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Regulation vs. Prediction of Immunity

cells—all of which can inactivate T cells. These cells express
inhibitory ligands and produce anti-inflammatory cytokines
such as IL10 and TGF-b, which prevent antigen-specific
activation of T cells and maintain the immune-tolerant envi-
ronment of the liver.22 Although hepatocytes are shielded
from the blood stream, T cells can gain access to hepatocytes
through the fenestrated endothelium61, where antigens are
presented in the absence of effective co-stimulation. This
process, however, does not expand the pool ofmemory T cells
and increases T-cell susceptibility to activation-induced cell
death or TNF-associated apoptosis.37,39,40 The liver environ-
ment therefore contributes to the low abundance of HBV-
specific T cells, and regulation of the environment through
immunotherapy is likely to play a key role in restoring im-
munity to control HBV.

Immune Therapy
The immune response fully controls HBV after decades

of infection in 0.5% to 1% of patients each year.62 HBsAg is
cleared, antibodies against HBsAg become detectable in
serum, and virus replication ceases even without
treatment—accompanied by life-long T-cell– and antibody-
mediated immunity.11 The immediate aim of immuno-
therapy is to restore HBV immunity to this state, establish

long-term control of the virus without antiviral treatment,
and significantly increase the proportion of patients with a
functional cure.

Stimulating the Innate Immune System
IFN-based therapies are considered to be immune-

modulatory strategies. IFN-alfa 2, used in therapeutic regi-
mens, has antiviral effects,5,8,63 but it also affects the
activation status of different immune cells. Although IFN-
alfa 2 can cure HBV infection, it produces many adverse
effects, limiting its efficacy as a stand-alone drug. However,
new antiviral drugs are using IFN-alfa in combination
therapies, as the only approved immunomodulator, which
may improve response rates and shorten the treatment
window for IFN-alfa.

The innate immune response is not antigen specific, but
it produces antiviral and T-cell–polarizing cytokines, pre-
sents antigens to T cells, and alters the liver microenvi-
ronment to promote an immune response over tolerance. To
increase the antiviral activity of innate immune cells, new
agents have been designed to activate pattern recognition
receptors, such as TLRs or cytoplasmic nucleic acid sensors
(Table 1). Although HBV replication does not induce pro-
duction of cytokines by hepatocytes,64–66 the virus is

Figure 1.Mechanisms of immune suppression in liver. The liver has many signaling pathways, activated by environmental and
contact-dependent factors, that regulate the immune response. TGF-b, IL10, and arginase are produced by Kupffer cells,
hepatic stellate cells, T-regulatory cells, and myeloid-derived suppressor cells. HBV-specific CD8þ T cells can be deleted in a
contact-dependent manner by NK cells, or their functions can be suppressed by inhibitory ligands, such as PD-L1, expressed
by liver endothelial sinusoidal cells, dendritic cells, Kupffer cells, and HSCs. Because of the complexity of the mechanisms that
suppress the T-cell–mediated immune response against HBV, agents that target a single molecule or pathway are not likely to
be effective. DC, dendritic cell; HSC, hepatic stellate cell; Treg, regulatory T cell.
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Ø Wealth of data on mechanisms that regulate immune response in chronic HBV (CHB) 
patients

Ø Can we turn that knowledge into a biomarker that can select patients for immunotherapy?



Best Association with Viral Control is the T cell 
Response

Ø Can existing T cells predict viral control?  Maybe
• Patients with more core and polymerase specific T cells did not have flare after 

stopping Nuc therapy
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Pooled data from cohorts 1 and 2 showing the enrichment of 
HBV-specific T cells in the PD-1+ T cell fraction is shown in Figure 
6E. Pooled data from the 2 cohorts showing the increased frequen-
cies of HBV-specific T cells, in particular of those targeting core 
and polymerase, in patients that did not flare following therapy 
withdrawal is shown in Figure 6, F and G. Of note, our data identi-
fy a threshold of HBV core or polymerase-specific T cell frequen-

patient groups. Of the 579 immune genes that were analyzed by 
NanoString, 122 genes were differently expressed in CD4+ T cells 
and 137 in CD8+ T cells between the 2 groups of patients tested 
while undergoing NUC therapy (Supplemental Figure 4). Further-
more, the frequencies of CD4+ and CD8+ T cells were not different 
in patients that did and did not flare upon therapy discontinuation 
(Supplemental Figure 5).

Figure 6. Validation in an Asian patient cohort (cohort 2) of the increased frequencies of circulating HBV core and polymerase-specific T cells in chronic 
HBV patients undergoing NUC therapy that did not flare upon therapy discontinuation. HBV-specific T cells were assessed after 10-day expansion of 
patient PBMCs with a panel of overlapping 15-mer peptides spanning the HBV proteome, followed by IFN-γ ELISPOT in the presence of peptides pooled 
according to the single proteins (x, core, env, and pol). Results are expressed as spot-forming cells relative to 105 PBMCs. (A) Total HBV-specific T cell 
responses during NUC therapy (n = 26). (B) Deconvolution of the HBV-specific T cell response from A into single HBV proteins. (C) PD-1+ and PD-1– T cells 
were sorted ex vivo from peripheral blood of patients (n = 6) and expanded in the presence of autologous antigen-presenting cells pulsed with HBV core 
and polymerase peptides. Expanded PD-1+ and PD-1– cells were tested for recognition of HBV peptides by IFN-γ. Data are summarized for 6 patients (C) and 
are shown for the single patients (D). (E–G) Pooled data from cohorts 1 and 2 show IFN-γ production of ex vivo–sorted PD-1+ and PD-1– cells after in vitro 
expansion (n = 13; E), total HBV-specific T cell responses during therapy (n = 43; F), and the HBV-specific T cell response to single HBV proteins (G). The 
dotted line in G marks the threshold of HBV-specific T cell response associated with absence of hepatic flares upon therapy withdrawal. Circle and triangle 
symbols in F and G represent patients from cohort 1 and 2, respectively. Statistics were calculated using the nonparametric, 2-tailed Mann-Whitney U test 
except for in C and E, where the nonparametric Wilcoxon matched-pairs signed rank test was used. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001.
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Best Association with Viral Control is the T cell 
Response

Ø Can existing T cells predict viral control?  Maybe
• Ex vivo data minimizes handling
• ELISpot/Fluorospot minimizes user-dependent analysis

Chua et. al….Gehring, submitted
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Should we use Pre-existing T cell Immunity to Stratify

Therapeutic vaccines
Patient selection parameters: none

• Highly specific
• Little chance of off-target toxicity

Timing: 
• Monotherapy: no time consideration
• Combination therapy (siRNA/ASO): ~3 - 6 

months before end of antiviral therapy
• HBsAg reaches nadir ~6 m
• Expected peak in T & B cell frequency at 

therapy termination
• Combination anti-PD-1

• final vaccine boost

anti-PD-1/PD-L1
Patient Selection

• Relevant because of immune-related adverse events 
(irAEs)

• Exclude patient susceptible to autoimmunity: auto-
antibody screens

• Include patients likely respond to PD-1 blockade

Timing
• Monotherapy – no time consideration
• Combination with ASO/siRNA

• End of dosing – coincide with viral rebound



Patient Selection for PD-1/PD-L1 Therapy
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treatment (Fig. 3a), suggesting that initially high IFN-I responsive-
ness translates to subsequent refractory on-treatment responses, 
whereas lower IFN-I responsiveness supports the ongoing mainte-
nance of IFN-I responsiveness.

Heightened inflammation within the tumor before anti-PD1 
therapy, using an 18-gene tumor-inflamed signature (TuIS) score 
comprising immune cell markers and ISGs, has been positively 
related to response10,11. Thus, we next interrogated how peripheral 
pre-therapy IFN-I responsiveness related to tumor-intrinsic inflam-
mation by analyzing bulk RNA-sequencing (RNA-seq) data of 
tumor biopsies from 21 pre-therapy and 9 longitudinal on-therapy 
(6 weeks after therapy initiation) samples from the discovery 
cohort12. Stratifying the patients into high and low IRC based on their 
pre-therapy peripheral CD4 Teff cells did not demonstrate differences 
in the tumor-intrinsic levels of inflammation (Fig. 3b). The same was 
observed when CD8 Teff cells were assessed (Extended Data Fig. 5a), 
indicating that heightened pre-therapy TME inflammation probably 
did not underlie the resistant pre-therapy IFN-I responsiveness in the 
periphery. On the other hand, similar to the peripheral CD4 Teff cell 
response, patients with low pre-therapy peripheral CD4 Teff cell IRC 
increased their TuIS after treatment (Fig. 3c). Only two on-treatment 
RNA-seq samples were available for patients with high peripheral 
CD4 IRC, thereby precluding this comparison. However, on-therapy 
TuIS in patients with high pre-therapy peripheral CD8 Teff cell IRC 
was not consistently changed from baseline, whereas it was increased 
in the initially low IRC group (Extended Data Fig. 5b). Thus, the low 
pre-therapy Teff cell IRC in the periphery is not due to a compartmen-
talization of highly inflammatory cells within the tumor, but rather 
correlates with an ability to respond to IFN-I after therapy.

IDO1 is associated with survival of patients treated with anti-PD1. 
IFN-Is drive the expression of immunosuppressive ISGs that medi-
ate therapeutic resistance1. To test whether high IFN-I responsive-
ness simultaneously elicits suppressive ISPs that then promote 
therapy failure, we measured the induction of the suppressive ISPs 
PD-L1, IDO1, IL-10 and SOCS1. In response to IFN-β treatment, 
PD-L1, IL-10 and IDO1 expression were increased (predominantly 
by myeloid cells), whereas SOCS1, although expressed, was not fur-
ther induced (Fig. 4a,b). At baseline, patients with high CD4 Teff cell 
IRC also exhibited significantly higher PD-L1 and IL-10 induction 
by myeloid cells compared with patients with a low CD4 Teff cell 
IRC (Fig. 4c). Conversely, IDO1 induction was not significantly dif-
ferent (Fig. 4c), suggesting that the suppressive ISPs are not nec-
essarily co-regulated. Whereas a proportional induction of PD-L1 
was observed together with myeloid IFN-I responsiveness (myeloid 
IRC), IDO1 had relatively weak (albeit significant) co-linearity with 
myeloid IRC (Fig. 4d). Furthermore, PD-L1 and IDO1 induction 
were not necessarily linked, with a substantial number of patients 
exhibiting PD-L1 induction disproportionate to the corresponding 
induction of IDO1 (Fig. 4e). Contrary to the 6-ISP signature in Teff 
cells, wherein a low IRC related to increased long-term survival, 
and, unlike PD-L1 induction that was not predictive of survival 
(Extended Data Fig. 6a), a higher pre-therapy induction of IDO1 
by CD14+ monocytes positively associated with OS (Fig. 4f). Thus, 
IDO1 expression was uncoupled from other stimulatory and sup-
pressive ISPs and correlated with long-term survival.

To better predict patient survival after PD1 blockade, we used a 
Cox’s proportional hazards model to integrate distinct IRC features, 
incorporating survival time. Patient samples grouped into a training  
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Fig. 2 | Pre-therapy IFN-I response capacity of Teff cell subsets is associated with survival after anti-PD1. a, UMAP and fast-PhenoGraph clustering of 
the IFN-β-stimulated discovery dataset (n!=!31). b, Arcsinh-transformed single-cell expression of the indicated ISPs in IFN-β-stimulated cells. Scale bars 
represent the arcsinh-transformed single-cell intensities for each protein on the right of each set of UMAPs. c, IRC was compared for each cluster in  
a between progressors (n!=!20) and nonprogressors (n!=!9) in the discovery cohort. Significant differences are projected on to the UMAP. PD, progressive 
disease. d, CD4 and CD8 Teff cells stratified by high (CD4, n!=!11; CD8, n!=!20) or low (CD4, n!=!20; CD8, n!=!11) pre-therapy IFN-I responsiveness. Boxes  
show median, upper and lower quartiles, and whiskers show 1.5× IQR on either side (two-sided Wilcoxon’s rank-sum P value). e,f, Kaplan–Meier curves 
comparing OS of patients with pre-therapy high versus low IRC of the CD4 Teff cell population in the discovery cohort (e; n!=!31), the melanoma validation 
cohort (f; left, n!=!28) and the NSCLC validation cohort (f; right, n!=!34); t0 is the number of patients in each group at time zero. The log-rank P value is shown.
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IFN response capacity predicts overall survival 
in melanoma patients

Work for HBV?
Boukhaled, G. M. et al. Nat Immunol 23, 1273–1283 (2022). 

Non-HBV-specific Responses to Predict Outcome


