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Is clearly feasible
Ø Almost universal outcome in adults with primary HBV infection
Ø Can occur even after decades of chronic infection (with or without therapy)

Must be immune mediated
Ø cccDNA and integrated DNA persist
Ø Immune deficiency can lead to viral relapse (chemotherapy, rituximab, etc)
Ø Immune reconstitution after ART in HIV/HBV coinfection has high rate of FC

But immune correlates of FC and the roadblocks to achieve it remain poorly defined
Too many treatment strategies for HBV FC based on limited evidence 
(HBsAg  , PD-1?)



It continues to evolve for decades: Improving control of HBV replication
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Anti HBV Immunity is not static and increases in efficacy over time 

Different (combinations of) immune effectors/mechanisms likely to drive control of 
replication, antigenemia, and liver damage

More rational treatment development requires:
Ø To identify the hurdles to HBV control in different stages of chronic HBV infection 
Ø To define the immune correlates of functional cure
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Janssen Liver Consortium

VL
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IT IA Eneg IP IC FC

More than 100 individuals with both blood and liver (FNA) samples.
Seqwell analysis (intrahepatic immune landscape) and scRNAseq of HBV-specific CD8 T cells.

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished



Janssen Liver Consortium

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished

Liver sc transcriptomes: 352,161 cells
Blood sc transcriptomes: 142,731 cells



Janssen Liver Consortium

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished

T/NK cells Primary usages             Secondary usage

Identities AND activities

consensus Non-negative Matrix Factorization (cNMF) reveals
both cell identity and cellular activities (e.g. life-cycle
processes, responses to environmental cues)



Janssen Liver Consortium

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished

Over whole object: 103 distinct usages (identities and activities) with correlation patterns across persons

Usages from Myeloid cells, neutrophils,
T cells, B cells



Janssen Liver Consortium

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished
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AP-1 signaling

NR4A2, CXCR4, CREM T cells
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Genshaft et al., Hepatology 2023
Villanueva et al., unpublished
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Janssen Liver Consortium

Genshaft et al., Hepatology 2023
Villanueva et al., unpublished

IT              FC

Treg
AP-1 signaling

NR4A2, CXCR4, CREM T cells

Innate-like T cells
Tregs: Only with ALT elevation

No ALT

ALT up



Many significant differences in immune cell activities across CHB stages and FC
HBV immunity changing throughout natural history

VL, HBsAg, and ALT partially correlated with specific immune cell activities
Different immune cells key to HBV control and liver damage

Coordination between immune cells across lineages
Cell networks might reveal multiple opportunities for intervention at different 
immune regulation levels 



Janssen Liver Consortium

CHB Blood: 4155 cells     CHB Liver: 1087 cells     Acute HBV: 2523 cells





T Cell Exhaustion in CHB

Hoogeveen et al., GUT 2018
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Cheng et al., Sci Immunol 2019

 

 
Fig. S7. Expression levels of nine different inhibitory receptors on antigen-specific CD8+ T cells. 
(A) The expression level of inhibitory receptors on selected antigen-specific CD8+ T cells. The numbers on x-axis indicate the peptide cluster number for each 
specificity (epitopes) (see table_S1). Colored dots are the four selective HBV epitopes (090_HBV-P-282, 106_HBV-P-387, 178_HBV-C-169 and 283_HBV-C-
195v2). Color legends indicate the different HBV clinical stages. Shaded areas are control viral epitopes. Statistical significances were only shown for selected 
epitopes. p value less than 0.0001 (short ticks) or other values (long ticks) are indicated. 

 

 
 
Fig. S3. Overall magnitudes of antigen-specific CD8+ T cell response in various clinical stages during HBV 
infection. 
(A) Upper panel, the total number of different epitopes derived from four hepatitis B viral proteins (envelope, polymerase, core 
and x) detected in each individual patient across various clinical stages. Lower panel, the sum of frequency (%) of every 
detected antigen-specific CD8+ T cells for four different hepatitis B viral proteins in each individual patient across various 
clinical stages. n.s. = no significance. 
  

 

 
Fig. S7. Expression levels of nine different inhibitory receptors on antigen-specific CD8+ T cells. 
(A) The expression level of inhibitory receptors on selected antigen-specific CD8+ T cells. The numbers on x-axis indicate the peptide cluster number for each 
specificity (epitopes) (see table_S1). Colored dots are the four selective HBV epitopes (090_HBV-P-282, 106_HBV-P-387, 178_HBV-C-169 and 283_HBV-C-
195v2). Color legends indicate the different HBV clinical stages. Shaded areas are control viral epitopes. Statistical significances were only shown for selected 
epitopes. p value less than 0.0001 (short ticks) or other values (long ticks) are indicated. 

PD-1 TIGIT



Limited co-expression of IRs in most HBV-specific CD8

Cheng et al., Sci Immunol 2019



Janssen Liver Consortium

FC                         CHB

Unpublished data with Janssen Liver Consortium



HBV-specific CD8 T cells seem not as terminally exhausted in CHB compared to 
HCV

PD-1 (and other IRs) expression diverse across specificities 
IR expression lower/less broad compared to cHCV
Lack of deep T cell exhaustion signature across CHB

Does a less terminally exhausted T cell state allow more likely T cell recovery?
Or is anti-PD-1 treatment not targeting the main roadblock to CHB FC?





What drives HBV Functional Cure?

Unpublished data with Janssen Liver Consortium



What drives HBV Functional Cure?

Usages 12 and 27
HBV-spec. T cells Blood Enriched also in liver HBV-spec T cells

FC                IC FC                IC

Unpublished data with Janssen Liver Consortium



What drives HBV Functional Cure?

Unpublished data with Janssen Liver Consortium

Cells with usage 12/27

Cells without usage 12/27

TRAC                          TRBC2                          TRGC1                          TRGC2                         TRDC



What drives HBV Functional Cure?

Unpublished data with Janssen Liver Consortium

 Transcriptional characterization of HBV-specific
 T-cell differentiation from acute infection to
 sustained HBV control
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Immunotherapeutic approaches for the treatment of 
chronic hepatitis B are widely discussed and tested. 
They should be feasible to achieve functional cure, as 
almost all adults after acute HBV infection and even 
some people after decades of persistent infection 
can control the virus in the absence of treatment. 
However, the immunological correlates of hepatitis B 
functional cure remain undefined, complicating the 
rational development of targeted immunotherapies.

In this longitudinal study, we investigated the 
differentiation of HBV-specific CD8 T cells from 
acute to resolved HBV infection in order to define key 
genes and signatures characterizing T cells 
mediating and sustaining control of HBV. Nine 
patients (7 with matched acute and resolved 
samples) were studied using scRNAseq 
(Smart-Seq2) on index-sorted (HBV core, envelope, 
polymerase, and X-specific) tetramer-positive CD8
T cells.

Conclusion

2

1

3

The transcriptome of HBV-specific CD8 T cells reveals 
changes in the phenotype from an activated, proliferating 
state to memory-like, and cytotoxic T cells after 
resolution of acute hepatitis B.
cNMF analysis identifies a high number of biologically 
relevant phenotypes and functions in the dataset. The 
algorithm assigns cells to multiple ‘programsʼ which goes 
in contrast to conventional analyses that assume cells to 
only have a singular function.

HBV-specific CD8 T cells evolve further one year post 
resolution of the infection. cNMF indicates a reduction in 
memory signatures in concert with a rise in γδ T cells and 
innate-like programs. These changes are found to be 
significant through GSEA.

Significantly different transcriptome of HBV-specific 
CD8 T cells in acute hepatitis B vs. post resolution

Top 10 genes per cNMF program being shared between different programs

Elbow plots indicating the 
percentage of cells per status, 
with a minimum program usage 
as indicated (x-axis)

GSEA showing significant 
differences across all programs 
between acute, early resolved, 
and late resolved disease stages

Acute: programs of proliferation 
(1, 2, 3) and activation (4, 5, 6) 
are up, programs of memory (10, 
11, 12) are down

Early resolved: programs of TCR 
signalling and memory 
phenotype (7, 8, 9) are up

Late resolved: programs of 
cytotoxic and γδ T cells (13, 14, 
15, 16) are up

Matrix plot showing up-regulated (red) and down-regulated (blue) genes

Early resolved and late resolved stages displaying strong overlap in gene expression patterns (memory)

Significant increase of γδ T cells and innate-like genes in late resolved vs. early resolved HBV infection

Exemplary chord diagrams showing the top 10 genes in selected programs and their corresponding relative 
weights in all programs

Genes of immunological relevance: CXCL13, IFNG, 
CD19, etc.

686 DEGs (log2 fold change 0.5, adjusted p-value 
0.05)

Phenotype changing from acute infection to early resolved and even from early resolved to late resolved disease

UMAP: 2,007 single cell transcriptomes separating into 9 clusters

Three major dendrogram groups of phenotypes: i) memory and naive-like T cells [clusters 2, 3, 9], ii) cytotoxic T 
cells [1, 7, 8], and iii) activated and proliferating T cells [4, 5, 6]

cNMF-based analysis: 16 different identities 
and functions in HBV-specific CD8 T cells in 
acute and resolved hepatitis B
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What drives HBV Functional Cure?

Unpublished data with Janssen Liver Consortium
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Immunotherapeutic approaches for the treatment of 
chronic hepatitis B are widely discussed and tested. 
They should be feasible to achieve functional cure, as 
almost all adults after acute HBV infection and even 
some people after decades of persistent infection 
can control the virus in the absence of treatment. 
However, the immunological correlates of hepatitis B 
functional cure remain undefined, complicating the 
rational development of targeted immunotherapies.

In this longitudinal study, we investigated the 
differentiation of HBV-specific CD8 T cells from 
acute to resolved HBV infection in order to define key 
genes and signatures characterizing T cells 
mediating and sustaining control of HBV. Nine 
patients (7 with matched acute and resolved 
samples) were studied using scRNAseq 
(Smart-Seq2) on index-sorted (HBV core, envelope, 
polymerase, and X-specific) tetramer-positive CD8
T cells.

Conclusion

2

1

3

The transcriptome of HBV-specific CD8 T cells reveals 
changes in the phenotype from an activated, proliferating 
state to memory-like, and cytotoxic T cells after 
resolution of acute hepatitis B.
cNMF analysis identifies a high number of biologically 
relevant phenotypes and functions in the dataset. The 
algorithm assigns cells to multiple ‘programsʼ which goes 
in contrast to conventional analyses that assume cells to 
only have a singular function.

HBV-specific CD8 T cells evolve further one year post 
resolution of the infection. cNMF indicates a reduction in 
memory signatures in concert with a rise in γδ T cells and 
innate-like programs. These changes are found to be 
significant through GSEA.

Significantly different transcriptome of HBV-specific 
CD8 T cells in acute hepatitis B vs. post resolution

Top 10 genes per cNMF program being shared between different programs

Elbow plots indicating the 
percentage of cells per status, 
with a minimum program usage 
as indicated (x-axis)

GSEA showing significant 
differences across all programs 
between acute, early resolved, 
and late resolved disease stages

Acute: programs of proliferation 
(1, 2, 3) and activation (4, 5, 6) 
are up, programs of memory (10, 
11, 12) are down

Early resolved: programs of TCR 
signalling and memory 
phenotype (7, 8, 9) are up

Late resolved: programs of 
cytotoxic and γδ T cells (13, 14, 
15, 16) are up

Matrix plot showing up-regulated (red) and down-regulated (blue) genes

Early resolved and late resolved stages displaying strong overlap in gene expression patterns (memory)

Significant increase of γδ T cells and innate-like genes in late resolved vs. early resolved HBV infection

Exemplary chord diagrams showing the top 10 genes in selected programs and their corresponding relative 
weights in all programs

Genes of immunological relevance: CXCL13, IFNG, 
CD19, etc.

686 DEGs (log2 fold change 0.5, adjusted p-value 
0.05)

Phenotype changing from acute infection to early resolved and even from early resolved to late resolved disease

UMAP: 2,007 single cell transcriptomes separating into 9 clusters

Three major dendrogram groups of phenotypes: i) memory and naive-like T cells [clusters 2, 3, 9], ii) cytotoxic T 
cells [1, 7, 8], and iii) activated and proliferating T cells [4, 5, 6]

cNMF-based analysis: 16 different identities 
and functions in HBV-specific CD8 T cells in 
acute and resolved hepatitis B
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 Transcriptional characterization of HBV-specific
 T-cell differentiation from acute infection to
 sustained HBV control
Elias Isaac Lattouf1*, Martin Feuerherd1*, Lea M Bartsch1*, Hannah K Drescher1*, Suzan Dijkstra1, 
James A Cheney1, Mantero V Moreno-Cheek1, Paulo SF de Sousa2,  Arthur Y Kim3,
Jasneet Aneja1, Nádia Conceição-Neto4, Lia L Lewis-Ximenez2, Georg M Lauer1

1 Gastrointestinal Unit, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA. 2 Instituto Oswaldo 
Cruz, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil. 3 Division of Infectious Diseases, Massachusetts General Hospital, 
Boston, MA, USA. 4 Infectious Diseases Biomarkers, Janssen Research and Development, Beerse, Belgium.
elattouf@mgh.harvard.edu  |  mfeuerherd@mgh.harvard.edu

ITGAX

15
7

16

5
6

KIR3DL2
HBA2

TRDV1
TRDCKLRC2

KIR2DL1
KIR2DL3

AC068775.2
KLRC3SERINC5

SOD2
TXNIP

MTRNR2L12
LEF1TCF7IL7R

NELL2
CCR7

SELL

10

2
4

11

8
12

14
13

7

IFNG

DDIT3
CCL3

CLEC2B
KLF6MTRNR2L12

CD69
RGS1

CLK1
PMAIP1

7
8 11

10
14 9

4 5
15

6

TRBV5-6
PDLIM1

CXXC5
KIR3DL2

TRDCTRDV1

ITGAD
SH2D1B

TRGV5
TTC38

10
1

5
3
13

14
4

7 15

6

16

Immunotherapeutic approaches for the treatment of 
chronic hepatitis B are widely discussed and tested. 
They should be feasible to achieve functional cure, as 
almost all adults after acute HBV infection and even 
some people after decades of persistent infection 
can control the virus in the absence of treatment. 
However, the immunological correlates of hepatitis B 
functional cure remain undefined, complicating the 
rational development of targeted immunotherapies.

In this longitudinal study, we investigated the 
differentiation of HBV-specific CD8 T cells from 
acute to resolved HBV infection in order to define key 
genes and signatures characterizing T cells 
mediating and sustaining control of HBV. Nine 
patients (7 with matched acute and resolved 
samples) were studied using scRNAseq 
(Smart-Seq2) on index-sorted (HBV core, envelope, 
polymerase, and X-specific) tetramer-positive CD8
T cells.

Conclusion

2

1

3

The transcriptome of HBV-specific CD8 T cells reveals 
changes in the phenotype from an activated, proliferating 
state to memory-like, and cytotoxic T cells after 
resolution of acute hepatitis B.
cNMF analysis identifies a high number of biologically 
relevant phenotypes and functions in the dataset. The 
algorithm assigns cells to multiple ‘programsʼ which goes 
in contrast to conventional analyses that assume cells to 
only have a singular function.

HBV-specific CD8 T cells evolve further one year post 
resolution of the infection. cNMF indicates a reduction in 
memory signatures in concert with a rise in γδ T cells and 
innate-like programs. These changes are found to be 
significant through GSEA.

Significantly different transcriptome of HBV-specific 
CD8 T cells in acute hepatitis B vs. post resolution

Top 10 genes per cNMF program being shared between different programs

Elbow plots indicating the 
percentage of cells per status, 
with a minimum program usage 
as indicated (x-axis)

GSEA showing significant 
differences across all programs 
between acute, early resolved, 
and late resolved disease stages

Acute: programs of proliferation 
(1, 2, 3) and activation (4, 5, 6) 
are up, programs of memory (10, 
11, 12) are down

Early resolved: programs of TCR 
signalling and memory 
phenotype (7, 8, 9) are up

Late resolved: programs of 
cytotoxic and γδ T cells (13, 14, 
15, 16) are up

Matrix plot showing up-regulated (red) and down-regulated (blue) genes

Early resolved and late resolved stages displaying strong overlap in gene expression patterns (memory)

Significant increase of γδ T cells and innate-like genes in late resolved vs. early resolved HBV infection

Exemplary chord diagrams showing the top 10 genes in selected programs and their corresponding relative 
weights in all programs

Genes of immunological relevance: CXCL13, IFNG, 
CD19, etc.

686 DEGs (log2 fold change 0.5, adjusted p-value 
0.05)

Phenotype changing from acute infection to early resolved and even from early resolved to late resolved disease

UMAP: 2,007 single cell transcriptomes separating into 9 clusters

Three major dendrogram groups of phenotypes: i) memory and naive-like T cells [clusters 2, 3, 9], ii) cytotoxic T 
cells [1, 7, 8], and iii) activated and proliferating T cells [4, 5, 6]

cNMF-based analysis: 16 different identities 
and functions in HBV-specific CD8 T cells in 
acute and resolved hepatitis B
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Im
m

unotherapeutic approaches for the treatm
ent of 

chronic hepatitis B are w
idely discussed and tested. 

They should be feasible to achieve functional cure, as 
alm

ost all adults after acute HBV infection and even 
som

e people after decades of persistent infection 
can control the virus in the absence of treatm

ent. 
How

ever, the im
m

unological correlates of hepatitis B 
functional cure rem

ain undefined, com
plicating the 

rational developm
ent of targeted im

m
unotherapies.

In 
this 

longitudinal 
study, 

w
e 

investigated 
the 

differentiation of HBV-specific CD8 T cells from
 

acute to resolved HBV infection in order to define key 
genes 

and 
signatures 

characterizing 
T 

cells 
m

ediating and sustaining control of HBV. Nine 
patients 

(7 
w

ith 
m

atched 
acute 

and 
resolved 

sam
ples) 

w
ere 

studied 
using 

scRNAseq 
(Sm

art-Seq2) on index-sorted (HBV core, envelope, 
polym

erase, and X-specific) tetram
er-positive CD8

T cells.

Conclusion
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The transcriptom
e of HBV-specific CD8 T cells reveals 

changes in the phenotype from
 an activated, proliferating 

state 
to 

m
em

ory-like, 
and 

cytotoxic 
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cells 
after 

resolution of acute hepatitis B.
cNM

F analysis identifies a high num
ber of biologically 

relevant phenotypes and functions in the dataset. The 
algorithm

 assigns cells to m
ultiple ‘program

sʼ w
hich goes 

in contrast to conventional analyses that assum
e cells to 

only have a singular function.

HBV-specific CD8 T cells evolve further one year post 
resolution of the infection. cNM

F indicates a reduction in 
m

em
ory signatures in concert w

ith a rise in γδ T cells and 
innate-like program

s. These changes are found to be 
significant through GSEA.

Significantly different transcriptom
e of HBV-specific 

CD8 T cells in acute hepatitis B vs. post resolution

Top 10 genes per cNM
F program

 being shared betw
een different program

s

Elbow
 

plots 
indicating 

the 
percentage of cells per status, 
w

ith a m
inim

um
 program

 usage 
as indicated (x-axis)

GSEA 
show

ing 
significant 

differences across all program
s 

betw
een acute, early resolved, 

and late resolved disease stages

Acute: program
s of proliferation 

(1, 2, 3) and activation (4, 5, 6) 
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Early resolved and late resolved stages displaying strong overlap in gene expression patterns (m
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Significant increase of γδ T cells and innate-like genes in late resolved vs. early resolved HBV infection
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686 DEGs (log2 fold change 0.5, adjusted p-value 
0.05)

Phenotype changing from
 acute infection to early resolved and even from

 early resolved to late resolved disease
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F-based analysis: 16 different identities 

and functions in HBV-specific CD8 T cells in 
acute and resolved hepatitis B
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HBV FC associated with the appearance of gd-like/innate-like CD8 T cells expressing 
cytotoxic molecules.
Similar results after acute adult and after chronic HBV infection (in both blood and 
liver)

Innate qualities more appropriate than memory for controlled, not eliminated 
infection?



HBV infection and immune response NOT static
Ø Immune control improves over decades, FC just final (and rare) step

Detailed ex vivo analyses allow new insights
Ø Needs to consider the complexity of CHB
Ø Questionable role of T cell exhaustion in CHB
Ø Role of CD4 T cells?
Ø FC associated with innate like HBV-specific CD8 T cells (surveillance?)

We need more and better immunology in HBV natural history and clinical trials
Ø Adequate sampling and planning of immunological assays needs to be included 

during cohort/trial design
Ø Human immunology needs to establish framework for animal models

HBV FC is a realistic goal, but exploration of new treatments needs to be based on 
solid scientific evidence
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