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Abstract

HBV-DNA integration frequently occurs in HBV-related hepato-
cellular carcinoma (HCC), but whether HBV antigens are
expressed in HCC cells and can be targeted by immune therapeu-
tic strategies remains controversial. Here, we first characterized
HBV antigen expression in HCC metastases, occurring in a patient
who had undergone liver transplantation for HBV-related HCC.
We then deployed for the first time in HCC autologous T cells,
genetically modified to express an HBsAg specific T cell receptor,
as therapy against chemoresistant extrahepatic metastases. We
confirmed that HBV antigens were expressed in HCC metastases
(but not in the donor liver) and demonstrated that tumour cells
were recognized in vivo by lymphocytes, engineered to express
an HBV-specific T cell receptor (TCR). Gene-modified T cells sur-
vived, expanded and mediated a reduction in HBsAg levels with-
out exacerbation of liver inflammation or other toxicity. Whilst
clinical efficacy was not established in this subject with end-
stage metastatic disease, we confirm the feasibility of providing
autologous TCR-redirected therapy against HCC and advocate this
strategy as a novel therapeutic opportunity in hepatitis B-associ-
ated malignancies.
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by Elsevier B.V. All rights reserved.
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Introduction

Hepatocellular carcinoma (HCC), the third leading cause of cancer
deaths worldwide, has very limited therapeutic options, particu-
larly in patients with advanced disease [1]. In Asia, where the fre-
quency of chronic HBV infection is high, hepatitis B virus (HBV) is
the etiologic agent for at least 75% of HCCs [1]. In most HBV-
related HCCs, HBV integrations have been observed [2] and can
result in the expression of HBV antigens on tumour cells [3].
HBV antigens, expressed on HCC cells, are recognized by HBV-spe-
cific CD8 T cells in the context of specific HLA molecules [4],
although these cells often appear to be deleted in patients with
HCC [5]. Reconstitution of HBV-specific T cell immunity in such
patients could therefore achieve both reduction in HBV virus load
and control of tumour growth. We recently reported the retroviral
vector-mediated T cell receptor gene engineering of lymphocytes
from patients with CHB (chronic HBV infection) and demon-
strated that these cells acquired the ability to recognize and lyse
HBV+ HCC lines in vitro and in animal models [4]. Clinical applica-
tion of immunotherapy with TCR-redirected T cells has recently
shown efficacy in melanoma and synovial cell carcinoma [6,7]
but has not yet been attempted in HBV-related HCC. One issue
has been the uncertainty around whether normal and trans-
formed hepatocytes differentially process and present HBV anti-
gens to T cells. Thus, it is not known whether HBV-specific TCR-
redirected T cells, transferred to HBV+ HCC patients, would be lia-
ble to cause ‘on-target’ toxicity in non-transformed HBV-infected
hepatocytes, and whether this would result in an unacceptably
high risk, particularly if hepatic function is already compromised.
Such ‘on-target’ toxicity in the form of vitiligo has been reported
in melanoma patients treated with melan-A-specific TCRs [8]
and unexpected neural toxicity was encountered in the central
nervous system of patients treated with MAGE-specific TCRs [9].

We reasoned that patients who have developed HCC relapse
after liver transplantation and could represent a unique subject
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group at reduced risk of liver toxicity, following HCC-immuno-
therapy with HBV-specific TCR-redirected T cells. A significant
link between HBV and HCC relapse has been reported: 75% of
HCC relapses, detected in patients who underwent liver trans-
plantation as therapy for early HCC stages, have been associated
with HBV-reactivation and 2 out of 3 HCC relapses examined
carried HBV DNA [10]. Since liver transplants are often HLA-
mismatched, TCR-redirected T cells can therefore be engineered
to target HBV epitopes only when presented by autologous
HLA-class I molecules of the HCC relapse, but not by mismatched
HLA molecules of the transplanted liver. In addition, since HBV+

patients who undergo liver transplantation are aggressively trea-
ted with anti-HBV drugs, the transplanted liver may resist HBV
infection. Here, we report for the first time the production and
infusion of autologous HBV-specific TCR-redirected T cells in a
subject with end-stage HBV+ HCC metastatic disease who had
previously undergone an allogeneic liver transplant.
Case report

HBV-DNA and HBsAg expression were examined in the liver and
in metastatic lesions of a patient who developed HCC relapse
10 years following liver transplantation for HBV+ HCC. (Schematic
representation of the clinical history is shown in Fig. 1A, detailed
patient history and virological quantification methods can be
found in the Supplementary Materials and methods). At the time
of HCC relapse, blood analysis detected HBsAg (but not HBV DNA)
despite the use of anti-HBs immunoglobulin and antiviral
therapy (tenofovir). Immunohistology analysis of a transbronchi-
al endoscopic biopsy of a pulmonary lesion demonstrated the
presence of HBsAg in HCC-like cells, while liver biopsies of the
transplanted liver were consistently HBsAg, HBcAg, and HBV-
DNA negative. Characterization of HLA-class I expression found
that both the host and donor liver expressed HLA-A0201, but
since HBsAg expression was detected only in HCC metastases
(Fig. 1B) and not in the liver (not shown), selective targeting of
the HBsAg-expressing HCC cells by autologous T cells, redirected
with HLA-A0201-restricted HBV-specific TCRs was predicted.
From a previously generated library of different HLA-A0201
HBV-specific T cell receptors [11], we selected TCR-A2/HBs183-
91(TCR-A2/HBs), a TCR specific for the HLA-A0201/HBs183-91
complex, since sequencing of HBV-DNA, present in the patient’s
HCC lesions, showed presence of the non-mutated envelope
sequence 183-91 of HBV genotype D (FLLTRILTI) that was known
to be efficiently recognized by TCR-A2/HBs [5]. To further confirm
that HCC metastases would be recognized by the selected TCR-
A2/HBs, we directly analysed the cell surface expression of the
HLA-A0201/HBs183-91 complexes (Fig. 1B). This was accom-
plished by utilizing a TCR-like monoclonal antibody that specifi-
cally detects HLA-A0201/HBs183-91 complexes on the surface of
HBV-producing HLA-A0201+ cells [12]. Staining of frozen mate-
rial, obtained from a biopsy of a nodal HCC metastasis, exhibited
weak staining with the Ab-TCR-like A2/HBs183-91 but not
with a control TCR-like antibody specific for the HLA-A0201/
EBVLMP2A426-434 epitope (Fig. 1B).

The demonstration that HBsAg was expressed only in extrahe-
patic HCC lesions and not in the transplanted donor liver, along
with the presence of HLA-A0201/HBs183-91 complexes on the
surface of HCC metastases, supported the targeting of HBV
proteins, produced in HCC cells by TCR-redirected HBV-specific
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T cells. Our findings confirmed that such patients with liver trans-
plants could be ideal candidates for HCC-specific immunotherapy
where ‘on-target’ liver toxicity should not occur.

We produced, under good manufacturing practice (GMP) con-
ditions, TCR-A2/HBs183-91 redirected T cells for use as a compas-
sionate, named patient treatment. Vector manufacture and T cell
preparation was undertaken under a special therapy licence, with
informed consent, and closely followed previously approved pro-
tocols for the production of engineered T cells [13] (Supplemen-
tary Materials and methods).

The schematic representation of the chronology of cell prepa-
ration for cell therapy and the observational period after treat-
ment is shown in Fig. 2A. Briefly, a retroviral plasmid encoding
the V alpha and V beta chain of the T cell receptor, specific for com-
plex HLA-A0201/HBs183-91, was used to generate a stable PG13
retroviral packaging cell bank, using an accelerated process, which
resulted in a reduced but effective vector titre. The TCR-construct
encodes a murinised beta chain C domain, and additional disul-
phide bridging to prevent cross-pairing with endogenous TCR
chains and to facilitate assembling with the CD3 complex. Flow
cytometric detection of murine C beta allowed highly specific
detection of transduced cells, and was supported by Dextramer�

staining (see Supplementary Materials and methods section).
Peripheral blood lymphocytes were harvested by leukaphere-

sis, following suspension of FK506 immunosuppression for 48 h,
and activated with anti-CD3/anti-CD28 magnetic beads before
two rounds of retroviral transduction in a closed bag system.
TCR-redirected T cells were cultured in vitro for eight days, ana-
lysed for the expression of introduced TCR, screened for sterility
and cryopreserved in a single dose aliquot. The overall composi-
tion of the cell product transferred to the patient is displayed in
Table 1. The total quantity of T cells transferred to the patient
was 3.9 � 108. The quantity of TCR-redirected T cells was calcu-
lated by analysing the frequency of T cells expressing the murine
TCR constant region present in the TCR construct (CD4 2.15%, CD8
1.29%) and the frequency of HBV-specific T cells after staining for
HLA-A0201/HBs183-91 dextramers (0.3% of CD8T cells) (Immu-
dex, http://www.immudex.com). The dose of TCR-redirected T
cells, specific for HBV (as calculated based on Dextramer� stain-
ing), was therefore �1.2 � 104 cells/kg (Table 1). This quantity of
cells is low in comparison to the dose used in the treatment of
other malignancies where 1–10 � 106 transduced cells/kg are
routinely administered [6,7] but the dosing was in keeping with
anti-viral cell therapies [14] and was considered less likely to
result in cytokine release phenomena or other toxicities.

At the time of immunotherapy, the condition of the patient
was notably compromised, with disseminated HCC metastases
in lung, bones and neck (of about 5–6 cm of size) in addition to
a large mass in the right lung. His liver and kidney function were
stable (ALT = 35 U/L; creatinine 1 mg/dl) but levels of HBsAg and
alpha-fetoprotein (AFP) were elevated (AFP = 3484 ng/ml; HBsA-
g = 3200 IU/ml). Despite his frail condition, transfer of TCR-
redirected T cells was well tolerated with no immediate infu-
sion-related toxicities. Tacrolimus immunosuppression was
omitted for 48 h, but then restored. Over the following 30 days,
serial serological tests to evaluate liver and kidney toxicity
(ALT, creatinine), serological tumour antigen levels (alpha
fetoprotein and HBsAg) and immunological analysis (frequency
of TCR-redirected T cells, T cell effector function by degranulation
and IFN-c secretion, serum chemokines and cytokines) were
performed (one day before infusion and 1, 2, 7, and 30 days
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Fig. 1. Clinical history and expression of HBV antigens in HCC metastasis. (A) Schematic representation of the clinical history of the treated patient. (B) Sections (40�) of
the lymph node with HCC metastasis stained (a) with primary anti-HBs mab (Histo-Line Laboratories, Milan, Italy) and secondary HRPO conjugated antibody (DAB, Milan,
Italy) for cytoplasm (brown) and haematoxylin, counterstained for nuclei (blue) using IHC technique; (b) with mouse CK18-FITC (green) for 1 h at room temperature, using
intracellular direct immunofluorescence technique; or (d) with 1 lg of Ab-TCR-like A2/HBs183-91 or (c) A2/EBV LMP2A as a negative control overnight at 4�C. An Alexa-
Fluor 647–tyramide signal amplification kit was used to visualize the signal (red). Nuclei (b, c and d) were stained with DAPI (blue).
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subsequently). Creatinine levels were not altered (1 mg/dl), while
levels of ALT progressively increased from 35 U/L to 110 U/L at
day 30 (Fig. 2B). AFP values showed minimal initial fluctuations
(day 0 = 3484 ng/ml; day 7 = 3786 ng/ml; day 20 = 2929 ng/ml)
but then increased at day 30 = 6389 ng/ml) (Fig. 2C).

Although HBsAg levels were consistently high before T cell
infusion, a 90% decline of the HBsAg levels was detected in sera
(from 3200 IU/ml to about 300 IU/ml) within the 4 weeks obser-
vational period after the transfer of HBV-specific CD8 T cells
(Fig. 2D). Furthermore, whilst immunosuppressive treatment
resumed 48 h after cell transfer (see also Supplementary Materi-
als and methods), transferred TCR-redirected T cells became
detectable in the circulation (Fig. 2E) and a functional degranula-
tion assay after 7 days detected responses specific for the env
183-91 peptide (frequency �0.5% of CD8T cells) and functional
HBV-specific CD8 T cells were confirmed after in vitro expansion
of cells with the env 183-91 peptide. Analysis performed on
peripheral blood 30 days after transfer detected a larger popula-
tion of CD8 T cells, expressing V beta murine constant region
(�5% of total CD8T cells). The TCR-redirected T cell expansion
488 Journal of Hepatology 201
was confirmed with MHC-dextramer and showed the presence
of about 2% of MHC-dextramer positive cells at day 30 (Fig. 2E).

Interestingly, the fall in HBsAg detected within the 4 week
period after cell therapy with less than 1 million HBV-specific T
cells was quantitatively greater than reductions detected within
the previous 10 months period of surgical and radiation therapy
of HCC relapses (Fig. 2D), suggesting a remarkable potency of
the HBV-specific cellular therapy.

The expansion of TCR-redirected T cells with cytotoxic poten-
tial in vivo and reduction of HBsAg was associated with an
increased levels of the T cell chemokines Rantes and IL-8
(Fig. 2E), while pro-inflammatory chemokines, which are classi-
cally linked with hepatitis (CXCL-9, CXCL-10) were decreased
after transfer of TCR-redirected T cells (Fig. 2F). There was no
radiological evidence of volume reduction (or increase) of the
HCC metastases on imaging undertaken after three weeks and
six weeks, and unfortunately disease progression with brain
metastases after 8 weeks resulted in confusion, lethargy and
the implementation of palliative therapy, followed by death a
week later.
5 vol. 62 j 486–491
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Fig. 2. Clinical, virological and immunological parameters after TCR-redirected T cell therapy. (A) Immunotherapy monitoring schedule, indicating the time of cell
preparation, T cell transfer, and time of the serological and immunological tests. (B and C) Concentrations of serum ALT and AFP at the indicated time points. (D) Serological
quantification of serum HBsAg after T cell transfer (left panel) and serum HBsAg historical values in the same patient after surgical and radiation therapy (right panel). (E)
Quantification of TCR-redirected T cells ex vivo and after in vitro expansion in peripheral blood. Measurement was performed at the indicated time points using an antibody
specific for the V beta murine constant region of the introduced TCR (Vbm TCR), HLA-dextramer, specific for HBs183-91/A2-specific T cells, and by analysing the cytotoxic
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(always lower than 0.1%). (F) Values of chemokines in patient sera at the indicated time points. Chemokines were measured with a CBA bead detection assay (BD Science
http://www.bdbiosciences.com/sg/research/cytometricbeadarray).
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Table 1. Composition of the infused cell product.

Cell type Total 
number

Number x kg
patient ~60 kg

Frequency 
calculation

Total cells 390x106 6.5x106 Total cells 
produced

T cells 324x106 5.4x106 84% CD3+ of 
total cells

TCR+ T cells
(murine Cβ+)*

9.6x106 0.16x106 ~3% mCβ+ T 
cells

HBV-specific T cells**
(HLA-A2 Dextramer+)

0.87x106 1x104 0.3% of CD8 
lymphocytes

⁄Frequency of TCR redirected T cells, quantified with an antibody specific for the
murine constant region of the V beta TCR (murine Cb+). The TCR used to redirect
patient lymphocytes was comprised of murine constant regions to promote
specific pairing of introduced TCR.
⁄⁄Frequency of TCR-redirected T cells, expressing the correct HBs 183-91/A0201 T
cell receptor, were measured using MHC Dextramer� (Immudex, http://
www.immudex.com) composed with HBs183-91/A0201 complexes.

Case Report
Discussion

We report for the first time that the HBV surface antigen can be
used in HCC as a target for immunotherapy with autologous lym-
phocytes, engineered to express HBV-specific T cell receptors.
Disseminated HCC metastases in this patient expressed HBV-pep-
tide HLA-class I complexes; TCR-redirected T cells, specific for
this cognate complex survived, expanded and mediated a robust
reduction in HBsAg levels without exacerbation of liver inflam-
mation and did not cause other ‘on or off-target’ toxicities. Whilst
clinical efficacy was not demonstrated in this patient, treated
under a special therapy licence for end-stage metastatic disease,
the results obtained provide the first proof-of-concept data con-
firming that HBV-specific TCR-redirected T cells are able to target
HBsAg-expressing HCC cells in man.

The robust expansion of a limited number of TCR-redirected T
cells indicated that these cells exhibited, at least for the first
4 weeks after transfer, efficient in vivo functionality. The detection
of around 5% of T cells expressing murine C-beta (and�2% of dex-
tramer + CD8 T cells) 30 days after infusion was remarkable, given
that such a frequency of HBV-specific T cells, is rarely seen even in
fully immunocompetent patients following acute HBV infection
[15]. Furthermore, this frequency is 10–50 times higher than
detected in typical chronic HBV patients [16]. However, in the
context of a single subject, with limited sampling and a short
observation period we are cautious with further extrapolations.
The reduction of HBsAg, concomitant to the expansion of TCR-
redirected T cells could not be directly attributed to the lysis of
HBsAg-producing HCC cells and may reflect inhibition of HBsAg
production by T cell-derived antiviral cytokines or some other
undefined mechanism. The demonstration of degranulation of
infused TCR-redirected T cells, coupled with the increment of
ALT values (from 32 U/L to 110 U/L), does suggest targeted
immune effects, but additional studies in a number of subjects
will be required to confirm the underlying mechanisms and ana-
lyse the impact of immune suppression and possible exhaustion
induction in the adoptively transfer of HBV-specific T cells [6,7].

A high rate of HBV+ HCC-relapse, following liver transplanta-
tion, has been documented [10], and these patients require
additional therapeutic modalities. Based on our experience,
autologous therapy with T cells, modified to express a TCR
specific for HBV+ HCC, could provide valuable prophylaxis against
relapse. The efficacy of such therapy was recently demonstrated
490 Journal of Hepatology 201
in an HCC animal model where transfer of TCR mRNA into elec-
troporated T cells suppressed HCC seeding [17]. Whilst TCR
expression in electroporated T cells may not persist for more than
a few days, they are relatively simpler and cheaper to produce
than viral vector transduced cells and can be expected to have
a reduced risk of mediating sustained toxicity. Such an approach
could be used to generate a therapeutic library of HLA-peptide
specific TCRs, ready for tailored autologous cell therapy in
patients at highest risk of HBV+ HCC relapse.

The applicability of TCR-redirected T cell therapy in HCC
patients will also benefit from improvements in our understand-
ing of the frequency of HCC cells expressing HBV antigens at the
individual cell level. Whilst HBV does not replicate efficiently in
HCC cells, the reported high frequency of the detection of HBV-
DNA in HCC relapses [10] and the recent demonstration of the
presence of HBV-human chimeric mRNAs in human HBV-related
HCC [18] suggest that expression of whole or partial HBV
sequences in transformed hepatocytes might be relatively fre-
quent. If correct, personalized immunotherapy, targeting specific
HLA-peptide combinations, will be an important therapeutic
option in HBV+ HCC disease; here we provide the first demonstra-
tion of the feasibility of this bespoke approach.
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