1/351

A4

A

9119ssed pajeldaju|

| ﬁi E IR UOIIBIBS [ YSHI || YLN,E | 39Npoid "dx3  [{uejowold a vy [ -
WL A UL
WK Yl vd | J9)Je|A uoIII9|aS | VT 1onpoud "dx3 Jajowoudi Wl ) i
A1l A AL
_____ FR ﬁi vd | wnpoid-dxg | vz || sonien uonosies [Gsrowoid| i N vy |-/ -
Al A AL
Ry ﬁi TSH.E | YLlN.E H 3onpoid dx3 E YD1 || ¥SHO |l vd | Javely uondajas ( usjowold H M1 ) -/ —
AL A AL
s (1 i iowen vorsaps | vz [ Bnpois i [ vd | vt [wing [ Pnpoid 43 | owora] o Jul 5
| ﬁ- E sy uono3|as [ vd H pSHY [ ¥LNE { 1Pnpoud dx3 | srowoid | w1 H wi N vy | -
AL A AL
B |+ (Yl || Jetowoid } sasselN uonda|as | vd | sul || 19npoud dx3 E w1 [[u ) vy |/ —
pJuod | 'Ol AL A AL
! 1y ﬁ S)UBW?a|3 "8y || JAMJEIA UOIID3ISS || syusWI|F "33y | 10npodd "dx3 || syuswa|3 83y || Wl N ) f\“wl
R AN A LI
- | ﬁ wnpoid -dx3  [Gerowosd] wi Y wy |/ -
AL A UL
—> -
. My uosodsuels [ yi )y |—/— .
LI (494mis) VOH A AL
(4343n35) VOH

(sayIs 3 usamjaq aJse suoipod pajelbajul) saypyasse pajeibaju|

L 'OlId



2/351

<
o
I

|

Il\\w vd H asesodsues) K Jejowoid aseulquioday paiasie) K Jsjowold
ULl A 4Ll

II\\v aseulqwoday paiadie] (' Jejowold asesodsueu] (' Jejowold
LI LI

<
S

|

<
a

asesodsuel]

I

B /| vd | ¥ing || wnpoid-dx3 || 38 \L opwoid | 919 x, 9n | 919
Y1l

B /| vd | ulneg [ Pnpoid-dx3 | 38 E 519
Al

I*glmm E E@
~E

1Nnpold ‘dx3 | 8ndsjo Sunnd ¥NG Aﬁoeei 519

4
(o)

‘%‘ >

BH B*f

a7 a4

= =

1

I

219

{x
(o)
)

i vd | dLlne

= E.
§

B B
(a4 a7
= ui

I* vd I ¥1ne 1npoud "dx3 || a|nds|oN Sumn) yYNQ K Jeowoldf 9lo

ALl

B
e
&

juaisuel]

pjuod | "Ol4



3/351

FIG. 2A

HDAd-y-globin/mgmt

Micro-LCR[™ 7
(IR B| y-globin |Ins | PA | mgmtP14oK |[EF1a| IR )

FRT FRT
HDAd-SB
i
[Pek | sa1ooxffEF1a| Fip I
FIG. 2B
G-CSF/AMD3100
hCD46tg —5 5 IS >
” l 4 wk 2 wk 2 wk 2 wk I
- T T T T Wk 18

HDAd-y-globin/mgmt
+ HDAJ-SB

O%BG (30)  0°BG (30) 0°BG (30mglkg)
BCNU(5)  BCNU(7.5)  BCNU (10mglkg)

FIG. 2C

100 v

4= o)
o 8 o
L | '

N
o
|

Vel -

0 2 & & & 8 o
& 8 @*\ \\X*\ @*\ \y\*\ \y\*\

After HDAd-y-globin/mgmt injection

% Human y-globin* RBCs




4/351
FIG. 2D

=
D |
= nr &N‘_‘ T.., > e
»
2 % %,
m 0%___ © I &.....___.n.. N&ﬁ
8 % ) K
4+ 19, 17 [%, %
SR —. "y %
.".Wrﬁ\
o -..17. R w @&u
S “ o s | @M\
= < 4 ) D 7
— 11 4 ) TH ..uﬁ_
T “ 2
H k@. T
..m. . l_-l . \@D % . &@6
o 4
Dl. ﬂ I T T T .\.vﬂ
oo [Y
| | _ _ \T\N‘ W = m o o .\W‘ﬂ.
3 = = S = wsjosd uigolb ynpe asnow
Jo uIqo|9-A 9%

s|182 .wqo|B-A uewny <



< 207
=
c
© E 15-
C
o 2
_Dfﬁ
G £ 107
Ly - =%
'-\.Em
g 5_
0

5/351

FIG. 2F
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FIG. 5B
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FIG. 7A
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FIG. 7E
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FIG. 13A
100 -
o 80'
©
&)
'c 601
[ o
6 Co 00
I 40' O 0 o] o
= o o
5\? % Ooo 8 00
20 - % o % % :%; 0
9059 90 o oo 00 %
%.g uooo o ° o
0-—:?996 - ; ; .
2 ™ D Q U D NO
o RO I N N N
S TN AT ¢
After HDAd injection
FIG. 13B
20 A
*k**
@]
O
15 -
2
8 —O—Oﬁ—
+ O
- o
g 104
ke,
)
.
X
ch 00 O
O N & N
——
OO
0

Ter119* Ter119"



21/351

FIG. 13C
CD46*+/Hbbth-3 CD46*+/Hbbth-3
80 - O CD4étg O before transd. - wk 16 after transd.
M
RO %

8 ;’l*
i I

Py L i

20+

0 | 1 | I I
RBC Hb HCT MCV RET
(M) - (g/di) (%) (fl) (%)
FIG. 13D

CD46%+/Hbbth-3 CD46*+/Hbbth-3
before transd. wk 16 aftr ransd.

X ‘




% CD46* cells in PBMCs

% y-Globin* RBCs

oo
-]
|

BU 1

20 -

0

NG
N
801

601

“Tlize;liis

22/351

FIG. 13E

T

T 1 T 1 L] T ]

F TS

FIG. 13F




23/351

FIG. 14A
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FIG. 15C
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FIG. 17B
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FIG. 17D
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FIG. 18A
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FIG. 18C
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FIG. 21A
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FIG. 22C
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FIG. 25B
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FIG. 26A
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FIG. 26C
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FIG. 29E

FIG.29D
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FIG. 29G
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FIG. 29H
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FIG. 31A

DAY 0 DAY 1 DAY 3 DAY 18
oS S - Erythroid Diff - Y-globin flow
" e i HPLC

human HDAd Transduction
CD34+ cells (MOI 4000)

v

DAY 5
(24h) in vitro selection
50puM O°BG + 35uM BCNU
FIG. 31B
* %k
30+ I
( 1
o ==
(7 Y
= @
8 (&)
.=
O 20+ *
W S
=
0

1 1 1
Untrd HDAd-short HDAd-long
LCR LCR



% y-globin to adult globin

62/351

FIG. 31C
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FIG. 32C
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FIG. 36B
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FIG. 36C

Bone marrow cytospins (Giemsa)

B19yao

(24032Q)
9vAD/eyldaH

(L2 MM “YOT1-buol-pyaH)
9YAD/eylAdqH



Hbbt"3/CD46

Hbbth%/CD46
(HDAd-long-LCR)

(before)

Blood smears (Giemsa)

72/351

FIG. 37A
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FIG. 37B
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FIG. 38
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FIG. 39A
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FIG. 39B
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FIG. 39B cont’d
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FIG. 42A
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FIG. 42C
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FIG. 44A
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FIG. 44C
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FIG. 44D
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FIG. 47A
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FIG. 52
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FIG. 55C

v

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGGATTGGTGACAGARRAGCCCCATCCTT

e A ARG P GGTGACAGAAAAGCCCCATCCTT
TCT CCCC T CCRATICCEACE———— i i s i GATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAGG———————————— GACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTA-—————————- GGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAG—————————- GGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGG————————— CAGGATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACT—————- AGGATTGGTGACAGAARAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAG————- GGATTGGTGACAGAARAGCCCCATCCTT

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACA-GATTGGTGACAGAAAAGCCCCATCCTT
TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGAC-GGATTGGTGACAGAAAAGCCCCATCCTT

TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGAGGAETGGTGACAGAAAAGCCCCATCC
TGTCCCCTCCACCCCACAGTGGGGCCACTAGGGACAGCAGGATTGGTGACAGARARGCCCCATC

(SEQ ID NOs: 6-18)

FIG. 55D
?,0 sgRNA targeting site
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FIG. 55E
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FIG. 56C
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FIG. 58A
HDAJ-CRISPR (vp/cell)
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FIG. 59C
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FIG. 61C
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FIG. 61E
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FIG. 62E
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FIG. 63C
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FIG. 67A
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FIG. 67C
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FIG. 67G
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FIG. 68A
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FIG. 70
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FIG. 71B
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FIG. 72C
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FIG. 74A
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FIG. 74C
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FIG. 74D
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FIG. 75
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FIG. 78E

GFP GFP/laminin



154/351

FIG. 78F
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FIG. 79A
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FIG. 79C
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FIG. 80C
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FIG. 82B
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FIG. 83A
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FIG. 83C

1200 - HDAd-GFP/mgmt

=]
S

Tumor volume (mm?)

400

ha
=

nlllll|11llllllllllllllllll!

11 17 23 29 35 41 47 53 59 65 71 81 95
days after MMC cell implantation

1200 - HDAd-aPDL1y1
1000
800
600
400
500 MMC re-challenge

N i v

11 17 23 29 35 41 47 53 59 65 71 81 95
days after MMC cell implantation




IFNy (pg/ml)

164/351

FIG. 83D
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FIG. 84A
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FIG. 88A
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FIG. 88F
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FIG. 88F cont'd
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FIG. 88G cont'd
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FIG. 89G
100 4,
—
80 ¢
2 601
8 -
Y
44 ==
i L Ty* A
S 15 PR .
1, —
og 3
A o A
O I 1 1 1 1 I ? 1 ‘-;-; %
O & & & &N L O ®
ROSRCINCEOINS \(@Q’ o NS le
V&R ¢ o @
<& SN
® S
W SRS
FIG. 89H

GFP DAPI (nuclei) DAPI (merged)



192/351

(By/Bwol) NNOG  (01) NNOY (g2) NNOg (g) NNDO9g gS-PYaH +
oM (Bx/6wog) 58,0 (0g) ©4.,0 (0e) 8.0 (0€) D490 Jwbw/g13-4071-PYAH
_ S}aaM g S)iaaMm g S)eaMm ¢ S)oaM ¥ %
< 5 > Bi9vaoy
001£ANY/4SD-D
g06 9Ol
a1 8¢l

Al [PLa3 fyonawbuw | vd | pSH2 || in.€-8 | (€13) 111N

d
‘woud-g || TSH || zsH| €SH]| #SH [ IR Y ¥ I\‘I

L

V06 'Old

4]
AImA

P6v

— AN
Jwbwy/g13-¥971-PVYAH



plasma ET3
(% of human FVIIl in human plasma)

plasma anti-ET3 antibody titer

o o
| J

o O
o o
| |

193/351

FIG. 90C

Lo W
- . .

- "
P W
- :v o Aa s * °
L7 A Eeib AP I - ; T

O > L B8 e 0 X0 gy o> weeks after

O & & S & & & & invivo transduction

B e = = N
OOO%

-
o

-
o

.

101

o

b

w

N

FIG. 90D

100% = 1 unit/ml = 2180 ng/ml of ET3 (up to 7.5ug/ml)

|

1 1 T 1T 1T 1T 1T 71 1 weeks after

& 8 PR R R in vivo transduction



194/351

FIG. 90E
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FIG. 90H cont'd
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FIG. 94C
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FIG. 94L
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FIG. 97B
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FIG. 133D
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FIG. 137C

(SEQ ID NO: 250)

cC T T GA CCAATAGT CT CTTGATC A
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cC T T GA CCAATAGT CT CTTGATC A

(SEQ ID NO: 250)
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FIG. 137G

Lol

C T T GA CCAATAGT CT CTTG A C A (SEQIDNO:250)
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FIG. 147
. 20-bp protospacer |

| |
Cytidine base editor NMTNN‘NNNNNNNNNNNGG
C2>T

at positions 3-8

Wild type sequence
Underlined: GATAA motif
Bold: PAM motif

Base edited sequence
i U | Arrows: edited bases
TTTATCACAGGCTCCAGGAAGGG  Purple:disrupted base of GATAA motif

(SEQ ID NO: 269)
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Reactivation of HbF by Base editing
Cytidine base editor:C> T
Adenine base editor:A-> G
Constructed vectors:
pBS-AncBE4max-sgBCL11AE1 +58 GATA motif, G--> A
pBS-AncBE4max-sgBCL11AE2 +58 GATA motif, G--> A
pBS-ABEmax-sgBCL11AE3 +58 GATA motif, T-->C
pBS-ABEmax-sgBCL11AE4 +58 GATA motif, T-->C
pBS-AncBE4max-sgHBG1 13bp deletion, CCAATbox, CC-->TT
pBS-ABEmax-sgHBG2 13bp deletion, CCAATbox, A--> G
pBS-ABEmax-sgHBG3 13bp deletion, CCAATbox, T-->C

pBS-ABEmax-sgHBG4 -198T->C

pBS-AncBE4max-sgR5-1 control



Date

100

% HbF+ cells
A O ®
o © o

N
o

o

101918-3

041619-2

032819-1

041819-1

041619-3

041619-1

041819-2

UNTR
MOI250 &=
MOI1000

321/351

FIG. 151
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FIG. 154H
Single cell clones

HBG2, Clone #5
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FIG. 154L
Single cell clones

HBG2, Clone #9
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FIG. 154M

Single cell clones

HBG2, Clone #10
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FIG. 154N
Single cell clones

HBG2, Clone #11
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FIG. 154Q FIG. 154R
Single cell clones Single cell clones
HBG4, Clone #1 HBG4, Clone #2
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FIG. 154S
Single cell clones

HBG4, Clone #3
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FIG. 156A

sgBCL11Ael sgBCL11Ae2

T7-sgBCL11A-6FR—6R T7-sgBCL11A-6FR—6R
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TTTATCACAGGCTCCAGGAAGGG
(SEQ ID NO: 269)

GATAA motif GATAA motif

HH
I

HH ﬁ
\H A A

TTTTATCACAGGCTCCAGGAAGG
(SEQ ID NO: 275)

FIG. 156B
sgBCL11Ae3
T7-sgBCL11A-6FR—6R

sgBCL11Ae4
T7-sgBCL11A-6FR—6R

' 11

TITATCACAGGCTCCAGGARGGG i/ ACAGGCTCCAGGAAGE
(SEQ ID NO: 269) (SEQ ID NO: 275)
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FIG. 156C

sgHBG1 sgHBG2
T7-sgHBG-7FR—7R T7-sgHBG-7FR—7R

CTTGACCAATAGCCTTGACAAGG
CTTGACCAATAGCCTTGACAAGG e

TGACCA motif (SEQ ID NO: 276) TGACCA motif  ccaaT  (SEQ ID NO: 276)
CCAAT box
box -113A>G
-114to-115CC>TT -116 A>G
FIG. 156D
sgHBG3
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sgHBG4
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|
| f
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GTGGGGAAGGGGCCCCCAAGAGG
(SEQ ID NO: 278)

GCTATTGGTCAAGGCAAGGCTGG

TGACCA motif
C‘;’:f (SEQ ID NO: 277)

-111 T>C -198 T>C
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FIG. 158

FIG. 157
v-globin expression (HUDEP-2)
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FIG. 159A
sgBCL11Ael sgBCL11Ae2
T7-sgBCL11A-6FR—6R T7-sgBCL11A-6FR—6R
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TTTATCACAGGCTCCAGGAAGGG TTTTATCACAGGCTCCAGGAAGG

GATAA motif GATAA motif
FIG. 159B
SpRUILIACD sgBCL11Ae4
T7-sgBCL11A-6FR—6R T7-sgBCL11A-6FR—6R

il N\

TTTATCACAGGCTCCAGGAAGGG
(SEQ ID NO: 269)

GATAA motif GATAA motif

TTTTATCACAGGCTCCAGGARAGG
(SEQ ID NO: 275)
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FIG. 159C

sgHBG1
7FR—T7-sgHBG-7R

| H\.
b’:\m f A}
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TGACCA tif .
motif - (SEQID NO: 276)

box
-114to0-115CC>TT

sgHBG2
7FR—T7-sgHBG-7R

TGACCA motif  ccaaT (SEQ ID NO: 276)
box
-113A>G

-116 A>G

FIG. 159D

sgHBG3
7FR—T7-sgHBG-7R

I
Lhm“ ATV AL YN AR

GCTATTGGTCAAGGCAAGGCTGG
CCAAT TGACCA motif

box  (SEQ ID NO:277)
-111 T>C

sgHBG4
T7-sgHBG-2FR—4F

GTGGGGAAGGGGCCCCCAAGAGG

198 T>c  (SEQID NO: 278)
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FIG. 162
Transient transfection of HUDEP-2 cells:
(cleavage by T7EI)

Bcllla enhancer

#1 #2 #3 84 85 86 &7 #8 #5 #10 #11 #12 ctrl

HBG promoter
#1 #
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