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Sickle cell disease (SCD) is characterized by high morbidity 
and early mortality
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> 50% of patients with SCD die 
before 45 years of age1
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Modified RBCs express gene therapy-
derived, anti-sickling  HbAT87Q

LentiGlobin for SCD gene therapy overview

DP, drug product; HSCs, hematopoietic stem cells; PB, peripheral blood; RBC, red blood cell Data as of 26 August 2019
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Transduced HSCs engraft & 
contribute to reconstitution 

of functional RBCs
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HbAT87Q inhibits HbS polymerization 
in vitro similarly to HbF and 

has comparable O2-binding  affinity to HbA
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Impact of protocol and manufacturing changes on VCN in 
drug product and peripheral blood

Higher %LVV+ colonies with the refined vs original 
manufacturing process

Refined manufacture results in increased %LVV+ 
and greater contribution of high-copy cells
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Data as of 26 August 2019 4BFU-E, burst forming unit-erythroid; c/dg, copy/diploid genome; CFU-GM, colony forming unit granulocyte, monocyte; DP, drug product; LVV, lentiviral vector; VCN, vector copy number

Do these high-copy cells engraft long-term?
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Lack of persistence of high-VCN containing cells
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Data as of 26 August 2019 5

Each line represents one patient (n=1 Group B and n=16 Group C)

BFU-E, burst forming unit-erythroid; DP, drug product; PB, peripheral blood; VCN, vector copy number



Refined protocol results in higher %LVV+ in peripheral blood 
and LVV+ cells demonstrate stable engraftment

Data as of 26 August 2019 6

Each patient (n=6 Group A, n=2 Group B and n=17 Group C) is represented by a unique symbol or a unique combination of colored line and symbol

BFU-E, burst forming unit-erythroid; DP, drug product; LVV, lentiviral vector 
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%LVV+ in the peripheral blood correlates with both bone marrow 
engraftment and HbAT87Q expression

Data as of 26 August 2019 7

Median Hb fractions in PB 
of Group C subjects over time 
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%LVV+ colonies in BM compared to 
PB (n=7 Group C subjects)
%LVV+ in PB is a good proxy 

for BM LVV-marking 
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%LVV+ BFU-E colonies from PB 
correlates well with A-T87Q expression

0 20 40 60 80 100
0

20

40

60

80

%LVV+ BFU-Es in PB


A

-T
8
7
Q

 i
n

 P
B

 a
t


 6
M

 P
o

s
t 

D
P

 I
n

fu
s

io
n

 (
%

)

R2 = 0.9401



Effect of VCN on A-T87Q and S levels in PB-derived erythroid colonies

Data as of 26 August 2019 8
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Production of βA-T87Q results in a reduction in βS-globin in BFU-E colonies 
irrespective of the level of HbAT87Q production
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 Single BFU-E colonies cultured from PB samples isolated post DP infusion were processed to: 

─ Measure VCN

─ Separate globin chains by UPLC

BFU-E, burst forming unit-erythroid; c/dg, copies per diploid genome; DP, drug product; PB, peripheral blood; UPLC, ultra performance liquid chromatography; VCN, vector copy number

 HbAT87Q levels in these three subjects at the time of analysis post DP infusion were 3.6 – 8.8 g/dL



Pancellularity of HbAT87Q: Exploratory assay allows for single-cell 
resolution of Hb expression

Hb, hemoglobin; RBC, red blood cells

 Single red blood cell western with anti-βS or anti-βA/βA-T87Q  antibodies
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Proportion of RBCs with HbS and/or HbA/HbAT87Q



DP, drug product; RBCs, red blood cells; sc, single cell; SD, standard deviation

Mean ± SD is depicted - if N=1, data show technical replicates; *Pre-conditioning sample does not contain any βA-T87Q , signal is due to error rate of multiples 

On average, ≥ 70% of RBCs from patients treated with LentiGlobin 
contain βA-T87Q by Month 6

 Single RBC western assay was performed in multiple patient samples

Data as of 26 August 2019 10
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HbAT87Q levels in RBCs from patients post DP infusion are estimated 
to be comparable to the amount of HbA per RBC in sickle cell trait

Data as of 26 August 2019 11DP, drug product; Hb, hemoglobin; HPFH, hereditary persistence of fetal hemoglobin; MCH, mean corpuscular hemoglobin; RBC, red blood cells
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Impact of intracellular A-T87Q and S levels on RBC sickling

Data as of 26 August 2019 12AS, sickle cell trait; DP, drug product; HD, healthy donor; HPFH, hereditary persistence of fetal hemoglobin; SS, sickle mutation on both HBB alleles
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sickled RBCs

Healthy Whole Blood 

Sickle Whole Blood

N
o
rm

a
liz

e
d
 f
re

q
u
e
n
c
y

Sickle Index

*Group C only; †HbF contribution to total Hb in these samples ranged from 28% – 42%

% sickling for LentiGlobin-treated patients with ≥ 6M follow-up*

SS HPFH AS HD 6 9 12 15 18
0

50

100

150

200

A
re

a
  
U

n
d

e
r 

th
e
 C

u
rv

e

(%
s
ic

k
le

d
 1

- 
4
 h

o
u

rs
 i

n
 2

%
O

2
)

Months Post DP Infusion

N of patients 25 5 17 7 4 6 6 6 4

†

LentiGlobin-treated

SS HPFH AS HD 6 9 12 15 18
0

50

100

150

200

A
re

a
  
U

n
d

e
r 

th
e
 C

u
rv

e

(%
s
ic

k
le

d
 1

- 
4
 h

o
u

rs
 i

n
 2

%
O

2
)

SS
HPFH

AS
HD

SS HPFH AS HD 6 9 12 15 18
0

50

100

150

200

A
re

a
  
U

n
d

e
r 

th
e
 C

u
rv

e

(%
s
ic

k
le

d
 1

- 
4
 h

o
u

rs
 i

n
 2

%
O

2
)

SS
HPFH

AS
HD

SS HPFH AS HD 6 9 12 15 18
0

50

100

150

200

A
re

a
  
U

n
d

e
r 

th
e
 C

u
rv

e

(%
s
ic

k
le

d
 1

- 
4
 h

o
u

rs
 i

n
 2

%
O

2
)

Propensity to sickle decreases over time post-gene therapy with LentiGlobin; 
Group C similar to trait

SS HPFH AS HD 6 9 12 15 18
0

50

100

150

200



Summary

13

 Exploratory assays provide important new information demonstrating that revisions to manufacturing 
process and treatment protocols have improved the transduction, engraftment, and transgene 
expression profile of LentiGlobin HSC gene addition therapy for SCD

─ Largely stable presence of %LVV+ BFU-E colonies from PB ≥ ~4.5 Months post DP infusion, but lack of long-
term engraftment of colonies with VCN >5

─ Assessment of gene marking can be done with PB as proxy for BM marking

─ Near pancellular (≥ 70% of RBCs) expression of HbAT87Q after ≥ 6M post DP infusion

─ Expression of A-T87Q  results in a reduction inS levels as demonstrated by MCH stability

─ With an average of ~16 pg of HbAT87Q per cell, RBCs from treated patients post DP infusion are comparable 
to the amount of HbA per RBC in sickle cell trait 

─ Expression of HbAT87Q results in a reduction in sickling propensity down to levels seen in sickle cell trait

BFU-E, burst forming unit erythroid; DP, drug product; HSC, hematopoietic stem cell; MCH, mean corpuscular hemoglobin; PB, peripheral blood; 
RBC, red blood cells; VCN, vector copy number Data as of 26 August 2019
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