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HIV – an infection and an immune system disease
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Primary infection of CD4 T cells

Loss of CD4 T cells 
by direct 
cytopathic and 
bystander 
mechanisms

“Helpless” 
activation of CD8 
T cells fails to 
clear infection

Reservoir 
established in 
memory CD4 cells Damage to mucosal barriers

Chronic inflammatory state

ART



Blocking the narrow door
A lesson from Nature – the CCR532 mutation

5

Individuals homozygous for 
the CCR532 allele are 
highly resistant to HIV-1 

infection

CCR5

CCR532



“Berlin patient”
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CCR532 
donor 

“Berlin patient”



SB-728-T – the product
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ZFNs cause targeted gene disruption

CCR5 target

gene disruption

NHEJ
error-prone repair
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ZFP

ZFP

• Delivered with a non-integrating, replication-deficient, chimeric  
adenoviral 5/35 vector or mRNA electroporation

DNA

CCR5 

ZFN modification
Site 165 

D32 mutation

Zinc finger nucleases (ZFNs) 
“Designer restriction enzyme”
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SB-728-T: Zinc finger nuclease driven CCR5 modified 
autologous CD4+ T-cells
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Enrich CD4+

Infusion

SB-728-T

SB-728

CCR5 ZFNs

CCR5 gene

disruption

Apheresis

Expand, formulate and test

Median CCR5 
modification ~25%

Single Infusion of:
10-30 billion SB-728-T 

ZFN

ZFN

DNA



The infused product (SB-728-T) contains T-cells with a 
stem cell-like phenotype
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• Most frequently is a 5-bp insertion or “Pentamer Duplication” (CTGAT)
• Approximately 16 to 39% (mean = 23%) of CCR5 allele disruptions

• In clonal studies bi-allelic disruption occurs in about 1/3 of disrupted cells – total CCR5 knockout
• 2/3 if one allele already has the Δ32 mutation

• ZFN mediated gene disruption generate a diverse array of short insertions and deletions 
to the targeted CCR5 locus.  

Pentamer (5bp) 
Duplication

How we assay for CCR5 deletions



SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects, treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10)
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



SB-728-T – pharmacokinetics and 
pharmacodynamics
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SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10)
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



Long-term CD4 T-cell reconstitution post SB-728-T
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Long-term engraftment of CCR5 modified cells
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CCR5 modified T-memory stem cells expand and persist 
up to 12 months

BL M 9-10 M11-12
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CCR5 gene modification level is maintained for three 
years in the TSCM fractions  
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SB-728-T traffics to the rectal mucosa
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High levels of monocyte activation (DRhiCD86hiCD40hi) in 
HIV+ subjects at baseline
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Baseline levels of monocyte activation inversely correlate 
with levels of CCR5-modified cell engraftment
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Baseline levels of monocyte activation inversely correlate 
with levels of CD4 T-cell reconstitution
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SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10)
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning dose-ranging, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



Higher peak CD4 T-cell reconstitution and engraftment of SB-728-T is 
observed at a dose of 1 gm/m2 CTX

25

CD4 change from baseline Pentamer duplication

C
D

4
 C

h
a
n

g
e
 f

ro
m

 B
a
s
e
li

n
e
 (

p
e
r

L
)

0

1000

2000

3000

4000

5000

CTX(0
.1

g/m
2 )

CTX(0
.5

g/m
2 )

CTX(1
.0

g/m
2 )

CTX(2
.0

g/m
2 )

CTX(1
.5

g/m
2 )

902IN
R

P
e

n
ta

m
e

r 
D

u
p

li
c

a
ti

o
n

 (
p

e
r 

L
)

0

20

40

60

80

100

120

140

160

180

902IN
R

CTX(0
.1

g/m
2 )

CTX(0
.5

g/m
2 )

CTX(1
.0

g/m
2 )

CTX(2
.0

g/m
2 )

CTX(1
.5

g/m
2 )



SB-728-T – effects on viral load during ART 
interruption

26



SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10)
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



First-in-human study of CCR5 KO published in NEJM
6 March 2014

• First genome edited therapy tested in man (ZFN modified CD4+ T cells)

• Infusions generally safe and well tolerated

• Marked increases in total CD4+ T cell levels 

• Traffic to GALT (key battle ground of HIV infection)

• Modified cells show a selective survival advantage during ARD interruption

• One subject controlled viral load to below levels of detection prior to reinstating ARD

28



HIV viral load during treatment interruptions.

29Tebas et al, 2014



Estimated mean Biallelic Modification per L
 During treatment interruption 
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SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10) 
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



Sustained functional control of viral load for more than 
one year 

• Subject 04-502 (SB-728-902 Cohort 5)
– Viral load controlled for more than 59 weeks (<500 VL copies/mL)

– Subject remains off ART

– Durable functional control achieved

32
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SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10) 
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



SB-728-1101: Viral load decreases from peak during TI
Four  subjects with extended TI with VL <10,000 copies and CD4>500
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TI= Treatment interruption
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Meaningful reductions in VL seen during TI in Cytoxan-
treated subjects

Subject 04-019 (SB-728-1101)
– CTX dose – 1.0 gm/m2

– >2 log reduction in Viral load (VL)

– Sustained control for 39 weeks

– Subject remains off ART

Subject 01-060 (SB-728-1101)
– CTX dose – 1.5 gm/m2

– >2 log reduction in VL

– Subject remains off ART

35

Subject 04-019

Days from Baseline

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420

C
e

ll
s

 /
 

L

0

1000

2000

3000

4000

5000

6000

7000

P
e

n
ta

m
e

r 
D

u
p

li
c

a
ti

o
n

 /
L

0

50

100

150

200

250

300

V
ir

a
l 

lo
a

d
 C

o
p

ie
s

/ 
m

L

101

102

103

104

105

106

107

Treatment Interruption

Absolute CD4 Count

Pentamer

VIral Load

Viral Setpoint

Absolute C8 Count

Subject 01-060

0 30 60 90 120 150 180 210 240

C
e
ll

s
 /

 
L

0

1000

2000

3000

4000

5000

6000

7000

P
e
n

ta
m

e
r 

D
u

p
li

c
a
ti

o
n

 /
L

0

50

100

150

200

250

300

V
ir

a
l 

lo
a
d

 C
o

p
ie

s
/ 

m
L

101

102

103

104

105

Absolute CD4 Count

Absolute CD8 Count

Pentamer

VIral Load
Treatment Interruption



SB-728-T – effects on the HIV reservoir
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HIV reservoir

37

• Laid down at time of initial 
infection

• HIV DNA integrated within CD4 
memory cells 

• Reservoir size driven by time 
from infection to start of ART

• Highly stable on chronic ART
• Maintenance is a dynamic 

process
• Activation cycling of CD4 

reservoir cells creates a 
target for immunotherapies

Barouch and Deeks, Science 345, 169 (2014)



SB-728 – key exploratory clinical studies
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Study Study Goal

SB-728-T-902 Cohorts 1-3 (n=9)
• Immune non-responders (INR) on ART; longitudinal 

follow-up 3 years

Reservoir Depletion / 
Elimination & Immune 

Reconstitution

Phase I study at U Penn (n=6)
• ART-treated subjects,treatment interruption (TI)

SB-728-T-902 Cohort 5 (n=10) 
• CCR5 Δ32 Heterozygotes, ART, TI

Demonstrate 
Immunological Control of 
Viral Growth without ART

SB-728-T-1101 Cohorts 1-5 (n=18)
• Cytoxan preconditioning, ART, TI

SB-728mR-T 1401 (commencing)
• mRNA electroporation, ART, TI

SB-728-HSC (planned)
• mRNA electroporation in HSPCs



Step 1. “Digitize” sample into 20,000 
droplets. Effectively reducing level of 
background gDNA

Step 2. Run PCR to endpoint. Quantification 
is no longer dependent upon PCR 
kinetics

Step 3. Fluorescent analysis drop by   drop 
(yes or no). Copy number is calculated 
by Poisson distribution

Digital PCR- A new sensitive method to assess HIV 
proviral DNA
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Reduction of PBMC HIV DNA (ddPCR) observed in SB-728-T 
treated subjects (Median 0.9 log decrease at Month 36)
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Raltegravir/maraviroc +/- IL-7 - increased CD4 counts BUT
increased HIV pro-viral DNA  

41Katlama et al CROI 2013
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Gene therapy for HIV
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SB-728-T - Next steps

• IND for mRNA electroporation of CD4 cells is open – SB-728mR-T

– Allows potential for retreatment

• Key proof-of-concept Phase II study commencing:

– Optimal subject population

 Short time from initial infection to ART 

 Favorable macrophage inflammatory profile

– Optimal Cytoxan dose (1 g/m2)

– 9 subjects in 2 cohorts will receive multiple doses of SB-728-mR-T

 Cohort 1:  SB-728-mR-T infusions of 2 equal doses 14 days apart

 Cohort 2:  SB-728-mR-T infusions of 3 equal doses 14 days apart

– Objective:  define proportion of subjects with functional control outcome

• Reservoir assay work continues
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Using ZFNs to protect CD34+ HSCs

T-cells

Macrophages

Hematopoietic 
stem cells 

(HSC)
X HIV 

Virus
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SB-728 CD34+ HSCs in HIV 
ZFN-treated HSC mice control R5-tropic HIV-1

blood

HIV-1BaL

Ctrl.

ZFN

8        9       10      12  8        9       10      12  

small intestine large intestine

gut mucosa

Weeks post-infection
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IND in 2014 in collaboration with City of Hope and California Institute of Regenerative Medicine



Summary and conclusions

• Ex vivo CCR5 knockout using ZFNs - a very appealing strategy for treatment of 
HIV

• T cell program has shown

– Sustained increase in total CD4 count and CCR-modified CD4 cell engraftment with 
tissue trafficking

 Influenced by host factors related to inflammation 

 Optimized by conditioning with Cytoxan 1 g/m2

– Control of VL to undetectable or <1000 copies in a CCR5 Δ32 heterozygote for more 
than 1 year

– Two subjects with a 2-log decrease in viral load with Cytoxan conditioning, sustained 
in one case for >39 weeks

– Downward trends in viral reservoir in PBMCs over three years

 Related to CD8 activation/numbers 

• Optimized Phase II program commenced for SB-728-mR-T

• IND open for HSC program in 2014
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