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* Discovery of 4-1BB and 4-1BB immuno-biology
* Byoung S. Kwon, PhD - Eutilex



Discovery of 4-1BB
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4-1BB-4-1BBL System in T cell Activation Csite >
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4-1BB-mediated signaling pathway Gp
TCR
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Effect of 4-1BB stimulation on lymphocytes @
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4-1BB

* Inhibition of suppressive activity
* Proliferation 1

 Anti-apoptosis

4-1BB 4-1BBL

4-1BB

* IL-2, IFN-y, TNF-a 1

* Thl polarization

* Anti-apoptosis

* Cell cycle progression

4-1BB . Memory gells 7
- IL-6 & IL-121 » Cytotoxicity 1

* Anti-apoptosis

4-1BBL 4-1BB

4-1BB
* IL-2, IFN-y, IL-5, IL-13 1
* Thl polarization

* Anti-apoptosis

» Cell cycle progress

« Direct inhibition of Th17
* Memory cells 1

4-1BB
* IFN-y, TNF-a 1
* Anti-apoptosis



Autoimmune diseases that are treated
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by anti-4-1BB in animal models

1. Rheumatoid Arthritis

2. Systemic Lupus Erythematosus

3. Sjégren Syndrome

4. Experimental Autoimmune Uveoretinitis
5. Crohn's Disease

6. Mercury-induced Autoimmune Disease
7. Allergic Asthma

8. Chronic GVHD



Mechanism for 4-1BB-targeted Immunotherapy @9
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Viral infection and 4-1BB expression 69
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Effects of in vivo stimulation of 4-1BB .
on HSV-1-specific CD8* T cells @9
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Kinetics of 4-1BB expression on human CD8* T cells @tp
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4-1BB expression on human CD8* T cells upon restimulatio 69
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Target killing activity of 4-1BB-based CMV-specific CTLsS
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Isolation and expansion of EBV LMP2AT cells 69
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Phase 1 Clinical Trials

= Name: EBVINT Cell; EBV-induced Natural T Cell

* Indications: Standard therapy-failed EBV-positive Cancers;
Lymphomas, Gastric Cancers, Nasopharyngeal

Carcinomas




Platform technology to produce anti-tumor CD8* T ce Gp
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4-1BB induction on peptide - Isolation of peptide-specific
eSpeCifiC CD8* T cells 0 CD8* T cells with anti-4-1BB mAb

4:18B

Amplification of
peptide-specific

' CD8* T cells 5.‘”}
| 0 with peptide(s). .}".WY}Peptide(s)

15~30 days procedure

Mass production of the isolated
e tumor-specific CD8* T cells

Patient preconditioning

| Infusion
PBMC isolation
o from blood
* Advantages ,

+ Mass production of various cancer-spedfic T cells
« Easy to standardization of T cell production
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EBVINT Cell Dose Il @2 bag: 1.75x108 cells, Ncc-02 Hes)

NCC-02 HCS
v’ 62 year-old, male
ECOG PS 1

v
v" Hodgkin's disease
v

EBVINT Cells
v Lot #
v Ag

HCS-CT-110628
HLA-A*24-restricted EBV/LMP2A

Prior chemotherapy regimen: #2
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Thyroid cancer (co-existing)

Relapsed !‘

Hodgkin Iymphorﬁa /

-

EBVINT therapy
on 29/Jul/2011
1.75 x 10°

o

Almost CR 4 weeks
after therapy

Before EBVINT therapy
15/Jul/2011

N

After EBVINT therapy —
25/Aug/2011 Before EBVINT therapy

15/Jul/2011

After EBVINT therapy
25/Aug/2011




EBVINT Cell Dose Il (1 bag; 3.5x108 cells, NCC-03 KMS) 69
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Rt lower leg lesion

NCC-03 KMS 4 wecke afies

v’ 63 year-old, female EBVINT Therapy
v' ECOGPSI »

v" Extranodal NK/T cell lymphoma

v" nasal cavity: EBV-ISH negative

v Rt lower leg mass: EBV-ISH positive 6 months after

v 1/o renal abscess, r/o tumor EBVINT Therapy
v

Prior chemotherapy regimen: H#1

EBVINT Cells
v Lot # KMS-CT-110830

v Ag HLA-A*24-restricted EBV/LMP2A



Summary of EBVINT cell Therapy

sitc >

Society for Immunotherapy of Cancer

Cancer type
Initial

Sex & age

Prior treatments

Infused T cell #
Infusion date
Toxicity

Response

NPC
KHS

F/63

Chemo
x 4

0.875 x 108

2011.06.30
None

PD

HL
HCS
M/61
Chemo
Radio

Auto-BMT

1.75 x 108

2011.07.28
None

PR

NKT
KMS

F/63

Chemo
Radio

3.5x 108

2011.09.30
None

CR

NPC
SME

M/47

Chemo
X 2

7.0 x 108

2011.12.22
None

PD

NPC
PHA

M/39

Chemo
Radio

7.0 x 108

2013.07.11
None

PD

HL/DLBCL

JBR

F/66

Chemo
x 3

7.0 x 108

2012.11.08
None

PR

NKT
HPS

F/69

Chemo

7.0 x 108

2012.12.28
None

CR

NPC
PIH

M/50

Chemo

7.0 x 108

2013.09.12

None

PD

18



Strong 2" immune responses are found

In the patient with complete regression

Strong 2" response
Weak 2"d response l
CR

PD PR
No 2"d response

IFN-g

PK
IFN-g
IFN-g




Benefits of 4-1BB CTL Csitc
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Benefits

= Complete durable regression can be induced
=  No/minimum toxicity
= Epitope Spreading at a full dose of CTL

= High rate of manufacturing success (17/18)




4-1BB-mediated Selection of Ag-specific T cells @
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Anti-tumor Anti-apoptosis

gpEO  CD3T cells Proliferation

Memory formation

Longevity



Isolation and expansion of

hTERT-specific CD8* T cells
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Isolation and expansion of (
. SItC
WT1-specific CD8+ T cells ) }

0 14 15 17 28 31 day

Induction phase of WT1 CTL Restimulation Rapid expansion method
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Isolation of antigen-specific CD8 T cells using 4-1BB



Isolation and expansion of 69

Neoantigen-specific CD8* T Cell
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PBMCs + Isolation of
the selected peptides 4-1BB*CD8* T Rapid expansion Final product
D00 D02 D07 D09 D10 D13 D15 D18 D21
A A A A A A \1,
1 1 1 1 1 1
Analysis
A. Viability: 90.1% B. Phenotypes: CD8*(97%)CD45RA-CD45R0O*CD57-PD-1-
N. Control Pt #1-1 N. Control Pt #1-1 Pt #1-2 Pt #1-3 Pt #1-4
w T 0 b
o 0.7 612 B! 02| 928 47| 126|948 _53 é o 9.7 1.3
Sl 2 1= oL oL 18 b e s
gISOTYPE g Annexin-V g ISOTYPE/B CD45RA@ CD45RO1\9 CD57 1\9 PD-1
C. Major VB TCR types: VB5.1 & VB20 D. IFN-y production F. Cytotoxicity
Pt #1-1 Pt #1-2 N. Control Pt #1-1 N. Control Pt #1-1

CD107a



CAST (cancer antigen-specific T cell) Therapy @
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CAST Therapy: NSCLC

> CYB, M/51
- Disease: NSCLC

- Initial stage: IV

- Previous treatments: DP 1 LINE, IP—Icb 2 LINE, Alimta 3 LINE, TCb 4 LINE, GN 5 LINE
- Infused cell #: 1.4 x 10° cells in 100ml bag as single infusion

- Clinical response: tumor shrinkage 25.9% 22 weeks after infusion. Stable disease

- Adverse Drug Reactions: None

Pretreatment (2017.6.22) Post — 8 weeks (2017.9.6)

Lung mass

Lt adrenal gland
Metastasis

Pretreatment (2017.6.22)

Post - 22 weeks (2017.12.11)

ZA M7l preinfusion 8 weeks after inf.

Target lesions  147mm
RECIST ®7}

131.9mm (10.3% })
Stable disease

22 weeks after inf.
108.8mm (25.9% | )
Stable disease
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CAST Therapy: Breast Cancer
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Patient  Gender/ Diagnosis Initial Previous treatments Involved sites before
no. age 9 stage TERTINT cell therapy
C714-08  F/61 Breast Cancer \Y; Chemo + Lymph nodes,
Radiation liver, bone
B. Clinical response of TERTINT Cell
Patient Infused cell Lympho Last Toxicity
- 4 wk k 1 k 24 wk
no. no. (x108/m2) depletion IL-2 W 8w 6w w status (Any grade)
C714-08 4.0 1g/m? Cytoxan - SD SD SD SD Alive None
Before infusion +4 wks +8 wks +16 wks +24 wks
2 .’l.
-~ -~ N -~
£ )

L Today: patient alive and doing well
Transformation from terminal patient to treatable patient




CAST Therapy: Anaplastic Oligodendroglioma GD

Society for Immunotherapy of Cancer

Previous treatment: Craniotomy — RT — Vincristine — Craniotomy

~ 16 wks

Before infusion

~ 60 wks

A
<
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#CD8 T (x 10%)
/10cc blood

vy

1 L) 1
~ - o ™ ~

56

1 1
<+ 0
- ©

116 =
171 =4

D260 D420

Days

= Dose/Stage: 4.0 x 108/m? (Stage IV- 3)

= Adverse Event: None
ra¥

= Radiologic response : SD by 24 weeks, PR at 36 weeks, CR at 60 weeks EutlleCo.litd.



Anti-4-1BB X' PD-1ECD,
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bispecific anti-cancer therapeutics

EU505 stimulates 4-1BB and blocks PD-1

B. Treatment with EU505

e

A. Tumor environment

~

-

Tumor cell killing m—— \
‘;}\\'\,‘ 4-1BB Ligand : . ~ Tumor cell N
'S - Tumorcell
& | £ PD-L1
wrsn X 4188 [ 188
£ \ i\l Trimer . Trimer _ ‘
monomer \) L u %%&EUSOS
. S "PD-L1 / " v Tumor targeting(PD-L1)
( //PD ’ “ | v T cell engaging
| 4 ) ‘ v 4-1BB clustering (immune synapse)
N” PD-1 v L
T cell 0 4-1BB activation
\\ v Immune checkpoint inhibition

Eutilex Co.,Ltd.



EUS505 binds to 4-1BB and PD-L1 at a high affinity 61'-9
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Single and Dual binding of EU505 Csitc >
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Dose-dependent bindings of EU505 to 4-1BB and PD-L1

Dual antigen binding ELISA and single antigen binding ELISA

(A) HRP + Substrate (B) Substrate (D) pD.L1/4-1BB dual antigen binding ELISA
& Biotinylated _HRP g 09
Antigen 2 Anti-Human Fc - HRP S
BsAB 3 0s
S = )
= 2
<« Antigen 1 < > Antigentor2 803
G
(C) 2 ’ e |
—— == < 0.0 —
EUS05 EU505 EU505 6 4 2 0 2
4-1BB PD-L1 Log [antibody], ug/ml
null null
(E) 4-1BB single antigen binding ELISA PD-L1 single antigen binding ELISA
12 05
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o o 04
n n
® =03
8 8
c c02
§o04 8
@ S 0.1
o a2 —t
< 0.0 <00
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Eutilex Co.,Ltd.



Synergistic effect of
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4-1BB activation and PD-L1 Blockade

EU505 showed a synergistic effect of stimulating 4-1BB and blocking PD-L1

4-1BB/PD-1 reporter assay system PD-1/PD-L1 blockade effect and 4-1BB-agonist activity

PD-L1 aAPC/CHO-K1 cells PD-L1 aAPC/CHO-K1 cells
S ' __ 25000
. - ) EU505
/ P —
& ( W PD-L1 e 20000
e b © —e—Anti-4-1BB Ab
2 15000
Q
U -
§ 10000 —eo—ecuPD-1 Fc
E 5000 | —e—Anti-PD-1 Ab
©
PD-1+4-1BB Effector cells PD-1+4-1BB Effector cells [

Anti-PD-L1 Ab

! !

Log [Antibody] nM —e—Anti-4-1BB Ab
+ euPD-1 Fc

Eutilex Co.,Ltd.



Anti-cancer activities in human 4-1BB Kl mice 69
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EU505 showed anti-cancer effects and no signs of liver toxicity

1200
—o—NT

]***
EU505 i

) i

e —e—Anti-4-1BB Ab

é 800 —e—Anti-PD-L1 Ab

CIEJ Normal range 17 -77 54 - 298 8-33

>

= NT 26.27 + 1.67 97.40 + 31.32 24.61 + 1.60

>

g 400 EU505 40.67 + 8.00 59.00 + 6.63 23.21 + 1.70

= Anti-4-1BB Ab 34.67 + 6.93 69.50 + 13.40 28.72 + 2.51
0 Anti-PD-L1 Ab 28.37 +9.24 69.50 + 19.42 31.27 + 8.56

0 3 6 9 12

Days

Inhibit tumor growth No liver toxicity

Eutilex Co.,Ltd.



CMC of EU505 SitC
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v' 100% purity by two column chromatography

1%t purification: Protein A column 2" purification: Size exclusion
- DAD1G, S\g=2?04 Re‘=nﬂ‘|EUZ1-US—1271|-31-5375?ETD D) D . E _ . :DAD‘\ S‘Elg:ﬁ[‘-iREI:Dﬂ'52021-05-14715-46-2176I'STD D) D . E .
Standard Az & 8 200 Standard AR & ®
x4  A(670kDa) @ B Cg w: A(670kDa) i B . Cs
w0 B(158kDa) B - s B(158kDa) . g =
w- C(44kDa) a 9 . . ¢ Claakpa) 3 2 .
»| D(17kDa) f P =. D(17kDa) @
.1 E(1.35kDa) JL ’ ~ . *7 E(1.35kDa) _ : ; }
2 ‘!l é é 10 1‘2 1|4 mi ‘2 i & 8 WID 1‘2 |I4 mi
DAD1G, S\g=2-80 4 Ref=off ;2%-12711-31-53757‘.%) #3 4th CHO 94kvi LHN 55 xPD1-M9.D) DAD1 G, Slg=2?3 4 Re[=|7ffi2m-14715-46-21j1‘-ﬁ3 E.Jﬁ D)
Al g EU505 | 2 EU505
200 o Ret. Time (min) : 7.0 o] ° Ret. Time (min) : 7.0
150-] Area (%) : 86.0% o Area (%) : 100%
1004 40 ]
5 - 0]
0 . I — 0 — - - -
2 All é 1IU 12 1‘4 mis 2 4 5] 8 1'0 ‘!‘2 14 m

Eutilex Co.,Ltd.
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Summary

I. Discovery, signaling and immuno-biology of 4-1BB were reviewed.
2. EBV-specific 4-IBBCTLs showed a therapeutic effect against NK/ T, Hodgkin and non-

Hodgkin lymphomas.
3. Self/tumor Ag-specific 4-IBBCTL showed a therapeutic effect against lung,

brain and breast cancers.
4. Anti-4-1BB X PD-IECD may produce synergistic activities of 4-1BB

activation and PD-L1 blockade against cancers.
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