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Historical Notes: Gene therapy

1990: First FDA approved gene therapy trial conducted on a four year old patient affected by
ADA-SCID (Adenosine deaminase deficiency).

- Retroviral vector
- Effects were temporary but succesful

1999: Adenovirus vector causes the death of a patient. Patient suffered from a partial
deficiency of ornithine transcarbamylase (OTC).

- Vector triggered a massive inflammatory response

2002-2003: Retrovirus vector induces a lymphoproliferative disorder.
- Gene therapy of (SCID)-XI disease.

- The retrovirus genome had inserted near the LMO2 oncogene, activating LMO2 expression
(leukemia due to insertional mutagenesis).

In the last 12-13 years, over 50 patients affected by primary immunodeficiencies have been
treated with genetically transduced autologous hematopoietic progenitors, mostly using gamma
retroviral vectors

Since 1996: lentiviral vectors have been developed and used for clinical applications.
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Critical biosafety issue at the heart of gene therapy vector production:
Prevent RCR/RCL Generation

* To date no RCR or RCL incidences have been reported for patient cell lots transduced with
retroviral or lentiviral vectors in clinical studies.

* Only for early y-retroviral vectors were RCR incidences observed in the production lot, not in
the Master Cell Bank

How to limit the possibility of RCR and RCL events:
* Reduction of homology between vector and helper sequences: heterologous promoters or

poly-adenylation sequences

* Reduction in homology between vector/helper sequences and cellular DNA:
Murine cells carry endogenous retroviral sequences with homology to the MLV-based
gammaretroviral vectors. Using cells of a different species



Reducing the possibility of RCR/RCL events

- distribute sequences of virus over as many independent units as possible

- maximize recombination events required to recreate a replication competent virus
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HIV replication:

*U3 for unique 3’ sequence: Duplicated during reverse transcription
*Present also at the 5" end of the proviral DNA.
*It contains key elements for viral gene expression, contains viral promoter.

*This is deleted to create the so called SIN lentivectors.
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* (SCID)-X1 AKA Bubble boy disease: The body produces very few T cells and NK cells due to
lack of the interleukin-2 receptor subunit gamma (IL2-RG)

* [L2-RG is the common cytokine receptor sub-unit protein for the following receptors: IL-2, IL-
4, 1L-7, IL-9, IL-15 and IL-21.

* yc gene mutations: Tailless receptor expressed at the membrane (P1)
- Protein truncated from the transmembrane domain not expressed at cell surface (P2)

* Signalling from these receptors normally promotes growth and differentiation of T cells, B
cells, natural killer cells, glial cells and cells of the monocyte lineage

* Gene therapy: Reinfusion of HSPCs TRANSDUCED ex vivo with MLV vector, (MFG(B2)-yC)
that carries the cDNA encoding the yc chain cytokine receptor gene



Moloney murine leukemia vector system for (SCID) X-1 disease:

Wild Type MLV
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* MFG(B2)-yc: Contains essential cis-acting elements and yc transgene, no viral genes.
* B2: Mutation in the viral tRNA primer binding site, improves vector gene expression

* SD/SA sites: Formation of sub-genomic mRNAs
Danos et al., 1988 Proc Natl Acad Sci USA



MFG(B2)-yC vector packaged in WCRIP cell line (GMP):
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Harvest replication deficient
Danos et al., 1988 Proc Natl Acad Sci USA MFG ( BZ)- VC vector



Patient CD34+ cell isolation, culture and transduction: (GMP)

* Bone marrow cells harvested
- Hematopoietic progenitors positively selected by a magnetic CD34+ beads

* Magnetic selection = 9.8x10° (P1) and 4.8x10°(P2) CD34+ cells per kilogram
* Preactivation: cells cultured 24hrs at 0.5X10° cells/ml

- X-vivo 10 medium (4% fetal cell serum, stem cell factor , PEG-megakaryocyte
differentiation factor, IL-3, and Flt3-L)

- Containers were pre-coated with CH296 human fragment of fibronectin.
* Transduction: Retroviral containing supernatant was added every day for 3 days.
* Cell harvest: Cells washed twice and 19x10° (P1) and 17x10° (P2) CD34+ cells infused back
- No prior chemo-ablation

- Transduction rate: 20-40% (P1) and 36% (P2) of cells expressed the yc transgene

Cavazzana-Calvo et al., 2000. Science



Main Results:

Detection of yc transgene in DNA
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* Longitudinal study of lymphocyte subsets
Absolute counts of T cells, B cells and NK cells

(CD16+, CD56+)

* The scale for NK cells is on the right hand side of

each panel

Cavazzana-Calvo et al., 2000. Science
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Months after gene therapy
* T cell development early after gene therapy was especially rapid in P4 & P5

* P4 and P5 developed an clonal proliferation of mature T lymphocytes 30 and 34 months after gene therapy
Hacein-Bey-Abina et al., 2003. Science



* Activation of the LMO2 proto-oncogene:
- LMO2 protein is a central regulator of hematopoiesis / yolk sac erythropoiesis

- LMO2 gene is downstream of a T cell translocation cluster (11p13 ttc)

-T-cell acute lymphoblastic leukemia-specific translocations occur at this site
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* Retrovirus integration in close proximity to the LMO2 proto-oncogene promoter
* This resulted in aberrant transcription and expression of LMO2 and T cell leukemia

* Northern blot analysis of T cell clones from P4 and P5 revealed the 3.3-KB LMO2 transcripts
-Control T cells negative

- Levels of LMO2 protein in P4 & P5 = positive-control mouse erythroleukemia cell line
* Vector LTR exherted enhancer activity on the LMO2 promoter

* Cells with LMO2 activation due to vector integration had a growth advantage
Cavazzana-Calvo et al., 2000. Science



Integration sites of viruses is not completely random

- Depending on the viruses, there is a preferential integration profile.
Retrovirus = MLV has a preference to integrate near transcription start sites and CpG islands.

HIV derived LV = Within transcriptional units, mainly introns & distant from CpG islands and
transcription start sites, therefore should be safer than other types of vectors
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1. LV-manufacturing process (GMP), aiming to produce replication deficient vector
with high titer, infectivity, and purity

2. Transduction protocol (GMP), for reproducible high-rate gene transfer into BM-
derived human HSPCs (infused fresh after transduction — no freeze/thawing)

3. Assessment of the long-term safety of HSPC gene transfer IS analyses, using
deep-sequencing and bioinformatics to detect if there was polyclonal reconstitution
of hematopoiesis without vector genotoxicity



Lentiviral Gene Therapy for Wiskott-Aldrich Syndrome (WAS):

» Wiskott-Aldrich syndrome (WAS): X-linked primary immunodeficiency
-Infections, microthrombocytopenia, eczema, autoimmunity, and lymphoid malignancies
- Caused by mutations in the WAS gene - codes for WASP protein
-WASP regulates the cytoskeleton

-WASP-defective immune cells display alterations in proliferative responses upon
activation, cell migration, immunological synapsis formation, and cytotoxicity.

- Allogeneic HSPC transplantation can be curative, but with substantial morbidity/mortality

* All three patients had <5% WASP expression



Lentiviral Gene Therapy for WAS patients: LV-w1.6W

- Third generation SIN lentiviral vector coding for human WASP
- Expression from a 1.6-kb reconstituted WAS gene promoter
- Endogenous promoter expressed WASP at physiological levels

- Promoter has moderate enhancer activity/SIN LTR low risk of insertional mutagenesis
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SD SA Aiuti et al., 2013. Science
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1. LV-manufacturing process

* Quadritransfection 293T cells
- 2x harvesting of vector

Day 1-13

Day 14

Day 15-17

SV40 origin of replication, allows
episomal replication of transfected
plasmids in 293T cells express the

SV40 Large T-antigen,

this increases protein expression
levels by permitting more plasmid
copies to persist in the transiently

transfected cells

Thawing 293T MCB
l pKG
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Amphfication pKLgag/pol z
l pWASP =
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Aiuti et al., 2013. Science



1. LV-manufacturing process: Purification

v

Filtration 0.8/0.45 pm

.

Benzonase

!

DEAE Chrom

Day 17-18

'

Concentration

l

Giel filtration in Cell Gro
wio Ca/Mg

1

to discard cell debris

degrading of plasmid DNA and
host cell-derived DNA

removal of contaminants, host cell
proteins

Purification

removal of salts and small-sized
contaminants —DNA fragments

Aiuti et al., 2013. Science



1. LV-manufacturing process: Sterilization

Day I8

Physical titer was measured with ELISA for HIV-1 gag p24 capsid protein

v

Sterile hiltration

'

Addition Ca/Mg

:

Aseptic Filling

l

Quarantined Storage

l

1

Release

Quality Control

—_

Formulation & Filling

Infectious titer was measured through transduction of a human T cell line with
serial dilutions of vector and calculation of the copies of integrated vector per cell by

quantitative PCR

Aiuti et al., 2013. Science



Vector quality control: Titer, potency, purity and safety

(copies/ 2x10° TU)

BATCH NoO.
GMP BATCHES TEST SPECIFICATION
PARAMETER 08073 08078 09010
08073 08078 09010 Physicochemical and Identity
— - = = g Osmolality (mOsm/Kg) 260-350 303 304 305
Initial titer (TU/ml) 1.2x10 1.7x10 1.0x10 HEP223 00 o =7 =3
s 5 T transgene sequence orresponding orresponding orresponding orresponding
Initial Physical particles (ng WaSP ¢ d ¢ ding | © d ¢ -
2 -
3.0x10° 3.5x1 02 3.6x1 02 Vector integrity Corresponding to Corresponding | Corresponding Corresponding
p24/ml) i reference - :
e e Corresponding to
Initial Infect1v1ty (TU/ﬂg p24) 4.0x1 04 5.0x1 04 3.0x1 04 Lentiviral proteins eference Corresponding |  Corresponding Corresponding
I I
Initial Volume (Litres) 25 25 25 Potency and Bioactivity
" " T 3 T InfectiousTiter (TU/ml) >2.0x 10 7.6x% 107 5.0x10° 2.1x10
Final titer (TU/ml) 7.6x10 5.0x10 2.1x10 —
Physical titer (HIV Gag p24 . | j
- - - . ) FIO 1.2x10 1.3x10 8.6 x10°
Final Physical particles (ng q i . Antigen) (ng/ml)
1.2x10 1.3x10 8.6x10 Infectivity (Transducing unit/ng o 20x 10" 61 x 10" 28 10" 5 x 10°
b X X X
p24/ml) p24) - . . .
: S WAS protet
Final Infectivity (TU/ng p24 6.1x10" | 3.8x10" [ 2.4x10 Transgene expression proein Present Present Present
! P
presence
Final Volume (ml) 180 180 180 Microbial purity and safety
@verdll Eield (TU) 45% 1% 14% Sterility EP 2.6.1 Negative Negative Negative Negative
Mycoplasma EP 2.6.7 (cultural . . . )
" Negative Negative Negative Negative
Overall Yield (p24) 29% 27% 17% assay)
. o 10 Endotoxin EP 2.6.14
Total TU 1.4x10 9.0x10 3.8x10 (quantitative assay) (EU/ 2x10° <25 14 21 9
TU)
In vitro Adventitious viruses Negative Negative Negative Negative
In vivo Adventitious viruses Negative Negative Negative Negative
RCL Negative Negative Negative Negative
Process and product impurities
Host cell proteins (ng/ 2x10° TU) FIO 21 33 79
Plasmid residual DNA (VSV-G) s ¢ < <
ies/ 2x10° TU) =4x10 0.4x10 0.7x 10 23x 10
(copies/ 2x10°
Large T antigen protein
=LLOQ =LLOQ =LLOQ =LLOQ
contamination (ng/ml)
Large T antigen Residual DNA s
(copics / 2x10° TU) <2x10° 1.1 x 104 1.9x 104 9.2 x 104
copies / 2x
Benzonase contamination (ng/ml) <0.2 <0.1 <0.1 <0.1
H H H E1A residual DNA
Aiuti et al., 2013. Science <2x10° 2.0x 104 4.0x 104 9.1 x 104




2. Transduction protocol: preparation of transduced CD34+* cells ()

uone|os! |1P2 ++£ad

Day -3

harvest of BM

l 20 hrs 4°C

Gradient Sep?ration (Ficoll)

l

CD34+ isolation with MACS

|

CD34+ cell seed (1x10%ml)

[ Cell Count
| Microbiological control

3 rCIonogenic Assay]

Ummunophenotype

Bag retronectin

<

and stimulation

- CellGro SCGM medium (serum free,
SCF, TPO, IL-3, and FIt3-L)

WAS patient treatment:
Busulfan & Fludarabine for
ablation and monoclonal

anitbody CD20 for
immunosupression

coating

Vuelife bags

Aiuti et al., 2013 & Biffi et al., Science 2013



2. Transduction protocol: preparation of transduced CD34+ cell (Il)

1

Day -2 Transduction (1* round) > (1;\2 ?I'tL(J);rI\(ql)
16 Hrs MOI 100
Cell washing and re-seeding
Day -1 (1x10%/ml)

5 :

O

&5 MOI 100

8

3 Transduction (2™ round) [¢

2

Q

: li | test

3 uality control tests

B 16 Hrs Q y
Mycoplasma PCR
Immunophenotype
Endotoxin

v lé\éfopy number
Day 0 S
: Cell Wash » Tg expression
Clonogenic Assay
l Transduction Efficiency
E1A DNA
i.v. infusion LTA DNA

Aiuti et al., 2013 & Biffi et al., Science 2013 Integration profile (LAM-PCRs & NGS)



Quality control tests

Specification jh'all.ah]e 2
infusion
Drug Substance
Mycoplasma PCR (EofT) Negative yes
LV Copy number (LC) FI10O no c
ARSA Transgene product expression (LC) | FIO no é
RCL (EofT) Negative no 5
Large T antigen DNA EofT: FIO yes (LC) g
(EofT) and (LC) EC < TI00) ¢
Endotoxin (EofT) <2.5EU /ml yes S
Clonogenic test (EofT) FIO no ©
Transduction efficiency (EofT) FIO no ;g
EofT : FIO no =
E1A DNA (EofT) and (LC) LC: <LLOQ z
IF (CD34, CD45, CD19, CD3, CD15) FIO yes
Drug Product
Sterili — microbiological control of : es
cellula?rpmducts i Negative -
Cell viability >80% yes

Table S4. Tests and specifications for Drug Substance and Drug Product quality
control. EofT: end of transduction; LC: 14 days liquid culture; FIO: for information
only: RCL: replication competent lentivirus; LLOQ: lower limit of quantification; IF:

Immunophenotyping.
P fyping Biffi et al., Science 2013



Characteristics and treatment

of WAS patients : Patient 1 Patient 2 Patient 3

Infectious Recurrent ENT Pneumonias, colitis Pneumonia with

manifestations arthritis/cellulitis, respiratory distress,
URTI, UTI URTI, otitis

Pathogens VZV, CMV, HSV, EBV CMV, HHV-6, candida Pneumocystis jirovecii, CMV

Thrombocytopenia  Skin petechiae Skin petechiae, Skin petechiae,
manifestations Gl bleeding Gl bleeding, epistaxis

Eczema Moderate-severe Moderate-severe Severe

Other Developmental Failure to thrive, GE reflux/food

disorder, allergy

hepatosplenomegaly
WAS mutation Exon 10: CT IVS10delllnt
995 (R321X)
WASP expression <5% <5%
Zhu score 3 4
Age at treatment 5.9 1.6
(years)
Infused CD34™ cells 3.66 (BM) + 5.25 (MPB) 14.1
(x10%/kg)
Vector 1.9 (BM) — 1.4 (MPB) 2.4
CD34+ cells copies/genome
cD34+ cells TranSfil.Jction 92% (BM) — 88% (MPB) 97%
efficiency (CFQ)
Follow-up 32 23
(months)

Current clinical A&W, no eczema,

petechiae, off IVIG or petechiae

elevated inflammatory
indexes/vasculitis,

A&W, no eczema,
conditions no major bleeding or no major bleeding

aversion (fed by

nasogastric

tube), allergy
37C>T (R13X)

<5%
4
1.1

10.2
2.8

100%
20

A&W, no eczema,

no major bleeding
or petechiae

Aiuti et al., 2013. Science



Vector copy number (gene-marking) and WASp expression after engraftment
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Colonies that harbored the LV genome 1yr post GT ranged 26 and 38%  Science



WASP expression on platelets 1yr after gene therapy:
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Results described:

* No abnormal cellular expansion detected in BM or periphery, immunophenotypic,
morphologic and karyotyping analyses.

* Analyses to detect HIV gag p24 proteins and Replication competent lentivurs (RCLs)
were all negative



Clinical features and immune function of WAS patients after gene therapy
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T cell receptor (TCR) VB profiling:

* All three WAS patients displayed broader
polyclonal repertoire after gene therapy

* Correlates with polyclonal reconstitution

« 24 different VP specificities were analysed
by flow cytometry.

* The average % of each TCR V3 on CD3+
cells is shown

* 8 vials with mixtures of conjugated TCR VJ3
antibodies

* corresponding to 24 different specificities

(about 70% coverage of normal human TCR
VB repertoire).

Aiuti et al., 2013. Science



3. Assessment of the long-term safety of HSPC gene transfer: Vector integration site (IS)

analysis

The integration loci of vectors in
the cellular genome, represent a

Patients’ Cells from:
Samples of in vitro cultured transduced CD34+ cells before infusion
Whole Bone Marrow (BM) and
Whole Peripheral Blood (PB) harvested at different time points post-infusion
BM and PB-derived selected cell lineages
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Measurement of the clonal contribution of gene corrected cells to hematopoiesis,
High-throughput IS analysis: BM CD34+ cells, PB myeloid, T and B cells

Detected >2’400°000 IS sequences, mapped to 33’363 unique chromosomal positions (Total)
800’000 ISs per patient on average
P1=11'137 P2 =10'889 P3 =10’333 unique ISs.

Y axis: % sequence reads: ISs of each lineage expressed as a % of the total reads

Show only the top 5% most abundant reads, because the other 95% are very low, can conclude that there is
no clonal dominance/expansion

Vast majority of ISs from all lineages was below 5% of the total reads of particular lineage
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Monitoring of the most frequent ISs in each lineage over time:
The Highly representative ISs were different at each time point and fluctuated over 12 months

Persistent multilineage contribution of several ISs, remaining below 10% of total reads
White = IS 0%, Grey = IS <5%, Coloured = IS >5%
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Wanted to further compared the ISs retrieved from BM CD34+ and CFC with that of myeloid
and lymphoid lineages in each patient in order to determine if there are a significant number
of shared ISs across the lineages

Applied stringent analytical filters to take into account sample impurity and cross-
contaminations



Evidence of efficient engraftment of self-renewing transduced HSPCs:

Indeed the analysis showed a group of ISs shared among the different lineages

Shared ISs increased from 18.2 —27.2% in a year for Pt1l.
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Aiuti et al., 2013. Science



Many ISs from BM CD34+ cells or CFC 1 year after gene therapy could be traced back to ISs in

mature cells at earlier time points

Again pointing to efficient engraftment of self-renewing transduced HSPCs
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Genomic distribution of lentiviral vector and y-retroviral vector ISs:
- Chromosome number indicated
-Refseq: Classical distribution of lentivirus ISs:
- Each bar represents a bin of 1mio bp
- Hight of individual bars indicates frequency of ISs.
- ISs profile of 3 WAS patients is very similar to the refseq
- ISs profile y-retroviral gene therapy different:

- LVV: Within transcriptional units / gene rich regions

- RVV: Skewed towards transcription start sites
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Analysis of common insertion sites (CIS): Identify insertional hotspots during transduction
allowing for definition of surrogate markers of in vivo selection of clones

CIS are clusters of integrations within a pre-deteremined window size: defines a CIS
gene (This defines the maximum distance between ISs forming a cluster)

Lentiviral

LVV CIS genes are well GT

known and not associated
with clonal expansion
Total ISs = 33.363
KDM2A (125 ISs)
PACS1 (117 ISs)

TNRC6C (94 Iss) /

CIS order >10

LVV: MECOM and LMO2 CIS genes
were hit 10 and 5 times out of 33’393

A

"4 Frequency of sequence reads of these
ISs compared to total reads: 0.44%

and 0.05%

MECOM and LMO2 integrants were
not consistently detected

y-retro
GT

RVV CIS genes associated
with clonal expansion &
known proto-oncogenes
Total ISs = 11294
MECOM (MDS-EVI1) (67 ISs)
LMO2 (15 Iss)

|

ENSA
EGFL7
FAMGE9B
AMICA1

\

X-linked chronic granulomatous disease (X-
CGD) treated by gene therapy in 2004.
Silencing of transgene - methylation of viral
promoter, and myelodysplasia with monosomy
7 resulting from insertional activation of

ecotropic viral integration site 1 (EVI1).
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Main Conclusions of WAS Gene therapy:

* Aiuti et al. Showed post GT that pretreatment eczema resolved between 6 and 12 months
* Decreased, progressively, the frequency of infections; and improved platelet counts

* No clonal domination was observed

* Analysis of the vector insertion site in hematopoietic cells showed no preferential integrations
in a particular gene locus, thus decreasing the likelihood of generating an abundance of
abnormally proliferating cells.

* Increasing presence over time of CD34+ progenitors and mature cells of myeloid and lymphoid
lineages marked by identical integration sites of the delivered gene is strong evidence

of self-renewal and multilineage potential of vector-transduced hematopoietic stem cells

after engraftment



Gene therapy for Metachromatic LeukoDystrophy (MLD)

MLD is a lysosomal storage disease, which affects the metabolism of sphingolipids.

Autosomal recessive disease caused by mutations in the ARSA gene encoding for the
arylsulfatase A enzyme

This enzyme is located in lysosomes, where mediates the breakdown of cerebroside 3-
sulfate into cerebroside and sulfate

Deficiency in arylsulfatase A activity = accumulation of toxic levels of sulfatide in
oligodendrocytes, microglia and certain neurons (CNS) + Schwann cells and macrophages
(PNS) = demyelination and neurodegeneration

Severe progressive motor and cognitive impairment

No pharmacological treatment available

Biffi et al., Science 2013



Background: gene therapy for MLD

In a mouse model of MLD, disease was prevented with LV hematopoietic stem cell gene
therapy, BUT NOT with hematopoietic stem cell transplantation. (Biffi et al., JCI, 2004, Biffi
et al., JCI, 2006)

Similarly, hematopoietic stem cells transplantation failed to provide consistent benefit in
MLD patients (Biffi et al., Hum Mol Genet, 2011)

— Supraphysiological expression of the functional ARSA gene is necessary
Objective: as shown in mice = LV-mediated gene therapy of human HSPCs, which in turn
can differentiate and migrate to CNS and PNS leading to widespread enzyme transfer and

robust cross-correction of neural cell targets

Study design: autologous HSPCs transduced ex vivo with ARSA-encoding LVs and reinfused
after myeloablative regimen with alkylating agent busulfan

9 patients with early onset MLD in a phase I/Il trial

Reported: outcome of first 3 patients (MLDO1 at 24 months follow-up, MLD02, MLDO3 at
18 months follow-up)

Biffi et al., Science 2013



Fig. 1. Engraftment and gene marking in patients after HSPC-GT.
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Fig. 2. ARSA expression and activity in patients after HSPC-GTBiffi et al., Science 2013

(A-B) p-nitrocatechol sulfate (PNCS) assay: ARSA activity up to above-normal values in the most
therapeutically relevant myeloid populations as well as in other circulating cells
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Fig. 3. Clinical follow up of MLD patients
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Fig. 4. LV genomic integration profile.
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Fig. 5. Common insertion site analysis.
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Fig. 6. Clonal dynamics.
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Conclusion

Overall, these data provide evidence that efficient ex vivo gene
transfer was followed by substantial engraftment and sustained
clonogenic activity of the transduced HSPCs in the patients,

resulting in extensive polyclonal reconstitution

of hematopoiesis with gene-corrected cells.
Biffi et al., Science 2013
Dr. Biffi So far, no evidence that the LVs trigger leukemia

through insertional mutagenesis
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Retronectin

- Chimeric peptide composed of E. coli-derived recombinant human fibronectin fragment
that contains three functional domains: a central cell-binding domain (type Il repeat, 8-10),
a heparin-binding domain Il (type Il repeat, 12-14), and a CS1 site within the alternatively-
spliced IlICS region.

- Allow for enhanced gene transfer efficiency

- Using closed bags for transduction and cell culture: Reduced risk of culture contamination
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Comparison of Retrovirus-Mediated Gene Transduction Efficiency
in Various Methods into Human Stem Cells.

http://www.clontech.com/takara/US/Support/
Videos/Gene_Transfer/RetroNectin



RCL issue

- Since 1996, lentiviral vectors have been developed and used for clinical applications.

- So far replication-competent lentivirus (RCL) has not been reported with the commonly
used lentiviral production systems that lack accessory protein functions (Sastry and
Cornetta 2009).

- FDA collaborated with industry and academia and addressed the specific issues related to
RCL testing during the 6th annual American Society for Gene Therapy (ASGT) meeting in
2003.

- This effort resulted in a publication outlining the recommendations for developing assays
and reference materials for detecting replication-competent lentivirus in production lots of
lentiviral vectors:

KIERMER V, BORELLINI F, LU X, SLEPUSHKIN V, BINDER G, DROPULIC B, AUDIT M, ENGEL B,
CORNETTA, WILSON, TAKEFMAN D, ZHAQO Y, and CARSON K. (2005). Report from the
Lentivirus Vector Working Group: Issues for Developing Assays and Reference Materials for
Detecting Replication-Competent Lentivirus in Production Lots of Lentivirus Vectors.
www.bioprocessingjournal.com. March/April pp 39-42.



RCL assay methods

Cell culture based RCL assay with an appropriate permissive cell line (C8166) is used to allow
viral amplification and end point detection.

- Vector aliquots are used to inoculate a human T-cell line (C8166)
- The cells are cultured for 21 days to amplify any potential RCL.
- The medium from amplified cells is then used to infect naive C8166 indicator cells

—> culture for an additional seven days and analysis for the presence of viral proteins or
nucleic acids

Sensitive end-point assays:

- ELISA-based p24 Gag antigen assay (Mochizuki et al. 1998)

- Product enhanced reverse transcriptase (PERT) assay that involves the vector’s reverse
transcriptase (Miskin et al. 2006; Sastry et al. 2005)

- PCR-based assay that detects Psi-Gag sequences from a recombination event between
vector and packaging constructs

- PCR-based assays to detect the VSV-G Env used for pseudotyping (Sastry et al. 2003)



