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BJIMAHUE SJTIEKTPONOPALUU AHK KOHCTPYKUUAMMU HA

OEHAPUTHDIE KNIETKU

Byabirun A.C,, Tepemenko B.IL, 3asoackuii P.1IO. Oboaeyxosa VLA,
Cennukos C.B., Cuakos A.H.

DI'BHY «Hayuno-uccaedosamensckuii UHCMUmMym (GyHOAMeHMAanNbHOU U KAUHUYECKOU UMMYHOA02UU»,
2. Hoeocubupck, Poccus

Pesome. Ha ceronnsiHuii geHb, TpaHcdekuus kinerok muekonutaommux JHK vwin PHK koHcTpyk-
LUSIMU SBJISIETCS €AUHCTBEHHBIM METOJIOM AOCTaBKM 3allpOrpaMMUPOBAaHHON MHMOPMALIMU B SIPO KIET-
Ku. OJHUM U3 YaCTO UCIMOJb3yeMbIX METOAOB TpPaHCHEKIIUY B pabOTe C NEHAPUTHBIMU KJIETKAMU, SIBJISIET-
cs anekTpornopalys. CyTb METOJA COCTOUT B MOBBILIEHUU MPOHUIIAEMOCTU MEMOPaHBI MyTEM MPOBEICHUS
3JIEKTPUYECKOTO UMITYJIbCA Yepe3 KIETKY. B CBSI3U C MOBBIIIIEHHOW MPOHUIIAeMOCThIO MEMOPaHbI MOBBILIAECT-
cs maHc nonaganus JJHK unu PHK koHCTpyKI1iMii BHYTpb KJIETKA, HO TIPU 3TOM CHUKAETCS BBKMBAEMOCTh
KJIETKU MOCJie BO3AECTBUS TOKA HA MJ1a3MaTUYECKYI0O MEMOpPaHy KJIETKU.

B uccnenoBaHUM MCHONIB30BaIM Mbllueii camuoB JuHuu C57Bl/6 Bo3pacra 2-4 mecaua. M3 6enpeHHOI
KocTU MbIei Bbiaesuiv 20 x 10° KJIeTOK KOCTHOTO MO3Ta, TTocjie KJIETKU KyJIbTUBUPOBAu B IoHoi RPMI-
1640 cpenpbl B TeueHue 7 cyToOK. sl reHepaluy JeHAPUTHBIX KJIETOK U3 KJIETOK KOCTHOTO MO3Ta, B KYJIbTY-
panbHYyI0 cpeny mobasisiii 100 Hr/mi rmFIt3-L xHa 0 mens. I[Mocne 7 gHeM KyJIbTUBHUPOBAHUS, KICTOUHYIO
KYJBTYPY 2JEKTPONOPUPOBAIU KOHTPOJbHBIMU HeKOAUpYLUMU TuiazmuaamMu pS (EP PS) unu miamamu-
namu pmaxCCR9 (EP CCRY), koaupyolMu MbIIIMHBIA pelienTop xemorakcuca CCR9. B kauecTBe KOH-
TPOJIeli BBICTYTAJIN, KJIE€TOUHbIE KYJIBTYPhI 9JIEKTPOTTIOpUpPOBaHHbIe 6e3 riadmu (mock EP) u KyabTypsl Kiie-
TOK 6¢e3 anekrpornopanuu (none EP). Dnexkrponopuposaiu 5 x 10° kiaeTok u octapisiiv Ha 10 munyT. ITocie
10 MUHYT KJIETKU COOUPAJIUCH U PACCAXKUBAIUCH B 24-JIyHOUHOM IUIaHLIETE B 1 MJI KyJIBTypaJIbHOW Cpeabl U
KOHOMILIMOHHOM cpenbl (1:1). 3atem mobasistiim 1o 50 Hr/mit Flt3-L B kaxmyto ayHKyY. Ha cienyroimii neHb
TpaHC(ULIMPOBAHHbIE KJIETKU OLIEHUBAIUCH C MOMOIIBIO METOAA MPOTOYHOU HUTOMPIYOPUMETPUU U KO-
yecTtBeHHOI [TL[P.

YcraHoBiieHo, 4To nocie anekTponopatuu B rpynnax mock EP, EP P5, EP CCR9 orHocuTe/ibHOE KOJU-
yecTBO XUBbIX CD11c* neHaApUTHBIX KIEeTOK ObLUIO JOCTOBEPHO MeHbIle, yeM B non EP rpymnmne. bosee Toro,
Brpynnax EP P5 u EP CCR9 6bu10 1ocToBepHO MeHblIe XUBbiX CD11c™ neHApUTHBIX KJIETOK, YEM B TPYIIIe
mock EP. Bkcnpeccust mapkepa CD86 66110 1ocToBepHO Bbitiie B rpymnmax EP P5u EP CCR9, uem B rpymmnax
non EP u mock EP. Bkcnipeccust I-Ab cpeau ¢cDC2s 6b110 noctroBepHo Bbile B rpynne EP CCR9 no cpas-
HeHwuto ¢ rpynmoit non EP. ¥V miasMaluTouaHbIX JEHAPUTHBIX KJIETOK U KOHBEHLIMOHATbHBIX JEHAPUTHBIX
KJIeToK 2-ro Tumna, B rpynmax EP CCR9Y, skcnpeccuss CCRY 6bu1a 1O0CTOBEPHO BhilIE, 4YeM B rpyrine non EP.

Takum 06pa3om, B JaHHOM UCCIEA0BaHUU MTPOJIEMOHCTPUPOBaHA dD(PEKTUBHOCTD 2JIEKTPONOPALlUH, CO-
MPOBOXKAAIOLIASICSI CHUXKEHNUEM BbIKMBAEMOCTU U CO3PEBAHUEM IEHIPUTHBIX KJIETOK.

Knrouesuie crosa: anekmponopauus, naazmayumoudHsle OeHOpumHble KAeMmKU, KOH8EHYUOHAAbHbIE OeHOPUMHbIE KAeMKU 2-20
muna, JIHK koncmpykuyuu, scusnecnocoOHocme, 3peaocms

Anpec i epenucKu:

Cennukos Cepeeti Bumanveeuu

DIbHY «Hayuno-uccaedoeamenbckuil uHCmumym
dyndamenmanvHOll U KAUHUUECKOU UMMYHON02UU»
630099, Poccus, e. Hosocubupck, ya. Aopunuyesckas, 14.
Tea.: 8(383) 222-19-10.

E-mail: sennikovsy@gmail.com

Address for correspondence:

Sennikov Sergey V.

Research Institute of Fundamental and Clinical Immunology
630099, Russian Federation, Novosibirsk,

Yadrintsevskaya str., 14.

Phone: 7 (383) 222-19-10.

E-mail: sennikovsy@gmail.com

OO0pasen IUTHPOBAHUS:

A.C. Byavteun, B.I1. Tepewenko, P.IO. 3asodckuil,

HU.A. Obreyxosa, C.B. Cennuxos, A.H. Cunkos «Bausnue
anexmponopavyuu JIHK kKoncmpykuyusmu Ha 0eHOpummbie
kaemxu» // Meduyunckasn ummyrnonoeus, 2021. T. 23,
No 4. C. 653-658.

doi: 10.15789/1563-0625-FEOD-2243

© byavieun A.C. u coagm., 2021

For citation:

A.S. Bulygin, V.P. Tereshchenko, R.Yu. Zavodskii,

1.A. Obleukhova, S.V. Sennikov, A.N. Silkov “Effect of DNA
constructions electroporation on dendpritic cells”, Medical
Immunology (Russia)/Meditsinskaya Immunologiya, 2021,
Vol. 23, no. 4, pp. 653-658.

doi: 10.15789/1563-0625-EOD-2243

DOI: 10.15789/1563-0625-EOD-2243

653



Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

byavieun A.C. u op.
Bulygin A.S. et al.

EFFECT OF DNA CONSTRUCTIONS ELECTROPORATION ON
DENDRITIC CELLS

Bulygin A.S,, Tereshchenko V.P., Zavodskii R.Yu., Obleukhova LA.,
Sennikov S.V,, Silkov A.N.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Today transfection of mammalian cell with DNA or RNA construction is the only method for
delivering programmed information into the cell nucleus. Electroporation is most commonly used method of
transfection in experiments with dendritic cell. The aim of electroporation is to permeabilize the membrane by
passing electric impulse through the cell. Due to the increase permeability of the membrane chance DNA or
RNA construction getting inside into the cell is increased, wherein survival of the cells is decreased.

In the study male mice C57BI/6 line 2-4 months old were used. From femur bones was isolated 20 x 10°
bone marrow cells, which were cultured in 20 mL of complete RPMI-1640 for 7 days. To generate dendritic
cells from BM cells, 100 ng/mL of rmFIt3-L was added to culture media at day 0. After 7 days of cultivation, the
cell cultures were electroporated with control noncoding plasmids p5 (EP P5) or pmaxCCR9 encoding mouse
chemokine receptor CCR9 (EP CCRD9). The controls were cell cultures electroporated without any plasmids
(mock EP) and cell cultures without electroporation (none EP). 5 x 103 cells were electroporated and resting
for 10 minutes. After 10 minutes, cells were harvested and seeded into 24-well plates in 1 mL of culture medium
and conditioning medium (1:1). Then, 50 ng/mL of FIt3-L was added to each well. The next day, transfected
cells were collected and used for flow cytometry, gRT-PCR analysis.

It was found that after electroporation in the groups mock EP, EP P5, EP CCRY relative amount of live
CDl11c* dendritic cells was significantly less than in the non EP group. Moreover, in the EP P5 and EP CCR9
groups the frequency of live CD11c* dendritic cells was significantly less than in the mock EP group. Expression
of the CD86 marker in the EP P5 and EP CCR9 groups was significantly higher than in the non EP and
mock EP groups. Expression of the I-AB(MHCII) in the EP CCR9 group on cDC2s was significantly higher
than in the non EP group. On plasmacytoid DCs (pDCs) and conventional type 2 DCs (cDC2s) in the EP
CCRO group expression of CCR9 was significantly higher than in the non EP group. Therefore, in this study,
we demonstrated the effectiveness of electroporation, accompanied by the decrease in the survival rate and
maturation of DCs.

Keywords: electroporation, plasmacytoid dendritic cells, conventional dendritic cell type 2, DNA constructions, viability, maturity

The study was supported by the Russian Science
Foundation (Agreement No. 16-15-00086).

Introduction

Electrotransfection of cells is one of the methods
of transfection induced by electric field impulses used
recently as an effective technique of foreign DNA
introduction into cells of any origin [9, 14]. The aim
of electroporation is to permeabilize cell membrane
while preserving the cell viability. While applying
impulses, irreversible damage occurred to the plasma
membrane, from which some cells are not able to
recover. The latter depends on cell ability to achieve
biochemical balance after inducing intense molecules
influx and efflux. If that balance is not attained, cell
viability may be lost [4, 9, 13].

Comprehension of electroporation mechanism
is important for improving efficiency in experiments
with dendritic cells (DCs) both in vitro or in vivo [5].
Recently, methods of electroporation turned out to

be more frequently applied for antigen loading of
DCs compared to other methods of transfection. For
example, transfection of immature DCs by using DNA
or RNA constructs leads to special ability to capture
and process antigens followed by their maturity [8].
Within an hour after electroporation, DCs start to
express X-box binding protein 1 (XBP1), which is a
transcription factor controling biogenesis, thereby
reducing stress and promoting cell survival [12].
Moreover, glycolysis in DCs depends on PI3K/Akt,
mTORCI, which is one of the most common signaling
pathways for proliferation in the stress response. The
process is supported by the fact that glucose restriction
strongly inhibits activation and lifespan of DCs after
stress, which electroporation can induce [11].

In this study, we electroporated cell cultures
containing murine CDI11c*B220"pDCs  and
CD11c*SIRPa*cDC2s for assessing viability and
maturation.
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Materials and methods

In the study, male C57Bl/6 mice aged 2-4 months
were used, obtained from the SPF vivarium of the
Institute of Cytology and Genetics (Novosibirsk,
Russia) and maintained at the animal facility of the
Research Institute of Fundamental and Clinical
Immunology on standard diet, under natural light
conditions with unrestricted access to food and water.

An artificial gene encoding mouse CCR9
(UniProtKB-Q9WUT7) was designed and prepared
with the optimization of codon composition for its
efficient expression in mammalian cells. The artificial
gene was subcloned into the pMax-plasmid vector
under the control of a CMV promotor added with
poly(A)tail. After transformation in Escherichia coli
plasmid DNA was purified and sequenced.

Dendritic cells were generated from the bone
marrow (BM) of UBC-GFP mice. First, 20 x 10° BM
cells isolated from femur bones were cultured for 7
days in 75-cm?2 flasks (TPP, Switzerland) together
with 20 mL of complete RPMI-1640 supplemented
with 10% FCS (Biowest, France), 2 mM L-gluta-
mine (Biolot, Russia), 10 mM HEPES (Biolot, Rus-
sia), 5 x 10* M 2-mercaptoethanol (Sigma-Aldrich,
USA), 80pg/mL gentamycin (KRKA, Slovenia),
and 100 ug/mL benzylpenicillin (Biolot, Russia). To
generate dendritic cells from BM cells, 100 ng/mL
of rmFIt3-L (R&D Systems, USA) was added at day
0. Half of the growth factor-containing medium was
changed every 2-3 days.

After 7 days of experiment, cell cultures were
harvested and electroporated with pmaxCCR9 (EP
CCRY), without plasmid (MockEP) or left untreated
(non EP group). Cell cultures electroporated with
non-coding plasmid p5 (EP P5) were used as
control for assessing effective electroporation. For
electroporation, 5 x 10° of cells were resuspended in
50 pL of OptiMEM (Thermo Fisher Scientific, USA)
with or without 50 pg of pmaxCCR9 and transferred
to 1-mm cuvettes (BTX, USA). Electroporation was
carried out using a BTX 830 electroporator (BTX,
USA) with a single pulse (strength 200 V, pulse
duration 40 ps). Electroporation was followed by 10
minutes of resting, after which cells were seeded into
six-well plates (TPP, Switzerland) in 5 mL of culture
medium and conditioning medium (1:1). Next,
50 ng/mL of FlIt3-L was added to each well. One day
after transfection, cells were collected and used for
flow cytometry, qRT-PCR analysis.

For flow cytometry, 5 x 10° cells were collected
and incubated in the dark at room temperature with
an appropriate combination of fluorescently labeled
monoclonal antibodies, in staining buffer, for 20 mi-
nutes. For DC staining, anti-CD11¢c-PE/Cy7 (N418),
anti-B220-Bv510 (RA3-6B2), anti-SIRPo-PerCP/
Cy5.5(P84), anti-CCR9-PE (9B1), anti-I-Ab-APC
(AF6-120.1), anti-CD83-FITC (Mitchel-19) and

anti-CD86-APC/Cy7 (GL-1) (BioLegend, USA) an-
tibodies were used. DAPI was used to stain dead cells.

To analyze the gene expression profiles of nonEP,
MockEP, and EP CCR9 DCs, total RNA was isolated
using TRIZOL reagent in accordance with the
manufacturer’s instructions (Invitrogen, Carlsbad,
CA, USA).

RNA concentrations were determined by mea-
suring the absorbance at 260 nm using a Nanodrop
2000c spectrophotometer (Wilmington, DE, USA).
Reverse transcription of RNA into cDNA was
performed using an MMLV cDNA Synthesis Kit
(Evrogen, Russia).

Subsequently, SYBR® Green technology was
used for relative mRNA quantification by qPCR in
a CFX96 C1000 thermal cycler (Bio-Rad). qPCR
reactions were conducted at 95°C for 4 minutes,
followed by 40 cycles at 95 °C for 10°s, 65 °C for 15 s,
and 72 °C for 30 s. All primer sets were obtained from
Biosan (Russia).

gPCR was performed in triplicate and resulting
mRNA levels were normalized to levels of the re-
ference gene phosphoglycerate kinase 1. Melt curve
analysis was performed to confirm the specificity of
the amplified product. The AACt method was used for
data processing and analysis [7].

Statistical analysis was performed using Prism
8.0 (GraphPad Software, USA). According to the
Shapiro—Wilk normality test, all data were distributed
normally. Data were analyzed by parametric one-
way ANOVA or two-way ANOVA with Tukey’s
corrected multiple comparisons. P-values < 0.05 were
considered statistically significant.

Results and discussion

The effect of electroporation on the viability of
dendritic cells.

After electroporation, a relative amount of live
CD11¢c*DCs in the mock EP, EP P5, EP CCR9
groups was significantly lowered compared to the
non EP group (Figure 1A). Moreover, in the groups
with plasmid-performed electroporation (EP P5 and
EP CCRD9), relative amount of live CD11c*DCs was
significantly decreased compared to mock EP group
(Figure 1A).

In the EP P5 and EP CCR9 groups there was a
decreased level of pDCs compared to the non EP and
mock EP groups. Percentage of cDC2s in the EP P5
and EP CCR9 groups was lowered compared to the
non EP group (Figure 1B).

The phenotype of DCs after electroporation.

We determined the phenotype of DCs after
electroporation by examining specific markers of
maturity CD83, CD86 and I-Ab (MHCII).

The CD83 DC maturity marker did not signifi-
cantly changed in proportion of cell expression
and the mean value of fluorescence (Figure 2A, E).
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Figure 1. A, relative amount of CD11¢*DCs live. B, relative amount of pDCs and ¢DC2s. C, flow cytometry gating strategy of

dendric cells, CD11c'live DCs

Note. Data are presented as mean + SEM. Brackets indicate significant differences (One-way ANOVA (A), two-way ANOVA (B) with Tukey’s

multiple comparisons test, p < 0.05).

However, the frequency of CD86"pDCs and ¢DC2s
in the EP P5 and EP CCR9 groups was significantly
higher than in the non EP and mock EP groups
(Figure 2B). Mean fluorescence intensity (MFI) of
CD86 on ¢DC2s in the EP P5 and EP CCR9 groups
was significantly higher than in the non EP and mock
EP groups (2F). The frequency of I-Ab* ¢cDC2s in the
EP CCRY group was significantly higher than in the
non EP group (Figure 2C). MFI of I-Ab on pDC and
c¢DC2s in the EP CCR9 group was higher than in the
non EP and mock EP groups (Figure 2G).

DCs electroporated with pmaxCCR9 DNA-plas-
mids express higher levels of CCR9.

Flow cytometry analysis showed that in the
EP CCR9 group percentage of CCR9*pDCs and
cDC2s was significantly higher than in the non EP
group (Figure 2D). In addition, relative amount of
CCR9*cDC2sinthe EP CCRO9 group was significantly
higher than in the mock EP group (Figure 2D).

According to the expression levels of native CCR9
RNA and plasmid CCR9 RNA measured by qRT-
PCR, the DCs electroporated with pmaxCCR9 (EP
CCRY) expressed 94.4-fold higher levels of bulk
CCR9 RNA compared with non-electroporated
DCs (nonEP) (median 2°-AACt 119.46 and 1.27,
respectively, N =4). Mock -clectroporated DCs
(MockEP) expressed bulk CCR9 RNA that was
1.4-fold lower than that of nonEP DCs (median 2" -
AACt 0.85 and 1.27, respectively, N = 4).

The electrostatic charge of the membrane is an
element responsible for maintaining the physiological
identity and function of cell organelles [2]. The
electrostatic charge and the balance of electrons in
the environment depend on the shape of the cells,
e.g., cells with oval shape have uniformly distributed
electrostatic charge, whereas those with processes
(dendrites) or irregularly shaped cells display different
electric charge on the cell membrane, and therefore
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CD83 (E), CD86 (F), I-Ab (G), CCR9 (H) on DCs (n = 6)

Note. Data are presented as mean + SEM. Brackets indicate significant differences (Two-way ANOVA with Tukey’s multiple comparisons test.

*,p<0.05*, p<0.01; ** p<0.001).

are less resistant to electric impulse [10]. Dendritic
cells are generally of oval shape with characteristic
dendrites suggesting that DCs in the groups of mock
EP, EP P5 and EP CCRY9 cells were less viable
compared to non EP dendritic cells (Figure 1A).
Cluster of differentiation 86 (CD86) is an impor-
tant marker of dendritic cell maturity. Upregulated
CD86 expression leads to increased I-Ab(MHCII)
surface level and potential for T-cells activation [1, 6,
8]. In this study, we observed that pDCs and cDC2s
had a higher level of CD86 expression in the EP P5
and EP CCR9 groups. We confirmed an increase of
I-Ab expression on ¢DC2s after electroporation by
DNA construction encoding-CCR9 (Figure 2C).
After electroporation, qPCR data showed in-
creased levels of bulk CCR9 RNA in the EP CCR9
group compared to the non EP group. Moreover,
flow cytometry analysis showed an increase of
CCR9 expression on pDCs and ¢DC2s in the EP
CCRY group, which confirms the effectiveness of

electroporation as a method for DNA construct
transfection (Figure 2D). CCR9 is a chemokine
that regulates the migration of dendritic cells from
the bone marrow to the thymus for participation in
negative deletion of the na ve T-cell [3].

Conclusion

The current study demonstrated a potential for
dendritic cell electroporation with DNA constructions
encoding plasmids CCR9. Out data confirmed the
low viability and maturation of dendritic cell after
electroporation, but the effectiveness of the method
for delivery of DNA construction into the cell as well.
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