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Abstract With the approval of MSCs (mesenchymal stem/stromal cells)-based drugs in China and the
United States, establishing a stable, scalable, and GMP-compliant commercial production process along with robust

quality control system is of paramount importance. This article reviews the current optimization directions and tech-
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nical challenges in production processes and discusses key aspects of building a quality control system, providing
references to ensure the safety and efficacy of MSCs drugs in clinical applications. Process optimization is crucial
for cost control and meeting clinical demands. Key focuses include: adopting serum-free, chemically defined media
to reduce batch-to-batch variability; developing novel bioreactors such as microcarrier-based suspension culture
systems to enable automated, closed, and continuous production, thereby supporting scalable expansion; and opti-
mizing harvesting, washing, and filling processes to maintain cell viability and enhance process robustness. Qual-
ity control requires establishing a risk management system covering the entire supply chain, strictly implementing
material and release standards, and ensuring product safety, efficacy, and quality consistency from multiple dimen-

sions. Additionally, stability studies should be conducted to define the shelf life and storage conditions, ensuring

quality control and supply reliability during the commercial phase.
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® Drug product attributes

« Therapeutic indication, dosage *
form, dose regimen, container

closure system, stability and
storage conditions

Drug product quality
attributes

«  Safety, identity, content,
purity, impurities, potency
and general requirements

such as visible

® Potency

cor [emena [0 MESD 1S5

® Safety

Sterile,

bacterial <

® Cpp

endotoxin, tumorigenicity,
chromosomal karyotype, etc.
@ [dentity

+ Phenotypic markerstrilincage

differentiation potential, etc.
® Impuritics

* Process-related residues, dead
cells, etc.

particulates, packaging

QTPP: quality target product profile

ion, tissue
repair, angiogenesis, etc.

CQA: critical quality attributes

ion method, culture
method (2D or 3D), agitation
speed (if 3D process), culture
conditions (temperature,
dissolved oxygen, pH),
seeding density, culture
duration, digestion time,
centrifugation speed/duration,
cooling program, etc.

® CMA

*  Donor, microcarrier, culture

medium, digestive enzyme,
cryopreservation solution,

cryopreservation bag/vial, etc.

CMA

Control space

Method for DS establishment:

+ DOE

«  System modeling

CPP: critical process parameters

Process
monitoring
* Control of raw and auxiliary * Facility * Process data
CQA materials, and * Equi ‘monitoring
. ‘materials * Cleaning validation; * Change management and
Design + Cell bank control and stability  * Packaging system validati inuous imp
space .
studies * Stability studies; * Deviation handling

« Quality control of drug
substance and drug product

«+ Transportation process control

« In-use stability studies

« Online monitoring of process
parameters

* Transportation verification;
* Commercial production
qualification

* Trend analysis
* Periodic product quality
review

CMA: critical material attributes DS: design space  DOE: design of experiment

E1 ETQbDREMAEFERTFHAMAME =T ZH L RIZE
Fig.1 Flowchart of MSCs drug manufacturing process development based on QbD principles
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Table 1 Regulations and guidelines for mesenchymal stem cell drug manufacturing process and quality control
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Date Title Issuing organization
2003.03 CNARZINIG 7B FORN 7750 B Pl BOAR Fi S S 0D CDE

2015.07 o 2m 70 ) R i PR A F 5 i = SR 0 (A7) ) NHC. NMPA
2017.12 (AR IT 7= AT T 5 PP BOR 18 = I (R4T) ) NMPA

2018.03 MBI TT 7 b H S s AR TR 245 2 W R R R B0 25 P8 2 AT CDE

2019.10 MR T 7 b B R R T 24 2 0T T I A (55— 34) CDE

2020.04 G2 2B B BTS20 LOSEAZAT)) AWl i P o NMPA

2022.01 Cmia T 7= it A 7= o A B W (4T) CFDI

2023.04 CNVEF B 5 2522 0F 7T 5 PP ROR SR 3 JEU GRAT)) CDE

2025.01 CH IR TT ™ AR P A A S ) CFDI

2025.03 (R EZG8L) 20254E R =4 ChP Commission

NMPA: [ 524 i

B HEJR); CDE: [ 52 24 & i B R 24

FEZE 514> ChP Commission: [E R 25514,
NMPA: National Medical Products Administration; CDE: Center for Drug Evaluation, National Medical Products Administration; CFDI: Center for
Food and Drug Inspection of the National Medical Products Administration; NHC: National Health Commission of the People’s Republic of China;

ChP Commission: Chinese Pharmacopoeia Commission.
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Maternal and fetal
information screening

Umbilical cord collection

Donor material collection

Isolation of MSCs
from umbilical cord

Cell bank

MSCs expansion establishment

Intravenous or If cryopreserved,

Clinical application

local injection thawing is required

Large-scale
cultivation

Cell harvesting
and washing

Formulation preparation
and storage

E2 BEFERTFHERNE~TZREZE
Fig.2 Manufacturing process flow diagram of MSCs
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Table 2 Examples of cord donor screening requirements

Recommended screening requirements

Can be limited to within 35 or 40 years old

36-42 weeks of gestation, with normal fetal development

No infectious diseases, no family history of genetic disorders, no malignant tumors, and no

serious complications during pregnancy

i) iz 31 H TR i3 TR
Dondor Screening item
Maternal Maternal age
Gestational age
Mode of delivery Cesarean section
Health status
Fetus Fetal sex

As samples from different sexes may exert different biological functions, the sex of the donor

can be limited based on specific clinical indications

Fetal body mass

Fetal mass can be set within a certain range, e.g., >3 kg
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Fig.3 Flowchart of quality control process for mesenchymal stem cell drugs
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Table 4 Recommended testing items and specifications for cell banks

e IR R

Two-tiered bank

i

One-tiered bank man-

Lol pUigEl management agement

Test item Estiiliogzs AR PR Ak 2 i 2
MCB (master cell WCB (working cell DCB (donor cell
bank) bank) bank)

Cell identification + + +

Bacteria and fungi test + + +

Mycoplasma test + + +

Test for cell-sustrate-derived and adventitious viral agents

In vitro co-culture with various cell lines +

In vivo inoculation in animals and chicken embryos

Retrovirus test

Species-specific virus test ) )

Bovine-derived virus test +) ) (+)

Other specific virus tests (+) ) (+)
Karyotype analysis ) ) +)
Telomerase activity test ) ) +)
Tumorigenicity test (G () (+)

Cell proliferation assay (G () (+)
Differentiation potential +) +)
Biological function tests + +
“EOPATIHE, < ONAFRERE B, “(H)" R T SRR AR . AU B IR R A R I BRI E T .
“+” indicates mandatory testing items, “-” indicates non-mandatory verification items, and “(+)” indicates items that require verification based on cell

characteristics, passage history, culture process, etc.
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