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Abstract

As the active substance or critical raw material in cell and gene therapy products, the production

process and quality control of plasmid DNA are essential for ensuring the safety and effectiveness of biologics. This

article discusses the strategic importance of plasmids and their GMP (good manufacturing practice) requirements,

traces the evolution of plasmids from molecular tools in basic research to industrialized products, and provides a

detailed comparison of the classification and regulatory strategies for plasmids across various application scenarios
under the NMPA, FDA, and EMA frameworks. Based on the practical experience from nearly one hundred GMP

plasmid industrial projects completed by OBiO, the authors summarize the production processes and quality control

requirements for industrial-scale plasmids. It is hoped that this work will provide valuable insights for research and

development companies and researchers in the field of gene therapy, facilitating the more efficient translation of

plasmids from laboratory research to clinical applications.
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Table 1 Globally approved AAV gene therapy products
7 A FRGE I 42) [EREA A SEYVATE kvt H 3]
Product name (generic name)  Brand name Company Indication Approval date
Alipogene Tiparvovec Glybera UniQure LPLD (lipoprotein lipase Approved by the EU (European
deficiency) Union) in 2012; the first AAV-based
gene therapy to reach the market.
Subsequently withdrawn for com-
mercial reasons
Voretigene Neparvovec Luxturna Spark Therapeutics Inherited retinal disease Approved by the US (United States)
(Leber congenital amaurosis FDA in 2017; the first in vivo gene
type 2 caused by RPE65 therapy for an inherited eye disease
mutations)
Onasemnogene Abeparvovec  Zolgensma Novartis (AveXis) SMA (spinal muscular Approved by the US FDA in 2019
atrophy) (5q type, for patients
under 2 years old)
Eftrenonacog Alfa Roctavian BioMarin Pharma- Hemopbhilia A (for adults First approved by the EU in 2022,
ceutical without a history of factor followed by US FDA approval in
VIII inhibitors) 2023
Eladocagene Exuparvovec Upstaza PTC Therapeutics AADC (aromatic L- Approved by the EU in 2022; the first
amino acid decarboxylase) gene therapy directly administered
deficiency into the brain for AADC deficiency
Etranacogene Dezaparvovec Hemgenix CSL Behring Hemophilia B (for adults) Approved by the US FDA in 2022
(licensed from
uniQure)
BBM-H901 Injection Xin Jiu Ning Belief BioMed Hemophilia B Launched in China in April 2025; the

first domestically developed AAV
gene therapy product approved in
China

HAE IR T = 245 18 757 4 i PharmaGO®
Data sourced from the PHARMCUBE database (PharmaGO®).

S FH B J5UR, DNASE UG JE A RE, 5 A 45 R
fil#& T2 EbrdE. IRk EE LR, IR
TR A A2 )25

5 [ £ i 24 ot 1 B B R) (FDA) ) B s B
A F P R g Ve, N T A AR i
Fide T I R A B R R A 4 4 U5
FR Ay (A B O IEATRL . MR Sy
DRV TT IR 287 by, 5 b (B R S — 20, B T
BT B TR RS B, ZiFF A cGMP(21 CFR Part
2111 Part 610)% T AW IR HE « 4k
VER A= IR B B AR R Aa VDR, FDAJE 11X 8
JFURLRR N < J5RL = 41 i (plasmid master cell bank,
pMCB) 5}, “AE ¥ [ 44 (biological intermediate) ™,
JUE Gy s b Ak, {H FDASR H AP, Ak Fl R
428 1) 06 AU I T SO R A bR, DR R L
FE T AT B YR LY

R 24 & TR RI(EMA) [ W8 85 A 28 5 Ui

M7, o R 0] A 4B R BT BT UIE " AR KUJT 46
) GMPFRF &P HBRAE AL M, H &2
VEPEPIRT 7, A AR R GMPHE ) A
ok TIEEM R ) AE PP B K . EMA Guideline
on the Quality, Non-Clinical and Clinical Aspects
of Gene Therapy Medicinal ProductsVEZANIE T 1E
i VD B FR 5K S S 1 5 AR v O 2 R RE
VR D9 A7 99 B BRI RS 46 VORHNT . EMA B iff R 3
5E UM “HLUE YKL (starting material)”. HR KR
ATMP(advanced therapy medicinal products)y%:HI,
MR A = 46, BT I 8 IR TR 77 & GMP.
RV N A0 Z00N R 33E 47 4 THI PR A7 1 65 5 5T & 4%
i, Fhr a2 (BN 25 L) %18 B EMAZE K]
10T T8 7 BER BT Dyt LB WRE IR JBRE 1) TE 48 4
A iiE T2 A TR R . (BRI 25 ) L
0784 EAREE XTI /& DNAJE F# 11 A4 7 F UKL, HE
SR T 08 Wi R 8 5RE TRAT B 9 < b
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Table 2 Plasmid regulatory strategies in China, United States, and European Union

AL T R B KR 7 7 b T2 FORAE N A P 5 3 R a0

Regulatory authority Scenario 1: plasmid as a gene therapy product Scenario 2: plasmid as starting material for viral vector production

China NMPA Regulated as a DS (drug substance)/active  Regulated as a critical raw material, but stringent quality standards
ingredient must be established, and release testing is mandatory

United States FDA Regulated as a DS (drug substance)/active  Regulated as a biological intermediate or a critical raw material,
ingredient with standards approaching those for a DS

European Union EMA Regulated as an active substance Regulated as a starting material, but requires comprehensive control

#3 thE. ZEFMREXTHAESERGT RAAEEN

Table 3 Cell and gene therapy plasmid-related regulations in China, United States, and European Union

HHAATR KA IR] RATHUH

Regulatory document name Release date Issuing authority

Technical Guideline for Pharmaceutical Research and Evaluation of In Vivo Gene Therapy Products May 2022 Center for Drug Evaluation

(Trial Implementation)

Guidance on Production Quality Management of Plasmids for Immunocyte Therapy Products May 2023 Center for Food and Drug
Inspection

Technical Guideline for Research and Evaluation of Cell Therapy Products (Trial Implementation) December 2017 National Medical Products
Administration

Technical Guideline for Pharmaceutical Research and Evaluation of Immunocyte Therapy Products May 2022 Center for Drug Evaluation

(Trial Implementation)

Technical Guideline for Pharmaceutical Research and Evaluation of Ex Vivo Gene Modification May 2022 Center for Drug Evaluation

Systems (Trial Implementation)

General Requirements for Human Gene Therapy Products October 2025 Chinese Pharmacopoeia
Commission

Technical Guideline for Pharmaceutical Research of mRNA Vaccines for the Prevention of COVID-19  August 2020 Center for Drug Evaluation

(Trial Implementation)

Development and Licensure of Vaccines to Prevent COVID-19 October 2023 Food and Drug Administra-
tion

Drafi-Considerations for the Development of Chimeric Antigen Receptor (CAR) T Cell Products April 2008 Food and Drug Administra-
tion

USP45<1040> Quality Considerations of Pasmid DNA as a Starting Material for Cell and Gene December 2025  United States Pharmacopeia

Therapies Including RNA Products

USP45<1046> Cell-Based Advanced Therapies and Tissue-Based Products December 2025 United States Pharmacopeia

USP45<1047> Gene Therapy Products December 2025 United States Pharmacopeia

Chemistry, Manufacturing, and Control (CMC) Information for Human Gene Therapy Investigational ~ January 2020 Food and Drug Administra-

New Drug Applications (INDs) tion

Gene Therapy Product Quality Aspects in the Production of Vectors and Genetically Modified Somatic December 1994  European Medicines Agency
Cells

Guideline on Quality, Non-Clinical and Clinical Aspects of Live Recombinant Viral Vectored Vaccines ~ August 2010 European Medicines Agency
Guideline on the Quality, Non-Clinical and Clinical Aspects of Gene Therapy Medicinal Products July 2018 European Medicines Agency
Drafi-Guideline on Quality, Non-Clinical and Clinical Requirements for Investigational Advanced January 2019 European Medicines Agency
Therapy Medicinal Products in Clinical Trials

Guideline on Quality, Non-Clinical and Clinical Aspects of Medicinal Products Containing Geneti- December 2020  European Medicines Agency
cally Modified Cells

Committee for Advanced Therapies (CAT) Expert Meeting on Scientific and Regulatory Consider- July 2018 European Medicines Agency

ations for Adeno-Associated Viral Vector (AVV)-Based Gene Therapy

2 T E5RER AR, TR B A R LM R
21 £F7T1TZ LY, AL ZnENEL R, EFESTZE
Tk GMP 3 B ok A 7= A — T % 25 B H. TR ST ERMEEIE, IR IR, MR
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Fig.1 Plasmid production process flowchart

AR T TEUMmw AR, 2. T B, A REIRAS BB Bl Bt i /R G

M UTHE &7, EIFLIE. kg, Efraife.
BRI A BURLERE . AR T, JA S AR
TARGEBUAT (o E 25 BRI EDR, 5 i /b 240 B i e
[MCB(master cell bank)F1 WCB(working cell bank)]
R AL

JRL ) A 7 SR GE G GMP AR fE, A7l AR
82 St 7 A% B ek R A R G B R . AR B T
Zrh, EELm G R R E [(36.5+0.5) °C].
pH(7.20+0.10), 255 J8 & [(60+0.2) L/min]. %
FE[(50+1.5) r/min]. #MELSRISSESHL, #fR T2
APEE L 5 TR U L2 E AR f KRR [l W
ALFE BRI DNA, IR 2L BR 25T, 914015 3 DNA.
A EEA. 15 ERNAMA R NTF R PRI RESRE
— MR RAE CHTE 5 Jm) i AR B B35 45 BUAE 7= 22 44
AN RAT R ERAE . v T ORIERRERE R — 1%, Ak
PR R ] B SRR AT HEd

JFORLAE s 5 3 B S B SR A ), A 7 2
i GMPARAEREAT B 2, ML Bl BE 350 36,
INANTT IR A BT . N N R kAT

BARAE, A BEFRNAE ; BE: Az o A T B0 S A
WA 2B A ST B R ) o B bR A, A B A S T RTI
175 W5 AR L2 AUEL I 5E AH DGR T GMPAE P )
T2 S A i s, P kg 4% R AR AT, B
B ORI i — B0k 36 Tk T ol
v, 0 T BRI AR P R R AT e A, FLAE
7 NLAE AT B FH N 1 55 2 K GMP 4 TA) R4 - 7
sars FR) R TR B s i 75 2141 5 6 BRI JoT B AR e, Al
T3 EZ5 50 B UE BB DA, RGr IS 8 ) A ) R
FEORHFR T2 BE BRI L 5%

22 REEH!

Jo7 4 i A 5T FE YR T ¥ 1T (quality by design,
QbD) I HE &, £ L 2T R B B SR N B S Hk )
#LJE Pk (critical material attributes, CMA). X8 T2
24 (critical process parameter, CPP)F 8 i &5 J& P
(critical quality attribute, CQA), [F] ¥ 5¢ 3 1 i & 5 £
& & (quality management system, QMS)& GMPZ Jiii
Lo BRI R R B

FERNGYT P i A FH )R DNA, A B s % e
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Table 4 Quality requirements for plasmids used in cell and gene therapy production

el Fer it H Al PIRES AR
Category Test items Test method Acceptance criteria
Identification DNA sequencing Sanger method The measured sequence should be

Restriction enzyme map

Content Content

Purity Azeo/Aso

Supercoiled plasmid purity

Host protein residue

Host DNA residue

Host RNA residue
Physicochemical  Appearance
properties pH

Endotoxin

Sterility

Electrophoresis method

UV (ultraviolet) spectrophotometry

UV (ultraviolet) spectrophotometry

CGE (capillary gel electrophoresis)

ELISA (enzyme-linked immunosorbent assay)
qPCR (quantitative polymerase chain reaction)
qPCR (quantitative polymerase chain reaction)
Visual inspection

Potentiometry

Gel-clot method

Membrane filtration

consistent with the theoretical sequence

The measured band should be consistent
with the theoretical band

80%-120% of label claim (mg/mL)
1.80-2.00

=85.0%

<10 ng/mg

<<2.0 ug/mg

<10.0 pg/mg

Report result

Buffer pH=0.5

<10 EU/mL

No growth

b AR T A C AW A AR HEQ/310115-OBiO-STP-QS-DP-002-20217

Data sourced from the OBiO enterprise standard “Q/310115-OBiO-STP-QS-DP-002-2021".
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L I ) 2 A 5T RME . GMPZR TR 4D 3k I i 7
FEARIAEHA T BRI RIEN . ik CAR-
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