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The extend of the problem…
Epidemiology/pathology

75% of them in Asia

250-300 Million People infected

Therapy blocks HBV replication/but no clearance

HBV



Chronic HBV Infection

Resolved HBV
“Functional Cure”

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

Functional Dichotomy of Adaptive Immunity

in chronic versus resolved patients



Chronic HBV Infection

Resolved HBV
“Functional Cure”

Transplantation of HBV 

primed bone marrow causes 

HBV functional control in 

CHB patients.   

Lau GK et a (1977)l antigen after bone marrow 

transplantation: role of adoptive immunity transfer. 

Hepatology 25:1497–1501. doi: 10.1002/hep.510250631.  

Ilan Y, et al. (1993) Ablation of persistent hepatitis B by bone 

marrow transplantation from a hepatitis B-immune donor.   

Gastroenterology     104:1818–1821.

 

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



• HBV-HCC the extend of the 
problem . 

HCC approximately 600.000 new cases at year( 55% in China). 

~ 80% are HBV related

Median Survival Time ( advanced HCC): 3-6 months (untreated)
15 months survival (TACE + Sorafenil or checkpoint inhibitors



HBV can Integrate

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

HBV-DNA integration in about 
80/90% HCC

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

expressed on HCC

HBV antigen

HBV-DNA integration

HBV antigen
expressed on 
hepatocytes

HBV-specific TCR

HBV

Rational -Viral antigen as Tumor antigen 



Engineering Lymphocytes  for treatment  of HBV-HCC
PRIMARY AND SECONDARY

T-cells from 

peripheral 

blood

Metastases

HLA profile of 

patient and donor 

liver

+

Detection of HBV 

integrations in HCC 

metastases

mRNA 

electroporation 

of TCR

Viral vector 

encoding 

TCR

Personalisation

Manufacturing

Treatment

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

HBV-TCR library recognising different epitopes

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

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

TCR expression

Days

0
18
35
53
70

1 2 3 4 6

Viral vector
transduced

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 Immunotherapy. Gastroenterology 2019;156:1862–9.
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from 

peripheral 

blood

Metastases
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+
Detection of HBV 
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mRNA 
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Questions

Why TCR and not CAR?

How do we produce HBV-TCR?



Why TCR and 
not CAR -T cells? 

TCR

T cell receptor

• Target cells produce antigenic fragments  
that are processed and presented 

CAR

Chimeric antigen 

receptor

• Target cells expressing whole proteins in 

correct conformation and expressed on cell 

surface

Recognition 

Conformational

Antigen

Recognition 

HLA/peptide 

complex

HLA-restrictedNON HLA-restricted



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

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



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



HBV-DNA fragments present in HBsAg negative HCC
produce antigens that are processed and presented to 

TCR of CD8+ T cell



Production of
 HBV- specific 

TCR T cells

TCR-gene modified T 

cells

TCR-gene modified T cells are functional – produce IFN-γ and TNF-α in 

antigen-specific manner

AfterBefore

AAAAA

TCR mRNA

Viral Vectors

Select CD8 T cells 

from resolved patients 

or healthy individuals

Clone 

DNA of 
TCR



T cells

autologus

Redirected T cell 

production

AAAAA

TCR mRNA

Viral Vectors OR

Patient

Leukapheresis

T cell isolation

Nucleofector

Introduce antigen specificity

TCR redirected 

T cells

Select CD8 T cells from 

resolved patients or 
healthy individuals

Clone DNA of 

TCR

T cell infusion

Extensive library of HBV –specific TCR cells 

HBV TCR restricted by

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

Covering about 60% Asian subjects.

HLA-A02

HLA-A11

HLA-B 58

HLA-B 40 HLA-Cw08

HLA-A 24

Production of HBV-specific TCR-redirected T cells



We can engineer 
HBV-specific  T 
cells with HBV-TCR
 

Function identical 
to HBV-T cells of 
patients who 
resolved HBV
 



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

HBs-specific
TCR

Core-specific
TCR



Question

Evidence in HBV-HCC patients?
T-cells from 

peripheral 

blood

Metastases

HLA profile of 

patient and donor 

liver

+

Detection of HBV 

integrations in HCC 

metastases

mRNA 

electroporation 

of TCR

Viral vector 

encoding 

TCR

Personalisation

Manufacturing

Treatment

Engineering Lymphocytes  
for HBV-HCC treatment

PRIMARY AND SECONDARY



FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

2001 2011 2015 2017 2019-202012

HLA-mismatch
transplant
HCC/HBV

Metastases original 
tumor after 10 yrs
HBsAg+/No HBV

Male patient- 62 years old – HBV 
related HCC transplanted for HCC 
11 years ago 
HCC metastasis in the lung and 
bones

10 years

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

Characterization HBV antigen
on HCC relapses

HCC metastasis

HBV sequence

TCR-like Ab

Specific for the 
HLA-A2/Env183-91

HBsAg +

Cytokeratin 18

FLLTRILTI

HBV Gen D

Are cells of hepatic origin?
Do HCC cells present 
A2/HBs complexes?



FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

Qasim et al, 2015 J. Hepatology 

90% 

reduction in 
HBsAg

10,000 cells/kg

HBV-TCR-T cells

Transplanted liver: 

HBsAg- HBcAg- HBV DNA-

HBsAg+CK18+ 

(Hepatocytes)

B
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Metastasis: 

Brunetto/Bonino University of Pisa   

M. Maini-H Stauss and R Qassim , UCL, Royal 
Free London



Proof of principle

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

0
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HBsAg

18 months

Surgery and radiation therapy

Surgical removal 

metastasis
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FROM DISCOVERY OF HBV-SPECIFIC TCRS INTO THE CLINICS

Proof of principle

Very peculiar patient 

a) HBsAg produced only by integration 

b) Liver transplant not HBV re-infected



HBV-TCR do not 
differentiate 
between infected 
or tumor 
hepatocytes
 Safety issue in HBV-HCC

 HBV antigen
expressed on 
hepatocytes

HBV-specific TCR

HBV

HBV-HCC

HBV-DNA
integration

HBV-TCR do not differentiate between 
HBV infected hepatocytes and HBV-HCC !!!!
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Safety..

mRNA TCR and not 
viral vector TCR-T cells

T cells

autologus

Redirected T cell 

production

AAAAA

TCR mRNA

Viral Vectors OR

Patient

Leukapheresis

T cell isolation

Nucleofector

Introduce antigen specificity

TCR redirected 

T cells

Select CD8 T cells from 

resolved patients or 
healthy individuals

Clone DNA of 

TCR

T cell infusion

X



Features of mRNA HBV-TCR T cells

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

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

Collaboration with Prof. Dario Campana, NUS

NO GENETIC MANIPULATION



Features of mRNA HBV-TCR T cells

• Possible to deploy a dose-escalation infusion strategy

10x106xKg

 TCR-T 
cells

10x106xKg

 TCR-T cells

10x106xKg

 TCR-T cells

14 days 14 days 14 days

1. Dose-escalation 2. Treatment

1x104/Kg
 TCR-T 
cells

1x105/Kg
 TCR-T cells

1x106/Kg
 TCR-T cells

5x106/Kg
 TCR-T cells

7 days 7 days 7 days

>1 month 
observation

>1 month 
observation

10x106xKg

 TCR-T cells



mRNA HBV-TCR T cells
Anti-viral and safety 

In mouse model 

Picture 2

Picture 2

infection of human-liver 
chimeric mice

HBV

Transplantation of isolated human 
hepatocytes

Liver reconstitution

HBcAg

Human liver

Antiviral activity of electroporated human effector T cells in vivo using HBV
infected human liver chimeric uPA/SCID/IL2γ (USG) mice

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


mRNA HBV-TCR T cells
Anti-viral and safety 

In mouse model 

Picture 2

Picture 2

0.5X 106 mouse

80% Viral reduction 

12 days- 3 injections- 80% reduction

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 

Picture 2

Picture 2

E

DAYS
DAYS

ALT CCL-2

0 4 8 21 Days

Multiple adoptive transfer of 0.5 million

effector T cells transduced with TCRc18 

Blood 

withdraw

12

Transient Inflammation 

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


Why mRNA TCR 
and not viral 
Vectors TCR ?
 

Advantages NO GENETIC MANIPULATIONSafety 
Possibility of dose escalation 

Bypass T cell exhaustion
But temporally limited 

efficacy…



Why mRNA TCR 
and not viral 
Vectors TCR ?
 

Disadvantages and 
Limitations?

 

Bypass T cell exhaustion
But temporally limited 

efficacy…



Why mRNA TCR 
and not viral 
Vectors TCR ?
 

Disadvantages and 
Limitations?

 

Bypass T cell exhaustion
But temporally limited 

efficacy…



Is this occurring in 
patients?
 

Bypass T cell exhaustion
But temporally limited 

efficacy…

EXPERIMENTS
Immunodeficient  Mice
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HBV-HCC therapy using mRNA HBV-TCR T cells

Primary 

HCC MetastasesLiver transplant

Primary HCC

or
HBV infected

hepatocytes

HBV proteins

Processed and assembled 

with MHC-I on cell surface
HBV

infection

Transplanted 

liver

HBV proteins

Cytolytic

molecules

8 HBV-HCC
Primary

3 HBV-HCC
Transplanted



HBV-HCC therapy using mRNA HBV-TCR T cells

10cm HCC
(Aug 2015)

Start mRNA electroporated 
TCR-T cell therapy

(Jan 2017)

Growth of metastases

Multiple metastases
in both lungs
(July 2016)

Liver transplant
(Dec 2015)

Sorafenib treatment

Post-transplant

Anterior
view

Posterior
view

Metastases
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• 56 yr old Chinese male 
chronically infected with 
HBV, treated with long-
term entecavir.

• HCC confirmed by CT in 
Aug 2015.

• Living donor liver 
transplant was 
performed in Dec 2015.

• In ~7 months, multiple 
metastatic nodules were 
detected in both lungs by 
CT.

Patient treated with HLA-
B58 restricted HBV Env-

Specific T cells (LTHB007)



HBV-HCC therapy using mRNA HBV-TCR T cells
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• CT scans revealed an anti-tumour response with a reduction in the size of 6/7 lung lesions.

• 2 representative lung lesions are shown.



HBV-HCC therapy using mRNA HBV-TCR T cells
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Almost 3 months without
 TCR-T cell therapy

During this period….no infusion 

Volume reduction not proportional to
mRNA HBV-TCR T cell infusion



Hypothesis

Destruction of HBV/HCC
Modification of  

HCC microenvironment

Can mRNA-TCR T cells modify 
the HCC micro-environment

X X

Cytokines/ChemokinesMyeloid cells



Question? 

What do we want to achieve in 
C HBV patients?

Can induce new HCC-T cells?

Hypothesis

Autologous HCC-specific T cellsEngineered  HBV-specific T cells

Transient

Engineered

Stable

Natural



Question? 

What do we want to achieve in 
C HBV patients?mRNA-TCR T cells modify 

the HCC micro-environment

Can induce new HCC-T cells?

Hypothesis

Autologous HCC-specific T cellsEngineered  HBV-specific T cells

Transient

Engineered

Stable

Natural

We have preliminary data 
supporting this hypothesis



mRNA HBV-TCR therapy in HBV-HCC patients

Post-transplant

Ant erior
view

Posterior
view

M etast ases

10cm HCC
(Aug 2015)

Growth of metastases

Multiple metastases
in both lungs

(July 2016)

Liver transplant
(Dec 2015)

Sorafenib

Serum HBsAg-

Start TCR T-cell therapy
(Jan 2017)
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Before infusion 2.3 5 days after

CD
39

K
i6

7

Before treatment 2 days after 3.1.1
Mass Cytometry

Activation of large quantity of T cells

Peripheral blood T cell activation 
and CXCL-10/CXCL-9 increase

Adoptive transfer ~  200 x106  TCR-T cells x infusion 



Trial design HBV-HCC Primary 

Serum and PBMCs collected at baseline and regular 
intervals post-T cell infusion

Retrospective analysis for liver inflammation, cytokine 
levels, activation phenotype of T cells and anti-tumour 

response*

Patients with diffuse, non-operable 
HBV-HCC (n=8)

mRNA electroporated HBV-TCR T cells 
Escalating doses at weekly intervals

*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

Before treatment 165 days 425 days



Question? 

What do we want to achieve in 
C HBV patients?

Can induce new HCC-T cells?

Hypothesis

T-cells from 
peripheral blood

HBV-HCC 
PATIENT

mRNA electroporation of 
HBV-TCR transgene

- +

HBV antigensHBV MHC molecule HBV-specific  TCR

endogenous

TCR

HBV DNA integration

Cytolyt ic molecules / cytokines / chemokines

Altered HBV-HCC Tumour microenvironment

HBV-TCR
T cel l

↑ T cell
infiltration

HBV-HCC lysis

Tumour-
specific
T cel ls

Robust 
destruction 
of tumour 

cells 

Let’s try to measure Antigen-specific T cells



Question? 

What do we want to achieve in 
C HBV patients?

Can induce new HCC-T cells?

Hypothesis

Autologous HCC-specific T cellsEngineered  HBV-specific T cells

Transient

Engineered

Stable

Natural



blood-draw:

pre-infusion

3 hours

3 days

7 days

D
M

S
O

Infusion of 

HBV-S183 TCR+ T cells

Stimulation of whole blood with 

Mix peptides covering HBV proteins 

Plasma collection
Cytokine

quantification

Quantification of New HBV -T cells functionality  
in vivo
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mRNA HBV-TCR therapy in HBV-HCC patients

Patient HBV-HCC
Primary
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Adoptive transfer of
mRNA HBV-specific TCR T cell
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Conclusions

T-cells from 
peripheral blood

HBV-HCC 
PATIENT

mRNA electroporation of 
HBV-TCR transgene

- +

HBV antigensHBV MHC molecule HBV-specific  TCR

endogenous

TCR

HBV DNA integration

Cytolyt ic molecules / cytokines / chemokines

Altered HBV-HCC Tumour microenvironment

HBV-TCR
T cel l

↑ T cell
infiltration

HBV-HCC lysis

Tumour-
specific
T cel ls

Robust 
destruction 
of tumour 

cells 

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



Conclusions

T-cells from 
peripheral blood

HBV- PATIENT

mRNA electroporation of 
HBV-TCR transgene

- +

HBV antigensHBV MHC molecule HBV-specific  TCR

endogenous

TCR

HBV DNA integration

Cytolyt ic molecules / cytokines / chemokines

Altered HBV-HCC Tumour microenvironment

HBV-TCR
T cel l

↑ T cell
infiltration

HBV-HCC lysis

Tumour-
specific
T cel ls

Robust 
destruction 
of tumour 

cells 

Direct HBV- lysis can induce novel HBV-specific T cells and 
reconstitute the  HBV-specific T cell repertoire

Concept of Epitope spreading can 
be applied also to Chronic HBV infection 



mRNA-based
  TCR T cell 

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

Advantages 

NO GENETIC MANIPULATION Safety 
Possibility of dose escalation 

Reduce cost



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 

Transient expression Need of multiple infusion 

Compensate by the ability to induce modification 
of HBV/HCC microenvironment 

mRNA-based
  TCR T cell 



Other Advantages? 

mRNA-based
  TCR T cell 

Flexibility of usage

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



AAAAA

Anti-sense Nucleotides or  mRNA coding for Altered CalcB

Single electroporation 

Nucleofector

T cells Resistant to Tacrolimus 

T cells secreting sPD-1

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

Ernesto Guccione

Dave Wee Keng Boon

Tommaso Tabaglio



sPD-1 ASO 

We designed ASO altering mRNA PD-1

PD1-molecule

1 2 3 4

PDL1-binding
domain

Transmembrane

5

AON altering the splicing of pre MRNA of PD-1

1 2 4 5

PD1-molecule without transmembrane domain

sPD-1

Trans-membrane 
domain

1 2 3 4

PDL1-binding
domain

Transmembrane

5

Ernesto Guccione

Dave Wee Keng Boon

Tommaso Tabaglio



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

PD-1

Trans-membrane 
domain

sPD-1 PD-L1

Hepatocytes

Myeloid cells
Inhibition of T cell

activation

PD-L1

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



In Vivo

T Lymphocytes modified with TCR and sPD-1 AON secrete PD-1 and 
are more efficient in vivo (HBV-HCC humanised models)

The AONs are promoting an 
efficient exclusion of PD-1 

exon 3

Increased T cell 
cytotoxicity 3D 

TCR TCR
ASO PD1



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)

T-cells from 

peripheral 

blood

Metastases

HLA profile of 

patient and donor 

liver

+

Detection of HBV 

integrations in HCC 

metastases

mRNA 

electroporation 

of TCR

Viral vector 

encoding 

TCR

Personalisation

Manufacturing

Treatment

Liver Transplant Patients are under Immunosuppressive therapy



HOW DOES TACROLIMUS BLOCK
T CELL ACTIVATION? 

Tacrolimus (FK506)𝜷𝜶TCR

Ca2+

CaM

CaM: Calmodulin
CaN: Calcineurin
CnB:  Calcineurin subunit B

FKBP12

CaN
Inactive

active

CnB

CaN
CnBCaM

active

CaN

CnBCaM

NFAT , NF-κB NFAT , NF-κB

Mechanism of TAC –inhibition 

TACROLIMUS BLOCK ACTIVATION OF

CALCINEURIN ( Binding to Calc B)



HOW DOES TACROLIMUS BLOCK
T CELL ACTIVATION? 

Tacrolimus (FK506)
𝜷𝜶TCR

Ca2+

CaM

CaM : Cal modul in
CaN : Cal cineurin

CnB:  Cal cineurin s ubunit B

FKBP12

CaN

Inactive

active

CnB

CaN

CnB
CaM

active

CaN

CnBCaM

NFAT , NF-κB
NFAT , NF-κB

Mechanism of TAC –inhibition 

WT CnB

CaN

CnB

CaM

gnnlkdtqlq

NFAT, NF-κB

FK506

BINDING

gnntkladtq point mutation L124T

insertion K125-LA

CaN

M-CnBCaM

NFAT, NF-κB

FK506

NO BINDING

Mutated CnB

A MUTATED FORM OF CNB DOES NOT BIND 
TAC ( FK506)



EXPRESSION OF MUTATED CnB 
with mRNA

Engineering TCR-T cells expressing a new TCR and a mutated form of CnB

FK506-resistant TCR-T

CnB m-RNA S183 m-RNA+

Electroporation 
Mutated CnB

WT CnB

HBV-TCR

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) Engineering TCR-T cells expressing a new TCR and a mutated form of CnB

FK506-resistant TCR-T

CnB m-RNA S183 m-RNA+

Electroporation 
Mutated CnB

WT CnB

HBV-TCR

WT 
CnB WT 

CnB

Mutated CnB

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.



Take home messages

We can engineer Virus-specific (HBV)-TCR T cells with stable ( Viral Vector) or
 transient (mRNA) TCR expression

mRNA TCR electroporation: safe, no genetic manipulation,  multiple injections 

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 ?



Take home messages

T-cells f rom  
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of  HBV-TCR  t ransgene

- +

HBV anti gen sH
B
V
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en dogenous
TCR

HBV DNA inte gration
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micr oenviron ment
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↑ T cell
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HBV-HCC lysis
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T ce ll s

Rob ust 
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TCR-T cells act as a modifier of Tumor microenvironment

Induction of new T cells, epitope spreading  

Flexibility of use of mRNA 

We can simultaneously modified the specificity and function of T cells 
trough introduction
 of   TCR-mRNA and ASO or mRNA for CalcB ( IDRA T cells)

Production of virus-specific TCR resistant to immunosuppressive drugs
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