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Momusayusa u yens. bonesnp Ilapkuncona (bII) sBasercs HelponereHepaTHBHBIM
3a0oneBanueM uesnoBeka. s BIl xapakTepHa mporpeccupyroomas ¢ BO3pacToOM
PUTHIHOCTH MBIIIL, TPEMOpP, OpaJWKWHE3Ms], aHOMAJIMK B HUTPOCTPHAPHOU CHCTEME
TOJIOBHOTO Mo3ra M anb(a-curykienHonatus [1-3]. [IpexnpuHUMArOTCS MOMBITKA
YCTQHOBJICHUSI B3aMMOCBSI3H MEXIy NPUMEHEHHEM BCIOMOTATENbHBIX PENPOLYKTHB-
HeIx TexHoJoruid (BPT) M BO3HHMKHOBEHHEM pa3MYHBIX HEHPOMATOJOTHU ITyTeM
aHaIM3a KIMHUYECKUX JaHHBIX, OJHAKO BBIBOJBI 3TUX PadOT NPOTUBOPEUUBEI [4—6], 4TO
CO3/1aeT MOTHMBALUIO JAJIsl TIOCTAHOBKH SKCIIEPUMEHTOB Ha J1a0OPAaTOPHBIX KHUBOTHBIX.
Tpancrennsie mpimm uHud B6.Cg-Tg(PrNp-SNCA*AS53T)23MkKle (manee B Texcte
B6.Cg-Tg) umeror mytauuto A53T B rene SNCA anbda-cuHykienHa uyenoBeka. Panee
ObL1a OLIEHEHA IJIOTHOCTh HEWPOHOB B CTPYKTYPax MO3Ia, KOTOPBIE UI'PAIOT KIHOYEBYIO
posb B paszsutuu BII, a Taxke oxapakrepu3oBaHo moseaeHue mbimeit B6.Cg-Tg [7].
Takum oOpa3oMm ObUTM BBIOpaHBI MapKephl, Xapakrepusylomue mbimeid B6.Cg-Tg B
KadyecTBe TpaHcreHHoil mozgenu bBII. BnusiHue penpoayKTHUBHBIX TEXHOJOTHMH Ha
pazButue Oone3nu bBII mo Hacrosmero Momenta He m3ydanu. llempro mgaHHOTO
uccnenoBanus Obuio u3ydenune d3¢dexkro BPT na ¢dopmupoBanue ¢deHoTHma,
xapakteproro 1 bIl y merueit B6.Cg-Tg. 3amauamu nccienoBanus ObUIO W3YUYHUTb,
KakK KyJIbTHBUPOBaHHE iN Vitro u mepeHoc SMOPHOHOB BIUSIIOT Ha MOBEICHUE U PA3BUTHE
TOJIOBHOTO MO3Ta Y IOTOMKOB.

Memoowl u anzopummsr: ViccnenoBanys MpoBOAWIN Ha MbIIax, Mojaenupyoomux bIT —
munust B6.Cg-Tg(PrNp-SNCA*AS53T)23Mkle (nanee B texcre B6.Cg-Tg), KoTOphIE
umeror myTanuio AS3T B rene SNCA anbda-cuHykiienHa 4yejioBeka. B kauecTBe KOH-
Tpouss ucrnonb3oBaiu Melmeil C57BL/6 mukxoro tuna (wild type; nanee B Tekcte WT),
Ha OCHOBE KOTOPBIX NoixydeHa iuHus B6.Cg-Tg. J)KuBOTHBIX comeprkany B cTaHIapTHBIX
yenosusix SPF-suBapus UlLul" CO PAH. Bcee nccnenoBanus Obiin ogoopenst Komuc-
cueit o 6uostuke UIul" CO PAH (Ilpotokon Ne 145 ot 29 mapra 2023 r). Camok
C57BL/6 (WT) B BO3pacte 8—12 Hemenb CapuBaJid ¢ FEMU3UTOTHBIMU 10 MYTallUU
AS53T camuamu Mpimeit B6.Cg-Tg. JIubo octaBisiinm caMOK 10 poJoB, MO0 MOTydau
NpEHMIUIAaHTAIIMOHHBIC YMOPUOHBI, KyJIbTUBUPOBAIN HX IN VILro ¥ TpaHCIUIAHTUPOBAIN
MCeB00EPEMEHHBIM PEIIUITMEHTaM, KaK OonrucaHo HaMmu paHee [8]. [IoToMKOB My»KCKOTO
10J1a, POXKAECHHBIX B PE3yJbTaTe ECTECTBEHHOrO CIIApUBAHMS MM NPUMEHEHUS PENpo-
JIyKTUBHBIX TEXHOJIOTUM, TEHOTUIIMPOBAIN Ha Hanuuue myranuu AS3T. B pesynbrate
ObutH chopMUPOBaHBI clieaytoiiue rpymmbl: 1) camipr C57BL/6, pokieHHBIE eCTeCT-
BeHHBIM TiyTeM (rpymmna WT-CTL); 2) camubr B6.Cg-Tg, pox/cHHbIE €CTECTBCHHBIM

2270 BGRS/SB-2024



nyteMm (rpymma B6.Cg-Tg-CTL); 3) camisr C57BL/6, poxaennbie ¢ mpumenennem BPT
(rpymmma WT-ET — embryo transfer); 4) camupt B6.Cg-Tg, poxxaeHHbIe ¢ TPUMEHEHUEM
BPT (rpymma B6.Cg-Tg-ET). Y moToMKOB B Bo3pacTe 6 MecsIeB UCCIIEI0BAIH ITOBEIe-
HHC B TecTaX «OTKpbIToe mosie» (OII), «mpumomHITHIE KpecTOOOpa3HBIA JTaOUPHHTY
(ITKJT) u «Pota-pon» (PP). 3arem npoBomin nHTpakapAuaibHyO nepdy3uro as Guk-
CalMy TKaHU TOJIOBHOTO MO3ra, U3TOTaBJIMBAIN U OKPAIIMBAIN CPE3bl IJIS1 UCCIEI0BA-
Hust yepHoit cyocranmmm (UC) cormacuo meroay, onrcanHoMy panee [7, 8]. [LmoTHOCTB
HEHPOHOB, MEYEHHBIX AHTUTENIAMH POTHUB THPO3UHTUAPOKCUIIA3HI U TPOTUB aib(a-cH-
HYKJICHHa, OLEHUBAJIM C WUCIOJNb30BaHHEM MHKpockona Axio Imager.M2 (Carl Zeiss,
I'epmanmst) ¢ kamepoit Zeiss Axiocam 506 mono (Carl Zeiss, I'epmanns). Aranuz pe-
3yJlbTAaTOB MOBEACHYECKUX TECTOB MpoBOoAUIHN B nporpaMMHoM nakere STATISTICA
v. 12.0 (StatSoft, Inc., CILIA). /lanHbie Obl11 TPOBEPEHBI HA HOPMAITBHOCTD C TIOMOLIBIO
tecta [Ilamupo—Yunka. Pe3ynpTaTsl NOBEJEHUYECKUX TECTOB OLCHUBAIU IPH MOMOIIU
neyxdakropaoro ANOVA. [110THOCTS HEHPOHOB OIEHHBAIN C TTOMOIIIBIO OJHOCTOPOH-
HETOo AUCIIepCHOHHOTO aHanu3a Kpackena—Yomrca. YpoBeHb 3HAYMMOCTH paccMaTpH-
Basics kak p < 0.05.

Peszynomamer: JIByxdakropabsiii ANOV A BeisiBrI 3 (DeKT «T€HOTHITa», HO HE «CTrIocoba
pasmHokeHus» (c mpumeHenueMm BPT nnu Ge3 nero) Ha mapametpsl TectoB OIT u [TKJL.
Mexay Tem B Tecte PP ObIIO BBISIBIIEHO B3aUMOJIEHCTBUE (PAKTOPOB «IMHUM» U «CIO-
coba pasmuoxkenus» [F(1,27) = 5.658; p < 0.05] mo mareHTHOMY BpeMEHH Ha MOMEHT
nageHus ;kuBoTHoro. Y camiioB WT-ET, poxxnennsix nocie npumenenus BPT, matent-
HOE BpeMsi Ha MOMEHT MaJIeHUs )KUBOTHOTO OBIJIO JOCTOBEPHO MEHBIIIE, YeM Y CaMIIOB
JIUKOr0 THUIA B KOHTposbHOU rpynne u Jtunuu B6.Cg-Tg B rpynne ET. Paznuuusa no
TUIOTHOCTH T0(aMHUHOBBIX HEMPOHOB M HEHPOHOB ¢ anb(a-cuHykienHoMm B UC mpen-
ctasiieHbl Ha puc. 1 u 2. CTaTHCTHUECKUI aHanu3 BIsiBUI Y Mbler WT-ET 6onee Huz-
KYIO TUIOTHOCTH JTopaMuHOBBIX HeHpoHoB (P < 0.01) mo cpaBHeHmto ¢ rpymnmnoi WT-
CTL (0.22 x 10°[0.16 x 10% 0.26 x 10°] mpotus 0.93 x 10° [0.84 x 10°% 1.08 x 10°]
cootBeTcTBeHHO). MbIn B6.Cg-Tg-ET umenu Gosee BICOKYIO IJIOTHOCTh HEHPOHOB
¢ anbda-cunykienroMm (p < 0.05), yem xuBoTHbIe M3 rpynmsl WT-ET (0.69 x 10°
[0.59 x 10% 0.75 x 10°] mpoTus 0.21 x 10° [0.16 x 10°%; 0.25 x 10%] cOOTBETCTBEHHO).
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Puc. 1. [TnotHocTh nodamMuHoBeIX HeliponoB B UC (substatia nigra — SN), Hei{poOHBI Me4eHbI aH-
TUTENIAMH MIPOTHB TUPO3ZUHTUAPOKCcHIa3bl. ** p < 0.01 mexny rpymmamu WT-CTL u WT-ET
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Puc. 2. [InotHOCTh HelipoHoB ¢ amb(a-cunyknensom B YC (substatia nigra — SN),

HEHPOHBI MEUCHBI AHTUTEJIAMH IPOTHUB anb(a-cunykienHa. * p < 0.05 mexay rpynmnamu B6.Cg-
Tg-ET u WT-ET

Buisoowi: Y moromkos merme aukoro tuna C57BL/6, momydeHHBIX ¢ TpUMEHEHHEM
BPT, nabmtoganu CHIDKEHHYIO IDIOTHOCTH AohaMuHOBBIX HelpoHoB B UC, a Takxke
CHIKEHUE JIATEHTHOIO BPEMEHM A0 MaJeHHs KMBOTHOro B tecte PP. YV moromkos
meimieir B6.Cg-Tg, nonydeHHeix ¢ mpuMmeHenneM BPT, HaOmiomanu moBBIMICHHYIO
TUIOTHOCTH HEHPOHOB ¢ anb(da-cuaykiaenHoM B UC. Pe3ynbraTer faHHOTO MCCIeTOBAHUS
CBHUACTCIILCTBYIOT O TOM, UYTO PECIIPOAYKTHBHBIC TEXHOJIOT'MH MOTYT IMO-pa3HOMY BJIUATH
Ha pa3BUTUC ITOTOMKOB B 3aBUCHMMOCTH OT '€HOTHIIA.

Qunancuposanue: Uccnenosanue nomaepkano PHD (mpoekt Ne 23-25-00123).

Effects of reproductive technologies on behavior
and brain development in B6.Cg-Tg mice modeling
Parkinson’s disease

Rozhkova I.1*, Kozeneva V.12, Brusentsev E.1, Rakhmanova T.1 2, Shavshaeva N.- 2,
Afanasova S.»2, Lebedeva D.%, Okotrub S.%, Igonina T.!, Amstislavsky S.!

LInstitute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Novosibirsk State University, Novosibirsk, Russia

* sirena23@yandex.ru

Key words: Parkinson disease; transgenic model; embryo transfer; in vitro culture; long-term effects

Motivation and Aim: Parkinson’s disease (PD) is a neurodegenerative human disease.
PD is characterized by age-related muscle rigidity, tremor, bradykinesia, abnormalities
in the nigrostriatal system of the brain and alpha-synucleinopathy [1-3]. Attempts to
establish a relationship between the use of assisted reproductive technologies (ART) and
the frequency and severity of various neuropathologies by analyzing clinical data led to
contradictory conclusions [4-6], and motivate for experiments on the laboratory animal
models. Transgenic mice of the B6.Cg-Tg(PrNp-SNCA*A53T)23MKkle/J strain (further
referred to as B6.Cg-Tg) have the A53T mutation in the human alpha-synuclein SNCA
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gene. Previously, the density of neurons in brain structures that play the key role in the
development of PD was assessed, and the behavior of B6.Cg-Tg mice was characterized
[7]. Thus, markers were selected that characterize B6.Cg-Tg mice as a transgenic model
of PD. The effects of reproductive technologies on the development of PD disease have
not been studied so far. The purpose of this study was to address the effects of ARTs on
the development of PD phenotype in B6.Cg-Tg mice. The objectives of this study were
to examine how in vitro culture and embryo transfer affect (1) behavior; (2) brain
development in offspring.

Methods and Algorithms: Study was carried out on B6.Cg-Tg(PrNp-
SNCA*A53T)23MKkle/J mouse strain modeling PD (referred further as B6.Cg-Tg) which
has the A53T mutation in the human alpha-synuclein SNCA gene. Wild type C57BL/6
mice (referred further as WT) from which the B6.Cg-Tg strain was derived were used as
controls. The animals were kept under standard conditions in the SPF-Vivarium of the
Institute of Cytology and Genetics of the SB RAS. Study was approved by the Bioethics
Committee of the Institute of Cytology and Genetics SB RAS (Protocol No. 145,
March 29, 2023). C57BL/6 females, 8-12 weeks old, were mated to hemizygous A53T
male B6.Cg-Tg mice. The mated females were either left until birth, or preimplantation
embryos were obtained, cultured in vitro and transferred to pseudopregnant recipient as
we described previously [8]. Male offspring born as a result of natural breeding or born
after the use of reproductive technologies were genotyped for the presence of the A53T
mutation. The following experimental groups were formed: (1) born naturally C57BL/6
males (WT-CTL group); (2) naturally born B6.Cg-Tg males (B6.Cg-Tg-CTL group);
(3) C57BL/6 males born using ART (WT-ET — embryo transfer group); (4) B6.Cg-Tg
males born using ART (group B6.Cg-Tg-ET). In offspring obtained at the age of
6 months, behavior was studied in the “open field” (OF), “elevated plus maze” (EPM),
and “Rota-rod” (RR) tests. Thereafter intracardial perfusion was performed, brains were
processed, brain slices were done and stained for the study of the substantia nigra (SN)
according to the method described earlier [7, 8]. The density of neurons labeled with
antibodies was assessed using an Axio Imager.M2 microscope (Carl Zeiss, Germany)
with a Zeiss Axiocam 506 mono camera (Carl Zeiss, Germany). The results of
behavioural tests were analyzed using the STATISTICA v. 12.0 software (StatSoft, Inc.,
USA). Data were tested for normality using the Shapiro—Wilk test. Results of behavioral
tests were assessed using two-way ANOVA. Neuronal density was assessed using one-
way Kruskal-Wallis analysis of variance. The significance level was considered
p <0.05.

Results: Two-factor ANOVA revealed the effect of the genotype, but not the method of
reproduction (with or without ART) on the parameters of the OF and EPM tests. Mean-
while, the RR test revealed the interaction of the “genotype” and the “method of repro-
duction” factors [F(1,27) = 5.658; p < 0.05] for the latent time of the animal’s drop from
the rod. This time for the males of the WT-ET males born with the help of ART was
significantly less than for the control WT males and for the B6.Cg-Tg males born after
ET. The densities of dopamine neurons and of neurons with alpha-synuclein in SN are
shown in the Fig. 1, 2. Statistical analysis revealed a lower density of dopamine neurons
in WT-ET mice (p < 0.01) compared to the WT-CTL mice (0.22 x 10° [0.16 x x 10°;
0.26 x 10°] vs. 0.93 x 10°[0.84 x 10°%; 1.08 x 10°] respectively). B6.Cg-Tg-ET mice had
a higher density of alpha-synuclein neurons (p <0.05) compared with the animals from
the WT-ET group (0.69 x 10° [0.59 x 10% 0.75 x 10°] vs. 0.21 x 10° [0.16 x x 105;
0.25 x 10°] respectively).

BGRS/SB-2024 2273



W
1

1,0 H

NN\

0,5 -

Number of neurons in mm?, x10°

*%

——4

T T T T
WT-CTL B6.Cg-Tg-CTL WT-ET B6.Cg-Tg-ET

Fig. 1. Density of dopaminergic neurons in the substantia nigra (SN), neurons labeled with
antibodies against tyrosine hydroxylase. ** p < 0.01 between WT-CTL and WT-ET groups
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Fig. 2. Density of neurons with alpha-synuclein in substantia nigra (SN), neurons labeled with
antibodies against alpha-synuclein. * p < 0.05 between B6.Cg-Tg-ET and WT-ET groups

Conclusion: In the offspring of wild-type C57BL/6 mice born with the use of ART, a
reduced density of dopamine neurons in the SN was observed, as well as a decrease in
the latent time of the animal’s drop in the RR test. In the offspring of B6.Cg-Tg mice
obtained with the use of ART, an increased density of neurons with alpha-synuclein in
the SN was observed. The results of this study indicate that reproductive technologies
may have different effects on the development of offspring depending on their genotype.
Funding: The study is supported Russian Science Foundation (No. 23-25-00123).
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