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Endogenous T Cell Therapy

’Democratization of cell therapy
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How to make T cells?

TIL
Tumor-infiltrating
Lymphocytes
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Endogenous T Cell (ETC) Therapy:

Peripheral blood Enrich antigen-specific T cells
K i - ,
ol . . .
‘;r ﬁr ;mw Broad TCR repertoire ¢ »@ Cy_chcal Ag Stlmula.t|on
e mﬂw Naive starting population W Epigenetic modulation )
' »® - » ~ In vitro stimulation and expansion

- No conditioning requirement

- No HD IL-2 requirement

- Central memory programming
- No Tx-related toxicities

- Combination strategies

- multi-target antigen specificity

- Unbiased T cell population

- Source of memory T cells

- Source of multi-potential function

APCstim + Ag MEMS-based

IL-21 prime cell sorting
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Endogenous T Cell Therapy

(a brief one-slide trip down memory lane)

1999 5y
Nat Med ] . > 8 10
J byi- 1
Immunol . PL 1
Persistence
2002 4 4 4 ) B
PNAS r - - = = . =’ *Safe *Bioactive in vivo Ongoing
o 28 56 84 112 140 168 196 224 252 280
s o T 1 1o ..
2008 g .8 \ .
NEJM p [ D! Y L > *CD4 > Safe & enhanced persistence 20 4. “ - 12
10 33 10%10°/m? a \ W'|‘|| I!“ B
2012 L) Ag Spreading : Jy..l)}\'l W.\ﬁdd
N o I N,
PNAS = - »  Tcw = persistence % W e /}5
Crtosan b wramorl |28

IL-21-CTLE

2014 I I S por TA fie CTL Durable
Y olyoma T Ag-specific Responses
CIR culr:]d:;:::\g el Merkel Cell Cancer P
LD IL-2
IL-21-CTL
2014 . s NY-ESO-1 specific CTL
JITC c:m;:&g ' 2 14 Sarcoma and MRCL
D IL-2

[Disoase | Ant

2016 IL-21- CTL anti-CTLA4 MAA fic CTL T

Jco N -specific i 89100,

JEM rad (' ’ ¥ +CTLA4 Blockade Multiple Tumors e

condtioning 1D IL-2 | NYESDI'lvr cDa 2008 -9

I T

2017 iL-21-cTuil I T ontigen 2014-10

Sci B vveso 5 2007-1

I m:> | T, = persistence Col6A3/PRAME  ant-CD137 2019-3

Immun or no

dti . . 2 3 = Pendi
ol B i Combination Tx S Gar doms  reedm
v ‘i: E- 66 pts. 34

2020 , EPI-MOD  IL-21-CTL . 2 patris sl (oo cot ik Hihdghed acaan, o ne o TETG
PR =

CIR _ > Memory Re-programming CR =7 (> 18 monits)

2013 IL-21-CT
. I N N i
ScitM erro t—@ . ¥ *IL-21 primed WT1-CTL = 1 persistence
LD IL-2 !
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Endogenous T Cell Therapy

(a new math)

| TCR repertoire |+| IL-21 priming = | Memory T cells |

| Memory T cells Persistence |

No conditioning or IL-2 |

| No conditioning or IL-2 Antigen-spreading |

| Persistence | =

| No conditioning or IL-2

+ [ Antigen-spreading Durable Clinical Response
+

| Combination Therapy

Combination Therapy |
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Persistence

Ag Spreading

Durable
Responses

Multiple Tumors

Combination Tx

Csite >

CTL Infusion

11 -

o 28 56 84 112 140 168 196 224 252 280

e

s-,w//WJ) &,é})fxf/ “j J?“’w

i

Tyrosnase

[irRC____|PR/CR ]
4 1/0
3 171
7 22
2 o1
N NY-ESOf Tyr cDa 2008 -9 4 11
wr1 2013-6/6  0/6
6/6
I T antizen 2014-10 & 3
B vveso 5 2007-1 (]
Col6A3/PRAME ant-CD137 2019-3  Pending
NY-ESO. Vvaccine 2019-1 Pending
SLCA5A2 cTag 2018-3  Pending
i: _ 66 pts 34

66 patients treatad (does ot include highighted : ovarian, sarcoma, uveal melanoma TETC
RC = 34 patients / 66

PR =8
CR =7 (>18 months)
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Persistence

250000
200000 - u

Complete 150000 CD45 RO+
Response 0.4% Central Memory CD28++
100000 i 22 5.3% CD127-hi

50000 \
=
. . D18
CD45 RO+ 0 50 100 . 1|5? _ 200 250 300
Effector Memory CD28 ays post Infusion
CD127-lo

4000 -
Progressive 3000 1 CD45 RO+
Disease 2000 | CD28- Effector Memory
CD127-lo
0 50 100 150 200 250 300

Days post Infusion
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Persistence

“All T cells are equal,

but some are more equal than others...”

Apologies to G. Orwell

1985
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IL-21 exposure during priming leads to generation of T,

CD8+ Ty cells IL-2
— (o) IL-7 d14 assay for:
- @ OO | + |15 v for
S > — - —> Phenotype
— = = or Function
— MART1, WT1 or NYESO1-pulsed DC IL-21
No IL-21 With IL-21 IL-2 -7 or -15 IL-21
b
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o~ ] b O qo0] = 200 g imz
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cDé2L !
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cD3/28 CD3/28+I121
= ) OT2 unpulsed
=
Function 3.42% ‘ .,J/k 97.7%)“/\]\}\[\\ b2 R mT2 + M27pept J Immunol 2005
L5 ~ ©T2+ M27pept
4% : L 9 T2 Ve Blood 2008
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2 | 394% 95.2% L2 2
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Upregulation of CD28 by IL-21 in T, is
transcriptionally-mediated and STAT3-dependent
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Priming with IL-21 Generates
Central Memory-type T cell

- 1L-21

TNF-a

CD28++
CD127+
CD45R0O+

CD28
‘helper-independent CTL (Tcm)’

Naive Central Effector Terminal
Memory Memory Effector

proliferative

CD28+ CD28++ CD28 - CD28 - J Immunol 2005
CD127+ CD127+ CD127- CD127- Blood 2008
CDASRA+ CD45RO+ CD45RO+ CDASRA+
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Central memory phenotype of transferred
IL-21-primed WT1-specific CTLs

3.3x10%m 10'%me| 10%/m?|
Low-dose

I v sc. -2
et ey 4 “ »
Relapse
Generated without IL-21 Generated with IL-21
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0] 0[18
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g Pt 10 Pr.21
100y, 100 1001, 3* ¥ o 100 100 o1 of 100
10 10 i 1 | .
o
1 1 1 1 T 1
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0.01 0.01 0.01 1001 0.01 0.01 001 oo, 23‘! o L
0 14 28 42 56 TO B4 0 14 28 42 56 T B 0 14 28 42 56 70 B84 93 280 427 1 4 161 427 .
24 Sci Transl Med 2013

A Pl 23
EIRY . o a1
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101 10 M o ° 4 B
1 o o 1 1 ' 1 1
0.1 o 0.1 0.1 01 0.1 —* o1
e

—q
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Source of IL-21 primed T, for ETC are
Naive early T cell precursors in peripheral blood

A
mmm TCR seq not detected in PB (before or after infusions)
mmm TCR seq not detected before infusion Naive T Cell Pool
m TCR seq detected before infusion, expanded in product Antigen-experienced Pool
EEE TCR seq detected before infusion, not expanded in product
Pt. P1 Pt. P2 Pt. P3 Pt. P4 Pt. P5 Pt. P6 Pt. P7 Pt. P8 Pt. P9 Pt. P10
Number
of sequences

Total: 56  Total: 864  Total: 77  Total: 105 Total: 646 Total: 2036 Total: 76  Total: 200 Total: 337 Total: 325

B -@- % Total TCR seq detected in PB
<O % TCR seq not detected before infusion
<O % TCR seq detected before infusion, expanded in product

@ 19 PtP1 ! Pt. P2 " PLP3 % Pt.P4 ! Pt. P5
2 1 1 1 1 4
E)
o 0.100 0.10( 0.100y 0.100y 0.10
Q
; 0.010y 0.01 0.010 0.010y 0.01
8 0.001 == 0.001 0.001 0.001 = 0.0014=
o 0 100 200 300 0 50 100 150 -20 0 20 40 0 0 50 100 150 200 20 0 20 40 60 80
X
o
105 Pt. P6 1 Pt. P7 10 Pt. P8 10, PtP9 4 Pt. P10
1 1 1 1 1
0.1004 0.10 0.100; 0.1004 0.10!
0.01 0.01 H
" o010 Science Immunology 2017
0.001& 0.001 0.001 0.001 0.001 Re
0 50 100 0 5 100 150 200 0 12 28 42 0 28 56 8 112 ’ 0 28 56 84 12 P 1N

» Days after infusion
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In Vivo Persistence Of Transferred T Cell Clonotype(s)
Correlates With Clinical Response

B 200,

N
1501 @

100+

50+

Clonotype half lives (days)

CR

¥

PR SD

PD

] % &

Prior
patient | Pilimumab | 6 | 12 |16M9 | 28 | 40 | 84
treatment weeks | weeks | weeks | weeks | weeks | weeks
failure
1 YES (?5) (-53?1) (-2%) (-:T)) (-foRO)
2 =2 & | o | &
g iy o | o) (+25)
4 YES (Z‘;)
5 NO ¢ 53?0)
8 D (53D1) (31[)7)
7 NO (-S4D5) (-2%) (-<1:0RO)
8 NO i28) | (s21 | gammy
2 he (iDn (F;i)
. No | el cre

T,, Half-life in vivo = Clinical Response
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‘Democratize’

Naive Central Effector Terminal
Memory Memory Eff
CD28+ CD28++ CD28 - CD28 -
CD127+ CD127+ CD127- CD127-
CD45RA+ CD45RO+ CD45R0O+ CDA5RA+

SRR LT -

O
\3 B

Receptor Transfer

1985 35" ANNIVERSARY 2020
L\ & &4

#SITC2020 - 4
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IL-21 upregulates pSTAT3 levels
but does not induce CD28 in T

Naive Effector

UT IL-21 UT IL-21

pSTAT3
1 20 04 20

STAT3
1 1.1 1 09

p-actin

A M27-Effector

J—‘%Max
1 1 1 1

CD2s8

I Isotype control
e
0 DCHIL-21

Naive

cD28

Effector

CD28
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HDACi permits IL-21-induced pSTAT3 binding to
CD28 promoter of Effector T cells

CD8+T cells
TiL——" _ |
TCR-T + HDAC-i+——| IL-21 | ——> ChiPseq
> Anti-CD3/CD28
CD28
DISTAL PROXIMAL
CD28 STAT 1 STAT M STAT 1
-941 -933 -168 -159 -78 -70 +1
CD28-Distal CD28-Proximal
0.6 Il Regular
o IL-21
0.4 M IL-21+SAHA-7d
5
=3
:6_\6 0.2+

& > ¢
S N A
vS’ é,g?' N ?‘o éf\?'

Wang et al, CIR 2020
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‘Ofbsratommatize’

Effector Terminal
Memaory Eff

Naive

CD28+ CD28++ CD28 - CD28 -
CD127+ CD127+ CD127- CD127-
CD45RA+ CD45RO+ CD45RO+ CD45RA+

L

Iy] Chimeric
TCR + zeta
Chimeric l
&

Ig +zeta

1985 35" ANNIVERSARY 2020
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’Democratization of cell therapy

ETC Provides Opportunity for Antigen Discovery and
Epitope validation

CURRENT TARGET ANTIGENS
D
/ h A \

TCR targets CAR targets

* MAA ¢ CD19

* CT antigens * BCMA
o MAGE-A4 e ?GD3, CEA,CD133

o NY-ESO-1
Low intensity of expression (< 2.0 TPM)
Low prevalence among tumor types (< 3%)
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Antigen Discovery Pipeline: Identification of TCR Targets by in silico methods

in silico

* Prediction algorithms / Reverse Immunology
* Neo antigens
* Overlapping peptides

)y

1985 35" ANNIVERSARY 2020
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Antigen Discovery Pipeline: Identification of immunogenic TCR Targets
MS-defined epitopes followed by Empiric Validation

1. Peptide elution from tumor MHC

&9

APCstim+ IL-21 MEMS-based cell
prime sorting

te Qg

4

2. ETC workflow to elicit peptide-specific CTL 3. Validation : Tumor 4. Validation : Tumor
Recognition by antigen-

specific ETC

Recognition by
antigen-specific TCR-T
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Antigen DiSCOVGI'y Pipeline: MS data from MHC-eluted peptides yields > 200 high value targets

v’ R
s '&xm:._.. .

Tumor database Normal

* 4-5targets with Tumor Ao Exreson (CGA'TPM)
median TPM < 3 LAML ACC BLCA UGG BRCA CESC CHOL COAD ESCA GBM HNSC KIH KIRC KIRP LHC LUAD LUSC DLBC MESO OV  PAAD PCPG PRAD READ SARC SKCM STAD TGCT THYM THCA UGS  UCEC UwM
s Mide e R . o o breast colon ovary lung  testis prostati
WART1  HAADZOL 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 185 010
across 4 tumor types o LD p100 HLAAD201 000 000 000 0.00 000 000 000 000 000 000 000 0.00 000 000 000 0.00 000 000 000 000 000 000 000 000 000 340 000 000 000 000 000 000 000 000 0.00 000 000 0.47 042
<2% f tient WAGEA  HIAA0201 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 200 210 000 000 000 000 000 000 000 180 000 000 000 000 000 000 000 000 000 000 000 0.00 0.6
6 OT patients WESOl  HLAAO0L 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 120 110 000 000 000 000 000 000 000 130 000 000 000 000 000 000 000 000 000 000 000 000 016
m HAAOL 000 004 004 010 006 004 19 005 008 136 006 007 0.1 015 0.02 035 001 006 009 005 001 001 046 010 043 003 000 000 001 186
NEW R HAAOZOL 009 000 009 004 236 Q14 016 113 113 003 003 001 000 003 009 010 ooofTRE] o071 000 008 043 000 000 035 000 256 005 000 004 n.n-
'S HAA2402 129 047 039 008 137 025 155 042 022 005 013 035 0.M 024 011 118 007 009 012 0x 119 013 O 078 068 304 062 676 28
. e HAAZE02 129 047 039 008 137025 155 042 02 005 043 035 0M 024 011 118 007 009 012 02 119 013 044 000 078 068 304 062 676 288
o >200 h|gh Value ta I’gets A HLA-A0201 421 1488 383 1316 693 ls.u- 1155 1700 191 369 616 199 FTRT) -
. A HLA-£0201 421 1488 393 1316 693 1519 1155 17200 191 369 616 199 1414
> D HLABISOL 081 0.1 016 155 066 048 016 023 124 096 312 016 019 277 006 048 204 018 211 201
median TPM > 18 m HAAA02 207 184 198 296 532 241 295 238 360 420 204 082 38 368 109 234 160 in 130 238
] HAAO01, 063 172 249 023 516 327 304 383 564 0S5 376 264 246 384 045 248 1719 06t 216 133
across 30 tumor tVPES W HAAZOL 063 172 249 023 516 327 304 383 564 0S5 376 264 246 384 045 248 17 064 216 133
w“ HLABISOL 1333 061 129 208 252 158 134 126 320 160 166 100 146 184 139 142 119 186 439 318
Several HLA-CIaSS | a"eles e HLAAD201 1144 227 1175 143 683 1950 291 804 1185 929 1205 050 203 1128 1838 433 100 1493 1713 un
[ HLAAO01 1144 227 1175 143 683 1950 291 804 1LES 929 1205 050 203 128 1838 433 10 1493 1713 1431
0, i / i [ HAAO30L 1144 227 1175 143 68 1950 291 B804 1185 929 1205 050 203 1128 1838 43 10 1493 1743 1431
(75A’ of Caucasian/Asian ] HAAIDL | 1344 227 1175 143 683 1950 291 804 1185 929 1205 050 203 1128 1838 4 10 1493 1713 143
t «© HAAD30L | 1344 227 1175 143 683 1950 291 B804 1185 929 1205 050 203 1128 1838 43 100 1493 1713 131
pts «© HAA301 | 1344 227 1175 143 683 1950 291 804 1185 929 1205 050 203 128 1838 43 100 1493 1713 3
[ HAAII0L 1344 227 1175 143 683 1950 291 B804 1185 929 1205 050 203 1128 1838 433 100 1493 1713 131
[ HAALIOL 1344 227 1175 143 683 1950 291 B804 1185 929 1205 050 203 1128 1838 43 10 491 783 881 1713 1431
3 . “© HAALIOL | 1544 227 1075 143 683 1950 291 B804 1185 929 1205 050 203 1128 1838 43 10 1493 783 881 1713 1431
. - ( € HAALIDL 1544 227 1175 143 683 1950 291 804 1185 929 1205 050 203 1128 1838 433 100 1493 789 831 1713 131
Tumor-selective (Testis or i HIAAZ402| 1144 227 1175 143 683 1950 291 804 1185 929 1205 050 203 11281838 433 100 1493 783 881 1713 1431
. aF HABISOl 1513 257 [EOEE 301 e o« REAE 1638 12003008 oz 215 600 134 19 1265
Prostate normal tissue w HAMZOL | B13 162 207 1M 252 306 155 251 355 188 254 184 229 395 165 149 08 158 216 267 401 125
. w HLABOTO2 813 162 207 134 292 306 155 251 355 188 254 184 29 395 165 179 295 149 08 158 216 267401 135
restricted ) [ HLAAD201 83 an 921 037 336 1559 516 171
3 HLAAD301 839 4.3 921 097 336 1559 916 17
L HLAAL101 839 432 a2 097 336 15.59 9.16 in
3 HLAALLDL 839 43 921 037 336 1558 916 17
. HLAALL0L 839 432 921 097 136 1559 216 1m
3 HUAALLOL 839 4 a2 097 336 1559 916 17
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Antigen Discovery Pipeline: TCR TARGET: CTx in vitro stimulation
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Antigen Discovery Pipeline: TCR TARGET: CTx ETC validation

CTx A12 CTxB6

A: ]0.032 98.9

Tetram

. 3056 0.53

..-. r v .

o

CD8
1201 120
s 1001 w 100
® ®
2 o0l ‘@ 80
2 ® 2
£ 604 £ 60
5
5 404 s 40
> > .
[P S 2 Peptide-pulsed T2
104 10° 102 10" 10° 10" 102 © 10* 10® 102 10' 10° 10 102 ©
Peptide (ng/ml) Peptide (ng/ml)

o
3

@

3

= 40 =
2 ‘ﬁm

30 o
5 S Tumor targets
x x

=]

g 20 2 @ H1395
3 10 3 & Hs22
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Antigen Discovery Pipeline: TCR TARGET: CTx TCR-T validation

T cell Receptor.

TCR-T generation flow chart

PMSGV3 retrovirus vector

o Chain

TCR Retrovirus
High purity of TCR-T TCR-T

e SItC

1985 35" ANNIVERSARY 2020
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Antigen Discovery Pipeline: TCR TARGET: CTx: ETC vs TCR-T

Lung Cancer Cell Line Killing by TCR-T Engineered
CTx-specific CTL

Peptide titration Tumor killing
CTx -specific TCR-T CTx -specific TCR-T
100 100
@ H1395
R 8o < 80 - H522
2 o
TCR-T 2 60 2 60
L2 Q
3 40 3 40
k1 b
3 S 2
T o
104 103 102 10" 10° 107" 102 0 40 20 10 5 25 125
Peptide (ng/ml) E:T
CTx -specific CTL clone A12
£l
& H1395
= 40 g & H522
ETC vs TCR-T 2 @
2 30 ®
° >
= L
£ g
o
& 10 5

40 20 10 5 25 125
ET
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Tumor cell lines /
biopsies / xenografts

Eluted Tumor Predicted
Antigens Tumor Antigens
HLA peptide elution
Mass spectrometry

| Exome sequencing |_

Human BLAST \
RNAseq expression HLA )

i
Tumor-associated COSMIC cancer oping |
gene database mutation database /‘

] <

| RNAseq analysis

| HLA peptide binding prediction algorithm

} d

Best eluted Best predicted

pepﬂdls p[plidas

TCR-T Therapy

| <osc

—_—

@o

APC + peptide

Peripheral
Blood

— ETC Therapy
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Endogenous T Cell (ETC) Therapy:

Peripheral blood Enrich antigen-specific T cells
Broad TCR repertoire Cyclical Ag Stimulation
Naive starting population Epigenetic modulation .
In vitro stimulation and expansion
- multi-target antigen specificity - No conditioning requirement
- Unbiased T cell population - NoHD IL-2 requirement
- Source of memory T cells - Central memory programming

- No Tx-related toxicities

- Source of multi-potential function rele !
- Combination strategies

Modulate T Cell IL-21 primed

n [Differentiation/ProliferationI Central Memory CTL I Artificial APC
/3 ; ¢
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< 1:1,000,000
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“TRANSFERRABLE CELLULAR BIOMARKER”
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Endogenous T Cell Therapy

°Democratization of cell therapy

2

Dictionary

democratize | Q,

4% de-mocratize
Jde'makra tiz/
verb

introduce a ic system or ic principles to.
"public institutions need to be democratized"

‘ « make (something) accessible to everyone.
"mass production has not democratized fashion”
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Endogenous T Cell Therapy

Make Cell Therapy Accessible to the Masses
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The people who did all the work

Ke Pan Ivy Lai Janae Sargent Shailbala Singh Ying Ma

Yulun Chiu Rebecca Shaw Chelsea Thomas Farah Hassan Junmei Wang

Natalia Miroballi Macrina Melendrez Priscilla Ortiz Yongming Xue Samantha Delaney
Lauren Heese Yating Li

Seyed Karaminia

And where the money came from:

. Parker Institute for Cancer Immunotherapy . Cancer Research Institute

. CPRIT . Damon Runyon

. Stand Up to Cancer-AACR/CRI . Sister Institutions Network Funding (GAP) /

. NIH National Cancer Institute 2"
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