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ABSTRACT INTRODUCTION. Currently, there are no harmonised regulatory requirements for the quality
control of human somatic cell therapy and tissue-engineered medicinal products that contain
differentiated cells derived from induced pluripotent stem cells (iPSCs). This lack of uniform
requirements underscores the need for approaches to developing quality control programmes
and establishing critical quality attributes for iPSC-derived medicinal products within the Eur-
asian Economic Union (EAEU) regulatory framework.

AIM. This study aimed to systematise global regulatory experience and EAEU regula-
tory requirements for the development and justification of quality control programmes for
iPSC-derived medicinal products.

DISCUSSION. Medicinal products derived from iPSCs are mainly used in the treatment of neu-
rodegenerative, cardiovascular, and oncological diseases, diabetes, graft-versus-host disease,
and eye diseases. Over the past decade, specific recommendations and requirements for the
quality of clinical-grade iPSCs have been published by the Chinese Society for Stem Cell
Research (CSSCR), the Japanese Ministry of Health, Labour, and Welfare (MHLW), the Global
Alliance for iPSC Therapy (GAIT), and the European Bank of iPSC (EBiSC). The EAEU regula-
tory requirements for the quality of genetically modified cells have been in effect since 2025
(Chapter 32 of Decision No. 89 of the Council of the Eurasian Economic Commission “On Ap-
proval of the Rules for Assessment of Biological Medicines in the EAEU” of November 3,2016).
The list of critical quality attributes for clinical-grade iPSCs proposed by the GAIT generally
corresponds to the EAEU regulatory framework and can be used in drawing up quality control
programmes for iPSC-derived medicinal products in the Russian Federation and the EAEU.
Quality control programmes for finished somatic cell therapy or tissue-engineered medicinal
products derived from iPSCs should be based on the principle of quality attribute traceability
from the starting material onwards. The production of iPSCs is a full-fledged production pro-
cess that must comply with Good Manufacturing Practice (GMP) requirements for genetically
modified cells. Specific quality controls for iPSCs should include tests for residual reprogram-
ming vector DNA, markers of the undifferentiated state, and pluripotency as part of purity
characterisation, identification, and potency evaluation, respectively.

CONCLUSIONS. A quality control programme for a finished iPSC-derived medicinal product
should correspond to the type of differentiated cells and take into account the indications
for use. Critical quality considerations for iPSC characterisation include demonstrating the
absence of contaminating undifferentiated cells or cells with new immunogenic epitopes
and confirming the identity and genetic stability of iPSCs. The considered quality assessment
approaches provide a basis for developing both quality control strategies for iPSC-derived
medicinal products and specifications for marketing authorisation according to the EAEU re-
quirements.
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PE3IOME BBEOEHMUE. B HacTosiee BpeMs B perynsTopHOM CUCTEME OTCYTCTBYIOT rAPMOHU3UPOBAHHbIE €LU-
Hble TpeboBaHMS K KOHTPOMIO KayecTBa JiekapcTBeHHbIX npenapatos (/1) Ha ocHoBe coMaTuye-
CKMX KNeToK yenoseka (comartotepaneBTuyeckux JIM) n TkaHenHxeHepHbix JIM, B COCTaB KOTOPbIX
BK/IOYEHbl auddepeHUMPOBaHHbIe KJIeTKU, NONYyYEHHbIE U3 UHAYLMPOBAHHbIX MIOPUNOTEHTHbIX
ctBonoBbix knetok (MMCK). B cB93M € 3TUM akTyanbHbIM npencrasBnsetcs GopMUpoBaHME NOAXO-
[l0B B paMKax perynsTopHoi cucrembl EBpasuiickoro skoHoMmuueckoro cotosa (EA3C) k paspabotke
NporpaMMbl KOHTPONS KayecTBa U YCTaHOBNEHWUIO KPUTUYECKMX MokasaTenei kayecrtsa JIM1, nony-
yeHHbIx n3 UMCK.

LENb. Cuctematnsaums onbiTa BEAYLUMX MUPOBbIX PErYASTOPHbBIX OPraHOB M HOPMAaTMBHbLIX TpeHoBa-
HMIM EBpa3uiickoro 3KOHOMMYECKOro CO3a AN pa3paboTku U 060CHOBAHMS NPOrpaMMbl KOHTPONS
KayecTBa NIEKapCTBEHHbIX NPenapaToB, NOAYYEHHbIX U3 MHAYLMPOBAHHbIX MIOPUNOTEHTHLIX CTBO-
NOBBIX KJIETOK.

OBCY>KAEHME. OCcHOBHbIMM HanpasieHUAMKU TepaneBTUYeCckoro npumeHeHus JIMN, nonyyeHHbIx
u3 UMCK, asnaiotcs nevyeHne HelpoaereHepaTUBHbIX, CEPAEYHO-COCYANCTbIX, OHKOOTMYECKUX
3aboneBaHuii, caxapHoro auabeTa, peakunm KTpaHCMAAHTAT NPOTMB X03aMHa» U 0dTanbMONO-
rMyeckon natonornu. 3a nocnefHee gecaTuneTve pekomeHgauun u tpebosaHms kK kayecrsy MIMCK
KNMHUYECKOro YpOBHS 6binn npeactasneHbl KUTanckMM o61WecTBOM MCCIef0BaHUI CTBOMOBBIX
K/IeTOK, perynsTopHbiM opraHoM SnoHuu, MobanbHbiM anbsiHcom no Ttepanun UMCK (GAIT), Es-
poneiickum 6ankom MIMCK (EBiSC). B pamkax EASC TpeboBaHus K KayecTBy reHeTU4YeCcku Moau-
OUUMPOBAHHBIX KNeToK BBeaeHbl B aencteue B 2025 r. (maea 32 Pewenuns Coeta EBpaswuiickon
3KoHOMMYeckor kommuccum ot 03.11.2016 N2 89 «O6 yTBepxxaeHuu MpaBun npoBeneHUs Uccneno-
BaHW Bruonormyeckmx nekapcrBeHHbix cpenacts EAICy). MNepeueHb KpUTUYECKMX MOKasaTenewn Ka-
yectBa UMCK knuHMYeCKoro ypoBHS, npeanoxeHHbld GAIT, B LenoM COOTBETCTBYET perynsTopHbIM
HopMaM EASC 1 MoxeT BbITb MCNOMb30BaH NPY COCTaBIEHMMU NPOrpamMMbl KOHTpons Kavectea JIMM
Ha ocHoee MIMCK nng npumeHeHuns Ha Tepputopum Poccuiickon ®epepaumn n EASC. Mporpamma
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KOHTPONS KayecTBa roToBOro COMaToTepaneBTUYECKOro UM TKaHeuHxeHepHoro JIM, nonyyeHHo-
ro u3 UMCK, nonxHa 0CHOBbLIBAaTbCS HA MPUHLMNE NPOCNEXMBAEMOCTHN XapaKTEPUCTUK KayecTBa
HauyMHasa C ucxogHoro Matepuana. MNpouenypa nonyvenms UIMCK 9BngeTcs NONHOLEHHBIM TEXHO-
NOTMYECKMM MpOLLeCCOM, KOTOPbIM AO/MKEH COOTBETCTBOBATL MPaBWMIaM Hag/exallen npounsBoa-
CTBEHHOM NpakTUKkK (GMP) ang reHeTMYeCckn MOAMOUULMPOBAHHbLIX KNeToK. KOHTponb KayecTBa
UIMCK ponxeH BKNOYaTb onpepeneHune cneumduyecknx nokasaTtenem, BKAKYaAsa cnepywouwme:
ocTaToyHoe coaepxaHue [JHK-BeKTOpoB, UCNONb30BaHHbIX 415 NEPenporpaMMmMpoBaHus (OLEeHKa
YUCTOTbI); 3KCNpeccusl MapkepoB HeanddepeHLMPOBAHHOIO COCTOSIHUS KNeToK (MOATBEpXAeHMe
NOAJSIMHHOCTH); TECT Ha MIOPUNOTEHTHOCTb (OLLEHKA aKTUBHOCTM).

3AKJIOYEHME. MporpamMma KoHTpona kauvectsa rotosbix JIM, nonyyeHHbix n3 UMCK, gonxkHa
COOTBETCTBOBaTb TUNY ANddepeHUMPOBAHHBIX KNETOK U YYUTbIBATb NOKA3aHUA K UX KAUHUYe-
CKOMY npuMeHeHunio. Kputnueckumm acnektamu kayectsa npu xapaktepusauum UMNCK ssnsiotcs
[0Ka3aTeNbCTBO OTCYTCTBUS MPUMECHbIX HeanddepeHUMPOBAHHbIX KNETOK U KETOK C HOBbIMM
MMMYHOFE€HHbIMU 3NUTONaMu, NOATBEPXKAEHUE MOANMHHOCTU U reHeTU4Yeckon ctabunbHocTu. Pac-
CMOTpeHHble noaxoapl K oueHke kadectBa MIMCK MoryT 6biTb MCNONb30BaHbl AN 060CHOBaHUS
cTpaternn KoHTpons kavectsa JIM Ha ocHoBe UTMCK, a Takxke ansa dopMUpoBaHus cneumndukaumi
npwv rocyfapCTBEHHOM peructpauum no npasunam EA3C

KniwoueBblie cnoBa: MHAOYUMPOBAHHbIE NNKOPUNOTEHTHbIE CTBOJIOBbIE KNEeTKH; KNneTo4yHad TEPANUA,
COMaTOTepaI’IEBTM‘-{eCKMH }'IEKapCTBEHHbIﬁ npenapart; TKaHEMH)KeHeprIﬁ HEKapCTBeHHbIﬁ
npenapat; nepenporpamMmMuUpoBaHKUE KNETOK; 6aHK KNETOK; KOHTPOJIb Ka4ecCTBa, MOKa3aTenu

KauecTBa; perynsatopHble opraHbl
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INTRODUCTION

Cell therapy offers an innovative approach
to treating severe, life-threatening, and socially
significant diseases for which no effective, ac-
cessible pharmaceuticals are currently available.
However, its application faces certain limitations.
These arise from the inability to isolate specific
cell types or failure to satisfy quality require-
ments for cells, primarily due to the presence
of genome mutations, which prevents their use
in manufacturing. To address these challenges,
induced pluripotent stem cells (iPSCs) are being
explored as a potential starting material. Recent
research has been focused on obtaining iPSCs
for clinical application (clinical-grade iPSCs) and
establishing cell banks for subsequent produc-
tion of cell therapy products [1-7]. The clinical
applications of iPSCs and iPSC-derived specific
differentiated cell types include neurodegenera-
tive [8-11], cardiovascular [9, 12], oncological
diseases [9, 13], diabetes [14, 15], graft-versus-
host disease [16], and ocular diseases [9, 17].

129

Currently, the global regulatory system lacks
harmonized, unified requirements for quality
control of human somatic cell therapy products
and tissue-engineered products containing dif-
ferentiated cells derived from iPSCs. This can
be attributed to several factors: a relatively
recent discovery of the cell reprogramming
mechanism, insufficient safety data for targeted
modifications of the cell epigenetic profile, high
cost of obtaining and certifying autologous
iPSCs, limited characterization data on iPSCs
during storage in cell banks (banking), as well
as the absence of approved iPSC-based products
and lack of established approaches to registra-
tion dossier assessment for marketing autho-
rization. The Russian Federation lacks relevant
experience with clinical-grade iPSCs, including
their characterization, storage in cell culture col-
lections, and established evaluation approaches.

The present paper aims to systematize the ex-
perience of leading global regulatory authorities
as well as the regulatory requirements of the
Eurasian Economic Union (EAEU) for the purpose
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of development and justification of a quality
control program for medicinal products derived
from iPSCs.

To identify current clinical trials of iPSC-based
products, we searched the ClinicalTrials.gov re-
gistry (using the keyword “induced pluripotent
stem cell” and all clinical trial statuses except
“unknown” and “withdrawn”). The search for sci-
entific publications was conducted using the
PubMed database and the following keywords:
“induced pluripotent stem cell”, “clinical-grade
human induced pluripotent stem cell lines”, “plu-
ripotent stem cell-specific quality control”.

MAIN PART
International approaches to quality control
of induced pluripotent stem cells

At present, clinical trials of products derived
from iPSCs are conducted mainly in the USA,
China, and Japan (Table S1, published on the
journal’s website").

It is important to note that all stem cell-
based products in China, including those de-
rived from iPSCs, are used as medical technolo-
gies without marketing authorization. The clini-
cal trials conducted in China, as documented on
the ClinicalTrials.gov website, are investigator-
initiated trials (IIT), which are not conducted for
the purpose of obtaining marketing authoriza-
tion [18].

China
In 2021, the Chinese Society for Stem Cell
Research published “Requirements for Human-
Induced Pluripotent Stem Cells for Clinical
Use” This document establishes key technical
requirements, testing methods, and comprehen-
sive instructions for the use, labeling, packag-
ing, storage, and transportation of iPSCs during
manufacturing and quality control (Table 1) [19].
Given the complexity of the iPSC manufactur-
ing process, the use of allogeneic cells as a start-
ing material offers an economically feasible
solution for creating clinical-grade cell banks.
Consequently, ensuring immunological compat-
ibility is paramount. To reduce immunogenicity,
the following approaches are used:
- deriving iPSCs from donors with homozygous
major histocompatibility complex (MHC) hap-
lotypes;

- modifying iPSCs to suppress human leuko-
cyte antigens (HLA) expression, which helps
overcome tissue mismatch between the do-
nor and patient HLAs [2, 20].

Modified iPSC cell lines can be an optimal
source for obtaining cell-based therapy products,
offering a significant reduction in treatment wait
times, eliminating the need to search for a suit-
able donor, and removing the requirement for
prior immunosuppressive therapy. This approach
proves to be a substantially more cost-effective
treatment option compared to the use of autolo-
gous iPSCs [4].

The emergence of immunogenicity from iPSC-
derived differentiated cells may be associated
with the appearance of new immunogenic epi-
topes during the iPSC manufacturing stage due
to spontaneous mutations arising in mitochon-
drial DNA during the cell reprogramming pro-
cess. For this reason, genetic analysis is recom-
mended at various stages of iPSC-based product
manufacturing [9, 21].

Purity analysis (control of impurities) includes
determining the residual content of DNA from
transcription factors that may contribute to tu-
mor formation. This risk is specific to iPSCs. It has
been established that all four key Yamanaka re-
programming factors (Oct3/4, Sox2, KIf4, c-Myc)
have tumorigenic potential. c-Myc is one of the
most frequently mutated genes in cancer, and its
mutations can act as driver mutations, providing
a proliferative advantage and promoting selec-
tion of tumor cell clones [22].

J.Wu et al. [23] presented a quality control pro-
gram and acceptance criteria to be used in iPSC
manufacturing for all intermediate products used
for generation of pancreatic islets for the treat-
ment of patients with type 2 diabetes mellitus.
The program includes quality control of the fol-
lowing cell types: endodermal stem cells, pancre-
atic progenitor cells, endocrine progenitor cells,
and the actual islet cells (the active substance)
(Fig. S1, published on the journal’s website?).

The iPSCs were derived from peripheral blood
mononuclear cells using a set of transcription
factors (Oct4, Sox2, Klf4, c-Myc). Subsequently,
two clones at passage 10 were selected, char-
acterized, and used to obtain endodermal stem
cells. At passage 20, the absence of known onco-
genic mutations in the cells was confirmed using
whole-genome sequencing. Genetic stability was
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Table 1. Quality control of induced pluripotent stem cells (iPSCs)
Tabnuua 1. KoHTponb KayecTBa MHAYLIMPOBAHHbIX MIPUMOTEHTHBIX CTBONOBbLIX kneTok (UIMCK)

Attribute
Xapakmepucmuka

Identity: morphological
analysis

lodonuHHoCcMeb -
Mopgono2uyeckuli aHanu3s

Identity: karyotype
ModnuHHoCcMb — Kapuomun

Viability
JKuzHecnocobHocme

Identity: cell surface
markers

lodnuHHOCMb — Mapkepsl
KAemoy4Hol nonynsyuu

Purity: residual amounts of
transcription factor DNA
Yucmoma - ocmamoyHoe
codepwanue [IHK
MPAaHCKpUNYUOHHbIX
¢akmopos

Pluripotency test
Tecm
Ha NKLpPUNOMEHMHOCMb

Sterility
Mycoplasma
Adventitious agents
CmepunsHocme
Mukonnasma
3aHeceHHble azeHmel

Authentication (in-process
control)

Aymenmucgukayus
(8Hympunpou3800cmeeHHsil
KOHMpOJb)

Test methods
Memooe! ananusa

Microscopy
Mukpockonus

Differential
G-banding
JuppeperyuansHoe
G-okpawusaHue

Haemocytometer
counting with trypan
blue staining
lModcuem knemok 6
eemoyumomempe
npu okpacke
mMpuNaHo8bIM-CUHUM

Flow cytometry
lpomoyHas
yumomempusi

Quantitative PCR
analysis
KonuyecmeeHHeili
MUP-aHanu3z

In vivo teratoma for-
mation in immuno-
deficient mice
®opmuposaHue
mepamomel in vivo
Ha umMMyHodeguyum-
HbIX MbILIAX

Compendial
methods
®apmakoneliHble
mMemode!

Short tandem repeat
analysis

Memod kopomkux
MAaHOemMHbIX
nosmopos

Requirements
Hopmbi

Cells grown in 2D conditions should form compact colonies with clear edges,
be similar in morphology, and have a dense intercellular communication
network

Knemku, KynemusupogaHHsle 8 2D-ycnosusix, 00/mxHbl 06pa3ossieams
KOMNAKMHsle KOOHUU € 4emMKUMU 2paHUyamu U Xapakmepu3o8amscs Cxoxell
MOpgDOﬂOZUGg u Haau4ueM nji0mHbIX MEXK/1emo4YHbIX KOHMakmos

The normal karyotype is 46,XX or 46,XY
HopmansHebiii kapuomun 46,XX unu 46,XY

Cell viability should be 290% before cryopreservation and 260% after
cryopreservation, with cell counting in two runs, followed by the
calculation of the mean value. The difference between the calculation
results should not exceed 10% of their arithmetic mean
KusHecnocobHocme knemok 290% 00 KpuokoHcepsayuu u 260% nocne
KpUOKoHcepsayuu npu nodcdeme 8 08yx No8mMopax ¢ NoCAedywUM
pacyemom cpedHeeo 3HayeHus. PasHuya mexdy peysbmamamu noocyemos
He domxHa npessiiams 10% om cpedHe20 apugmemuyeckoeo

The expression of at least two of the surface cell markers SSEA3, SSEA4,
TRA-1-60 and TRA-1-81 in the cell population should be 270%, and the
expression of the intracellular markers Oct4 and Nanog should be 270%
YposeHb 3kcnpeccuu, no KpatiHeli mepe, 08yX NOBEPXHOCMHbIX KNEMOYHbIX
mapkepos (SSEA3, SSEA4, TRA-1-60, TRA-1-81) 6 nonyasyuu Knemok 00/xeH
cocmasname 270%, yposeHb 3KCnpeccuu 8HympukaemoyHelix mapkepog Oct4 u
Nanog domweH cocmagnsme 270%

The concentration of target genes is calculated according to the standard
curve plotted using reference standards for the DNA of target genes
Pacyem KoHueHMpayuu yenessix 2eH08 NPouU38ooUMCs 8 COOMsemcmeuu

€ nocmpoeHHol cmaHoapmHol Kpugoli npu Ucnos6308aHUU 3MATOHHbIX
cmandapmoe [IHK uenesbix 2eHo8

iPSCs should be able to form in vivo teratomas with derivatives of all three
germ layers after administration of iPSCs (subcutaneous, intramuscular,
into the space of the seminal tubules under the testicular membrane,

or under the renal capsule), followed by histological examination with
haematoxylin and eosin staining (6-10 weeks after teratoma formation)
WIICK domiHbl 6bIMb cnOcobHbI 06pA308b618aMb N Vivo mepamombl

C NPOU3BOOHLIMU BCEX MPeEX 3apOObILIEBLIX IUCMKO8 NOC/e B8E0EHUS KEMOK
(NOOKOMHO, BHYMPUMbILIEYHO, 8 NPOCMPAHCMBO CEMEHHbIX KAHANbUES

nod 06onoykoli sudek unu nod noyedHol kancynoli) ¢ nocnedyowum
2ucmonoauyeckuM uccedosaHuemM npu oKpawueaHuU npenapama
2eMamoKCUIUHOM U 303UHOM (Yepe3 6-10 Hed. nocne 06pa3osaHus mepamom)

The donor material should be checked for the presence of human
immunodeficiency virus, hepatitis B and hepatitis C viruses, human
T-lymphotropic virus, Epstein—Barr virus, cytomegalovirus and Treponema
pallidum agent at the screening stage of donors. Cells should be sterile
and free of bacteria, fungi, mycoplasmas, and viruses

posepka doOHOPCKO20 MaMepuana Ha Hanuyue supyca uMmyHooepuuuma
yenoseka, supycos eenamuma B u eenamuma C, T-numgpomponHozo supyca
yenoseka, supyca InwmeliH-bapp, uumomezanosupyca u 8036youmens
cugunuca ocywecmsnsiemcs Ha cmaduu CKpUHUH2a 00HOPo8. Knemku O0/mkHbI
bbIMb CMepubHBIMU, He co0epxams 6akmeput, 2pu60os, MUKONIA3M, BUPYCO8

STR profiles of iPSCs and donor material should correspond to each other
Coomeemcmeue STR-npogunel UINCK u mamepuana doHopa

The table is prepared by the authors using data from [19] / Tabnuua cocTaBneHa aBTopamu Mo AaHHbIM [19]

Note. PCR, polymerase chain reaction; STR, short tandem repeat
lMpumeyarue. NUP - nonumepasHas uenHas peakuus; STR - MeTon KOPOTKMX TaHAEMHbIX MOBTOPOB.

131

Biological Products. Prevention, Diagnosis, Treatment. 2025, V. 25, No. 2



MenbHukoBa E.B., PauuHckas 0.A., CemenoBa U.C., Mepkynos B.A.

MporpaMMa KOHTpONsl KauyecTBa NpenapaToB Ha OCHOBE MHAYLMPOBAHHBIX MJIIOPUNOTEHTHBIX CTBOJIOBbIX KNETOK

assessed via karyotyping. Safety in terms of the
absence of iPSC impurities was evaluated in
animal models of teratoma. Products obtained at
intermediate manufacturing stages - pancreatic
progenitor cells and endocrine progenitor cells -
were subjected to reduced quality control, as-
sessing identity and the absence of microorgan-
isms (sterility, mycoplasmas, adventitious agents,
and endotoxins). The active substance (islet
cells) underwent comprehensive characterization
using the following parameters: identity (deter-
mination of the main target and non-target cell
types); potency - assessed by measuring insulin
(C-peptide) secretion following glucose stimula-
tion; and the absence of microorganisms.

Japan

In Japan, research (Investigator-Initiated Trial
stage) is being conducted on medicinal products
derived from iPSCs for the treatment of various
diseases: retinitis pigmentosa (jRCTa050200027),
Leber congenital amaurosis (jRCTa050210178,
jRCTa050200122, jRCTa050190084), oncologi-
cal diseases (jRCTa030220741), cardiovascular
diseases (jRCTa032200189), knee cartilage inju-
ries (jRCTa050190104), and spinal cord injuries
(jRCTa031190228) [24]. In 2013, Japan issued
a guideline for quality control and preclini-
cal studies required for the clinical application
of retinal pigment epithelial cells derived from
iPSCs. The guideline outlined the following
product indications: age-related macular degen-
eration, degenerative myopia, Stargardt disease,
traumatic injuries, and retinitis pigmentosa’.

The guideline presents cell quality require-
ments primarily related to efficacy and specific
safety (i.e., impurities control), and also describes
the quality attributes, methods, and markers

(Fig. 1).

Critical quality attributes for clinical-grade induced
pluripotent stem cells

In 2018, the Global Alliance for iPSC Thera-
pies (GAIT [20]) defined a minimum set of quality
control criteria and critical quality attributes for
clinical-grade iPSCs intended for use as starting
material for the production of cell therapy pro-
ducts to be banked [1]. These recommendations
were developed based on a thorough analysis

of quality attributes as factors contributing
to potential risks in iPSC clinical use. They also
aim to foster a better understanding of the pos-
sible consequences that may arise during testing
(Table S2, published on the journal’s website*,
[25-29)).

To address the assessment of iPSC quality at-
tributes, Table S2 has been supplemented with
references to the current pharmacopoeial mono-
graphs of the State Pharmacopoeia of the Rus-
sian Federation and the EAEU Pharmacopoeia,
as well as to other regulatory sources stipulating
the use of non-compendial methods.

Additionally, intermediate stages of iPSC
manufacturing may employ an expanded range
of characterization and testing methods, includ-
ing the following:

- detailed description of cultivation conditions
and determination of iPSC proliferative activity;
- genetic stability testing methods that account
for the increased risk of mutation formation
due to cell reprogramming processes, for ex-
ample: single nucleotide polymorphism (SNP)
analysis, which allows detection of subchro-
mosomal changes and neutral loss of hetero-
zygosity, potentially indicating cell transfor-
mation; whole-genome/exome sequencing
to identify loci of potential complete/partial
integration of reprogramming vectors (as-
sociated with tumorigenic risk) and other
genetic markers in accordance with the inter-
national Catalogue Of Somatic Mutations In

Cancer (COSMIC) database’, which contains

information on known oncogenes and tumor
suppressor genes classified according to the
recommendations of the American College of
Medical Genetics and Genomics (ACMG) [30];

- immunocytochemical determination of mar-
kers specific to human pluripotent stem cells;

- gene expression analysis using molecular ar-
rays, mRNA arrays, or RNA sequencing, which
allows for the prediction of functional pluri-
potency.

Subsequently, the quality control strategy
proposed by GAIT for characterizing clinical-
grade iPSCs for inclusion in cell collections/
banks was adapted by the European Bank for In-
duced Pluripotent Stem Cells (EBiSC) [7], as well
as by some medical centers specializing in the

* Guidance on Evaluation of Autologous Induced Pluripotent Stem Cells-derived Retinal Pigment Epithelial Cells. Pharmaceutical
and Food Safety Bureau. Ministry of Health, Labour and Welfare.Japan; 2013.

* https://doi.org/10.30895/2221-996X-2025-25-2-127-140-table-s2

® COSMIC. Catalogue of somatic mutations in cancer. https://cancer.sanger.ac.uk/cosmic
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The figure was prepared by the authors using materials of the Pharmaceutical and Food Safety Bureau, Ministry of Health, Labour and Welfare, Japan®/
PucyHok nogrotosneH asTopamu no matepuanam Pharmaceutical and Food Safety Bureau, Ministry of Health, Labour and Welfare, Japan®

Fig. 1. Quality attributes for pigment epithelial cells derived from induced pluripotent stem cells (iPSCs), as listed in the requirements

of the Japanese regulatory authorities.

Puc. 1. Heo6xoauMbiit nepeyeHb nokasaTenei KayecTsa A/ KNETOK MUTMEHTHOTO 3NUTENUs, NOMyYeHHbIX M3 UHAYLMPOBAHHbIX
NAPUNOTEHTHBIX CTBONOBbIX KneTok (MIMCK) cornacHo TpeboBaHMsAM perynsiTopHbiX OpraHoB SINOHMK.

Note. RT-PCR, real-time polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay; VEGF, vascular endothelial growth

factor; PEDF, pigment epithelium-derived factor.

Mpumeyarue. KMLP-PB — konnuyecTBeHHas nonnMepasHas LenHas peakuus B peasbHoM BpeMeHu; DA — MMyHOdEPMEHTHbIM aHanu3;
VEGF — dakTop pocTa 3HgoTenus cocynos; PEDF — dakTop nurMeHTHOro anutenus.

production of gene and cell therapy products
in compliance with Good Manufacturing Practice
(GMP) requirements [4, 5, 31].

To standardize the process, EBiSC has pro-
posed recommendations for characterizing iPSCs
when establishing clinical-grade cell banks
[7]. These recommendations require safety as-
sessments on primary cells, early passages of
the cell line after reprogramming, and the iPSC
cell line intended for banking. The assessment
is performed using the following methods: cell

line authentication (short tandem repeat pro-
file), analysis of genetic stability (G-banding, SNP
analysis, or comparative genomic hybridization),
and sterility and mycoplasma testing. The pro-
posed quality control approach for donor mate-
rial and iPSC production intermediates helps
to accumulate a reliable body of historical data.
This data is essential for justifying the scope
of current quality control (for example, viral
safety testing of the derived cell lines is con-
ducted only in the absence of donor test results)

¢ Guidance on Evaluation of Autologous Induced Pluripotent Stem Cells-derived Retinal Pigment Epithelial Cells. Pharmaceutical
and Food Safety Bureau. Ministry of Health, Labour and Welfare.Japan; 2013.
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and for evaluating any changes in the manufac-
turing process. For direct cell reprogramming,
it is recommended to test the collected primary
samples and/or the derived cell populations for
sterility and viral agents, as well as to confirm
cell line identity (i.e., its belonging to a specific
individual).

The availability of genetic testing results for
primary cells (e.g., karyotype, SNP profile) subse-
quently enables the identification of congenital
genetic anomalies and any deviations arising
directly during reprogramming.

It is recommended to confirm iPSC identity,
potency, and purity on the cells intended for
banking and prior to obtaining differentiated
cells for the finished medicinal product. This
involves quantitative determination of viable
cells, assessment of undifferentiated iPSC mar-
kers expression, and pluripotency assays, in ad-
dition to other relevant tests. Morphological
analysis is recommended for all materials during
iPSC manufacturing, including primary cells and
throughout routine cultivation, as cell morpho-
logy is highly susceptible to changes, e.g. from
microbial contamination or genetic mutations.

For routine cultivation monitoring, the fol-
lowing conditions and time intervals are recom-
mended:

- STR profile determination: every 6-8 weeks
or 10-12 passages for cell lines in culture;

- genetic stability assessment: every 6 weeks
or 10 passages, with additional assessments
performed following selection, or if changes
in cell morphology and growth rate are ob-
served in culture;

- sterility check: daily;

- mycoplasma testing: every 3-4 weeks
or 5-6 passages, and if changes in cell morphol-
ogy and growth rate are observed in culture;

- morphology assessment: daily;

- determination of specific marker expression and
pluripotency test: if changes in cell morphology
and growth rate are observed in culture.
According to JJ. Novoa et al. [4, 5], the pro-

posed quality control strategy [1] allows for
characterization of iPSCs in terms of the re-
quired safety and efficacy attributes for their
subsequent storage in cell banks. The authors
validated quality control methods specific
to iPSCs for determining:

- residues of DNA vectors used for reprogram-
ming (purity assessment);

BUOnpenapartsbl. MpodunakTmka, AMarHocTuka, neyeHune. 2025, T. 25, N2 2

- markers of undifferentiated cells (identity
confirmation);
- pluripotency (potency assessment).

A key stage in iPSC in-process control is safety
assessment, which includes evaluation of the
tumorigenic potential [4, 5]. This involves as-
sessment of the residual content of DNA vec-
tors used for reprogramming and determination
of the optimal minimum number of cell line
passages. These steps are essential for assess-
ing cell genome stability for subsequent iPSC
banking and clinical use. J.J. Novoa et al. [4, 5]
demonstrated that screening for the presence
of residual episomal DNA vectors is most ap-
propriate between the eighth and tenth pas-
sages. This approach offers a threefold benefit:
excludes cell lines containing episomal vectors,
optimizes the number of passages to mitigate
risks for genome integrity, and minimizes the
number of discarded iPSC cell lines.

A minimum sample size of 20,000 cells (120 ng
of genomic DNA) was established for the analysis
of DNA vectors. Since the DNA vectors used con-
tain the Epstein—-Barr virus (EBV) regulatory ele-
ment EBNA-1, additional donor testing for EBV in-
fection and corresponding antibodies is necessary.
If the test returns positive, further examination
of the donor material is necessary to detect the
EBV BNRF1 marker. This approach helps to dif-
ferentiate endogenous EBV infection from the
EBNA-1 element introduced during iPSC repro-
gramming. Additionally, whole-genome sequenc-
ing is recommended for iPSC cell lines intended
for cell bank storage. This helps to identify poten-
tial integration of plasmid sequence fragments
lacking the EBNA-1 sequence [5].

The iPSC potential to differentiate into three
germ layers is assessed through a functional
pluripotency test. The test is performed us-
ing cover slips and confocal microscopy, en-
abling morphological analysis and evaluation
of lineage-specific marker expression. The iPSC
lines generated by JJ. Novoa et al. [4] demon-
strated the ability to differentiate into all lineag-
es: pancreatic islets (endoderm); renal organoids
and cardiomyocytes (mesoderm); keratinocytes,
GABAergic interneurons, and inner ear structures
(ectoderm). To evaluate the expression of undif-
ferentiated state markers, three types of mar-
kers were used: two extracellular (SSEA4 and
TRA-1-60) and one intracellular (Oct3/4) [5].
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Eurasian Economic Union regulatory

requirements for the quality control

of induced pluripotent stem cells

Starting Materials and Reagents

The quality control of medicinal products
derived from iPSCs is supported by a regula-
tory and legal framework throughout their en-
tire lifecycle, starting from the development
stage, in strict compliance with the EAEU
regulations’. In 2025, detailed requirements for
the development, quality control, and conduct
of preclinical and clinical studies of medici-
nal products based on somatic and genetically
modified (GM) cells were approved as chapters
31 and 32 of the Annex to Decision No. 89 of the
Council of the Eurasian Economic Commission
(EEC)® (hereinafter, EEC Council Decision No. 89).
These provisions are fully harmonized with Eu-
ropean requirements’. The requirements specify
that GM cells are developed for therapeutic use
(Advanced Therapy Medicinal Products, ATMPs)
or for manufacturing of cell therapy or tissue-
engineered products (e.g., for producing iPSCs
which are subsequently differentiated into
somatic cell therapy or tissue-engineered pro-
ducts). For iPSC-based products, GMP principles
and science-based recommendations are applied
consistently starting from the cell collection
stage, including iPSC generation and subsequent
selection steps. The quality control program
for such products must cover all manufacturing
stages: control of raw materials, iPSCs, interme-
diate products, active pharmaceutical ingredient
(API), and the finished product.

The generation of iPSCs involves the use
of the following starting components: factors
ensuring cell modification (reprogramming); fac-
tor delivery vehicles (plasmid/viral vectors, etc.);
human primary cells.

Quality control of iPSC generation includes
the following key aspects:

- verification of modification factor combina-
tions (including commercially available kits).
Before use, factors must undergo sterilization
and testing for viral contamination, includ-

ing replication-competent viruses when viral
vectors are used as delivery vehicles;

- characterization of primary cells and GM cells

(iPSCs) in terms of: cell viability, concentra-
tion, purity (residual contents of transcription
factor DNA, other impurities), sterility, poten-
¢y (pluripotency assay). The identity (identifi-
cation) must be confirmed using appropriate
genotypic and/or phenotypic markers. These
parameters align with the critical quality at-
tributes for clinical-grade iPSCs when used
as a starting material for cell therapy products,
as proposed by GAIT [1];

- the Master Bank of GM cells (iPSCs) must

be established before initiation of Phase
| clinical trials (as stipulated by Chapter 1
of EEC Council Decision No. 89);

- safety assessment of starting materials (do-

nor material, iPSCs) for potential presence
of adventitious agents, and confirmation
of genetic stability;

- cell characterization (iPSCs, iPSC-based prod-
ucts) before and after genetic modification,
as well as after cryopreservation (freezing and
storage).

Cell Banks Characterization

General requirements for cell bank character-
ization, as detailed in Chapter 1 of EEC Council
Decision No. 89 and illustrated in Figure 2, can
be applied to iPSC bank characterization. How-
ever, the latter requires additional assessment
of genetic stability and conducting whole-
genome or whole-exome sequencing to identify
mutations. To justify the use of specific types
of differentiated cells, the pluripotent cell state
must first be confirmed. A crucial element is veri-
fication of iPSC genetic stability, as this is funda-
mental for establishing the limit of in vitro cell
age for manufacturing. This stability can be as-
sessed through examination of morphological
characteristics, cell growth parameters, and bio-
chemical, immunological, genotypic, and pheno-
typic markers.

Since a GM cell (iPSC) bank is established
after the cells are obtained from somatic cells

Decision No. 89 of the Council of Eurasian Economic Commission dated 3 November 2016 On Approval of the Rules for Conducting

Research on Biological Medicinal Products in the Eurasian Economic Union.
Decision No. 78 of the Council of Eurasian Economic Commission dated 3 November 2016 On the Rules of Registration and

Examination of Medicines for Human Use.

Decision No. 13 of the Council of Eurasian Economic Commission dated 22 January 2016 On Amendments to the Rules for

Conducting Research on Biological Medicinal Products in the Eurasian Economic Union.

° Guideline on human cell-based medicinal products (EMEA/CHMP/410869/2006). EMEA; 2008.
Guideline on quality, non-clinical and clinical aspects of medicinal products containing genetically modified cells. (EMA/CAT/

GTWP/671639/2008). EMEA; 2020.
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The figure was prepared by the authors using Decision No. 89 of the Council of the Eurasian Economic Commission / PucyHok noarotoBneH aBTopamu no

AaHHbIM Pewenns Coeeta E3K N2 89
Fig. 2. General aspects of cell bank characterisation.
Puc. 2. O6wue acnekTbl xapakTepusaumm 6aHKOB KNETOK.

through genetic modification, it is essential
to establish a comprehensive list of attributes
for the finished product. This list should include
assessment of impurities characteristic of a spe-
cific manufacturing process. Special attention
must be given to determining residues of repro-
gramming factor DNA and their delivery vehicles,
such as plasmids, viral vectors, etc.

Registration Dossier Materials
Pursuant to Chapter 14 of EEC Council Deci-
sion No. 89 (clinical trial requirements) and EEC

Council Decision No. 78 (Module 3 requirements),
a submission must include a description of the
manufacturing process for biological medicinal
products (including iPSC-based products). This
description must include details of critical sta-
ges, quality attribute limits and ranges, iden-
tification of critical parameters affecting key
characteristics (identity, purity, potency, count,
stability), and the results of process validation.
Data may be incomplete in the case of Phase I-II
clinical trials™.

1% Decision No. 89 of the Council of Eurasian Economic Commission dated 3 November 2016 On Approval of the Rules for Conducting
Research on Biological Medicinal Products in the Eurasian Economic Union.
Decision No. 78 of the Council of Eurasian Economic Commission dated 3 November 2016 On the Rules of Registration and

Examination of Medicines for Human Use.
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Results of comparability studies for the me-
dicinal product are required, for example, fol-
lowing changes in the cellular starting material
(e.g., cell source, isolation method for specific
cell subpopulation(s), introduction of a cell
material freezing stage, etc.) or to the API or fi-
nished product manufacturing process.

The documentation for the finished iPSC-
based product must contain a detailed rationale
for all quality attributes included in the specifi-
cations for both the APl and the finished product.
This must cover the acceptance criteria (permis-
sible values) for product purity, impurity residues
(with maximum allowable levels based on clini-
cal safety), potency, and other critical quality
parameters affecting the product’s functional
characteristics.

The relevance and suitability of analytical
quality control methods are paramount. Sub-
missions for Phase | clinical trials must include
established acceptance limits and validation
parameters in a tabulated form. For Phase 11—l
clinical trials, a summary of the validation results
must be submitted. Marketing authorisation sub-
missions require a complete data package on
validation of quality control methods*".

In the case of iPSC-based products, stability
study results, information on the proposed shelf
life and storage conditions, must be presented
separately for the API, the finished product, and
any intermediate products requiring long-term
storage during manufacturing. Critical quality
attributes for medicinal product stability stu-
dies must include identity, potency, and count.
To obtain permission for clinical trials, a submis-
sion must include stability data for at least one
batch produced using the manufacturing pro-
cess intended for the production of clinical trial
batches. Stability data from batches produced
during development or using a prior manufac-
turing process is acceptable, provided the qua-
lity of such batches is equivalent to that of the
product to be used in the clinical trial.

The quality control program and specifica-
tions for an iPSC-based product must address
the following aspects, in accordance with clause
17.3 of EEC Council Decision No. 78 on special
requirements for Module 3 of the registration
dossier for somatic cell therapy products and
medicinal products based on GM cells:

Module 3 of the registration dossier must
contain a summary of the procurement, col-
lection, and testing of human tissues and
cells (including starting materials used
to generate iPSCs);

if allogeneic cells are pooled after iPSC dif-
ferentiation, a pooling strategy must be pre-
sented, along with information on measures
to ensure traceability (as pooling of iPSCs has
not been done so far due to the increased
risk of genetic instability);

to predict therapeutic application and assess
potency, it is crucial to consider the variability
of starting materials and the origin of prima-
ry cells. This is due to the known “epigenetic
memory” of iPSCs [32, 33]. For example, it has
been demonstrated that iPSCs derived from
fetal neural stem cells generated a greater
number of neural progenitors and differenti-
ated neuronal cells compared to fibroblast-
derived iPSCs [34]; iPSCs derived from kera-
tinocytes more frequently formed neuroec-
todermal structures compared to fibroblast-
derived iPSCs [35];

it is essential to provide data on the valida-
tion of the manufacturing process and quality
control methods, along with a description
and qualification of iPSC cell banks;

quality control of the finished iPSC-based so-
matic cell therapy products must include the fol-
lowing parameters: identity, purity (sterility, my-
coplasmas, endotoxins, adventitious agents,
and cellular contaminants), viability, potency,
karyological profile, tumorigenicity, suitability
for the intended medical use, confirmation
of genetic stability, process- and product-
related impurities. Particular attention is
paid to the presence of residues of undiffer-
entiated iPSCs, cells with new immunogenic
epitopes, and other intermediate products
arising during reprogramming, cultivation,
and other manufacturing stages. It should be
noted that a major challenge in characteriz-
ing the identity and potency of iPSC-derived
cells, is their insufficient maturation;
justifications must be provided for the use
of in-process control data for batch release;
the influence of biologically active mo-
lecules (growth factors, cytokines) on other
APl components must be described;

' Decision No. 89 of the Council of Eurasian Economic Commission dated 3 November 2016 On Approval of the Rules for Conducting
Research on Biological Medicinal Products in the Eurasian Economic Union.
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- for products with three-dimensional struc-
tures, it is necessary to assess the differentia-
tion state, structural and functional organiza-
tion of cells resulting from combination with
matrices, scaffolds, medical devices, and the
resulting extracellular matrix;

- the description of product development must
include an analysis of cell population integ-
rity after technological manipulations with
the finished medicinal product.

Thus, the quality control program for a fi-
nished somatic cell therapy or tissue-engineered
product derived from iPSCs must be based
on the principle of traceability of quality attri-
butes starting from the raw material.

CONCLUSIONS

Global regulatory authorities, international
organizations, including the European Bank
for Induced Pluripotent Stem Cells (EBiSC), and
individual medical centers specializing in the
manufacturing of gene and cell therapy products,
whose approaches were reviewed in this paper,
all mandate strict quality traceability for iPSC-
based products, starting from the raw material.
This requirement stems from the specific nature
of their manufacturing, which is recognized
as a comprehensive technological process subject
to GMP requlations for genetically modified cells.

Quality control of iPSCs requires determina-
tion of specific parameters, including residues
of DNA vectors used for reprogramming (purity
assessment); expression of undifferentiated cell
markers (identity confirmation); and a pluripo-
tency test (potency assessment). However, cur-
rent regulations lack sufficient detail regarding
the qualification and validation procedures for
these methods, including acceptance criteria,
which could be used in GMP manufacturing en-
vironments.

The Llist of critical quality attributes for clini-
cal-grade iPSCs, as proposed by the Global Alli-
ance for iPSC Therapies (GAIT), generally aligns
with the EAEU regulations. With due regard for
the regulatory and methodological documents,
as well as scientific recommendations presented
in this review, this list can serve as a basis for
developing quality control programs for iPSC-
based products intended for use in the Russian
Federation and the EAEU.

The quality control program for finished so-
matic cell therapy or tissue-engineered products
derived from iPSCs must be appropriate to the
type of differentiated cells and consider the in-
dications for clinical use. Critical quality aspects
in characterizing iPSCs include demonstrating the
absence of contaminating undifferentiated cells
and cells with new immunogenic epitopes, as well
as confirming identity and genetic stability.
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