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AHHOTaMA

exnonorun 3D- u 4D-6uoneyaTyt MO3BOMAIOT BOCCTA-

HAB/IVMBATh MO0 3aMEHITb TKAHU ¥ OpPTaHbI, pelast

Ipo0/IeMy HEXBAaTKM LOHOPCKUX PeCypCcoB U YMeHb-
masg pUCKM OTTOP)KEHMSA UMIUIAHTAaTOB. B cTaTbe mpen-
CTaBJIeHbI PE3Y/IbTATHI ABYXITAITHOTO I/I06AIBHOTO OIIpOCca
YYeHBIX — CIHELMACTOB 0 MHXUHUPUHTY TKaHel O mep-
CIIEKTMBAX Ouomneyaru B [JOKIMHUYECKUX MCCIENOBAHM-
X M KIMHUYECKON mpakTuke. IIpemcrasieHa KapTuHa
BEpPOATHBIX TPEKOB U TOPM3OHTOB, Ha KOTOPBIX BO3MOXK-
Ha peanmsalys paccMaTpuBaeMbIx pemnieHnit. CoIlacHo
pesynbrataM o6CIenoBaHMs B OMVDKaimiMe [gBa HECSITHU-
7eTUs CTaHeT BO3MOXKHO BOCCO3[IaBaThb TKaHM U OPTaHBI,

KiroueBble c1oBa: MeiuIyHa OyayIiero; MHHOBAIVOHHAS
sxocucteMa; 3D/4D-61omedaTs; 6MomedaTHbIE OPTaHbl;
VIMIDTAaHTAIVsI OPraHOB; TKaHeBas MH>KeHeplst; 00C/IeloBaHIe;
9KCIIePTHbIE OIPOCHI
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IIPUTOfIHBIE JI/Is MMIJIAHTALUY U TECTUPOBAHMA JTIEKAPCTB.
BO3HUKHET PBIHOK OMOIEYATHBIX IIPOJYKTOB, PEIINTCS
mpobreMa medunnTa OPraHOB M IOOOYHBIX peaKuuil Ha
JIEKapCTBa. OTU M3MEHEHNUs MOIYT CYyLIeCTBEHHO IIOBJIM-
ATh He TOJIBKO Ha MPAKTHUKY OMOMENMIMHCKIX MCCIe0Ba-
HII, TECTYPOBAHNSA JIEKAPCTB U MEVILIMHBL, HO U Ha cepy
3[PaBOOXPAHEHNS B IIJIOM, YTO IOfpasyMeBaeT HeoOXo-
IVIMOCTD IIPEBEHTMBHOTO IIEPECMOTPA TEKYILell MOMUTUKHA.
IIpennoxen MpaKTUYHBINA U JOCTYIIHbI MHCTPYMEHTaPUIA
BBISIBJICHNS U OMPOca GOJBIIOrO 4MC/Ia SKCIEPTOB 10 BCe-
MY MUPY, KOTOPbII MOKET OKa3aThCsl ITOJIE3HBIM JI/1s1 HOBBIX
DopcanT-nccaesoBaHMIL.
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Abstract

echnologies of 3D- and 4D-bioprinting make it

possible to restore or replace tissues and organs,

solving the problem of the lack of donor resources and
reducing the risks of implant rejection. This article presents
the results of a two-stage global survey of specialists in tissue
engineering on the prospects of bioprinting in preclinical
studies and clinical practice. A picture of possible tracks and
horizons upon which the implementation of the considered
solutions is possible is presented. According to the results
of the survey, in the next two decades it will be possible to

Keywords: future medicine; innovation ecosystem; 3D/4D-
bioprinting; bioprinted organs; toxicity testing; organ implantation;
tissue engineering; survey; expert opinion.

recreate tissues and organs suitable for implantation and
drug testing. There will be a market for bioprinted products,
the problem of organ shortages and adverse reactions to
drugs will be solved. These changes may significantly affect
not only the practice of biomedical research, drug testing,
and medicine, but also the healthcare sector in general,
which implies the need for a preventive review of current
policies. A practical and accessible tool for identifying and
interviewing a large number of experts around the world is
proposed, which may be useful for new Foresight studies.
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Crparerun

KTYaJbHOCTb WMHDKEHEPUM TKAaHeil ¥ OpPTaHOB s

PasBUTHS MEAMLVHBI CTIOXKHO IIEPEOLEHUTh BBUAY

KOJIOCCA/IbHOTO BJIVMSIHMSI 9TOTO HAIlPaB/IeHMsI Ha Ka-
YeCTBO U IMPONO/DKUTENIBHOCTD XXVU3HU JIOfeil. DTU TEXHO-
JIOTMY TIO3BOJISIIOT BOCCTAHAB/INMBATD MO0 3aMEHSTh TKAHU
Y OpraHbl IIOCPENCTBOM OMONeYaTy, pele/ionipusanym’,
«PEMOHTa» VTN PereHepalui KJIETOK M KCEHOTPAHCIUIAHTA-
v (Hunsberger et al., 2016). BHepeHne TeXHOMOIMII Tpex-
MepHoIt (3D) nevaru npuBeneT K pOpMUPOBAHUIO CTIOKHOI
VHHOBAIIMOHHOII 9KocucTeMb! (Beltagui et al., 2020).

B crarbe OIIEHMBAIOTCA TEPCIEKTUBBI TEXHOIOTMIT
3D/4D-6uonedatn TKaHeil M OPraHOB Ui CO3faHUs OMO-
normdeckux QyHkimoHanbHeIx cucreM (Thayer et al., 2020)
Ha OCHOBe KJIeTOK, O1oMaTepuasioB, KapkacoB 13 Hux (Ahn
et al,, 2016; Mao et al., 2020). TpexmepHas medarp IOfpas-
yMeBaeT co3fjaHue OOBEKTOB HO IVI(PPOBBIM MONEAM, a
YeTbIpeXMepHas — JCIO/Ib30BaHUE MaTepUasoB, pearupy-
fomyx Ha pasppaxurern (Ashammakhi et al., 2018; Yang
et al,, 2019; Yu et al,, 2020). B 3D- un 4D-6uonevaryu npume-
HSETCS OIVMH U TOT YK€ GUMOTIPMHTED C TOI JINIIb PASHUIIENT,
9TO B TOCIENHEM CIy4yae «IepPHUIAMM» CIY)KAT «YMHBIE»
Marepuajbl, pearupymomye Ha pasgpaxurenn (Yang et al,
2020). Hanevarannsle 4D-KOHCTPYKIMM MOryT TpaHcdop-
MMPOBAThCs (PaCTH WM YMEHBIIATHCS) IO BO3MENCTBIEM
BHeIHKX curHanos (Yang et al., 2019, 2020; Mao et al., 2020).

MupoBoit priHOK 3D-61omedary pasBUBaeTCA IOX
B/IVSIHVEM PACTyLIEro JAepuIura TOHOPCKUX OpPraHOB,
CBSI3QHHOI'O C YCKOPSIOMMMCH CTapeHMeM HaceleHMs I
pacmpocTpaHeHreM XPOHWYEeCKMX 3a00eBaHMII MO BCe-
My mupy. B 2020 r. ero o6beMbl OLleHUBAINUCh B 1.4 MIIpH
IOJL., a K 2028 r. MoryT goctnyb 4.4 mipg pomn. (Grand
View Research, 2021). ITogobHas puHaMuKa CTUMYIUPY-
eT IOsIB/IEHVe HOBBIX CTAPTAIOB, CIIEI[MATN3UPYIOLIXCS
Ha 3D-6momeyary, a KOMIAHUM PACIIUPSIOT CBOII OU3HeC,
npepiaras OMOIPUHTEPBI M COOTBETCTBYIOIIee 000pyLoBa-
uue (Combellack et al., 2018). BospacTt 6onpinHcTBa Ipe-
IpUATUIL U3 3TOJ cepbl cocTaB/AeT He O0Jee IBYX JIeT, a
mrar He npesbinraeT 10 corpygunkos (Bicudo et al., 2021).
Haubonee wusBecTHble: aMepukaHckue Aspect, Aether,
SE3D, Organovo, Tevido, BIOLIFE 4D, Seraph Robotics,
BioRobots, ASLS wm nScrypt; espomeiickue Ourobotics,
Poietis, 3Dynamic, EnvisionTEC, regenHU, REGEMAT 3D,
GeSiM, CELLINK un 3D Bio; asuarckue Sichuan Revotek,
Regenovo Biotech, ROKIT, Cyfuse, Pensees u Bio3D Tech
(Choudhury et al., 2018). KaprupoBaHue maTeHTOB IO-
Ka3aso, 4To HauboJIblllee YNCI0 M300peTeHni B 006/1acTu
61onevaTy IPUHAIOKAT KUTANCKON KommaHum Sichuan
Revotek n amepukanckoit Organovo (Mota et al., 2020).

Cpenyu OCHOBHBIX HAIpPABIEHMIT COBPEMEHHON ITOMN-
TUKI 3PAaBOOXPAHEHVSI — Mepbl 110 YBEIMYEHUI0 6asbl
3aperucTpUpPOBaHHBIX HOHOpoB (Shanmugarajah et al,
2014). buoneyaTb NOMHOQYHKIVIOHATBHBIX TKaHeil Y Opra-
HOB Il MMIUTAHTAIUM TIO3BOJISIET PACCINTHIBATD Ha TIpe-
offofieHVe feduIUTa TOHOPCKOrO MaTepuaja, yIydlleHue
3[0pOBbs U poCT Onarononyuns HaceneHusa (Wang et al.,
2020b; Yu et al., 2020; Unagolla, Jayasuriya, 2020; Bea, 2020).

OTKpBIBAIOTCS [IEPCIEKTVBBL MCCIEHOBAHNS M TECTUPOBA-
HYIA JIEKapCTB Ha TOKCMYHOCTD (Rosania, 2013; Gardin et al.,
2020; Mota et al., 2020) mna ycTpaHeHMs OTpULIATETbHBIX
peaxuuit opranmnsma (Haris et al., 2020). Tonpko B CIIIA ¢
HOJOOHBIMI CIYYasiMV CTA/IKMBAIOTCSI OKO/IO 2 MJIH ITAI{i-
€HTOB, €XerogHO (PUKCUPYIOTCS JIeTa/lbHbIE MCXONBI s
100 000 uenosex (Giacomini et al., 2007; Niu et al., 2015).
OrpurjateibHble peakiyy Ha 1eKapCTBa MOTYT OOBSICHSITD-
CsI T€M, YTO B JOK/IMHMYECKNX UCIIBITAHVSX MCIIONb3YIOTCS
JKMBOTHBIE, KOTOPbIE He SIBJISIIOTCS HA/IeXKHBIMI IIPENKTO-
paMu TOKCMYHOCTH s denoBeka (Giacomini et al., 2007;
Niu et al., 2015). ITpunararorca ycunmsa K TOMY, YTOOBI B
OmpKaiime TeCATUIETs 3aMEHUTDh XXMBOTHBIX TECTUPO-
BaHMEM HEIOCPENCTBEHHO HA YelOBEYeCKOM OpraHm3Me
(Bandyopadhyay et al., 2018).

C nomomipio 3D/4D-6momnedaru y>xe cO3faHbl TKaHU
PasIMYIHOrO THIIA — KOXKHAsl, KOCTHAsI, XpsljeBasi, HepB-
Hasg u T. i. (Duan, 2017; Heinrich et al., 2019; Lukin et al.,
2019). Hekoropble 13 HUX, B YaCTHOCTYU KOCTH, XPAIIY, KO-
XY U COCYAMCTBIE TPAHCIUIAHTATHI, YAATOCh MMIUIAHTIPO-
BaTb B OpTaHM3M XMBOTHBIX (Singh et al., 2020; Wang et al.,
2020b); mpyrue, HanpyuMep TpaXeaJbHYIO IINHY, YCICLIHO
nepecaguy pebeHKy ¢ Tpaxeobponxomasanuel (Yang et
al., 2019). OgHako KCIIONMb30BaHMe OMONEYATHBIX TKAHEN U
OPraHOB B JOK/IMHNYECKIX MCCIEOBAHIX Y KIMHIYECKOT
IpakTuKe BecbMa orpaHndeHo (Vijayavenkataraman et al.,
2018; Murphy et al., 2020). IIpencTouT pemuTsb CIOKHBIE
3ajiadit, BKIIOYast CO3/IaHIe BACKY/IPIU3MPOBAHHbIX TKAHEI
u opranos (Gao, Cui, 2016; Murphy et al., 2020; Zhu et al.,
2021). Backynapmsanusa obecnednuT HONTYI0 XXW3Hb OMO-
HeyaTHBIM KOHCTpyKuuaM (Vries et al., 2015). Ina saroro
noTpebyloTcs 6oee CoBeplIeHHbIe OMOIPUHTEPHI (y Cylie-
CTBYIOIVIX Pa3pelleHNe U CKOPOCTh MOKAa HeJOCTATOYHBI)
(Dias et al., 2020; Heinrich et al., 2019). [Tpexctout cosep-
IIEHCTBOBATh XapaKTEePUCTHUKIM OMOYEPHIT, TaKIe KaK CIIO-
cobnocTp mopzepxuBarh npomudepannio n auddepen-
[MALMIO KJIETOK /ISl IIPYMEHEHVsI TIPU CO3[aHNM TKaHeit
n opranos (Albritton, Miller, 2017; Heinrich et al., 2019;
Huang et al., 2017; Mori et al., 2018; Park et al., 2016).

[Tepcnextussl 3D/4D-6uomnevaTn B paccMaTpUBaeMBbIX
HAIIPAB/IEHVSIX OCTAIOTCSI HEOIpPefe/IeHHBIMI, HECMOTPSI
Ha OT/Ie/IbHbIE TIOMBITKY UX onenku (Mir, Nakamura, 2017;
Vijayavenkataraman et al., 2018; Silva, 2019; Mota et al.,
2020; Unagolla, Jayasuriya, 2020). Hu B ogHolt 13 mepednc-
JIEHHBIX paboT He PacCMATPMBAIICh MHEHVsI yI€HbIX O Oy-
Rymmx paspaborkax B cdhepe 3D/4D-6uonevaTyt 1 UX OXuU-
maemoM 9ddexTe A OMOMEMIIMHCKUX VCCIIETOBAHMIA,
TECTUPOBAHMS JIEKAPCTB ¥ MeAMIMHBL. UTOOBI BOCIIOMHNUTS
npoben, Mbl onpocunu cBbiie 1400 aBTOPOB HOBENIINX
HAyYHBIX IYOMMKALVil, IPOMH/EKCHpOoBaHHBIX B Web of
Science Core Collection (WoS) 13 uucia crenmanucTos B
0071aCTV TKaHEBOIl MEXKEHepUI’ B MEXIYHAPOJHOM Mac-
mrabe. COOp HaHHBIX OCYLIECTB/LAICA B JiBa 9TaIla C JIBYX-
neTHUM uHTepBanoM — B 2018 u 2020 rr. Ha BTOpOM 3Tane
OLIEHVBA/INICh N3MEHEHVIST O>KU/JAHNIT YIEHbIX, CBA3aHHbIE C
OyAyLM TKAaHEBOI MH>KEHEPUN, B TOM YIC/Ie M3TOTOBJIE-

! YHaHeHI/Ie K/I€TOK M3 TKaHU C COXPAaHEHVEM BHEK/TIETOYHOTO MaTPUKCa I TPEXMEPHOCTI CTPYKTYPBI OpraHa.

2 MexMCIUIUIHAPHAs 00/1acTh, 00 befMHAOLas XUMNI0, 6uosnornio n nmwxknHrpuHr (Richards et al., 2013).
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HIe (YHKIVOHA/IbHBIX TKAHEl! [JIs1 pereHepaTUBHON Meu-
uHbl 1 TectupoBaHus mekapcts (Richards et al., 2013) B
Lie/IAX 3aMeHbl OONbHBIX TKaHeit 1 opraHos (Leberfinger et
al,, 2019; Yu et al.,, 2020; Zhu et al., 2021). IIpurnamesnsie
YyIaCTHUKM ObUIM Pa3pabOTIMKAMM U IIOTIb30BATELIMU
paccMaTpMBaEeMbIX TEXHOJIOIMII, YTO TAPAHTUPOBATIO UX
KBaMU(UKALMIO I/ NPOTHO3MPOBAHUS PA3BUTUS ITOI
obmacty u 3¢ HeKTOB B OTHOLIEHUY OMOMEIMIIMHCKUX MC-
CTIeflOBAHNIT, TECTUPOBAHMS JIEKAPCTB U 3[[PABOOXPAHEHUSL.

Hame wuccmenoBaHme ommpaercs Ha WHCTPYMEHTa-
puit texHonorndeckoro dopcaiita (Martin, 1995; Martin,
Johnston, 1999; Georghiou et al., 2008; Martin, 2010; Miles,
2010), xoTOpBIil OIpefenseTcss KaK CUCTEMHas IOINbITKA
3aI/IIHYTb B JOITOCPOYHOE Oyfylee HayKM, TeXHOIOTHIL,
SKOHOMUKM ¥ OOIIecTBa [l BbISABACHNs CTPATETMIeCKNUX
obmacTeil ¥ BO3HMKAIOLIMX YHUBEPCATBHBIX TEXHOJIO-
M, CIOCOOHBIX MIPMHECTV HAMOOMbIINe SKOHOMUYECKIE
U couuanbHble npeumyiectsa (Martin, 1995). B pamkax
Dopcaitta popmupyetcss nHPOPMAIIOHHAST OCHOBA s
IPUHATHUS PEIIeHNIT X JOATOCPOYHOrO IUIAHNPOBAHMs Ha-
yIHO-TexHOmorn4yeckoro passurus (Martin, 1995; Martin,
Johnston, 1999; Georghiou et al., 2008; Martin, 2010; Miles,
2010; Popper, 2008). ITockonbKy HOsIB/IEHJE HOBBIX Hayd-
HBIX SHAQHMII U PasBUTHE TEXHOTOIMII BIMSIOT Ha OXWJA-
HIsI, BXKHO OTCIXHUBATh UX AuHaMuky. Hambormee mo-
IY/SIPHBIM MEXaHM3MOM TAaKOTO MOHWUTOPUHIA OCTAIOTCS
HePUOUYECKIe OIPOCHIL.

Texnonormueckuii @opcait
U IMTHAMMKA OXKMEAHN

[TporuosupoBaHue TEXHOMOIMYIECKOTO PasBUTHUA IIpuobpe-
JI0 CUCTEeMHBIIT XapaKTep Iocie BTopoit MUpoBOil BOJHBI,
KOTZIa IIPOTPeCcc CTajl PpacCMaTpPMUBATbC KaK MEXaHM3M aK-
KyMY/IALMY KOJUIEKTVBHBIX 3HAHUI, a He pe3y/IbTaT YCUIUIA
ormenbHbIx mofein (Miles et al., 2017). BosHukiu HoOBbIe
IPOTHOCTMYECKUE MHCTPYMEHTB — OT KOJMYEeCTBEHHO-
ro aHamu3a, paspabOTaHHOrO MMHUCTEPCTBOM OOGOPOHDI
CIIA (U.S. Department of Defence), o xauecCTBeHHBIX Me-
TOJIOB, IPEeJIO>KEHHBIX aHAIUTUYECKUMI LIeHTpaMi, TaKu-
mu kak RAND Corporation (Linstone, 2011). Ha nepsom
stame (1940-1950-e rr.) Popcaiit-nccnenoBanns Gpoxycu-
POBaINCh Ha IOYYEHMN HAI©KHBIX BEPOSTHOCTHBIX Olle-
HOK OyAyIero, OTpakaBLINX JeTePMIHMUCTCKII B3ITIA Ha
9KOHOMMIYECKOe ¥ MHHOBAIMOHHOe pasButue. B 1990-x rr.
9Ta IapajurmMa CMeHMUIach MOHMMaHNeM, YTO TeKyIye pe-
IIEHNS 3aBYCAT OT COLMATbHBIX U ITOJIUTUYECKUX PaKTOPOB,
BIMAIOLIMX HAa BCEX YYACTHMKOB mpouecca (Martin, Irvine,
1989; Martin, 2010). Ilogxon BrepBble omucaH [>KOHOM
VipsunoMm (John Irvine) u Benom Maprunom (Ben Martin)
KaK IOIBITKAa ONPENe/INTh TPAHNUIBI OPUEHTUPOBAHHBIX
Ha Oynylee 1ccnenoBanmit B cepe HayKu M TEXHOMOTUI
(Irvine, Martin, 1983; Martin, Irvine, 1989). ®opcaiit kak
KOHIIEMIIVsI OB OTHE/IEH OT TEXHOMTOIMYECKOTO IIPOTHO3M-
POBaHMs U CTaJl PACIPOCTPAHEHHBIM MHCTPYMEHTOM BbISB-
JIEHVsI HOBBIX TEXHOJIOTUIT B MICCIENOBAHUAX MHHOBAI[VIOH-
HoII fiesitenbHOCTH (Martin, 2010; Miles, 2010). B pasButue

? ncbi.nlm.nih.gov/mesh, nara o6pamennsa 02.06.2021.

koHuenuyu Popcaiita ObIIM MPOAEMOHCTPUPOBAHBI BO3-
MOYKHOCTY BAVSTD Ha TexXHOjormdeckoe passutie (Miles,
2010). [TapTrcumaTuBHAsE NPUPOAA HOFOOHBIX MHUIVATIB
obecrieurBaeT ydacTue B pa3paboTKe IOTEHI[MATbHBIX
CTpaTeruil pasIMIHbIX CTOPOH, CIIOCOOHBIX YINTHIBATD HE
TO/IBKO MHAMBUAYanbHble nHTepech! (Lall, 2004).

[IpeBeHTHBHOE BBIABIEHME KIIIOYEBBIX TEXHOIOTHUI
BIMsIET Ha S9KOHOMMWYECKUIT POCT U MOBbIIIaeT 3 peKTus-
nocts monmutuky (Government Office for Science, 2017).
3npaBooxpaHeHUe MPebsB/seT BHICOKUIT CIIPOC HA MHHO-
BaIlMM — OT HOBBIX YCTPOJICTB, HAIIPUMep «TabopaTopuii Ha
unre» (labs-on-a-chip, LOC) 15 HOBBILIEHNS KadeCTBa -
armoctuku (Mendes et al., 2019), go 3D/4D-6uoneyaTHbix
TKaHeit 1 opranos (Jang et al., 2016; Kacarevi¢ et al., 2018;
Lerman et al., 2018). ®opcaiiT-ucciefoBaHmsi 4acToO BbI-
HOJTHSIOTCS 110 3aKa3y FOCYapCTBa U TPeOYIOT 3HAYUTENb-
HBIX pecypcoB. Hamporus, Ham MeTon 6ojee HOCTYIIEH,
OBICTpee aeT pesy/IbTaThl, He TpeOyeT yIacTus UIMPOKOTO
KpyTa UCC/IefoBaTeselt, TPy 9TOM ITO03BOJISS OMYIUTD MHe-
HIIsI 9KCIIEPTOB CO BCero Mupa. IIpennonaraet peryispHble
UTepaluy Ajist Iepeol[eHKN MTOTOB IIPEbIAYIIIX OIPOCOB
U BBIAB/ICHUS M3MEHEHMII B OXKMJJAHUSAX 9KCIIEPTOB, CBSI-
3aHHBIX C OYAYIIMM KOHKPETHOI TeXHOMOrMU. JTO AaeT
BO3MOYXHOCTD CYIIECTBEHHOI! ONTMMU3ALUN Pe3yIbTaTOB
Dopcaiita ¢ TOYKM 3peHMs KaK MOHMMAHMsI JIOTUKM 9KC-
[EePTOB, TaK U IPOBEPKIU PEATUCTUIHOCT VX MIPEIIONOXKe-
Huit (Brandes, 2009; Kaivo-oja, 2017; Apreda et al., 2019). B
CBSI3M C BBICOKOIT CTEIIEHbI0 HOBM3HBI MHOTHUX Pa3paboToK,
BRICTymaomux mpegmerom Dopcaiita, mepecMOTp MHe-
HUII 9KCIIEPTOB KpaliHe IOJIe3€H /LA NPUHATUA pelIeHn
B cepe Haykn 1 TexHonmoruit. [lepuogideckne OIpockl Mo-
3BOJIAIOT HE TONBKO OOHOBUTbH PE3Y/IbTAaThl HMPEebIAYLINX
PayH/OB MCCIETOBAHMIL, HO U IPOBEPUTD, U3MEHIIACD /TN
TOYKA 3PEHMs YIEHDIX.

MeTtoponorusa
Ananu3 numepamypol u ankema

CoCTaBIeHNIO aHKETBl IPENIeCTBOBANO CKAaHMPOBAHME
nyomkanuit B WoS, mocssimenssix  3D/4D-6unonevarr,
VMHXVHVPYHTY TKaHell U a/ibTepPHATMBAM JICIO/Tb30BAHNIO
JKVIBOTHBIX B HAay4HBIX MccaefoBaHMAX. Ilouckosble ¢op-
MY/IbI TIpeZICTaB/IeHbI B 6oKce 1.

Jlyist 06Hapy>KeHMsI K/IIOYeBbIX C/IOB B 3aT0JIOBKAX IIy6-
JIMKALMI Mconb3oBanach meTka Title (ti). B o6onx momc-
KOBBIX 3aIpoCax IPHCYTCTBOBAIN TEPMUHBI MeVIIVH-
CkMx pybpuk® 1 CI0Ba B CBOOOZHOI TEKCTOBON (opMe.
[Ty6nukanuy aHa/M3MPOBAIICh Ha OCHOBE PACIINPEHHOTO
nHpekca HayyHoro umuruposanus (SCI-EXPANDED) (Bce
TUIIBI JOKyMEHTOB) 3a Iepuon ¢ 2013 mo 2018 r. ITouck,
nposopuBiniica B 2018 1., BoiABUA 276 cTaTell 1O IEPBO-
My 3ampocy u 191 — mo Bropomy. VIMmoprupoBaHnue 3a-
muceit B VantagePoint 10.0 o6eranio or6op pabor myrem
dbukcauyy Ha3BaHMII M AHHOTALMIL, TIO3BOIMB COKPATUTh
BBIOOPKY 10 92. VIHTerpamys nol1y4eHHOrO MacCuBa B IIpoO-
rpammy Citavi 6.1 obecreuna OKOHYATeIbHbI 0TOOP Ha
OCHOBE YTEeHNA IIOJIHBIX TeKCTOB. TakuM 06pa3oM, Iy aHa-
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Boxc 1. ®opMyJIbI IOUCKOBBIX 3aIIPOCOB

(ti=(“4D bioprint*” OR “4D bio-print*” OR “four-dimensional bioprint*” OR “four-dimensional bio-print*” OR “4-dimensional
bioprint*” OR “4-dimensional bio-print*” OR “four-D bioprint*” OR “four-D bio-print*” OR “4D print*” OR “four-dimensional
print*” OR “4-dimensional print*” OR “four-D print*” OR “3D bioprint*” OR “3D bio-print*” OR “three-dimensional bioprint*”

OR “three-dimensional bio-print*” OR “3-dimensional bioprint*” OR “3-dimensional bio-print*” OR “three-D bioprint*” OR
“three-D bio-print*” OR “3D print*” OR “three-dimensional print*” OR “3-dimensional print*” OR “three-D print*”) and
ti=(«Tissue Engineer*» OR «tissue culture*» OR «Cell Engineer*» OR «cell culture*» OR «Bioengineer*» OR «Bio-engineer*» OR

«organ* culture*» OR «in vitro»)) AND LANGUAGE: (English)

Mupekcsr = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI lopnsonT = 2013-2018

(ti=(“animal* testing alternative*”

OR “alternative* to animal* testing” OR “animal* use alternative

*” OR “alternative* to animal*

use” OR “animal* experiment* alternative*” OR “alternative* to animal* experiment*” OR “animal* research alternative*” OR

“alternative* to animal* research” OR “animal* model* alternative

OR “alternative* to animal* model*” OR “lab* animal*

alternative*” OR “alternative* to lab* animal*” OR “reduction refinement and replacement*” OR “3Rs” OR “three-Rs”)) AND

LANGUAGE: (English)

Mupexcor = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Topusont = 2013-2018

Hcmounux: cocraBieHo aBTOpaMMH.

NM3a IUTepaTypsl U paspaboOTKM aHKeTbI OBl OTOOPAaHBI
35 ny6mukaumit: (Richards et al., 2013; Balls, 2014; Doke,
Dhawale, 2015; Fleetwood et al., 2015; Goh et al., 2015;
Graham, Prescott, 2015; Mosadegh et al., 2015; Obregon
et al., 2015; Stokes, 2015; Zhang, Zhang, 2015; Ahn et al,,
2016; Brunello et al., 2016; Colasante et al., 2016; Gao, Cui,
2016; Groeber et al., 2016; Mehrban et al., 2016; Mohanty et
al,, 2016; Ng et al,, 2016; Park et al., 2016; Zhao et al., 2016;
Zhu et al., 2016; Albritton, Miller, 2017; Burden et al., 2017b;
Cheluvappa et al., 2017; Duan, 2017; Garreta et al., 2017;
Huang et al., 2017; O’Connell et al., 2017; Vanderburgh et
al., 2017; Almela et al., 2018; Faramarzi et al., 2018; Lowa et
al., 2018; Mori et al., 2018; Stratton et al., 2018; Tarassoli et
al., 2018).

AHKeTa, COCTOSBIIAS U3 TpeX pasfielioB, OXBaTbIBaja
nepronbl 2018-2038 rr. (1-1 stam) n 2020-2038 rr. (2-it
stam). [lepBbIil OLleHNBAN YPOBEHb OCBELOM/IEHHOCTH 00
MCIIONb30BaHMM TexHonoruit 3D/4D-6uonevyatu [isd MH-
JKHMPVHTA TKaHel! (0T MOMTHOTO OTCYTCTBMsI TAKOBBIX O
Xopoliero 3HaHus). BTopoit pasgen cocTosit U3 mATH Te3n-
COB, COOp MHEHUI 0 KOTOPBIX II03BOJISUT OLIEHUTD HEePCIeK-
TuBbI 3¢ dexToB 0T BHeApeHus 3D/4D-6uonevatn:

e cospaHye HOMHOQYHKIVOHATBHBIX Y€/IOBEYeCKUX TKa-
HeJl ¥ OPraHOB I/Is1 MMITTAHTaLI;

® 3XVBJIECHNE IIOBPEXXACHMIT HEIIOCPEACTBEHHO B MeCTe
PpaHbI;

e paspaboTKa MOZeseil AjIsl TeCTUPOBAHMs JIEKapPCTB Ha
TOKCUYIHOCTD;

e MofenypoBaHye 3a00IeBaHMIT YeTIOBeKa [/ HayIHbIX
MCCTIeIOBAHMIA;

® OTKa3 OT UCIIONIb30BAHNA JKUBOTHBIX B MICCIENOBAHMAX
M MCTIBITAaHMAX JIEKAPCTB Ha TOKCUYHOCTb.

O1eHNBAICh PEATNCTUIHOCTD KXKJOTO IIPeNIIooXKe-
HUS ¥ BO3MOXKHBIIT CPOK TIOZIYYeHNMs pe3yabTaToB ([o mmn
mocrie 2038 T.), BBIYMC/ISIIACh BEPOATHOCTD PeLIeHNs TIATH
HAyYHO-TEXHOMOIMYECKMX 3a/jad, CBSI3aHHBIX C CO3[aHUEM
OVOIIPMHTEPOB, BACKy/IApM3aLMeil TKaHeil M MacuTad-
HBIM IIPOM3BOACTBOM OMONEYaTHBIX MOJeNeil B TedeHue
YKa3aHHOTO BPEMEHHOTO TOPM30HTa. AHKeTa OblTa pac-
CYNTaHa Ha 3allONHEHNe B TedeHue He Goymee 2-3 MUHYT,
4TOOBI MUHMMU3UPOBATh BEPOSATHOCTb IIPOIYCKa OTHE/b-
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HBIX BOIIPOCOB MO0 OTKAa3a OT y4acTusi B 0OC/IETOBaHUNL.
Iemorpaduyeckyie JaHHbIE O PECIOHJEHTaX He YYUThIBA-
JIUCh, TIOCKO/IBKY OHU HE BIUAIOT Ha UTOTU IOZOOHBIX 06-
cnemoBanmii (Pereira Cabral et al., 2019a, 2019b; Cabral et
al., 2021; Mota et al., 2020; Rocha et al., 2020).

Omé6op pecnonoenmos

Y4acTHUKY OIpOCa BBIAB/ISUIMCDH [0 HAYYHBIM IyOIMKaI-
AM Ha TeMy MHX/HJPUHTA TKaHell, TPONHeKCUPOBaHHBIM
B WoS B nepmog ¢ 2013 mo 2018 r. (1-it atam) u ¢ 2015 mo
2020 r. (2-11 aTam) ¢ IpUMeHeHMEM CIIEAYIOLIETrO TOMUCKOBO-
To 3ampoca:

(ts=(“tissue engineer*”)), unexkcei=SCI-EXPANDED
TopnsonT=2013-2018 (1 aram) 1 2015-2020 (2 aram).

Jli1s1 o6HApY>KeHMs JeCKPUIITOPOB B HA3BAHMAX ITyO/IN-
KaIlyii, aHHOTALMAX ¥ K/II0YEBBIX C/IOBAX UCIOIb30BaJIVCh
metka Topic (ts) u TepMuH «tissue engineering». Yto6n! BbI-
ABUTDb O>KUJJAHUA CIIELVIaIMCTOB 10 eCTeCTBEHHBIM HayKaM,
CKaHMPOBAJINCh TOKYMEHTHI, IpouHpaeKcuposanHble B SCI-
EXPANDED. Ha nepsom sTare ueHTUOUIMPOBATINCD IIy-
6mukanny, Beimenmue B 2018 1. (24 776), Ha BTOpOM — 3a
2020 t. (28 011). BctpanBaHme aTOro Maccusa B IIPUIOKEHME
VantagePoint 10.0 BbraBuno 17 990 agpecoB sNeKTpOHHO
IIOYTBI aBTOPOB Ha 1-M aTame n 24 600 — nHa 2-M. C npume-
HeHMeM coOcTBeHHOro anropurma Python ymamoce mpussi-
3aTb OKO/IO 81% 3TUX afipecoB K MMEHAM BJIafle/IbLIEB COOT-
BETCTBYIOIINX YYeTHBIX 3aIIJCeli, 4TO II03BOJIV/IO HAIIPABUTb
UM IIepCOHA/IM3/POBAHHbIE 37IeKTPOHHbIE IIIChMa.

Onpoc u amuvecKue acnexKmol

Ha nepsom 3Tame aHKeTa NpoOBeps/nach C IOMOILBIO IIM-
JIOTHOTO OIIpOCa IO CIy4ailHON BBIOOpPKe 13 549 pecroH-
meHToB (0KO/O 3% OT OOIero 4mcia BBLIBICHHBIX aBTO-
poB). ITockonbky oTBeTHBIINE 37 Ye/I0OBEK He MPefiCTaBIUIN
IIpeZTIOKEHNIT TTI0 KOPPEKTUPOBKE aHKETBI, €€ COflepyKaHue
0CTa/IoCh M3HA4YaabHbIM. JJaHHBIE IMIOTHOM CTafuy y4u-
TBHIBA/IMCh B CTATUCTUYECKOM aHanuse. BBUy TOro 4To Ha
0601X 9Tamax o6CIeNoBaHNs JCIONb30BAIACh OfHA M Ta
>Ke aHKeTa, B 2020 I. IpegBapuTEIbHbIN OIPOC HE IPOBO-
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Puc. 1. Cxema HcciemoBaHuA

Anamns JINTEPATYPbI 1 AaHKETA
ITouck B WoS myOnmkamit,
nocBAmeHubIx 3D/4D- Haiipeno
Guomeyary n mEKeHepuu 270
“ cTaremn
TKaHel
« Tlepuopn: 2013-2018 Vnmiopt YUrenne
« Vupexc=SCI-EXPANDED ny6rmukauii AT OIOBKOB
+ Merka=Topic (ts) B VantagePoint L
. 10.0 AHHOTAIMM
ITouck B WoS my6nmkanmit, / Wig oT6opa
IOCBAIEHHBIX
abTEPHATIIBAM Hajigena
TeCTHMPOBAHIIO Ha 191
SKMBOTHBIX ot 2§
ITouick 1 0OTOOP PeCIOHIEHTOB
Aramn 1
(uxomb 2018)
HaliJIeHO TN
Ilouck B WoS 24776 Mmmopr
ny61m1<auuﬁ, myGmncanii ny6nm<alim]7l
DI . 3 B VantagePoint
WH)KEHEPHM TKaHell — — Tan 2 100
(Hos6pH 2020)
« Oran 1. Tlepuop: 2013-2018 Haiijieno (A
« Oran 2. Tepuop; 2015-2020 28/00178
« Mnpexc=SCI-EXPANDED oS
» Merka=Topic (ts)
IIpoBeneHue 006CcIegOBaHMS
ITnnorHbI Aram 1
sran (2018) (2018)

« Pasocnano 549 npurnamennit

« 37 oTBETOB

o IIpemmoxxennii mo nmompaBKam
B aHKETY He [IOCTYINIO

o 8 mHeit

o OxTA6pn/HOA6PD 2018 T

« Pasocmano 17 429
TIpUTTIATIEH VT

« 8 mHelt

* 3 HalOMUHAHUA

o 3 HallOMMHAHUA

Hcmounuxk: cocTaBieHo AaBTOpaMI.

mwicsa. Oba payHZa BHIIOTHAINCH OceHblo 2018 1 2020 rr.
COOTBETCTBEHHO. AHKeTa ObUIA JOCTYIIHA /IS 3aIIOTHEHNs
B Te4YeHME BOCbMU JIHEI IIOC/IE€ OTIPABKU 3/IEKTPOHHOTO
NpUITIAllleHNs. Y4eHble OTBeYa/Ii Ha BOIIPOCHl HA AHOHUM-
Ho1t ocHoBe®. Ha puc. 1 mpefcTaBieHa o61iast cxema Hallero
JICCIIE[LOBAHVIAL.

Cmamucmuueckuii ananus

CooTBeTCTBUE BBIOOPKM HOPMAIbHOMY pacIpefe/ieHIIo
IIPOBEPsNIOCH ¢ moMotibio TectoB Illannpo-Yuka (Shapiro-
Wilk) u Konmoroposa-CmupHoBa. DPppeKTUBHOCTD IIep-
BOTO OOOCHOBaHA TeM, YTO B IOLOOHBIX MCCIELOBAaHMAX
HeT HeoOXOAMMOCTY 3apaHee 3HATh CpefHee 3HAUeHNE U

Yrenue
Vimmopt TOTHBIX
*19;;1 Coanty crareit B — TEKCTOB — Bﬂ6pam:' B Oy
CTaThu Citavi 6.1 s 35 crareit JIMTEPaTyPhI
or6opa
OnpocHuk
Aram 1
HAeHo . Aran 1
17 990 CorocrasieHne HAMICHO, 16 665
e-mail- e-mail-azpecos e-mail-agpecos ¢
C6°P ~ ajpecoB cBmagenpuamy —  MMeHamm u 1325
e-mail- ydeTHbIX sarceii  AAPeCOB 6es nven
anpecon € IOMOUbIO
aBTOPOB — Haa;?l::o COOCTBEHHOTO STan?
2P YTMa Haiigeno 17 228
20 Python e-mail-agpecos ¢
e-mail- Ap
azpecon nMeHaMu u 7372
P aprpeca 6es MMeH
ITIYeCKIe aCIeKThI
» Jlo6poBonmbHOE yyacTie
o JInuHble v KOHPUEHIMATbHbIE
aHHbIe He COOMpanich
Oran 2 . II;sce JIaHHbIE 06e§nuqenu
(2020)

1 arperupoBaHbl
o Her HEOOXOAMMOCTH COITIACOBBIBATH

C KOMUTETOM IO STHKE
o Oxra6pn/2020

« Pasocmano 23 542
TIPUITAIICHIS

« 8 mHelt

* 3 HalOMMHAHMA

Aucmepcuio BbIOOPKM. BTOpOIt OLjeHMBaeT COOTBETCTBUE
pacupeqneneHnsa TOMY WIM MHOMY Iapamerpy. [ia mpo-
BepPK) HOPMaJIbHOCTH C/IeAYeT BBIYVIC/IUTD MaKCHMA/IbHYIO
abCOMIOTHYIO PasHUIYy MEeXIY OXKUaeMoil (HOpMa/bHOII)
byHKIMET M SMIMPUYECKUM paclpefie/ieHeM [IaHHBIX.
Tect Konmoroposa-CMupHOBa ONTUMasIEH A KPYIHbBIX
BbIOOPOK, Kputepuii lllanupo-Yunika — mia He6onbmMx
(menee 50 Habmopenuit). IIocKoONIbKY paclpenesieHue BbI-
OOpKM OKasajoCh He HOPMA/IbHBIM, a OPAMHATIbHBIM, VC-
[O/Ib30BA/IVICh HeIIapaMeTpUYecKye TeCThl C JTOBEepUTeIIb-
HOJl BepOATHOCTBIO 95%.°

SBnAoTCA MM OBe BBIABICHHBIE I'PYHIBI («XOpOIIee»
U «HEKOTOpOe» 3HaHMe IIpefiMeTa) CTATHCTUYECKU OfHO-

* MeTopibl, VICIIOZIb30BAHHBIE [/Is BBISIBIEHNS PECIIOHAEHTOB [0 HAyYHBIM ITyO/IMKALAM, U3B/IEYEHIs U IPUBSI3KI 9/IEKTPOHHbIX afpecoB K IMEHAM BJIa-
Je/blieB YUETHBIX 3aIMCeil U ISl paspaGOTKU U POBeeHNs OHJIAIIH-OIPOCa UCIIONb30BA/IUCh U B APYIMX HefgaBHUX PopcailT-uccnefoBanmsax B chepe
sppaBooxpaHenust (Pereira Cabral et al., 2019a, 2019b; Cabral et al., 2021; Mota et al., 2020; Rocha et al., 2020).

3 [TapameTpudecKie TecTbl 6oree HaJIeXKHbI, 4eM HellapaMeTPIYecKie, HO MX MOXKHO MCIIO/Tb30BaTh TObKO IPJ HOPMA/TbHOM pacIipe/ie/IeHnI HabmogeHnit

(Hesse et al., 2017), T. e. iyIst JAaHHOTO MCCIEAOBAHMS OHM HEIIPUTOIHBIL.
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POIHBIMY WM XK€ OffHa M3 HUX IpeobrajjaeT Haf APyroit?
11 oTBeTa Ha 3TOT BONPOC YPOBEHb OCBEJOM/IEHHOCTH
PECIIOH/ICHTOB OLIEHMBA/ICA C IOMOIIbIO OMHOMMAIBHO-
r0 HemapaMeTpUYecKOro Tecta. UToObI BBICHUTD, BIU-
eT /I OTMEYEHHDINI IIOKa3aTe/lb Ha MPeoOIafaioliyio Me-
IVaHy, NIPUMEHACA HemapameTpudeckuit U-Kputepuii
Manna-Yutan (Mann-Whitney). Kpome Toro, mepguana
IIOTyYeHHBIX OTBETOB M3MepsA/Iach C IOMOIIbI0 Helapame-
TpudecKoro Kpurepus Yuakokcona (Wilcoxon). ITpu mc-
HO/Ib30BAHMY 0OONX ITOKa3aTesIell CaMOMY HM3KOMY PaHTy
(mosuumsa 1) mpucBamBaeTcs 3HadeHMe 1, cregyromeMy —
3Ha4YeHMe 2 u T. Ii. B pesynbraTe 371EMEHTHI C BBICOKMM paH-
roM nonyvarT 6osblre 6am1oB u Hao6opoT. Hakower, s
CPaBHEHMs OTBETOB, NONy4eHHBIX B 2018 m 2020 IT. cooT-
BETCTBEHHO, IIPMMEHAJICS HellapaMeTPUIeCKNII KpUTepUil
MapryHa/JIbHOMl T'OMOIE€HHOCTM, OCHOBAHHBI Ha pacIpe-
meneHMn Xu-KBafipar. [l KaXK[[oro oIpoca Co3faBanach
Tab/NMIa JacTOTHI OTBETOB C MOCAEAYIOLIVM CPaBHEHUEM.
AHanM3 [aHHBIX BBINONHANCA C HOMOIIbIO IPUIOKEHN
IBM-SPSS Statistics 26. PesynbraTbl npencrabpieHbl B J0-
IIOJTHUTETbHBIX MaTepyaax.

Pesynbrarnl

L1 TOro 4To6BI ONTMMM3MPOBATH IpeNCTaBIeHNe U VH-
TepIpeTalio pe3y/lIbTaToB, OTBETHl YYAaCTHUKOB C «XO-
pOLIMM» M «OTHOCUTEIbHBIM» 3HaHMEM IIpefMeTa ObUIn
o0benuHeHbl. BYHOMUAIBHBI HelapaMeTPUIecKmii TecT
OIIPOBEPT TUIIOTE3y O IBYX TPYIIaxX 9KCIEPTOB — C «XOPO-
HIMM» U «<HEKOTOPBIM» YPOBHEM KOMIIETEHIIMIA, OT KaXK/101
U3 KOTOPBIX C/IeJOBAI0 OXXMAATh 1o 50% orBetoB. Ha 060-
UX 9Tanax o0cIefoBaHNs IpeobIafany pecloHfeHTHI, Ole-
HUBIIVE CBOE 3HaHME IpeaMeTa KaK «HeKoTopoe». Takum
006pa3oM, B KaXIOM CjIy4ae pe3yabTaTbl MOIYT OBITh He-
KOPPEKTHO MHTEPIIPETUPOBAHDI B 3aBYICUMOCTH OT YPOBHA
ocBegoMmneHHOCTU. B 2018 I. B 1CClTeqOBaHUM COTTACUIIICh
y4yacTBoBath 801 4yemoBex (mporeHT oTKMKa — 4.3%), 13
HUX 61 OBUIM VMICKTIOYEHDBI BBUAY OTCYTCTBUA TpeOyeMBbIX
3HAHUIL.

W3 740 yuyreHHbIX aHKeT 38.4% 3amONHUIM CIELaIu-
CTBI, OL[eHMBIIINE CBOI0 OCBEJOMIEHHOCTDb KaK «XOPOIIYIO»,
1 61.6% — KakK «HEeKOTOpy1o». IIocKONbKy MOTHbIE OTBETHI
noCTymuan ot 673 omporueHHbIX (90.9% obiiero uucrna),
BBIOOPKY MOXXHO CUUTATbh PEIPe3eHTATUBHON C yPOBHEM
mocToBepHOCTH 95% u morpemHocteio 3.7%. B ompoce
2020 r. npuHsmu y4acTve 836 y4eHBIX (IPOLIEHT OTK/IMKA
3.3%). BBuny HesHaHuA npegMeTa 60 U3 HUX «OTCESIUCHY.
N3 ocTaBmuxca 776 4enoBeK OT CHELMATICTOB C «XOpO-
IMM» 3HaHMeM INpeaMeTa noctynuno 40.1% 3acumTaHHBIX
aHKeT, 59.9% — c «HexoTopbIM». [lomyuens! 708 3amonHeH-
HbIX aHKeT (91.2% oO0miero umciaa). YUuUThIBas 3TOT IOKA-
3aTeNlb U IOBEPUTENbHBIN MHTEpBal B 95%, MOTPEIIHOCTD
pesynbTatoB cocraBndeT 3.6%. VM3 1516 pecnoHeHTOB,
Yb) OTBETHI ObUIVM 3acumTaHbl, 110 y4acTBOBamM B 060uX
sTamnax. [eorpaduyeckuit oxBar Ha I€PBOM JTalle COCTABII
67 cTpaH, Ha BTOPOM — 66.°

Ha mepsoMm arame (2018 r.) oxomo 87% OIpOIIEHHBIX
oxugam, 4to 3D/4D-6momeyath MO3BOMUT IO Mepe He-
06XOAMMOCTY TIONTyYaTh IOMTHOQPYHKI[MOHA/IbHbIE TKAHMN
U OpraHbl i MMIUIAHTALIUN JOHOPY KJIETOK 6e3 MMMYyH-
HOV peakuuy u orrop>xeHus. Ha Bropom (2020 r.) momnsa
TAaKMX y4eHbIX npesbicyia 90% (puc. 1). Ha pone nHebomnn-
IIOTO YBEIMYEHMs IIPOLIEHTA IIOMOXKUTENbHBIX OTBETOB
U CHIDKEHUs OTPUIIATENIbHBIX B IE€PUOJ MEXIY ABYMS pa-
YHIAMIU TeCT MapruMHaAbHOI TOMOTE€HHOCTM BBIABUI OT-
CYTCTBME CTATMCTMYECKM 3HAaYMMBIX pasmuunii. CormacHo
U-kpureputo MaHHa-YUTHM B 06OMX C/Iyd4asiX YpOBeEHb
3HAHWIT PECHIOHIEHTOB O IIpefMeTe He MMOBIMSI Ha Mpeood-
MafaoLyio Meayany. TecT YIIKOKCOHA yKasal Ha JOMMHMU-
pylolee MHEHME, 9TO 3D/4D-6uomnevars K 2038 I. O3BO-
JIUT TOAYYaTh MOTHO(YHKIMOHAIbHBIE TKAHM U OPTaHBI
UL KOHKPETHBIX IanueHToB. bonee 90% uccnegosaterneii
HPeIONoXmIy, 4to B 3D/4D-6nonevary OyAyT MCIIOMb30-
BaTbCA COOCTBEHHbIE K/IETKI MAI[MEHTOB [/Isi BOCCTAHOBJIE-
HIA TOPpaKEHNI HEITOCPe[ICTBEHHO B MeCTe PaHbI, IpUieM
9TO CTaHeT BO3MOXKHBIM o 2038 r. (puc. 2). CpaBHeHue
utoros 3a 2018 u 2020 IT. BRIABUIO YMEPEHHDIN POCT JOIN
MTOJIOXKUTETTbHBIX OTBETOB B OTHOIIEHNUY pacCMATpUBaeMoO-
ro ropusonTa. OTHAKO TeCT MAapIUHAIbLHON TOMOTEHHOCTI
He OOHAPYXXIWI 3HAUMMBIX Pas/IMIMil MEXJY CTaTHUCTHUKOIL
mByX oTanoB. U-kputepuii MaHHa-YuUTHU TakKe IOKasall,
YTO ypOBEHb 3HAHMII PECIIOH/IEHTOB O IIPefIMeTe He BIMAET
Ha pe3ynbTaThl.

Ha nepBom starne 60mpinacTBO (83.9%) momaran, 4To
1o 2038 1. 3D/4D-6monedaTsb MO3BOAUT CO3[aBATh MOJIE/IN
TECTMPOBaHMSA JIEKaPCTB HAa TOKCUYHOCTb, COOTBETCTBYIO-
I[ye YCTAaHOBJIEHHBIM TPeOOBAaHMAM I INOBBIIMIAIONIVE pe-
3yIbTaTMBHOCTb KIMHMYECKMX HCIbITaHui. Ha BTOpOM
TOJ PeCIOHJIEHTOB, OXXU/IAON[UX AHAJIOTUYHBIX JOCTIKe-
HIT, HECKOJIPKO yBenn4mnach (o 85.95%) (puc. 3). Tect Ha
MapruHajbHYI0 TeTePOTeHHOCTb HOATBEPAN OTCYTCTBUE
CTAaTUCTUYECKY 3HAUMMON PasHUIBI MEX/Y pe3y/lbTaTaMy
o6oux sTanoB. COITTACHO TeCTy YWIKOKCOHA HEM3MEHHO
mpeobagan BapuaHT OTBETa, MPEANOIATAOIINII BO3MOX-
HOCTb CO3[]aBaTh YIOMSAHYTble MOJENN TeCTUPOBAHUA Jie-
KapcTB nocpenctsoM 3D/4D-6uonevarn go 2038 r. OgHako
B cootBeTcTBUM ¢ U-KputepreM MaHHa-YUTHM OCBEOM-
JICHHOCTDb O ITIpefjMeTe CKasdajach Ha UTOTax oOOUX payH-
[OB — IPUMEPHO IO 57% ONPOIUNEHHDBIX, IIPENIIONIOXKIB-
HINMX TaKyl0 BO3MOXHOCTD 710 2038 I., MMeNM «HEKOTOPbIe»
3HaHuA 06 ucnonbsoBaHuu 3D/4D-6uomnedatn. Cxoxxas
KapTMHa MO0 06OMM payHfiaM IIPOSBUIACH B OTHOLIEHNN
nepcrektuB 3D/4D-6uonevaTyt [/ CO3GAHMSA MOJENe
6o/1e3Hell, COOTBETCTBYIOIINX HEOOXOAMMBIM TpebOoBaHM-
aMm. B xaxgom ciaydae okomo 90% y4acTHUKOB COYIM OTY
BO3MOXKHOCTb PeanuCTUIHOI, 1 6omee 70% momaranu, 4To
oHa Bomtotutcs K 2038 r. (puc. 3). Hemapamerpuueckne
TECTbl IPOJIEMOHCTPMPOBANY OTCYTCTBME 3HAYMMOI pas-
Hunbl Mexny orsetamy 2018 u 2020 rr. Tect Yunkokcona
BBIABIJI CTaTUCTUUIECKOE MpeobIafgaHye Ha 000MX Tamax
npeanonokenns, urto 3D/4D-6monedats MO3BOMUT CO37a-
BaTh Takue Mopenu 6onesneir mo 2038 r. Coimte 55% Tex,

¢ B oboux crydasx camas 60sbIuas JOJS PeCIOHeHTOB mpokusana B Espore (38.70% mns stama 1, 41.15% mia stama 2); ganee npyt Asus (23.82%,
25.12%), CeBepnast Amepuika (21.52%, 15.67%) u I0xHas Amepuxa (10.96%, 15.19%).
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Puc. 2. Onienka BeposATHOCTH 3(p(PEKTOB OT BHeIpeHUsI TexHoaoruit 3D/4D-6unoneyaTu — 4yacTsp 1

(mOJIM peCIIOHIEHTOB, BHIOPABIIINX COOTBETCTBYIOLINI BAPHAHT OTBETA, %)

3D/4D-6moneyars MO3BOIUT HOTYYaTh HOTHOCTDIO
(YHKIMOHA/IbHBIE TKAHW U OPTaHbI /1l KOHKPETHBIX
TAlJIEHTOB 110 Mepe HEOOXOMMMOCTH, /I UMIUIAHTAL[I
TOHOPY K/IETOK 6€3 IMMYHHOI PeaKI[/I 1 OTTOPIKEHs

59.47

BeposTHo, peanmmsyercs 10
2038 .

BepostHo, peanuayercs
nocne 2038 1.

MarnoBepoATHO

3.07
HewussectHo . 4.92
5.33

Hcmounuxk: cocraBieHo aBTOpaMI.

KTO OXHUJaeT ux nosBaeHus 1o 2038 1., UMET NNUIIb «He-
KoTOpble» 3HaHus1 0 3D/4D-6uomneyarn.

Ha ob6eux crapmsx npumepHo 1o 67% pecrioH/[eHTOB
npeanonoxunn, 4ro 3D/4D-6muomnedaTh MO3BOMUT OTKa-
3aThCs OT UCIIOMb30BAHNS >XMBOTHBIX B MCC/IETOBAHUAX U
TECTHPOBAHNUY JIEKAPCTB Ha TOKCUYHOCTD, IpudeM Ooree
40% yBepeHBI B OCYLIECTBUMOCTU oJ06HOTO clieHapus
1o 2038 . (puc. 3). IIpn aTOM 3HAYUTENBHON OKa3anach
IO/l IpEeNCTaBUTE/IeNl MHONM TOYKM 3peHna — 28.41% B
2018 1. 1 25.99% B 2020 1. YuntsiBaa U-xkputepnit Manna-
YuTHM, ypOBEHb 3HAHMII O MIpeIMETe Ha IIEPBOM 3TaIle He
MOBNMAT Ha pe3y/nbTaThl ONpOCa, HO BO BTOPOM payHfie
3HauMMbIN 9 eKT OKasany peCcroOHIEHTHI C HEOOMbIINMMN
3HaHMAMU. TecT YMIKOKCOHA MOATBEPANII 001ue 0Xupa-
Hus, 4yTo 3D/4D-61o0medarp MMO3BOAUT HE UCIIONb30BATh

H 2018

Ina 3D/4D-6moneyaTy 6yyT UCIIONTb30BATHCA
K/IETKM CAaMUX IAIMEeHTOB JI/Il BOCCTAHOB/ICHIS
MOPa’KEHMI1 B MECTE PaHbI

71.83

21.70

B:ss

2.56

| EBY

3.91

2020

JKMBOTHBIX B MCCIIE[OBAHMAX U TECTMPOBAHUY JIEKAPCTB
Ha TOKCUYHOCTbD.

[Tomumo paccMOTpeHHBIX 9 HEKTOB peCcroH/eHTHI
OLICHMBA/IM IEePCIEKTUBDl pelIeHNs IIATU HayYHO-TEXHO-
JIOTMYECKNX 3a7a4 ¢ nomouipio 3D/4D-6monevatut ¢ ropu-
30HTOM 710 2038 1. (puc. 4, 5). [To MHeHUIO OONMBIINHCTBA
B 000MX payHfiaX, B 6mmkarimme 18 et OymyT co3faHbI
ckopocTHble 3D/4D-6MonpuHTEphl C BBICOKMM paspelle-
HUeM, II03BOJISIOIME TPUMEHATh IMMPOKMIl CIIEKTP Oumo-
COBMeCTUMBIX MaTepuanos (puc. 4). BeposiTHO mosiBieHne
1o 2038 1. BbICOKOA(PeKTUBHBIX OmodepHM, obecreun-
Barouux nponudepanyuo u puddepeHMANNI0 KIETOK,
MIPUTOZ{HBIX JI/Is1 CO3MIaHMsl TKaHeil u opraHoB (87.55% pe-
CIIOH/IEHTOB Ha 1epBoM artame u 91.60% — Ha BTOpOM).
YpoBeHb 3HaHMIL O IIpeMeTe B 000UX payH/jaX He OB/

Puc. 3. Onenka BeposaTHOCTH 3 eKTOB OT BHEIpeHUs TexHoaoruit 3D/4D-6uomevyaT — 9acTh 2

(mOJIM peCIIOHIeHTOB, BHIOPABIIINX COOTBETCTBYIOLINI BAPHAHT OTBETA, %)

3D/4D-6mormeyarp MO3BOUT CO3[jaBaTh MOJIENN

/LSl TECTUPOBAHMA JIEKaPCTB, Y/I0B/IETBOPSIOIIe
HEOOXO/[IMBIM TPeOOBAHNIAM, YTO MOBBICUT
3¢ PeKTUBHOCTD KIMHNYECKIX VCIIBITAHNIT

1o 2038 1. 85.95

. 10.62

BeposTHo, peanmmsyercs
nocne 2038 1.

9.19
2.15 3.74
ManoBepoATHO I I
2.30 3.40
: 4
HewussectHo I 3.30 l 647
2.57 6.79
Mcmounuk: cOCTaBIEHO AaBTOPaMI. M 2018

3D/4D-6uomeyars MO3BOJIAT CO3[jaBATh
Mojien 3a60/1eBaHMIT YeTOBEKa,
YOBJIETBOPSIOLIVE HEOOXOMMBIM
Tpe6OBaHUIM

B 1468

17.12

3D/4D-6momneyars mpyUBefeT K 0TKa3y OT

MCIIO/Tb30BAHM JKMBOTHBIX /11 HAYIHBIX

VICCTIETIOBAHNI V1 TECTPOBAHNA IEKApPCTB
Ha TOKCMYHOCTh

72.89 42.18

- 21.16

24.90

25.99
I 5.51
6.94

2020
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Puc. 4. OnleHKa BepOATHOCTH pellleHUsI HAY YHO-TeXHOJIOTHYeCKHX mpo6rem no 2038 r. — yacrs 1

(mOIH peCIIOHEHTOB, BBIOPABIIINX COOTBETCTBYIOLINI BADHAHT OTBETA, %)

CospraHne BRICOKOCKOPOCTHBIX 3D/4D-6uonpuHTepos
C BBICOKMM pa3pelieHyeM, CIIOCOOHBIX UCIIONb30BaTh

HIMPOKWIT CIEKTP 6M0COBMECTHMbIX MaTePIAIOB

92.71
seporrno T

Cospanne BbICOK03()(eKTUBHBIX OMOIEPHIII, CIOCOOHBIX
obecrnieunts nponvepario 1 auddepeHInaIo KIeTOK
U IIPUTORHBIX ISl CO3[JaHNS TKaHe/OpraHoB

93.84 91.60
539 7.17
MasnoBeposaTHO . -
3.84 4.96
1.90 5.27
Heussectno
2.33 3.44
Mcmounuk: cocTaBeHo aBTOpaMIt. H 2018 2020

Ha pesy/abTarhl ompoca. TecT YNIKOKCOHA OOHAPYXIT He-
U3MeHHOe IIpeob/Iafjanue MOMI0KUTETbHOIO OTBETa, YKa3bl-
BABIIIETO HA BO3MOXXHOE IOSIB/ICHIE TaKUX OMONPUHTEPOB
" 61OYepHIIL.

ITocmenHme Tpy mpob/IeMbl TpefCcTaBIeHs! Ha puc. 5. Ha
obenx crapusax He MeHee 90% peCIOHIEHTOB MPENIOMTOXKI-
/1, 9TO BBICOKOI(EKTUBHBIE KaPKAChI, IMUTUPYIOLUE in
Vivo KIIeTOYHYI0 MUKPOCPENY A/t HOAAEePXKKI POPMIPOBa-
HMA TKaHE U OpraHoB, NnosABATCA 1o 2038 r. Yeenmumicsa
CKENTUIV3M B OTHOLIEHMM CO3[aHMsA BaCKyIAPU3MPOBaH-
HbIX 3D/4D-610meYaTHBIX TKaHEel I OPraHOB, CIOCOOHBIX
K K/IeTo4HOI fuddepenimanin, pocTy, CO3peBaHNIo I pe-
regepany (69.78% IONOXXNTENbHBIX OTBETOB Ha IEPBOM
aTame u 65.93% — Ha BTopoM). OTHOBPEMEHHO BBIPOC/IN
TONM PECHOHMIEHTOB, CUYMTANIMX TaKyl IIE€PCHEKTUBY

MaJIOBEPOATHOI M He TOTOBBIX OTBeTUTH. IIponeHT orpu-
IJaTe/IbHBIX OTBETOB Ha JAHHBIN BOIPOC TaKXKe OKa3ajcs
MakcuMmanbHeIM (24.14%). Haxorer, 6omee vem 65% pec-
HOHJEHTOB Ha O0OMX JTAallaX OIpPOCa COWIN BEPOSTHBIM
MaccoBOe MPOU3BOACTBO Hemoporux 3D/4D-6monevaTHbIx
MOJiesieli OpraHusMa fijisi TabOPaTOPHBIX ¥ JOKIMHIIECKIX
uccnegoBannii. Ha BTOpOM 3Tame [0 IOIOXKUTEIbHBIX
IPeIIONIOKeHNII HeMHOTo BBIpocia (fo 68.60% mpoTus
65.88% Ha nIepBOM). YIETIbHBIN BeC OTBETOB «MaIOBEPOAT-
HO» U «HEM3BECTHO» CJIeTKAa CHU3WMJICS, HO OCTAJICs BBICO-
kuM (4yTth 60r1ee 20 1 10%, COOTBETCTBEHHO). DTOT BOIPOC
CTaJI efUHCTBEHHBIM, Ha KOTOPBIII He CMOIJIM OTBETUTD 00-
nee 10% pecnioHmeHTOB. PagHuiia 0TBETOB, MO/Ty4YEHHbIX Ha
Ka)X/IOM payH/ie, IPOTeCTVPOBAHHAA Ha MAPIMHAIbHYIO TO-
MOT€HHOCTb, OKa3a/1ach 3HAUMMOI TOIbKO JJIA 3asBIEHNUsA

Puc. 5. OnleHKa BepOATHOCTH pellIeHUsI HAY YHO-TeXHOJIOTIYecKuX mpo6em no 2038 r. — gacts 2

(mOIH peCIOHAEHTOB, BBIOPABIIINX COOTBETCTBYIOLIMII BADHAHT OTBETA, %)

Cospanne BbICOKO3()EKTUBHBIX KAPKACOB,

MMUTUPYIOLIVX il Vivo KJIETOYHYI0 MUKPO-

cpeny, TIofifiepXKnBaIlyo GopMupoBaHe
TKaHeJ ¥ OPTaHOB

89.60
91.42

Beposarno

MarnoBeposATHO 788
5.26
Heunssecrao 2.3
3.32

H 2018

Hcmounuxk: cocTaBieHo ABTOpaMI.
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Cospanne BacKynApusuposanubix 3D/4D-
6UoTIeYaTHBIX TKAHEI ¥ OPTaHOB, CIOCOOHBIX
K KJIeTOYHOI A depeHIyanmm, pocTy,
CO3PEBAHMIO I peTeHepalin

Maccosoe mpon3BozicTBO Heoporux 3D/4D-
6uoTIeYaTHBIX MOJIe/Iell OpraHN3Ma YeloBeKa
1A TabOPATOPHBIX 1 JOKIMHNYECKIX
VCCTIEIOBAHI

69.78
65.93

65.86
68.60

2020
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0 CO3JJaHUM BacKY/IApUSMPOBaHHBIX 3D/4D-6monedaTHbIX
TKaHeil 1 opraHos. Ha BTOpoM aTame yBenmMumicsa meccu-
MM3M SKCIIEPTOB B OTHOIIEHMM CO3[JAHUSA TaKuX Ouorre-
YaTHBIX TKaHell 1 opraHoB. I[Io BceM TpeM yTBepXK/eHUAM,
IpefiCTaBleHHbIM Ha puc. 5, U-kputepuit ManHa-YuTHU
HOKasblBaeT (11 060X 3TAIOB), YTO YPOBEHb 3HAHMUIA
9KCIIEPTOB O IpeIMETE OIPOCA He BIMAET Ha Pe3y/bTaThl.
CornacHo KpuUTepuIo YMIKOKCOHA JJOMUHUPYET ITOTIOXKM-
TE/IbHBIIT OTBET.

O6cyxnmenne

O>kmpaercs, 4To B OymylieM IpUMeHeHue OTHO(YHKIO-
HaJ/IbHbBIX 6I/IOHeanHI)IX TKaHe " OpraHOB HYTCM VIMIIJIAH-
Taloin B YeJIOBeYeCKIUI OpraHI/I3M CTAaHET 4YaCTbIO KJIMMTHNYEe-
ckoit mpaktuku (Gilbert et al., 2018; Gershlak, Ott, 2020) u
IIpUBeJeT K ITOAB/IEHIIO COOTBETCTBYIoMIero poiHKa (Gilbert
et al, 2018). BombIIMHCTBO OIPOLICHHBIX OXMHAIOT pea-
JIU3ALUIO 3TON MePCIeKTUBbI 1o 2038 I. mpu ycmoBuu, 410
YHACTCS pelINTh pAR KI0YeBbIX ImpobOmeM. CoxpaHseTrcs
60IbIIIast HEOTIPEEEHHOCTD B OTHOIIEHNUY BO3MOYKHOCTEIT
Ouormeyary «BBIPAILINMBATb» OPTaHBl C YIETOM MHIVBULY-
aJIbHBIX XapakTepyucTuk manyenTos (Colasante et al., 2016;
Faramarzi et al., 2018) win HamaguTh NPOU3BOACTBO «HA
3akas» (Colasante et al., 2016). [Ins afleKBaTHOTO BOCIIPO-
usBefieHns1 3D-u306paXkeHNst MPEICTOUT YCOBEPLIEHCTBO-
BaThb HpOFpaMMHbIe I/IHCprMeHTI)I aBTOMaTI/I3I/IpOBaHHOFO
mpoekTrpoBaHus. ViMuTanys ncxogHex popm norpedyer
MIOBBIIIIEHHOTO paspelneHus 6uonevarn. Co3ganme crienn-
(dbudecKnx XapaKTEPUCTUK TKaHell HEBO3MOXKHO 6e3 cooT-
BeTcTByIoux O6nomarepuanos (Colasante et al., 2016; Ng
et al., 2016). IIpou3BOfCTBO TaKMX OMOMHHOBALIMIT «HA
3aKas» OyJeT 3aBUCETh He TOMBKO OT CIIOCOGHOCTU TEXHO-
JIOTUN CO34aBaThb (byHK]_U/IOHaIII)HbIe OpI‘aHbI C IIOMOILIIBIO
OMOIIPUHTEPOB, HO U OT JOCTYIHOCTN 61onponyKToB (Mir
et al., 2019) u nmpaswun ux kommepryanusanun (Gilbert et
al., 2018). B cmydae ero mMaciiTabupoOBaHVsI MOXXHO OXKU-
IaTb COKpAIeHMsI OUYepefeil 3a OpraHaMu sl TIepecagKu
(Gershlak, Ott, 2020) u penreHus Mpo6IeMbl UMMYHHOTO
OTTOp)KeHI/IH, qTo yBeIII/I‘H/IT HpOIIOH)KI/ITeIIbHOCTb JKU3HN
(Loai et al., 2019; Mir et al., 2019).

HemsBecren u notenuman 3D/4D-6nomeyaru fist mps-
MOro jIedeHMsA NoBpexjeHHol 3oubl (Huang et al., 2017).
Ha o6oux sramax [OIlyCKalach ero peanusanus 1o 2038 r.
[Mpuniun 6uonedarn «Ha MecTe» (in vivo) moppasymeBaeT
CKAHMPOBAHME OYara MOPAXKEHUS M ITIe€YaThb TKaHel C MC-
IIO/Tb30BaHMEM KJI€ETOK, B3ATHIX HeHOCpeHCTBeHHO 3 3TOM
soubl (Mehrban et al., 2016; Dias et al., 2020), uTo MOXeT
VCKTIOUUTh IOCTIEAYIOllee XUPYPrudecKoe BMeIIaTelb-
crBo (Huang et al.,, 2017; Chen et al.,, 2020). ITogo6ubM
cucremMam HpeHCTOI/IT HpOI?[TI/I HOHI‘I/H‘/I HyTb, ‘ITO6I)I CTaThb
OBICTPOEIICTBYIOINMIL, ABTOMATU3VPOBAHHBIMIL U YHO06-
HpIMM Jyist kimHudeckoi mpaktukm (Dias et al, 2020).
HOHY‘ICHI)I IIOJIOKUTEIbHbIC peSy}IbTaTbI TeCTI/IpOBaHI/IH
OuorevyaTyt KO>Ki, KOCTel 1 XPSILIelt in situ Ha MOJ[e/IbHBIX
KuBoTHBIX (Albanna et al., 2019; Unagolla, Jayasuriya, 2020).
Vicnonp3oBaHme >KMBOTHBIX U1 MOTETMPOBAHMA 3aborte-
BaHUA IIIOHCI?[ " B Ka4eCTBe HPCIH/IKTOPOB TOKCUYHOCTU Jie-
KapCTB 4acTO OKasblBaeTCs Hed(PPeKTUBHBIM, BO MHOTOM
13-3a MeXBUOBbIX pasnnunit (Rosania, 2013; Balls, 2014;

Lowa et al., 2018). IIpegnonaraercs, uto 3D/4D-6uomnevats
HIOBBICUT Pe3y/IbTaTMBHOCTb 3TOTO IIPOLeCCa, MOCKOMbKY
[I03BOJIUT CO3[IaBaTh MOZEIN HOCTABKMU JIEKAPCTB K y4acT-
Ky JeiicTBuA U 6Oo/mesHell /I MCCIefOBaHMIl I TeCTUPOBa-
HUS IperapaToB Ha JIIOAsX. B pe3ynbTraTe CHUBATCS pUCKU
knmHndeckux ucnbitanuit (Burden et al., 2017a; Lowa et al.,,
2018; Richards et al., 2013; Lukin et al., 2019; Gardin et al.,
2020; Mota et al., 2020).

BONBIIMHCTBO PECIIOHIEHTOB O>KUAAIOT, YTO BBIILIECON-
CaHHbIE MHCTPYMEHTBI OABATCA 0 2038 I., cliefioBaTe/IbHO,
[IepCIIeKTMBA OTKA3a OT UCIIOIb30BaHMS )KMBOTHBIX CTaHET
HaMHoro peanuctraHee (Weinhart et al., 2019). Yxe numerot-
Cs1 CIy4ay MOTOXKUTEIbHOM BaIUaliuyl — M3TOTOB/ICHHAS
MetofoM 3D-61omedaty MOJenb MedeHy, MpefcKasaBIiasn
TOKCMYHOCTD TpoBadmokcanuHa (Trovafloxacin). JaxHbI
IIpemapar TeCTHPOBAICS Ha XMBOTHBIX Ha JOKIMHIYECKOI
CTazuy ¥ ObUI OTK/IOHEH JIMIIb Ha TPEeTbeM STalle KIMHIU-
YeCcKMX UCObITaHuil. VIapiMu crnoBamu, 3D-6umomnedaTHas
Mofie/Ib MoKasaja 6osee IPeBOCXOHbIE Pe3YIbTAThI, YeM
MCIIBITAHMS Ha XMBOTHBIX. Ec/u 6bI OHa IPakTMKOBaIach
B JOK/IMHIYECKUX MCCIEHOBAHNAX, IIpernapar He MpOLIen
6bl Ha CiIefyroLIMe CTafuN, YTO COKOHOMUIIO OBI peCcypcChl
(Peng et al., 2017). Takum 06pa3oM, MOBbILIEHHAS IPeICKa-
3aTe/IbHasl TOYHOCTH OMOIIeYaTHBIX MOJieTIelt 0 CPaBHEHMUIO
C IOKIMHUYECKMMM UCCTENOBAHMAMM Ha YKUBOTHBIX ITOBbI-
CUT Pe3yNbTaTUBHOCTD KnyHudeckux ucnsiranmii (Charbe
et al,, 2017; Peng et al,, 2017). Kax cnencTBue, BOSHUKHET
CIIPOC Ha MOJOOHBIE MHCTPYMEHTBHI, 0COOEHHO CO CTOPOHBDI
dapmareBTMYeCK/X KOMIIAHNUII, KOTOPble Y>Ke MHBECTUPY-
10T B ux passutue (Fonseca et al., 2020).

Ins peanusanyy paspaboTOK MPENCTOUT PELIUTD P
HAy4YHO-TEXHOMOIM4Yeckux mnpobmem (Mao et al, 2020).
[TepcriekTVBa MSTOTOBIEHMSI CPABHUTENBHO «IIPOCTBIX»
Ye/I0BeUeCKUX TKaHell moaTBep>xaeHa (Garreta et al., 2017;
Stratton et al., 2018; Chen et al., 2020; Matai et al., 2020), ge-
TO HeNb3sl CKa3aTh 0 6oyee CIOXKHBIX QYHKIVOHATbHBIX Op-
raHax (Mir, Nakamura, 2017; Stratton et al., 2018; Wang et
al., 2020b). Oy oprasbl (KOXKY € ee IJIOCKO CTPYKTYPOii
M HECKObKMMI BUAMU KJI€TOK) M3TOTOBUTH IIPOIIle, YeM
mpyrue (MOYKY C HECKOTIbKVMU CerMeHTaMy pasHoit ¢op-
MBI U IPUMEPHO TPUALATHIO Bupamy Kiaetok) (Jorgensen
et al, 2020). OpraHbl C YCIO)XHEHHBIM (PYHKI[MOHAIOM
(mouky, cepple, MeYeHb U [p.) TPeOYIOT BBICOKO3(deK-
TUBHBIX KapKacOB — OMOCOBMECTUMBIX CTPYKTYP, Cpenbl,
B KOTOpPOII pasMmernaiorcs u pactyT kaetku (Brunello et al.,
2016), n cocynmuctsix ceteit (Mohanty et al., 2016), nsroros-
JleHMe KOTOPBIX Mo-IpexxHeMy npobnemarnyHo (Unagolla,
Jayasuriya, 2020; Wang et al., 2020b). OntumanpHbie 610-
Marepyanbl ¥ METOABI OMoIeYaTyt AJIs UX CO3JaHMS IOKa
He Haiimens! (Tarassoli et al., 2018). CoBpeMeHHBIe KapKa-
Cbl He 00/Iafjal0T [JOCTATOYHON MOPMUCTOCTBIO U Tepdysu-
eif, YTO HPeMATCTBYeT pocTy U AuddepeHnmannm KIeTox
(Brunello et al., 2016), 6noxupyer Backynsapusanuio (Wang
et al, 2020a), orpaHMYMBaeT >KMU3HECIIOCOOHOCTD MCKYC-
CTBEHHDIX TKaHeJ! ¥ OPTraHOB B JOITOCPOYHOI MePCIIEeKTH-
Be (Vries et al., 2015). BonbIIMHCTBO 9KCIIEPTOB HOMYCKAIOT
CO3/laHME BBICOKOIIPOM3BOANUTENbHBIX KapKacos o 2038 1.
OpHOBpeMeHHO Pa3BMBAIOTCs OecKapKacHble METOZbI O1O-
mevyaty, MO3BOJAILINME U30eXaTb NMpoOIeM, TaKuX Kak
HEJOCTaTOYHAasI OMOCOBMECTMMOCTb MaTepyajoB, HECOOT-
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BETCTBUE CKOPOCTH JeTpajjaliui KIeTOK KapKaca ¥ TeMIIOB
BOCIIPOM3BOJICTBA VX 3aMeHUTeIell, IPOHUIIAeMOCTb KIIC-
7I0pofia, MUTATENTbHBIX BEIIECTB M MeTabOMMYeCKMX OTXO-
nos (Khoshnood, Zamanian, 2020).

PaccmarprBaeMoe HampapjeHMe BBIIJIUT MHOT000Oe-
IIAIOIMM, B TOM 4ucie s 6onee 3¢deKTUBHOI BacKy-
nApusanuy 6MoNeYaTHBIX TKaHeil u opranos (Heinrich et
al., 2019; Unagolla, Jayasuriya, 2020). Jo cux mop Taxme
MeTOJIbI MCIIO/Ib30BAIICh IPEVMYILEeCTBEHHO B 610IIeyaTn
He6onbmux GparMeHToB TKaHel. OTYaCTU 3TO CBA3AHO C
TeM, 4TO MeJaTh 6e3 Kapkaca TpebyeT CIOKHOI ITOArOTOB-
KU BBUJY TOBBILICHHON TPYHOEMKOCTH ¥ BBICOKOI CTOM-
moctu (Gardin et al., 2020; Khoshnood, Zamanian, 2020).
Bri6op MeTo0B ¢ KapKacamy Wan 6e3 HIX 3aBUCUT OT cde-
pot mpumenenus (Khoshnood, Zamanian, 2020). B 1erom
MeTOJbl Ha OCHOBE KapKaca IOAXONAT /I M3TOTOBJICHNUS
6onbImNX (parMeHTOB OOTraTBIX MAaTPUKCOM TKaHel ¢ Ofi-
HOPOJHBIM KJIETOUHBIM COCTaBOM, a OeckapKacHbIe — JIs
USTOTOBJIEHMI HEOOMBIINX TKAHEBBIX JIEMEHTOB C TeTepO-
TeHHOI! KJIETOUHOII CTPYKTYPOIl ¥ HUSKUM COAEp>KaHMeM
marpukca (Alghuwainem et al,, 2019). Cocynuctbie cetnt —
3TO MMKPOKaHa/Ibl KPOBEHOCHBIX COCY[OB M KaIMIIAPOB
(Vanderburgh et al., 2017), KOTOpbIe JOCTAB/AIOT B TKaHU
HUTaTeNbHbIe BEI[eCTBAa M KICIOPOX, HeoOXOAMMble I
pocta 1 pereHepaunn kiaetok (Mohanty et al., 2016). s
XKMBHENEATeIbHOCTU KJIETOK CIleflyeT OOeCIeunTh HHTe-
TPALNIO ¥ CO3PeBaHMe CIOKHBIX COCYAMCTRIX ceTell (Zhang
et al., 2020), Ha yro 3D/4D-6uoneyaTh MoOKa He CIIOCOOHA
(Zhao et al., 2016).

[l mpepoTBpaleHnsa Tbemy TKaHell COCYAbl U KIIeT-
Ki TpebyeTcs IedyaraThb OJHOBPEMEHHO U C OIMHAKOBOII
ckopocteio (Leberfinger et al., 2019). CoBpemeHHble 610-
IPUHTEPBI MOTYT NeYaTaTb ToMbKo cocypbl (Leberfinger et
al., 2019) u He cTOCOGHBI BOCIIPOM3BOAUTD MepapXudecKie
KPOBEHOCHBIE CeTU BMecTe C ApyruMu tKanamu (Murphy
et al., 2020; Wang et al., 2020b), ogHako, o MHEHNIO 60TIb-
IIMHCTBA OIPOIICHHBIX, 9Ta Ipobiema OymeT pelreHa
mo 2038 1.

HepaBHo mosBuaach TexHonorus 5D-6momedaTn mms
COo3flaHUA BacKynApusoBaHHbIX Mopeneit (Foresti et al,
2020), BocmpomsBopsmas 6omee CIOKHBIE CUCTEMBI 1M30-
rayToit ¢popmsel (Kumar et al., 2019). IleyaTs BbIIONHACTCS
HOJ, MIATHIO Pa3HBIMM YITIAMM C IIOMOIIBI0 BPAIIAOI[UXCS
nevaranoumyx ronoBok (Dey, Ozbolat, 2020). B cBow oue-
penb 3D/4D-6MONPUHTEPH MCIONB3YIOT —IeYaTaIoLYIo
TOJIOBKY TONMBKO IOf ukcupoBaHHbIM yrmoM (Ahmad et
al., 2019). OgHako HM OfHA 13 YIOMSHYTHIX BO3MOXKHO-
cTeil He OyfieT peann3oBaHa 6e3 COBepLUICHCTBOBAHMA 6110-
HOpUHTEpOB U O6uodepHumI. Ilof mocIefHNMM TOHMMAKOTCS
pasHOOOpasHble KUAKOCTH, COfiepKaliue OroMaTepyasl
760 >KUBbIE KIeTKM — OT TUApOTeeli (C MCIoNb30BaHNeM
aJIbTMHATA, KOJUIareHa, GuOpyHa, MeTaKpuiIaTa >KelaTiHa)
IO KJIETOYHBIX arperaToB, MUKPOHOCUTENEI U HelleyITIoNs-
pusoBanubix Marpuy (Whitford, Hoying, 2016; Hospodiuk
et al., 2017; Gungor-Ozkerim et al., 2018). B nactosee
BpeMsI Hanbojiee pacIpoCTpaHeHbl TPY By OuomnedaT —
CTpyJiHas, 9KCTpysuoHHas 1 nasepHas (Sears et al., 2016;
Vijayavenkataraman et al., 2018; Dias et al., 2020; Zhang et al.,
2020), HO BCe OHM OCTAIOTCS ME/ICHHBIMI ¥ TPYROEMKIIMNI
(Duan, 2017). ITo muenuso cBbiue 90% sKcmepTos, K 2038 T.
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6ynyT paspabotaHbl ckopocTHble 3D/4D-6mompuHTEpDI
C BBICOKUM paspelleHNeM, TOAAep>KUBaoLIye IIMPOKNUIL
criekTp 6mocoBMectuMbix Matepuanos (Park et al., 2016;
Heinrich et al., 2019). IlosBsaTca Bbicoko3ddeKTUBHDIE
6nouepHmna, obecneunBaroiue nponudepanno u aud-
(depeHIMANNIO KIETOK, IIPOU3BOJICTBO TKAHEil U OPraHOB
(Mosadegh et al., 2015; Albritton, Miller, 2017; Huang et
al., 2017; Mori et al., 2018). B oboux paynmax 6onee 87%
OIPOIIEHHBIX OTMETIIN, YTO TEXHOTOIUsA OMOYEpPHUI, Be-
POATHO, JOCTUTHET TaKoro ypoBHA fo 2038 r. Ot HannunA
y OMOYEepPHUII COOTBETCTBYIOIVX CBOJICTB 3aBMCUT O1OTIO-
rudecKas GpyHKIMOHATbHOCTD 6JOIeYaTHBIX KOHCTPYKIINI
(Murphy et al., 2020). OtcyTcTBMe BBICOKOI(PEKTUBHBIX
OMOYepHM/T OTPaHUYNMBACT IIPOTPECcC MHXVMHUPMHTA TKa-
Hell U BHeJIpeHMe Pe3y/IbTaTOB MCC/IeOBAaHNII B KIMHIYE-
ckywo mpakTuky (Mori et al., 2018). B mepcrexktuse 6mo-
HIPUHTEPbl CMOTYT KOMOMHMPOBATh pasHble OMOYEepHMIA
CO CKOPOCTBI0, 0becreunBaloliell BaCKy/IApU3alNIo, POCT 1
nuddepeHINAINI0 KIeTOK, YTO IO3BOIUT HAPACTUTD 00D-
eMbl co3manus TKaHeit (Dias et al., 2020).

Bocnpoussopcreo 3D/4D-6monedaTHbIX Mopeneil op-
raHM3Ma B Taboparopusax TpeOyeT He TOMBKO YCOBEpIIEH-
CTBOBAaHHBIX METOJ[OB, OMOIIPUHTEPOB U OMOYEPHUII, HO 1
MacuITabHOro Mpon3BoACTBa Hegoporux TkaHeir (Tarassoli
etal., 2018; Weinhart et al., 2019). IIprToM 4TO 3TOT BOIIpPOC
HONMYYM MAaKCUMAJIbHYIO JONMI0 OTBETOB «HEM3BECTHOY,
npeobagaeT yBepeHHOCTD, 4TO K 2038 1. mpobreMa Oymet
pemreHa. TkaHM MOTYT M3TOTaBIMBATbCA B HEOOXOAVMMBIX
KO/IMYeCTBAX C HeOOMBIIMMIL 3aTPAaTaMM, €CIIU Pedb UAET O
CO3[JaHUM OpraHa JjIs KOHKPeTHOro manyeHTa. [Ipo6rmema
BO3HUKAET B CUTYalMAX, TPeOYIOIINX CO3[aHNA HECKONMb-
KIX KOHCTPYKIMIL, HampuMep, A NOKIMHUYECKUX JIC-
nsrtannmii (Daly et al., 2017). BuonevaTs nmoka eie Tpebyet
CyIIeCTBEHHBIX 3aTPaT BpeMeHM 1 APyrux pecypcos (Wang
et al., 2020b), ogHako, B IepCIIeKTMBE VIMeET MOTEHIVAT
cTaTh 6a30BOJI TEXHONOTME JJIs MPOU3BOACTBA TKAHENl 1
opraHoB B 6obuinx o6bvemax (Correia Carreira et al., 2020)
u ¢ Huskumy sarparamu (Heinrich et al,, 2019).

3aknrouyenue

B mccnegoBaHuy IpencTaBIeHbl Pe3yNIbTaThl JBYXITAIIHO-
r0 ITI0OAJBHOTO OIIPOCa YYEHBIX, CIeLMaIN3UPYIOMINXCI
B 00JIaCTM MH>KVMHUPUHIA TKaHel, O IepCleKTUBaX JC-
nonp3oBaHua 3D/4D-6uomnevaT B 6MOMEIMIIMHCKUX VIC-
CIIeOBAHIIAX, IS TECTUPOBAHMA JIEKAPCTB U B MEIUIVIHE.
O1leHeHBI MI3MEHeHNA B OKUJIaHMAX 9KCIIEPTOB MEXIY IBY-
M sTanamu onpoca (B 2018 u 2020 rr.). ITo 60npIIMHCTBY
OLICHMBAEMBIX TE3UCOB BBLABJICH POCT ONTMMM3MA: JONIA
TeX, KTO OKMIAeT ITOSB/ICHUA COOTBETCTBYIOIINX PelleHIi
1o 2038 ., yBemmumIack. 9TO CBA3aHO C Pa3BUTHEM TKaHe-
BOJI MH)KEHepUU 3a IIOCIeHME [iBa TOfIa, YTO IO3BOIUIO
PeCIOHIeHTaM IIONy4uUTh Oojee 4eTKOe IpefcTaBlIeHue
o Oymymmx nepcrekruBaXx. CorlacHO pesynbraTaM o00-
CIe[OBaHMSl MeHee YeM 4epe3 fiBa HeCATUIeTHs HOABATCA
3D/4D-6uomnedaTHble TKaHU U OpraHbl, IPUIOJHbIE /LA
VMIDIaHTALMY M TeCTUPOBAHMA JIEKAPCTB Ha TOKCUYHOCTb.
BosHMKHeT HOBBIII PBIHOK JyI KOMMepLuaasanyun ouore-
YaTHBIX IPOAYKTOB, PelINTCA MpobieMa AeduIMTa opra-
HOB J1 TOOOYHBIX peaKIMil Ha TeKapcTBa. VIHbBIMU crloBaMy,
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TEXHO/IOTMYECKIIe M3MEHEHsI MOTYT CYIeCTBEHHO ITOBIIN-
ATb HE TOIBKO Ha MPAKTHUKY OMOMEIMIMHCKIX MCCIeR0Ba-
HIIL, TECTMPOBAHMS JIEKAPCTB 1 MEAULIMHEL, HO 11 Ha chepy
3IpaBOOXpAHEHMs B II€JIOM, YTO IIOfpasyMeBaeT HeOOXOoam-
MOCTD IIPEBEHTVBHOTO IIePECMOTPa TEKYIIEl TIOMUTUKI.
Hame ncceoBatme HOCUT CPaBHUTENIBHO Y3KMIL Xa-
pakrep (Mota et al., 2021), B 0T/IM4Me OT «IIOTHOMACIITA0-
Hbx» (fully fledged) ®opcaitr-npoexro (Miles, 2010).
HecmoTpss Ha OTCYTCTBME MApPTUCUIATUBHOTO 3/IEMEHTa
¥ OPMEHTVPOBAHHOCTY Ha paspaborky mommtuku (Miles,

IPAaKTUYHBIA U JOCTYIHBINA MHCTPYMEHTAPUI BBIABICHUA
U OIpoca 6OJIBIIOrO YNC/Ia SKCIEPTOB M0 BCEMY MUPY, KO-
TOPBIl MOXKET OKa3aTbCs MONe3HBIM [ HOBbIX Popcaiit-
uccnefobanuit. Hageemcs, Hanr MeTos IIOMOXKET He TO/NBKO
B cbope MHeHMiT 0 OyAyIeM Ha OCHOBE SKCIIEPTHBIX OIPO-
COB, HO I B aHAJIN3€ VX AMHAMMKM, YTO IO3BOIUT MIOTYYUTh
MH(OPMALINIO [T OTCIKMBAHNA TeH/IEHIMIT HayYHO-TeX-
HOJIOTMYECKOTO PasBUTHA.

Aemopot evipasicaiom 6nazodaprocme Llenmpy cmpameeute-

ckux uccnedosanuti Ponda um. Ocsanvoo Kpysa u ecem pecnonoen-
mam, npUHABUUM yuacmue 8 uccnedosanuu. Ipanmosas noddepiuc-
Ka €O COPOHDL KAKUX-TUO0 20CY0apCcmeeHHbIX, KOMMEPHeCKUX U
HEKOMMePHEeCKUX 0peanHu3auuil He 0KA3bl8AACD.

2010), y3Kasi HAIPaB/IEHHOCTDb MCCIELOBAHMUS VIMEET CBOO
IIeHHOCTDb, ITOCKOJIbKY MO3BOMAET IIy()ke M3Y4UTb KOH-
KpeTHyI0 TexHomoruio (Mota et al., 2021). Mbl mpegnaraem

bu6nnorpadpus

Ahmad N., Gopinath P, Dutta R. (2019) 3D printing technology in nanomedicine, St. Louis, MO: Elsevier.

AhnS.H.,Lee]., Park S.A., Kim W.D. (2016) Three-dimensional bio-printing equipment technologies for tissue engineering and regenerative
medicine. Tissue Engineering and Regenerative Medicine, 13, 663-676. https://doi.org/10.1007/s13770-016-0148-1

Albanna M., Binder K.W., Murphy S.V,, Kim J., Qasem S.A., Zhao W,, Tan J., El-Amin L.B., Dice D.D., Marco J., Green J., Xu T., Skardal A.,
Holmes J.H., Jackson J.D., Atala A., Yoo J.J. (2019) In Situ Bioprinting of Autologous Skin Cells Accelerates Wound Healing of Extensive
Excisional Full-Thickness Wounds. Scientific Reports, 9, 1856. https://doi.org/10.1038/s41598-018-38366-w

Albritton J.L., Miller J.S. (2017) 3D bioprinting: Improving in vitro models of metastasis with heterogeneous tumor microenvironments.
Disease Models and Mechanisms, 10, 3-14. doi: 10.1242/dmm.025049.

Alghuwainem A., Alshareeda A.T., Alsowayan B. (2019) Scaffold-Free 3-D Cell Sheet Technique Bridges the Gap between 2-D Cell Culture
and Animal Models. International Journal of Molecular Sciences, 20(19), 4926. https://doi.org/10.3390/ijms20194926

Almela T., Al-Sahaf S., Brook I.M., Khoshroo K., Rasoulianboroujeni M., Fahimipour E, Tahriri M., Dashtimoghadam E., Bolt R., Tayebi L.,
Moharamzadeh K. (2018) 3D printed tissue engineered model for bone invasion of oral cancer. Tissue and Cell, 52,71-77. DOI:10.1016/j.
tice.2018.03.009

Apreda R., Bonaccorsi A., dell'Orletta F, Fantoni G. (2019) Expert forecast and realized outcomes in technology foresight. Technological
Forecasting and Social Change, 141, 277-288. https://doi.org/10.1016/j.techfore.2018.12.006

Ashammakhi N., Ahadian S., Zengjie E, Suthiwanich K., Lorestani E, Orive G., Ostrovidov S., Khademhosseini A. (2018) Advances and
Future Perspectives in 4D Bioprinting. Biotechnology Journal, 13(12), 1800148. https://doi.org/10.1002/biot.201800148

Balls M. (2014) Animal experimentation and alternatives: Time to say goodbye to the Three Rs and hello to humanity? ATLA, 42, 327-333.
DOI: 10.1177/026119291404200506

Bandyopadhyay A., Dewangan V.K., Vajanthri K.Y, Poddar S., Mahto S.K. (2018) Easy and affordable method for rapid prototyping of tissue
models in vitro using three-dimensional bioprinting. Biocybernetics and Biomedical Engineering, 38, 158-169. https://doi.org/10.1016/j.
bbe.2017.12.001

Bea S. (2020) Opt-out policy and the organ shortage problem: Critical insights and practical considerations. Transplantation Reviews, 35,
100589. https://doi.org/10.1016/j.trre.2020.100589

Beltagui A., Rosli A., Candi M. (2020) Exaptation in a digital innovation ecosystem: The disruptive impacts of 3D printing. Research Policy,
49, 103833. https://doi.org/10.1016/j.respol.2019.103833

Bicudo E., Faulkner A., Li P. (2021) Sociotechnical alignment in biomedicine: The 3D bioprinting market beyond technology convergence.
Technology in Society, 66, 101668. https://doi.org/10.1016/j.techsoc.2021.101668

Brandes F. (2009) The UK technology foresight programme: An assessment of expert estimates. Technological Forecasting and Social Change,
76, 869-879. https://doi.org/10.1016/j.techfore.2009.01.005

Brunello G, Sivolella S., Meneghello R., Ferroni L., Gardin C., Piattelli A., Zavan B., Bressan E. (2016) Powder-based 3D printing for bone
tissue engineering. Biotechnology Advances, 34, 740-753. https://doi.org/10.1016/j.biotechadv.2016.03.009

Burden N., Aschberger K., Chaudhry Q., Clift M.J., Doak S.H., Fowler P, Johnston H., Landsiedel R., Rowland J., Stone V. (2017a) The
3Rs as a framework to support a 21st century approach for nanosafety assessment. Nano Today, 12, 10-13. https://doi.org/10.1016/j.
nantod.2016.06.007

Burden N., Aschberger K., Chaudhry Q., Clift M.].D., Fowler P, Johnston H., Landsiedel R., Rowland J., Stone V., Doak S.H. (2017b)
Aligning nanotoxicology with the 3Rs: What is needed to realise the short, medium and long-term opportunities? Regulatory Toxicology
and Pharmacology, 91, 257-266. https://doi.org/10.1016/j.yrtph.2017.10.021

Cabral B.P, Bonventre J.V., Wieringa E, Mota EB. (2021) Probing Expert Opinions on the Future of Kidney Replacement Therapies. Artificial
Organs, 45(1), 79-87. https://doi.org/10.1111/a0r.13784

Charbe N., McCarron P.A., Tambuwala M.M. (2017) Three-dimensional bio-printing: A new frontier in oncology research. World Journal
of Clinical Oncology, 8, 21-36. DOIL: 10.5306/wjco.v8.i1.21

Cheluvappa R., Scowen P,, Eri R. (2017) Ethics of animal research in human disease remediation, its institutional teaching; and alternatives
to animal experimentation. Pharmacology Research and Perspectives, 5, 1-14. https://doi.org/10.1002/prp2.332

ChenY,, ZhangJ., Liu X., Wang S., Tao J., Huang Y., Wu W,, Li Y., Zhou K., Wei X., Chen S., Li X., Xu X., Cardon L., Qian Z., Gou M. (2020)
Noninvasive in vivo 3D bioprinting. Science Advances, 6, 1-10. DOI: 10.1126/sciadv.aba7406

Choudhury D., Anand S., Naing M.W. (2018) The arrival of commercial bioprinters — Towards 3D bioprinting revolution! International
Journal of Bioprinting, 4(2), 139. DOI:10.18063/IJB.v4i2.139

Colasante C., Sanford Z., Garfein E., Tepper O. (2016) Current Trends in 3D Printing, Bioprosthetics, and Tissue Engineering in Plastic and
Reconstructive Surgery. Current Surgery Reports, 4(3), 1-14. DOI:10.1007/s40137-016-0127-4

Combellack E., Jessop Z.M., Whitaker 1.S. (2018) The commercial 3D bioprinting industry. In: 3D Bioprinting for Reconstructive Surgery
(eds. D.J. Thomas, Z.M. Jessop, L.S. Whitaker), Amsterdam: Elsevier, pp. 413-421. https://doi.org/10.1016/B978-0-08-101103-4.00029-6

Correia Carreira S., Begum R., Perriman A.W. (2020) 3D Bioprinting: The Emergence of Programmable Biodesign. Advanced Healthcare
Materials, 9(15), 1900554. https://doi.org/10.1002/adhm.201900554

Daly A.C., Freeman EE., Gonzalez-Fernandez T., Critchley S.E., Nulty J., Kelly D.J. (2017) 3D Bioprinting for Cartilage and Osteochondral
Tissue Engineering. Advanced Healthcare Materials, 6(22), 1700298. https://doi.org/10.1002/adhm.201700298

Dey M., Ozbolat I.T. (2020) 3D bioprinting of cells, tissues and organs. Scientific Reports, 10, 14023. https://doi.org/10.1038/s41598-020-
70086-y

2022 | T.16 N2 1 | ®OPCAMT | 17



Crparerun

Dias J.R., Ribeiro N., Baptista-Silva S., Costa-Pinto A.R., Alves N., Oliveira A.L. (2020) In situ Enabling Approaches for Tissue Regeneration:
Current Challenges and New Developments. Frontiers in Bioengineering and Biotechnology, 8, 85. DOI: 10.3389/fbioe.2020.00085

Doke S.K., Dhawale S.C. (2015) Alternatives to animal testing: A review. Saudi Pharmaceutical Journal, 23, 223-229. DOI: 10.1016/j.
jsps.2013.11.002

D1J1an B. (2017) State-of-the-Art Review of 3D Bioprinting for Cardiovascular Tissue Engineering. Annals of Biomedical Engineering, 45,
195-209. DOLI: 10.1007/s10439-016-1607-5

Faramarzi N., Yazdi I.K.,, Nabavinia M., Gemma A., Fanelli A., Caizzone A., Ptaszek L.M., Sinha I., Khademhosseini A., Ruskin J.N.,
Tamayol A. (2018) Patient-Specific Bioinks for 3D Bioprinting of Tissue Engineering Scaffolds. Advanced Healthcare Materials, 7(11),
1870043. https://doi.org/10.1002/adhm.201870043

Fleetwood G., Chlebus M., Coenen J., Dudoignon N., Lecerf C., Maisonneuve C., Robinson S. (2015) Making Progress and Gaining
Momentum in Global 3Rs Efforts: How the European Pharmaceutical Industry Is Contributing. Journal of the American Association for
Laboratory Animal Science, 54, 192-197.

Fonseca A.C., Melchels EPW.,, Ferreira M.J.S., Moxon S.R., Potjewyd G., Dargaville T.R., Kimber S.J., Domingos M. (2020) Emulating
Human Tissues and Organs: A Bioprinting Perspective Toward Personalized Medicine. Chemical Reviews, 120, 11128-11174. https://doi.
org/10.1021/acs.chemrev.0c00342

Foresti R., Rossi S., Pinelli S., Alinovi R., Sciancalepore C., Delmonte N., Selleri S., Caffarra C., Raposio E., Macaluso G., Macaluso C.,
Freyrie A., Miragoli M., Perini P. (2020) In-vivo vascular application via ultra-fast bioprinting for future 5D personalised nanomedicine.
Scientific Reports, 10, 3205. https://doi.org/10.1038/s41598-020-60196-y

Gao G., Cui X. (2016) Three-dimensional bioprinting in tissue engineering and regenerative medicine. Biotechnology Letters, 38, 203-211.
https://doi.org/10.1007/510529-015-1975-1

Gardin C,, Ferroni L., Latremouille C., Chachques J.C., Mitre¢i¢ D., Zavan B. (2020) Recent Applications of Three Dimensional Printing in
Cardiovascular Medicine. Cells, 9(3), 742. https://doi.org/10.3390/cells9030742

Garreta E., Oria R., Tarantino C., Pla-Roca M., Prado P,, Fernandez-Avilés F., Campistol J.M., Samitier J., Montserrat N. (2017) Tissue
engineering by decellularization and 3D bioprinting. Materials Today, 20, 166-178. https://doi.org/10.1016/j.mattod.2016.12.005

Georghiou L., Cassingena Harper J., Keenan M., Miles L., Popper R. (2008) The handbook of technology foresight: Concepts and practice,
Cheltenham: Edward Elgar.

Gershlak J.R., Ott H.C. (2020) Bioprinting Organs-Progress Toward a Moonshot Idea. Transplantation, 104, 1310-1311. DOI: 10.1097/
TP.0000000000003172

Giacomini K.M., Krauss R.M., Roden D.M., Eichelbaum M., Hayden M.R., Nakamura Y. (2007) When good drugs go bad. Nature, 446,
975-977. DOLI: 10.1038/446975a

Gilbert E, O’Connell C.D., Mladenovska T., Dodds S. (2018) Print Me an Organ? Ethical and Regulatory Issues Emerging from 3D
Bioprinting in Medicine. Science and Engineering Ethics, 24, 73-91. https://doi.org/10.1007/s11948-017-9874-6

Goh J.-Y., Weaver R.J., Dixon L., Platt N.J., Roberts R.A. (2015) Development and use of in vitro alternatives to animal testing by the
pharmaceutical industry 1980-2013. Toxicology Research, 4, 1297-1307. DOI1:10.1039/C5TX00123D

Government Office for Science (2010) Technology and innovation futures: UK growth opportunities for the 2020s (2010 ed.), London:
Government Office for Science.

Government Office for Science (2012) Technology and innovation futures: UK growth opportunities for the 2020s (2012 refresh), London:
Government Office for Science.

Government Office for Science (2017) Technology and Innovation Futures 2017, London: Government Office for Science.

Graham M.L., Prescott M.J. (2015) The multifactorial role of the 3Rs in shifting the harm-benefit analysis in animal models of disease.
European Journal of Pharmacology, 759, 19-29. https://doi.org/10.1016/j.ejphar.2015.03.040

Grand View Research (2021) 3D Bioprinting Market Size, Share and Trends Analysis Report by Technology (Magnetic Levitation, Inkjet-
based), by Application (Medical, Dental, Biosensors, Bioinks), by Region, and Segment Forecasts, 2021-2028, San Francisco, CA: Grand
View Research.

Groeber E, Engelhardt L., Lange J., Kurdyn S., Schmid EF, Riicker C., Mielke S., Walles H., Hansmann J. (2016) A first vascularized skin
equivalent as an alternative to animal experimentation. ALTEX, 33, 415-422. https://doi.org/10.14573/altex.1604041

Gungor-Ozkerim P.S., Inci I., Zhang Y.S., Khademhosseini A., Dokmeci M.R. (2018) Bioinks for 3D bioprinting: An overview. Biomaterials
Science, 6, 915-946. DOI: 10.1039/c7bm00765e

Haris M.S., Azlan N.-H.M., Taher M., Rus S.M., Chatterjee B. (2020) 3D-printed Drugs: A Fabrication of Pharmaceuticals towards
Personalized Medicine. IJPER 54(3s), s411-s422. DOI:10.5530/ijper.54.3s.139

Heinrich M.A., Liu W, Jimenez A., Yang J., Akpek A., Liu X., Pi Q.,, Mu X., Hu N,, Schiffelers R.M., Prakash J., Xie J., Zhang Y.S. (2019)
3D Bioprinting: From Benches to Translational Applications. Nano-Micro Small, 15, €1805510. https://doi.org/10.1002/smll.201805510

Hesse C.A., Ofosu J.B., Nortey E.N. (2017) Introduction to Nonparametric Statistical Methods, Accra (Ghana): Akrong Publications Limited.

Hospodiuk M., Dey M., Sosnoski D., Ozbolat I.T. (2017) The bioink: A comprehensive review on bioprintable materials. Biotechnology
Advances, 35,217-239. https://doi.org/10.1016/j.biotechadv.2016.12.006

Huang Y., Zhang X.-F, Gao G., Yonezawa T., Cui X. (2017) 3D bioprinting and the current applications in tissue engineering. Biotechnology
Journal 12(8), 1600734. https://doi.org/10.1002/biot.201600734

Hunsberger J., Neubert J., Wertheim J.A., Allickson J., Atala A. (2016) Bioengineering Priorities on a Path to Ending Organ Shortage.
Current Stem Cell Reports, 2, 118-127. https://doi.org/10.1007/s40778-016-0038-4

Irvine J., Martin B.R. (1983) Project Foresight, a Proposal Submitted to the Cabinet Office, Brighton, SPRU, University of Sussex.

JangJ., Yi H.-G., Cho D.-W. (2016) 3D Printed Tissue Models: Present and Future. ACS Biomaterials Science and Engineering, 2, 1722-1731.
https://doi.org/10.1021/acsbiomaterials.6b00129

Jorgensen A.M., Yoo J.J., Atala A. (2020) Solid Organ Bioprinting: Strategies to Achieve Organ Function. Chemical Reviews, 120, 11093
11127. https://doi.org/10.1021/acs.chemrev.0c00145

Kacarevi¢ Z.P.,, Rider PM., Alkildani S., Retnasingh S., Smeets R., Jung O., Ivani$evi¢ Z., Barbeck M. (2018) An Introduction to 3D
Bioprinting: Possibilities, Challenges and Future Aspects. Materials, 11, 2199. https://doi.org/10.3390/mal1112199

Kaivo-oja J. (2017) Towards better participatory processes in technology foresight: How to link participatory foresight research to the
methodological machinery of qualitative research and phenomenology? Futures, 86, 94-106. https://doi.org/10.1016/j.futures.2016.07.004

Khoshnood N., Zamanian A. (2020) A comprehensive review on scaftold-free bioinks for bioprinting. Bioprinting, 19, ¢00088. https://doi.
org/10.1016/j.bprint.2020.e00088

Kolominsky-Rabas P.L., Djanatliev A., Wahlster P., Gantner-Bar M., Hofmann B., German R., Sedlmayr M., Reinhardt E., Schiittler .,
Kriza C. (2015) Technology foresight for medical device development through hybrid simulation: The ProHTA Project. Technological
Forecasting and Social Change, 97, 105-114. https://doi.org/10.1016/j.techfore.2013.12.005

Kumar A., Kargozar S., Baino F, Han S.S. (2019) Additive Manufacturing Methods for Producing Hydroxyapatite and Hydroxyapatite-
Based Composite Scaffolds: A Review. Frontiers in Materials, 6. https://doi.org/10.3389/fmats.2019.00313

Lall S. (2004) Reinventing Industrial Strategy: The Role of Government Policy in Building Industrial Competitiveness. United Nations Conference
on Trade and Development Report (G-24 Discussion Paper Series No. 28), New York, Geneva: United Nations.

Leberfinger A.N., Dinda S., Wu Y., Koduru S.V., Ozbolat V., Ravnic D.J., Ozbolat L.T. (2019) Bioprinting functional tissues. Acta Biomaterialia,
95, 32-49. https://doi.org/10.1016/j.actbio.2019.01.009

18 | ®OPCAMT | T.16 Ne1 | 2022



Moma ®.5., Macvenv bpaea JI.A., Kabpanv b.I1., Konme Qunvio K.I, c. 6-20

Lerman M.J., Lembong J., Gillen G., Fisher ].P. (2018) 3D printing in cell culture systems and medical applications. Applied Physics Reviews,
5,041109. https://doi.org/10.1063/1.5046087

Linstone H.A. (2011) Three eras of technology foresight. Technovation, 31, 69-76. https://doi.org/10.1016/j.technovation.2010.10.001

Loai S., Kingston B.R., Wang Z., Philpott D.N., Tao M., Cheng H.L. (2019) Clinical Perspectives on 3D Bioprinting Paradigms for
Regenerative Medicine. Regenerative Medicine Frontiers, 1, e190004. http://dx.doi.org/10.20900/rmf20190004

Lowa A., Jevti¢ M., Gorreja F., Hedtrich S. (2018) Alternatives to animal testing in basic and preclinical research of atopic dermatitis.
Experimental Dermatology, 27(5), 476-483. https://doi.org/10.1111/exd.13498

Lukin I., Musquiz S., Erezuma, I, Al-Tel T.H., Golafshan N., Dolatshahi-Pirouz A., Orive G. (2019) Can 4D bioprinting revolutionize drug
development? Expert Opinion on Drug Discovery, 14(10), 953-956. https://doi.org/10.1080/17460441.2019.1636781

Mao H.,, Yang L., Zhu H., Wu L., Ji P, Yang J., Gu Z. (2020) Recent advances and challenges in materials for 3D bioprinting. Progress in
Natural Science: Materials International, 30(5), 618-634. https://doi.org/10.1016/j.pnsc.2020.09.015

Martin B.R. (1995) Foresight in science and technology. Technology Analysis and Strategic Management, 7(2), 139-168. https://doi.
0rg/10.1080/09537329508524202

Martin B.R. (2010) The origins of the concept of ‘foresight’ in science and technology: An insider’s perspective. Technological Forecasting and
Social Change, 77, 1438-1447. https://doi.org/10.1016/j.techfore.2010.06.009

Martin B.R., Irvine J. (1989) Research Foresight: Priority setting in science, London: Frances Pinter.

Martin B.R., Johnston R. (1999) Technology Foresight for Wiring Up the National Innovation System. Technological Forecasting and Social
Change, 60, 37-54. https://doi.org/10.1016/S0040-1625(98)00022-5

Masum H., Ranck ], Singer PA. (2010) Five promising methods for health foresight. Foresight, 12(1), 54-66. https://doi.
org/10.1108/14636681011020182

Matai I, Kaur G., Seyedsalehi A., McClinton A., Laurencin C.T. (2020) Progress in 3D bioprinting technology for tissue/organ regenerative
engineering. Biomaterials, 226, 119536. https://doi.org/10.1016/j.biomaterials.2019.119536

Mehrban N., Teoh G.Z., Birchall M.A. (2016) 3D bioprinting for tissue engineering: Stem cells in hydrogels. International Journal of
Bioprinting, 2(1), 6-19. DOI:10.18063/1JB.2016.01.006

Mendes EM.L., Castor K., Monteiro R., Mota EB., Rocha L.EM. (2019) Mapping the lab-on-a-chip patent landscape through bibliometric
techniques. World Patent Information, 58, 101904. https://doi.org/10.1016/j.wpi.2019.101904

Miles 1. (2010) The development of technology foresight: A review. Technological Forecasting and Social Change, 77, 1448-1456. https://doi.
org/10.1016/j.techfore.2010.07.016

Miles L., Meissner D., Vonortas N.S., Carayannis E. (2017) Technology foresight in transition. Technological Forecasting and Social Change,
119, 211-218. https://doi.org/10.1016/j.techfore.2017.04.009

Mir T.A., Iwanaga S., Kurooka T., Toda H., Sakai S., Nakamura M. (2019) Biofabrication offers future hope for tackling various obstacles
and challenges in tissue engineering and regenerative medicine: A Perspective. International Journal of Bioprinting, 5(1), 153. 1-11. DOIL:
10.18063/ijb.v5i1.153

Mir T.A., Nakamura M. (2017) Three-Dimensional Bioprinting: Toward the Era of Manufacturing Human Organs as Spare Parts for
Healthcare and Medicine. Tissue Engineering, 22(3), 245-256. https://doi.org/10.1089/ten.teb.2016.0398

Mohanty S., Sanger K., Heiskanen A., Trifol J., Szabo P., Dufva M., Emnéus J., Wolft A. (2016) Fabrication of scalable tissue engineering
scaffolds with dual-pore microarchitecture by combining 3D printing and particle leaching. Materials Science and Engineering. C, 61,
180-189. https://doi.org/10.1016/j.msec.2015.12.032

Mori A., Pena Fernandez M., Blunn G., Tozzi G., Roldo M. (2018) 3D Printing and Electrospinning of Composite Hydrogels for Cartilage
and Bone Tissue Engineering. Polymers, 10(3), 285. https://doi.org/10.3390/polym10030285

Mosadegh B., Xiong G., Dunham S., Min J.K. (2015) Current progress in 3D printing for cardiovascular tissue engineering. Biomedical
Materials, 10(3), 034002. DOI: 10.1088/1748-6041/10/3/034002

Mota E, Braga L., Rocha L., Cabral B. (2020) 3D and 4D bioprinted human model patenting and the future of drug development. Nature
Biotechnology, 38, 689-694. https://doi.org/10.1038/s41587-020-0540-1

Mota E, Braga L.A.M., Cabral B.P,, Conte Filho C.G. (2021) What is the future of lab-on-a-chip diagnostic devices? Assessing changes in
experts’ expectations over time. Foresight, 23(6), 640-654. https://doi.org/10.1108/FS-05-2021-0101

Murphy S.V., de Coppi P, Atala A. (2020) Opportunities and challenges of translational 3D bioprinting. Nature Biomedical Engineering, 4,
370-380. https://doi.org/10.1038/s41551-019-0471-7

Ng W.L., Yeong W.Y., Naing M.W. (2016) Polyelectrolyte gelatin-chitosan hydrogel optimized for 3D bioprinting in skin tissue engineering.
International Journal of Bioprinting, 2(1), 53-62. DOI1:10.18063/1JB.2016.01.009

NIPHE (2018) Public Health Foresight Study 2018 - A healthy prospect, Bilthoven (NL): National Institute for Public Health and the
Environment.

Niu S.-Y,, Xin M.-Y,, Luo J., Liu M.-Y,, Jiang Z.-R. (2015) DSEP: A Tool Implementing Novel Method to Predict Side Effects of Drugs.
Journal of Computational Biology, 22(12), 1108-1117. https://doi.org/10.1089/cmb.2015.0129

O’Connell G., Garcia J., Amir J. (2017) 3D Bioprinting: New Directions in Articular Cartilage Tissue Engineering. ACS Biomaterials Science
and Engineering, 3(11), 2657-2668. https://doi.org/10.1021/acsbiomaterials.6b00587

Obregon E, Vaquette C., Ivanovski S., Hutmacher D.W., Bertassoni L.E. (2015) Three-Dimensional Bioprinting for Regenerative Dentistry
and Craniofacial Tissue Engineering. Journal of Dental Research, 94(9), 1435-152S. https://doi.org/10.1177%2F0022034515588885

Park S.-H., Jung C.S., Min B.-H. (2016) Advances in three-dimensional bioprinting for hard tissue engineering. Tissue Engineering and
Regenerative Medicine, 13, 622-635. https://doi.org/10.1007/s13770-016-0145-4

Peng W., Datta P, Ayan B., Ozbolat V., Sosnoski D., Ozbolat I.T. (2017) 3D bioprinting for drug discovery and development in pharmaceutics.
Acta Biomaterialia, 57(15), 26-46. https://doi.org/10.1016/j.actbio.2017.05.025

Pereira Cabral B., da Graga Derengowski Fonseca M., Batista Mota E (2019a) What is the future of cancer care? A technology foresight
assessment of experts’ expectations. Economics of Innovation and New Technology, 28, 635-652. https://doi.org/10.1080/10438599.2018.
1549788

Pereira Cabral B., da Graga Derengowski Fonseca M., Mota E.B. (2019b) Long term prevention and vector control of arboviral diseases:
What does the future hold? International Journal of Infectious Diseases, 89, 169-174. https://doi.org/10.1016/j.ijid.2019.10.002

Popper R. (2008) Foresight methodology. In: The Handbook Of Technology Foresight: Concepts and Practice (eds. L. Georghiou, J. Cassingena
Harper, M. Keenan, I. Miles, R. Popper), Cheltenham: Edward Elgar, pp. 44-88.

Postma T.J., Alers J.C., Terpstra S., Zuurbier A. (2007) Medical technology decisions in The Netherlands: How to solve the dilemma of
technology foresight versus market research? Technological Forecasting and Social Change, 74(9), 1823-1833. https://doi.org/10.1016/j.
techfore.2007.05.011

Richards D.J., Tan Y., Jia J., Yao H., Mei Y. (2013) 3D Printing for Tissue Engineering. Israel Journal of Chemistry, 53, 805-814. https://doi.
0rg/10.1002/ijch.201300086

Rocha L.EM., Braga L.A.M., Mota EB. (2020) Gene Editing for Treatment and Prevention of Human Diseases: A Global Survey of Gene
Editing-Related Researchers. Human Gene Therapy, 31(15-16), 852-862. https://doi.org/10.1089/hum.2020.136

Rosania K. (2013) Synthetic research tools as alternatives to animal models. Lab Animal, 42, 189-190. https://doi.org/10.1038/laban.306

Schoemaker C.G., van Loon J., Achterberg PW,, van den Berg M., Harbers M.M., den Hertog ER.J., Hilderink H., Kommer G., Melse J.,
van Oers H., Plasmans M.H.D., Vonk R.A.A., Hoeymans N. (2019) The Public Health Status and Foresight Report 2014: Four Normative
Perspectives on a Healthier Netherlands in 2040. Health Policy, 123(3), 252-259. https://doi.org/10.1016/j.healthpol.2018.10.014

2022 | T.16 N2 1 | ®OPCAMT | 19



Crparerun

Sears N.A., Seshadri D.R., Dhavalikar P.S., Cosgriff-Hernandez E. (2016) A Review of Three-Dimensional Printing in Tissue Engineering.
Tissue Engineering. Part B, Reviews, 22(4), 298-310. https://doi.org/10.1089/ten.teb.2015.0464

Shanmugarajah K., Villani V., Madariaga M.L.L., Shalhoub J., Michel S.G. (2014) Current progress in public health models addressing the
critical organ shortage. International Journal of Surgery, 12(12), 1363-1368. https://doi.org/10.1016/j.ijsu.2014.11.011

Silva L.P. (2019) Current Trends and Challenges in Biofabrication Using Biomaterials and Nanomaterials: Future Perspectives for 3D/4D
Bioprinting. In: 3D and 4D Printing in Biomedical Applications (ed. M. Maniruzzaman), Weinheim (Germany): Wiley-VCH Verlag
GmbH and Co. KGaA, pp. 373-421. https://doi.org/10.1002/9783527813704.ch15

Singh S., Choudhury D., Yu E, Mironov V., Naing M.W. (2020) In situ bioprinting - Bioprinting from benchside to bedside? Acta
Biomaterialia, 101, 14-25. https://doi.org/10.1016/j.actbio.2019.08.045

Stokes W.S. (2015) Animals and the 3Rs in toxicology research and testing: The way forward. Human and Experimental Toxicology, 34,
1297-1303. https://doi.org/10.1177%2F0960327115598410

Stratton S., Manoukian O.S., Patel R., Wentworth A., Rudraiah S., Kumbar S.G. (2018) Polymeric 3D Printed Structures for Soft-Tissue
Engineering. Journal of Applied Polymer Science, 135(24), 45569. https://doi.org/10.1002/app.45569

Tarassoli S.P, Jessop Z.M., Al-Sabah A., Gao N., Whitaker S., Doak S., Whitaker I.S. (2018) Skin tissue engineering using 3D bioprinting: An
evolving research field. Journal of Plastic, Reconstructive and Aesthetic Surgery, 71(5), 615-623. https://doi.org/10.1016/j.bjps.2017.12.006

Thayer P, Martinez H., Gatenholm E. (2020) History and Trends of 3D Biopr (ed. J. Crook), New York: Humana, pp. 3-18. https://doi.
org/10.1007/978-1-0716-0520-2_1

Unagolla J.M., Jayasuriya A.C. (2020) Hydrogel-based 3D bioprinting: A comprehensive review on cell-laden hydrogels, bioink formulations,
and future perspectives. Applied Materials Today, 18, 100479. DOI: 10.1016/j.apmt.2019.100479

Vanderburgh J., Sterling J.A., Guelcher S.A. (2017) 3D Printing of Tissue Engineered Constructs for In Vitro Modeling of Disease Progression
and Drug Screening. Annals of Biomedical Engineering, 45(1), 164-179. DOI: 10.1007/s10439-016-1640-4

Vijayavenkataraman S., Yan W.-C., Lu W.E, Wang C.-H., Fuh ]J.Y.H. (2018) 3D bioprinting of tissues and organs for regenerative medicine.
Advanced Drug Delivery Reviews, 132, 296-332. https://doi.org/10.1016/j.addr.2018.07.004

Vries R.B.M., Leenaars M., Tra J., Huijbregtse R., Bongers E., Jansen J.A., Gordijn B., Ritskes-Hoitinga M. (201) The potential of tissue
engineering for developing alternatives to animal experiments: A systematic review. Journal of Tissue Engineering and Regenerative
Medicine, 9(7), 771-778. https://doi.org/10.1002/term.1703

Wang C., Huang W., Zhou Y., He L., He Z., Chen Z., He X,, Tian S., Liao J., Lu B., Wei Y., Wang M. (2020a) 3D printing of bone tissue
engineering scaffolds. Bioactive Materials, 5(1), 82-91. https://doi.org/10.1016/j.bioactmat.2020.01.004

Wang Z., Kapadia W,, Li C,, Lin E, Pereira R.E, Granja PL., Sarmento B., Cui W. (2020b) Tissue-specific engineering: 3D bioprinting in
regenerative medicine. Journal of Controlled Release, 329, 237-256. https://doi.org/10.1016/j.jconrel.2020.11.044

Weinhart M., Hocke A., Hippenstiel S., Kurreck J., Hedtrich S. (2019) 3D organ models - Revolution in pharmacological research?
Pharmacological Research, 139, 446-451. https://doi.org/10.1016/j.phrs.2018.11.002

Whitford W.G., Hoying J.B. (2016) A bioink by any other name: Terms, concepts and constructions related to 3D bioprinting. Future Science
OA, 2(3), 1-5. https://doi.org/10.4155/fs0a-2016-0044

Yang G.H., Yeo M., Koo Y.W,, Kim G.H. (2019) 4D Bioprinting: Technological Advances in Biofabrication. Macromolecular Bioscience,
19(5), 1800441. https://doi.org/10.1002/mabi.201800441

Yang Q., Gao B, Xu E (2020) Recent Advances in 4D Bioprinting. Biotechnology Journal, 15(1), 1900086. https://doi.org/10.1002/
bi0t.201900086-10

YuJ., Park S.A., Kim W.D.,, Ha T., Xin Y.-Z., Lee ], Lee D. (2020) Current Advances in 3D Bioprinting Technology and Its Applications for
Tissue Engineering. Polymers, 12(12), 2958. https://doi.org/10.3390/polym12122958

Zhang X., Zhang Y. (2015) Tissue Engineering Applications of Three-Dimensional Bioprinting. Cell Biochemistry and Biophysics, 72, 777
782. https://doi.org/10.1007/s12013-015-0531-x

Zhang Y., Kumar P, Lv S., Di X., Zhao H., Cai Z., Zhao X. (2020) Recent Advances in 3D Bioprinting of Vascularized Tissues. Materials and
Design, 199, 109398. https://doi.org/10.1016/j.matdes.2020.109398.

Zhao X., Liu L., Wang J., Xu Y., Zhang W., Khang G., Wang X. (2016) In vitro vascularization of a combined system based on a 3D printing
technique. Journal of Tissue Engineering and Regenerative Medicine, 10(10), 833-842. https://doi.org/10.1002/term.1863

Zhu W.,, Ma X., Gou M., Mei D., Zhang K., Chen S. (2016) 3D printing of functional biomaterials for tissue engineering. Current Opinion in
Biotechnology, 40, 103-112. https://doi.org/10.1016/j.copbio.2016.03.014

Zhu W,, Yu C,, Sun B., Chen S. (2021) Bioprinting of Complex Vascularized Tissues. In: Computer-Aided Tissue Engineering. Methods in
Molecular Biology (eds. A. Rainer, L. Moroni), New York: Humana, pp. 163-173. https://doi.org/10.1007/978-1-0716-0611-7_14

20 | ®OPCAMT | T.16 N2 1 | 2022



