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ABSTRACT

Chimeric-antigen-receptor (CAR) T-cell therapy is a promising novel therapeutic
approach for cancer but also for chronic infection. We have developed a fully human,
second generation CAR directed against the envelope protein of hepatitis B virus on
the surface of infected cells (S-CAR). The S-CAR contains a human B cell-derived
single-chain antibody fragment and human IgG-spacer, CD28 and CD3 signaling
domains that may be immunogenic in mice. Because immunosuppression will
worsen the clinical course of chronic hepatitis B, we aimed at developing a preclinical
mouse model that is immunocompetent and mimics chronic hepatitis B but
nevertheless allows evaluating efficacy and safety of a fully human CAR. The S-CAR
grafted on T cells triggered antibody responses in immunocompetent animals, and a
co-expressed human-derived safeguard EGFRt even induced B- and T-cell
responses - both limiting the survival of S-CAR-grafted T cells. Total body irradiation
and transfer of T cells expressing an analogous, signaling-deficient S-CAR-decoy
and the safeguard induced immune tolerance towards the human-derived structures.
S-CAR T cells transferred after immune recovery persisted and showed long-lasting
antiviral effector function. The approach we describe herein will enable preclinical
studies of efficacy and safety of fully human CARs in the context of a functional

immune system.
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INTRODUCTION

T-cell therapies utilizing chimeric antigen receptors (CARsS) have emerged as a
revolutionary approach to treat cancers and infections with a high specificity during
the last two decades.! Anti-CD19 CAR T-cell therapy has a significant benefit for
patients with B-cell malignancies not responding to first-line chemo- and immune
therapies and recently two CAR T-cell products have been approved for clinical use.?
3 CAR T cells for other cancer types including solid tumors have also been developed
and are currently evaluated in clinical trials. However, it became obvious that CAR T-
cell therapy of solid tumors is a more complex scenario.* Targets for CAR T-cell
therapies include tumor-associated antigens but also viral antigens displayed on the
surface of malignant or infected cells. CARs that exploit binders recognizing viral
envelope proteins have been developed for chronic infections with hepatitis B virus
(HBV),”> human cytomegalovirus,® hepatitis C virus,” and human immunodeficiency

virus.®®

A CAR is composed of a single-chain variable fragment (scFv) that determines the
target specificity, an extracellular spacer linking the scFv to the signaling domains, a
transmembrane domain and intracellular signaling domains. In clinical application,
ideally a fully human CAR should be utilized to prevent rejection of CAR T cells by
the patient’'s immune system. Furthermore, accessory molecules co-expressed to
purify CAR T cells or as a safeguard to be able to deplete T cells if needed could also
be recognized as foreign if they contain non-human-derived domains. In fact, CAR T
cells carrying a murine scFv were rejected and their use lead to decreased response

rates in patients.*
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Before advancing to clinical application, CAR constructs have to be studied in
preclinical models. In particular, immunocompetent preclinical models are urgently
needed to study the efficacy but also potential side effects of a CAR T-cell therapy,
because these can be largely influenced by bystander effects of other immune cells
or mediators. Immune competence of the animals, however, can limit the preclinical
investigation of a CAR with human domains since allogenic immune rejection could
limit CAR T-cell persistence in these models. To prevent such an immune response
by the endogenous murine immune system, most preclinical studies are performed in
immunodeficient mouse models.™ In the case of anti-CD19 CAR T-cell transfer for
hematological malignancies, patients are preconditioned with chemotherapeutic
lymphodepleting regimens and hence, using immunodeficient mice mimics this
particular clinical situation.”> However, immunosuppressive or lymphodepleting
regimens will most likely not be applied in the clinics for CAR T-cell approaches
targeting certain solid tumors or fighting viral diseases. We therefore aimed at
generating an experimental, preclinical system in which the recipient is
immunocompetent and which at the same time allows the study of CARs with

human-derived sequences.

The target of the CAR T-cell approach presented here is HBV. Chronic hepatitis B
and HBV-associated hepatocellular carcinoma (HCC) are a major health concern
with >250 million humans affected and 880,000 deaths per year due to HBV-
associated liver diseases.™® Current treatment regimens suppress viral replication but
are curative only in rare cases. HBV still is the major cause of HCC development
worldwide and mainly due to a lack of therapeutic options, HCC became the number
two cause of cancer-related death.** CAR T-cell therapy is a promising approach to

address this medical need *°.



98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

Festag et al.: Evaluating a human CAR in immunocompetent mice -

We have generated a fully human CAR that is specific for the small envelope protein
“S” of HBV and targets the S-domain (S-CAR) of all HBV envelope proteins,®> which
are found on the surface of HBV virions and subviral particles therefore called
hepatitis B surface antigen (HBsAg), but are also located on the surface of HBV-
infected hepatocytes and HBV-induced hepatoma cells.'® Previous results from our
laboratory indicated that the S-CAR can redirect T cells against HBV-infected
hepatocytes in vitro and eliminate HBV from infected cell cultures® but that the
therapeutic effect of adoptively transferred murine S-CAR T cells into HBV-transgenic
immunocompetent mice was limited.” After an initial expansion and a very good

antiviral effect, S-CAR T cells vanished and viral parameters rose again.

In the study presented here, we show that an immune response against the human
domains of the S-CAR Ilimited CAR T-cell persistence in immunocompetent
preclinical mouse models but not in immunocompromised animals. We were able to
overcome the problem of S-CAR T-cell rejection by specifically tolerizing
immunocompetent mice against the allogenic CAR domains. In this setting, S-CAR T

cells persisted at high numbers and induced a sustained antiviral effect.

RESULTS

A repeated transfer of S-CAR T cells into immunocompetent mice does not

lead to quantitative or functional reconstitution of S-CAR T cells

A loss of S-CAR T-cell function that has been observed after transfer into HBV-
transgenic mice'’ could be due to either T-cell exhaustion or activation-induced cell

death or an immune response against the transferred cells. To address this question,
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we investigated whether a second transfer of S-CAR T cells would maintain the
antiviral effect. We engineered murine CD45.1" CD8" T cells to express the S-CAR
(schematically depicted in Figure S1) and transferred them on day O and again on
day 20 into CD45.1-negative HBV-transgenic mice. A second group of mice received
the T-cell product only on day 20 (Figure 1A). The congenic marker CD45.1 allowed
to differentiate transferred cells from endogenous, CD45.2" cells. We detected
comparable numbers of total CD45.1" transferred cells on day 25, i.e. five days after
first or second transfer that dropped until day 33, i.e. two weeks after transfer, in both
groups (Figure 1B). In contrast to total transferred cells, S-CAR-expressing T cells
were only detected after the first but not after the second transfer (Figure 1C).
Concomitantly, liver damage indicated by a rise in serum alanine amino transferase
(ALT) levels five to seven days after transfer was exclusively detected after the first
but not after the second injection of S-CAR T cells (Figure 1D). On day 33,
lymphocytes from liver and spleen were isolated and stimulated on plate-bound
HBsAg, or anti-CD3/anti-CD28 antibodies as positive control. Phosphate-buffered
saline (PBS)-treated plates served as negative control. Intracellular cytokine staining
(ICS) did not reveal HBsAg-specific activation of lymphocytes (Figures 1E and S2),
although a comparable S-CAR signal was still detected by gPCR in both groups
(Figure S3). The fact that neither S-CAR T cells nor liver cytotoxicity were detected
after the second adoptive transfer suggested an immune response against the
transferred cells rather than a lack of antigenic stimulation or T-cell exhaustion — both
of which would not lead to reduced cell numbers in a short term - or activation-

induced cell death.
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Adaptive immunity limits S-CAR T-cell persistence

To find out if the murine immune system would react to the human-derived domains
on S-CAR T cells, we first transferred T cells that expressed the S-CAR or a non-
functional S-decoy (A)-CAR, both in combination with a truncated human epidermal
growth factor receptor (EGFRt), into HBV-naive C57BL/6J mice. The SA-CAR
construct'’ contains the same extracellular domains as the S-CAR, but intracellular
T-cell signaling domains have been exchanged to the cytoplasmic domain of the
nerve growth factor receptor rendering the SA-CAR uncapable of activating T cells
(Figure S1). EGFRt can be targeted by depleting antibodies and serves as a potential
safeguard when in vivo toxicity is observed, but also as an additional transduction
and selection marker.'® ** Both CARs contain a mutated, human IgG1 spacer with
decreased Fc-receptor binding capacity (Figure S1).*° The T-cell products had
transduction rates of 85 % (S-CAR'/EGFRt) or 74 % (SA-CAR'/EGFRt") as
determined by flow cytometry (Figure 2A). Expansion and persistence of S-CAR and
SA-CAR T cells were limited in immunocompetent animals compared to that of mock
T cells without transgene expression, although all cell products were detected at
comparable numbers on day 3 (Figure 2B). When we transferred S-CAR or SA-CAR
T cells into B- and T-cell deficient Rag2” mice, cells expanded and persisted at least
as well as mock T cells (Figure 2B). Hence, S-CAR and SA-CAR T cells vanished
irrespectively of presence of antigen or ability of CAR T cells to be activated, but only
in immunocompetent mice and not in immunodeficient mice. This indicated that
neither a lack of antigenic stimulation nor tonic signaling is the leading cause of S-

CAR T-cell depletion but that an immune response caused the fate of S-CAR T cells.
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To investigate the antiviral potential of S-CAR T cells in the absence of anti-CAR
immunity, we adoptively transferred the cells into AAV-HBV-infected Rag2”/IL-2Ry™
mice. AAV-mediated HBV genome transfer to the mouse liver allows persistence of
the HBV genome over months ?* generating a preclinical model that a priori allows to
study not only HBV persistence but also “HBV cure”. A cure can be achieved in AAV-
HBV-infected mice because only a proportion of hepatocytes is infected and the HBV
genome remains episomal allowing elimination of infected hepatocytes. In AAV-HBV-
infected Rag2”/IL-2Ry”" mice, S-CAR T cells expanded and were detected for >30
days after transfer (Figure 2C). S-CAR T-cell therapy induced moderate liver damage
indicated by a transient increase of serum transaminase activity (ALT) to 70-190 U/I
(Figure 2D). To assess the antiviral activity of S-CAR T cells, we determined viral
HBsAg (Figure 2E) and e antigen (HBeAg) (Figure 2F) in serum. Notably, HBsAg
significantly decreased by about 2 logio until day 13 and then remained detectable at
a low level. HBeAg decreased more slowly by 60 % until day 38. These results
indicated that S-CAR T cells expand and exhibit a continuous antiviral effect if they

are not targeted by an adaptive immune response.

Immunocompetent mice mount CD8" T-cell and antibody responses against S-

CAR T cells

As shown in Figure 2B, S-CAR T cells persisted in Rag2” mice that harbor functional
NK cells, but neither B nor T cells. Hence, both B and T cells could be responsible for
reduced survival of S-CAR T cells. When we analyzed expression of either S-CAR or
EGFRt by flow cytometry after T-cell transfer, both markers disappeared in

immunocompetent but not in immunodeficient mice (Figures 3A and S4), confirming
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the loss of S-CAR T cells. Next, we determined if T-cell responses contributed to S-
CAR T-cell rejection in the immunocompetent animals. Thus, we co-cultured
splenocytes from wildtype recipient mice that had received 2.7 x 10° T cells grafted
with both the S-CAR and the EGFRt overnight with CD8" T cells as target cells
expressing either the S-CAR or the EGFRt. ICS revealed that endogenous CD45.2"
CD8" T cells from the treated mice became activated and expressed IFN-y if co-
cultured with EGFRt- but not with S-CAR-expressing target cells (Figure 3B). This
indicated a CD8" T-cell response against the human-derived EGFRt. In contrast, we
did not detect a CD8" T-cell response against the S-CAR although it also contains
human-derived domains, namely the extracellular scFv C8, a human IgG1 spacer, a
transmembrane domain from human CD28 and intracellular signaling domains of

human CD28 and CD3c.

This finding, together with the time kinetics of vanishing S-CAR- or EGFRt-stainings
on day 5 or 7, respectively (Figure 3A), indicated an additional immunological
mechanism playing a role in S-CAR T-cell rejection. We therefore decided to also
test for anti-S-CAR and anti-EGFRt antibodies, incubated our target cells expressing
either the S-CAR or EGFRt with mouse sera of recipient mice and stained for bound
murine 1gG antibodies. Flow cytometry analysis revealed antibody production against
both the S-CAR and EGFRt molecules (Figure 3C). To confirm anti-S-CAR
antibodies and to investigate which domains of the S-CAR were targeted by the
antibodies, an enzyme-linked immunosorbent assay (ELISA) was established. This
ELISA confirmed the presence of antibodies against both extracellular domains of the

S-CAR, namely the human IgG1 spacer (Figure 3D) and the scFv C8 (Figure 3E).
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As an attempt to prevent an antibody response against the S-CAR, the number of
immunogenic extracellular epitopes was reduced by exchanging the spacer to a
murine IgG1 domain (Figure S1) and excluding the EGFRt. The intracellular signaling
domains were left unaltered as no T-cell response against the S-CAR had been
detected. Thus, in this murine IgG1 S-CAR construct only the human-derived scFv
C8 remained as a potentially immunogenic extracellular epitope. To study the effect
of an antibody response against the scFv C8, we transferred murine IgG1 S-CAR T
cells into HBV-transgenic mice. In murine IgG1 S-CAR T cell-treated mice, numbers
of transferred cells declined with kinetics comparable to those in mice treated with S-
CAR T cells containing a human IgG1 (Figure 3F). While no anti-hlgG1 antibodies
were detected anymore, we still detected antibodies directed against the human-

derived scFv C8 domain (Figure 3G).

Taken together, the EGFRt elicited B- and T-cell responses in immunocompetent
mice, while the S-CAR elicited only antibody responses. Antibody responses were
directed against the scFv C8 binder, which is of human origin, as well as the human
IgG1 spacer domain within the S-CAR. Since the human scFv binder was also
targeted by antibodies, a reduction of immunogenic epitopes did not prevent rejection
of S-CAR T cells by the endogenous immune system. Exchanging the scFv,
however, does not allow preclinical evaluation of a CAR anymore. Thus, alternative

models are required for preclinical evaluation of a human CAR.

Irradiation allows long-term persistence of S-CAR T cells

Sublethal total body irradiation is an option to prevent rejection of cells expressing

alloantigens.?” To establish tolerance against S-CAR- and EGFRt-expressing T cells
10
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in AAV-HBV-infected immunocompetent mice, recipients were irradiated one day
before T-cell transfer (Figure 4A). Under this condition, S-CAR T cells expanded and
persisted until day 140 in peripheral blood (Figure 4B and C, gating strategy depicted
in Figure S5). Importantly, even when B cells and CD8" T cells (Figure 4D) as well as
CD4" T cells and NK cells (Figure S6) had reached physiological concentrations

again 80 days after irradiation, the concentration of S-CAR T cells remained stable.

At day 140 after transfer, S-CAR T cells were still detected at high numbers in liver
and spleen (Figure 4E) and allowed characterizing their phenotype. The majority of
S-CAR T cells (60-70 %) in both organs exhibited an effector phenotype (CD62L"
CD127)) (Figures 4F and S7A). Mock-transduced CD8" T cells, in contrast, showed a
phenotype of naive or central-memory T cells (CD62L" CD127", 60-70 % in liver, 89-
94 % in spleen). When exhaustion markers were analyzed, a high percentage of S-
CAR T cells were positive for PD-1 but only about 25 % expressed Tim-3, and CTLA-
4 was barely detected at all (Figures 4G and S7B). To investigate the functionality of
S-CAR T cells after in vivo circulation for more than four months, cells from liver and
spleen isolated on day 140 after transfer were re-stimulated ex vivo on plate-bound
HBsAg. ICS revealed that the transduced S-CAR T cells could still be activated and
expressed the proinflammatory cytokines IFN-y and to a lower extent TNF-a upon
antigen encounter (Figure 4H). Furthermore, irradiation prevented the development
of anti-human-IgG1 and anti-scFv C8 antibodies upon S-CAR T-cell transfer (Figure
4]). In summary, irradiation of immunocompetent mice prior to T-cell transfer allowed
expansion and long-term persistence of S-CAR T cells, which developed an effector

phenotype and to a considerable proportion remained functional.

11
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S-CAR T cells have long-term antiviral function in irradiated,

immunocompetent mice

Having shown that transferred S-CAR T cells could expand and survive in AAV-HBV-
infected and irradiated wildtype mice, we next determined their antiviral effect in this
model. Mice that received S-CAR T cells, both with and without prior irradiation,
displayed 2- to 4-fold elevated serum ALT levels on day 7 (Figure 5A). Around day
40, irradiated mice treated with S-CAR T cells but not the other groups showed a
moderate ALT elevation again. Serum HBsAg levels dropped by 1 logio until day 30
in both S-CAR T cell-treated groups independent of prior irradiation. However,
HBsAg subsequently rebounded in mice without prior irradiation reaching
pretreatment levels again around day 80 (Figure 5B). One mouse (not irradiated)
developed spontaneous HBV-immunity >80 days after S-CAR T-cell treatment and
seroconverted with a drop in HBsAg of >3 logi;c and anti-HBsAg antibodies
detectable on day 140 (Figure 5C). In all irradiated and S-CAR T cell-treated mice,
HBsAg continued to decrease to <1 % of pretreatment values until day 140 (Figure
5B) and HBeAg continuously dropped (Figure 5D). This was not observed in non-
irradiated or mock T cell-treated animals. The antiviral effect was confirmed by gPCR
analysis of liver DNA. AAV as well as HBV DNA copies in the liver were significantly
reduced in irradiated and S-CAR T cell-treated mice compared to the other groups
(Figure 5E). Thus, when initiation of immune responses against the human-derived
S-CAR was prevented by irradiation, S-CAR T cells expanded, persisted long-term
and elicited a significant antiviral effect in AAV-HBV-infected mice. Whether low-level
persistence of HBsAg and HBeAg was due to the fact that the observation period
was limited to 140 days or to the fact that the largely reduced antigen levels were not

sufficient to stimulate the S-CAR anymore cannot be clarified.
12
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S-CAR-specific tolerization of mice allows T-cell persistence and antiviral

efficacy

To further improve the model and allow S-CAR T-cell transfer into fully
iImmunocompetent animals, we aimed at inducing antigen-specific tolerance to the
human-derived CAR domains and EGFRt before S-CAR T-cell transfer. To this end,
non-functional SA-CAR T cells co-expressing EGFRt were transferred into AAV-
HBV-infected mice one day after irradiation (Figure 6A). SA-CAR T cells should
neither proliferate nor show any effector function in AAV-HBV-infected mice. We
hypothesized that the presence of the human alloantigens from SA-CAR and EGFRt
during recovery of the endogenous immune system would allow to induce specific

immune tolerance.

As observed before, irradiation of mice induced a depletion of endogenous B- and T-
cell populations that were restored in numbers after two months (Figure S8A-C). SA-
CAR/EGFRt T cells injected at the time of irradiation persisted at low concentration
for more than three months (Figure S8D). After three months functional S-CAR T
cells that were additionally grafted with EGFRt were injected. Mice that had been
irradiated and had received SA-CAR T cells neither mounted an antibody response
against the human IgGl or scFv C8 domains of the S-CAR (Figure 6B) nor
developed a CD8" T-cell response against the EGFRt (Figure 6C). In contrast, mice
only irradiated but not tolerized using SA-CAR T cells mounted B- and T-cell
responses against the human alloantigens. Functional S-CAR T cells proliferated well
and persisted in tolerized mice until the end of the study, i.e. day 110 after S-CAR T-
cell transfer (Figure 6D), but rapidly vanished from peripheral blood in mice that had

not been tolerized. This shows that functionality of the endogenous immune system

13
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against the foreign antigens S-CAR and EGFRt had been re-established after
irradiation at the time point when functional S-CAR T cells were transferred. On the
other hand, it proves that antigen-specific immune tolerance induced by the SA-CAR
T-cell transfer after irradiation was sufficient to allow persistence of S-CAR T cells.

In the tolerized animals, in which S-CAR T cells expanded and survived, we then
determined the antiviral effect of S-CAR T cells. Serum ALT levels remained slightly
elevated after S-CAR T-cell treatment, although statistically significant only on day
110 (Figure 6E). Viral HBsAg decreased by 2 logso in tolerized animals, but remained
unaltered in the other groups (Figure 6F). Both serum HBeAg levels (Figure 6G) as
well as AAV-DNA and HBV-DNA copies in the liver (Figure 6H) decreased about 60
% in comparison to control groups. Again, despite being quite efficient, S-CAR T-cell
therapy did not fully cure mice from HBV infection and a proportion of HBV-positive

hepatocytes persisted.

DISCUSSION

Appropriate mouse models are needed for thorough preclinical investigations of CAR
T-cell products. While a CAR ideally consists of only human-derived domains when
applied to a patient, the same construct may be recognized as foreign in
immunocompetent mice. Hence, therapeutic efficacy and safety profiles might be
altered due to limited CAR T-cell persistence. Here we show that induction of
adaptive immunity is indeed an issue when investigating CAR T cells harboring
human domains in an immunocompetent mouse model. After initial expansion, HBV-

specific S-CAR T-cell numbers rapidly declined and a second S-CAR T-cell transfer
14
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was unable to induce an antiviral effect anymore. Cells that express either the CAR
or EGFRt as a safeguard, could be used to detect antibodies in serum of treated
mice and CD8" T-cell responses via flow cytometry-based assays. These
experiments showed that EGFRt was targeted by both humoral and cellular immune
responses. While we could only detect humoral immune responses against the S-
CAR these were unfortunately at least partially directed against the scFv binder as
confirmed by specifically developed ELISAs. The scFv C8 binder as the only
essential domain of human origin was still sufficient to induce antibody responses
and a loss of S-CAR T cells. The rapid decrease of CAR T cells also occurred in
HBV-negative mice, or when CAR T cells lacked signaling domains or harbored a
spacer with reduced Fc-receptor binding capacity (Figure S1).*° Hence, we
concluded that neither T-cell exhaustion, nor activation induced cell death due to
overactivation by antigen or by binding of Fc-receptors to the CAR, could have

played a role in reduced S-CAR T-cell persistence.

When mice were irradiated directly before T-cell transfer, we were able to induce
long-term tolerance to the S-CAR and EGFRt alloantigens with S-CAR T cells being
detected at high numbers even 140 days after transfer in peripheral blood, spleen
and liver. Since S-CAR T cells were transferred only one day after irradiation, when
the immune system was strongly depressed, one could argue that the mice were not
fully immunocompetent. Therefore, we investigated if we could induce a specific
tolerance to the alloantigens by an immediate transfer of non-functional SA-CAR T
cells. Although these cells persisted only at low numbers due to a lack of an
activation signal, their numbers were sufficient to induce specific tolerance against

the human-derived domains, and functional S-CAR T cells were able to persist for

15
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more than three months in constantly high numbers and to elicit an antiviral function

even when encountering a fully reconstituted immune system.

Our results show that a specific immune tolerance has been induced by transfer of
the non-functional SA-CAR T cells preventing rejection of S-CAR T cells after
iImmune reconstitution. Full reconstitution of the immune system at the time point of
S-CAR T cell transfer was indicated since mice that had only been irradiated but did
not receive an early transfer of SA-CAR T cells rejected the S-CAR T cells. Immune
tolerance can be achieved by two distinct means, namely central and peripheral
tolerance. We propose that central tolerance is the mode-of-action of tolerance

induction to transferred S-CAR T cells.

Central tolerance is induced in the thymus when during T-cell development and after
T-cell receptor gene rearrangement, T cells are assessed for their specificity.>® Only
T cells with a non-self T-cell receptor specificity can leave the thymus and become
part of the pool of mature peripheral T cells. Since auto-reactive T cells are excluded
this way, the T-cell pool usually does not target self-tissue and auto-immune
diseases remain a rare event.?® If autoreactive T cells escape negative selection in
the thymus or an antigen is only encountered later in life, peripheral tolerance comes
into play.?* Tissue damage is prevented by conversion of T cells to Tregs, induction
of T-cell apoptosis, T-cell exhaustion or anergy by e.g. metabolic alteration. B cells

25 In their case, central tolerance is

experience similar selection mechanisms.
achieved during maturation in the bone marrow. If autoreactive B cells escape
negative selection, absent CD4" T-cell help in the periphery prevents B-cell activation

and antibody production.
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In our setting, the alloantigens expressed on transferred T cells (namely extracellular
domains of the S-CAR and the EGFRt) were present during replenishment of the
immune cell pool after irradiation. It was previously reported that intrathymic antigen
inoculation after total body irradiation can induce selective non-responsiveness to
bovine gamma globulin as an alloantigen in rats.?* Similarly, intrathymic
transplantation of pancreatic islet allografts after lymphodepletion led to acceptance
of islet grafts both in- and outside the thymus.?® Hereby, clonal deletion induced by
recognition of alloantigens was identified as mode-of-action for selective non-
responsiveness.?’ For our case, we propose the following concept of non-
responsiveness to the human-derived antigens: adoptively transferred SA-CAR T
cells are distributed throughout the body and will migrate to the thymus. Here, cross-
presentation of peptides by thymic dendritic cells?® induces negative selection for
both CD4" and CD8" T cells with specificities for S-CAR or EGFRt epitopes. This
would directly prevent CD8" T-cell responses, and indirectly B-cell responses
because of a lacking CD4" T-cell help. Our data indicate that the presence of the
alloantigens during recovery from total body irradiation deluded the immune system
in a way that the human-derived domains are considered self-antigens and must not

be targeted.

The situation may be comparable to the clinical setting. Murine components of CAR
T-cell products have been reported to be immunogenic in humans. Stronger
lymphodepleting preconditioning with fludarabine instead of only cyclophosphamide-
based regimens lead to improved and sustained engraftment of CAR T cells.
However, the mechanism by which fludarabine increased CAR T-cell survival and

whether immune responses against murine domains were delayed or prevented
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remains unclear.’ It may well be the same mechanism we describe in our mouse

model.

In our setting, S-CAR T-cell therapy had a sustained antiviral effect without inducing
apparent therapy-limiting side effects; however, it was not yet able to “cure” the AAV-
HBV infection during the 110 days of treatment. One possible explanation would be
an insufficient antigenic stimulation, i.e. that the affinity of the scFv C8 is not high
enough to detect low amounts of S protein on the membrane. This has been
described for an anti-CD20 CAR.? Alternatively, S protein may not be present on the

membrane in a proportion of hepatocytes. T-cell cytokines can downregulate HBV

30, 31 32, 33

protein expression and can even deplete the HBV persistence form without
killing infected cells. This will largely reduce the antigen expression level in HBV-
positive cells and prevent elimination by T cells. In a clinical setting this limitation may
be overcome if patients were selected for high and homogenous expression of viral
proteins on the cell surface of HBV-infected cells or HBV-induced HCC tissue in liver

biopsies.

A second explanation could be inefficient endogenous bystander immunity targeting
HBV in the irradiated mice. Since HBV antigens are also continuously present in high
amounts when the immune system recovers from irradiation, clonal deletion resulting
in selective non-responsiveness to HBV is possible.?” A third explanation could be
the liver micro-environment where the anti-HBV immunity needs to become effective.
To preserve integrity of the liver as an essential organ, its microenvironment is
particularly prone to allow foreign antigens to escape immunity. This is e.g. exploited
by pathogens like HBV, hepatitis C virus or malaria sporozoites that persist in the

liver and by this frequently escape immune clearance but also explains the
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extraordinary tolerance of orthotopic liver transplants.®* ** This may be overcome if
the S-CAR T cell-induced antiviral immune response paved the way for endogenous

immune cells to fight the infection.

For reliable preclinical assessment of T-cell therapies, it seems important that the
chosen preclinical model closely reflects the anticipated clinical scenario. In particular
if chronic viral infections or particular solid cancers shall be treated, there will be a
need to apply CAR T cells without prior immunosuppression although
lymphodepletion seems to support CAR T-cell efficacy. As a potential reason for the
beneficial effect of lymphodepletion, competition for cytokines with endogenous
immune cells but also alteration of the tumor microenvironment or simply a lack of
space for the transferred cells to expand have been discussed.*® To fully understand
the benefit of lymphodepletion prior to T-cell transfer, orthotopic and immune
competent preclinical models are required and will help to improve clinical efficacy of

CAR T-cell therapy in settings other than hematological malignancies.®’

For adoptive T-cell therapy of chronic HBV infection and HBV-associated HCC it is
essential to rely on preclinical models using immunocompetent animals as this
reflects the clinical situation. For both diseases, lymphodepleting regimes are
contraindicated. Several studies have reported that chemotherapy in chronic HBV

carriers leads to virus reactivation.3®*°

Especially lymphodepletion via
cyclophosphamide, which is commonly used before T-cell transfer, leads to
reactivation of HBV in up to one third of patients.** Already the depletion of B cells
using anti-CD20 antibodies results in life-threatening HBV reactivation.*? Therefore,

preclinical evaluation of S-CAR T-cell therapy in an immunocompetent rather than an
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immunocompromised mouse model is needed, since it is likely to provide an efficacy

and safety profile that has relevance for clinical application.

Importantly, the model described here is transferable to other CAR T-cell
approaches, e.g. the treatment of solid tumors, that shall be evaluated in
immunocompetent preclinical models and utilize human scFv. In comparison to
models using immunodeficient mice, the tolerized animals offer the advantage that
they have a fully functional immune system at the time of CAR T-cell transfer
allowing to investigate interactions with and activation of the endogenous immune
system and how this influences efficacy and safety of the therapy. Tumor infiltration
by bystander immune cells will certainly contribute to an anti-tumor response but
potentially also to a cytokine storm.®” To evaluate all consequences of a cytokine
storm, cytokine receptors matching between transferred T cells and host tissue are
required as it is the case in our model. Furthermore, in this model a combination
therapy with checkpoint inhibitors targeting CAR T cells but also endogenous

immune cells can be evaluated.

The model described here is the only model that allows studying a CAR with human-
derived domains in the context of an intact immune system besides humanized
mouse models harboring human immune cells. In contrast to humanized mouse
models, our model allows to transfer syngeneic murine T cells which is of special
importance for long-term studies of cell-cell interactions and to avoid
misinterpretation of anti-tumor efficacy by graft-versus-host reactions.”® Compared to
humanized mouse models, our model is less laborious, cheaper and more

physiological.
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Taken together, by irradiation and subsequent tolerization with a signaling-deficient
CAR, we were able to induce long-lasting, specific tolerance to human-derived CAR
domains, and could study the engraftment, proliferation, long-term persistence and
antiviral effector function of S-CAR T cells in fully immunocompetent mice. We
believe that this model can be transferred to other CAR T-cell approaches in case
they require preclinical evaluation in the context of a fully functional immune system.
It will allow for the study of interactions with the different arms of the endogenous
immune system, bystander immune cell activation and combination therapies with
checkpoint inhibitors. Thus, it will help to bring better characterized, more efficient

and safer cell products into the clinics.

MATERIALS AND METHODS

Animal models

HBVtg HBV1.3xfs mice (HBV genotype D, serotype ayw), Rag2” mice, Rag2”/IL-
2Ry" mice, and CD45.1* C57BL/6 donor mice were bred in-house in specific
pathogen-free animal facilities. Adeno-associated virus (AAV) serotype 2 containing
the 1.2 overlength genome of HBV genotype D (AAV-HBV) was packed with an AAV
serotype 8 capsid as previously described.?* Viral vector was produced by
Plateforme de Thérapie Génique (Nantes, France). For the AAV-HBV model, 8-
week-old male wildtype C57BL/6J mice were purchased from Janvier (Le Genest-
Sain-Isle, France) and infected with 2 x 10 viral particles 3-4 weeks before T-cell
transfer. The study was conducted according to the German Law for the Protection of

Animals.
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Retroviral transduction and adoptive T-cell transfer

Splenocytes were isolated from donor mice and enriched for CD8" T cells using
CD8a MACS beads (Miltenyi Biotec, Bergisch Gladbach, Germany). A total of 1.5 x
10° CD8" T cells/well were stimulated for 24 hours with 5 ng/ml IL-12 (kindly provided
by E. Schmitt, University of Mainz) on tissue-treated 12-well plates that were
precoated with anti-CD3 and anti-CD28 antibodies (kindly provided by R. Feederle,
Helmholtz Zentrum Munchen) for 2 hours at 37 °C (10 pug/ml in PBS). The next day,
cells were transferred to uncoated 12-well plates and retrovirally transduced two days
in a row. Retroviral supernatants were obtained from Platinum-E packaging cells
transfected with MP71 retroviral plasmids containing CAR coding sequences.
Activated CD8" T cells and retroviral supernatants were supplemented with 2 ug/ml
protamine sulfate (Leo Pharma, Neu-Isenburg, Germany) and spinoculated (850 x g,
32 °C, 2 hours). The day after the second transduction, cells were analyzed by flow
cytometry and the transduction rate determined as described below. Cells were
washed twice with PBS, resuspended in PBS and transferred intraperitoneally in 200
ul into mice that were grouped by HBsAg and HBeAg levels. If applicable, mice were

irradiated with 5 Gray one day before T-cell transfer.

Isolation of splenocytes, liver-associated Ilymphocytes and peripheral blood

mononuclear cells

Spleens were mashed through a 100 um cell strainer and erythrocytes lysed using
ACK lysis buffer (8 g NH4Cl, 1 g KHCO3, 37 mg Na;EDTA, add to 1 | H,O, pH 7.2-
7.4) for 2 min at RT. Livers were perfused with PBS to eliminate circulating
lymphocytes in blood and mashed through a 100 um cell strainer. Mashed liver tissue
was digested with 4500 U collagenase type 4 (Worthington, Lakewood, USA) (20
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min, 37 °C) and leukocytes were purified in an 80 %/40 % Percoll (GE Healthcare,
Solingen, Germany) gradient (1400 x g, 20 min, RT, without brake). For peripheral
blood mononuclear cell isolation, peripheral blood was collected into Microvette 500
LH-Gel tubes (Sarstedt, Nimbrecht, Germany) and 15 pul of blood was incubated with
250 pl ACK lysis buffer for 2 min at RT, and then resuspended in fluorescence-

activated cell sorting (FACS) buffer (0.1 % bovine serum albumin in PBS).

Flow cytometry

Staining of cells was performed for 30 min in the dark on ice in FACS buffer (0.1 %
bovine serum albumin in PBS). Antibodies were purchased from different suppliers:
CD4, CD8, CD19, CD45.1, IFN-y, TNF-a (BD Biosciences, Heidelberg, Germany);
CD3, CD45.2, CD62L, CD127, NK1.1, PD-1 (Thermo Fisher Scientific, Germering,
Germany); CTLA-4, Tim-3 (Biolegend, Koblenz, Germany). Viable cells were
determined with live/dead cell marker (Thermo Fisher Scientific). For intracellular
cytokine staining cells were permeabilized using Cytofix/Cytoperm (BD Biosciences)
prior to incubation with antibodies following manufacturer’s instruction. Total cell
numbers were determined by the addition of CountBright™ Absolute Counting Beads
(Thermo Fisher Scientific). Cells were analyzed on a FACS Canto Il (BD
Biosciences) or CytoFLEX S (Beckman Coulter, Munich, Germany). If a CAR, EGFRt
and other surface markers were analyzed, first the CAR was stained with an anti-
human-IgG (Abcam, Cambridge, UK) or anti-murine-IgG (BD Biosciences) antibody,
followed by the primary staining of EGFRt with biotin-labelled cetuximab (Merck,
Darmstadt, Germany). In a last step, bound cetuximab was stained with
fluorochrome-labelled streptavidin (Thermo Fisher Scientific) together with additional

antibodies against surface markers.
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Cultivation of murine cells

Primary murine cells were cultured in murine T-cell medium (RPMI Dutch modified,
10 % FCS, 1 % glutamine, 1 % Pen/Strep, 1 % sodium pyruvate and 50 uM -

mercaptoethanol; Thermo Fisher Scientific).

Ex vivo T-cell stimulation

Functionality of S-CAR T cells was determined by culturing 5 x 10° splenocytes or
liver-associated lymphocytes/well on tissue-treated 96-well plates precoated with
HBsAg (2.5 pg/ml in PBS, overnight, 4 °C; Roche Diagnostics, Mannheim, Germany)
or anti-CD3 and anti-CD28 antibodies (10 pg/ml in PBS, overnight, 4 °C). To
determine an immune response against the S-CAR and EGFRt, 1 x 10° splenocytes
were cultured with 1 x 10° S-CAR" or EGFRt" CD8" T cells. After 1 hour of culture, 1
pug/ml Brefeldin A (Sigma-Aldrich, Munich, Germany) was added. Cytokine
expression was determined the following day via an intracellular cytokine staining

and flow cytometry analysis.

Cell-based anti-S-CAR and anti-EGFRt antibody detection

Platinum-E cells were transfected with MP71 plasmids encoding the S-CAR or
EGFRt. After 48 hours, cells were harvested, and a flow cytometry staining was
performed. Cells were stained with serum diluted 1:200 in FACS buffer and in a
subsequent staining step incubated with PE-labeled anti-mouse-lgG antibody (12-
4010-82; Thermo Fisher Scientific). Median fluorescence intensity was determined

on a CytoFLEX S (Beckman Coulter).

ELISA-based anti-C8 and anti-lgG1 antibody detection
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ELISA plates were precoated overnight with recombinant scFv C8 (1 pg/ml in PBS)
or IgG1 cetuximab antibody (1 pg/ml in PBS; Merck) at 4 °C. The next day, plates
were blocked with assay diluent (1 % bovine serum albumin in PBS) for 1 hour at RT.
Diluted serum of treated mice was incubated on wells for 2 hours and bound
antibodies were detected with an HRP-labelled anti-mouse-lgG antibody (1:1000,
Sigma-Aldrich). TMB substrate (Thermo Fisher Scientific) conversion (ODgso nm -
ODsgp nm) was measured on an infinite F200 photometer (Tecan, Mannedorf,

Switzerland) and the signal of serum on uncoated wells subtracted.

Intrahepatic AAV and HBV DNA copies

DNA was extracted from approximately 20 mg of liver issue using the Nucleo Spin
Tissue Kit (Macherey-Nagel, Berlin, Germany) following manufacturer’s instructions.
Quantitative PCR was performed with SyBrGreen (Roche Diagnostics) on a
LightCycler® 480 Il (Roche Diagnostics) using the following primers: AAViw:
AACCCGCCATGCTACTTATCTACGT; AAVrev: CACACAGTCTTTGAAGTAGGCC,;
HBVfw: GCCTCATCTTCTTGTTGGTTC,; HBVrev:
GAAAGCCCTACGAACCACTGAAC. Results were normalized to cell numbers using
the single copy gene PRNP: PRNPfw: TGCTGGGAAGTGCCATGAG; PRNPrev:

CGGTGCATGTTTTCACGATAGTA.

Serological analyses

Peripheral blood was collected into Microvette 500 LH-Gel tubes (Sarstedt) and
centrifuged to separate serum (10 min, 5000 x g, RT). ALT activity was determined
1:4 diluted with PBS using the Reflotron ALT test (Roche Diagnostics). Serum
HBsAg, HBeAg and anti-HBsAg antibody were quantified in different dilutions with

PBS on an Architect™ platform using the quantitative HBsAg test (Ref.: 6C36-44;
25
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Cutoff: 0.25 IU/ml), the HBeAg Reagent Kit (Ref.: 6C32-27) with HBeAg Quantitative
Calibrators (Ref.: 7P24-01; Cutoff: 0.20 PEI U/ml) and the anti-HBs test (Ref.: 7C18-

27; Cutoff: 12.5 mlU/ml) (Abbott Laboratories, Wiesbaden, Germany).

Production of recombinant scFv C8

E. coli XL1-blue were transformed with scFv C8-encoding pHOG21 plasmid and a
single clone colony inoculated overnight in 5 ml LB media (10 g Tryptone, 5 g yeast
extract, 10 g NaCl, add to 1 | H,O). The next day, 3 | of 2x YT (17 g Tryptone, 10 g
yeast extract, 5 g NaCl, add to 1 | H,O) were inoculated 1:1000 and grown for
approximately 10 hours until the ODegoy reached 0.6. Induction was performed
overnight at 18 °C with 0.1 mM IPTG (Carl Roth, Karlsruhe, Germany). Large-scale
protein purification was performed by fast protein liquid chromatography under native
conditions on an AKTA avant (GE Healthcare). Bacterial cells of the overnight
induction culture were harvested (15 min, 5000 x g, RT) and resuspended in 10 ml
AKTA binding buffer (20 mM disodium phosphate, 500 mM NaCl, 20 mM imidazole,
pH 7.4) per 1 g of bacterial pellet. 3 U/ml benzonase (Merck) and 0.2 mg/ml
lysozyme (Thermo Fisher Scientific) were added, followed by incubation for 20 min
on ice. The samples were then submitted to five cycles of sonication 1 min each, and

centrifuged (30 min, 5000 x g, 4 °C). Samples were continuously kept on ice.

A HisTrap™ FF crude 5 ml column (GE Healthcare) was connected to the AKTA
avant (GE Healthcare) and loaded with lysate. Samples were eluted by gradually
increasing the proportion of elution buffer (20 mM disodium phosphate, 500 mM
NaCl, 500 mM imidazole, pH 7.4) with at flow rate of 5 ml/min collecting 1 ml
fractions. The protein content of the eluent was measured by UV monitoring at 280
nm. According to the chromatographic peaks, the respective fractions were analyzed

26



619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

Festag et al.: Evaluating a human CAR in immunocompetent mice -

by SDS-PAGE and Coomassie staining in order to confirm protein presence. Positive
fractions were pooled and dialyzed to storage buffer (25 mM Tris-HCI, 200 mM KCI, 1
mM EDTA, 1 mM MgCl,, 10 % Glycerol, pH 7.4) overnight at 4 °C. The final sample
was filtered and protein concentration was measured via a Nanodrop One (Thermo

Fisher Scientific).
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FIGURE LEGENDS

Figure 1. Sequential transfers of S-CAR T cells into HBV-transgenic mice. A)
Scheme of the experimental procedure. CD45.2" HBV-transgenic mice were
injected once (day 20, grey symbols) or twice (day 0 and day 20, black symbols)
with 4 x 10° CD45.1* S-CAR" T cells each (n=7 per group). Transferred, CD45.1"
cells in peripheral blood and serum parameters were monitored over time. B)
Numbers of CD45.1" T cells per pl peripheral blood, C) numbers of S-CAR" T cells
in peripheral blood and D) ALT activity in sera at indicated time points. E)
Lymphocytes were isolated from liver and spleen on day 33 and cultured on
HBsAg- or anti-CD3/anti-CD28- or PBS-coated control plates overnight. Activation
of CD45.1" T cells was determined by intracellular staining or IFN-y and TNF-a
followed by flow cytometry analysis. B, C, D: Data points represent individual
animals, mean values + SD are indicated. E: Data are given as mean values + SD.

ns = not significant, * = p<0.05, ** = p<0.01, *** = p<0.001 (Mann Whitney test).

Figure 2: S-CAR T-cell engraftment in immunocompetent and
immunodeficient mice. 2.7 x 10° CD45.1" S-CAR*/EGFRt*, SA-CAR*/EGFRt" or
mock T cells were transferred into HBV-naive CD45.2" wildtype C57BL/6J (n=5
per group) or Rag2” mice (n=3 per group). A) CAR and EGFRt expression on

CD8" T cells determined by flow cytometry at day of transfer. B) Numbers of
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transferred CD45.1" cells in peripheral blood were determined over time by flow
cytometry. C)-F) AAV-HBV-infected CD45.2" Rag2”/IL-2Ry” mice received 1 x
10° S-CAR'/EGFRt" T cells each (n=5, grey triangles) or remained untreated (n=3,
open triangles). CD45.1" cells in peripheral blood and serum parameters were
monitored over time. C) Numbers of S-CAR" or EGFR" cells per ul blood, D)
serum ALT activity, E) HBsAg and F) HBeAg levels were determined. All data are

given as mean values = SD. ns = not significant, * = p<0.05 (Mann Whitney test).

Figure 3. B- and T-cell responses against S-CAR and EGFRt after T-cell
transfer. A)-E) 2.7 x 10° CD45.1* S-CAR*/ EGFRt" CD8" T cells were transferred
into CD45.2" HBV-naive wildtype (wt, mock = open circles, S-CAR = black boxes,
n=5 per group) or Rag2” mice (S-CAR = grey boxes, n=3) (see also Fig. 2B). A)
Surface expression levels of S-CAR and EGFRt were determined by median
fluorescence intensity (MFI) on CD45.1" CD8" T cells in peripheral blood at indicated
time points after transfer. B) Splenocytes were isolated from treated wt mice on day
18 post transfer and co-cultured overnight with mock, S-CAR or EGFRt-expressing
CD8" T cells. IFN-y expression by endogenous CD45.2" CD8" T cells was
determined via ICS. C) Detection of S-CAR- and EGFRt-specific antibodies in serum
of mice on day 18 post transfer. Binding of antibodies to S-CAR- or EGFRt-
expressing target cells was determined via bound fluorochrome-labeled secondary
anti-mouse 1gG antibody by flow cytometry. D) Detection of anti-hlgG1l or E) anti-
scFv C8 antibodies in serial dilutions of mouse sera from day 3 or day 18 post
transfer by ELISA. F)-G) 2 x 10° CD45.1" T cells expressing an S-CAR with either
human (n=3, back boxes) or murine IgG1 spacer domains (n=4, grey triangles) were

transferred into CD45.2" HBV-transgenic mice. F) Numbers of transferred, CD45.1"
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cells per pul peripheral blood. G) Detection of anti-higG1 or anti-scFv C8 antibodies in
1:200 diluted mouse sera from day 26 by ELISA. A, D, E: Data are given as mean
values = SD. B, C, F, G: Data points represent individual animals, mean values are

indicated (in B, C and F = SD). ns = not significant, ** = p<0.01 (Mann Whitney test).

Figure 4. S-CAR T-cell engraftment in irradiated mice. A) Scheme of the
experimental procedure. AAV-HBV-infected CD45.2" wildtype mice were injected
with 1 x 10° CD45.1* S-CAR'/EGFRt" or mock T cells per animal one day after
sublethal total body irradiation (S-CAR = black boxes, mock = open circles), or
without prior irradiation (S-CAR = grey triangles) (n=4 per group). B) Exemplary flow
cytometry plot of (transferred) CD45.1" and (endogenous) CD45.1° CD8" T cells in
peripheral blood on day 28. C) The amount of S-CAR" or EGFRt" T cells per pl
peripheral blood was determined by flow cytometry at indicated time points. D)
Amount of (endogenous) CD45.1° CD19" B cells (left panel) or CD8" T cells (right
panel) in peripheral blood. Arrows mark time point of irradiation. E) Count of S-CAR"
or EGFRt" cells in liver and spleen on day 140. F) Phenotype of CD8" T-cell subsets
of transferred CD45.1" T cells in irradiated mice determined by flow cytometry after
staining for CD62L and CD127: effector (CD62L" CD127°), effector memory (CD62L"
CD127"), intermediate (CD62L" CD127), naive / central memory (CD62L" CD127%).
G) Expression of exhaustion markers (PD-1, CTLA-4, Tim-3) on CDA45.1"
lymphocytes isolated from liver and spleen of irradiated mice on day 140. H) Ex vivo
functionality of S-CAR T cells of irradiated mice determined by overnight culture on
plate-bound HBsAg or PBS as control. ICS for IFN-y and TNF-a. I) Sera from days -
8, 14 and 140 were analyzed by ELISA for anti-hlgG1 and anti-scFv C8 antibodies.

C, D, F, H: Data are given as mean values + SD. E, G, |: Data points represent
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individual animals, mean values = SD are indicated. Dotted line represents the

background determined in mock T cell-treated mice. * = p<0.05 (Mann Whitney test).

Figure 5: Antiviral effect of S-CAR T cells in irradiated mice. Identical
experimental set-up as in Figure 4. A) ALT activity and B) HBsAg levels in serum
over time. C) Inverse correlation of HBsAg and anti-HBsAg antibody concentrations
in a single mouse that underwent spontaneous seroconversion. This animal was
excluded from B). D) HBeAg levels in serum over time. E) Intrahepatic AAV- and
HBV-DNA copies/cell were determined by qPCR and normalized to cell numbers
using the single copy gene PRNP. Individual animals are indicated relative to the
mean value determined in mock treated animals (set to 100 %). A, B, D: Data are
given as mean values + SD. E: Data points represent individual animals, mean

values £ SD are indicated. ns = not significant, * = p<0.05 (Mann Whitney test).

Figure 6: S-CAR T-cell persistence and antiviral effect after tolerization of
immunocompetent mice. A) Scheme of the experimental procedure. AAV-HBV-
infected CD45.2" wildtype mice underwent total body irradiation one day prior to the
transfer of 5 x 10° non-functional, CD45.1" SA-CAR'/EGFR* T cells per animal (n=5
per group). 3 months later mice were injected with 3 x 10° functional
CD45.17/CD45.2" mock (open circles) or S-CAR" and EGFRt" T cells per animal
(=day 0). Mice that received S-CAR"/EGFRt" T cells were either only irradiated (=
irradiation, black squares) or were irradiated and received SA-CAR*/EGFRt" T cells
(= tolerization, grey triangles). Mice that received mock T cells were not pretreated.
Mice were sacrificed 110 days after transfer of functional S-CAR T cells. B) Sera
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from day 27 were analyzed by ELISA for anti-hlgG1 and anti-scFv C8 antibodies. C)
Splenocytes isolated at the end of the experiment were co-cultured with EGFRt-
expressing target cells before ICS. IFN-y expression of endogenous CD45.1° CD8" T
cells upon antigen encounter is shown. D) Numbers of CD45.1*/CD45.2" S-CAR" or
EGFRt" T cells per pl peripheral blood determined at indicated time points. Dotted
line represents the background determined in mock T cell-treated mice. E) ALT
activity, F) HBsAg and G) HBeAg levels in serum measured over time. H)
Intrahepatic AAV- and HBV-DNA copies/cell determined by qPCR normalized to the
cellular single copy gene PRNP. Values are shown relative to the mean value
determined in mock treated mice. D-G: Data are given as mean values + SD. B, C, H:
Data points represent individual animals, mean values + SD are indicated. ns = not

significant, * = p<0.05, ** = p<0.01 (Mann Whitney test).
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