
Gene Therapy: 
A Paradigm Shift
in Medicine

Yeon-Soo Kim 
Chungnam National University
Graduated School of New Drug 

Discovery & Development

kimys58@cnu.ac.kr
www.icgm.kr

Viral vectors are most prominent, especially AAV
- Viral gene therapy could treat incurable diseases
- One-time injection could treat chronic diseases

Key company players include small biotechs and Big Pharma
- The gene therapy pipeline is growing
- Rapid increase in partnerships between both the licenser and licensee

Manufacturing (CMC) is one of the main issues in gene therapy commercialization

The regulatory paradigm is being changed

Cost is the biggest concern

Challenges _ Long-term benefits, off-target effects...
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“Manufacturing becomes question numbers one, two, and 
three when we’re beginning to know a gene therapy 
company for the first time,” Rivers said. “To a much bigger 
extent than with generally any other type of company, the 
first thing that we’re going to interrogate is, what is your 
manufacturing setup? How scalable is it? What can you do 
yourself? What do you have to have a source do? What are 
you doing in process development today vs. what you plan 
to accomplish tomorrow?”

“It’s a pretty opaque area. Very few companies are really 
willing to talk about manufacturing at a granular level, 
because there’s a lot of secret sauce that’s attached to it,” 
as in proprietary processes. “They don’t really want to talk 
about it. I find myself asking the same question over and 
over and over again, to try and glean a small amount of 
information.”

Reni Benjamin, PhD, managing director and senior 
biotechnology analyst at Raymond James, said many 
investors he speaks with prefer cell and gene therapy 
startups to develop their own manufacturing solutions 
rather than rely on contract manufacturers.



Key 
Considerations 

for 
Gene Therapy 

Clinical trial

ü Gene Therapy Market & Industry

ü Target Diseases

ü Mode-of-Action & Proof-of-Concept

ü Product Efficacy & Safety

ü Manufacturing of Gene Therapy Product

ü Regulatory Approval
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In-House

vs.

Outsourcing to 
CDMO

Process Development _ Tech. Transfer

Engineering Run

GMP Run

QC/Validation





Components 
used to 
manufacture 
the product

• Vector
• Cells
• Banking system

– Master cell bank (MCB)
– Master viral bank (MVB)

• Reagents



Vectors

plasmid
lentivirus
AAV
retrovirus
adenovirus
herpesvirus
vaccinia virus
sendaivirus
…

• Description, history and details on 
derivation of construct

• Vector diagram

• Sequence analysis 
– Full sequence for vectors <40 kb
– Vectors >40 kb: sequence inserts, 

flanking regions, modified regions
– Description of unexpected sequences

• Raw sequence data is not sufficient



Vector Design



Cells

packaging
virus producing
ex vivo targeting

• Cell substrate for production of vector
– History, source, general characteristics

• Cells used as cell therapies 
– Source

• tissue and cell type
– Collection procedure

• mobilization, surgery, leukapheresis, devices used
– Donor Eligibility

• infectious disease screening & testing, 21 CFR 1271



MCB and MVB 
safety testing

• Sterility
• Mycoplasma
• Adventitious Virus

– in vitro and in vivo adventitious virus assays
– Bovine and porcine viruses 

• Not needed if reagents tested
– For human cell lines:

• Typically EBV, HBV, HCV, CMV, HIV 1&2, 
HTLV 1 & 2, Parvovirus B19

– For murine cell lines:
• Typically mouse antibody production test, retroviruses

– Replication-competent virus



Master cell bank 
characterization

• Identity
– Examples:

• Isoenzyme
• Karyotype
• Short tandem repeat (STR) profiling

• Viability
• Stability

✓



Reagents used 
in 
manufacturing

• Tabulation of reagents
– Final concentration
– Vendor
– Source (human, bovine, etc.)
– Grade

• e.g. licensed product, clinical grade, reagent grade

• May need to provide details on reagent 
manufacturing

• Certificates of Analysis
• Cross reference letters
• Qualification program

– Safety testing and quality assessment

✓



Product 
Manufacturing

• Vector production / purification
– Describe all steps

• e.g. cell growth, infection, harvest, purification, 
formulation, vialing, storage

– Flowchart

• Describe the formulation
– Buffer components
– Excipients
– Product concentration
– Storage

✓



Final Product 
Testing

• Goals:
– Safety
– Product characterization
– Product lot consistency

• List all of your:
– Release tests
– Test methods
– Acceptance criteria (specifications)

✓



Final product 
testing: safety

• Sterility 

• Mycoplasma

• Endotoxin

• Adventitious Virus 
– in vitro virus assays
– Replication competent virus

✓



Final product 
testing: 
characterization

• Final product lot release testing
– Concentration
– Purity

• e.g. residual cellular DNA, empty viral particles 
– Identity

• e.g. restriction digest
– Activity

• e.g. infectious titer
– Potency

• e.g. transgene-specific protein expression
– Cell viability (ex vivo gene therapy product)

• Stability
– Storage
– Shipping
– Compatibility with delivery devices

✓



Summary

• For a phase I submission, product safety is the 
focus of the CMC assessment 
– Freedom from microbes and adventitious agents
– Safety-related characterization 
– Appropriate GMPs

• Gene therapies and other complex biologics can 
be a challenge to characterize, and often require 
unique assays

• Product control and process control should 
increase with clinical development 
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제품명 개발사 Vector 대상 질환 임상단계

VMDA-3601
㈜바이로메드/

동아제약(주)
Naked DNA 허혈성족부궤양 2상 완료

GX-12
포스텍/

동아제약(주)
Naked DNA AIDS치료백신 1상 완료

VM202
㈜바이로메드/

이연제약
Naked DNA

허혈성 심혈관질환 1상 완료

중증하지허혈질환 2상 완료

당뇨병성 신경병증 2상 완료

인보사 코오롱생명과학(주)
Retrovirus/
Allogeneic 
Chondrocyte

퇴행성관절염 3상 완료

VM106 ㈜바이로메드
Retrovirus +
Stem cell 만성육아종 1/2상 완료

HB-110 제넥신
Naked DNA + 
Electroporation 만성 B형 간염 2a상

쎄라젠 ㈜뉴젠팜 Adenovirus
전립선암 2상 완료

췌장암 1상

DWP-418 ㈜대웅제약 Adenovirus 불응성고형암1 1상 완료

펙사벡 신라젠 Vaccinia Virus 간암 3상

XRP0038
㈜사노피-

아벤티스코리아
Naked DNA 급박하지하혈증 3상 중단

JX-594
삼성의료원

Vaccinia Virus
대장암 1상

부산대병원 간암 1상

DA-3607 동아제약(주) Adenovirus 뇌종양 1상

VGX-3400
진원생명과학(주)

(구VGX인터네셔널)
Naked DNA + 
Electroporation 조류독감예방백신 1상 완료

VM206
㈜바이로메드/

이연제약
Naked DNA 유방암 1/2상 완료

VGX-3100 이노비오
Naked DNA + 
Electroporation 자궁경부전암CIN2/3 3상

GX-188E 제넥신
Naked DNA + 
Electroporation 자궁경부전암CIN2/3 2상

VGX-6150 진원생명과학
Naked DNA + 
Electroporation 만성C형간염치료백신 1상

개발기업 유전자치료제 개발 단계

코오롱생명과학
인보사케이주

시판허가(2017. 7)

티슈진 미국 임상 3상 filing

바이로메드

VM202-PAD 미국 임상 3상 진행

VM202-DPN 미국 임상 3상 완료

VM202-ALS 미국 임상 1/2상 완료

신라젠 펙사벡(JX-594) 미국 글로벌 임상 3상 중단

제넥신 GX-188E 유럽 임상 2상 진행

<표> 국내기업의 글로벌 임상 현황

출처 : 한국보건산업진흥원, 글로벌 진출을 위한 유전자 치료제 현황과 과제, 2016.05 

생명공학정책센터, 줄기세포 및 유전자치료제 3P(논문, 특허, 산업)분석, 2018.09.20.

국내유전자치료임상시험현황

국내 45개기업이유전자치료제개발중
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Benefits to patients

Ethics

High 
price

Long-
term 

follow-up


