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Correction of anemia in Hbbt3* mice
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EFFICACY in animal models

e correction of anemia

* prevention of secondary organ damage

e long-term expression

* peripheral selective advantage

e vector copy number-dependent expression

Structure of the TNS9 Lentiviral Vector:
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Published 13- and y-globin lentiviral vectors and their expression levels
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Comparative evaluation of different globin lentiviral vectors in Hbbt"3* thalassemic mice

6 -
B T10 (n=10)
5 - ® S10 (n=9)
mT9 (Nn=10)
S9 (n=9
4 - m (n=9)
®T12 (n=10)
3 -
N
2 A - o
H (mm
1 -
= O
[
- [
O ) ) |}
0.0 0.5 1.0 1.5

VCN
Lisowski, Blood, 2007



MSKCC trial to investigate globin gene transfer

A phase | open-label clinical trial for the treatment of 3-thalassemia major with autologous CD34+
hematopoietic progenitor cells transduced with a lentiviral vector encoding the normal human 3-
globin gene. PI: Dr. Farid Boulad, Memorial Sloan-Kettering Cancer Center, New York, NY.

We will transduce the normal human 3-globin gene, using the TNS9.3.55 vector,
in G-CSF-mobilized CD34+ cells, from patients with 3-thalassemia major

age 15 and above, who lack a matched donor (extended HLA typing), following
reduced intensity conditioning (8 mg/kg Bu).

To open first at MSKCC (PI: Farid Boulad), then NHLBI (PI: John Tisdale) and
U.Washington/G. Papanicolaou Hospital (PI: Lila Yannaki).

RAC review June 20, 2007; IND submission pending.



OVERALL TREATMENT PLAN

Patient Clinical Care
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Safe and effective G-CSF mobilization in adults with B-thalassemia major

+1 | +2 | +3 | +4 +5 +6

Pt #1 WBC 9.6 42.8 56.9 NA 61.4 65.2
ANC 6.9 38.7 52.3 NA 52.7 55.4
Total CD34 3.03x10° | 4.95x 10°
HGB 10.3 95 9.9 NA 9.8 9.2

Pt #2 WBC 35 18.8 19.7 249 44.6 46.5
ANC 1.8 13.7 17.2 20.9 40.1 43.3
%CD34 0.2% 0.1%
Total CD34 6.4 x 10° 5.6 x 10°
HGB 11.3 11.6 11.0 111 10.8 10.3

Pt #3 WBC 10.1 60.1 69.4 66.0 74.6 73.8

splectomized ANC 5.9 535 65.0 57.8 59.8 56.7
Total CD34 4x10° 45x 10°
HGB 11.9 11.3 11.1 11.0 11.3 10.6
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GMP vector production at MSKCC, New York, NY



From TNS9.3 to TNS9.3.55

Leszek (Exp#6 Dil.1:2)

Leda (Exp.#6 Dil. 1:2)
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Large Scale Lentiviral Production Flow Chart
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Vector copy number (VCN) in bulk CD34+ cells

Av VCN in bulk
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Effective gene transfer in thalassemic patient CD34+ cells
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Targeting gene expression to late-stage erythropoiesis
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Ryu, et al., An Experimental System for the Evaluation of Retroviral Vector
Design to Diminish the Risk for Proto-oncogene Activation. Blood, 2008
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Arumugan, et al.,Genotoxic Potential of Lineage-specific Lentivirus Vectors
Carrying the 3-Globin Locus Control Region. Molecular Therapy, 2009
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Figure 1 Frequency of generation of IVIM clones from lineage-negative primary hematopoietic cells scored at 2 weeks and at 5
weeks (actual replating frequency). (a) Two-week replating frequency (x axis) per vector copy. The y axis shows a schematic
representation of the vectors. The in vitro immortalization (IVIM) clonal frequency of SF GV, a vector driven by the spleen focus
forming virus (SFFV) LTR, and SF LV, carrying an internal SFFV promoter/enhancer was compared to LV carrying the lineage
specific f -globin promoter and LCR enhancer (LCR- 3 -GFP). The replating frequency of three LCR- 3 -GFP insulated LV
carrying different cHS4 insulator fragments in the U3 deletion are combined and plotted. An enhancer-less vector, carrying only
the B -promoter and mock transductions were negative controls. All vectors were compared with the SF GV (SF91.eGFP.pre) for
their genotoxic potential using Student’s “t"-test (unpaired and two tailed). Open circles represent the replating frequency/copy
number from independent transductions. Open circles below the horizontal line indicate independent transductions, which did not
give rise to any replating clones. Replating frequency was normalized for the mean copy number in the pooled cell population
prior to replating. Median is indicated by the black line. P-values are *P < 0.05, ***P < 0.001 indicated in the graph.



Peripheral blood VCN - Cohort 3 (n = 15)
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Peripheral blood VCN / normalized- Cohort 3 (n = 15)
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Peripheral blood VCN - Cohort 4 (n=19)
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Peripheral blood VCN / normalized - Cohort 4 (n=19)
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Figure 3. Intra-chromosomal looping in the mouse B-globin locus. In erythroid
progenitors, a poised chromatin hub forms consisting of the locus flanking 3'HS1,
5'HS-60/~62 and LCR HS54-6 {dark orange ovals). An active chromatin hub {ACH) at
the mouse B-globin locus in fetal liver cells, which have an adult pattern of globin
gene expression cells, incorporates the remaining LCR HS1-3 (light orange ovals}
into the active chromatin hub (ACH). The globin genes join the ACH when they are
being actively transcribed, leaving the inactive genes looped away. Adapted, with
permission, from Ref. [27].

Ann Dean, On A Chromosome far, far away: LCRs
and Gene Expression. Trends in Genetics, 2006.



