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Momusayus u yeaw: [locine UMITaHTANHA TKAHEMH)KEHEPHBIE KOHCTPYKIIMK HEM30€KHO
KOHTaKTHUPYIOT C OKPYXaoIHUMH KieTkaMu. s ycmemHoro (yHKIIMOHUPOBAHUS
TaK¥e UMILIAHTHI JIOJDKHBI MHTHOMPOBATh PEAKITHIO Ha Ty>KEPOTHOE TEJIO (BOCIIAJICHIIE)
W MHHULUMPOBATH 3acelieHHe KOHCTPYKIMU KIieTKaMu Tpebyemoro ¢eHoTumna, To ecTbh
YHpaBIATh GEHOTUTIOM OIH3IICKAINXK KIETOK. J{1s1 ”HrHOMpPOBaHHS BOCTIANICHUS MOXKET
OBITh WCIIONB30BAHO BBeAeHHWE B CKI(PQOIA HU3KOMOJEKYISPHBIX JIEKAPCTBEHHBIX
MperapaToB, B TO BpeMs Kak MOAuQUKaIysl PeHOTHIAa TPeOyeT JOKAIbHOM IOCTaBKH B
KIETKH HE TOJBKO HHU3KOMOJCKYISPHBIX COCIMHEHHH (HampuMep, BaJbIIPOEBOU
KHCIIOTHI), HO U BBICOKOMOJIEKYJISIPHBIX (DAKTOPOB POCTa, W/WIH HYKIEHHOBBIX KHUCIOT
KOJMPYIOIIMX TPAaHCKPHIIHMOHHBIE WM POCTOBBIe (akTophl. JlocTaBka B KIETKH
KOJMPYIOIINX HYKIIEMHOBBIX KHCJIOT ITO3BOJISIET HEMOCPEACTBEHHO BIUATH HAa (DEHOTHIT
TpaHCQEenUpPyeMBbIX KIETOK W HHIYLIUPOBAaTh OKCHPECCUI0 IUTOKHHOB W XEMO
aTTPaKTaHTOB M T. 1. [1, 2].

B cBsi3u ¢ 3TUM 3ajadeil MPeACTAaBICHHOTO HCCIIEJOBAHUS SBISUIACh pa3paboTka H
uccienoBanue ckapoinos, HarpykeHHbIX Komiuiekcamu rmiasmuanoi JHK (nIHK) ¢
HAaHOYACTHIIAMH IMOKCHIa KPEMHUS1, KOTOpBIE TipeAHa3HaueHsb! s Tpanchexmmm JJHK
B KJIETKH, KYJIbTUBUPYEMbIE Ha Takux ckaddongax.

Memoovt u arcopummei: MeTOOOM  ANEKTPOCIHMHHWHTA OBUIM  M3TOTOBJICHEI
IByxcioiHble ckaddoiasl. OCHOBHOH cioi ckad¢omnna u3roTaBauBaiy U3 cMecu 5 %
nonukarnponaktoHa (ITIKJI) (Bec/oowem) c 10 % sxematmna (xken) (Bec/Bec) B
rexca(p)TOPU30IMPOIIAHOJIE, & TMOBEPXHOCTHBIA CJIOW W3rOTaBIMBAJIU M3 AHAJIOTUYHON
komrnosunmu ¢ 1/IHK-manowactunamu. JIHK-HanowacTumbel mpencraBisiin coOoi
KpEeMHHUEBbIE HAaHOYACTHUIIBI, Ha KOoTopble Obuta copbupoBana nmJIHK (KH-nIHK) umu
komruiekcsl NmJIHK ¢ momustwieHumMuHOM B pasnuyHod  koHueHTpanun (KH-
nIHK+I1OW). B kauectBe n/IHK Obuta ucnons3osana phMGFP, cBoboanas ot JIIIC
(menee 0.0125 E/mr mo mamaeiM LAL-tecta). Pasmep n/IHK-manowacTtwi Obin
0XapakTepU30BaH C TMOMOIIbI0 TPAHCMUCCHOHHOM 3JIEKTPOHHOH MHKPOCKOIIHU
(JEOL1400, Smonus) u merona auHamudeckoro paccesHusi ceeta (JICP) (Zetasizer
nano, BenukoOpurauus).

®dusuko-xuMHu4Yeckue cBoiictBa ck3((ommoB OBUIM HMCCIEIOBAaHBI TPH  TOMOIIU
cKaHupytome anekTponHoi wmukpockormu (EVO 10, I'epmanus) u pa3pbeIBHOM
maruHbl Zwick/Roell Z10. XXuznecnocobnocts knetok auann HEK293T onpenernsiny,

BGRS/SB-2024 1805



KyJIbTUBHPYSl KJIETKM Ha MOBEPXHOCTH HCcleayeMblx ckaddongoB B Tedenue 2 u
5 cyTok ¢ mocrienyroniel OICHKOW KOJUYECTBA KUBBIX KJICTOK MpHU momornu Alamar
blue tecra (Termo Fisher, CIIIA). DddexruBHocTs Tpancheknuu kiaerok HEK293T
wiazmuaoii phMGFP onennBanu ¢ momortibto (uryopectieHTHOM Mukpockonuun (LSM
780 NLO, I'epmanus) u konmndyectBennoii [11[P (Bio-Rad, CIIIA).

Pesynomamer: Ins BBegerns n/IHK B cxkaddonasr ObH MCTIOIB30BaHBI KPEMHEBBIC
YaCTHIIBI, TIOJYYeHHbIE TO paHee omncaHHOW Mertomuke [3]. B mpeaBapuTenmbHBIX
SKCIIEpUMEHTax ObLTO0 oOHapyKeHO, uTo copbunoHHas eMkocTh 1 mr KH cocraBnser
1.4-1.5 mxr nJHK. Cpegnnii pasmep KH-nIHK momyueHHbI# py mOMOIIH pa3inyHbIX
MeTo/10B TipezcTasiieH B Tabmune 1. YBenmuenue pasmepos KH-n/IHK otHOCHTENEHO
ucxonusix KH, cBunerensctByet o copounu JJHK Ha nx moBepxHocTH, a yMEHbIICHHE
ux pasmepoB mocie noGasneHus [IOU ykaseiBaer Ha kongencamumto JHK nHa
noBepxHoctu KH.

Tabémuua 1. Xapakrepuzamus KH pasmuaraoro cocraa ¢ momomsio JJCP u TOM

TOM

................................

0.1 i io 100 1600
Size (nm)

Juamerp = 52 + 5 um, {-notennunan = —2.26 + 0.02 MB

Ucxonuere KH

Pasmep =56.3 = 14.6 am

0.1 1 10 100 1000
Size (nm)

Juametp = 252 + 45 um, {-notennuan =—10.7 + 0.2 MB

KH-n/THK

Pasmep=77.9+ 17.1 um

0.1 1 10 100 1000
Size (nm)

Huamerp = 205 £ 73 am, (-notennuan = —4.55 + 0.3 mB

KH-nJTHK+ITOM9

Pasmep = 63.0+ 9.7 um

Ilo manapiM COM mnomydeHHble ck3()(ONABI MPENCTaBIsUI COOOH BOJOKHHCTHIC
MaTepHajbl C IUaMeTpoM BOJIOKOH 192 +356 HM u pasmepoMm mop 5.0-7.2 MKM.
Craddonast ¢ KH nmenn Gosiee 1mepoxoBaTyr MOBEPXHOCTh U HAMMEHBIINUN JHaMETP
BOJIOKOH, II0 CpaBHEHHIO C KOHTposbHBIM cKkaddongom [IKJI-ken. [lannsie
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MEXaHMYECKOTO TeCTa YKa3bIBaloT, uTo BBeJAcHHe HK B cOCTaB MOTMMEPHBIX BOJIOKOH
MPUBOJIUT K CHIDKEHUIO MX MAKCUMAJILHOTO YJUTMHEHUS IO pa3pbiBa B 2 pa3za ¢ 280 + 32
no 132427 %, HO He OKa3pIBaeT BIMSHUS HAa MPOYHOCTH CKID(DOMIOB, KOTOpas
BapeupoBaach oT 4.18 = 0.3 1o 4.7 £ 0.48 MIIa.

ckachdong c ckadpchonp c
KemTRant KH-nOHK KH-nOHK+N3K9

CurHan 395 Hm

CwurHan 395 Hm +
405 HM + 543 HMm

Puc. 1. [annsie dayopecuenTHoi mukpockonuu kieTok HEK293T kynpTHBHBpPYEeMBIX Ha
pasnmuuHbIX ck3ddonnax B TeyeHue S5 nHed. [lomokKHUTENbHBIH KOHTPOJIb — KJIETKH IIOCIE
tparcoexmun nJIHK ¢ ucnons3zosannem pearenta TurboFect. Kitetku okparesst Hoechst 33342
u Phalloidin-TRITC

nIHK-coxeprxamue ckaddonipl He IMTOTOKCUYHBI B OTHOLICHUH KyJIbTHBUPYEMBIX Ha
Hux kietok juaud HEK293T, Ho BiausitoT Ha ckopocTh mposudepanuu kinetok. [1o
JTAaHHBIM (PITyOpecIieHTHONH MUKPOCKOITNH JocToBepHas TpaHcheknus kietok HEK293T
HaOromaeTcs mNpU MX KYJIbTUBUPOBAaHWMM Ha ckaddonnax, coxepxammx KH-
nIHK+IIOU, B otiuune ot ckaddonmos, cogepxkammx KH-nJIHK (puc. 1). lanusie
(IIyOpECIICHTHON MUKPOCKOIHNKM KOPPEIUPYIOT C JaHHBIMU KojudecTBeHHOW [IL[P
skcripeccun GFP MPHK (B kadecTBe pedepeHTHBIX TEHOB HCHOJIH30BAHBI TECHBI
nqoMaritero xo3siictea 18S u GAPDH).

Bvigoowvi: Pesynbrarbl pabOThl CBHACTENBCTBYIOT O BO3MOXKHOCTH —MOJTYYEHHUS
MOJMMEPHBIX  CK3()(ONAOB, H3rOTOBJIEHHBIX METOJAOM  3JIEKTPOCHMHHUHra U
JOCTABJISIOIINX HYKJIEWHOBBIE KHCJIOTHI B KyJbTHBHPYEMbIE Ha HUX KIETKH C LEJIBIO
MOTU(HUKANNU X (PEHOTUNA/TIPSIMOTO PETIPOrPAMMHUPOBAHUSI.

Qunancuposanue. ViccnenoBaHue TOJJEPKAHO TOCYJAPCTBEHHBIM — OFOJKETHBIM
npoekToM UXBOM CO PAH Ne 121031300042-1.
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Motivation and Aim: After implantation, tissue-engineered devices inevitably come into
contact with surrounding cells. To function successfully, such implants must inhibit the
reaction to a foreign body (inflammation) and initiate the population of the structure with
cells of the required phenotype, i.e. control the phenotype of nearby cells. Low molecular
weight drugs can be used to inhibit inflammation, while modification of the phenotype
requires local delivery into cells of not only low molecular weight compounds (for
example, valproic acid), but also high molecular weight growth factors, and/or nucleic
acids encoding transcription or growth factors. Delivery of encoding nucleic acids into
cells allows one to directly influence the phenotype of transfected cells and induce the
expression of cytokines and chemoattractants, etc. [1, 2].

In this regard, the goal of the presented work was to develop and study scaffolds
containing silica nanoparticles-associated plasmid DNA (pDNA) and intended for DNA
transfection into cells cultured on such materials.

Methods and Algorithms: Two-layer scaffolds were fabricated using the electrospinning.
The main layer of scaffold was made from a mixture of 5 % polycaprolactone (PCL)
(w/v) with 10 % gelatin (gel) (w/w) in hexafluoroisopropanol, and the surface layer was
made from a similar composition with different silica nanoparticles-associated pDNA
(silica nanoparticles with pDNA (SiP-pDNA) or complexes of pDNA with
polyethylenimine in various concentrations (SiP-pDNA + PEI)). phMGFP free of LPS
was used as pDNA. The size of studied nanoparticles was characterized using
transmission electron microscopy (JEOL1400, Japan) and dynamic light scattering
(Zetasizer nano, UK).

The scaffolds were characterized using scanning electron microscopy (EVO 10,
Germany) and stress-loading tests by machine Zwick/Roell Z10. The viability of
HEK?293T cells was determined by contact cells with the surface of the scaffolds for 2
and 5 days, followed by assessing the number of living cells using the Alamar blue test
(Termo Fisher, USA). The efficiency of transfection of HEK293T cells with the
phMGFP plasmid was assessed using fluorescence microscopy (LSM 780 NLO,
Germany) and quantitative PCR (Bio-Rad, USA).

Results: The silica nanoparticles were prepared as described in [3]. In preliminary
experiments, it was found that the sorption capacity of 1 mg of SiP is 1.4—-1.5 ug of
pDNA. The average size of SiP-pDNA obtained using various methods is presented in
Table 1. An increase in the size of SiP-pDNA relative to the original SiP indicates the
sorption of DNA on their surface, and a decrease in their size after the addition of PEI
indicates DNA condensation on the surface of the nanoparticles.
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Table 1. Characterization of different SiP using DLS and TEM
Dynamic light scattering TEM

SiP

0.1 1 i0 100 1000
Size (nm)

Diameter = 52 + 5 nm
{-potential = —2.26 £ 0.02 mV

Size =56.3 £ 14.6 nm

20

10

\
Y,
0.1 1 10 100 1000
Size (nm)

Diameter = 252 + 45 nm .- S ]
(-potential = —10.7 £ 0.2 mV Size =77.9+ 17.1 nm
30r - - - - - e e e e e e e e

SiP-pDNA

204 - - - - - e e e e e

1 1] S

0.1 1 10 100 1000
Size (nm)

SiP-(pDNA+PEI9)

Diamc?ter =205+73 nm Size = 63.0+ 9.7 nm
{-potential = —4.55 £ 0.3 mV

According to SEM data, the scaffolds were fibrous materials with a fiber diameter of
192 + 356 nm and a pore size of 5.0-7.2 um. Scaffolds contained SiP had a rougher
surface and a smaller fiber diameter compared to the control PCL-gel scaffold.
Mechanical test data indicate that the introduction of SiP into the polymer composition
leads to a decrease in their maximum elongation to break by 2 times from 280 + 32 to
132 + 27 %, but does not affect the strength of the scaffolds, which varied from
4.18 £0.3 to 4.7 + 0.48 MPa.

pDNA-containing scaffolds are not cytotoxic to HEK293T cells cultured on them, but
they do affect the rate of cell proliferation. According to fluorescence microscopy,
reliable transfection of cells is observed when they are cultured on scaffolds containing
SiP-(pDNA + PEI), in contrast to scaffolds containing SiP-pDNA (Fig. 1). Fluorescence
microscopy data correlate with quantitative PCR data on GFP mRNA expression
(housekeeping genes 18S and GAPDH were used as reference genes).
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positive control scaffold with scaffold with
SiP-pDNA SiP-(pDNA+PEI9

395 nm

395 nm +405 nm
+ 543 nm

Fig. 1. Fluorescence microscopy data of HEK293T cells cultured on different scaffolds for
5 days. Positive control — cells after pDNA transfection using the TurboFect reagent. Cells are
stained with Hoechst 33342 and Phalloidin-TRITC

Conclusion: The results of the work demonstrate that polymer scaffolds made by
electrospinning and enriched with pDNA are able to deliver nucleic acids in cells
cultivated on this scaffold in order to reprogramming of these cells.

Funding: The study is supported by the Russian State-funded budget project of ICBFM
SB RAS No. 121031300042-1.
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