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Abstract. Parkinson’s disease is a neurodegenerative disorder affecting dopaminergic neurons of the substantia
nigra pars compacta. The known pathological genetic variants may explain the cause of only 5 % of cases of the
disease. In our study, we found two patients with a clinical diagnosis of Parkinson’s disease with the genetic variant
c.1087G>T (p.Gly363Cys) of the LGR4 gene. The LGR4 gene encodes the membrane receptor LGR4 (leucine rich
repeat containing G protein-coupled receptor 4) associated with the G protein. We hypothesize that the LGR4 gene
may be either a direct cause or a risk factor for this disease, since it is one of the main participants of the WNT/[3-
catenin signalling pathway. This signalling pathway is necessary for the proliferation of neurons during their dif-
ferentiation, which may lead to Parkinson’s disease. To study the relationship between this genetic variant and
Parkinson’s disease, an ideal tool is a cellular model based on induced pluripotent stem cells (iPSCs) and their dif-
ferentiated derivatives, dopaminergic neurons. We reprogrammed the peripheral blood mononuclear cells of the
two patients with the c.1087G>T variant of the LGR4 gene with non-integrating episomal vectors expressing OCT4,
SOX2, KLF4, LIN28, L-MYC and mp53DD proteins. The obtained seven lines of induced pluripotent stem cells were
characterised in detail. The iPSCs lines obtained meet all the requirements of pluripotent cells, namely, they stably
proliferate, form colonies with a morphology characteristic of human pluripotent cells, have a normal diploid karyo-
type, express endogenous alkaline phosphatase and pluripotency markers (OCT4, NANOG, SSEA-4 and SOX2) and
are capable to differentiate into derivatives of the three germ layers. The iPSC lines obtained in this work can be
used as a tool to generate a relevant model to study the effect of the pathological variant c.1087G>T of the LGR4
gene on dopaminergic neuron differentiation.

Key words: Parkinson’s disease; reprogramming; induced pluripotent stem cells; LGR4 gene.

For citation: Podvysotskaya V.S., Grigor'eva E.V., Malakhova A.A., Minina J.M., Vyatkin Y.V., Khabarova E.A., Rzaev J.A,,
Medvedev S.P, Kovalenko L.V., Zakian S.M. Generation and characterisation of seven induced pluripotent stem cell
lines from two patients with Parkinson’s disease carrying the pathological variant c.1087G>T of the LGR4 gene.
Vavilovskii Zhurnal Genetiki i Selektsii= Vavilov J Genet Breed. 2025;29(1):15-25. doi 10.18699/vjgb-25-03

Funding. The study was carried out with the financial support of the Foundation for Scientific and Technological
Development of Yugra within the framework of scientific project No. 2023-573-05.

Acknowledgements. Analysis of the results of immunofluorescence staining of preparations and differential stain-
ing of chromosomes was performed using the resources of the Center for Collective Use of Microscopic Analysis of
Biological Objects of ICG SB RAS (https://ckp.icgen.ru/ckpmabo/), supported by the budget project of the Institute
of Cytology and Genetics SB RAS (FWNR-2022-0015).

CosgaHue u XapakKTepuCcTKa CeMU JIMHUN MHOYVIIVPOBAHHBIX
TUIIOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK OT ABVX IMAIl[IEHTOB
c 6ose3HbI0 IIapKMMHCOHA, HecyiuX BapuaHT ¢.1087G>T rena LGR4

B.C. IMTopBsicoukas 2 & E.B. [puropresa 1’3&@, A.A. Maaaxosa (913, FO.M. Mununa (91, 10.B. Barkun?, E.A.Xa6ap0Ba1’5,
Ax.A. Paaes®, C.IT. Measepes (91 3, A.B. Kosaaenxo (2)°, C.M. 3akusu (91’3

T DepepanbHbIl viccneaoBaTeNbCKIA LEHTP VIHCTATYT LMTONOTUM 1 reHeTuKi CUBUPCKOTo oTAeneHs Poccuiickoi akaaemum Hayk, HoBocu6npck, Poccusa
2 HoBocnbrpcKmii HaLMoHanbHbI NCCefoBaTeNbCKUIA FOCYAAPCTBEHHbIN YHUBepcuTeT, HoBOCM6MpCK, Poccna

© Podvysotskaya V.S., Grigor'eva E.V., Malakhova A.A., Minina J.M., Vyatkin Y.V., Khabarova E.A., Rzaev J.A.,, Medvedev S.P, Kovalenko L.V., Zakian S.M., 2025
&These authors contributed equally to this work
This work is licensed under a Creative Commons Attribution 4.0 License


https://orcid.org/0000-0002-9162-9108
https://orcid.org/0000-0003-1916-1333
https://orcid.org/0000-0003-1504-9803
https://orcid.org/0000-0002-1520-5549
https://orcid.org/0000-0002-0918-7129
https://orcid.org/0000-0003-2448-6511
https://ckp.icgen.ru/ckpmabo/
https://orcid.org/0000-0002-9162-9108
https://orcid.org/0000-0003-1916-1333
https://orcid.org/0000-0003-1504-9803
https://orcid.org/0000-0002-1520-5549
https://orcid.org/0000-0002-0918-7129
https://orcid.org/0000-0003-2448-6511

V.S. Podvysotskaya, E.V. Grigor'eva, A.A. Malakhova ...
S.P. Medvedev, L.V. Kovalenko, S.M. Zakian

Generation and characterisation of seven iPSC lines
(LGR4:c.1087G>T) from Parkinson’s disease patients
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AHHoTauuA. bonesHb MapKMHCOHa — TAXeNoe HelpoaereHepaTuBHoe 3aboneBaHue, nopaxawuiee sobamuHep-
rmyeckme HeMpoHbl KOMMAKTHOWM 4YacTu YepHoW cybCTaHUMM rofloBHOro mosra. V3BecTHble natonormyeckue
reHeTMYeCKmne BapuaHTbl, aCCOLMMpPOBaHHble C 60ne3Hbio MapKUHCOHA, 06BACHAIOT NPUYKHY BCero 5 % cnyyva-
eB 3aboneBaHus, NO3TOMY UCC/IEA0BaHVA B 3TON 06M1acTX aKTyalbHbl U aKTVBHO NMpoJosmKatoTca. B gaHHOM mc-
cnefioBaHNM Mbl OGHAPYXKMW ABYX MALMEHTOB C KIIMHUYECKMM AMarHo30M «6onesHb MapKnHCOHa» ¢ reHeTuye-
CKUM BapuaHToM LGR4:c.1087G>T (p.Gly363Cys, rs117543292). 3TOT reH KoaupyeT MmembpaHHbIi peuentop LGR4
(leucine rich repeat containing G protein-coupled receptor 4), accounmpoBaHHbIi ¢ G-6enKoM, KOTOpbI yyacTByeT
B perynauum GyHKUMOHUPOBaHUA curHanbHoro nyTv WNT/B-KkaTeHuH. [JaHHbI CUrHanbHbIA NyTb HEOOXOANM ANA
nponudepauny HelMpPoHOB BO Bpema ux anddepeHUnpoBKIM, NOSITOMY ero AMCHYHKUMA B pesynbraTe reteposu-
rotHow myTaumm c.1087G>T B reHe LGR4 HapyLwwaeT audpdepeHunpoBKy JodamnHePrnyeckmx HeMpPOHOB, YTO MO-
KeT NprBoAnTb K 6onesHu MapkrnHcoHa. igeanbHbIM UHCTPYMEHTOM AR U3YUYEHWUA CBA3M 3TOFO reHeTUYEeCKoro
BapuraHTa ¢ 6one3sHbio MapKUHCOHa ABNAETCA KNETOYHasA MOLENb Ha OCHOBE MHAYLMPOBAHHbIX MIOPUNOTEHTHBIX
cTB0OJI0BbIX KNneTok (UMCK) n nx auddepeHunpoBaHHbIX MPON3BOAHbIX — AOPAMUHEPTUYECKUX HENPOHOB. B pe-
3ynbTaTe penporpaMmmrpoBaHna SMMCOMHbIMU BeKTOpamu, SKcnpeccupytowmmmn 6enkn OCT4, SOX2, KLF4, LIN28,
L-MYC n mp53DD, MOHOHYKNeapHbIX KNeTok nepudepryeckor KpoBy ABYX NaLMEHTOB C BapuaHTom c.1087G>T
reHa LGR4 Hamu Gbinn nostyyeHbl 1 AeTanbHO oxapakTepr3oBaHbl cemb iuHuin UMNCK. JaHHble UMCK oTBevatoT
BCEM TPebOBaHUAM NIIIOPUNOTEHTHDBIX KIIETOK, @ UMEHHO: CTabunbHO NponndepurpytoT, 06pasyoT KONOHUN C Xa-
paKkTepHOW ANA MIPUNOTEHTHBIX KNETOK YenioBeKa Mopdonornein, MMeT HOPMasbHbI AUNAOVAHBIN KapuoTun,
JKCNpeccnpyioT WwenouHyto docdatasy n mapkepbl nnopunoteHTHocTU (OCT4, NANOG, SSEA-4 1 SOX2) 1 cnocob-
Hbl AnddepeHUnpPoBaTbCA B MPON3BOAHDIE TPEX 3aPOAbILLIEBbIX JINCTKOB — SHTO-, 9KTO- 1 Me3oAepMmy. MonyyeHHble
B pabote nuHum UMCK 6yayT B fanbHeLweM NCMOIb30BaHbl A1 CO3AaHNA PEeNeBAHTHOM MOZENV, HanpaBieHHOM
Ha uccnepoBaHue 3dpdekTa BapraHTa ¢.1087G>T reHa LGR4 Ha pa3BuTve naTonornyeckoro ¢eHotuna gopammHep-
rMYeCKnX HeMpPOHOB.

KnioueBble cnoBa: 6one3Hb MapKMHCOHa; penporpammmpoBaHmne; MHOYLMPOBaHHbIE MOPUMNOTEHTHbIE CTBOJO-

Bble KNeTKu; reH LGR4.

Introduction

Parkinson’s disease is the second most prevalent neuro-
degenerative disorder after Alzheimer’s disease (Wang
et al., 2020). It is characterised by the degeneration of
dopaminergic neurons in the substantia nigra, which are
responsible for regulating movement. The resulting symp-
toms include tremor, bradykinesia and rigidity. The destruc-
tion of these neurons can be attributed to various factors.
These include accumulation of alpha-synuclein protein and
formation of Lewy bodies, dysfunction of mitochondria
and lysosomes, problems of synaptic and vesicle transport.
These factors, when combined, lead to an accelerated death
of neurons. Some of the signs of Parkinson’s disease at
the cellular level are oxidative stress resulting from mito-
chondrial dysfunction (Niu et al., 2021) and endoplasmic
reticulum (ER) stress resulting from the accumulation of
large amounts of misfolded proteins (Fernandes et al., 2016;
Marciniak et al., 2022).

It is currently understood that more than 20 genes are
associated with Parkinson’s disease, the most prevalent
mutations of which are found in the GBAL, LRRK2, PRKN,
and PINK1 genes (Funayama et al., 2023). However, it has
been determined that only approximately 5 % of cases of
Parkinson’s disease are attributable to the inheritance of one
of the genes associated with the disease, with the remaining
16-36 % being manifested as a result of non-monogenic
inheritance. It can thus be concluded that research into

genetic variants associated with the onset of Parkinson’s
disease remains an active area of study.

Following a comprehensive analysis of the exomic se-
quencing results for a cohort of over 70 patients diagnosed
with Parkinson’s disease, who are under observation at the
Federal Neurosurgical Center of the Ministry of Health of
the Russian Federation (Novosibirsk), it was found that
two patients of different genders, who are not related, carry
the ¢.1087G>T variant of the LGR4 gene (SRA databases,
project PRINA563295). There are currently 48 known single
nucleotide substitutions in this gene, three of which are
pathogenic missense mutations ¢.2531A>G (p.Asp844Gly),
€.286A>G (p.lle96Val) and ¢.1087G>T (p.Gly363Cys)
(Mancini et al., 2023).

LGR4 is a G-coupled receptor that plays a role in the
function of the WNT/B-catenin and cAMP/protein kinase
A signalling pathways (Shi et al., 2021). Previously, it was
shown that the ¢.1087G>T variant of the LGR4 gene is
pathogenic and leads to delayed puberty due to a violation
of the WNT/B-catenin signalling pathway (Mancini et al.,
2023), which is also involved in embryogenesis in the deve-
lopment of tissues and organs such as the gonads, kidneys,
nervous system, liver and others. It should be noted that this
pathway is also required for the development and differentia-
tion of dopaminergic neurons (Marchetti et al., 2020). This
correlation, together with the involvement of the LGR4
protein in the WNT/B-catenin signalling pathway, leads
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us to speculate that the genetic variant LGR4:¢.1087G>T
may cause dysfunction or death of dopaminergic neurons,
possibly leading to Parkinson’s disease. To study the as-
sociation of this genetic variant with pathogenic processes
leading to the death of dopaminergic neurons, the first step
is to create a cellular model based on induced pluripotent
stem cells (iPSCs) and relevant cell types, dopaminergic
neurons, differentiated from them.

The pluripotent state of iPSCs is maintained by adding
basic fibroblast growth factor (FGF-basic/bFGF) to the
culture medium. To confirm the characteristics of pluripo-
tency and self-renewal of cells, various tests are performed
(Grigor’eva et al., 2023), such as qualitative (immunofluo-
rescence staining) and quantitative (real-time PCR) analyses
of the expression levels of various pluripotency factors
(NANOG, SSEA-4, OCT4, SOX2, TRA1-81, TRA1-60,
etc.). It is known that various karyotype abnormalities
(polyploidisation, translocations, deletions, aneuploidies,
etc.) are possible during prolonged in vitro cell culture, so
karyotype analysis is one of the key tests for characterising
the obtained iPSC lines. The most important test of cell plu-
ripotency is spontaneous differentiation, which is necessary
to confirm the ability of iPSCs to give rise to cell derivatives
of all three germ layers (ecto-, ento- and mesoderm). In
addition, the following shall be performed to characterise
the iPSC lines obtained: STR analysis to confirm the origin
of the iPSC lines obtained from a peripheral blood mono-
nuclear cell (PBMC) donor; tests to indicate the presence
of genetic variants of the PBMC donor in the iPSCs or to
confirm the presence of genetic modifications in the case of
transgenesis of iPSCs; PCR to eliminate exogenous DNA/
episomes that enabled somatic cell reprogramming; and
routine tests to ensure the absence of intra-laboratory conta-
mination.

The capacity of iPSCs to yield derivatives of a virtually
limitless range of cell types, including neurons, cardio-
myocytes, liver cells, endothelial cells and numerous others,
renders them a promising tool for generating cell models
and investigating the pathogenesis of various inherited
diseases in relevant cell types. For instance, by reprogram-
ming PBMCs, culturing the resulting iPSCs and further
differentiating them into dopaminergic neurons (Grigor’eva
et al., 2023) and astrocytes (Yarkova et al., 2023), it will be
possible to obtain in vitro models of Parkinson’s disease.
This platform will facilitate the analysis of the contribution
of the genetic variant LGR4:¢.1087G>T to Parkinson’s
disease development, as well as the study of its molecular
and genetic pathogenesis. It will also support the explora-
tion of new drug targets within diverse signalling pathways,
and the prevention of pathogenic processes that result in
dopaminergic neuron death. Furthermore, it will enable
the evaluation of potential medical drugs.

Materials and methods

Ethics Statement. The study was approved by the Research
Ethics Committee of the Federal Neurosurgical Center of
the Ministry of Health of the Russian Federation (Novo-
sibirsk), Protocol No. 1, dated 14 March 2017. Peripheral
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blood samples from patients were provided by the Federal
Neurosurgical Center. Patients signed a voluntary informed
consent and an information sheet.

Isolation of PBMCs. PBMCs were isolated in a Ficoll
gradient and frozen as previously described (Grigor’eva et
al., 2024b).

Reprogramming of patient-specific PBMCs. Repro-
gramming of PBMCs was performed by transfection with
episomal vectors expressing SOX2, OCT4, KLF4, L-MYC,
LIN28 and the dominant negative form of mouse p53 pro-
tein — mp53DD (Addgene ID No. 41813-14, 41855-57)
according to the previously described method (Grigor’eva et
al., 2023). Transfection was performed using a Neon Trans-
fection System (Thermo Fisher Scientific), programme:
1,650 V, 10 ms, 3 times. Primary colonies of iPSCs were
replated into 1 cm? wells previously coated with mouse
embryonic fibroblasts (MEF) inactivated with mitomycin C
(Sigma-Aldrich).

Cultivation of patient-specific iPSCs. iPSCs were
cultured on MEF as previously described (Yarkova et al.,
2024). Colonies of iPSCs were disaggregated using TrypLE
Express (Thermo Fisher Scientific) and plated once every
3—-4 days at a 1:10 ratio with the addition of a ROCK inhibi-
tor, 2 uM thiazovivin (Sigma-Aldrich).

Histochemical detection of endogenous alkaline
phosphatase. Alkaline phosphatase was detected using
the SIGMAFAST™ BCIP®/NBT kit (Sigma-Aldrich). The
result was analysed using a Nikon Eclipse Ti-E microscope
(Nikon) with NIS Elements Advanced Research software
version 4.30.

Immunofluorescence staining. Immunofluorescence
staining was performed according to the previously de-
scribed method (Grigor’eva et al., 2024a). The preparations
were analysed on a Nikon Eclipse Ti-E microscope using
NIS Elements Advanced Research version 4.30 software.
The list of antibodies used is shown in Table 1.

Spontaneous differentiation of iPSCs. To determine
the potential of the resulting iPSC lines, spontaneous dif-
ferentiation was performed by the formation of embryoid
bodies followed by immunofluorescence staining. iPSCs
were grown on MEF in Petri dishes (20 cm?) to a density of
80-90 %, after which the cells were incubated in 0.15 % col-
lagenase type IV (Thermo Fisher Scientific) for 20—40 min.
The iPSC colonies were then carefully pipetted to separate
them from the feeder cells, centrifuged at 100 g for 5 min,
the supernatant was decanted, suspended in iPSC growth
medium without bFGF, and the colonies were transferred
to a Petri dish (20 cm?) coated with 1 % agarose. After
14 days, embryoid bodies obtained from the colonies were
plated on 8-well Chambered Coverglass plates (Thermo
Fisher Scientific) coated with Matrigel. After 7-9 days, they
were fixed in 4 % paraformaldehyde (Sigma-Aldrich) for
10 min and immunofluorescence analysis was performed
for markers of the three germ layers. The list of antibodies
is given in Table 1.

Karyotyping of iPSC lines. Karyotype analysis was per-
formed using a previously developed and described method
(YYarkova et al., 2023).
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Table 1. List of antibodies used in the work

Generation and characterisation of seven iPSC lines
(LGR4:c.1087G>T) from Parkinson’s disease patients

Antibodies

Markers of pluripotency

Dilution

Company, Cat No.

Primary antibodies

Santa cruz Biotechnology,
sc-5279

Abcam, ab16287

Santa cruz Biotechnology,
5C-293121

Cell Signaling, 3579

Dako, M0851

Thermo Fisher Scientific, 14-0299-82

Sigma-Aldrich, A8452

RRID

RRID:AB_628051

RRID:AB_778073

RRID:AB_2665475

RRID:AB_2195767

RRID:AB_2223500

RRID:AB_1210468

RRID:AB_258392

Mouse IgG2b anti-OCT-3/4 1:100

Mouse IgG3 anti-SSEA-4 1:25

Mouse IgG1 anti-NANOG 1:50

Rabbit IgG anti-SOX2 1:400
Mesoderm markers

Mouse IgG2a anti-aSMA 1:200

Mouse IgG1 anti-CD29 1:100
Endoderm markers

Mouse IgG2a anti-AFP 1:250

Mouse IgG1 anti-Cytokeratin 18 (KRT18) 1:250
Ectoderm markers

Mouse IlgG2a anti TUBB3 1:1,000

Chicken IgY anti-MAP2 1:1,000

Abcam, ab668 RRID:AB_305647

BioLegend, 801201 RRID:AB_2313773

Abcam, ab5392 RRID:AB_2138153

Secondary antibodies

Goat anti-Rabbit IgG (H + L) Alexa Fluor 568 1:400
Goat anti-Mouse IgG2b Alexa Fluor 568 1:400
Goat anti-Mouse IgG3 Alexa Fluor 488 1:400
Goat anti-Mouse IgG (H + L) Alexa Fluor 488 1:400
Goat anti-Mouse IgG2a Alexa Fluor 568 1:400
Goat anti-Mouse IgG1 Alexa Fluor 488 1:400
Goat anti-Chicken IgY (H + L) Alexa Fluor 488 1:400

Isolation of genomic DNAand RNA. DNA was isolated
using QuickExtract™ DNA extraction solution (Lucigen)
according to the manufacturer’s protocol. For RNA isolation,
cells were grown to an area of 8-12 cm?, lysed in 0.5-1 ml
TRIzol Reagent (Thermo Fisher Scientific), and RNA was
isolated according to the manufacturer’s protocol. RNA
concentration was determined using an EzDrop 1000C
spectrophotometer (Blue-Ray Biotech). cDNA synthesis
was performed using M-MuLV-RH reverse transcriptase
(Biolabmix).

Detection of genetic variants in PBMCs and iPSCs.
Sequencing of the patients’ exome was performed at
Genoanalitika LLC, Moscow. Genomic DNA isolated from
PBMCs was fragmented into 300 nucleotide pair frag-
ments using ultrasound on a Covaris S2. Genomic DNA

Thermo Fisher Scientific, A11011 RRID:AB_143157

Thermo Fisher Scientific, A21144 RRID:AB_2535780

Thermo Fisher Scientific, A21151 RRID:AB_2535784

Thermo Fisher Scientific, A11008 RRID:AB_143165

Thermo Fisher Scientific, A21134 RRID:AB_2535773

Thermo Fisher Scientific, A-21121 RRID:AB_2535764

Abcam, ab150173 RRID:AB_2827653

(800 ng) was used to prepare a library using the NEBNext®
Ultra™ 11 DNA Library Prep Kit for Illumina (New England
Biolabs) and Sure Select AllExome V7 (Agilent). Library
sequencing was performed on a HiSeq 2500 (Illumina)
with paired reads of 150 nucleotides from both ends. Raw
exome sequencing results are available in the SRA data-
base (project PRINA563295, samples SAMN42050732,
https://www.ncbi.nlm.nih.gov/biosample/42050732
(PD58), SAMN42050755, https://www.ncbhi.nlm.nih.gov/
biosample/42050755 (PD69)).

The presence of the ¢.1087G>T variant (rs117543292) of
the LGR4 gene was determined by Sanger sequencing of the
obtained iPSC lines and patient-derived PBMCs (PD58 and
PD69) using primers for the LGR4 gene (Table 2). DNA from
a conditionally healthy donor was used as a control. Reac-
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Table 2. List of primers used in the work
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Application Gene/locus
Detection of episomal vectors oriP
Reference gene (RT-qPCR) B2M
Markers of pluripotency (RT-gPCR)) NANOG

OCT4

SOX2
Mycoplasma detection Ribosomal

16S RNA gene
Confirmation of the mutation LGR4

tions were performed on a T100 thermal cycler (Bio-Rad)
using a BioMaster HS-Taq PCR-Color (2x) (Biolabmix)
with the following program: 95 °C for 3 min; 35 cycles:
95 °C for 30s, 65 °C for30s, 72 °C for 30 s; and 72 °C for
5 min. Sequencing reactions were performed using the Big
Dye Terminator V.3.1. Cycle Sequencing Kit (Applied Bio-
systems) and analysed on an ABI 3130XL Genetic Analyzer
at the Genomics Core Facility SB RAS (http://www.niboch.
nsc.ru/doku.php/sequest).

PCR analysis for detection of reprogramming epi-
somes and mycoplasma contamination. PCR was per-
formed using BioMaster HS-Tag PCR-Color (2x) (Biola-
bmix) on a T100 thermal cycler (Bio-Rad), programme:
95 °C for 5 min; 35 cycles: 95 °C for 15 s, 60 °C for 15 s,
72 °C for 20 s. DNA fragments of Mycoplasma spp. from the
BioMaster Myco-visor kit for detection of mycoplasma by
RT-PCR (Biolabmix) were used as a positive control. Nega-
tive control was H,O. Primers are listed in Table 2. After
electrophoresis, the result was visualised under ultraviolet
light using the Gel Doc XR+ System (Bio-Rad).

Quantitative RT-PCR for pluripotency markers. Quan-
titative PCR (RT-gPCR) was performed on a LightCycler
480 11 system (Roche) using BioMaster HS-gPCR SYBR
Blue 2x (Biolabmix) with the following programme: 95 °C
for 5min; 40 cycles: 95 °C for 10's, 60 °C for 1 min. The em-
bryonic stem cell line HUES9 (HVRDe009-A) was used as
a positive control for the expression of pluripotency markers
(Cowan et al., 2004). The pluripotency marker primers used
in this work are listed in Table 2. The results were processed
using the AACT method (Livak, Schmittgen, 2001).

STR analysis. The genetic material of the obtained iPSC
lines and PBMCs from patients PD58 and PD69 was sent
to Genoanalitika LLC (Moscow) for STR analysis. The
STR analysis was performed for 26 loci using the COrDIS
EXPERT 26 reagent kit (Russia).

Product size, Forward/reverse primer (5'-3’)

bp
544 TTCCACGAGGGTAGTGAACC/
TCGGGGGTGTTAGAGACAAC
90 TAGCTGTGCTCGCGCTACT/
TCTCTGCTGGATGACGTGAG
116 TTTGTGGGCCTGAAGAAAACT/
AGGGCTGTCCTGAATAAGCAG
94 CTTCTGCTTCAGGAGCTTGG/
GAAGGAGAAGCTGGAGCAAA
100 GCTTAGCCTCGTCGATGAAC/
AACCCCAAGATGCACAACTC
280 GGGAGCAAACAGGATTAGATACCCT/
TGCACCATCTGTCACTCTGTTAACCTC
366 GCGTTTCATGGGATGCCTGATAG/

TCTTAGCTCTGCTTTCAACGCTTC

Results and discussion

Obtaining and characterisation of the cell lines

Exomic sequencing analysis of early onset Parkinson’s
disease patients at the Federal Neurosurgical Center of the
Ministry of Health of the Russian Federation (Novosibirsk)
revealed two individuals (a 37-year-old woman (PD58) and a
66-year-old man (PD69)) with the variant LGR4:¢.1087G>T
(rs117543292).

PBMCs were isolated from patients’ peripheral blood and
then reprogrammed to revert to a pluripotency state, using
episomal vectors encoding the pluripotency factors OCT4,
SOX2, KLF4, LIN28, L-MYC, and the dominant-negative
form of the mouse p53 protein, mp53DD (Okita et al., 2013).
In this study, 21 cell lines of PD58 and 10 cell lines of PD69
were generated. Primary analysis for the presence/absence of
episomal vectors and karyotyping allowed us to select three
lines from the first patient (ICGi053-A/PD58-4, ICGi053-B/
PD58-7 and ICGi053-C/PD58-14) and four lines from the
second one (ICGi054-A/PD69-1/1, 1ICGi054-B/PD69-2/1,
ICGi054-C/PD69-4 and ICGi054-D/PD69-5). All the lines
were registered in the Human Pluripotent Stem Cell Regis-
try (hPSCreg, https://hpscreg.eu). Information on cell lines
can be found in hPSCreg at the following links: https://
hpscreg.eu/cell-line/ICGi053-A, https://hpscreg.eu/cell-line/
ICGi053-B, https://hpscreg.eu/cell-line/ICGi053-C, https://
hpscreg.eu/cell-line/ICGi054-A, https://hpscreg.eu/cell-line/
ICGi054-B, https://hpscreg.eu/cell-line/ICGi054-C u https://
hpscreg.eu/cell-line/ICGi054-D.

All lines from both patients have a morphology charac-
teristic of pluripotent cells, flat monolayer dense colonies
with a large nuclear to cytoplasmic ratio, expressing endo-
genous alkaline phosphatase (Fig. 1a, 2a).

In the karyotyping of the obtained iPSC lines, 56 to
60 metaphases were analysed. From 6 to 12 chromosome
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Fig. 1. Characterisation of three iPSC lines ICGi053-A, ICGi053-B and ICGi053-C.

a - colony morphology and detection of alkaline phosphatase (AP) in iPSCs; b - karyotyping of iPSC lines using DAPI banding; ¢ - sequenograms
of PCR products obtained from genomic DNA of a patient with early onset Parkinson’s disease PD58, a healthy donor (LGR4-WT), iPSC lines and
PBMCs corresponding to positions 27377174-27377186 on human chromosome 11 (GRCh38 genome assembly). The position of the gene variant
studied is LGR4 NC_000011.10:9.27377180C>A. The nucleotide substitution LGR4:c.1087G>T is indicated by the red arrow; d - immunofluores-
cence staining for markers of pluripotency: NANOG (green), OCT4 (red), SSEA-4 (green), SOX2 (red); nuclei stained with DAPI (blue); e - quantitative
RT-PCR for pluripotency markers (OCT4, SOX2, NANOG) of derived iPSC lines, patient PBMCs and human embryonic stem cell line HUES9; f— immu-
nofluorescence staining of spontaneously differentiated cells for markers of ectoderm (TUBB3 (red), MAP2 (green)), entoderm (keratin 18/KRT18
(green), AFP (red)) and mesoderm (aSMA (red), CD29 (green)); nuclei were stained with DAPI (blue); g - result of PCR assay for episomal vector
elimination and mycoplasma contamination of the cells obtained. Scale bars are 100 pm.
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Fig. 2. Characterisation of four patient-specific ICGi054-A, ICGi054-B, ICGi054-C, and ICGi054-D iPSC lines.

a - colony morphology and detection of alkaline phosphatase (AP) in iPSCs; b - karyotyping of iPSC lines using DAPI banding; ¢ - sequenograms
of PCR products obtained from genomic DNA from a PD69 Parkinson’s disease patient, a healthy donor (LGR4-WT), iPSC lines, and PBMCs cor-
responding to positions 27377174-27377186 on human chromosome 11 (GRCh38 genome assembly). The position of the gene variant studied is
LGR4NC_000011.10:9.27377180C>A. The nucleotide substitution LGR4:c.1087G>T is indicated by the red arrow; d —immunofluorescence staining
for markers of pluripotency: NANOG (green), OCT4 (red), SSEA-4 (green), SOX2 (red); nuclei stained with DAPI (blue); e — quantitative RT-PCR for
pluripotency markers (OCT4, SOX2, NANOG) of derived iPSC lines, patient PBMCs and human embryonic stem cell line HUES9; f—immunofluores-
cence staining of spontaneously differentiated cells for markers of ectoderm (TUBB3 (red), MAP2 (green)), entoderm (keratin 18/KRT18 (green),
AFP (red)) and mesoderm (aSMA (red), CD29 (green)); nuclei were stained with DAPI (blue); g - result of PCR assay for episomal vector elimination
and mycoplasma contamination of the cells obtained. Scale bars are 100 um.
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(LGR4:c.1087G>T) from Parkinson’s disease patients

Table 3. Detailed analysis of the chromosomal composition of the metaphase spreads of the resulting iPSC lines

iPSC line Number of metaphases

with different numbers

of chromosomes

42-44 45 46 47 48-50
ICGi053-A 4 3 40 8 2
ICGi053-B 9 3 37 4 0
I1CGi053-C 5 4 37 3 1
ICGi054-A 4 8 37 5 2
1CGi054-B 7 4 41 3 1
1CGi054-C 15 5 37 6 1
1CGi054-D 8 10 31 4 1

spreads were obtained for each cell line, in accordance with
the recommendations based on the European standards for
cytogenetic and molecular cytogenetic studies of constitu-
tive and acquired chromosomal abnormalities (Hastings et
al., 2012; ISCN, 2020). The appearance of cells with the
number of chromosomes ranging from 42 to 45 is the result
of the loss of individual chromosomes during preparation.
Since the number of such cells was low and they showed an
absence of different chromosomes, we did not consider them
as the formation of new subclones. It is known that cultured
stem cells are characterised by aneuploidy (Menzorov et al.,
2016), but monosomal cells are prone to apoptosis or less
intensive proliferation, so in cell culture it is common to
consider lines with more than 50 % of metaphases with a
full set of chromosomes as normal. Detailed analysis showed
that all lines have more than 55 % of cells with a normal
diploid karyotype — 46,XX for ICGi053 (Fig. 1b) and 46,XY
for ICGi054 (Fig. 2b). It should be noted that the analysis of
the seven iPSC lines obtained did not reveal any metaphase
spreads with structural rearrangements. Detailed information
on the composition of the analysed metaphase spreads can
be found in Table 3.

Sanger sequencing demonstrated the presence of the
€.1087G>T (rs117543292) variant of the LGR4 gene in a
heterozygous state in the obtained cell lines as well as in
PBMC:s (Fig. 1c, 2c, the genetic variant is indicated by a red
arrow). Immunofluorescence analysis of lines ICGi053-A
(passage 27), ICGi053-B (passage 26), ICGi053-C (pas-
sage 27), ICGi054-A (passage 26), ICGi054-B (passage 22),
ICGi054-C (passage 25) and ICGi054-D (passage 24) for
pluripotency markers revealed the presence of the SSEA-4
surface antigen and the transcription factors NANOG, SOX2
and OCT4 (Fig. 1d, 2d). Quantitative real-time PCR (RT-
PCR) of patient PBMCs, patient-derived iPSC lines, and the
control embryonic stem cell line HUES9 showed increased
gene expression levels of OCT4, NANOG, and SOX2 in the
iPSC lines, which was comparable to the expression level

22

Number of metaphases Karyotype
analysed of diploid cells

80-92

4 58 46,XX

5 58 46,XX

8 58 46,XX

4 60 46,XY

1 57 46,XY

2 60 46,XY

1 56 46,XY

in HUES9 (Fig. 1e, 2e). The test for the ability to sponta-
neously differentiate into derivatives of three germ layers,
which is the main confirmation of the pluripotency status
of the obtained cell lines, and further immunofluorescence
analysis showed the expression of markers of ectoderm (tu-
bulin B3 (TUBB3/TUJ1), microtubule-associated protein 2
(MAP2)), entoderm (alpha-fetoprotein (AFP)), keratin 18
(KRT18)) and mesoderm (a-smooth muscle actin (aSMA),
surface marker CD29) (Fig. 1f, 2f). During cultivation, all
lines underwent PCR testing for mycoplasma contamina-
tion and elimination of episomal vectors (Fig. 1g, 2g). STR
analysis at 26 loci showed the identity of the iPSC lines
derived from patient PBMCs (data available on request
from the authors). The passports of the cell lines derived
from PD58 and PD69 patients are shown in Tables 4 and 5,
respectively.

Conclusion

As aresult of reprogramming PBMCs from two Parkinson’s
disease patients carrying the ¢.1087G>T (rs117543292)
variant of the LGR4 gene, seven iPSC lines — ICGi053-A,
ICGi053-B, ICGI053-C, ICGi054-A, ICGi054-B, ICGi054-C
and ICGi054-D — were obtained and characterised. The cell
lines obtained correspond to human pluripotent cells: they
have a characteristic morphology, a normal karyotype, ex-
press pluripotency factors, are able to differentiate sponta-
neously into derivatives of three germ layers and have the
same genetic variant LGR4:¢.1087G>T as donor PBMCs.
This work is the first and necessary step to study the effect
of the LGR4:¢.1087G>T genetic variant on the manifestation
of Parkinson’s disease. The iPSC lines obtained and their
differentiated derivatives represent a unique cell platform
on which it will be possible in the future to study at the
molecular genetic level the early pathological processes
that trigger the cascade of signalling pathways leading to
neuronal death, to search for targets that modulate these
signalling pathways and to test new potential drugs.
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Table 4. Passport of cell lines ICGi053-A, ICGi053-B, ICGi053-C

Unique identifier
Alternative cell line names

Institution

Ethical approval

Cell type

Origin

Additional information

on the origin of the cell line

Original cell type

Date of biomaterial collection
Reprogramming method
Reprogramming factors
Clonality

Genetic modification

Type of genetic modification

Confirmation of elimination/

silencing of reprogramming transgenes

Disease

Age of disease onset
Gene/locus

Morphology
Pluripotency

Karyotype

Check for contamination
Scope of application
Cultivation method

Growth medium

Temperature, °C

CO, concentration, %
O, concentration, %
Passage method
Split ratio
Cryopreservation
Storage conditions

Registry ID

Date of certification/registration

ICGi053-A, ICGi053-B, ICGi053-C
PD58-4, PD58-7, PD58-14

Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

The study was approved by the Research Ethics Committee of the Federal Neurosurgical Center
of the Ministry of Health of the Russian Federation, Novosibirsk, Russia, Protocol No. 1
dated 14 March 2017

iPSCs
Human

Age: 37
Gender: F
Ethnicity: Caucasian race

Peripheral blood mononuclear cells (PBMCs)
2022

Non-integrating episomal vectors

OCT4, SOX2, KLF4, LIN28, L-MYC and mp53DD
Clonal

No

N/A

PCR, not detected

Parkinson’s disease

36

LGR4:c.1087G>T, rs117543292

Human pluripotent cell-like monolayer colonies

Confirmed in tests for the formation of embryoid bodies

46,XX

Bacteria, fungi and mycoplasma not detected

In vitro model of Parkinson’s disease

On the feeder layer of mitotically inactivated mouse embryonic fibroblasts

85 % KnockOut DMEM, 15 % KnockOut Serum Replacement, 0.1 mM NEAA,
0.1 mM 2-mercaptoethanol, 1 % Penicillin-Streptomycin, GlutaMAX-I (all Thermo Fisher
Scientific), 10 ng/ml bFGF (SCI Store)

37

5

20

TrypLE Express
1:8-1:10

90 % FBS, 10 % DMSO
Liquid nitrogen

https://hpscreg.eu/cell-line/ICGi053-A
https://hpscreg.eu/cell-line/ICGi053-B
https://hpscreg.eu/cell-line/ICGi053-C

09.07.2024 (ICGi053-A)
18.07.2024 (ICGi053-B)
22.07.2024 (ICGi053-C)
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Table 5. Passport of cell lines ICGi054-A, ICGi054-B, ICGi054-C, ICGi054-D

Unique identifier
Alternative cell line names

Institution

Ethical approval

Cell type

Origin

Additional information

on the origin of the cell line

Original cell type

Date of biomaterial collection
Reprogramming method
Reprogramming factors
Clonality

Genetic modification

Type of genetic modification

Confirmation of elimination/

silencing of reprogramming transgenes

Disease

Age of disease onset
Gene/locus

Morphology
Pluripotency

Karyotype

Check for contamination
Scope of application
Cultivation method

Growth medium

Temperature, °C

CO, concentration, %
O, concentration, %
Passage method
Split ratio
Cryopreservation
Storage conditions

Registry ID

Date of certification/registration

ICGi054-A, ICGi054-B, ICGi054-C, ICGi054-D
PD69-1/1, PD69-2/1, PD69-4, PD69-5

Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

The study was approved by the Research Ethics Committee of the Federal Neurosurgical Center
of the Ministry of Health of the Russian Federation, Novosibirsk, Russia, Protocol No. 1
dated 14 March 2017

iPSCs
Human

Age: 66
Gender: M
Ethnicity: Caucasian race

Peripheral blood mononuclear cells (PBMCs)
2022

Non-integrating episomal vectors

OCT4, SOX2, KLF4, LIN28, L-MYC 1 mp53DD
Clonal

No

N/A

PCR, not detected

Parkinson’s disease

41

LGR4:c.1087G>T, rs117543292

Human pluripotent cell-like monolayer colonies

Confirmed in tests for the formation of embryoid bodies

46,XY

Bacteria, fungi and mycoplasma not detected

In vitro model of Parkinson’s disease

On the feeder layer of mitotically inactivated mouse embryonic fibroblasts

85 % KnockOut DMEM, 15 % KnockOut Serum Replacement, 0.1 mM NEAA,
0.1 mM 2-mercaptoethanol, 1 % Penicillin-Streptomycin, GlutaMAX-I
(all Thermo Fisher Scientific), 10 ng/ml bFGF (SCI Store)

37

5

20

TrypLE Express
1:8-1:10

90 % FBS, 10 % DMSO
Liquid nitrogen

https://hpscreg.eu/cell-line/ICGi054-A
https://hpscreg.eu/cell-line/ICGi054-B
https://hpscreg.eu/cell-line/ICGi054-C
https://hpscreg.eu/cell-line/ICGi054-D

26.07.2024 (ICGi054-A
26.07.2024 (ICGi054-B
29.07.2024 (ICGi054-C
09.08.2024 (ICGi054-D

—_ = =
= = =
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