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 Autologous CD34+ cells transduced with retroviral vector 
containing the adenosine deaminase gene (orphan)  

 Allogeneic T cells genetically modified to express suicide 
gene (orphan) 
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GM cell therapies: MAAs and CTAs  
  
MAA: 
EU: CHMP/CAT: Day 180 list of outstanding issues: 

CTA: 
Germany: Gene therapy CTAs 2005-2015 

48 

22 
3 
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Genetically modified cells 

• for suicide gene therapy, e.g. MSCs expressing suicide 
gene to enhance produg conversion at tumor site.  

 
• in allogeneic use, e.g. encapsulated cells secreting 

insulin or recombinant proteins for neuronal cell 
prevention. 

• to treat monogenic disorders, e.g. X-SCID, CGD, adrenoleukodystrophy, 
ADA-SCID, WAS, EB, ß-thalassemia. 
 

• use as tumor vaccine (allogeneic  
 or autologous), e.g. DC expressing  
 tumor-specific antigens, TCR- or  
 CAR-modified T-, NK-cells. 
 
• to generate iPS cells. 

Rosenberg & Restifo, 2015 
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© S. Schüle 
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Starting materials for GTMPs 

3.2.1.5. In the case of genetically modified cells, the starting materials shall be 
 the components used to obtain the genetically modified cells, i.e. the 
 starting materials to produce the vector, the vector and the human or 
 animal cells. The principles of good manufacturing practice shall apply 
 from the bank system used to produce the vector onwards.  
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Vectors / tools applied for genetic modification 

• Plasmids, RNA 

• Integrating viral vectors, e.g. retro-, lentivirus 

• Transposons 

• Zink-finger nucleases 

• TALENs 

• CRISPR/Cas 

• Transposases 
 

Isalan, 2012 

Joung & Sander,  2013 

Izsvak, MDC Berlin 

Charpentier & Doudna, 2013 
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Testing of cell substrates – EP 5.2.3 
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 EP 5.2.3 
 Cell viability  
Morphology / growth characteristics during vector production  
 Genetic stability of the cells 
 Genetic integrity of the insert(s) 
 Transgene expression 

 
 

Characterisation of vector producer cells 

GE-lifesciences.com 



Characterisation of vector producer cells 

Preferentially 

 use of a single producer clone over cell population  

 use of stably genetically modified producer cells over 
transient system 

 helper plasmid over helper virus 
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 Characterisation and release of vector 
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identity/genomic 
integrity 

transgene expression, vector proteins  
transgene and vector sequence 
 

immunochemically 
NAT, restriction digest, 
sequencing 
  

quantity vector particle count,  nucleic acid 
concentration 
infectious units  
 

UV, (RT)-qPCR, PERT 
 
infection assay 

purity / 
impurities 

HC protein 
HC + “production system” DNA 
process-related impurities  (BSA, 
antibiotics, benzonase) 
RCV (replication competent virus) 
 

BCA 
qPCR, picogreen assay 
ELISA 
 
qPCR, cell based assay 



 
 Ideally most sensitive assay employed 
 Cell-based assay: 

 Amplification in supernatant-inoculated cells for at least 21 days (USFDA) 
 End-point virus detection in naïve cells (marker, p24, PERT, VSV-G protein) 
 Lengthy procedure 

 
 Direct PCR-based assay  

(less sensitive, quicker).    

 RCR/RCL testing 
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Briefing document – testing for replication competent retrovirus (RCR)/ 
lentivirus (RCL) in retroviral and lentiviral vector based gene therapy 

products – revisiting current FDA recommendations (2010) 



 Characterisation and release of vector 
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bioactivity / 
[potency] 

vector particle count  
infectivity (titer) 
particles to infectious titer ratio 
transgene expression 
[bioactivity/function] 
DNA form  

(RT)-qPCR, PERT, EM, 
infectious assay, FACS 
 
IF, FACS, WB 
 
AGE 

safety sterility 
mycoplasma  
bacterial endotoxin 
adventitious agents  

acc. EP 

physico-chemical 
characteristics 

of modifying proteins 
aggregates 
appearance  
osmolality 
pH 
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Genetically modified cells –  
  Characterisation and QC  

Number of transduced (therapeutically active) cells 

Transgene expression levels  

Average vector copy number/cell (integrating vectors) 

Absence of RCV or modifying enzymes (TALENs, transposase, 
ZFNs) 

Biological activity (potency) of the therapeutic protein  
 

Absence of insertional oncogenesis (product-type dependent) 
 

   

Specifications related to the genetic modification:   



 Vector copy number:  
 Contributes to strength of the IMP 
 Contributes to risk level for insertional oncogenesis 

  differences based on   
 vector  
 cell type to be transduced: CD34+ HSCs  

      T-cells (rather rare) 
      MSCs, NKs, DCs (??) 

Issues under discussion 

 Replication-competent viral vector 
 Test in vector starting material  
DP retention samples 
Patient retention samples   
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•…. final product difficult to cryopreserve without loss of activity. 
•…. fresh cells do have short shelf-live (hours) before administration.  
•…. patients need myeloablation before treatment.  
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Issues in manufacturing  
In case ….. 

Post administration release  
might be necessary: 
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How to deal with a very personalised setting ? 

Britten et al. 2013, Nat. Biotechnology 

e.g. individualized CAR T-cells based  
on patient-specific tumor antigen  

 Standardised manufacturing of vector and genetically modified cells 
 Generic process validation, characterisation, stability acceptable? 
 

 Vector development on patient base: 
• expensive 
• time-limited re. development, manufacturing, batch release 
 (e.g. RCR testing)   
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Thank you ! 

Vector characterization of 
genetically-modified cell therapies 

PEI entrance – morning view 
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