsa ¢ MeAULMHCKUMU OTXodamu | B. B.
MepesbiruH, H. A. CkaapoBa, C. . MapamoHos [ ap.] |/ ®op-
my/bl @apmMauyu. — 2019. — T. 1. — N2 1. — C. 78-83. https://doi.
org/10.17816/phf18618.

9. PocnoTtpebHaazop «O6 ncno/b30BaHWUM MHOrOpPa30oBbIX
M 0AHOPa30BbiXx Macok». URL: https://www.rospotrebnadzor.
ru/about/info/news/news_details.php?ELEMENT _ID=14130.
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ABSTRACT. Issues related to the updating of professional standards for workers of 3-4 skill levels are relevant
for all sectors of the national economy. In this study, we have analyzed the qualifications and training of the
main participants in the labor market in the field of biomedical waste management in health care organizations,
agriculture and veterinary medicine, food and biotechnology industries, food trade, hospitality sectors, tourism, as
well as other organizations in which medico-biological waste is generated. The purpose of this work is to analyze
the algorithm for updating professional standards for management of medical and biological waste specialists.

In the course of updating the Professional standard “Worker in the area of medical and biological waste
management’, employees of the Department of Industrial Ecology of the Saint Petersburg Chemical and
Pharmaceutical University of the Ministry of Health of the Russian Federation made a proposal to supplement
the labor functions of this standard with new competencies and a new qualification “Specialist in medical waste
management, formed in the organizations of pharmaceutical activity”

KEYWORDS: medical waste, biological waste, pharmaceutical waste, professional standards, municipal solid

waste, Ministry of Labor of the Russian Federation, labor functions, specialist qualifications
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UHTepaKTOMUKa U NepCoOHaNU3UpOBaHHasA
dapmMakoTepanusa — HacTosLlee U B3rNSA B oyayuliee

©2021. AnekcaHap UeBaHoBuY TiokaBUH!, Mapusa AnekcaHgpoBHa CtyaHeBa *,
Cepreti Bukroposuu Cyukos? >*

1CaHkT-MeTep6yprckuii rocyAapCTBeHHbI XUMUKO-hapMaLIeBTUUECKM YHUBEPCUTET MUHMCTEPCTBA 3APaBOOXPaHeHMS
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2MOCKOBCKMIA FOCYAapCTBEHHbIN YHUBEPCUTET NULLEBbLIX NPOMU3BOACTB
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3MoCKOBCKMIA roCynapCTBEeHHbI MEANLIMHCKMIA CTOMATONOrMYECKMii yHUBEPCUTET
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AHHOTALIUS. B 0630pe ocCBeLLeHbl OCTUXKEHUS B €CTeCTBO3HAHMKM, COCTaBNSIOWME OCHOBY KOHLEMNUMKU nep-
COHaNM3UPOBAHHOM U MPeLn3noHHOM MeauuyHbl. PackpbiTbl nonoxeHus MMM (npegykums, npeeseHums, nepco-
HanmMsaums) 1 NokKasaH COBPEMEHHbIN MONEKYNSAPHO-TEHETUYECKUA UHCTPYMEHTAPUIN, KOTOPbIA UCMONb3YeTCs B
BeAyLMX 6MOMeaMLMHCKUX LeHTPpaxX A5 COBEPLUEHCTBOBAHUS KayecTBa IeYeHUS NaLMeHTOB, 60/IbHbIX MYNbTU-
dakTopHbIMU 3a6oneBaHnsIMU. OCBELLEHbl OCHOBHbIE NMPUHLMMbI MONEKYNSIPHO-TEHETUYECKOro GUMOMapKMpoBa-
HUa M®3, a Takke reHHble TexHonornn (CRISPR, Hekoaupytowme PHK 1 Ap.) Kak ncnonb3syemble B MeAULIMHCKOM
NMpaKTuKe, TaK U HAXo4AWMECS HA CTaauUM KNMHUYECKUX nccnenoBaHuii. Ocoboe BHUMaHWe yaeneHo MoneKynsp-
HO-reHeTU4YeCKMM MeToaaM TapreTHOM Tepanum OHKONOrnM4yeckux 3aboneBaHmi, BKAKOYAs NpOTMBOOMNYXOeBbIe
BaKLMHbl. PACCMOTpEHbI HayYHble pa3paboTkm B 061acTv Npeaukumm U npeBeHTUBHOro neyeHmns MOb - npeum-
3MOHHbIE NIeYebHbIe TEXHONOMMKU 3aBTpaLLHero AHs. OcBeLLeHbl OCHOBHbIE MOIOXEHMUSI MUHTEPAKTOMUKM KaK MeX-
OVCUMNIIMHAPHOM 061acTM eCTeCTBO3HaHMS, @ TakXKe NOoKa3aHo NpuKIagHoe 3HayYeHue 3Toro pasaena gyHoamMeH-
TaNbHOM HAaYKM A5 CO3A0AHUSA ANArHOCTUYECKMX U Ne4eBOHO-NPOMUNAKTUHECKUX TEXHONOMIA HOBOIO NMOKOJIEHUS.

KJIOYEBBIE CJIOBA: nepcOoHanM3uMpoBaHHas U MpeumsnoHHas MeaUUMHA, MOJIEKYNSPHO-reHeTu4eckme
6roMapkepbl, NpeLmM3noHHas TapreTHas Tepanms, MeAULMHCKAsa MHTEPAKTOMMKA

COKPALLIEEHUA:

MMM - nepcoHanu3npoBaHHas 1 NPeUnU3nNoOHHAsT MeauLUVHA;
M®3 - MynbTU(DAKTOPHbIE 3a60/1€BaHUS;

PHK - puboHyKknenHoBas KncioTa;

OHK - ne3okcmpuboHyknenHoBas KUCNOTa;

OHPHK - anuHHble Hekoaupyrowme PHK;

ACO - aHTUCMBbICNIOBbIE ONIUITOHYKIE0TUAbI;

KHPHK - kopoTkue Hekoampytowme PHK;

AT® - apeHO3uHTpUdochar;

O®P - anuaepManbHbin HakTop pocTa;

bbB - 6enok-6enKkoBble B3aUMOAENCTBUS.



BBEOEHUE

B 0CHOBE KpYMHbIX 4OCTUNKEHWI MeAWLMHBI U papmaLieB-
TUKM NOC/IeAHUX AECATUNETUIM 1eXaT ycnexn pyHaameHTa b
HO Buo/soruM, B nepByl0 O4Yepesb, reHeTUKM, CUCTEMHOM
6ronorum n GuonHGopmaTUKM. PacluMppoBKOI CTPYKTYpbI
reéHa Ye/10BeKa YCrellHO 3aBepLUn/ICA MeX/AyHapOAHbIi Me-
ranpoekT «[eHOM Yesi0BeKa», a B 2010 I. CTapTOBa/za HOBaA
YHUKa/IbHaA MeX/AyHapoAHaA Hay4YHas nporpamMmma C yqactu-
€M y4€eHbIX Hallel CTpaHbl — «[IpOTeoM Ye/10BEKan.

B Mo/1eKy1fipHOM 611010 MK BO3HMK/I0 HOBOE NMOHATUE — UH-
TepPaKTOM. 3HaHMA O MO/IEKY/IAPHOM YPOBHE MOPPOPYHKLIMO-
Ha/IbHOW OpraHu3aLuM KUBbIX CUCTEM BblAE/N/INCL B HOBYIO
MEXANCLMMIMHAPHYIO 06/1acTb — MHTEPAKTOMMUKA. MHTepaK-
TOMMKa KaK Hay4HaA AWCUMI/IMHA HarpaB/ieHa Ha M3yveHue
NpUpoAbl U NMOCIEACTBUIM OMpeae/eHHbIX B3auMOoAeNCTBUI
mexay 6ekamu (MpoTeomMom) U reHamu (rEHOMOM), @ TaKKe
MPOEKLMU 3TUX B3aUMOAENCTBUIA HA USMEHEHUA TeYeHUs Me-
Tabo/mueckmx npoueccoB (MeTabo/10M) B K/AETKax OpraHoB U1
TKaHel opraHuama. OTKpbITUA B 3TOM 06/1aCTH eCcTecTBO3Ha-
HUA PacLUMPAIOT HAaYYHble NMpe/ACTaB/IeHUA O KAPTUHE MMUPa XKH-
BbIX CUCTEM Ha YPOBHE HAaHOCTPYKTYP U MO3BO/IAIOT HE TO/IbKO
OLIEHUTb, HO W BWM3Ya/IM3MPOBATb HEMOCPeACTBEHHble du3nye-
CKMe KOHTaKTbl MeXay 6e/1Kamu, a TakxkKe UX CBA3M C reHaMu.

HoBas KoHLenuua 34paBooxpaHeHna. BHegperue B mu-
POBYIO MeAMLMHCKYIO U hapMaLEeBTUHECKYIO HayKy A0CTU-
YKEHWI reHOMUKU, TPOTEOMUKM U MeTabo/I0MMKM MO3BO/N-
/10 Y4eHbIM U BpayaMm-ucc/1eA0BaTe1IAM BeAyLLIMX MUPOBbIX
Hay4HbIX LLleHTPOB NMPOHWMKHYTb Ha MO/IEKY/IAPHbIA YPOBEHb
34,0pOBOro 1 60/1bHOTO OpraHuama [1, 2]. B natosorum Gbim
06HapyeHbl He M3BECTHble paHee MO/IEKY/IAPHbIE 3BEHbA

OcHOBHbBIC Ouenxa mnf":::
33gauu: pucra g

A

pHeK pHcKa

/1N

Mocneacreus
oonesHu

Vcxoanoiit  DAXTOPM  pumencrse na  Paose
MONOKY NAPHOM LAl e ] B HOC TORLRR

MaTo/IorMYeCcKMX MpoLEeccoB, KOTOPblE BbICTYMAOT «HaHO-
NpOMOTOpPamMmu» pasBUTUA Bo/le3Hell 1, c1eg0BaTe/IbHO, AB-
/IAOTCA MOTEHLMA/IbHBIMU MULLEHAMM A/1A NPeLU3UOHHOM
dapmakoTepanuu. ITOT Hay4Hbl NPOpbIB B GromeanLmHe
KaTa/n3MpoBas B MHAYCTPUA/IbHO Pas3BUTbIX CTPaHax Kop-
peKumio cywecTeytoweit (peakTUBHOM) U pasBuUTHE HOBOM
napagurmMbl 3/paBOOXPaHEHWA, LIMPOKO W3BECTHOM Kak
nepCcoHa/M3UPOBaHHanA 1 NpeLusnoHHan meauumHa (puc. 1).

Moy nepcoHanusauuelnt MOHMMAOT MOAXOA K OLeHKe
COCTOAHWA 340pOBbfA, MNpeAyCMaTPMUBaIOLLMIA MO/HOre-
HOMHOE CeKBEHMPOBaHWeE, aHa/In3 1 OLEHKY reHeTUHeCKUX
0cobeHHOCTEl KOHKpPeTHOro WHAMBMAYYyMa. Ha ocHoBse
aHa/n3a reHoma C MCrno/b3oBaHMeM HGUOYMMOB BbICOKOrO
paspeLueHns BbIABAAITCA «reHbl NPeApacrno/oKeHHOCTU»
K TeéM UM MHbIM 3360/1€BaHUAM 1 ONpeAeNAeTCA PUCK BO3-
HUKHOBEHMWA Hanbo/iee akTya/IbHOM A/1A aHHOrO Ye/I0BEeKa
natosoruu (CTalMoHapHas reHOMUKa).

[1e/10 B TOM, 4TO MHOTVe gedeKTHble (MyTaHTHbIE) reHbl Ye-
/10BeKa Br0/IHe COBMECTUMbI C €r0 POX/AEHUEM U NOC/1eAytoLL el
*KU3HBIO, HO MPW Orpege/ieHHbIX Heb/aronprUATHBIX YC/I0BUAX
Croco6HbI BLICTYMWTb B Ka4eCTBe TPUITepa NepBUYHO XPOHMYe-
KX 3ab60/1eBaHuit (OHKO/IOrMYeCKMe 60/1e3HM, ayTOUMMYHHasA
MaTo/IoruA, BO3PaCcTHble BUAbl MATO/OMMM U Ap.). Pe3y/bTaThl
NePCOHA/IM3MPOBaHHOM OLI@HKM MO/IEKY/IAPHO-TEHETUHECKOrO
cTaTyca ABAAITCA MHGOPMALMOHHOM NAaTGOPMON ANA BRKO-
YeHWA NpeAMKTUBHOrO 3Tana 06c/1eq0BaHNA Ye/oBeKa.

Npeaukuums (oT sat. prediction — npeacKasbiBaTh) — Ha-
y4yHOe nporHosupoBaHue 3ab0/seBaHMA C Y4eTOM BbIAB-
/leHHbIX GaKTOPOB PUCKA M COCTOAHWA AUHAMUYECKOW re-
HOMMKM. /leN0 B TOM, YTO FreHOM — 3TO TO/IbKO Nporpamma

MoHHTOpMMS
260N BINMA

Npodunaxtuxa/flinarioy  Npeaoropautenne
OCNOMMEHHA

Tepanua
T =
Parowe "; s A
CAMOUATENL TR
W © NPUMRQAMN opena

b

3arpars!

Bpems
| Mexopmui pucx || Natentran | Hioamaunn 6one3nn u ¢0 NPOrPeccuposanme
NPOTPECCHA

Croumomapran  [luHamuueckan "Nﬂ” ,,.' e shod
Herornmnxm FOMOMMXD: FOHOMMKD:
KOBbIX NonuumopdriMsl  IXCNPECCHA EHOD
GHOMIPXePOB:  Kapruposauwe MNporeommuxa

rannoTMNOD Merabonommxa

Cexpennpondune  MonexynapHan

10HOB DHIYINHIIUMA

Puc. 1. CKpbITbIN neprog, pasBUTHA 60/1€3H1 Kak KOMIVIEKCHAA MuLLeHb MMM
Fig. 1. Latent period of disease development as a complex target of PPM
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MHAMBUAYAZbHOTO PasBUTMA 4e/soBeKa. /A peanvsauuu
3TOM Nporpammbl TpebyeTcA COXPaHHOCTb CTPOroW yro-
PAAOYEHHOCTM U YCTOMYMBOCTM PEry/ATOPHbIX B3aUMO-
AENCTBUIA MeXAY FreHaMu U UX NpogyKTamm — 6esKkamu, co-
CTaB/IAIOLLMMU OCHOBY AMHAMU4eCKoro npoteoma (Habopa
crneyududeckmx 6e1KoB) u metabosoma (MeTaboMyecKmnx
nyTe — yr1eBOAHOro, XMpoBoro, 6e/1KoBOro u Apyrux Bu-
£,0B 0bMeHa BellecTB). Ha OCHOBaHMM KOMM/IEKCHOM OLieH-
KM COCTOAHUA MO/IEKY/IAPHO-T@HeTUHECKOro roMeocTasa Au-
arHoCTUPYEeTCA Ha/inYMe MU OTCYTCTBME PaHHeHN MHULMALIMK
NaTo/IorMyYecknX npoLeccos (ManurHusauua, aHaguaakcus
W 4p.), @ TaKKe OLEHUBAETCA MPOrHO3 TAMKECTU UX TEUEHUA.

MpeBeHTMBHAA Tepanua MnpegnoaaraeT ¢apmako/o-
rMyeckoe BO3/AEWCTBME Ha NaTO/I0rMYecKue npouecchl B
CKpbITOM (IaTeHTHOM) nepuoge 60/1e3HU — 40 HavYana Kau-
HUYECKUX NPOsAB/EHWI naTosoruu. MpeseHuus (npeaynpe-
*KAEHWe) HanpaB/ieHa Ha CYLLeCTBEHHOE CHUMKEHUE PUCKA
NMoAB/IEHWA MATO/NOTMU U[MAM B/I0KUPOBaHUE OCHOBHbIX
MeXaHW3MOB, KOTOPble CTUMY/IMPYIOT pa3BuTHe 3abo/eBa-
HWI, AEeTePMUHUMPOBAHHbLIX aKTUBALMEN «reHOB npeapac-
MO/IOKEHHOCTU». DTOT MPUHLMM COCTaBAAeT PyHAAMEHT
BCeit KoHuenumu MMM. UMeHHO B CTPYKTYpe NpeBeHTUBHO-
ro CerMeHTa NepCcoHaZM3NPOBAHHOM MEAMULIMHbI 33/10XKEHbI
He TO/bKO Puaocodua U anbTepHaTUBHAA UAEO0/NOMUA, HO
M HOBaA MeTO/0/10rMA 34paBOOXPaHeHUs, CyTb KOTOPOM
3aK/K04aAETCA B YNpaB/e@HUN COCTOAHMEM 34,0POBbA U /1eve-
HMEM aKTya/IbHblX XpPOHUYeCKUX 3ab0/1€BaHMit C MOMOLLLIO
TEXHO/I0rUi NpeAUKLINU U NPEeBeHLUU.

/INA NpaKkTUYeCKOM peasM3aLum NpeBeHTUBHbIX TEXHO-
noruii TpebyeTcA BbiiB/I€HUE U pacluMdpPOBKa MPUPOAbI pa-
Hee HEeM3BeCTHbIX MO/IEKY/NAPHO-TeHeTUYeCKMX 0H6BbEeKTOB
—MOTEHLMA/IbHBIX MULLIEHEN A4/19 NPEBEHTUBHON papmaKo-
Tepanun. HeobxoAnMO co3aaHne MPUHLMMINA/ZBHO HOBbIX
/leKapCTBEHHbIX CPeACTB, a TaKXke Cnocob0oB UX TapreTHoM
(oT aHra. target — Le/b, MULLIEHb) AOCTAaBKU B KAETKU-MU-
LeHW. /lekapCTBa 3TOro0 MOKO/IEHNA A4,0/1KHbl HE TO/IbKO U3-
6upaTtesbHO NocTynaTb B K/AETKM — 06BEKTbl Tepanuu, HO
M BO34e1CTBOBaTb (M30/IMPOBAHHO WM KOMIM/IEKCHO) Ha
ornpe/e/ieHHble KOMMOHEHTbI CUIHA/IbHbIX BHYTPUK/IETOY-
HbIX NMyTeMl, a TaKKe B/ANATb Ha MO/IEKY/IAPHbIE MeXaHU3Mbl
B3auMogeicTBmA 6e/1KOB U reHOB.

MpegnonaraeTcs, 4TO TEXHO/0TMU papMaKO/I0rMHecKom
NMpEeBEHLMN Ha OCHOBE MPEAUKTUBHOW AMAarHOCTUKKU ByayT
C03/,aBaTbCA B MEPBYIO O4epesb A/15 NaLMEHTOB C NePBUYHO
XPOHWMYECKUMU 3a60/1eBaHusAMK (OMyX0/IEBbIN POCT, ayTo-
MMMYHHas MaTo/0ruA, HelpogereHepatiBHble 60/1€3HM U
4p.). B HacTosALlee BpemA B MUpe Hanbo/bluee BHUMaHWeE
Y4€HbIX COCPeA0TO4EHO Ha pa3paboTKe u co3gaHum TapreT-
HbIX /IeKapCTBEHHbIX CPeACTB, HanpaB/IeHHbIX Ha:

1) nogas/eHMe MpOLECCOB Ma/UrHM3aLUU KAETOK C
npoduNaKTUKOM NpoLECcCcOoB MeTacTasupoBaHua (414 3a-
60/1€BaHUit OMyX0/1€BOW NMPUPOAbI);

2) NpMoCTaHOBKY/6/10Kasy ayToarpeccuu (a4 3abone-
BaHUIM ayTOMMMYHHOM NpUpPO/AbI;

3) BOCCTaHOB/IEHWE MOPPOPYHKLMOHANBHOIO pecyp-
Ca OpraHoB ¥ TKaHei npu 3a60/1€BaHUAX /UL, CTAPHECKOro
BO3pacTa.

MepcoHa/mM3mpoBaHHasA U NpeLMsUOHHaA MeAMLIMHA CEroaHA

OgHOM U3 rnaBHbIX 3agay MMM sABAsAeTcA paHHee 6uo-
MapKMpOBaHME Ha/IM4MA MaTO/NOrMU U MPELU3UOHHO-Le-
/leBOe BO3/,eMCTBME C MOMOLLbIO TapreTHbIX papmako/o-
FMYECKMX CPeACTB Ha MO/IEKY/IAPHbIE CTPYKTYPbl K/ETOK,
OTBETCTBEHHbIe 33 COXPaHEHWe 340pOBbA U pa3BUTHE 3a-
60/1eBaHuA [1].

BaKHeNLMM AOCTUKEHUEM MOCAEAHUX AECATU NeT
B cpepe nepcoOHa/IM3IUPOBAHHON U MPeELU3IMOHHON Me-
AWLMHBL CTazna vgeHTudmKauma bnuomapKepos u 6uo-
npeAUKTOPOB 3a60/1€BaHUA MU TUMOBOrO NaTo/0rnye-
cKoro npotuecca. buonorudeckuit mapkep (buomapkep)
— 3TO MOKasaTe/lb, BbIfiB/I€EHWE U OL,eHKa KOTOPOro oT-
/IM4aeTCA BbICOKOM TOYHOCTbIO, HAAEeXHOCTbIO M BOC-
NpOU3BOAMMOCTbBIO, YTO MO3BO/IAET AMArHOCTUPOBATH
CTerneHb COCTOAHUA 340POBbA, PUCK UAM GaAKT pas3Bu-
TMA 3a60/1eBaHMA, a TaK¥Ke CTagMio U NPOrHO3 Nnoc/aes-
Hero. MIMeHHO GMOMapKepbl 4asnu MOLHbIA TONYOK K
pa3paboTKe KOHUENUUU aHTUMULIEHEBOW (TapreTHoi)
Tepanuu, o60cHOBaB HEOOXOAMMOCTb CO3/AaHWUA OCO-
ObIX /1eKapCTBEHHbIX MpenapaToB, CMOCOOHbIX, «pa3bl-
CKaB» MWLIEHb, BO3/EeiCTBOBaTb Ha K/tO4YeBble 3BEHbA
rnatoreHesa, npepbiBatb WM TOPMO3UTb MaTo/0rMnye-
CKue npoueccsl.

C pasBUTMEM «OMMKCHOM» PEeBO/IOLMM NMPUHLUMIUA -
HO M3MEHW/CA U NMOoAXO4 K pa3paboTke /eKapCTBEHHbIX
npenapaTtoB HOBbIX MOKO/IEHWI, OCHOBAaHHbIX Ha MpPUH-
LMnax TapreTMpoBaHMA MuLLIeHel. B KavecTBe mulleHei
CTa/n BbIOMPATbCA MO/EKY/bl, crieunduieckue ansa ony-
X0/IeBbIX K/I€TOK KOHKPETHOro BWAa OHKO/OrM4ecKou
naTo/NIOrMU UAU ANA KOHKPETHOro K/0Ha /AMMQOLUTOB,
BOB/I€YEHHbIX B MPOLLECC MHAYKLUM U MPOrpeccMpoBaHmA
ayTOMMMYHHOrO mnpouecca. B 3Toi cBA3M noHATUIO dap-
MaKOMpeBeHLMU MOXHO AaTb C/leAYHOL Y0 UHTepnpeTa-
LMIO: KaXKAbIM Ye/I0BeK — MauMeHT WAW AULO U3 Tpynmbl
pUCKa — pearvpyeT Ha /IeKapCTBEHHbIM npenapaTt UHAU-
BUAYa/IbHO, YTO TpebyeT B KaxAOM KOHKPETHOM C/lyvae
pa3paboTKu nepcoHasM3MpOBAHHOIO NPOTOKO/1A TapreT-
HOW Tepanuu BO B3aMMOCBA3MU C AMHAMWKOWN U U3MEHEeHU-
AMU NPUPOZbI MULLIEHEN 1eKapCTBEHHOr 0 BO3/,eiCTBUA.

leHHble TexHonornn. O4HUM U3 CaMbIX 3HAYMTE/IbHbIX
COBBITUI MOC/NeAHUX ABYX AecATUAeTUI B obaacTu ecTe-
CTBEHHbIX HayK CTa/z10 OpMMUPOBaHUE HOBOM AUCLUI/INHDI,
pPOAMBLLENCA HA CTbIKe MO/IEKY/NAPHOW B1oA0rnKM, reHHoM
WHXXEHEPUN U MPAKTUYECKOW MeAULMHbI — FreHeTU4YeCKown
(reHHom) Tepanuu. lMog reHoTepanueit MOHUMAKT KOM-
M/1€KC FeHHOUHXXeHePHbIX MeAULIMHCKMX MeTO/,0B, Harnpas-
/IEHHbIX HA BHECEHME U3MEHEHUI B reHeTUYeCKMi annapar
K/1€TOK OpraHoB U TKaHel C Le/bto /1e4eHuns 3aboneBanHuii.
C MOMOLLbIO FeHHOW Tepanuu UCMpaBAAOT AedeKTsl, Bbl-
3BaHHble MyTaLMAMU (CTOMKUMU U3MEHEHUAMM) B CTPYKTY-
pe AHK, a Takke nopakeHnem [AHK 4yesnoBeka Bupycamu.
MaTonornyeckn UsMeHeHHble KAeTKU MOryT BblTb MOAUPH-
LMpOBaHbl 415 NOC/eAYIOLLLEro BBEAEHUA Ye/I0BEKY Hero-
cpeacTBeHHO B opraHusme (in vivo) uau BHe opraHusma
(ex vivo).

BekTopHaa gocTaBka reHoB B opraHusme. OCHOBHbIM
CpeACcTBOM A0CTaBKM FEHOB AB/AIOTCA BEKTOPbI, CO3/aH-
Hble Ha OCHOBe BMPYCOB. Pa3pabaTtbiBalOTCA CUCTEMbI A,0-
CTaBKM F'€HOB C MOMOLLbI GUINYECKUX U XUMUYECKUX Me-
TO4,0B (reHHOM MyLWKOM, MmarHeTodeKUMEN U 4p.), @ TaKKe
C MOMOLLbIO Pa3/IMYHbIX HAHOYACTUL, U3 KPEMHUA, 30/10Ta,
¢docdaTa KanbLumA, AMNUAOB.

leHHas TepanuA, NPOBOAMMAA HENOCPeACTBEHHO B Op-
raHusme, npezrno/araeT BHeAPeHUe BEKTOPa, HeCyLLLero Hy -
HbI reH, nyTeM MHPY3UM NPAMO B Lie/1€BOM OpraH uau B He-
rnocpeacTBeHHolM 6/1130cTn OT Hero. OHa NpUMeHAETCA Npu
/le4eHUn Hac/neACTBEHHbIX 33ab0/1eBaHM OpraHoB 3peHws,
HEpPBHO-MbILLIEYHbIX PACCTPOMCTB U reModuanm (puc. 2).

BekTopHasa TpaHcdeKLusa reHoB BHe opraHusma. Mpwu
MCMNo/1Ib30BaHUM Tepanuu MogUPULMPOBAHHBIMK BHE Opra-



HU3Ma K/AE€TKamu ornpege/ieHHble KAeTku (Hanpumep, remo-
MO3TUYECKUE CTBO/IOBbIE K/IETKM KOCTHOrO MO3ra) oTbmpa-
0T y MaLMeHTa, a 3aTeM B KY/IbTYPY 3TUX K/IE€TOK BHEeAPAIOT
BEKTOPbI, HECYLLIME TepaneBTUIeCcKue rexbl (puc. 3).

PasMHOXeHHble TreHHO-MOAUULUPOBAHHbIE K/AETKU
TPaHCM/IAHTUPYIOT 06paTHO MauuneHTy. Takum crocobom
/leqaTt Hac/ieaCcTBeHHble MeTabonyeckne u UMMYHOI0MU-
Yyeckune 3a60/1€BaHMA, @ TaK¥Ke HEKOTOpble OHKO/Ioruye-
CcKkue 60s1e3HMU.

TexHonoruu ¢ ncnonbzosaHmem CRISPR. B Havane HO-
BOro cto/ieTuA paspaboTaHa metoguka CRISPR, nosso-
NAKOWAA BHOCUTb TOYEYHble U3MEHEHUA B FeHOM K/1eTOK
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Puc. 2. BUpycHble BEKTOPbI A/1A FeHHOM Tepanuy, rae:

a - 3/1eHOaCCOLIMMPOBAHHbIE BUPYCHbIE BEKTOPbI, UCMO/Ib3YHOTCA /1A
reHHoi Tepanuu in vivo;

B — IeHTUBMPYCHblEe BEKTOPbI UCMO/Ib3YIOTCA /ISl FEHHOM TEpanum eXvivo
Fig. 2. Viral vectors for gene therapy:

A) Adeno-associated viral vectors used for gene therapy in vivo;

B) Lentiviral vectors used for ex vivo gene therapy
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Puc. 3. Cxema /ieueHmnsA 60/1bHOro agpeHo/elikogncTpodueii
remMono3TMYECKUMM CTBO/IOBbIMM KAeTKamm (TCK), B KoTopbie
npousBe/eHa TPaHCPEKLMA BEKTOPOM C HOPMA/IbHbIM reHom ABCD1
Fig. 3. Treatment regimen of a patient with adrenoleukodystrophy with
hematopoietic stem cells (HSC) transfected with a vector with anormal
ABCD1gene

ntoboro opraHnsmMa. TexHUKa BK/ItOYaeT, B OCHOBHOM, TpU
MO/eRy/bl: HyK/Aeas3y (Cas-9), Hanpaeaswowyo PHK u ma-
TpuuHyto AHK. Hanpasastowaa PHK «pacno3HaeT» HyKHbI
y4acToK reHomHon [IHK, cBA3bIBaeTCA C HUM MO NPUHLMMY
KOMIM/IEMEHTapHOCTHM U Halle/IMBaeT Ha Hero Hykseasy Cas-
9, KOTOpas 1 paclienfeT B 3TOM /IOKyCe Lie/1eBYy0 HyK/e-
MHOBYIO KMC10Ty. Obpa3oBaBLUMICA ABYHUTEBbLIN pa3pbiB
penapupyeTca npu NOMOLLM CUMHTE3MPOBAHHOW MCC/eaA0-
Barenamu maTpuyHon AHK (puc. 4).

CRISPR crnoco6 penapaumu (romosoruiHas pekomou-
HauusA) AHK ncnosb3yeTca npu HeO6X0AUMOCTH BHECTH B
reHomHyto AIHK Kakue-1Mbo HOBble Noc/eA0BaTE/IbHOCTH.
Mopxoabl, OCHOBaHHbIE Ha BUPYCHbIX BEKTOPaAX, He crnocob-
Hbl OTPEAAKTUPOBATb KOHKPETHYO NOC/1€4,0BaTE/IbHOCTb B
reHoMe, He 3aTparuBatoT gpyrue ero o6sactu. OHn obec-
neymBatoT C/y4alHytO MHTErpaLmo CBOEro reHeTM4eCcKoro
MaTepuana B reHom. «[Iporpammmpyembie» Casg-HyK/1€asbl
CMOCO6HbI TOYHO BCTPaMBaTb HYXKHble FeHHble KOHCTPYK-
UMW B LE/eBYH0 HYK/NEUHOBYIO KUC/IOTY A/1A akTWMBaLuu/
MHAKTUBALMK ONpe/e/IeHHbIX FeHOB, YAa/1€HUA HYKe0TU -
HbIX NOC/1e4,0BaTe/IbHOCTEN, 3aMeHbl 3/1eMEHTOB U BbINO/-
HATb APYrMe reHHOMHXeHEepPHbIe MaHUMYIALNUN.

TexHON0rmmn, OCHOBAHHbIE HAa WM3MEHEHUM aKTUBHO-
cTn Hekogupyrowmx PHK. lMoaaranm, 4to reHetnyeckas
MHpOpMaLmA peannsyeTca TO/bKO MOCPeACTBOM KOAM-
pyrowux TpaHckpuntoB (PHK) ¢ yuactnem 6eskos. C no-
AB/IEHMEM M MCMNO/Ib30BAaHMEM COBPEMEHHbIX METO/0B
CEKBEHWPOBAHUA CTa/ZI0 MOHATHO, YTO OO/bLIOE YMUCAO
HEKOAUPYIOLMX TPAHCKpUNTOB (HPHK) Takke MoryT Bbl-
NMO/HATbL peryaaTopHble GyHKLMU Ha YpOBHe reHoma. He-
KOoAMpYloLWwme TPaHCKPUNTbI NpeACcTaB/1€Hbl KOPOTKUMU U
A/MHHBIMU PHK [3].

[/mHHble Hekogupyowme PHK. K a4/MHHbIM Hekoaupyto-
WM PHK OTHOCAT reTeporeHHyto rpynmy TPaHCKpUMTOB, A/IMHa
KOTOPbIX MPeBbILLIAET 200 HYK1e0TUAOB. [osaratoT, 4to AHPHK
MOFyT UrpaTh CyLLIECTBEHHYIO PO/Ib B Pa3BUTUN MHOTUX MEPBUY-
HO XpOHU4eCKUX 3aboieBaHuii (OMyxo/eBbiX, HelipoaereHepa-
TUBHbIX, CEPAEYHO-COCYAUCTBIX, FEHOMHBIX U A4p.).

Bo3HMKHOBeHMe 3a60/1eBaHMIA CBA3BIBAIOT Kak C aKTMBaLW-
el akcnpeccnn gHPHK, Tak 1 ¢ ymeHbLLIeHUeM Ux cogeprraHunsa
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Puc. 4. Cucrema CRISPR:

tracrRNA - TpaHcakTvBMpytoLLas (Hanpas/stowas) PHK;
crRNA - TpaHcgeiicteytowas PHK, cesasbisatowan ¢ AHK
Fig. 4. CRISPR system:

tracrRNA - trans-activating (guide) RNA;

crRNA - trans-acting RNA that binds to DNA




AKTYAIbHbIE NPOBNIEMbI: IUCKYCCHOHHAA TPUBYHA

Q) ©
e SIRNA
, AT
v
dCas9 SANA RISC
"
v
RISC

/l/lw

©) N

NN il
N A—W

Puc. 5. FeHHOTepaneBTM4eCKME NoAXoAbl, HALLE/IEHHbIE Ha A/IMHHbIE Hekogupytolye PHK:

(A) - penpeccus TPaHCKPUINLWK C UCTO/Ib30BaHWeM MexaHuama CRISPRI;
(B) - PHK-uHTepdepeHLms;

(B) - aHTUCMIbIC/IOBbIE O/IMFOHYK/IE0THABI aKTMBMPYIOT PHKasy H — 3aBucumyto gerpagaumio PHK-vimienm — 3a cuet o6pasosatus PHK/AHK-aymiekca;
(A) - ACO npensTcTBYyIOT CBA3bIBaHMIO AHPHK C penpeccuoHHbIM 6e/IKOBbIM KoMmrviekcom PRC2

Fig. 5. Gene therapy approaches aimed at long non-coding RNAs (IncRNAs):

(A) -repression of transcription using the CRISPRi mechanism;
(B)- RNA interference;

(C) - antisense oligonucleotides (ASO) activate RNase H - dependent degradation of the target RNA through the formation of an RNA - DNA duplex;
(D) - ASO interfere with the binding of IncRNA to the repression protein complex PRC2

B K/1eTKe (puc. 5). [I03TOMy U3ydeHKe 3TOM Hay4HOM Npo6/1embl
MPOUCXOAUT B ABYX HampaB/IeHWAX. PaspabaTbiBatoTcA HOBble
MOAXOAb! K FeHHOM Teparnuu, Harnpas/IeHHbIE KaK Ha aKTUBALMIO
aKcnpeccun AHPHK, Tak 1 Ha MHIMOMPOBaHKMe 1X aKTUBHOCTU.

K MeTogam akTUBaLymM 3KCMPEeCcuM reHOB MOXHO OTHeCTU
3KCMPECCUIO € MAa3MUAHBIX U BUPYCHBIX BEKTOPOB, a TaKXe
MCMO/Ib30BaHUE UCKYCCTBEHHBIX MeH-CreLMdUYHbIX TPaHCKPH-
LIMOHHBIX aKTMBATOPOB. /1A MOAaB/IEHUA SKCMPECCMM reHOB
AHPHK 1crnonb3ytoT Takue noaxogpl, Kak PHK-uHTepdepeHuma,
AHTUCMBIC/IOBbIE  O/IMFOHYK/IEOTUABI, PENPEeCcCHA TPaHCKPUI-
LM 1 FEHOMHOE peAakTupoBaHue. MHrMbupoBaTtb akTMBHOCTb
AHPHK MoxHO ¢ nomoLbio ACO 1/ masibix MO/IEKY/I.

KopoTkue HekoaupytoLme PHK. K KOpoTKnm Hekoaupyto-
WM PHK OTHOCAT rpynny reTeporeHHbIX TPaHCKPUNTOB, A/IMHa
KOTOPbIX MeHee 200 HyK/1e0THA0B. B nocieaHme rogbl nony4e-
Hbl NpeABapUTE/IbHble AaHHbIE, HA OCHOBAHUM KOTOPbIX MOXHO
nosaraTb, 4To npoduam KHPHK 1 gHPHK yyacTBytoT B popmu-
POBaHMM 3MUreHeTUYECKOM MaMATU KAETOK O CBOEI TKaHecne-
LMPUHECKOM NPUHAANEKHOCTU. [p1 NOATBEPXKAECHUN STOW M-
noTe3bl NOABUTCA BO3MOXHOCTb KOHCTPYMPOBaTb KOMOMHALMK
Hekoaupyromx PHK, KoTopble nocie A0CTaBkM B CTBO/IOBbIE
KAETKU NMpUAAAYT UM TapreTHO Hanmpas/ieHHyo anddepeHum-
POBKY B OpraHax 1 TKaHAX opraHusma [4].

MonekynsapHo-npuuenbHana Tepanua. CoBpeMeHHadA TapreT-
HaA Win «MO/IEKY/IAPHO-TIPULLE/IbHAA» TepanuaA COCTaB/IACT OC-
HOBY Me/IMKaMEHTO3HOrO /Ie4eHUA OHKO/I0rMYeCcKkux 3abo/1eBa-
HUIA. C MOMOLLIbIO TaKMX TEXHO/I0rUiA 6/10KMPYIOT POCT PaKoBbIX
K/IETOK, TOYHO BMELUMBAACh B MO/IEKY/IAIPHbIE CTPYKTYpPbI pe-
LLenTopoB, MO/IEKY/I-TepeAaTYMKOB, a TakKe GepMeHTOB cur-
Ha/IbHbIX MyTei, KOTOpble OTBETCTBEHHbI 3a POCT, Nporpeccu-
poBaHue 1 pacnpocTpaHeHue (MeTacTasMpoBaHue) OnyXxo/el.

MHakTvBauua 6e/1KoB, CTUMY/IATOPOB OMyX0/1€BOrO pOCTa.
HekoTopble BMAbl OHKO/IOTMYECKMX 3ab0/1eBaHMii KOCTHOTO
MO3ra CBA3aHbl C HA/IMYMEM B K/IETKE MYTAHTHOrO reHa, MHK-
LMMPYIOLLEro MPOAYKLUMIO CTUMY/AATOPA OMyX0/1€BOr0 pocCTa
depmeHTa — TMPO3WHKMHA3bI. Bbla NMO/ydeH ue/blid pAg coe-

AVHEHWH, CrOCOBHbIX MHAKTMBMPOBATL 3TOT PepMEHT 3a cyeT
6/10KMpOBaHuA Mosiekyn AT® (puc. 6).

CoeanHeHne ¢ paboymm HasBaHuvem STI571 ymeHbLUaso
KO/IMYECTBO OMyXO0/1eBbIX K/NETOK B 0Opasuax rnopaKeHHOro
KOCTHOro mos3ra 40 98%. Ha ero ocHose 6bl/1 CO34aH npenapat
«[/vBeK» ANA NeYeHnA /N1eliko3a, 6/10KUPYIOLLMIA aKTUBHOCTb
dbepmMeHTa TUPO3NHKMHA3bI.

B/I0KMpOBaHME peLenTOpoB OMyX0/IEBbIX K/AETOK C MOMO-
LLIbFO MOHOK/IOHa/IbHbIX aHTUTe/1. [TPOPbIBHBIM OTKPbITUEM A/1A
TapreTHOM Tepanuu B OHKO/IOTMU OblI0 CO3AaHue rMbpugom
— K/IETOK, NMPOAYLMPYIOLWMX UAEHTUYHbIE (MOHOK/IOHA/IbHBIE)
aHtutena (puc. 7). Cesap MusbluTelH U }Kopx Keanep yaocto-
eHbl HobesieBckoi npemum (1984 r.) B HOMUHALMK Mo du3mo-
/107K U MeAULMHE 33 OTKPbITUE U pa3paboTKy 3TOro MeToga.

MOHOK/I0Ha/IbHble  aHTUTesa. [osAB/eHWe rMOpUAOMHOM
BMOTEXHO/IOrUM OTKPLI/IO MEPCreKTUBY CO34aHUA TapreTHbIX
6/10KaTOPOB MO/IEKY/IAPHBIX CTPYKTYP OMyX0/1€BOr0 poCTa C
MOMOLLBIO Lie/1eBbIX (TapreTHbIX) aHTUTe. Tak, Npu 13ydeHum
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Puc. 6. MexaHusm gaeiicTus npenapara «[1msek». CMLEnzyme
- ¢pepmeHT, CTUMY/IMPYIOLLMIA ONyX0/1€BYI0 TPaHCPOPMALIO
K/IeTOK KOCTHOrO MO3ra

Fig. 6. The mechanism of action of the drug «Glivec». CML Enzy-
meis an enzyme that stimulates tumor transformation of bone
marrow cells
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Puc. 7. Cxema no/y4eHNA MOHOK/IOHa/IbHBIX aHTUTE/ TMGPUAOMHBIM
MeToA0M

Fig. 7. Scheme of obtaining monoclonal antibodies by the hybridoma
method

Puc. 8. Moseky/a «TepuenTuHa» AB/SETCA NyMaHU3MPOBAHHbIM
(o4es10BeUEHHBIM) AHTUTE/IOM (MTOCEPEAMHE): HA 95% YE/IOBEHECKUM
(cnpaBa) v Ha 5% MbILUMHBIM (C/1€Ba)

Fig. 8. The molecule «Herceptin» is a humanized (humanized) antibody
(middle): 95% human (right) and 5% murine (left)
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Puc. 9. MexaHn3m paboTb! 6ucneuppryHOro aHTMTe/1a Npy oXoTe Ha
K/IETKY C MyTaHTHbIM 6e/1KOM P53

Fig. 9. The mechanism of action of bispecific antibodies when hunting for
a cell with a mutant p53 protein

)\(YJ\
+ ) = 53k
A K

T Cell CAR CAR-T Cell

A specific receptor is AT cell with the CAR added

em addedtothe T ¢« helps find ar

Puc. 10. Cxema CAR-T-k/1eTOK. CAR — XMMEPHbIIi aHTUreHHbIN peLienTop
K OTpe/ie/IeHHbIM OTyX0/1eBbIM K/IETKaM, NPeACTaB/IAoLLMIA U3 ceba
PEKOMBMHAHTHBIN 6€/10K, COCTOALLMIA U3 4 U 60/1ee JOMEHOB

Fig.10. Scheme of CAR-T cells. CAR - chimeric antigenic receptor for
certain tumor cells, which is a recombinant protein consisting of 4 or
more domains

MO/IEKY/IFAPHBbIX ME@XaHU3MOB OMyX0/1eBOro pocTa, bbi1 0bHa-
py*eH 6e/KoBbIl GaAKTOP CTUMY/IATOP PasBUTUA OMyXo/ew,
Ha3BaHHbIM 3NMAepMa/ibHbIM GpaKTOPOM pPocTa.

MeTogamMu reHHOM MHKEHepUK C UCMo/Ib30BaHneM rmbpu-
AOMHbIX TEXHO/IOTMA Obln Mo/ayyeHbl rMbpuaHble aHTUTena,
KoTOpble 6/10KkMpYIOT peLienTopbl PP Ha Oryxo/1eBbIX K/ETKaX,
4TO MPUBOAMT K UX rnbenu [5]. Co3AaHHbIN Ha 3TOM OCHOBE Mnpe-
napaTt B X0Ae AOKAMHUYECKUX U KAMHUYECKUX UCC/1ed0BaHUM
MOKasa/ BbICOKYIO 3PGEKTUBHOCTb MPU Pake MO/IOHHOM xesle-
3bl, a «'epLenTuH» cTan OAHUM U3 NepBbIX Ha GapmaLeBThye-
CKOM pbIHKe TapreTHbIX NPenapaTos 4/1A ie4eHus paKa (puc. 8).

BucneumdumyHblie aHTUTEA. PakoBble KAETKM pacno3HatoT-
CA M YHUYTOXAIOTCA MPU NMOMOLLM MMMYHOTepanuu bucneum-
$UYHBIMM aHTUTE/IAMM, KOTOpPble paboTaloT Kak NepexoAHUKM
MeXay MO/IEKY/IaMU aHTUreHa PaKoOBOM K/1ETKM U T-K/1€TOYHbIM
6e/1KoM. B 0T/Mumne OT OBbIYHbIX @HTUTE/1 OHM MOTYT y3HaBaTb
He 0AHY, a Cpasy ABe WK Aaxe TPU Lien, U CBA3biBaTb UX. Og-
HUM 13 CBOMX «XBOCTOB» BUCrneLMdUIHOe aHTUTE/0 NpUcoeamn-
HAGTCA K aHTWUreHy pakoBOM K/IETKM, a APYrMM — K peLienTopy
MMMYHHO KAeTKU. B pe3y/bTaTe akTvBauum T-Ka1eTKa Bblbpa-
CblBaeT BeLLeCTBa, KOTOPbIE BbI3bIBAOT MPOrPaMMUPOBaHHYHO
cmepTh (anonTo3) pakoBoit kK1eTku (puc. 9).

PaspabatbiBaeTcA HOBbIM K/1acC TepaneBTUHECKUX aHTuTes,
M3BECTHbIN MO/, Ha3BaHMeM «HaHOTeN1a». OHM COCTOAT M3 Me/lb-
YanLIMX PYHKLMOHA/IbHBIX PParMeHTOB OAHOAOMEHHbIX aHTUTE.
31 dpapmaLeBTUHeCKUe areHTbl 06/1a4at0T BbICOKOM crielpdpuy-
HOCTbIO M HM3KOM TOKCUYHOCTBIO, HO MPUY 3TOM BO3/,eMCTBYIOT Ha
aKTMBHbIE LIeHTPbl PEPMEHTOB 1 peLIenTOPOB OMyXo/1ew.

PaspyLlueHme onyxoneBbiX KAETOK C MOMOLLbIO MOAW-
duupnpoBaHHbiX  T-MMPOLUMTOB. B COBpPEMEHHbIX LeHTpax
AN1A /IeHeHUA OHKOreMaTo/IorM4eckux 3abosieBaHuit  npu-
MEHAIOT Tepanuio reHHOMOAUPULIMPOBAHHBIMU  ayTO/NOTU-
HbIMM T-KNeTKaMM C XMMEPHbIMU peLenTopamu aHTUreHa
(chimericantigenreceptor T-cell, CAR-T) (puc. 10).

OCHOBHOMI 3asa4eil XMMepHbIX peLienTopoB AB/AETCA UC-
N0/1b30BaHME LMTOTOKCUYECKOro noTteHumasa T-mmounTos
nyTem 3ameHbl cobol T-k1eTo4HOro peuentopa. MMMyHHble
K/AETKM, Hecyllue XMMepHble peLienTopbl, CnocobHbI pacno-
3HaTb B KOCTHOM MO3re OrMyX0/1eBble K/eTKU MO aHTUreHam Ha
MX MeMBpaHax 1 BbI3BaTb pa3pyLLeHue (/IM3UC) TaKUX KAETOK.

Bb1/10 BbIAB/IEHO, YTO K/AETKM OMyX0/1ei UMEeLOT eAUHUYHbIe
aHTUreHHble CTPYKTYpbl (HEO3MUTOHBI), KOTOpble T-IMMOLUTBI
MOFyT aKTMBHO aTakoBaTb.

C BHEApEHNEM HOBbIX METOA0B CeKBeHMpoBaHuA AHK u
PHK, ¢ co3gaHrem 6a3 gaHHbIX MOABU/IMCE BO3MOMXKHOCTM Bbl-
AB/IGHNA HEO3MUTOHOB W CO3/aHWMA TEXHO/IOMUIA «ObydHeHnsa»
HOPMa/IbHbIX T-K/ETKU CMOCOBHOCTM aTaKoBaTb U YHUUTOXATb
ornyxo/ieBble K1eTkU (puc. 11).

Mcnonb3osanme AHK 1 PHK-BakumH. PazpaboTka AHK-BaKumH
U MHBIX GAPMAKOKOHCTPYKLMIA C MIMMYHOMPEBEHTUBHBIM WM UM-
MyHOMPOPUIAKTUHECKUM AEMCTBUEM B TEHEHWe NOIeAHEro aeca-
TUNETUA AB/IACTCA OAHUM M3 NEPCMNEKTUBHBIX OUOTEXHO/IOMMYECKMX
Harpae/IeHWiA Mo/lyqeHUA SPPEKTUBHBIX TapreTHbIX /IeKapCTBeH-
HbIX Mpenapatos [6]. [/1A BbIAB/EHMA FreHOB, KOTOPbIE 3KCMPeccH-
PYIOTCA TO/IbKO B OMyXO/IEBbIX K/IETKAX, LUMPOKO WUCMO/Ib3YHOTCA
KOMIMbIOTEPHbIE TEXHO/IOTMM aHa/IM3a HYK/I1EOTUAHbIX NOCIeA0Ba-
Te/ibHoCTeM. C MOMOLLBHO STUX TEXHO/IOMUIA Obl/IM Kak OBHapY»KeHb!
paHee BblfiB/IeHHblE APYTMI METOAAMM FeHbl, TaK U YCTaHOB/1eHD
HOBble crieLpuyHbIe He/IKM, KOTOpbIE AB/IAKOTCA NEePCreKTUBHLIMM
MMMYHOreHaMu A/19 CO34aH1A MPOTUBOOMYXO/1EBOM BaKLHbI.

AHK-BaKUMHa — 3TO WCKYCCTBEHHO CMHTE3MPOBAHHAs reH-
HO-MHeHepHanA KOHCTPYKLMA, KOTOPas NMPY BBEAEHMM B OPraHv3m
CrocobHa BbI3BaTb MMMYHHYHO peakuyto. NMocie AHK-BakumHaLmm
B K/1IeTKax NpoAyLMpyroTca 6€/1K1 NaToreHHbIX GakTOPOB Wik Ory-
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Puc. 11. KomnbloTepHas Tomorpadus 3a HeAeto A0 UHBbEKLMK
mmdoumToB (c1eBa) 1 yepes 22 mecsLa nocie Hee (cnpasa);
CTpe/IkamMu NMoKasaHbl erpagupoBaBLLMe OMyXo/n

Fig. 11. Computed tomography one week before the injection of
lymphocytes (left) and 22 months after it (right); arrows indicate
degraded tumors

XO/1eBbIX aHTUIEHOB, T.€. B CAMOM K/1€TKe OpraHm3ma GopmupyeTca
CMOCOBHOCTL MPOTUBOCTOATL AMCTBUIO MATOreHOB.

B nepcriekTMBE 3TU BaKLMHbI MOTYT CTaTb NPeAnoYTUTE lb-
Hee TPaAMLMOHHBIX CPeACTB /leHeHna onyxo/ei. Onyxo/eBbli
aHTUreH He MoCTyraeT U3BHE, a CUHTE3UPYeTCA BHYTPM Camoro
opraHusma, 4to GOpMUpYeT y MaLMEeHTOB KOMI/IEKCHBINA OT-
BET a4anTWBHOM (ryMOPa/IbHbIM U KAETOUHBIN) U BPOXKAEHHOM
cMcTeM MMMYHHOM 3aluuTbl. Kpome TOro, mpoTMBOpakoBble
BaKLMHbI HaLle/IeHbl Ha crielmduyeckme 417 OnyXo/In MULLIEHH,
KOTOpble MMMYHHaA CUCTeMA MOMKET Hay4MTbCA Pacrno3HaBaTb
1 aTaKoBaTb, YTOObI MPegoTBPATUTL PELMANB paKa.

OpHa 13 Hanboee yCreLlHbIX KOHCTPYKLMIM NepCcoHa/IM3Npo-
BaHHOW NMPOTMBOPAKOBOW BaKLMHbI Oblia pa3paboTaHa ¢ nomo-
LLbHO BbIMMC/IMTE/IbHOM M/iaTdopmbl MountSinai (OpenVax) B 2021
rogy. OHa HanpaB/ieHa Ha /1e4eHe NaLpeHTOB C PaKOM /IEerKUX U
MOYEBOrO My3blpsl, KOTOPbIE MMEKOT CKIOHHOCTb K PeLmanBUpO-
BaHWt0. /1/1f1 CO3/4aHUA BaKLWMHbI Obl/10 MPOBE/AEHO NepcoHasibHoe
cekBeHvpoBaHwue onyxonesoi AHK n PHK naumeHTos, a/1a KoTo-
PbIX B MOC/IeAyIOLL,EM CO34aBa/lach BaKLMHA. Y Kaxa0ro 60/1bHO-
ro 6bl1a BbiAB/IEHa CrieLmduiecKan /18 MPOTUBOOMYXO/1IEBOM Te-
panuu M1LLIEHb M TPOBeAEeHa NMPOoBepKa CMOCOBHOCTU UMMYHHOM
cucTeMbl NaumeHTa (NpeArKLMA) pacro3HaBaTb M aTakoBaThb pa-
KOBble K/eTKW. B nociieaytoLLieM ¢ MOMOLLBIO BbIMUCIUTE/IBHOTO
KoHBeliepa MountSinaibbum naeHTMdMLMpoBaHb! Hanboee Npu-
opuTeTHble (MPUOPU3MPOBaHbI) UIMMYHOFEHHbIE MULLEHM A/1A CHUH-
Tesa UX NpUpPOAOMNOA0OHbBIX MO/EKY/ U BR/IOYEHUA MOC/IEAHNX B
COCTaB TAPreTHOM BaKLMHbI. Pe3y/IbTaTbl KIMHUYECKMX UCCIeA0-
BaHWI1 NO3BO/IAIOT C 60/IbLLIOI BEPOATHOCTBIO NPeno/araTh, YTO
BaKLMHa, No/y4eHHas Ha ocHoBe OpenVax TecTMpoBaHus, byaeT
3¢pEeKTUBHOM A/1A1 IeYeHUA TIMOB/1ACTOM, PaKa NpeAcTaTe/IbHOM
*e/e3bl U 1IeMKO30B.

MPHK-BaKLMHbI CO34at0TCA HAa OCHOBE CUHTeTUYecKoM PHK
M UMEIOT Lie/bll PAA, npenmyLlects nepeg, AHK-BakuyHamu.
MHorune BakuUmHbl NMO/Yy4eHbl Ha OCHOBe 6e/1Ka, HO B C1ydae C
MPHK-BaKLMHamu TpebyeTcA «HanmcaTb» MLLb Kog, A7 be/iKa,
a He CMHTe3MpOoBaTb Cam 6e/1oK.

Mpeae BCEro 3TM BaKLyHbI OT/IMYAET MOBbILLEHHaA 6e3-
oracHocTb: MPHK He crocobHbl BCTpamBaTbCcA B FeHOM U MO3-
TOMY He HeCyT pucKa MYTaUMOHHOIrO M3MEHEeHUA BC1eACTBUE
BCTaBOK MOC/1e/,0BaTe/IbHOCTElN HYK/1€0TU/A,0B — MHCEPLIMOHHO-
ro mytareHesa. MPHK oTHoc1Te/IbHO ObICTPO AerpaanpytoT B
K/IeTKe U KaKue-TO NobouUHble 1 oracHble 3PPEKTbl HE A,0/IKHDI
COXPaHATBLCA A0/r0, B OT/IMHYME OT HeXe/laTe/IbHbIX 3PPeKToB
[AHK-BakumH. MPHK-BeKTOp 3HauuTe/IbHO meHbLUe [JHK-BeKTo-
Pa, KOAMPYIOLLIErO TaKOM e aHTUreH, MOITOMY «aHTU-BEKTOP-
HbI/» MMMYHUTET He pa3BMBAETCA, U TaKMe BaKLyHbI MOXHO
NPUMEHATb MHOrOKPaTHO.

B mMu1pe npoBoAATCA MHOMOYMC/IEHHbIE K/IMHUYECKME UC1eA0-
BaHWA MPHK-BaKLyH NpOTHB MHGEKLMOHHbIX 3a60/1eBaHuit (SARS-
CoV-21 Aip.), HO OCHOBHOE HarpaB/ieHue B u3yyeHr MPHK-BakLmH
— /Ie4eHIe OHKO/IOrMYeCKMX 3a60/1eBaHuiA. Nog00HO TOMY, KaK pa-
60T1aet MPHK-BaKLuHa npoTve SARS-CoV-2, OHa AeicTBYeT NpoTHB
paka. MPHK-BaKLpHa 06y4aeT MMMYHHYIO C1CTeMy pacrio3HaBaThb
onpe/e/ieHHbli 6e/10K Ha MOBEPXHOCTM PaKOBbIX K/IETOK.

B 6/13KoM nepcriektnBe OyaeT cosgaHa MPHK-BakumHa
NpOTMB Me/1aHOMbI. B HacTosLlee BpemA BbIAB/AEHbI YeTblpe
cneyndUIeCKMX aHTUreHa A41a 3TOM OnyXo/au. Bbiio ycTaHoB-
/IeHO, 4TO B abCO/IIOTHOM 60/IbLLIMHCTBE BO3HUKHOBEHWE Me/a-
HOM B/1e4eT 3a cOOOI MOAB/IEHME Y NMaLMEHTOB XOTA Bbl OAHOrO
U3 3TUX aHTUrE€HOB.

MepcoHannsnMpoBaHHaA U Npeuus3MOHHasA MeaULUHA
3aBTpallUHero gHA

Brosiornieckme npoLeccbl B XMBbIX CUCTEMaXx NMPOTEKatoT C
OrPOMHbIM KO/IMHECTBOM PazHOOOPasHbIX B3aMMOAEMUCTBUIN MEX-
Ay 6e/1Kamm 1 reHamu. B uHTerpaTuBHOM popme HerocpeacTBeH-
Hble U3MHECKMEe KOHTaKTbl Mexay 6enkamu (6enok-HekoBble
B3aK1MO/ENCTBIA) U HEMPAMbIE B3aMMOZECTBUA FeHOB B K/1ETKaX
ABNAIOT CO60M B1OMHGOPMALIMOHHBI 06Pa3, MO/YHMBLLMIA B MO/Ie-
Ky/IApHOI 610/10MM Ha3BaHWe MHTepaKToMa (puc. 12).

B pesy/ibTate 6e/10K-H6€/1IKOBbIX B3aUMOAEMCTBII OTAe/IbHble
6e/IK1 OpraHu3ytoTCA B CTabu/ibHble U AMHAMUYHO M3MEHAOLL-
ecA 6e/IKoBble KOMI/IEKChI, KOTOPbIE CBA3aHbI MeXKay coboit. Ha
YPOBHE K/1eTOK QYHKLMOHMPYIOT CPOPMMUPOBaHHbIE B3aMMogeit-
CTBUAMMU MeXay 6e/KaMu — BHYTPUK/IETOUHblE UHGOPMALIMOH-
Hble MHTEPaKTOMHbIE CETH.

CoBpemMeHHble MeTOoAbl BUOMHPOPMATUKM MO3BO/AIOT MUX
BOCIMPOM3BECTY B BUAE KOMMbIOTEPHbIX 06pa3oBs. Ha Bu3yamsu-
POBaHHOM KapTUHE 3TOM CETU BblAe/IAIOT:

— «y3/1bl», F4e MPOUCXOAAT B3aMMOAENCTBUA MeXay ee KOM-
MOHeHTaMu;

— «pebpa» — /IMHWM, CBA3bIBAOLLME Y3/1bl;

— «xabbl», K KOTOPbIM CXOANTCA 6O/IbLLIOE KOMHECTBO pebep.

lMokasaHo, 4TO MOCPeACTBOM MHTEPAKTOMHbIX CETe KOHTPO-
/IMPYHOTCA MPAKTUYECKM BCE BHYTPUK/IETOUHblE MeTabo/mHecKkme
rpoLecchbl B 340pOBOM OpraHm3me. BmecTte ¢ Tem, 3Tn ke ceTu
N0Z, B/IMAHUEM MaTOreHHbIX GakTOPOB TPaHCPOPMUPYIOTCA U Ha-
YMHAOT BbINO/HATD GYHKLMIO MO/IEKY/IAPHBIX MEXaHU3MOB Pas-
BUTUA Pa3/IM4HbIX BUAOB NaTO/I0MMMN.

MoMUMO AMHAMMYECKUX CBA3el ApYr C APyroM 6e/ku Yepes
MHGOPMaLMOHHbIe CBA3K C [HK B3aMMOAENCTBYIOT C reHamu
(pvic. 13). M3ydeHue BHYTPEHHUX FEHOMHbIX CBF3el MoKasaso,
YTO reHbl, OTBETCTBEHHbIE 32 PUCK Pa3BUTUA 3a60/1eBaHMi («TeHbl
NPEeAPaCTO/OKEHHOCTH»), DYHKLMOHMPYIOT He W30/IMPOBaHO,
HO B COCTaBe «T€HHbIX CeTeli». B 3TX reHHbIX pery/IATOpHbIX aH-
Camb/1sIX BblA@NAIOT r/1aBHble (LeHTPa/IbHbIE) U AOMO/HATE/IbHbBIE



Puc. 12. UHTEepaKTOMBbI 340POBbIX KAETOK
Fig. 12. Interactomes of healthy cells
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Puc. 13. FeHOpery/ATopHas ceTb, OTpaXKkalolljasi B3aumMoaeicTeme
6enkoB ¢ IHK

Fig. 13. The gene-regulatory network reflecting the interaction of
proteins with DNA

(Bcnomorate/ibHbIe) reHbl, Tak HasblBaeMble reHb-MoAUdUKaTo-
pbl. B COBOKYNMHOCTM OHWM OPraHM3yoTCA B PYHKLIMOHA/IbHbIE MO-
/IEKY/IAPHO-TEHETUHECKME MO/AY/IM, KOTOPbIE AB/IAIOTCA Ornocpe-
£0BaHHbIMM 3/1eMEHTaMN MHTEPAKTOMHOM CETU.

Takum 06pasom, BK/KOUEHUE METOA0B BMOMHPOPMATVKM B
M3y4eHue BHYTPUK/IETOYHbIX MO/IEKY/IAPHbIX B3aUMOAENCTBUMI
6€e/1KOB 1 reHOB MO3BO/IM/10 OTKPbITb B OMOMEeAMLHE MPUHLMMM-
3/IbHO HOBBbI NMOAXOA, AR CO3A4aHUA AMATHOCTUHECKUX U S1eved-
HbIX TEXHO/IOTWA HOBOrO MOKO/IEHUA U CTa/I0 UCTOKOM CETeBOA
NepCcoHa/IM3MPOBAHHON MeAMLIMHbI.

MHTepaKTOMMKa Kak PyHAAMEHT 419 COBEPLUEHCTBOBAHMA
NepCoHa/IM3MPOBaHHOM MeAWLMHbL. B 0T/n4me oT reHoma, UHTe-
PaKTOM 4e/ioBeKa paclumdpoBaH He H6o/1iee vem Ha 20%. Bmecte
C Tem, AaXKe Herno/HaA KapTa MHTEPaKTOMa YXKe ceroaHA Aaet
BO3MOHOCTb MO/YYUTb YHUKa/IbHYHO MHPOPMALWIO O COCTOAHUM
3/4,0pOBbA OpraHM3ma.

O4eBMAHO, YTO MPU HA/MHMK MPUHUHHO-CI€ACTBEHHbIX CBA-
3eil Mexay MeTabo/IMYeckMMM NpoLeccaMmu B KAeTKaxX U usme-
HeHuAMmM BBB, paccTpoiicTBa NOUI@AHMX MOTYT CTaTb OAHUM U3
BaXKHbIX (PAKTOPOB PUCK3, @ TaKKe TPUITEPOM BO3HWMKHOBEHUA

A\

Puc. 14. CxemaTU4HOE Npe/ACTaB/eHUe MOy el Tpex 3a60/1eBaHMii:
pacceAHHOro cK/iepo3a (KpacHblii), peBMaTougHOro apTpuTa
(:kenTblit) M NepoKcUcOMHbIe 60/1€3HM (CUHMIA)

Fig. 14. Schematic representation of modules of three diseases:
multiple sclerosis (red), rheumatoid arthritis (yellow) and peroxi-
somal diseases (blue)

Pa3/MuHbIX, B YACTHOCTU MY/IbTUHAKTOPHBIX (MO/MIEHHBIX, KOM-
M/IEKCHBIX) 3a60/1ieBaHuid. Mog M3 noHumaroT 6o/1e3Hm (pac-
CefAHHbI  CKIepO3, PEeBMATOMAHbIM apTPUT, OHKO/IOTMYecKue
60/1€3HM U Ap.), BO3HUKHOBEHME KOTOPbIX TECHO CBA3LIBAIOT C
aKTMBaLyell MO/IEKY/IAPHO-TEHETUYECKMX MOgy/elt 3abo/ieBa-
HUIA, BbI3BaHHbIX HapyLweHuamMn BEB nog, BosaeiictBuem Heba-
ronpuATHbIX (MATOreHHbIX) 4/ OpraHM3Ma CpeAoBbIX HakTopoB
(36bITOYHaA Macca Tea, TMNOAMHaMMA, KypeHUe, CTPeCC U 4p.).

MokazaHo, 4To npu M®3 GOpMUPYHOTCA CBOM «TePCOHA/Ib-
Hble» reHHble CeTU U «MHAMBUAYa/IbHbIE» PYHKLMOHA/IbHbIE MO-
/IeKy/IApHO-TEHETUYECKME MOZAY/IM, KOTOPbIE B3aMMOAENCTBYIOT
C APYrMMM NOAOBHBIMM MOAYNAMM 60/1€3HEN. B pesy/ibTaTe 3TUX
cBr3el gedeKTbl (MyTaLpm) HECKO/IbKUX Pa3/IMHHbIX FEHOB MOTYT
BbI3bIBATb CXOXKME M0 MeXaHU3My pasBuTuA (natoreHesy) 3abose-
BaHuA (Hanpumep, ayToMMMyHHble 60/1€3H1), a 3meHeHus (Mo/n-
MOPdH3MbI) OAHOIO reHa — aCCOLMMPOBATLCA C PasHbIMU BUAAMM
NO/IMreHHbIX 3360/1eBaHUIN.

[lnarHocTuKa HapyLueHuit BEB ¢ ncno/sb3oBaHnem coBpemen-
HbIX MeTOA0B OMOMHPOPMATUKK MO3BO/IAET BbIABAATL Cpeau
MHTEPaKTOMHbIX CBA3eli rpadmyeckme 0bpasbl — MO/IEKY/IAPHbIE
K/1acTepbl, CBUAETE/IbCTBYIOLLME O Ha/IMHME MaTO/IoMMK, a TaKxKe
onpeAe/MTb UX NPUHALA/IEKHOCTb K TOMY WM MHOMY 3abo/sieBa-
HUto. BesikW, OTHOCALMEeCA K OAHOM onpese/neHHol 6o/1e3HH,
06pasytoT COBOKYMHOCTb CBA3AHHbIX My COBOM To4eK — nog-
rpad, HasblBaeMbIx MOAy/1eM 3abo/1eBaHMA. MyTaumm LeHTpasib-
HbIX FEHOB MOZy/Ie¥ Halle acCOLMMPOBaHbI C OMyX0/1EBbIMM 3a-
60/1€BaHMAMM 1 paHHEN CMEPTHOCTBIO /IH0/el, @ BUAOU3MEHEHUA
(no/mmopdm3ambl) neprdeprieckux reHoB GyHKLMOHa/IBHOMO re-
HETUHYECKOro MOZY/1A UrPatoT BeAyLLYHO PO/ib B pEHOTUMMHECKOM
M3MEHHYMBOCTU U PasBUTUM y HesioBeka MP3.

Knactepbl 6€/1K0B, y4acTBYIOLLMX B MaTOreHe3e pas/IMyHbIX
3ab0/1€BaHuWiA, Ha KapTe MHTEPaKTOMa pacro/laratloTcA Ha pas-
HOM y/a/leHWn Apyr OT ApYyra 1 Aaxe nepeKpbIBatoTcA. Pacnono-
*KeHWe K/1acTepoB W PacCTOAHME MEXK/AY HUMM OTPAXKAOT CXOA-
CTBO CUMNTOMOB 60/1€3HU, @ TaK¥Ke BEPOATHOCTb TOrO, YTO 062
3a60/1€BaHMA BO3HUKHYT Y OAHOrO Ye/oBeka. Hanpumep, napbl
3a60/1€BaHWi1 C NepeKpbIBAOLLIUMUCA MOAY/IAMU 3a00/1eBaHMI
— paccenHHbIM CK/1epO3 U peBMATOUAHbI apTPUT — UMetT 60/1b-
LLIOE YMC/IO CXOAHBIX CUMMNTOMOB (CMHAPOMOB) (PHC. 14).

(lepoBaTe/bHO, Ha OCHOBE MHGOPMaLMn O B3anmogeit
CTBMM KOMIMOHEHTOB CETW Ha MO/IEKY/IAPHOM U FeHETUHECKOM
YPOBHE MOAB/IAETCA BO3MOMHOCTb BbIAB/IEHWA OMOCPe0BaH-
HbIX reHamu NpuamMH 60/1e3HeM U aCCOLIMMPOBAHHBIX C HUMU Ae-
(HEKTOB HereHeTUHECKOro NMPOUCXOXKAEHUA.

lp1MeHeH1e MHTEPaKTOMHBIX METO/,0B B AMArHOCTUKE U /1e-
YeHUM He OrpaHMIMBAETCA COMATUYECKUMM 3a60/1eBaHUAMM. OH
HaYMHaeT MPUMEHATLCA A/1A CIOXKHBIX /1A TOHUMAHWA PasBUTUA
NCUXOTUYeCKMX 6o1e3Hel (LWn3odpeHus 1 4p.) U MOrpaHUyHbIX
HE MCUXOTUHECKMX PACcCTPOMCTB (MCUXOMaThs U Ap.) BbiCLUE
HepBHOW AeATe/IbHOCTU Ye/loBeKa (pyc. 15).

3AKJIIOYEHUE

MepcoHann3npoBaHHaA M TMpeuuM3nMOHHaA MeauLMHa
BCe 60/1ee MHTEHCHMBHO BHe/APAETCA B MPAKTUKY 34PaBOOX-
paHeHUA He TO/IbKO B MHAYCTPUA/IbHO U HayYHO NMPOABUHY-
TbIX FOCyAapCTBaXx, HO U B Pa3BMBAIOLLMXCA CTPAHax Mupa.
Mporpecc MMM TecHo cBA3aH ¢ ycnexamu B 06/1acTaAx ecTe-
CTBO3HaHWA, KOTOPble MPMBHOCAT HOBbleé BO3MOXHOCTU
Ansa nobeapl MPaKTUHECKUX Bpadelt Hag, COBPEMEHHbIMU
60/1e3HAMK. B HacToALee BpemA 6o/bLuMe HagexAbl Me-
AVKOB U CreuuanncToB B 06/1acti papmaL,eBTUKU CBA3aHbI
C OTKPBLITUAMM U UHHOBALMAMM Ha CTbIKe MeAWLUHbI, pap-
MaLEeBTUKM, XMMUU, MO/IEKY/APHON BUO/OTUM U BUOUH-
dbopmaTukm.
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Puc. 15. UHTepaKTOM K/ETKM NalMeHTa ¢ wmsodpeHuen
Fig. 15. Interactome the cell of a patient with schizophrenia
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AHHOTALUSA. Heo6xooMMOCTb NPOBEAEHUS NPUPOOOOXPAHHOM OeATEeNIbHOCTU 6a3npyeTcs Ha MONIOXKEHUM O
TOM, YTO Aerpagaums oKpyXaroLler cpeabl BpeaouT YenoBeKy U CAEPXKMBAET IKOHOMUYECKOe passuTne. OgHako
peanbHOe pa3pelleHmne NPoTUBOPEeUns MeXay SKOHOMUKOM 1 NPUPOAOH B chepe OXpaHbl OKpYXKakoLLLEen cpeabl
BbI3bIBAET ONpeaeneHHble TPYAHOCTHY, O YEM CBUAETENLCTBYET HapacTaloLLas yrpo3a 3Konornyeckomn 6esonacHo-
CTV B MUPpE.

Mpurnawaem ymntatenen K 06CYy>KAEHUI0 MaTeEPUANOB HALLEro aHaamM3a 1 0bLein oLueHKM obasbHbIX Npobaem
COBPEMEHHOCTU 1 BO3MOXHbIX MyTel Aa/IbHENLLErO Pa3BUTHS YenoBeYeCcTBa. ABTOPbI CrpynnmMpoBanu Ux rno psay
HanpaBNEHWUI: CYLLHOCTb U KNacCcUdUrKaLms OCHOBHbIX NMPO6aeM COBPEMEHHOCTU; UCTOKM MOBanbHbIX NpobnemM
COBPEMEHHOCTM; BO3MOXKHbIE MOCNEACTBUS SOEPHOM BOViHbI; Teopumn «MobanbHbIX KPU3MCoB» U «Pora nsobu-
NNS»; KOHLUENUMN «YCTOMYMBOIO PasBUTUS», «30710TOM0 MUINMapaa», «10 3010TbIX MUNIMApA0By; NnpobnemMa co-
OTHOLLIEHMS COLMAITIBHOMO M BMONIONMYECKOro B YeNIOBeKe.

Mo pe3ynsrataM AMCKYCCUMM Mbl HAAEEMCS OMpenenvTb pPosb rocyaapCTBa, YeNOBeKa U COUMYMa B LIENIOM, UX
YPOBEHb B3aMMOAENCTBUSA NPU BbIPabOTKE peLlueHnii A1 COXPaHEHMS OKPYXKatoLLLEl Cpeabl M YenoBeYvecTBa Kak
BMOA Ha COBPEMEHHOM 3Tane ero pasBuUTUS.

KJIOYEBbBIE CJZIOBA: oxpaHa oKpy>KatoLen cpeapl, rocyaapCTBEHHOE perynmpoBaHue, rnobanbHble npobne-
Mbl COBPEMEHHOCTU, HOPMATMBHO-NMPAaBOBOE PEryIMpoBaHme, e yCTOMYMBOro pa3BuTuUS



BBEOEHUE

B mupe ObICTpO pasBMBAETCA 3aKOHOTBOpYECKasa Aes-
Te/IbHOCTb, CBA3aHHAA C MPUHATUEM 3aKOHOB W aKTOB, per/a-
MEHTUPYIOLLMX HOPMbI U MpoLieAypbl MPUPOAONO/1b30BaHMA,
AQOLMX MeTOAMYeCKMEe PeKOMEeHAALUH, AeK/1apypyOLLIMX
NMPUPOAOOXPaHHbIE MPUHLMMBI B PaMKax 2?KOHLIeMLMK OXpa-
Hbl OKpYKatoLLeit cpespl.

HeKkoTopbIM CTpaHam yAanocb A06UTbCA onpese/ieHHOM
3KO/I0rM4eCcKoM CTabuamsanum, Og4HaKo Ka4eCTBEHHOrO Y/y4-
LLIEHWA He NMPOU30LL/IO.

3T0 0OBACHARTCA TeM, YTO, BO-NIEPBbIX, AaHHAA KOHLLen-
LMA He cTaza obLwemMnpoBoi. Bo-BTOpbIX, 06LLaA uaeonorua
3K0/10r0-3KOHOMMYECKOr0 Pa3BUTUA OTCTAET OT Lie/1el YCTOM-
YMBOrO Pa3BUTHA, 3aKPEN/IEHHbIX B AOKYMeHTe «[Ipeobpaso-
BaHWe Hallero mupa: MoBecTka gHA B 061aCTM yCTOMHYMBOrO
pasBuTUA Ha MEPUOA A0 2030 roga» [1, 2, 3], yTBepaeHHOM
r/1aBamu rocyAapcTs 1 NpaBUTE/IbCTB B Xoge cammmTta OOH,
1 BCTYMUBLLMX B CUAY B 2016 rOAy, a TaKKe OT pa3BMBatoLLeit-
CA B HacTofALLee BpemMs MHHOBALMOHHOW MOZe/ M MUPOBOM
SKOHOMMKM.

HeobxoanMoCTb npoBeseHua NMpUpPOAOOXPaHHON aen-
Te/IbHOCTU HasmpyeTca Ha MO/IOXKEHUU O TOM, YTO Aerpasa-
LMA OKPY»KatoLLLei cpe/bl BPEAUT Ye/I0BEKY U CAepKUBaeT
3KOHOMMYecKoe pasBuTue. OgHaKo pea/ibHoe paspelueHue
NMPOTUBOPEYUA MeX Ay SKOHOMUKOM 1 NpUPOAoN B chepe oX-
paHbl OKpY»KatoLLLel CpeAbl BCTpeYaeT onpese/ieHHble Tpya-
HOCTU, O YeM CBUAETe/IbCTBYeT HapacTaoLLas yrpo3a 3K0/10-
rmyeckoi 6e30nacHoCTU B Mupe.

pu M3y4eHnn 1 aHa/M3e OCHOBHbBIX HOPMATHBHBIX aKTOB
B cepe OXpaHbl OKpYKatoLLelt cpeapl A1 NPUMEHEHUA UX
B CMCTEMe 3KO/IOrMYECKOro MeHe/KMeHTa B OpraHu3aLmax
dapmaLeBTUHeCKOM OTpac/iM HeobXoAMMO UCMO/b30BaTh
TEKCTbl MPaBOBbIX aKTOB OPraHOB rOCyAapCTBEHHOM B/ACTH,
ony6/MKoBaHHbIe B:

1. «CobpaHun 3aKkoHogaTenbcTBa Poccuiickoit Pepepa-
Ln».

2. «BtosneTeHe HOPMATHBHBIX aKTOB MUHUCTEPCTB U Be-
aomcts Poccuiickoit Pepepauum».

3. «BlonneTeHe MexayHapOAHbIX 4,0rOBOPOB».

4. «BtonneTeHe HOPMATHUBHbIX aKTOB PesepasibHbIX Opra-
HOB UCMO/IHUTE/IbHOM BACTU.

5. «CobpaHun akToB Mpe3ungeHTa u MNpaButensctea Poc-
cuiickoit Pegepavum».

3TV AOKYMEHTbI pasmelleHbl B MHGOPMALMOHHO-NPaBO-
BOM cncTemMe «3akoHoAaTe/IbcTBO Poccum». Hamu obpaboTa-
HO BCero 184 677 £ OKyMeHTOB, OMy6/IMKOBaHHbIX C 1994 I. MO
HacTofALLee Bpems.

HeobxoanMo TakKe MCno/b3oBaTb MaTepuasbl, pasme-
LLleHHble Ha rnopTaszie «HopMaTKBHble NpaBoBble aKTbl B Poc-
cuiickont Pegepaummn» MUHUCTEPCTBA HOCTULIMM POCCHMIMCKOM
®egepayumn. Hamm 06paboTaHo 12082 TakMX fOKYMeHTa.

OT/e/1bHO HEOOXOAMMO OTMETUTb, YTO CTaTbel 57 Pe-
AepasbHOro 3akoHa «O6 oxpaHe OKpyatolen cpesbi» [3]
NMPaBOBOW PEXMM YPe3BblHalHbIX SKO/IOMMHYECKUX CUTYaLMM
NpUpaBHeH K Ype3BblHaliHbIM CUTYaLMAM NMPUPOAHOrO U TeX-
HOTE€HHOro XapakTepa.

FocyaapcTBeHHoe ynpas/ieHue B chepe OXpaHbl OKpY-
artoLLei cpeabl peasmsyeTca C MOMOLLbIO KOMM/IEKCa Mepo-
MPUATUIA, OKa3bIBAOLMX MPAMOE M KOCBEHHOE B/IMAHME Ha
pery/vpyemblii 06beKT OTHOLeHMI. Mcxoaa u3 xapakrepa
MO/IHOMOYMI rOCYAAPCTBEHHBIX OPraHOB, MOXHO BblAE/NNTb
C/leytoLLMe K/o4eBble MOMEHTbI YNpaB/IeHNA:

1. NPOBOAUTCA KOMI/IEKC MEPONpPUATUI, OCyLLeCTBAsAe-
MbliA OpraHamu, yrno/IHOMO4€HHbIMM FOCYAapCTBOM Ha COBep-

LIeHne geicTBUM B 06/1acT OXpaHbl OKpY»Katolen cpebl.
Ec/am rocyaapcTBo BbICTyNaeT B pO/IM OpraHn3aTopa KOHKpeT-
HOro MepornpuATKA, TO OHO aBTOMAaTU4eCKM npuobpetaeT
KOHTPO/IbHble QYHKLMM MO OTHOLLEHUIO K CybbeKTam, ocy-
LLIeCTB/IAIOWMM Ha MpakTMKe GyHKUUM OXpaHbl NPUPOAHOrO
mupa.

2. IOpugunyeckne AencTBMA rocyaapCTBEHHbIX OpraHoB
HOCAT B/IaCTHbIM XapaKTep u obecrneynBatoTcA cpeacTBaMu
roCyA,apCTBEHHOrO MPUHYX/AEHUA B C/lydae HeUCrno/HeHUA
MMMEepaTMBHbIX MPaBW/ U NpeAnucaHuii.

3. B pamKax rocygapcTBEHHOrO ynpaB/eHUA U34ar0TCA
HOpMaTMBHbIE aKTbl, 06A3aTe/IbHbIe /19 UCNO/HEHUA U 0bpa-
LLIeHHble K HEOrpaHUYEHHOMY KpYry /uL,.

4. 3a HapyllueHne HOpPM B Ccpepe OXpaHbl OKpyKatoLL e
Cpe/bl B 3aKOHO/AATe/IbCTBE MNPeAyCMOTPEHbl CaHKLMM.

[Janee Mbl npegnaraem 06CyauTb MaTepuasibl Hallero
aHanm3a r/106a/bHbIX Npo6/1eM COBPEMEHHOCTM U BO3MOM-
Hble MyTW Aa/ibHEelLIero pasBUTUA Ye/10BeYeCTBa, KOTOpble
Mbl CrPYNNMPOBa/N B PAZ, Hanpas/I€HUIA:

1. CyLIHOCTb U KAaccMPUKaLMA OCHOBHbIX Mpob/iem co-
BPEMEHHOCTU.

2. UcTokm rno06asbHbIX Npob/1em coBpemMeHHOCTH.

3. Teopum «[7106a/1bHBIX KPU3UCOB» 1 «Pora u3o06uams».

4. KoHuenumu «YCTOMYMBOro pasBUTUA», «30/10TOr0 MU/
/Mapga», «10 30/10TbIX MU//IMAPA0B».

5. [po6/1emMa COOTHOLLEHWA COLMa/IbHOrO 1 Brosornye-
CKOro B Ye/ioBeKe.

CYLWHOCTb U KJTACCUDPUKALINS OCHOBHbBIX

MNPOBJIEM COBPEMEHHOCTU

Mpo6/embl, CTOALLME Nepes Ye/10BE4eCTBOM, MOXKHO pas-
AEe/MTb Ha r1063a/1bHble U /I0Ka/IbHbIe [4, 5, 6].

Ha ocHoBaHMM Hallero aHanu3a, npessaraemM BblAe/UTb
cieaytolme rnobasbHble npobiembl:

1. Mpobsiema gemorpaduyeckoro Kpusmca. MNpusegeT m
A3/IbHeWLLMIA POCT Hace/1eHUA K HeoBpaTUMbIM paspyLUMTE/Ib-
HbIM MOC/I€ACTBUAM //1A7 Ye/10Be4eCTBa U BuocdepsI?

2. Mpo6siema cbipbeBOro Kpusuca. lMpusesgeT /M pocT mc-
N0/1b30BaHMA CbipbA (Kak OpraHN4eCcKkoro, Tak U MUHEPa/IbHO-
ro) K €ro ucHepnaHuio?

3. Mpobaema sHepreTuyeckoro Kpusuca. He 6yayt /m
ucyepraHbl B pesy/ibTaTe Hay4yHO-TeXHWYeCKOro nporpecca u
IKCTEHCMBHOMO Pa3BUTWA NMPOU3BOACTBA BCE AOCTYMHbIE A/1A
4e/l0BeHeCTBA UCTOYHUKU SHEPrumn?

4. NMpob/iema 3Ko0/10rM4eckoro Kpusmca. MoxeT /M pocT
Yye/10BEYECTBa U HAy4YHO-TEXHUYECKOM Nporpecc HeobpaTUMo
paspywmTb 6uochepy 3eman?

5. Mpo6/iemMa COOTHOLLEHUA COLMaZbHOrO U Buosornye-
CKOrO B Ye/lOBEKe.

HakoHeu, npob/sema Bcex npobsem: Kyga Aasblue now-
AeT pa3BUTUE Ye/10BEYECKOro poga?

CyLuecTByerT elle pAg r7106a/1bHbIX MPpo6/1eM, AB/IAIOLLMXCA
COCTaBHbIMU YaCTAMM NMePeYUC/IEHHbIX, KOTOPble Mbl OCTaBWU/IU
3a paMKaMu Hallero Uccieg0BaHuA. 3To npobembl r106a/b-
HOrO NoTeMN/IeHUA, pa3pyLLEHUA 030HOBOrO C/10A, PacnpocTpa-
HeHue 0cob0 onacHbIX 3abo/1eBaHuMit M TOMy nogo6Hoe.

OTHOLLEHME Pa3/IMyHbIX YYeHbIX K r/106a/1bHbIM npob/ie-
MaM OT/In4atoTCA. KpaiHue TOUYKM 3peHus TakoBbl [6, 7].

1. A6contotnsauma rnobasbHbix Npobrem u datanusm,
CBOAALLMICA K MHEHWUIO O HEBO3MOMHOCTU PeLUnTb r/106a/1b-
Hble npob/sembl, NponoBeAb MAeN KaTacTpoduama U Heus-
6exHocTn rubenn YenoseyecTsa.

2. Mo/HOe oTpu1LaHMe CyL,eCcTBOBaHWA r/106a/1bHbIX Mpo-
6/1em 1 npusHaHue NnLWb Npo6/1em /I0Ka/bHBIX.
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McTuHA, KaK BCeraa, 1eXK1T Mexay KpatHUMU MHEHUAMMU.
OpHako, rae Ta «30/10TaA cepeguHa», 6113 KOTOPOM Haxo-
AWTCA NpaBW/IbHOE NOHUMaHKe r106a/1bHbIX Npob/1em coBpe-
MeHHOCTU? OTBETY Ha 3TOT BOMNPOC MOCBALLEHbI C/1eaytoLue
naparpadbl 4aHHOV paboTbl.

MUCTOKU MOBAJIbHbIX NMPOBJIEM

COBPEMEHHOCTHU

B XVIII Beke BakHeliLLMe U3 BCTAIOLMX Nepes Ye/0Beye-
CTBOM /100a/1bHbIX MPO6/1eM HETKO U MOC/1eA0BaTE/IbHO W3-
JI03KWUA AHI/IMMCKUIA ydeHbl Tomac MasnbTyc. B cBoel KHure
«3cce o npuHUMMax HapogoHacesnenus» [8] o npegocteper
COBPEMEHHMKOB, YTO MOCKO/IbKY YMC/IO OAEN, KUBYLLIMX Ha
3em/1e, NOCTOAHHO pacTeT, TO CNOCOOHOCTL N/aHeTbl obecre-
4yMBaTb MX PaHO UM MO34HO ByaeT ncyepnaHa.

Ha nepBbiit B3rnag ManbTyc paccyaan 10ruyHo. Yeno-
BEeYeCTBO B TO BPeMs pPOC/I0 B reOMeTpUYeCKol nporpec-
cumn. Kasanocs, 4to Tak byaeT u gasblue. NMOCKo/bKY pecyp-
Cbl 3eM/M, XOTA U BE/IMKMU, HO KOHEYHbI, PaHO WM MO3/AHO
OHU HeMUHyeMo ByayT ucyepnaHbl.

OpHaKOo y4eHbIl He yyes1, YTO HU OAMH MPOoL,ecC He MOXKeT
6eCKOHeYHO pa3BMBaTLCA MO O4HOMY M TOMY Ke 3aKOHY. He-
CMOTPSA Ha MpayHble npopoyecTBa Ma/bTyca, NogKpern/ieH-
Hbl€ /IOTMYeCKMMU PACCYKAEHUAMM, HU OAMH U3 PeCypCoB Ha
n/AaHeTe K Havaay XX BeKa He 6bia1 ucyeprnaHHbiM [7].

Bo3pocliee B/UAHME Ye/10BEHECTBA HA XKMBYIO 0060/104KY
3eM/IM MMeeT KaKk HeraTvBHble, TaK W MO3WUTHBHbIE MOC/es-
cTBMA. HO, MOCKO/IbKY YMC/IEHHOCTB /t0/EN Ha Mn/1aHeTe yBe-
/IMYMBAETCA, PAcTeT UX CPEAHAA MPOAO/IKUTE/NbHOCTD XU3HU,
3TO CBUAETE/IbCTBYET, YTO B Lie/I0M COCTOAHME Ye/loBeKa pas-
YMHOFO Kak 610/10rM4ecKkoro Buaa yA0B/1eTBOpHUTe/bHO. K Ta-
KOMY BbIBOZY MOHO MPUMTK Ha OCHOBE K/1aCCUHECKOro 3BO-
JIFOLMOHHOrO yyeHuA. COr/IacHO 3TOMY YYEeHUIO, eCTb TO/IbKO
OAMH OOBEKTUBHDBIN M abCONMOTHBINA KpUTEPUIA MPOLBETaHUA
BUAA — YBE/IMYEHME €ro YMC/IeHHOCTH [5, 9, 10].

OpHako 6/1aronpuATHOE COCTOAHME Ye/0BEeYeCTBa MOMXKET
CMEHUTLCA HeB/1aroNpPUATHBIM. POCT YMc/a /toAel U HayqHO-Tex-
HUYECKMIA MPOrpecc OKasblBalOT BCe BO3PACTatoLLIee B/IMAHME Ha
NpUPOAY, KOTOPOe MOXET MMeTb Tparuyeckue nocieACTBUA.
I'n06a/bHble KaTacTpodbl CTAHOBATCA BCe 60/1ee BEPOATHBIMM.
Heobxoanmo nporHo3upoBath UTOrM /1t060W Haluen «nobeapl
Hag, NPUPOAOI», KOTOPas MOMKET OOepHYTLCA MOPAXKEHUEM C
CaMbIMM TPArMHECKUMM NOC/IEACTBUAMM A/1A He/I0BEYeCTBa.

ABCTpaKTHaA oXpaHa NMpUPOAbl AO0/KHA CMEHATLCA KOH-
KpeTHO pa3paboTaHHOM cTpaTervei pauuoHa/IbHOro npupo-
£,0M0/1b30BaHUA.

/ltoban geATe/IbHOCTL He/10BeKa TaK WU MHaye B/UAET Ha
NpUpoAy. 3anpeTuTb BCHO XO3ANCTBEHHYIO AeATe/IbHOCTb He-
BO3MOKHO U He Hy»KHO. Heo6X0A41MO BeCTH ee paLMOoHa/IbHO,
C MpUB/IEYEHMEM AAHHBIX SKO/IOTMM U APYTMX HayK [10, 11].

Mpu 3TOM OTAA/IEHHbBIE NOC/IEACTBUA «3IKO/IOTMHYECKUX Ka-
TacTpod» NoAHaC OKA3bIBAOTCA HEOXKMAAHHBIMM, MO KpaHei
Mepe 4/1A TeX, KTO ONMMPaeTcA Ha YrpoOLLLeHHble NpescTaB/e-
HUA 0 3aKOHaX 3Ko/10ruu. lpuBeAeM HeCKO/IbKO NMPUMEepOB.

BbIGpOChbl HedTH B OKeaH M3 CKBaXWH WU B pe3y/ibTaTe
aBapuit TaHKepoB MOTyT npuobpeTaTb xapakTep KatacTpod.
OpfHaKo noc/eaCcTBUA UX HEOAHO3HAYHbI. 3HaYUTE/IbHbIe Bbl-
6pOoChl YMEHbLUAIT 61O/10rMHEeCKyO0 NPOAYKTUBHOCTb U B1O-
/lornyeckoe pasHoobpasme B OkeaHe. HesHaunTe bHble - yBe-
/IMYMBAIOT. YHACTKU CyLLM, 3arpA3HEeHHble HepTenpoAyKTamMu,
NoAYacC CTaHOBATCA HEMPUroAHbIMU A1A MHOMMX GOpPM npu-
pogonosb3oBaHua. OgHaKo brosornieckoe pasHoobpasue B
MecTax 3arpA3HeHus HedTbio, OKasblBaeTCA NpUHIM3UTE/IbHO
TaKUM }Ke, KaK U B YUCTbIX MecTax [4, 12, 13].

[leno B TOM, 4TO HedTb — OpraHn4ecKoe coeanHeHe, Ko-
TOpO€e yCBaMBaeTCA MHOMMMU XMBbIMU OpPraHM3MamMu. l'IpM
136bITKE HepTH YBE/IMYMBAETCA KO/IMHECTBO OPraHU3mOB, yc-
BaMBAMOLLMX €€, U YMEeHbLIAeTCA KO/IMYeCTBO OPraH13MOB, He
CMOCOBHbBIX 3TO CAe/aTh.

MpvBeAeM eLLe O/AMH U3BECTHbIV MpUMep — B3pbIB YepHo-
Obl/IbCKOW aTOMHOW CTaHLMK. ITO Hbla KaTacTpoda. OgHako
OKa3a/zioCb, YTO MPUPOAHbIE BO3MOXHOCTU €CTeCTBEHHOM
CaMOOYUCTKM O4eHb Be/MKH. K 1988 r. ako/ormyeckan obcTa-
HOBKa cTabuausnposasacb. buosoruyeckoe pasHoobpasue
1 Brosiornyeckas Macca B 30He HepHoObl/1A OKas3asach Aaxe
BblLLI, YeM 40 KaTacTpodsl [7, 13].

3TW daKTbl CBUAETE/NbCTBYIOT O TOM, YTO MOC/IEACTBUA
3KO/IOTMYECKMX KaTacTpod MOryT OKasaTbCA OOpaTHbIMU
OXWAAEMbIM W 4/19 MPOrHO30B HeObGXOAMMO MNpUB/EKaTb
BeCb apCceHa/l COBPeMEHHOM HayKu.

TEOPUU «[TTIOBAJIbHbIX KPU3UCOB:»

M «POTA U3OBUJTUA»

Halue Bpemsa nopoau/10 MHOIrO 3K0/10rM4ecKkmx npobem,
CBA3AHHbIX C YXYALLEHUeM Ccpesbl 0OUTaHWA A/ Yes0BeKa U
APYrUX npegcTaBuTenelt KuMBoi npupoapl. Ho 3T npobe-
Mbl He CBA3aHbl € r/106a/1bHbIM pa3pyLueHnem buocdepsl, 3a-
LLIMTHbIE CU/Ibl KOTOPOW OYeHb Be/IMKK. Kpome Toro, MHorve
obcyaaemble ceiyac rn106asbHble Mpob6/embl, TakMe Kak
M3MEeHeHWe TO/ILLMHBI 030HOBOrO C/10M, USMEHEHWE CPeAHNX
TemrnepaTyp B NepBY o4yepesb CBA3aHbl C obLien/siaHeTap-
HbIMW U KOCMUYECKMMM NPOLLeCCaMu, BAUATbL Ha KOTOPbIe Ye-
/I0BEK He B COCTOAHUM.

OCHOBHble TEOpMM, OMUCHIBAIOLME Ad/bHENLLIee pa3Bu-
The 6rocdepbl B 3aBUCMMOCTU OT aHTPOMOreHHOr0 B/MAHWS,
AENATCA Ha 4Be rpynrbl.

1. Teopuu r/106a/1bHbIX KPU3UCOB, KOTOpPbIE AB/AIOTCA CO-
BPEMEHHOM pesakuueit Teopum MasnbTyca. B umcae amgepos
3TOr0 HamnpaB/IeHUA MOXHO YKa3aTb aMePUKaAHCKOro 3K0/10-
ra Mona 3panxa, GppaHLy3CKOro yHeHOro 1 nonyaapusaTopa
*Kaka Kycto. 3T1 Teopumn nponoseaytoT HEM3BEXHOCTb Ha-
CTYN/IeHnA cepum r106a/1bHbIX KPU3MCOB MO Mepe pocTa Ha-
Ce/IeHWA U Hay4YHO-TEXHUYECKOro nporpecca.

2. Teopwuu pora n306uauns, yTBepatoLLme, YTO pecypcbl
3eM/IM U 1Cro/ib3yemMble pecypcbl 6/mKHero kocmoca (Hanpu-
Mep, CO/IHEYHAA SHEeprua) NPeBbILLIALOT /tobble NOTPEBHOCTH
Yye/ioBeYeCTBa Ha CKO/Ib YrOAHO Aa/bHIOK MEpCrneKTuUBY.
/lngepaMu 3TOrO HarpaB/IeHUA MOXHO CUYMTATb aMepUKaH-
CKOro 3koHomucta t0amaHa CaiMOHa M pyCcCKOro y4eHoro,
npesuaeHTa Poccuiickoro reorpaduyeckoro obuiectsa B
1991-2000 rr. C. B. /laBpoBa.

Cnop mexay CTOPOHHMKaMM ABYX HamnpaB/€HWUI 4acTo
npuobpeTaeT NO/NMTUIUPOBAHHbIN XapaKTep, YTO YC/IOXKHART
BO3MOYHOCTb O6BEKTUBHO OLLEHWUTb MO3ULMM YYEHbIX [12, 14,
15]. B HacTofALee BpemMs 3anagHblii GaHKOBCKMIA KanuTan Ye-
pe3 Hay4Hble GOH/AbI BK/NAAbIBAET 3Ha4YMTe/IbHblE CPe/ACTBa B
nponaraHay Teopwit r106a/1bHbIX KpU3UCOB [15]. ITU B3rasAAb!
Yalle 3By4aT B CpeACTBaX MacCOBOM MHPOPMALMM U NO3TOMY
60/1bLLIE BAMAIOT Ha 06LL,eCcTBEHHOE MHeHne. OAHaKo 3TO ele
He 3Ha4WT, YTO OHM NpPaBU/IbHbIE.

Monpobyem pa3obpaTbcaA B STUX TEOPUAX HEMpeaB3ATO.
[ina 3TOro HeobxoAMMO BCMOMHUTL MPUHLMIBLI T106a/1bHOM
3K0/10rMU, paspaboTaHHble COBETCKUMM y4eHbiMu B. U. Bep-
Hagckmum [9], T. ®. Tayse [16] u gpyrux:

1. B npupoge HeT cBOBOAHbIX S3KO/I0TMHECKMX HULLL.

2. Macca »*u1BOro BellecTBa Ha 3em/1e Ha MPOTAXKEHWM CO-
TeH MW/I/IMOHOB /1IeT OTHOCUTE/IbHO NMOCTOAHHA. OHa cocTas-
N1AeT 2400 MU//IMAPA0B TOHH (B CyXom Bece, 6e3 CBA3aHHOM



C *KMBOI MaTepueit Bogpl). Ecim B ogHOM MecTe Buomacca
ybbIBaeT, 4TO B pYroM KOMMEHCaTOPHO BO3pacTaerT.

3. PocT 61MomMacchl 1 YMcaeHHOCTH 1toboro BUAa orpaHu-
YeHbl. ITO YaCTHbIN c1y4ait 0bLLedUI0COPCKOro NoN0KEHUA
0 TOM, 4TO HU O/AMH NMPOLECC He MOXKeT HeCKOHEYHO pa3Bu-
BaTbCA MO OAHOMY M TOMY e 3aKOHY. M3meHeHue yncieH-
HOCTU /11060 BMONOrMYeCcKOl MOMy/ALMU NPOXOAUT Hepes
HeCKO/IbKO CTaAMi. Ha nepBoi YNC/I@HHOCTb HeM3MeHHa. JTa
CTaauA bblna U3BECTHA eLLe aHTUYHBIM U CpeHEeBEKOBbIM PU-
nocodpam, 60/bLLMHCTBO KOTOPbIX Obl/IM CTOPOHHMKaMM Uaen
HEeM3MEHHOCTU KMBOrO MUpa. Ha BTOpO cTaguu Hab/toga-
eTCA pOCT YMC/1a OPraHM3MOB B reOMETPUHECKON mporpec-
cvu. UMEeHHO Ha 3Ty cTaguto 06patia BHMMaHue ManbTyc. Ha
TpeTbeli CTaguu BHOBb Hab/togaeTca cTabuamsauma Ynucien-
HOCTM Ha AOCTUrHYTOM YpOBHe. 3Ty CTaAuio onucan B 1838
rogy HemeLKui ectecTBOMUCNbITaTe/Ib Pepxto/beT. HakoHel,
MOXeT HaCcTYNUTb YeTBepTas CTagusA, KOTOPYIO OMMcas Ha Oc-
HOBe /1abOpPaTOPHbIX OMbITOB B 1934 T. I'. Mayse [16]. OaHako
TPeTbA CTaAMA MOXET 3aTAHYTbCA Ha Heonpe/e/IeHHO A0/1-
vt cpok [4].

CTOPOHHUKM Teopuit «/7106a/1bHbIX KPU3UCOB» FOBOPAT O
HeobpaTMMOM paspylueHun Gruocpepbl 3em/u, BbI3BaHHOM
XO3ANCTBEHHOMN AeATe/IbHOCTbIO Y€/10BEeKa U Hay4YHO-TeXHU-
YeCKMM Mporpeccom. B nonyasapHoi 1 Hay4HO AnTepaType
NPUBOAATCA OLEHKM, COr/IaCHO KOTOPLIM B rO/, McyesaeT A0
10 TbiC. BUO/IOrMYecKmX BUAO0B. OAHAKO Cepbe3HOM aprymMeH-
Tauwmei aTa uudpa He NoaKpen/AeTCcA.

B cooTBeTCTBUM C MpUHUMNAMU 106a/1bHOM IKO/0MMU,
OCHOBaHHOW BepHazCK1M, HM OAWH U3 BbIMUPAIOLLMX BUAOB
He ocTaB/IAeT noc/e cebsa ceobogHoro mecra. OHO cpasy e
3ano/HAeTCA ApYrumu Bugamu. MNpu 3Tom, B 60/bLUMHCTBE
C/1ly4aeB, BbIMMPaHWE OKa3blBAaeTCA MHUMbIM.

[leno B TOM, 4TO HapAgy C U3BECTHbIMM W PacrnpocTpa-
HEeHHbIMW BUAAMM, HA TN/1IAaHETEe CyLLeCTBYeT MHOMeCTBO
«CKPbITbIX BUAOB», YNC/IEHHOCTb KOTOPbIX A0CTaTOYHA A/1A
camorogaepKaHua, HO Masa AAA yCTOMYMBOM GuUKcaLmun nx
MeTO/amMu Mo/aeBoi 3Kon0ruu. Npu 0cBOBOXKAEHUN 3BO/O-
rMYeCKOM HULLM AOMWHUMPOBABLLEM B Hel Mpexae BUAOM,
HaxoAALLMECA PAJOM CKPbITble BUAbI ObICTPO HAYMHAIOT pas-
MHOXaTbCA W 3ano/HATb 6pelub B 6uocdepe. MNpu 3TOM re-
OMEeTpUYeCKas NMporpeccus pasMHOXKeHWs (BTopas CTajAws)
/laeT BO3MOXHOCTb 3aMO/IHUTb CKO/Ib YrOA4HO 60/bLLYIO HULLY
33 CYMTAHHOE YMC/IO MOKO/IEHUI [4, 7].

Ec/m e roBopuTb O PasBUTMM Ye/10BEHEeCKOro obLLecTBa 1
€ro B3aMMOOTHOLLEHUM C MPUPOAOH, TO CTOUT OTMETUTb TO, O
4yeM Mbl yKe roBopW/u: NpeacKasaHua MasbTyca He cobiBatoT-
cA. KayLLaAcA HexBaTKa 04HOro MCTOYHMKA CbIpbA BCeraa npu-
BOAMT K MOWUCKY M co3aaHuto 6o/see 3ddeKTUBHOM TeXHO/IOMMM.
Be/mkuii nepexog, oT GpOH30BOrO K »e/1e3HoMy BeKy Npouso-
LLe/1 B @HTUYHOW peLyn Moy, B/IMAHMEM KaXKyLLLeroca UCTOLLLe-
HUWA 3aMacoB LIBETHbIX METa/I1I0B B paiioHe CpeAn3eMHOMOPbA.
B AelicTBUTE/IBHOCTH, 3aMachbl MeAW U 0/10Ba He UCTOLLIM/UCE A0
cux nop. HexeaTka B EBporie /1ecoB, 1, COOTBETCTBEHHO, ApeBe-
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CUHbI (OMATH e, KAKyYLLAACHA) MPUBE/A K HACTYI/IEHWIO B KOHLE
CpepHeBeKoBbA 3pbl YA, B XIX Beke BceobLuee 6ecrokoicTBo
OTHOCUTE/IBHO COKPALLIEHUA 3anacoB KaMeHHOro Yr/iA CTUMY-
/MpOBa/IO pasBuTUe HedTeaobbIBatOLLEN MPOMbILL/IEHHOCTH.
DHepreTUYecKuin Kpusnc 70-x Im. XX cTonetua obecneuna pas-
BUTUE MHOECTBA TEXHO/IOMMI, CBA3AHHBIX C a/IbTEPHATUBHBIMM
MCTOYHMKAMM SHEeprum: CO/HLA, BETPA, PaAMOaKTUBHOrO pac-
naga v T.4. B KOHeYHOM cyeTe COXpaHWINCh U HedTb, U Yro/b,
1 /1eC, U NULLLEBOE Cbipbe. Ha CerogHALLHUI feHb Ye/10BEe4eCTBO
MCMO/b3YeT HUYTOMKHYH YaCTb MUHEpPa/IbHbIX PecypcoB. Moses-
Hble UCKoMaemble f06bIBAOTCA C I7lyBUH 200-300 MeTpOoB. B TO
’Ke BpeMsA yxe pa3paboTaHa TexHo/s10rua bypeHusa Ha ryouHy
AEeCATU KoMeTpoB. CeroAHaA A06blMa Mo/e3HbIX MCKOMAeMbIX
¢ 60/1bLWMX /lyBUH SKOHOMMYECKU HepeHTabe/bHa. py MoBbH-
LUEHWUM CTOUMOCTM 3TUX UCKOMAEMbIX U MPU U3MEHEHWUM TEXHO-
/IOTMM OHU CTaHYT AOCTYMHbI.

BO3MOeH /1 HeOrpaHUYEHHBI POCT YUC/IEHHOCTHU Hen0-
Be4ecTBa? HeBO3MOXKeH, MCXOAA U3 MPUHLMMA OrpaHUYEHHO-
cTn Moboro Buosormnyeckoro pocta. OgHaKO YMC/IEHHOCTb
Hace/leHUsA MHOTMX CTPaH MUPa, BK/OYAA COBPEMEHHYHO
Poccuto, y:Ke NMpakTUYeCcKu He Bo3pacTaeT. ECTb TeHAeHLMA K
CHWXXEHWIO TEMIMOB MPUPOCTA HAaCe/IeHUA B Pa3BMBAOLLMXCA
cTpaHax. Mo nporHosam gemorpados, YNC/IEHHOCTb YesloBe-
4ecTBa A,0/KHA CTabuAM3MPOBaTbCA B 20-X rogax XXI Beka Ha
YPOBHE 9-10 MW/I/IMAPA0B.

[PO3WT /M YesI0BEYECTBY OMACHOCTb BbIMUPAHWA OT He-
u3neunmbix 60/1e3Hei? Het, He rpo3uT. YesoBe4yecTBO mne-
pexuBaso 6o/ee onacHble 3MNUAeMUM. SMUAEMUM YyMbl B
KoHLe CpesHeBeKOBbsA 33 CYUTAHHbIE MeCALbl YHUUTOMXA/IM B
3anaaHoi EBpone go 75% HaceneHuA ctpaH. OAHaKo OcCTas-
LLIMECA B XKMBbIX /04, UMEIOLLME UMMYHUTET K YyMe, 3a He-
CKO/IbKO /1eT MHTEHCMBHOIO Pa3MHOMEHUA BOCCTaHAB/IMBa/IU
YUC/IEHHOCTb. [POMCXOAU/I0 3TO B COOTBETCTBUM C 3aKOHaMM
r7106a/1bHOV 3KO/I0MMM, KOTOPbIE YTBEPKAAOT, YTO Atoban
3KO/I0rMYEeCKan HULLIA AO/IXKHA 3aMo/HNUTLCA [13, 17].

KOH®/IMKTBI MeKAy Ye/10BEKOM W NMPUPOAO UMEIDT me-
cT0. KOpHM mx rnyboku. Korga yesoBek noLues no nyTm cos-
AaHNA MaTepMaanoﬁ KYZbTypbl, OH BbIlle/ U3 NOAHNHEHUA
NpUpOAeE U CTa/ MPOTUBOCTOATDL eil. HO KOH/IMKTbI Ye/ioBeKa
C NpUPOAOW HE AaHTOTOHUCTUYHBI. BUOChepHble KPU3UChI, KO-
TOpble Ye/IOBEK pery/IfpHO MOPOXKAAET, /I0Ka/bHbI U, B KOHLLE
KOHLIOB, NMPe0A0/1eBaloTCA 3aMUTHBIMU CUAAMM MPUPOABI U
Lie/1eHanpaB/IeHHOW A,eATe/IbHOCTbIO Ye/10BeKa.

3AKJIOHEHUE

MogBesem UTOrU 3TO YacTU HaLLero Ucc/1eA0BaHuA. KoH-
Lenuum r/106a/bHbIX KPU3UCOB OTPAXKalT HEKOTOPYIO 4acTb
pea/ibHOCTN U MO/1€3Hbl B TOM OTHOLUEHUU, YTO NMPUB/IEKAIOT
BHUMaHWe Yye/i0BevecTBa K He0bX0AMMOCTH HBepexHOoro oT-
HOLLIEHWA K N/1IaHeTe U MPUPOZAHbIM pecypcam. Ho rpynna Teo-
pum «Pora n306uaus», No Halemy MHeHuto, bosiee agekBaT-
HO OTpaKatoT pea/IbHOCTb BpEMEHH.

MpoponxeHue cneayer.

3. PegepanbHblii 3aKOH OT 10 AHBapA 2002 r. N 7-03
«O6 0xpaHe OKpy:KatoLLLel cpeapi».

4. CanyHoB B. b. [n06anbHble npob/1embl COBPEMEHHOCTH
1 BO3MOMHbIE MyTW Aa/ibHelLIero passuTUA YesoBeyecTsa [/
DKO/10ro-3KOHOMMYecKoe 060CHOBaHMe CHasaHCMPOBaHHbIX
¢dopm B cucteme «obLecTBO-Npupoaa». Lieau, 3agaqm, pelue-



AKTYAIbHbIE NPOBNIEMbI: IUCKYCCHOHHAA TPUBYHA

HuA. Pea. O. M. /lutoBka, M. M. Pegopos. CaHkT-leTepOypr,
CMerTy, 2002. C. 197-222.

5. CanyHoB B. b. Occe o coumobuonorum. CaHkT-lMetepbypr:
Konu-TMapk, 2008. 156 c.

6. ®pymuH I. T. Teo3Ko/10rMA: peasbHOCTb, HayKoobpas-
Hble MUGBI, OLUIMOKM 1 33621y AeHUA. CM6: PTTMY, 2006. 122 ¢.

7. CanyHos B. B., [nasbipuHa T. M. EctectBO3HaHWe 1 meauum-
Ha. CaHKT-TeTepBypr: MO/MTEXHUHECKUI YHUBEPCUTET, 2014. 216 C.

8. An assay of the principle of population / ed. Malthus T. R.
London: J. Johnson, 1798. 396 p.

9. BepHaackuit B. U. Bruocdepa m Hoochepa. Mocksa:
Ponbd, 2002, 576 c.

10. Kennep A. A. KysakuHa B. U. MeauumHcKaa 3Ko/0-
rmA. Poccuitckan MeguumHcKan akagemud. CaHKT-TetepOypr:
PETROC, 1999.194 c.

1. Aanunos-Aanunan B. U., lloces K. C. SKos0rn4eckuii

BbI30OB U yCToOi4MBOe passuTne. MockBsa: lMporpecc-Tpagu-
uuA, 2000. 416 C.

MHDOPMALIUA OB ABTOPAX

12. The skeptical environmentalist. Measuring the real state
of the world | ed. Lomborg B. Cambridge: Cambridge Univ
Press, 2002. 515 p.

13. Sapunov V. B. Clean ecological methods of struggle
with urban pests // American Journal of modern physics. 2021.
Vol. 10, issue 2. P. 26-29.

14. ApHO/IbA, B. U. AHTUHay4HaA peBo/IloLMA U MaTemaTHKa
/| BectHuk PAH. 1999. T. 69. N2 8. C. 558.

15. CanyHoB B. B. AHTMHay4HaA peBoatouusA [/ BUOUH-
dopmMaLMOoHHbIe pecypcbl Ye/si0BeKa: pesepBbl 06paso-
BaHWA. 1-A MeXd4. HayyH.-obp. KoHP., CaHKT-TleTepbypr:
MAHMW, 2004. C. 264-273.

16. The struggle for existence [ ed. Gause G. New York:
Ac. Press, 1934 (COKpaLLeHHbIM nepeBog Ha pycckumit). URL:
www.ggause.com.

17. CanyHoB B. Bb. CouyunanbHo-6nonoruyeckune nocaes-
CTBUA 3MUAEMUONIOTMYECKOMN CUTyaLMK 20202021 roga //
DTHOC U Ky/AbTypa B 3Moxy rnobaamsauuu. IV mexayHa-
pOAHaA 04HO-3a04HaA KoHdepeHuuA. KpacHopgap, 2021.
C. 700-708.

CanyHoB BasneHTMH BopucoBuuy — A-p 6MOA. Hayk, mpodeccop, moyeTHblM 4Y/seH EBpoOMenckuit coto3 Hayk o 3emse,

CankT-leTepbypr, Poccus, sapunov@rshu.ru

Mwuxaun Baagumuposuu XHapukos - marnctpadT CaHkT-lleTepbyprckoro XMMmKo-papmaleBTUHeCKOro yHUBepcuTeTa
MuHUCTepCTBa 3apaBooxpaHeHna Poccuiickoi Pegepaumu, CakT-TleTepbypr, Poccus, zharikov.mihail@pharminnotech.com

ABTOpr 3aAB/IAK0T, YTO Y HUX HET KOH(I)/IMKTa UHTEpeCoB.

Cratbs noctynuna B pegakumto 05.08.2021 r., ogobpeHa nocne peueHsmpoBaHusa 29.11.2021 r,,
npuHsTa K nyénukaumm 25.12.2021 r.

Pharmacy Formulas. 2021. Vol. 3, no. 3. P. 78-83

Discussion article

The role of society in public administration
in the field of environmental protection.
Global problems of our time. Part 1

©2021. Valentin B. Sapunov?, Mikhail V. Zharikov?

tEuropean Geosciences Union, Saint Petersburg, Russia
2Saint Petersburg State Chemical and Pharmaceutical University, Saint Petersburg, Russia

Corresponding author: Valentin B. Sapunov, sapunov@rshu.ru

ABSTRACT. The need for environmental protection is based on the assumption that environmental degradation
harms humans and hinders economic development. However, the real resolution of the contradiction between
the economy and nature in the field of environmental protection causes certain difficulties, as evidenced by the

growing threat to environmental safety in the world.

We invite readers to discuss the materials of our analysis and a general assessment of the global problems
of our time and possible ways for the further development of mankind. The author grouped them in a number



of areas: the essence and classification of the main problems of our time; the origins of the global problems of
our time; possible consequences of a nuclear war; theories of «Global crises» and «Cornucopia»; the concepts of
«Sustainable Developments, «Golden Billion», «10 Golden Billions»; the problem of the relationship between the
social and the biological in man. Based on the results of the discussion, we hope to determine the role of the
state, man and society as a whole, their level of interaction in developing solutions for the preservation of the
environment and humanity as a species at the present stage of its development.

KEYWORDS: environmental protection, government regulation, global problems of our time, legal regulation,

sustainable development goals
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AHHOTALUMUA. Cratba nocssileHa ampekTopy JIEHUMHrpaackoro XMMMKO-(apMaueBTUYECKOro MHCTUTYTa (HblHEe
CaHkT-MNeTepbyprckmii XMMMUKO-MapMaLeBTUUYECKUIA YHUBEPCUTET), CNELMANUCTY B 061aCTU XMMUYECKMUX NOMoTUTe-
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060pOT apXMBHbIX AOKYMEHTOB 13 apx1BoB CaHKT-leTepbypra pekoHCTPyMpoBaHa ero 6uorpadus, BbISBNEH BKNAL,
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ymaie CneumuanmcToB NO ryMaHMTapHOMy npodunto (B By3e pabotan B 1953-1956 . n3sectHbiri couponor M. C. KoH).
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B mapre 1951 r. 1IOC/I€ OTCTaBKU JUPEK-
Topa JIeHuHIpaaACKOro XuMmuko-gpapma-
IIEeBTUYECKOr0 HHCTUTYTA
H. B. KonikrHa By3 BO3IVIABIWI 42-X
JIETHUH 3aBeayrouuii kageapoii pusu-
YECKOH U KOJIOUTHOM XUMHUU, KAHIUIAT
xuMun4yeckux Hayk Bukrop Hukosraesuu
HNBaHoB. PyKOBOACTBO HHCTUTYTOM OH
OCYIIIECTBJIAJI CeMb JieT. B 3To Bpemsa
OBLTI BOCCTAaHOBJIEH (papMaIrieBTHUECKHUI

¢daxysIbTeT, CYyIIIECTBEHHO YIyqIlIeHA
MaTepHAJIbHO-TEXHUYECKas 0a3za MHCTH-

TyTa, IOCTPOEHO HOBOE 3/JaHUE HA Y/IHIIE
ITonoBa, 14 ¥ cO3IJaH MUTOMHHUK JIeKap-
CTBEHHBIX pacreHuii B JIeMm0010BO.

Hauano nytu

BukTOop HuKonaesBuy MBaHOB poaunca B TBepCKOM ry-
6epHumn B 4. CenbkoBo TBepckoro yessaa (HbiHe B Pemelu-
KOBCKOM paitoHe TBepckoi 06s1actut) 5 HOABPs 1908 r. no
cTapomy cTuato. Ero otew, Hukosai MeaHosuy (1883-1947)
NPOUCXOAUA U3 KPeCTbAH TBEpPCKOM rybepHuu, a c 1911 .
cTan paboymm. Matb ArpunmHa AsiekceeBHa bbl1a 4OMOXO-
3AiKoi [1].

[Toc/1e OKOHYaHMA LWKO/bI-4eBATUAETKN BUKTOP B 1925T.
nocTynua B Ka/IMHUHCKWIM Negaroruyeckuit MHCTUTYT (HblHe
— TBEpCKON rocyAapCTBEHHbIN NeAarormieckuii YHUBepcu-
TeT). Bo BpemaA obyveHuss B 1925-1930 T. Ha GU3UKO-TEX-
HU4ecKoM daKy/ibTeTe U3y4asl aHr/IMMCKUIM 1, Ha Ha4a/IbHOM
YpPOBHe, HeMeLKUI A3bIK. B rogbl yuebbl B 1927-1928 rr. py-
KoBogmAa Averikon OCOBUAXMMa.

Momnmo y4ebebl, OH ABa roga paboTan B cpegHeit WKo-
/le, @ TaKXKe aCCUCTEHTOM B CBOEM UHCTUTYTE, FAe Be/ Npak-
TUYECKME 3aHATUA CO CTYAEHTaMM Ha Kadeape Pusmku. Mo-
C/1e OKOHYaHMA MHCTUTYTA B 1930 I. MO/Y4W/ CreLMaIbHOCTb
yuutens dpusmkm [2].

Bo Bpems y4ebbl Hayasacb NMapTUiiHaA Kapbepa Buktopa
HukonaeBuya. B rog noctynnenus B By3 OH BCTYnuA B Poccuin-
CKMI IEHUHCKUIA KOMMYHUCTUYECKMIA COI03 MO/I0AEXKM, B 1927—
1928 rT. 6bI/1 CEeKpeTapem AYelikuM dakry/bTeTa uHCTUTYTa [1].

Mocle OKOHYaHUA UHCTUTYTa B 1930 T. OAMH Y4eOHbIA rog,
B. H. MBaHOB 6bI/1 npernogaBaTtesiem B BbILLHEBO/IOLKOM Meaaro-
rMyeckom TexHukyme [1]. B 1931 1. nepeexan B MockBy, rae ctan
paboTaTtb B Hay4yHO-MCC/1eA0BaTE/IbCKOM MHCTUTYTE LIEMEHTOB
«TunpouemeHT» (OCHOBaH B 1922 I. B MOCKBE, C 1934 I". — B /leHWH-
rpage, HoiHe AO «[MMpoLeMeHT»). B Hem OH Tpyauca 12 seT. MMa-
pa//ie/IbHO CHay4HoOW paboToli BukTop HUKo/1aeBniB1932-19351T.
oby4an CTy/AEHTOB B Ka4eCTBe acCcUCTeHTa npenogaeatena Gusn-
K1 MOCKOBCKOTO roCy4apCTBeHHOro yHuBepcuteta[1]. B1935r. B.
H. MBaHOB nepeexan Bmecte ¢ [MnpoLemeHTOM B /leHnHrpag, rae
B 1936-1941 IT. pyKOBOAW/ labopaTopueit MHCTUTYTa.

B roabl 610Kaabl

Bbnokagy /lennHrpaga Buktop MBaHOB BCTpeTUA B rOpo-
Ae Ha HeBe, rae octaBasca A0 AHBapA 1944 roga. B 1942 .
CTan COTPYAHUKOM FOCYy4apCTBEHHOMO MHCTUTYTA MPUKAAL-
HOW XMMMKU. B HemM OH Tpyauca Ha 61aro 060poHbI ropoaa
CTapLUMM Hay4HbIM COTPYAHUKOM /1a60paTOpUK NPOTUBOXM-
MWYECKOW 3aLLMUTbI, C 1944 . — B 1ab0OpaTopuu creLmasibHo-
ro HasHaveHus [3].

B ycnoBuAX 6/10Kagbl FrOopoga v BOEHHOro BpeMeHu Buk-
Top HukonaeBwny paspaboTasn HOBLIM CMOCOO Moay4eHUs
AKTUBMPOBAHHOIO YI/IA, @ TaK}Ke 3aHMMA/ICA Hay4YHO-UCC/e-
A0BaTe/IbCKoW paboToit B 06/1aCTU MPOTUBOXMMUYECKOM
060pOHbI /IeHUHIpaja M COCTAaBU/ OMUCAHWE TEXHO/0MMU
NMpOU3BOACTBA XMMUYECKUX MOr/I0TUTE/1el. B 1943 T. HasHa-
YEH MO peLleHud ropoAckoro kKomuTeTa BKIM(6) anpekTo-
POM MO TeXHMKe 6e30MacHOCTU B3PbIBOOMACHOIO MPOU3BO/-
CTBa /IGHUHIPaACKOro 3aBoga «Pecnyb/mkar.

C1944r. B. H. UBaHoB cTan useHom BKM(6) [1]. UHTepec-
Ha TakaA NoApoBHOCTb: B 1944 I. y BuKTOpa HUMKO/1aeBn4a B
TpamBae 6bi/1 yKpageH napTuiiHblii 6uieT BmecTe ¢ Bymak-
HUKOM ¥ APYrMMM fOKYMEHTaMM. 3a 3TO emy bbl/ 06bAB/EH
BbIFOBOP. B 06bACHUTE/IbHOM 3anucKe OT 9 OKTAGPA 1944 .
OH Hanucan: «CBoelt paboTol 06A3y0Cb UCKYMUTL BUHY Me-
pes napTueii 1 nepeg poguHoi» [3].

MasHoe 3gaHue
MnpouemeHTa

JIucT U3 nuuHoro gena
B. H. UBaHOBa

Mepanb 3a 060poHy A
JleHuHrpapa

Mepnanb 3a fo6necTHbin
TpyA B Benukon
OTeyecTBeHHOM BOWHE
1941-1945 rr.
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3a 60/1bLL0M BK/1a4 B pa3paboTKy Hay4HO-UCC/leq0BaTe/ b
CKMX paboT 060POHHOrO 3Ha4eHA BuKkTop HuKos1aeBuy Gbin
HarpaxgeH meaanamu «3a 060poHy /leHuHrpaga» 1 «3a go-
6/1eCTHbIN TPyA B Benmkoii OTevecTBeHHOM BOVHE».

lMocne OKOH4YaHWMA BOMHbI B. H. MBaHOB BepHy/acA K
npenosasaTe/IbCKON AeATe/IbHOCTU. B 1946-1948 rr. oH no
COBMeCTUTE/IbCTBY paboTas accMcTeHTOM B MOCKOBCKOM
rocy/,apCTBEHHOM YHUBEPCUTETE U CTapLUMM npenogaBaTe-
/1eM B /IeHUHrpaACKOM rocyAapcTBeHHOM yHuBepcuTete [1].

B 1946 r. cOCTOANOCHL A0/TOXAAHHOE COBbITUE: BUKTOP
Hukonaesuny 3awmtma B MMIMX KaHAMAATCKYO AnccepTaumio
Ha Y4YeHyIo CTereHb KaHAWAaTa XMMUYEeCKMX HayK no Teme
«CegumeHuusa rpybogucnepcHbix cuctem». B 1947 r. yteep-
XaeH BAK cTaplimm Hay4HbIM COTPYAHUKOM MO Crneuunasb-
HOCTU «Pr3ndeckasn xumus» [2].

Y pynsa IXPU

B 1948 . B. H. MiBaHOB Obi/ npur/iaLleH B /IeHUHrpagCckumit
dbapMaLeBTUHeCKUIA MHCTUTYT Ha A0/IKHOCTb 3aBeaytoLLero
Kadeapolt GU3MHECKOWN U KOANOUAHOM XuMUK. Hepes rog
CTan 3amecTuTe/IemM AUPEKTOopa Mo y4ebHOM 1 Hay4yHoU pa-
60Te, cmeHuB npodeccopa M. H. KawkuHa [2].

B MHCTUTYTe OH 3aHMMa/ICA peopraH13aLmelt By3a Nno Xnmu-
KO-TEXHO/IOTMYECKOMY MPOdU/IO, CO3A4a/1 KypCbl MOBbILLEHMA
KBa/IMPMKALMM MHKEHEPHO-TEXHUYECKMX paboTHMKOB. Moy ero
PYKOBOACTBOM MpenogasaTte/ivt U COTPYAHUKM BE/IM HAYHHO-UC-
C/lefioBaTe/IbCKyto paboTy, 3aHMMa/MCb MOArOTOBKOM Auccep-
TaLMOHHbIX UCC1eA0BaHMi. B 1950 . Buktopy HuKosnaeBudy
NPUCBOEHO y4eHOe 3BaHWe goueHTa Mo Kadeape pusnyeckon
xumun /IXPU [2]. Mommmo npenogasarte/ibCkoit paboTsl, € 1948
r. OH bl HAY4HbIM PYKOBOAUTENEM CTYAEHYECKOrO Hay4HOro
06LLIecTBa MHCTUTYTA, PYKOBOAW/ 3aHATUAMM MO/MTKPYKKa.

B mapTe 1951 . B. H. MBaHOB 6bl/1 Ha3HayeH W. 0. ANPEK-
TOpa MHCTUTYTa, 3aTeM AMPEKTOPOM. B 3TOWM A0/MKHOCTM OH
NPOC/YXKWA CEMb /1eT.

Cpeau BaXHeWLLMX a4MUHUCTPATUBHBIX MPpeobpa3oBaHuit
B By3e npu B. H. /iBaHOBe — BO306HOB/IeHMe B OKTADpe 1953
r. dapmaueBTUieckoro daKy/bTeTa U 3aKpbiTe B 1956 I. UH-
*KeHepHO-MUKPOobKoiornieckoro ¢akysbreTa. [lekaHom ¢pap-
MaLleBTU4eCKoro ¢daky/ibTeTa B 3TO nepuog, 6bi1 npodeccop
H. M. EanHoB (19531956 rT.), @ MOTOM, 40 1962 T., — A. H. Py-
faKoBa.  MH»KeHepHO-MUKPOOMO/IOrMieckUM  PaKy/IbTeTOM
pyroBoguu npodeccop /1. U. BoroseneHckuit (1951-1953 rT.)
1 H. M. EAvHOB (1953-1956 IT.). XMMUKO-TEXHO/I0rUYeCKuid da-
Ky/IbTeT B 19501966 rT. BO3r/1aBAAA AoueHT b. 1. ApTamoHoB.

B 1950-1960-e roabl 3aBeAyroMMK Kadeapamm UHCTUTY-
Ta 6bl/IM BblAAIOLLMECA y4eHble 1 OpraHu3aTopbl Hayku. Kade-
APOM TEXHO/I0rMW /leKapCTBEeHHbIX GOPM W rasneHOBbIX mMpe-
NapaToB PyKOBOAWA ObiBLUMI AvpekTop /IX®U npodeccop
I'. A. KoraH. 3aBegytolnm 6b1m: Kadeapolt TEXHO/IOTMM aHTU-
6roTtrkoB — npodeccop M. A. AKMMOB, Kadpeapolt TeXHONorMK
/IeKapCTBEHHbIX CPeAcTB M uTOomnpenapaTtoB — npodeccop
C. A. MuHWHa, KadeApolt aHa/IMTUHECKOM XMMMK — npodeccop
B. M. UnbMHCKMIA, Kadeapoit papm KOrHO3MM M 6OTaHUKK — Npo-
deccop A. d. FTammepmaH, Kadeapoit MUKpobuosiorm — npo-
deccop M. H. Kucenes [4]. Bce oHM cOCTaBaAnmM C/1aBy OTeve-
CTBEHHOW HayKM.

Ocoboe BHUMaHWE YAeNANOCh B By3e HaydyHOl pabote
CTYAEHTOB. TaK, B 1955-1956 y4ebHOM roay Kpy»K1 Hay4HOro
CTyzeH4YecKoro obLuectBa paboTtanm Ha 60/1bLLMHCTBE Kadeap
J/IXPU. B kpy»kKkax HCO B 1953 r. 3aHMManocb 189 YenoBek, TO
eCTb 30% BCeX CTyAeHTOB. M3 HUX Ha TexHo/or4yeckom ¢a-
Ky/ibTeTe 6bl/10 106 Ye/10BeK, a Ha MUKpobHoornieckom — 83
ye/si0BeKa. Ha cTapLumx Kypcax BbINO/IHA/MCb, B OCHOBHOM, 3KC-
nepuMeHTa/IbHble U MPOeKTHble paboTbl. Ha Kadegpax xummm
1 TEXHO/I0MMU XMMUYECKMX papMaLeBTUHeCKMUX NpernapaToBs B
paMKax Takux paboT 6blin NMo/y4HeHbl HOBbIE /IeKapCTBEHHbIE
cpepcTBa. [leATe/IbHOCTb CTYAESHTOB M/AALWMX KYPCOB HOCUAA
6o/ble pedepaTuBHbIN xapakTep. /lydune paboTbl BblgBUra-
/MCb HA KoHepeHumn HCO uHcTuTyTa. [4].

Bo BpemA anpekTopcTBa B. H. MBaHOBa 6Gbl/i OCHOBaHbDI
(daKy/ibTeT MoBbILLIEHWA KBa/MPUKaLMK, nabopaTopua CuH-
Te3a M Hay4HO-UccneAoBaTe/Ibckuin oTaen. CyliecTBEHHbIM
AOCTUXKEHMEM CTa/I0 CTPOUTE/ILCTBO B 19521953 IT. HOBOMO
y4ebHO-aAMUHUCTPATUBHOIO 34aHuA Ha yauue lMpodeccopa
[TonoBa, 14 B CTM/1@ HEOKIACCULIM3M MO NPOEKTY apXMTEKTOpa
A. N. ManuwweBckoi [5]. «Mpenogasarten v CTyAEHTbI MPUHY-
Ma/IM y4acTue B CTPOUTE/IbCTBE 34aHWUA MHCTUTYTA MO y/auLe
npodeccopa Monosa, A0M 14 (4acTb KAAAKM CTEHbI CAeNaHa
Hamu)», — BcnomuHana npodeccop By3sa C. A. MuHuHa [4].

B. H. MBaHOB CTan 04HMM M3 MHULIMATOPOB CO3/AaHUA B 1952

Mpukas o
© Ha3HAYEHUM I. 3aropoAHOro MUTOMHMKA /IEKAPCTBEHHbIX pacTeHuii B /leMbo-
B. U. UeaHoBA /10BO O6LLLEN M/I0LLIAAbI0 OKO/0 40 ra [4].
AMPEKTOPOM B 1953-1954 y4ebHbIX rogax PYKOBOACTBO MHCTUTYTa

BHeApA/0 HoBble GOpMbl paboTbl ¢ abUTypUeHTamu, Kak C
/IleHUHrpajALamMu, Tak U U3 Apyrux roposos. Bbina passepHyTa
LLIMPOKaA MacCOBO-Pa3bACHUTE/IbHaA paboTa: beceap! 0 By3e
Ha 25 3aBOAAX XMMMKO-PapMaLeBTU4ECKOW MPOMBILL/IEHHO-
CTU 1 B LLUKO/AX, AHM OTKPbITbIX ABEpei B UHCTUTYTe, Apyrue
MeponpuATUA. Bbl/1I0 HanevaTaHo 3300 06BAB/IEHMIA O MpHeme
B MHCTUTYT, KOTOPbIE BbIBECW/IN B TPM NPUEMa B TPamBaAX U
Ha MATMAECATU CTeHAax /leHMHrpaja v npuropoaos. TeicAva
3K3eMMIAPOB KPaTKMX CMpaBOYHMKOB 06 /IXPU Oblan paso-
C/1aHbl B pas3/andHble pernoHbl CCCP. CemunaecAaTv Tpem Bbl-
MYCKHMKaM MHCTUTYTa U 86 CTyAeHTaM-MPaKT1Kam 6bln AaHbl
NOpPYYeHUA pack/ienTb 0ObAB/NEHUA U Pa30C/1aTh CrPaBOYHU-
KW. Y 34aHu1A By3a 6bl/1 BbICTAB/IEH CTEHA, O NPUEME B UHCTUTYT.
XypoxecTBeHHO 0pOpM/IeHHbIE LWUTbLI Obl/IM YCTaHOB/IEHb! B
UMK1O mm. C. M. KnpoBa, y TeXHO/I0rMHeCKOro MHCTUTYTa
uM. B. M. Mo/10TOBa 1 y [TO/IMTEXHUYECKOrO MHCTUTYTA [4].
HecMoTpA Ha AOCTUTHYTbIE MHCTUTYTOM YyCrexu, B Mepuog,
pyroBogcTBa B. H. MBaHoBa 060cTpuamnch npob/iemb! ¢ BbITOBbIM

3naHue JIXOU.
®dotorpadus
cep. 1950-x rogoB
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MO/IOXKEHNEM CTY/AEHTOB, KOTOpble 0OCY}KAa/MCb Ha CTPaHMLAX
/IEHUHIP3ACKUX raseT. B 1954 r. B raseTe «CMeHa» BblLL/Ia CTaTbA
«3aboTUTbCA O BbITE CTYAEHTOBY, B KOTOPOW NOpUL/I0Ch Hesaelt-
CTBYe AupeKTopa /IXPU B OTHOLLIEHMM TECHOTbI B OBLLEKMTUM [6].
B AHBape creaytoLero 1955 . BUKTop HuKkosaeBud coobLuma ye-
pes raserty, YTO B OOLLLEXKMTUM YCTaHOB/IEHO A0MO/IHUTE/IbHO MATb
pabouKx CTO/I0B, a 15 KOMHAT 0becreyeHbl pagUoTpaHUIsLmMed [7].

C cepeauHbl 1950-X IT. 0cO60€e BHUMaHMeE CTa/1o YAe/ATbCA
NpenoAaBaHMio  COLMA/IbHO-3KOHOMMYECKMX U MyMaHUTapHbIX
HayK Ha Kadeape MapKc13Ma-ZieHMHM3Ma. Ee B TO BpemA BO3-
r/1aBAA/ KaHAMAAT UCTOPUYECKUX HaYK AgoueHT . B. Kpyrimkos.

B pabote ocoboe BHMMaHMe yaeaAa10Ch NPETBOPEHUIO
petuenuit XX cbesga naptum (1425 dbespass 1956 r.), Ha Ko-
TOPOM pa3ob/1a4nam Ky/ibT AMdHocTH U. B. CTasmHa, noBsbiLLe-
HUIO MAEMHO-TEOPEeTUYECKOro YPOBHSA /IEKLMIM, CEMUHAPCKMUX
3aHATUM, KOHCY/IbTaLMI, YCU/IEHUIO paboTbl MO KOMMYHUCTH-
YeCKOMY BOCMMUTAHUIO CTyAeHYecTBa.

B 1953-1956 rT. Ha Kadegpe Ha Mo/CTaBKM paboTtan us-
BECTHbII COLMO/IOT, aHTpOMo/or, ¢pu10cod, CEKCO/Ior, AOKTOP
dnnocopckmx Hayk Uropb CemeHoBud KoH (1928-2011). 06
3TUX rodax OH BCMOMMHA: «/lenaTb MHe TaM 6bl/10 0COBEHHO
Heuero — ¢pu10codpua 3aHMMazA /MLLb ABAALATL YACOB B Kypce
MCTOPUM NapTUK, HO OTHOCW/ICb KO MHE XOPOLLIO U Aaxe npu-

A Nepen KOHTPONbHOM NO MATEMATHUKE.
JIXPU, 1952 r., asTop I M. UBaHOB

A CrypenTkn IXDU Ha doHe By3a, 1953 r., aBTOp
He usBecTeH

e e

U. C. KoH.
®doTorpadus
2000-xrr.

Hsim B psigbl KMNCC (6e3 atoro npenogasarts ¢puaocoduto 6bi10
HEBO3MOMKHO) <...> B XUM(PapMUHCTUTYTE A CrIOKOMHO npopa-
60Tan ABa roga, Nncan AOKTOPCKYIO ANCCEPTALMIO U HU Ha HTO
He »kanoBasncs» [8].

B MHCTUTYTe Ha cobpanum KoanekTrBa M. C. KoH, BMecTe ¢
APYTMMU KOA/Ieramu u CTygeHTamu, y3Han o XX cbesge KICC.
«[TpocTo cobpanu KoANEKTUB, NpuLLE/ NpeacTaBUTe/Ib PaiKko-
Ma 1 33a41Tan AO0K/Mag XpyLesa. HMKakmMx BONpOCOB 3a4aBaTb
6b110 He/b3A, Aa 1 6ecnosesHo, NOTOMY HYTO Ye/I0BEK, YATaB-
LUK AOKMAZ, 3HA/ TO/IBKO TO, YTO Tam Bbl/I0 HaNMcaHo. Mex-
AY TEM C HEKOTOPbIMM /II0AbMU Ae13Nacb UCTEPUKA, KOMY-TO
Ka3a/10Cb, YTO 3TO K/eBeTa Ha CTa/IMHa», — N1ca/ OH no3ske [8].

OgHaKo, HeCMOTPA Ha BCe BHUMaHUWeE K BOCMUTATE/IbHOWM
paboTe, CNy4asMCb U «MPOKO/IbI», KOTOPble CTaHOBU/INCH
Aa)ke npeAmeTom 06CyXAeHNA B FOPOACKOM MO/0AEKHOM
npecce. Tak B 1955 r. raseta «CMeHa» OCTpO nopuuana seve-
Pa, OpraHn3oBaHHble A4erkorn B/IKCM /IXPU. Mucanock, 4To
Ha HUX COBMpanNCh CTUAAMM, MPUHABLLKE B Ka4eCTBe 3Ta/0-
Ha amMmepMKaHCKKUI 0bpas Xu3Hu. KoppecrnoHaeHTbl raseTsl
BO3MYLLA/IUCh: « ...MPOLW/AN MOAOAbIE A0AN C Tap3aHbMU
npuyeckamMmu, ogeTble B MecTpble MUAXKaKM A0 KO/IEH U Ha-
CTO/IbKO Y3KMe BPIOKM, YTO TPYAHO Obl/0 NpeACcTaBUTb, Kak
OHM UX HaTAHY/M» [9].

1 ¢peBpanA 1956 r. MHCTUTYT Obl1 NMepesdaH B Hemocpe-
CTBEHHOE MOoAYMHEHWe [/1aBHOMY ynpaB/ieHui0 XUMUKO-(ap-
MaLeBTUYECKON MPOMBILLZIEHHOCTU MUHUCTEPCTBA 34PaBOOX-
paHeHusa PCPCP [4, c. 57]. B ntoHe 1958 r. BukTOp HMKo/1aeBuY
MOKWHY/ MOCT AnpeKTopa. Ero cMeHua ncno/HaAtoLwmii 06a3aH-
HocTu npodeccop A. M. BULLHAKOB, a € 15 CeHTABPA 1958 T. pek-
TOpom cTas goueHT A. . Eropos.

Mocne yxoga ¢ nocta gupexTtopa /IXPU B TedeHue Tpex
neT B. H. MBaHOB Npoa0/1Kn/i PyKOBOACTBO Kadeapoi ¢pusu-
YeCKOW U KO/IOUAHON XUMUU UHCTUTYTa [4].

O cemeliHo »*mn3HM BukTopa H1Ko/aeBuya M3BeCTHO, YTO
OH 6b1/1 )keHaT Ha KnaBauu CtenaHoBHe COKO/10BOW, KOTOpas
npenogasasa B 1950-e IT. B LUKO/1e-gecATHieTke N2 52, Y HuX
6bi10 ABOE AeTeit: Opuit (1931 1. poxa.) v Cepreit (1940 r.
poga.). Cembsa MBaHOBbIX B 1940-€ IT. POKMBa/ia Ha MOpPCKOM
npocrekTe, 18, B KBapTupe 115 [3].

3AKJIIOYEHUE

Takunm 06pasom, B 50-e rogbl XX B. /IeHUHIPaACKUiA XUMU-
KO-papMaLeBTUHECKMIA MHCTUTYT MPOAO0/1XKan CBOE pasBUTHe
B KavecTBe 6asbl OTe4eCTBEHHOro dapmalieBTUHeCKOro ob-
pasoBaHuA. Pa3BuBasach ero matepuasnbHaA 6asa. Besacb
aKTVBHaA paboTa Mo MOUCKY U MPUB/IRHEHUIO HOBbIX abUTy-
pueHToB. COBepLUEHCTBOBa/ach Hay4HaA paboTa. BaxkHbiM
Obl/10 TO, YTO YAaNOCb BOCCTAHOBUTL (apMaLeBTUHeCKHN
daKy/ibTeT, C KOTOPOro, B CYLHOCTH, U Ha4MHaacb UCTOPUA
By3a. Bcero 3Toro MHCTUTYTY yaanocb A06UTbCA NOg, PyKo-
Bogcteom B. H. MBaHOBa.
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ABSTRACT. The article is dedicated to the director of the Leningrad Chemical and Pharmaceutical Institute (how

the Saint Petersburg Chemical and Pharmaceutical University), a specialist in the field of chemical absorbers, Viktor
Nikolaevich Ivanov, who headed the university in 1951-1958. The contribution to the development of chemical



science has been revealed, also the activities during the years of the defense of Leningrad in 1941-1944 have been
traced. In addition to the Chemical and Pharmaceutical Institute, his teaching activities were associated with the
Leningrad and Moscow State Universities. During the era of his directorship at the Chemical and Pharmaceutical
Institute, he managed to significantly strengthen the teaching staff, including specialists in the humanities, the
famous sociologist I. S. Kon, as well as construct a new building and create a medicinal plant nursery in Lembolovo.

KEYWORDS: Leningrad Chemical and Pharmaceutical Institute, Saint Petersburg Chemical and
Pharmaceutical University, higher pharmaceutical education, V. N. Ivanov, I. S. Kon, chemical absorbers
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[1/1A ABTOPOB

Frny6okoyBa)aemMble aBTOpbI!

B paHHOM pa3aene nevyaTHOro UsaaHug XXypHana «@opmynbl @apmaummu» Mbl NPUBOAUM
OCHOBHbIEe acneKTbl, Kacarowumecs npaBun npuema cratei. Moapo6Haa nHpopmaumsa o6
OoTnpaBKe cTaTei, NpaBuaax Aas aBTOPOB, aBTOPCKUX NpaBax U KOHMUAEHLUANbHOCTU
M3JI0)KEHA Ha CTpaHMLAaX Halwlero camTa B py6puke «0 XypHane».

[Ans obecneyeHns 6o/bLLIEN MPO3PAYHOCTU UHAMBUAYS/IBHO-  MOATOTOBKM MATepUa/IoB HAy4HOM CTaTbu. B pesy/ibTate Takoro
ro BK/1aga aBTopoB (aBTOpa) Npeg/laraem BOCNO/b30BaTbCA Of-  MOAXOAA aBTOPOM MOTYT BbITb BbIGPAHbI T€ WM UHblE HampaB/ie-
HUM U3 BapUaHTOB TOKCOHOMMYECKOM Tab/nLbl, PUHATON PAAOM  HUA paboTbl, KOTOPblE COOTBETCTBYIOT BK/I/y aBTOpa B MOATO-
3apyberKHbIX U3AaTe/IbCTB, KOTOPYHO aBTOPbI UCMO/Ib3YIOT B XOAE  TOBKY CTaTb U MeXK/AYHapOAHOMY CTaHAAPTY aBTOPCTBA.

ToKcoHoMMYecKkas Tabaumua

Bknap aBTOpa

Pa3pa60oTKa KOHUenuuu

O6paboTKa AaHHbIX

AHanuTuka

MoUCK UCTOUHUKOB
¢1HaAHCUpPOBaHUA

UccnepoBaHue

MeToponorus

PyKOBOACTBO NPOEKTOM

MaTtepuanbHoe
o6ecneveHue

MporpamMmmHoe
ob6ecne4vyeHue

ConpoBoXxaeHue
npoekTa

Mposepka
AOCTOBEPHOCTH
pesynbTaToB
uccneaoBaHus

Busyanusau.un AaHHbIX

MepBoHayanbHbIN
npoeKT

MepepaboTtka
nepBoHa4yasibHOro TeKcTa
Ha OCHOBE peLeH3UM
U pefakTMpOoBaHUSA

CopeprxaHue HanpaBaeHus pa6oTbl
Upen; popmynupoBaHue unu paspaboTka o06LMX UCCieAoBaTeNbCKUX Lenieil U 3aaau.

VnpaBnqueCKaﬂ AeATe/IbHOCTb N0 aHHOTUPOBaHUIO (cosp,aumo MeTaAaHHbIX),
ucnpaeneHUo U BeaeHU ucceaoBaTe/IbCKUX AaHHbIX (BKﬂIO‘-IaSl co3zpgaHue
CUCTEMHDbIX NporpammM, rae 3To Heo6xoauMo Ans UHTepnpeTauumn caMmx .Cl,aHHbIX) Aana
npeasapuUTesibHOro MU NOBTOPHOro UCNOJ/Ib3OBaHUA.

I'Ipumeuel-me CTaTUCTUYECKUX, MaTEMAaTUYECKUX, BbIMUCTUTENIbHbIX UJIU UHbIX
q)OpMaﬂbelX MeTOoA0B AN aHan3a UIU CUHTEe3a AaHHbIX UccienoBaHus.

nonyqel-me dJMHaHCOBOﬁ noaaepXKKu ang NnpoeKkTa, CraBllero pesyibratoM 3TOM

nyénukaumu.
SKCnepuMeHTaNbHOe uccnenoBaHMe uau c60p AaHHbIX/A0Ka3aTeNbCTB.
Pa3paboTka MeToA0B UCC/IeA0BaHUS UIU MPOEKTUPOBaHME MOAENEN.

YnpasneHue u pacnpeaeneHuve o6g3aHHOCTEN BO BpeMs njlaHUpoBaHUA U
BbIMOJIHEHUA HayuHo-Mccnep.oaa'reanKoﬁ AeATEe/IbHOCTU.

MpenocTaBneHue UccnenoBaTeNnbCKUX MaTePUAIOB, PEAKTUBOB, BELLLECTB, NaLMEHTOB,
Na6opaToOpPHbIX 06Pa3LOB, XXKMBOTHbIX, KOHTPO/IbHO-U3MEPUTENbHBIX NPUGOPOB,
BbIYUC/IUTENbHbIX PECYPCOB MM APYrUX CPEACTB aHanu3a.

MporpamMMupoBaHue, paspa6oTka NporpaMMHOro o6ecneyeHus; NPOeKTMpoBaHue
KOMMbIOTEPHbIX NPOrpaMMm; pa3paboTKa KOMMbIOTEPHOrO KOAa U BCMOMOraTebHbIX
anropuTMoB; TECTUPOBAHUE CYLLECTBYHOLLMX KOMMOHEHTOB KOAa.

KOHTpO/b 1 OTBETCTBEHHOCTb PYKOBOACTBA 3a NJIAaHUPOBAHUE U BbINOJIHEHUE HAay4YHO-
uccnenoBaTeNbCKOM AeATeNbHOCTU, BKJIHOUAs HACTaBHMYECTBO MO OTHOLUEHUIO K
OCHOBHOI rpynne ucciaenoBaTenen.

Mposepka, B paMKax AeAaTesIbHOCTU MW OTAENbHO, O6LLEN PerIMKaLmMmu/BOCNpPOU3BoaAUMOCTU
PesynbTaToB/3KCNEPUMEHTOB M APYIrUX PE3YNLTAaTOB UCUIEA0BAHMIA.

Paspa6oTka npe3seHTaumii ony6MKOBaHHOM pa6oTbl MM MaTepUanoB UCCNEen0BaHuUS;
OTAENbHbIX Tabnuu, rpamuKoB, pPUCYHKOB U poTorpaduii.

MoaroToBka, cosaaHue U/unu npeseHTauusa ony6JMKOBaHHOM Pa6oTbl, B YaCTHOCTU
HanMcaHue nepBoOHaYaNbHOro NPoeKTa (BKJ/loYas NepeBos, No CyLLecTsy).

MoaroToBKa, co3paHue U/Unu NpeseHTaumsa 4opaboTaHHOM PaboTbl NpeACcTaBUTENSIMU
nepBOHaYa/IbHOM UCCIIEA0BATENbCKOM rpynnbl. OTBETbI HA BOMPOChI PELIEH3EHTOB,
B TOM YMUIe A0 U Nnodie Ny6aMKaumn.



ABTOpCKMe npaBa

ABTOpCKOE cornaweHue (nyéauyHas ogepra)
0 nNy6nmMKaumMm ctaTbu B HAY4YHOM XXypHane «dop-
mynbl @apmaumu» (UsBneveHue)

M3gaTtenbcTBO (ganee — U3gatensb), ¢ 0O4HOM CTOPO-
Hbl, Mpea/araeT HeomnpegeneHHOMY Kpyry auy (ganee
— ABTOp), C 4PYroO¥ CTOPOHBI, 3aK/IYUTb HACTOALLEE CO-
rnawenve (ganee — CorzaleHne) o ny6AMKaLMm Hay HbIX
maTepuanos (ganee — CTaTbsA) B HAYYHOM KypHase «dop-
My/abl @apmaummu» (ganee — HMypHaa) Ha HUMKEYKA3aHHbIX
yc/n0BUAX.

1. O6LMe NoNnoXeHusa

1.1. HacroAwee Cor/iaweHve B COOTBETCTBUM C M. 2
CT. 437 TpaxpaaHckoro kogekca PP aaseTca nybanyHoM
odepToit (aanee — Odepta), NONHLIM U HE30rOBOPOHHbBIM
npuHATMEM (QKLENTOM) KOTOPOWM B COOTBETCTBMM CO CT.
438 I'paxkpaaHcKoro kogekca PP cuntaeTtca otnpaBka AB-
TOPOM CBOMX MaTepua/ZioB MyTeM 3arpy3KuM B CETEBYHO
3/1eKTPOHHYIO CMCTEMY MpuemMa cTaTeil Ha pacCMOTpeHMUe,
pasMeLLeHHYI0O B COOTBETCTBYIOLWEM pasgesne caiTa Kyp-
Hasa B MHPOPMALMOHHO-TE/IEKOMMYHUKALMOHHOM CeTu
«MHTepHeT» (gasnee — MHTEPHET) UK Ha 3/IEKTPOHHYIO Mo-
4Ty pegakumu.

1.2. B coOTBeTCTBUM C AEeWCTBYIOLWMM 3aKOHOAATe /b~
cTBOM P® B YyacTu cobA104€HUA aBTOPCKOro NpaBa Ha 3/1eK-
TPOHHble MHPOPMALMOHHbIE pecypchbl, MaTepua/bl CaiTa,
3/1eKTPOHHOrO KYPHa/ia WM MPOeKTa He MOryT ObiTb BOC-
npou3BeseHbl MONHOCTBIO WU/IM YacTUYHO B /060 dopme
(3/1€KTpOHHOM MM mevaTHOM) 6e3 npeABapUTENbHOTO CO-
r71IACUA aBTOPOB U peAaKUMM KypHasa, KOTOpOoe MOXKeT
ObITb BbIpa*KeHO MyTem pasMelleHUs COOTBETCTBYHOLLEro
paspewierus (OTKpbITOM /uueH3um Creative Commons
Attribution International 4.0 CC-BY) B cooTBeTCTBYyHOLLEM
pasgene caita KypHana (no mMecTy pasmelyeHusi ny6amnKy-
eMbIX MaTepuasioB) B ceT MHTepHeT. Mpu UCNob30BaHWUK
ony6/IMKOBaHHbIX MAaTepUasioB B KOHTEKCTE APYrUX AOKY-
MEHTOB HeO0bX0AMMa CCbI/IKA Ha NepPBOUCTOUYHMK.

1.3. MypHan 3apeructpupoBaH PegepasibHOM cy60M
no Hag3opy B cdepe cBA3U, MHPOPMALUOHHBIX TEXHO/I0TUI
M MACcCoBbIX KOMMYHUKaLwit (POckoMHaA30p).

[...]
4. 06w Me yCc/IoBUS OKasaHMSA yCayr

4.1. 3aaTe/1b OKasbIBaeT yu1yru ABTOPY TO/IbKO MPU BbIMO/-
HEHUM C1IeAYIOLLMX YC/IOBUIA:

— ABTOp npeaoCcTaBW/1 NyTeMm 3arpysKu CTaTbi BCe MaTepua-
/lbl, COOTBETCTBYHOLLIME TpeboBaHnAM OdepTbl;

— AsTOp ocyuiecTBua AKLenT OdepTbl.

4.2. Ycnyrv npeAocTaBaAoTcA ABTOpPY Ha 6e3B03mMe3aHOM
OCHOBe.

4.3. B cryqae ecm maTepuanbl npegoCcTaB/ieHbl ABTOPOM
C HapyLleHreM npaBua U TpeboBaHuit HacToALel OdepThl,
M3aaTe/ib BipaBe O0TKasaThb B UX PasMeLL,eHuu.

4.4. i3gaTte/ib B Te4eHMe CPOKa AencTeuna [oroBopa He He-
CeT OTBETCTBEHHOCTb 33 HECAHKUMOHWMPOBAHHOE WCMO/b30Ba-
HWe TPEeTbUMM /IML@MM AaHHBIX, TPeA0CTaB/IEHHbIX ABTOPOM.

5.MpaBa 1 o6sa3aHHOCTU CTOPOH

5.1. ABTOp rapaHTupyeT:

— YTO OH AB/IAETCA AENCTBUTE/IbHBIM MPaBOOb/1agaTeiem
MCK/IIOMMTE/IbHBIX MPaB Ha CTaTbO; MPaBa, NPeA0CTaB/eHHble U3-
AaTento Mo HactosALemy Cor/iallieHuto, He nepesaBa/nch paHee
1 He ByayT nepesAaBaTbCA TPETbUM /IMLIAM 40 MOMEHTa My6/MKa-
ummn Ctatbm M3gatenem B AKypHane;

—yt0 CTaTbfA COAEPIKUT BCE MPEsyCMOTPEHHbIE AeiCTBYIO-
LLIMM 3aKOHOAATEe/IbCTBOM 0 aBTOPCKOM MpaBe CCbI/IKM Ha LUTH-
pYyeMbIX aBTOPOB W/W/n U3gaHua (Matepuarbl);

— 4TO ABTOPOM MO/y4eHbI BCE HEOOXOAMMbIE pa3peLLeHus
Ha mcnosb3yemble B CTatbe pesy/bTatbl, GakTbl U MHble 3auv-
CTBOBaHHble MaTepwa/ibl, MpaBoob/1agaTe/ieM KOTOPbIX ABTOP
He AB/IAETCH;

— yto CTaTbfA HE COAEPKUT MaTepua/ibl, He Nog/iexallme
0rny6/IMKOBaHWIO B OTKPbITOM MeYaT B COOTBETCTBUM C AENCTBY-
IOLLIMMK 3aKOHOAATe/IbHbIMM akTamu PP, 1 ee onyb/mMKoBaHWe
W pacrnpocTpaHeHne He MpvBeaAyT K pasr/ialleHuro CeKpeTHOM
(koHdMAEHUMAbHOM) MHOPMaLMK (BRIKOYAA TOCYAAPCTBEH-
HYO TaltHy;

— 4TO0 ABTOP MPOUHPOPMMPOBA/I COABTOPOB OTHOCUTE/Ib-
HO YC/10BMit 3TOro COr/1alleHns v Mo/y4Ma Corlache BCex CoaB-
TOPOB Ha 3ak/to4eHMe HacTosALero Cor/lalleHna Ha YCI0BUAX,
npeaycMOoTpeHHbIx Cor/ialLeHnem.

5.2. ABTOp 06A3yeTcs:

—MpeACTaBUTb PyKOnmch CTaTbk B COOTBETCTBUM C TpeboBaHM-
AMM K CTaTbAM, YKa3aHHbIMM Ha caliTe MypHasia.

— He MCrNo/b30BaTb B KOMMEPYECKMX Lie/1AX U B APYrnX U3-
AaHuAx 6e3 cornacvA M3aatena 371eKTPOoHHyto Konmto CTaTbk,
NnoAroTOB/IEHHYIO M3aaTenewm;

— B npouecce nogrotoBku CTaTby K My6/MKaLMM BHOCUTb B
TeKCT CTaTbW UCNPaB/AEHNA, YKa3aHHbIe PeLieH3eHTaMM1 U NMPUHA-
Tble Pegakuueit *KypHana, uuam, npu HEOBXOAUMOCTH, MO Tpe-
6oBaHuio M3gatensa n Pegakumm gopabotats CTaTbto;

— ynTaTb KOppeKTypy CTaTbu B CPOKM, MPeAyCMOTPEHHbIe
rpadukom Bbixoga KypHana;

— BHOCUTb B KOPPeKTYypy CTaTbh TO/IbKO TOT MUHUMYM NpaB-
KU, KOTOPbI CBA3aH C HEOBXOAMMOCTBIO UCTIPaB/IEHNA AOMYLLEH-
HbIX B OpuriHase CTaTbi OLUMOOK U/nan BHECEeHWsA (aKTo/10rMye-
CKMX Y KOHBIOHKTYPHbIX M3MEHEHU.

5.3. ABTOP MMeEET Mnpaso:

— repesaBaTb TPETLVM /IML@AM 3/IEKTPOHHYHO KOO Ory6/1n-
KOBaHHOM CTaTby, NPeoCTaB/IeHHy0 eMy M3gaTeiem cor/iacHo n.
5.4 HacTosLLLero Cor/lalLeHus, LIe/IMKOM WK YaCTUYHO //151 BR/IHOYe-
HuA CTaTb B 6a3bl AaHHbIX M PEMO3UTOPHM HAyHHOW MHOPMaLKW C
Lie/1bt0 MPOABUAKEHUA aKaZeMUHECKMX W/IW HayHHBIX UCC1eA0BaHUI
Wi a8 HGOPMALIMOHHBIX M 0Opa3oBaTe/bHbIX Lies1el npu yuio-
BUM 0becreyeHus CCbIoK Ha ABTOpa, KypHaa n U3aarens.

5.4. 3gaTens obAsyerca:

— ony6/MKOBaTb B NeYaTHOM U 3/1eKTPOHHOM popme CTaTbio
ABTOpa B *KypHa/ie B COOTBETCTBUM C YC/IOBUAMM HACTOALLLEro
Cornawenus;

— M0 peLueHnto Pegakumm XKypHasa, B c1yqae Heobxoanmo-
CTW, NpeAoCTaBUTL ABTOPY KOPPEKTYpY BepcTku CTaTbu U BHE-
€TV 060CHOBaHHYO NMPaBKy ABTOPa;
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— NpeAoCTaBnUTb ABTOPY 3/IEKTPOHHYHO KOMUIO Omny6/mKo-
BaHHOM CTaTbM Ha 3/1EKTPOHHbIM agpec ABTOpa B Te4eHue 15 pa-
604X AHel Co AHA BbIXOAA HOMepa KypHa/ia B CBET;

— cob/toaaTh NpeAyCcMOTPEeHHble AeMCTBYIOLLIMM 3aKOHOAR-
Te/IbCTBOM MpaBa ABTOPa, a TaKKe OCYLLECTB/ATb UX 3aLUUTY U
MPUHUMATb BCE HEODXOAMMbIE Mepbl A/1A MPeAyNpeKAeHUA Ha-
PYLUEHUA aBTOPCKMX MPaB TPETbUMM /ILIAMM.

5.5. MU3gaTe/nb umeeT npaso:

— OCYLLLECTB/IATb TEXHUHECKOE U IMTEpPaTypHOE peAaKTUpo-
BaHue CTaTbi, He U3MeHstoLLee ee (OCHOBHOE CoAepKaHue);

— NPOBOAMTDL 3KCNepTu3y CTaTbu U Npeg/iaratb ABTOPY BHe-
(@17 HeOGXOAI/IMbIe M3MEHEHUA, A0 BbINO/IHEHNA KOTOPbIX CratbA
He byaeT pasmellieHa B XKypHase;

- npu /obom nouteaytoLleM paspeLleHHOM UCrMo/b30Ba-
HUM ABTOPOM (M[W/M MHBIMM MLaMK) MKypHana uuam CtaTeu (B
TOM 4nc/ie 1060 ee 0TAe/bHOM YacTy, pparmeHTa) TpeboBaTb
OT YKa3aHHbIX /L, YKa3aHWA CCbIIKK Ha MKypHan, M3gaTens, As-
TOpa WK MHbIX 06/1aaTe el aBTOPCKMX NpaB, Ha3BaHue CTaTbu,
Homep *KypHana v rog, ony6/MKoBaHKs, YKasaHHble B *KypHase;

- pa3meLyatb B CMU 1 g4pyrx MHGOPMALIMOHHBIX MCTOHYHM-
Kax npeaBapuTe/IbHYO M[Wn Per/IaMHYH MHGOPMALMIO O NMpes:-
crosAwen nydmkaumm CraTtbh;

- ycTaHaB/mBaTh npaswuia (yo10Bu1A) npuema u nybamkasmm
martepuanoB B KypHane. Pegronnernn XKypHana, BO3r/1aeas-
MOl I/1aBHbIM pe/aKTOPOM, MPUHAA/EKAT UCK/HOUUTE/IbHbIE
npaBa oT6opa MWK OTK/IOHEHWA MaTepuasioB, HaNpaB/IAEMbIX
B peAaKumio KypHaza ¢ ue/bto ux nybamkauum. Pykonmcs (Ma-
Tepua/ibHbIii HOCWTE/Ib), HanpaB/Aemas ABTOPOM B Pegakupto
»RypHasia, BO3BpaTy He nog/1exkut. Peaakuua *RypHasa B nepenu-
CKy MO BOMpOCam OTKOHeHus CTaTbk Pegronnernein XypHana
He BCTyrMaeT;

— BPEMEHHO MPUOCTaHOBUTb OKasaHne AsTopy yuiyr no Co-
F/1ALWEHUIO MO TEXHUHECKUM, TEXHO/TOTMHECKUM WU UHBIM NPpUYn-
HaM, NPenATCTBYIOLLMM OKa3aHMIO YUIYr, Ha BpeMA YCTpaHeHu1A
TaKMX MPUYMH;

— BHOCUTb M3MeHeHuA B OdepTy B ycTaHOB/eHHOM OdepToi
nopAgKe — NPUOCTaHOBUTb OKa3aHue yu1yr no Cor/iallieHnto B Of-
HOCTOPOHHEM BHeCye6HOM NopsAaKe B U1y4asXx:

a) e CTaTbfl He COOTBETCTBYET TemaTvke XypHasia (um
KaKoW-1bo ero yacTu), M60 NpesCTaB/IeHHbIM MaTepuan Heao-
CTaTO4eH A/19 CaMOCTOATE/IbHOM Myb/mKaLmu, mbo opopmie-
Hue CTaTby He OTBEYaeT NpesbAB/AeMbIM TpeboBaHUAV;

6) HapyLUeHusi ABTOPOM MHbIX 0BA3aTe/IbCTB, MPUHATLIX B
cooTBeTcTBUM C OdepTOoit.

5.6. Bo Bcex cayvanx, He OrOBOPEHHbIX M He mpeagycMo-
TPeHHbIX B HacToALem CoraalieHmn, CTOPOHbI 06A3aHbl PyKO-
BOACTBOBATbCA AEMCTBYIOLMM 3aKOHOAATe/IbcTBOM Poccuid-
ckomt Pegepaumm.

[...]

7. TMopspok WM3MEHEHUsI U pacTOpPXKEeHUs
CornaweHus

7.1. Mi3gaTte b BripaBe B 0AHOCTOPOHHEM MOPAAKE USMEHATb
yc10BUA HacToALLero Cor/iallieHus, NpeABapuUTe/IbHO, He MeHee
4eMm 3a 10 (4ecATb) KaleHAAPHBIX AHEN 40 BCTYIN/IEHUA B CUAY CO-
OTBETCTBYHOLLMX U3MEHEHUI, M3BeCcTUB 06 3TOM ABTOpa Yepes
CalT MypHasna wau MyTeM HampaB/eHWA M3BELLEeHWA rnocpes-
CTBOM 3/1€KTPOHHOW MOYTbI Ha 34PeC 3/1EKTPOHHON MO4TbI ABTO-

Pa, yKasaHHbIM B 3asBKe ABTOpa. M3MeHeHMA BCTynatoT B CuAy C
AaTbl, YKa3aHHOW B COOTBETCTBYHOLLLEM M3BELLEeHUM.

7.2. B chy4qae Hecoracma ABTOpPa € USMEHEHUAMM YC/I0BUIA
HacronAwero CoraaweHna ABTOp Bripase HanpasuTb U3aare/ito
NMcbMeHHoe yBegom/eHne 06 oTKkase oT HacTosuero Corna-
LUEHMA NyTeM 3arpy3K1 YBeAOM/IEHUA B CETEBYHO 3/IEKTPOHHYIO
cucTeMy npuema cTaTelt Ha pacCMOTPEeHHWe, pa3MelLLIEHHYHO B CO-
OTBETCTBYIOLL,EM Pa3/e/e caifTa *KypHa/ia B ceT MHTepHeT uam
HanpaB/1eHMA yBEAOM/EHUA Ha OPULIMA/IbHBIN a4Pec 3/1eKTPOH-
HOW nouTbl Pegakumm XypHasa, ykasaHHblii Ha caiite XKypHana
«Popmy/bl Papmavmm» B ceTr MHTepHeT.

7.3. HactoAuee CorzialeHne mMoxeT ObITb pacTOPrHyToO
AOCPOYHO:

- 1o corziawenuto CTOpoH B /toboe Bpems;

— MO MHbIM OCHOBAHUAM, MPeAYCMOTPEHHbIM HACTOALLMM
CornalueHmem.

7.4. ABTOp BMpaBe B OAHOCTOPOHHEM MOPA/AKE OTKA3aTbCA
OT UCMO/IHEHUA HacTosLero CorallieHus, Hanpaeue U3aaTento
COOTBETCTBYIOLLLEE YBEAOM/IEHHUE B NMUCbMEHHOM GopMe He Me-
Hee YeMm 3a 60 (LLeCTbAEeCAT) Ka/leHAAPHDIX AHEN A0 Npeano/a-
raemoim gatbl ny6/MKaLmmn ctatel ABTOpa B *KypHase.

7.5. MpeKpalLlieHre cpoka geiicteua CorzialleHuna no obo-
My OCHOBaHWIO He 0cBO6OKAaeT CTOPOHbI OT OTBETCTBEHHOCTH
3a HapyLlleHWA yc10Buit Cor/allieHns], BO3HUKLLIME B TeyeHue
CpOKa ero gencTeus.

8. OTBETCTBEHHOCTb

8.1. 3a HeUCNO/HEHME WM HEeHaj/1exalLLlee UCMO/HEHME CBO-
ux obnAsare/bctB no Cor/ateHnto CTOPOHbI HECYT OTBETCTBEH-
HOCTb B COOTBETCTBUM C ACMCTBYIOLLMM 3aKOHOAATE/IbCTBOM PP,

8.2. Bce cBeseHwWs, NpeaocTaB/ieHHble ABTOPOM, A0/IXKHbl
ObITb A0CTOBEPHbIMM. ABTOP OTBEYAET 3a [0CTOBEPHOCTb U
NO/IHOTY NnepesaBaemblx UM U3aaTtento ceeseHuid. Mpu ucnonb-
30BaHUM HEAOCTOBEPHbIX CBEAEHUM, MO/YYeHHbIX OT ABTOpa,
M3gaTe/ib He HeceT OTBETCTBEHHOCTM 3a HeraTMBHble Moies-
CTBUA, BbI3BaHHble ero AeiCcTBUAMM Ha OCHOBAHWM MpeAoCTaB-
JIeHHbIX He40CTOBEPHbBIX CBEAEHUIN.

8.3. ABTOp CaMOCTOATE/IbHO HEeCeT BCKO OTBETCTBEHHOCTb 3a
cobnogeHne TpeboBaHuUit 3aKoHOAaTe/IbcTBA PP 0 pekaame, o
3aLLMTE ABTOPCKMX M CMEXKHBIX MPaB, 06 0XpaHe TOBApPHbIX 3Ha-
KOB M 3HaKOB 06C/1YKMBaHMA, O 3aLLmTe NpaB noTpeburtesen.

8.4. 3paTe/ib He HeceT HUKaKoW oTBeTCTBEHHOCTH o Co-
r/1aleHunto:

a) 33 KaKk1e-/IMB0 AeNCTBIUA, ABAAIOLLMECS MPAMbIM WK KOC-
BEHHbIM pPe3y/IbTaTOM AelCTBUIA ABTOPa;

6) 3a KaKkue-M60 yEbITKI ABTOpa BHE 3aBUCMMOCTH OT TOTO,
Mor /i1 U3aaTe/b npeaBrAeTb BO3MOMKHOCTb TaKUX YObITKOB Wik
HeT.

8.5. U3paTenb 0cBO6OXKAaeTCA OT OTBETCTBEHHOCTHM 3a
HapylueHue yci0BuiA Cor/aallleHuns, ec/iM Takoe HapylleHue
BbI3BaHO AeicTBMeM 00CTOATE/IbCTB HEMPEOAO/IMMON CU/bI
(dopc-markop), BK/IOUAA AENCTBUA OPraHOB roCyAapCTBEH-
HO¥ B/acTu (B T.4. MPUHATME MPABOBbIX AaKTOB), MOXKap, Ha-
BOAHeHWe, 3em/1eTpACeHne, Apyrue CTUXUHbIe BeacTBuA,
OTCYTCTBUE 3/1EKTPOIHEPIrUn M/nam cbon paboTbl KOMMbLO-



TepHol ceTu, 3a6acToOBKM, rpaxAaHcK1e BO/IHeHMA, becro-
pAAKK, Ntobble nHble 06CTOATENbCTBA.

[...]
10. Mpouune ycnosus

10.1.  /ltobble  yBegOM/EHWA, COODLLEeHnA, 3anpochl
M T. M. (33 UCKNOYEHUEM [OKYMEHTOB, KOTOPbIE AO0/KHbI
6bITb HaNpaB/ieHbl B BUAE MOA/IMHHBIX OPUTMHA/I0B B COOTBET-
CTBMM C 3aKOHOAATE/NLCTBOM P®D) CuMTalOTCA Mo/yHeHHbIMU
ABTOPOM, €/ OHU Bbln nepeaaHbl (Hanpas/eHbl) M3gaTe-
/leM Yepes CalT »ypHaaa (B TOM Ync/ie nytem nyb/mKaLmm),
no aKcy, No 3/1eKTPOHHOM NoYTe, YKa3aHHOM B 3asABKe W Mo
APYrMM KaHasam ¢BA3W. CTOPOHbI NPU3HAIOT HOPUAUYECKYIO
Uy yBeAOM/IEHUM, COOBLLEHWIA, 3aNpOCOB U T. M., NepesaH-
HbIX (HanpaB/IeHHbIX) YKa3aHHbIMU BbiLLE CMOCOBaAMM.

10.2. B ciydae npeabABaeHus K U3gaTento TpeboBaHwid,
CBA3AHHbIX C HApYLUEHWEM WCK/IOYMTE/IbHBIX AaBTOPCKUX U
WHBIX MPaB MHTE/I/IEKTYa/IbHOM COBCTBEHHOCTU TPETHUX /WL
npwv co3ganuu CTaTbl UM B CBA3M C 3aK/104eHWEM ABTOPOM
HacToswero Cornalienus, ABTop o6a3yeTca:

- Heme//1IeHHO, MOC/Ie MO/YYeHUs yBeAOMAeHUA M3-
AaTtens, NPUHATbL MePbl K YPery/MpoBaHUIo CropoB ¢ Tpe-
TbUMU IMLAMU, PY HEOBXOAMMOCTU BCTYNUTb B CyA,e6HbIN
npoLecc Ha CTOpoHe U3aaTens U NpeAnpuUHATL BCe 3aBUCH-
LjMe OT Hero AenCTBUA C Lie/Iblo UCK/0YeHUA M3gaTens ns
4ucaa OTBETHMKOB;

— BO3MeCTUTb M34aTe/to noHeceHHble cygebHble pacxoapl,
pacxogpl U yObITKM, BbI3BaHHbIE MPUMEHEHMEM Mep obecrneve-
HUA MCKA M UCTIO/IHEHWA CyAeOHOMO peLLeHus, U Bbin/ladeHHble
TpeTbemy /1LYy CyMMbl 32 HApYLLEHWUE UCK/IOHUTE/IbHBIX aBTOP-
CKUX U UHbIX npaB MHTEﬂneKTyaﬂbHOVI CO6CTB€HHOCTVI, a TakXe
WHble YObITKM, MOHeCeHHble M3aaTeiem B CBA3M C HeCOb/IIo4eHH-
eM ABTOPOM rapaHTuii, MpeoCTaB/1eHHbIX MMM MO HAaCTOALLLEeMY
CornatleHuto.

10.3. B cooTBeTCTBUM CO CT. 6. P3 «O NEpcoHa/ibHbIX AaH-
Hbix» N2 152-P3 0T 27 Mt0/1A 2006 roga B Neprogd ¢ MOMEHTA
3aKk/MtodeHna HacToAwero Cor/alleHmsa u 40 NpeKpalLeHua
06A3aTesibcTB CTOPOH no HactosAwemy Corsaluenuto ABTOp

Bblpa)kaeT cor/iacve Ha obpaboTKy MspaTesnem crepdyroLmx
NepCOHa/bHbIX AaHHbIX ABTOpa:

- bammna, Ums, OTYECTBO;

— UHAMBMAYa/bHbIV HOMep Hasoronaatesblyuka (MHH);

— AaTa U MeCTO POXKAEHUA;

— CBE/€HUA O rPaXAaHCTBE; PEKBU3UTLI 4 OKYMEHTOB, Y/0-
CTOBEPAIOLLMX /IMHHOCTb;

— agpeca MecTa perncTpauumn 1 GakTUHeCKOro MecTa Xu-
Te/IbCTBY;

—a/Apeca 3/1IeKTPOHHOM MO4TbI; MOYTOBbIN aApec C MHAEKCOM;

— HOMEepa KOHTaKTHbIX Te/1le(pOHOB; HOMepa (paKCoB;

— CBegeHnA 0 MecTax paboTbl.

10.4. ABTOp B A06POBO/ILHOM MOPA/AKE NPeAOCTaB/IfET B
pepakuuio ypHasa ceegeHus o cebe 1 O Kaxk4oM K13 COaBTo-
posB (Mo npeaBapuTE/IbHOMY COr/IACOBAHUIO C HUMM) B COCTaBE,
YKa3aHHOM B 1. 10.3.

10.5. M3gaTe/b BipaBe NpousBoAuTL 06paboTKy yKasaHHbIX
NEePCOHA/IbHBIX AAHHBIX B Lie/IAX UCMO/IHEeHUA HacTosLero Cora-
LLIeHWA, B TOM YMC/1e BbIMO/IHEHWA MHPOPMALOHHO CNPABOYHOTO
obcnymBaHua AsTopa. Moy 06paboTKoM NepcoHa/ibHbIX AaH-
HbIX MOHUMAOTCH AeiCTBUA (OrepaLym) C NepcoHa/IbHbIMU AaH-
HbIMW, BK/IFO4aA COOP, CUCTEMATU3ALWIO, HAKOT/IEHWE, XPaHEHUe,
yTO4HeHWe (OBHOB/IEHME, M3MEHEHHE), UCMO/Ib30BAHUE, Pacrpo-
cTpaHeHue (B TOM YMCIe nepesada TPETBUM /nLam), 06e3/1mum-
BaHuWe, 6/I0KMPOBaHME U YHUHTOXKEHME MEPCOHA/IbHBIX AaHHbBIX B
COOTBETCTBUM C AVCTBYHOLLIMM 3aKOHOAATE/IbCTBOM PO.

10.6. ABTOp BrpaBe 0TO3BaTb COr/ache Ha 0b6paboTKy
NMepCoHa/bHbIX AAaHHbIX, NepeyYnc/IeHHbIX B M. 10.3, Hamnpa-
BUB M34aTe/It0 COOTBETCTBYIOLLLEE YBEAOM/IEHUE B C/IyHanAX,
npeayCcMOTPEHHbIX 3aKOHOAaTe/NbcTBOM PP. lpu nosayye-
HWUWM YKa3aHHOro yBegOM/IeHWA M3aaTenb BNpaBe npuocTa-
HOBWTb OKa3aHue yC/yr.

KoHduaeHumanbHOCTb

MmMeHa M agpeca, ykasaHHble Bamu npu peructpauuu
Ha 3TOM caiiTe, ByAyT UCMO/L30BaHbl UCK/IOUYUTE/IBHO A/1A
TeXHWYeCKMX Lie/1el: KOHTaKTa ¢ Bamu nam ¢ peLieHseHTamu
(pesaxkTopamu) B npoLecce noAroToBKM Ballel cratb K ny-
6/MKaLmm. OHU HY B KOEM C/lydae He ByayT NpeaoCcTaBAATbCA
APYTVM /IMLLAM M OpraHu3aumam.
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