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Overview of immunotherapy MRNA HBV-specific TCR-redirected T What do we want to achieve and
potential for HBV and HBV-HCC cells. Pros and Cons -no genetic theoretical mechanisms of clinical
modification- transient effect efficay



The extend of the problem...
Epidemiology/pathology

250-300 Million People infected

75% of them in Asia

Therapy blocks HBV replication/but no clearance

DNA-Virus Hepatotropic
Non-cytopathic

\_ Cirrhosis HCC )




Reconstitution of HBV-specific T cell immunity is a potential cure for
HBV chronic infection .

Chronic HBV Infection

HBV

—infection -,
Self-limited Chronic
infection infection

Efficient and vigorous, Weak acute phase
immune responses responses

1 1

Lo:g::tsit\::g Progressive and persistent
P collapse of adaptive immunity

responses

RECOVERY CHRONIC PHASE

UTI
S

E PHASE m l ACUTE PHASE
?

Resolved HBV

» ) ; Functional Dichotomy of Adaptive Immunity
Functional Cure

in chronic versus resolved patients



Reconstitution of HBV-specific T cell immunity is a potential cure.

Chronic HBV Infection

Transplantation of HBV
primed bone marrow causes
HBYV functional control in
CHB patients.

Lau GK et a (1977)] antigen after bone marrow
transplantation: role of adoptive immunity transfer.
Hepatology 25:1497-1501. doi: 10.1002/hep.510250631.

llan'Y, et al. (1993) Ablation of persistent hepatitis B by bone
marrow transplantation from a hepatitis B-immune donor.
Gastroenterology 104:1818-1821.

Resolved HBV
“Functional Cure”



e HBV-HCC the extend of the

problem .

~ 0
Chronic viral hepatitis 80% are HBV related
5




HBV can Integrate

HBV-DNA integration in about
80/90% HCC

HBV-specific CD8 T cells deleted in
HBV-HCC patients.

Can we use HBV-specific T cells to
treat HBV-HCC?

Rational -Viral antigen as Tumor antigen

HBV-specific TCR
HBV

HBV antigen

HBV antigen | expressed on HCC
expressed on
hepatocytes n



Engineering Lymphocytes for treatment of HBV-HCC

PRIMARY AND SECONDARY

Transient TCR expression: Toxicity control
Escalating doses TCR-T cells (up to 107 x kg)

We are targeting HBV epitopes produced from
HBV-DNA integration present in HCC.

Metastases

HBV-TCR library recognising different epitopes

& L@,
Viral vector mRNA
transduced electroporation 9 P lisati
o 70 TCR expression d ersofg/isation
'E 53 T-cells from
g peripheral
o 35 blood
=)
2 18 HLA profile of Detection of HBV
® 0 patient and donor + integrations in HCC
liver metastases
1 2 3 46
DayS Hepatocyte
(Donor liver)
Cell lysis
. " ) TCR-T Cell
o | o2&
";jr v *O). Q» @‘ép‘
0 i o L
Ve ey
mRNA Viral vector ke HBV-specific
electroporation  encoding Mis-matched TCR
of TCR TCR HLA Matched Tumour
. HLA Cell
Manufacturing (Patient)

mMRNA TCR used to engineer autologous T cells
(mRNA electroporation )

[1] Tan AT, Yang N, Lee Krishnamoorthy T,, et al. Use of Expression Profiles of HBV-DNA Integrated Into Genomes
of Hepatocellular Carcinoma Cells to Select T Cells for Inmunotherapy. Gastroenterology 2019;156:1862-9.



Questions

Why TCR and not CAR?

How do we produce HBV-TCR?

Metastases

e
e
Treatment P
T-cells
from
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%w blood
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o 9 ¢
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mRNA Viral
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L _on—— encoding -
of TCR TcR  Manufacturing

HLA profile of
patient and
donor liver

Detection of HBV
*integrations in HCC
metastases

Hepatocyte
(Donor liver)

Mis-matched
HLA

TCR-T Cell

Cell lysis

HBV-specific
TCR

Matched  Tumour

HLA Cell
(Patient)




Why TCR and
not CAR -T cells?

CAR
Chimeric antigen
receptor

Recognition
Conformational

Antigen ‘ \

| Tumorcell

antigen

* Target cells expressing whole proteins in

correct conformation and expressed on cell

surface

NON HLA-restricted

TCR
T cell receptor

y Recognition
@ + < HLA/peptide
complex

* Target cells produce antigenic fragments

that are processed and presented

HLA-restricted



Why TCR and
not CAR -T cells?

1- HBV-TCR not inhibited by circulating viral antigens (HBsAg)

( HBsAg|-50 ug/ml in sera)

2- HBV-DNA integration often not complete in HBV-HCC:
not production of whole antigens but short chimeric protein

HBV antigen
antibody

Negative Positive

HLA

Viral peptide

Gastroenterology. 2019 Jan 31. pii: S0016-5085(19)30348-8. doi: 10.1053/j.gastro.2019.01.251. [Epub ahead of print]

Carcinoma Cells to Select T Cells for Immunotherapy.



2- HBV-DNA integration often not complete in HBV-HCC:
not production of whole antigens but short chimeric protein

HBV Antigen expression

Why TCR and . -
nOt CAR -T cells? "B§$?£ﬂ§?9-< g H with HBV-DNA integration

HBV-TCR T cells recognize HBsAg negative HCC

Tumour cell
HepG PLC/PRF5 Hep3B SNU354 . - )
HepG2 2915 A2 A2 Direct cytotoxicity measurement through impedance
@ 10201 Coculture with T cells
i = @
Env 183-191 <T
HCC call lines “ o HBV Envelope 183-191
LYSI S g;'ﬂo':lf::' :t::uctinn H LA-QI‘;;TT":::M“
= : Tcell
medium recognition

SNU-354-non-A2
+HBV Env 183-191 T cells

02 1 :354-A2 + =
" Adnerence T cell co-culture . - SNU-354-A2 + HBV Env 183-191T SNU-35 +

s s LT LT 1] 500 4 -A2
Time (in Howr) N

Gastroenterology. 2019 Jan 31. pii: S0016-5085(19)30348-8. doi: 10.1053/j.gastro.2019.01.251. [Epub ahead of print]
Use of Expression Profiles of HBV DNA Integrated Into Genomes of Hepatocellular

Carcinoma Cells to Select T Cells for Inmunotherapy.




Why TCR and
not CAR -T cells?

HBV-DNA fragments present in HBsAg negative HCC
produce antigens that are processed and presented to
TCR of CD8&+ T cell

HLA

HBV antigen - HBYV specific
antibody ‘ |- CD8+ T cell

Negative Positive

HBV-HCC recognised by T cells but not antibodies



Clone

Production of
HBV- specific DNA o F
TCR T CE”S Select CD8 T cells 2 1 \

from resolved patients

or healthy individuals 3‘-
Viral Vectors

TCR mRNA
"\ AAAA

TCR-gene modified T
cells

Before After

T T T TI

TCR-gene modified T cells are functional — produce IFN-y and TNF-a in
antigen-specific manner




Production of HBV-specific TCR-redirected T cells

Extensive library of HBV —specific TCR cells

Clone DNA of
TCR
Select CD8 T cells from _ \

resolved patients or . TCR mRNA

Viral Vectors
/’% Nucleofector

T cells / % .L'

Leukapheresis
autologus

T cell isolation

[ Introduce antigen specificity
Patient l l

TCRredirected

T cells
Redirected T cell
production

e

T cell infusion

HLA-A11 HLA-B 40 HLA-Cw08

Y ¥y ¥
Yy ¥ 9

HLA-AO2 HLA-B 58 HLA-A 24

HBV TCR restricted by

HLA-A02.01, HLA-A11, HLA B58, HLA B40, HLA-Cw0801

Covering about 60% Asian subjects.



Mock Transduced ¢18-TCR Transduced Multi-functional

We can engineer
HBV-specific T

Unstim + Peptide Unstim + Peptide
. . o1 | :

0.1

o = @ g
) o o ] L
cells with HBV-TCR ° y ] & :
FNy - > ’ PNy
Sensitivity of T cell activation Cytotoxicity
[] [] . E 120% & H'Hﬂ“:h}' ; 1 S‘D
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- E 20% K =10 -
patients who M A )
® ﬁ P E S NS HepG2-Ctrl HepG2-HBY
reso IVed H BV R ?HBc:B-ET]ngImI
1. A+ T2 cells pulsed with decreasing peptide 1. HepG2 expressing HBY virus
2. Compare to original T cell clone from resolved patient 2. 6 hassay, E'T= 11 [effectors COB+IFM-y+)

4. 5 patients/group; Mean +~ 5td Dev




HBV-specific TCR T cell ability to lyse HBV/HCC \

(Animal Model)

Function of TCR-gene modified T cells (in vivo) against HBV-HCC ( xenograft model)

10 days
after Ad-Transf

HCC expressing -
HBsAg ) .,
. HBc-TCR ‘Clg Core-specific
. ; S -

—~—

o — .
d ; HBs-specific
HBs-TCR - TCR
&0 = #0= - .
Adoptive transfer 8= 13 TR T colis on
of T cells - =152 TCR T celdls op

Avg Radlance Lpfafcnﬁsr]




Question

Evidence in HBV-HCC patients?

Engineering Lymphocytes
for HBV-HCC treatment

PRIMARY AND SECONDARY

Metastases

e
¢
Trea P4 Personalisation
T-cells from
peripheral
blood
%vk HLA profile of Detection of HBV
,I%Y‘ A patient and donor + integrations in HCC
oY © 1 i
| ) Y liver metastases
A (S Hepatocyte
f f (Donor liver)
Cell lysis
¥ s TCR-T Cell
o | & ® a@"
= e ¢ ob-
C: 6 @9_ & &
mRNA Viral vector
electroporation  encoding Mis-matched
of TCR TCR HLA
Manufacturing




FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

2001 2011 2012 2015 2017 2019-20

: HLA-mismatch : ) Metastases original
Male patient- 62 years old—HBV [ Lrg?:;ﬂ;\r;t tl‘_‘lg‘s‘x if;;r::g\;s " e
related HCC transplanted for HCC | @ |\ 8 |\
11 years ago [ ' | )| -'
o e -l | o A N & - o
HCC metastasis in the lung and -. )/ 10 years

bones o

Brunetto/Bonino University of Pisa
M. Maini-H Stauss and R Qassim , UCL, Royal
Free London



FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

HBV sequence

FLLTRILTI
HBV Gen D

TCR-like Ab
' Specific for the
Cytokeratin 18 HLA-A2/Env183-91

Characterization HBV antigen
on HCC relapses

Do HCC cells present
A2/HBs complexes?

Are cells of hepatic origin?



FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proo ¥ prmupe

Transplanted liver:

HBsAg- HBCAg- HBV DNA- Said umar D) ] O HBsAG
g g metastasas — 6000 TCR T
por 10,000 cells/kg = cells
HP. eripheral , —_—
MetaStaS |S ‘ - blood HBV-TCR'T Ce”S % 4000
‘ = ¢ 90%
58 < 2000 reduction in
> 9 3 HBsAg
o % T
o 2 0
o e 1d 1d 7d 20d 30d

CK18+ HBsAg+ 30 days
(Hepatocytes) immunotherapy
Qasim et al, 2015 J. Hepatology

Brunetto/Bonino University of Pisa
M. Maini-H Stauss and R Qassim , UCL, Royal
Free London



Efficacy of TCR-redirected T cells in controlling HBsAg production.

Proof of principle

18 months . 1 h
it h 1x 10/kg mont
\V} .
. Surgery and radiation therapv e immuno-therapy
- = D ey k@
6000 - B -
% 4500 T) 6000
— = 4500
Lo 3000 Q
< B0 3000
B 1500 <
T [ 1500
0 o HBSAg T 0
gen 2011 Mar1, 2011 sept 2011 Mar1, 2012 Jun 11,2012 Jul1,2012 Jul1. 2012 Jul1. 2012 1 week 2 weeks 4 weeks
' ' HBSag
Surgical removal Surgical removal

metastasis metastasis



FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

A Patient-clinical history .
Male; born 1945 - <0 © ‘QQ
- -~ - =4
, n I e P,

1980 1998 2001 2006 2007 2010 2011 2012

Good health

Treatment: Immuno-therapy

July 2012

Radiation therapy
1gG anti-HBs

. Lam + Adef April 2001
CHBV Liver Tacrolimus New lesions:
HBeAg neg cirrhosi right hip, 6-7 ribe, C5. C6 May 2011
g neg S hee HBsAg’ HBsAg" Re feston

Detection of lesions:
lung, right hip, 6-7 ribs

@ e 1 pore S i tbstiantiing a) HBsAg produced only by integration

Liver transplant
July 2001

b) Liver transplant not HBV re-infected



HBV-TCR do not
differentiate
between infected
or tumor
hepatocytes

Safety issue in HBV-HCC

HBV-specific TCR

HBV .
| o
HBV antigen
expressed on _HBV'DNA
hepatocytes integration

HBV-TCR do not differentiate between

HBV infected hepatocytes and HBV-HCC !!!!
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Overview of immunotherapy
potential for HBV and HBV-HCC

MRNA HBV-specific TCR-redirected T
cells. Pros and Cons -no genetic
modification- transient effect

What do we want to achieve and
theoretical mechanisms of clinical
efficay



MRNA TCR and not
viral vector TCR-T cells

Select CD8 T cells from

Clone DNA of
TCR
resolved patients or = TCR mRNA

healthy individuals — e [ AAAA

/%& Nucleofector

T cells / ﬂ/r;

Leukapheresis

T cell isolation ~ 2utologus _
[ Introduce antigen specificity
Patient l l
() o TCR redirected

T cells

Redirected T cell
production

T cell infusion



Features of mMRNA HBV-TCR T cells

NO GENETIC MANIPULATION

e Temporally limited HBV-specific function due to the
gradual decay of introduced HBV-TCR mRNA

5

@ m100- = TCR expression
8 [} =& Function
5 O 80+

o8

83

%Jr?." 40 1

SE 20

c 0

g2,

&

6 24 48 72 96 120
Time post-EP (hours)

Mock 6 hours 24 hours

72 hours
013 s Tuline

02| 3

i
i R AL AL 1l

A2/S183 pentamer

Koh et al., Mol Ther Nucleic Acids. (2013)

Collaboration with Prof. Dario Campana, NUS

% Tet positive

LN

B RetroV-TCR [ mRNA-TCR

TCR expression




Features of mMRNA HBV-TCR T cells

Time controlled TCR-expression

* Possible to deploy a dose-escalation infusion strategy

— 2.Treatment ——o

1x10*/Kg 1x10°/Kg 1x10°/Kg 5x10%/Kg 10x10°xKg 10x10°xKg 10x10°xKg 10x10°xKg
TCR-T TCR-T cellsTCR-T cells TCR-T cells TCR-T TCR-T cells TCR-T cells TCR-T cells
cells >1 month cells >1 month
l observation 1 1 1 1 observation
—> —
7 days 7 days 7 days 14 days 14 days 14 days

Less damage

TCR- T cells can be used in escalating doses and
multiple times.



MRNA HBV-TCR T cells o Anti-viral and safety

In mouse model

Antiviral activity of electroporated human effector T cells in vivo using HBV
infected human liver chimeric uPA/SCID/IL2y (USG) mice

Human liver

HBV DNA Titer

L=
s 2
o 8

(copies/ml)

— -
104
¥ 3 10°
S HBV
‘\'f.x' Liver reconstitution
i @Y
— me
DUKEBENUS infection of human-liver
' Transplantation of isolated human chimeric mice

hepatocytes

The Journal of Clinical Investigation RESEARCH ARTICLE

Lymphocytes transiently expressing virus-specific
T cell receptors reduce hepatitis B virus infection

Janine Kah,' Sarene Koh,?* Tassilo Volz,’ Erica Ceccarello,** Lena Allweiss,’ Marc Liitgehetmann,®
Antonio Bertoletti,* and Maura Dandri'®

'L Medical Department, Center for Internal Medicine, University Medical Center Hamburg-Eppendorf, Hamburg, Germany: Singapore Institute for Clinical Sciences, Agency for Science Technology and

Research, Singapore. *Lion TCR Pte. Ltd, Singagore. ‘Emerging Infectious Diseases Programme, Duke-NUS Medical School, Singapare. Institute of Microbiology, Virology and Hygiene,
i il Center Hamburg £

ndorf, Hamburg, Germany. “German Center for Infection Research, Hamburg-Libeck-Borstel Partner Site, Hamburg, Germany.


http://de.wikipedia.org/w/index.php?title=Datei:AlsterPanorama.jpg&filetimestamp=20080708060730
https://www.duke-nus.edu.sg/

Anti-viral and safety

mRNA HBV-TCR T cells A® In mouse model

80% Viral reduction

1 ':S"‘ [ 1 gl i‘;' .

— TCH 5183101
BL 4 B 12 Days

100



http://de.wikipedia.org/w/index.php?title=Datei:AlsterPanorama.jpg&filetimestamp=20080708060730
https://www.duke-nus.edu.sg/

MRNA HBV-TCR T cells

Inflammation is time-limited

Anti-viral and safety
In mouse model

HAMBURG

v l?gui. r‘iw'ii‘mnumw i‘;’ }

ALT UM

1500-

2

g

Multiple adoptive transfer of 0.5 million
effector T cells transduced with TCRc18

R

1 1 1 | |
| | | | |
0 4 8 12 21 Days
Blood l
withdraw
ALT 5000+ CCL'Z -»- HBVinf control
-2 TCRc18
4000
%, 3000-
c
g 2000-
o
E 1000
0- - .
BL 12 21 BL 12 21
DAYS

Transient Inflammation


http://de.wikipedia.org/w/index.php?title=Datei:AlsterPanorama.jpg&filetimestamp=20080708060730
https://www.duke-nus.edu.sg/

mRMNA electroporation
of T cells to express

Why mRNA TCR
and not viral .

> TITIY
Vectors TCR RKSEAER

Different fragments of HBY proteins
complexed with different MHC-1 molecules

Safety NO GENETIC MANIPULATION
Possibility of dose escalation

Bypass T cell exhaustion

Advantages

But temporally limited
efficacy...




Why mRNA TCR
and not viral
Vectors TCR ?

Disadvantages and
Limitations?

mRMNA electroporation
of T cells to express Driginal TCR

HBV-specific TCRs

HBV-specific TCR library

JITII
ARG RE N

Different fragments of HBY proteins
complexed with different MHC-1 molecules

Bypass T cell exhaustion

But temporally limited
efficacy...




Bypass T cell exhaustion

But temporally limited
efficacy...

Why mRNA TCR
and not viral

Vectors TCR ? HopG2 HEnhg cols =
D G G

Day @ Day 16

s1BLTCREd Teellziv. S1BITCREPT callz iwv

2
Disadvantages and % - v
1 1 1 © gy Retrovied
Limitations? - Activated 0P

2210

Retroviral

30

Avg Racdance |[pricmngg




Bypass T cell exhaustion

Is this occurring in

But temporally limited
efficacy...

patients?

HopGZ-HBsAg colls - - -
intrasplenic e

o 90

s1BLTCREd Teellziv. S183TCREPT cell=s

i

i O
< 22~ ‘l c_ﬁi‘:—g_ﬂ(ﬂ e
EXPERIMENTS
Immunodeficient Mice °
£
) - Comel
o aeigty * Retrovil

Retroviral

Avg Racdance |[pricmngg

2210
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theoretical mechanisms of clinical
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HBV-HCC therapy using mRNA HBV-TCR T cells

Primar .
Hccy Liver transplant

3 HBV-HCC
Transplanted

Metastases

v

8 HBV-HCC
Primary

)
o%oo o
(5]
q b
via
Cytolytic ¢
molecules Processed and assembled /
with MHC-l on cell surface ‘. N HBV
HBYV proteins ‘.: infection
. (} v\
z... HBV proteins
Primary HCC \ 5
or OO Transplanted
HBY infected HOO0LH liver

hepatocytes



HBV-HCC therapy using mRNA HBV-TCR T cells

(Dec 2015) Growth of metastases
* 56 yr old Chinese male ' | Sorafenib treatment >
chronically infected with ~ -—rr—4-r———————————"——MWM-eceeeen
HBV, treated with long- ‘ ‘ | e — >
M artm electroporate
term entecaVIr' 10cm HCC Multiple metastases TCR-T cell therapy
. . Aug 2015 in both | Jan 2017
* HCC confirmed by CT in (Aug 2015) in both ungs (1an 2017)
Aug 2015.

* Living donor liver
transplant was
performed in Dec 2015.
Anterior Posterior

* In ~7 months, multiple vew view
metastatic nodules were
g$tected in both lungs by |

Patient treated with HLA-
B58 restricted HBV Env-
Specific T cells (LTHB0O07)
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HBV-HCC therapy using mRNA HBV-TCR T cells

ooooo

2 3.1 32 41 4.2

(1/84) daav

(1/84) aav

* CT scans revealed an anti-tumour response with a reduction in the size of 6/7 lung lesions.

* 2 representative lung lesions are shown.

Gastroenterology. 2019 Jan 31. pij: S0016-5085(19)30348-8. doi: 10.1053/j.gastro.2019.01.251. [Epub ahead of print]

Carcinoma Cells to Select T Cells for Inmunotherapy.



HBV-HCC therapy using mRNA HBV-TCR T cells

2 3.1 3.2 4.1 4.2

*~— ¢ g ¢ * ¢ * * +
400 LXX N LRC ) e 0 0 0 0 0 . . . . . . 20000

— 15000

— 10000

Area / mm?’
(1/8d) dav

During this period....no infusion

5000

Volume reduction not proportional to

MRNA HBV-TCR T cell infusion

Almost 3 months without
TCR-T cell therapy



— mRMA electroporation
TCR of T cells to express
HBV-specific TCRs

o 1

Hypothesis iﬁ’i“ih

Dil'far'en fragments fHBV otein
complexed with different MHC-| I molecule:

Can mRNA-TCR T cells modify \ Modification of
PR Destruction of HBV/H ) ]
the HCC micro-environment estruction o /HCC / HCC microenvironment

Myeloid cells Cytokines/Chemokines




Hypothesis

Can induce new HCC-T cells?

Transient Stable

Engineered Natural




Hypothesis

Engineered HBV-specific T cells Autologous HCC-specific T cells

MRNA-TCR T cells modify
the HCC micro-environment

We have preliminary data
supporting this hypothesis

" —

Can induce new HCC-T cells?

Transient Stable

Engineered Natural




MRNA HBV-TCR therapy in HBV-HCC patients

Peripheral blood T cell activation

and CXCL-10/CXCL-9 increase

Adoptive transfer ~ 200 x10® TCR-T cells x infusion

15000

10000

5000

Post-transplant

AFP concentration (U/L)

Liver transplant

(Decv,ls) Grovy_t,h_g_f_m_eta_;t‘ases

A A :‘> Mass Cytometry

10cm HCC Multiple metastases Start TCR T-cell therapy \\'Y °
(Aug 2015) in both lungs (Jan 2017) 2] i
(July 2016) p™ K
A ﬁ"(’
=" ‘,{’
. -
> (T /-%
2i % _,0

Activation of large quantity of T cells




Trial design HBV-HCC Primary ZHZ e

302 HOSPITAL PLA

Median OS: 33.57 months (90% Cl: 2.53, NA)

@ Time to Progression
X Death

=» Ongoing analysis

O Lost to follow up
Benchmark Median OS:

O 1L sorafenib (Asian) Cheng et al 2009
1L sorafenib (Western) Llcwnl et al 2008
0 s 10 15 20 25 30 £ 40
Survival period (Months)
Retrospective analysis for liver inflammation, cytokine Before treatment 165 days 425 days
levels, activation phenotype of T cells and anti-tumour
response*

*Evaluated primarily by radiological imaging

Data in Collaboration with Prof Fu-Sheng Wang;

Tan, A. T. et al. Immunological alterations after immunotherapy with short lived HBV-TCR T cells associates with long-term treatment response in HBV-HCC.
Hepatology Commun (2021) doi:10.1002/hep4.1857



Hypothesis

Let’s try to measure Antigen-specific T cells

HBV-HCC
PATIENT

Can induce new HCC-T cells?

mRNA electroporation of
HBV-TCR transgene

%}' \ %D <{mmm
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Q' =

Q %

Tumour-
specific

\ L
HBV-TCR

Robust
destruction
of tumour
cells

d
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U Altered HBV-HCC Tumour microenvironment

* HBV . HBV antigens ' MHC molecule ” HBV-specific TCR XOOOOCK HBV DNA integration

< Qq .
0o
“ ” ” end_T-gce':ous 0 ‘V ve Cytolytic molecules / cytokines / chemokines
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Hypothesis

Can induce new HCC-T cells?

Transient Stable

Engineered Natural




Quantification of New HBV -T cells functionality

in Vivo

Patient HBV-HCC
Primary

Infusion of
HBV-S183 TCR+ T cells

o

blood-draw:
pre-infusion
3 hours

3 days

7 days

e

N\

Stimulation of whole blood with
Mix peptldes coverlng HBV proteins

-é'éa»

'.;g:@\

DMSO

@

\\\\\\
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(T
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MIX POL 1

@

MIX POL 2

[

V

- |
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=

MIX X
MIX ENV

Plasma collection

[

1) Iy

Cytokine
guantification



Quantification of New HBV -T cells functionality

in Vivo

Patient HBV-HCC

1 Primary i
Analysis
‘ ‘ ‘ "' ‘ ‘ ‘ " HBV-specific T cells
50 : : : : : : s e Core
250- : : : : : : : o X
= = : : : : : : : - PreS
£ § s0: § z § § | § s
]3] & : : : : : : :
o s : : : : : : : -©- Pol1l
op & 404 = Pol 2
I X -
— S 30-
! ]
o
Z 20
| ﬂ' | 10 ]
P >
s@ 0 V0 = z o 'J“: & - & & aF T IQ
Adoptive transfer Of 0 3 7 1417 21 2831 35 4245 5659 7073 8487 98 105

Days post 1st infusion

MRNA HBV-specific TCR T cell
5-10 x 10° x kg Epitope spreading?



HBV-HCC
PATIENT

Conclusions

mRNA electroporation of
HBV-TCR transgene

%}. \ %) < I
@‘ Jedeton
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MTecel
infiltration ) ! Q
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\L
HBV-TCR

specific
T cells

Robust
destruction
of tumour
cells
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\
\
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\
M Altered HBV-HCC Tumour microenvironment

—* HBV ‘ HBV antigens .' MHC molecule ” HBV-specific TCR XOOOOCK HBV DNA integration

" " !! end_(l)_gcc:e;ous :o Cytolytic molecules / cytokines / chemokines
v

Direct HBV-HCC lysis induces robust destruction of HBV-HCC cells
through the recruitment of endogenous novel or pre-existing tumour-specific T cells.




O@% VA
ifitration éDQ

specific
T cells

Conclusions

mRNA electroporation of
HBV-TCR transgene
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Concept of Epitope spreading can y 4

be applied also to Chronic HBV infection M Altered HBV-HCC Tumour microenvironment

—* HBV ‘ HBV antigens .' MHC molecule ” HBV-specific TCR XOOOOCK HBV DNA integration

" " !! end_(l)_gcc:e;ous ‘.:o Cytolytic molecules / cytokines / chemokines
v

Direct HBV- lysis can induce novel HBV-specific T cells and
reconstitute the HBV-specific T cell repertoire
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— mRMNA electroporation
TCR of T cells to express Priginal TCR
I I I -— HBV-specific TCRs
a1 I

HBV-specific TCR library

TCR T cell LR

Different fragments of HBY proteins
complexed with di fferent MHC-1 molecules

We can produce HBV-specific T cells utilizing mRNA codying for HBV-TCR

These transient HBV-TCR T cells are able to recognize HBV infected and HBV/HCC

NO GENETIC MANIPULATION Safety
Possibility of dose escalation
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HBV-specific TCR library

TCR T cell T

Different fr: agments of HBYV proteins
complexed with different MHC-1 molecules

We can produce HBV-specific T cells utilizing mRNA codying for HBV-TCR

These transient HBV-TCR T cells are able to recognize HBV infected and HBV/HCC

LIMITATIONS

Need of multiple infusion

Compensate by the ability to induce modification

of HBV/HCC microenvironment
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complexed with different MHC-1 molecules

Other Advantages? o
Flexibility of usage

Modification of T cell specificity (TCR) and
T cell function in a single electroporation




Modification of T cell specificity (TCR) and

T cell function in a single electroporation

Anti-sense Nucleotides or mRNA coding for Altered CalcB

Single electroporation

T cells Resistant to Tacrolimus

T cells secreting sPD-1

Ernesto Guccione
Dave Wee Keng Boon
Tommaso Tabaglio

Institute of
Molecular and
Cell Biology

A*STAR



We designed ASO altering mRNA PD-1

sPD-1 ASO

1/\‘ 2 \/\3/\4/‘ 5 |—

PDL1-binding
domain

PD1-molecule

Transmembrane

Trans-membrane AON altering the splicing of pre MRNA of PD-1

domain

A BN

_1/\‘ 2 \/\3/\4/\ 5 |—

PDL1-binding Transmembrane
Dave Wee Keng Boon

domain 1
Tommaso Tabaglio
' u ”
Institute of
Molecular and
Cell Biology

PD1-molecule without transmembrane domain A*STAR

Ernesto Guccione

4




PD-1 can be expressed on the membrane of T cells but also can be secreted

as soluble PD-1

Natural ligand of PD-L1:
acting locally as anti-PD1

‘ e \E>
PD-1 < “ Myeloid cells

Trans-membrane

domain
—

‘~.

sPD-1 ‘ u PD-L1

Inhibition of T cell  —————
activation

D-L1

o

Hepatocytes




T Lymphocytes modified with TCR and sPD-1 AON secrete PD-1 and

are more efficient in vivo (HBV-HCC humanised models)
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Liver Transplant Patients are under Immunosuppressive therapy

Metastases

?d Personalisation

peripheral
blood

HLA profile of Detection of HBV

or
I%)Y‘ *O?L patient and donor + integrations in HCC
oY @ .
©) =~ L liver metastases
or ©
A -
&
A Hepatocyte
f (Donor liver)
Cell lysis
/# " ) TCR-T Cell
or.| & ® 0@ i o
7, o € ob. o ( y g
[ @ - D ) = \
o) ¢ o &g - / R\’
mRNA Viral vector ) HBV-specific
electroporation  encoding Mis-matched TCR
of TCR TCR HLA Matched  Tumour
HLA Cell
(Patient)

Manufacturing

Problem: These drugs can reduce T cell efficacy

which can reduce our immunotherapy outcome

Aims: Developing transient drug-resistant T cell for immunosuppressive and kinase inhibitors (maybe steroids)



Mechanism of TAC —inhibition

HOW DOES TACROLIMUS BLOCK Q9 TeeeimelEn) @
T CELL ACTIVATION? gg §
cazxM A 4
+ FKBP12
- TACROLIMUS BLOCK ACTIVATION OF
A caN >
| “can CALCINEURIN ( Binding to Calc B)
active tam cnB @D
1:"“V'ca|\(|2n8
I 1
NFAT, NF-«B NFAT, NF-kB
m

CalVl: Calmodulin
CaN: Calcineurin
CnB: Calcineurin subunitB




HOW DOES TACROLIMUS BLOCK

T CELL ACTIVATION?

1 \/ Tacrolimus (FK506) )
E—
Ca2;“ (]
FKBP12
*A ao
Inact
A oy

[ Mechanism of TAC —inhibition

WT CnB

gnnlkdtqlg

CaN
<M @ FK506

CnB

BINDING
1

NFAT, NF-kB

Mutated CnB

gnntkladtq point mutation L124T
insertion K125-LA

CaN

«' -
|  NOBINDING

@ FK506

NFAT, NF-kB

A MUTATED FORM OF CNB DOES NOT BIND

TAC ( FK506)



EXPRESSION OF MUTATED CnB
with mRNA

FK506-resistant TCR-T

A~
Electroporation
.Mutated CnB
0 Wo > WTCnB
CnB m-RNA + $183 m-RNA

* HBV-TCR

X

Single electroporation

Hafezi M, Lin M, et al. Immunosuppressive Drug
Resistant Armored TCR T cells for immune-therapy
of HCC in liver transplant patients.

Hepatology 2020. doi:10.1002/hep.31662.




Immunosuppressive Drug
Resistant Armored T cells (IDRA)

. FK506-resistant TCR-T
Electroporation
Rapamycin
Tacrolimus @ vutated cng
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Hafezi M, Lin M, et al. Immunosuppressive Drug A 0 . , ! , , r ,

Resistant Armored TCR T cells for immune-therapy

of HCCin Iivertransplant patients. Tacrolimus ng/ml vg) 0"1.’ ¥
Hepatology 2020. doi:10.1002/hep.31662. A




Take home messages
We can engineer Virus-specific (HBV)-TCR T cells with stable ( Viral Vector) or
transient (MRNA) TCR expression

HEV-spexifi : : : : L
Jl TCR MRNA TCR electroporation: safe, no genetic manipulation, multiple injections

Flsisninass

\ MRNA TCR T cells in HBV-HCC: efficacy not proportional number of TCR-T cells

TCR-T cells act as a modifier of Tumor microenvironment ?

il
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Take home messages

TCR-T cells act as a modifier of Tumor microenvironment

Induction of new T cells, epitope spreading

Flexibility of use of mRNA

mRNA mCB
g We can simultaneously modified the specificity and function of T cells
‘ trough introduction
o - of TCR-mRNA and ASO or mRNA for CalcB ( IDRAT cells)
Rapamyc Tacrolimus ‘
M.I\!.Ffo:rug}.
é Production of virus-specific TCR resistant to immunosuppressive drugs

Efficient Lysis
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