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ABSTRACT

Targeting immune checkpoint receptors expressed in the T cell synapse induces active and long-lasting
antitumor immunity in preclinical tumor models and oncology patients. However, traditional nonhuman
primate (NHP) studies in healthy animals have thus far demonstrated little to no pharmacological activity
or toxicity for checkpoint inhibitors (CPIs), likely due to a quiescent immune system. We developed a NHP
vaccine challenge model in Mauritius cynomolgus monkey (MCMs) that elicits a strong CD8" T cell
response to assess both pharmacology and safety within the same animal. MHC I-genotyped MCMs
were immunized with three replication incompetent adenovirus serotype 5 (Adv5) encoding Gag, Nef and
Pol simian immunodeficiency virus (SIV) proteins administered 4 weeks apart. Immunized animals
received the anti-PD-L1 atezolizumab or an immune checkpoint-targeting bispecific antibody (mAbX) in
early development. After a single immunization, Adv5-SIVs induced T-cell activation as assessed by the
expression of several co-stimulatory and co-inhibitory molecules, proliferation, and antigen-specific T-cell
response as measured by a Nef-dependent interferon-y ELIspot and tetramer analysis. Administration of
atezolizumab increased the number of Ki67" CD8* T cells, CD8" T cells co-expressing TIM3 and LAG3 and
the number of CD4™ T cells co-expressing 4-1BB, BTLA, and TIM3 two weeks after vaccination. Both
atezolizumab and mAbX extended the cytolytic activity of the SIV antigen-specific CD8" T cell up to
8 weeks. Taken together, this vaccine challenge model allowed the combined study of pharmacology and
safety parameters for a new immunomodulatory protein-based therapeutic targeting CD8" T cells in an
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NHP model.

Introduction

The emergence of cancer immunotherapies (CITs) and the
demonstration that immune stimulatory antibodies can be used
to induce potent and durable antitumor activity has transformed
the way patients with cancer are treated. Extensive research in this
area has notably revealed that CD8" T cells are a key player of
antitumor immunity, with the infiltration of CD8" T cells into the
tumor microenvironment seen as a favorable prognosis for
numerous malignancies." New therapeutic antibodies preferen-
tially target co-stimulatory or co-inhibitory proteins expressed on
T cells, rather than the tumor itself, to reinvigorate CD8" effector
functions and prevent T cell exhaustion.” These therapies have the
advantage of generating an active and long-lasting antitumor
immunity, with a broad and polyclonal immune response capable
of managing the heterogeneity of cancers and reducing the
chances of immune escape.”*™

These new therapies have substantially increased the efficacy
of cancer treatment. However, the unwanted and sometimes
severe consequences associated with exaggerated immune acti-
vation have often not been well predicted by standard nonclini-
cal toxicology studies in healthy animals.®” Hence, there is

a need for translational animal models that allow pharmacology
and safety to be concomitantly monitored within the same test
system. Ideally, these animal models should be predictive of
efficacy, have clinical applicability, possess the targeted cell
populations and antigen, and mimic the expected pharmacody-
namics and exaggerated pharmacology seen in patients. In some
cases, the standard naive rodent and nonrodent species used in
toxicological studies, as well as the mouse tumor models routi-
nely used to test efficacy of cancer immunotherapeutics, are not
sufficient to evaluate the safety and the pharmacologic activity of
cancer therapeutic antibodies.*'" Indeed, syngeneic mouse
tumor models are relatively affordable and simple, but poorly
recapitulate the steps that result in the development of the
disease. They have limited investigational potential with
immune modulatory drugs because the immunomodulatory
effect of these drugs cannot be properly studied.''”"
Moreover, they have inadequately predicted human clinical out-
comes, particularly in the case of targeted therapeutics.”™”

In larger animal species, such as nonhuman primates
(NHPs), studying the safety and efficacy of CITs presents its
own challenges. These are mainly linked to the fact that
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healthy, non-tumor-bearing animals do not recapitulate the
immune status associated with oncology patients, or CIT-
related changes associated with tumor-specific immune
responses. However, most monoclonal antibodies targeting co-
stimulatory/co-inhibitory checkpoint molecules are pharmaco-
logically active in NHPs, making them a suitable species for
nonclinical safety testing if a translational model were available
that could recapitulate the immune status of the oncology
patient in the animal.'®** Depending on the immunomodula-
tory target and the mechanism of action of the therapeutic
tested, increases in immune cell activation markers may be
demonstrated upon dosing in a healthy animal. However,
activation of the immune system via an antigenic challenge
or vaccination will provide an immune stimulus and upregula-
tion of co-stimulatory and co-inhibitory molecules targeted for
cancer immunotherapeutics. Furthermore, depending on how
the antigen challenge model is conducted, it may allow the
determination of immune suppression or enhancement.
Keyhole limpet hemocyanin (KLH) immunization and the
subsequent measure of a T cell-dependent antibody response
(TDAR), is one of several methods used in NHP to primarily
study immune suppression. Historically, many of the antigens
used to challenge the immune system and assess immune
functions were used for the detection of immunosuppression
rather than immunostimulation; thus, the antigen was admi-
nistered at a high dose to induce a robust immune response.
Since the desired pharmacological effect of cancer immu-
notherapy is to enhance the immune response, the antigenic
dose may need to be adjusted to induce a sub-maximal
response that would allow detection of the cancer immu-
notherapy-mediated enhancement.

Consistent with this approach, a modification to the KLH
model may allow for the detection of immune stimulation.**
This approach is considered most suitable to assess functional
characteristics of CD4" T cells, antigen-presenting cells (APCs)
and B cells, resulting in humoral immune responses. The US Food
and Drug Administration has requested safety studies that
included an antigenic challenge for several recently approved
PD-1/PD-L1-targeting CITs to demonstrate pharmacodynamic
activity in vivo. TDAR testing has proven to be informative with
some CITs, such as anti-CTLA4 and anti-OX-40 antibodies.** >’
However, for others, such as the anti-PD-1 antibodies nivolumab
and the anti-PD-L1 antibodies durvalumab and atezolizumab,
either no changes or a reduction in the anti-KLH antibody
response was observed in animals receiving the therapeutic anti-
body (unpublished data). This contrasts with the clear beneficial
effects reported in cancer patients, highlighting the limitations of
this TDAR model.”>" One of the hypotheses that has been put
forward to explain why a reduction in the antibody response rather
than an increase may have been measured in this context relates to
the specific immune cell types stimulated following a KLH chal-
lenge. KLH primarily drives strong CD4" helper T lymphocyte
and antibody responses, yet most CITs currently under develop-
ment primarily target CD8" cytotoxic T lymphocytes (CTLs) to
achieve a strong anti-tumor activity. Therefore, having an antigen
challenge model where the CD8" T cell is the primary immune
effector cell would better assess the effect of CITs on the T cell
population important in the anti-tumor response and help to
understand the pharmacology and safety of CITs.'**?

The goal of this study was to build upon an existing NHP
vaccination model,”> which would have scientific advantages
over the classical TDAR model. This model would specifically
elicit a CTL response and allow the simultaneous evaluation of
the pharmacology and safety of molecules targeting CD8"
T cells. To achieve this, Mauritian cynomolgus macaques
(MCMs) expressing major histocompatibility complex (MHC)
I-alleles Mafa-A1*063 alone, or in combination with Mafa-
B*104:01, were immunized with 3 replication incompetent
recombinant adenovirus serotype 5 (Adv5) vectors, each con-
taining the coding sequence for Gag, Nef or Pol simian immu-
nodeficiency virus (SIV) proteins, Adv5-SIV, which are known
to drive a CD8" T cell response.”**>">> MCMs were distributed
into three groups receiving two intramuscular injections of
adenoviruses 4 weeks apart (Figure 1). Group 1 served as the
control and only received the Adv5-SIV; Group 2 was dosed
once weekly with a bispecific antibody targeting PD-1 and
a second undisclosed immune checkpoint molecule that is
currently in early development (mAbX), and Group 3 was
dosed once weekly with atezolizumab (anti-PD-L1). The effects
of atezolizumab and mAbX on the Adv5-SIV responses were
characterized via immunophenotyping of the different T cell
sub-populations and their activation status, and functional
activity as assessed via ex vivo intracellular cytokine recall
response, interferon (IFN)y enzyme-linked immunospot
(ELIspot) and CTL killing assay. The results demonstrated
that Adv5-SIV vaccination was well tolerated and could be
conducted within the context of a standard safety toxicology
study without compromising standard safety endpoints, includ-
ing clinical pathology. The Adv5-SIV -related response was
mainly characterized by the modulation of activation markers,
including co-stimulatory and co-inhibitory molecules, prolifera-
tion and the SIV antigen-specific responses of the CD8" T cells
(ELIspot, CTL activity). Moreover, the cynomolgus monkeys
that received atezolizumab had an increased number of CD4
and/or CD8" T cells two weeks after the primary vaccination
that expressed other costimulatory/coinhibitory molecules, such
as 4-1BB, BTLA4, and TIM3. Interestingly, cynomolgus mon-
keys given mAbX, which also targets the PD-1/PD-L1 pathway,
had an increase in FoxP3¥/CD25" CD4" T cells one week after
vaccination. Both mAbX and atezolizumab increased the Nef-
specific IFNg ELISpot response two weeks after vaccination and
their Nef antigen-specific cytolytic activity out to 8 weeks, which
was the latest timepoint measured. Altogether, the data suggest
that the Adv5-SIV vaccination model in Mauritius cynomolgus
macaques could be used to evaluate pharmacological activity
and the safety of new drug candidates targeting the cytotoxic
T cell population.

Results

Adv5-SIV-related clinical pathology changes were limited
to transient C-reactive protein and globulins increases

To determine whether vaccination of Adv5-SIV could be
incorporated into a general nonclinical safety study, stan-
dard safety endpoints, including body weights, general
observations and clinical pathology assessment were per-
formed at various timepoints following vaccination. Based



MABS (&) e1979447-3

Weeks 0 1 2 3 4 5 6 7 8
Immunization Adv5(SIlV) 1 t
Group | (control, 6 animals) i o s & ”
Dosing (i.v.) Group Il (mAbX, 5 animals) T T T T T
Weeks 0 1 2 3 4 5 6 il 8
Immunophenotyping? b N N N b N N N N
IFNy (ELIspot) | J N J J
CTL Assay N y
Hematology b N N N b N N N N
Clinical Chemistry / CRP N N N N N

2 Includes B, NK and T cells, T cell activation & proliferation, immune checkpoints, tetramer; ® For immunophenotyping and hematology, blood

were taken prior and 72 hours after immunisation.

Figure 1. Study design. MHC I-genotyped Mauritian cynomolgus macaques (MCMs) were immunized with 3 replication incompetent adenovirus serotype 5 (Ad5)
encoding Gag, Nef or Pol SIV (Simian immunodeficiency virus) proteins. One group received the anti-PD-L1 atezolizumab and the second group received an immune
checkpoint-targeting bi-specific antibody mAbX in early development. Blood samples, from all animals, were taken on a weekly basis to characterize the T cell
phenotype (Immunophenotyping) and function (IFNy ELIspot and cytolytic T cell assay).

on clinical signs, the administration of Adv5-SIV was well
tolerated, with no redness or inflammation observed at the
site of immunization. Similarly, administration of mAbX or
atezolizumab was well tolerated throughout the study, with
no clinical signs, or any other effect observed on para-
meters, such as body weight or food consumption.
Administration of Adv5-SIV resulted in a mild to moderate
increase in C-reactive protein (CRP) concentration on Day
2 following the first injection and on Days 30 and 31

following the second injection (Figure 2(a)). These
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increases were generally above historical or pre-treatment
range. Moreover, a minimal increase in globulin concentra-
tion on Days 8 and 36 with a concurrent decrease in
albumin/globulin ratio was observed, suggestive of
a transient inflammatory response to the Adv5-SIV vaccine
(Figure 2(b) and 2(c)), which is consistent with previous
reports demonstrating an increase in serum levels of proin-
flammatory cytokines.”* > The increase in CRP and globu-
lin, as well as the decrease in the globulin/albumin ratio,

were further amplified in animals dosed with mAbX and
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Figure 2. Changes in C-reactive proteins (a), globulin (b), and in the globulin/albumin ratio (c) in the peripheral blood following the immunization of Cynomolgus
macaques (on weeks 0 and 4) for up to eight weeks. For each condition, * (p < .05) indicates statistical significance of the selected condition, compared to the untreated

group.
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atezolizumab, which was attributed to the pharmacological
effect of the antibodies. However, no clinical signs were
observed, indicating that the addition of the immunomo-
dulatory therapeutics only had limited effects on clinical
pathology parameters. Importantly, the effects on clinical
pathology parameters were transient and returned to base-
line by the end of the 8-week study.

Adv5-SIV-administration alone had no effect on
hematology parameters, while administration of mAbX
and/or atezolizumab following Adv5-SIV had minimal
effects on neutrophil, monocyte, and lymphocyte counts

Administration of Adv5-SIV had no direct effect on hematol-
ogy parameters. However, in vaccinated animals subsequently
administered mAbX, an increase in neutrophil, monocyte,
eosinophil, and white blood cell counts was observed.
A decrease in lymphocyte counts was also noted during the
first weeks of this study (data not shown). This decrease
remained within historical data.

In animals given atezolizumab, hematology changes con-
sisted of increases in neutrophil counts between Days 4 and 57,
a decrease in lymphocyte counts on Day 8 followed by
increases between Days 15 and 22, and an increase in eosino-
phil counts on Day 22 (data not shown).

The administration of CIT further potentiates the effects of
Adv5-SIV on peripheral lymphocyte populations

Administration of a single dose of the Adv5-SIV alone did
not result in any significant changes in the circulating
numbers of B cells, CD4" lymphocytes, or naive, central

memory and effector memory CD4" and CD8" T cells in
whole blood (data not shown). However, an increase in the
total numbers of natural killer (NK) cells, CD8" T cells, and
SIV Nef-specific CD8" T cells was observed between 1 and
2 weeks following the immunization, (Figure 3(a), 3(b)). In
animals given atezolizumab, a slight increase in the number
of NK cells was noted between weeks 2-5, whereas the
number of CD8" cells was significantly increased 2 weeks
post first immunization (Figure 3(a), 3(b), 3(d)), while
administration of mAbX increased the number of
FoxP3"CD25"CD4" Treg cells 1 week after the first immu-
nization (Figure 3(c)).

To assess the activation and proliferation profiles in
CD4" and CD8" T cells, CD69 and Ki67 were used as
markers. A significant increase in activated (CD69") and
proliferating (Ki67") CD4" T cells was observed within one
week after the first administration of the Adv5-SIV.
Moreover, administration of mAbX and atezolizumab
increased the number of CD69-expressing CD4" T cells
(Figure 4(a), 4(b), 4(e) and 4(f)). Similarly, there was
a general increase in the number of Ki67" and CD69"
CD4" T cells between weeks 2 to 4 in animals that received
mAbX. For CD8" T cells, the peak proliferative response
was observed on week 2 in all groups, which was increased
following administration of mAbX and atezolizumab
(Figure 4(c) and 4(g)). Activation of CD8" T cells also
appeared to be potentiated in the presence of either
mADbX beginning on week two after the primary vaccina-
tion (Figure 4(d and 4(h)).

To assess whether dosing with mAbX or atezolizumab
might result in the emergence of unique T cells subsets,
we analyzed CD45, CD3, CD4, CD8, CD20, CD159a,
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Figure 3. Changes in the numbers of NK (a), CD8" (b), Tregs (c), and RM9-specific CD8" T cells (d) in the peripheral blood following the immunization of Cynomolgus
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Figure 4. Proliferation and activation profiles of CD4* and CD8" T cells for up to 8 weeks (A to D). Comparison of the proliferation and activation profiles at pre-dose and
2 weeks post first administration of Ad5(SIV) (E to H). For each group shown data are presented as the percentage of these subsets out of the total T cell subsets. For
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CD69, CD152, CD28, CD95, CD25, CD14, Ki67, and
FoxP3 markers at week 2, using the t-distributed stochas-
tic neighbor embedding (tSNE) algorithm that reduces all
data to two dimensions. As shown in Figure 5(a), unique
populations not identified by conventional flow cytometry
analysis appeared in all the animals tested. Notably, cells
were clustered depending on their profile as naive, central
(Tcm) or effector (Tgy) memory cells, and on the detec-
tion of Tetramer-RM9-, Ki67- and CD159a-positive cells
(Figure 5(b)). Administration of mAbX or atezolizumab
further increased the subsets corresponding to Tgy cells
expressing either Ki67 or CD15%9a and decreased the level
of naive cells. Although differences were relatively small,
this analysis allowed the detection of a trend toward
a CIT-related enhancement of Adv5-SIV-induced T-cell
responses.

Adv5-SIV induces the expression of immunomodulatory
molecules, which are further altered by mAbX and
atezolizumab

Expression of other immunomodulatory proteins that are cur-
rently being investigated as potential CIT target receptors was
assessed following Adv5-SIV challenge in the presence or
absence of atezolizumab or mAbX. The expression profile of
three co-stimulatory (4-1BB, OX40, and ICOS) and seven co-
inhibitory receptors (B7-H4, BTLA, CTLA-4, LAG3, PD-1,
TIM3, and VISTA) on the surface of CD4" and CD8" T cells
was evaluated.

On CD4" T cells, immunization with Adv5-SIV increased
the number of 4-1BB" cells within 3 days of both primary and
secondary administrations and the number of BTLA™ cells as of
4 weeks after the first immunization. In contrast, the number of
0OX-40" CD4" T cells decreased within 3 days of the first
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immunization and recovered to baseline levels by week 2
(Figure 6). Compared to pre-dose values, the administration
of atezolizumab increased the number of CD4" T cells 2-
3 weeks after the primary vaccination that co-expressed 4-
1BB, BTLA or TIM3. This observation was also made when
the atezolizumab-treated group was compared to the untreated
group for the same timepoint. In contrast, administration of
mADbX did not alter the number of CD4" T cells that co-
expressed any of the immunomodulatory receptors following
the primary immunization. Similarly, no changes were noted
after the secondary immunization in any of the treatment
groups. No clear modulation of ICOS, CTLA-4, and VISTA
on CD4" T cells was observed (data not shown).

On CD8" T cells, Adv5-SIV administration resulted in an
increase in the number of BTLA™ cells beginning on day 3 after
the primary immunization and continued to increase out to
3 weeks post immunization. A similar increase in the number of
TIM3*CD8" was noted between 1 and 3 weeks following the
primary Adv5-SIV administration (Figure 7). Following the sec-
ondary immunization with Adv5-SIV, there was an increase in the
number of CD8" T cells that co-expressed BTLA, LAG3, TIM3,
and VISTA within one week. No clear modulation of OX40 and
ICOS on CD8" T cells were observed (data not shown).
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In the presence of atezolizumab, the number of CD8" T cells
that co-expressed BTLA, LAG3, TIM3, and VISTA signifi-
cantly increased, mainly 2 weeks following the first adminis-
tration of the Adv5-SIV, in comparison to the untreated group
(Figure 7). In contrast, mAbX decreased the number of PD-
1"CD8" T cells throughout the duration of the study. Given
that one arm of the bispecific mAbX antibody targets PD-1, the
decrease in PD-1 staining observed in CD4" T cells (data not
shown) and CD8" T cells (Figure 7(e)) was most likely due to
competition with the anti-PD-1 detection reagent, rather than
decreased PD-1 expression. There were no mAbX or atezoli-
zumab-related changes in the expression of these markers
following the second Ad5(SIV) immunization.

Adv5-SIV induces Nef-RM9-specific cytotoxic
T lymphocytes, which is further enhanced and sustained
with the administration CITs

To assess whether Adv5-SIV administration modulated the func-
tional activity of CD8" T cells, the secretion of IFN-y, as measured
by ELIspot, was evaluated after stimulation of freshly isolated
peripheral blood mononuclear cells (PBMCs) with Nef peptides
known to induce an immune response or a peptide pool covering
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Figure 6. Modulation of immune checkpoints expressed on CD4™ T cells up to 8 weeks after administration of Ad5(SIV) (Weeks 0 and 4): (a), 4-1BB; (b), 0X40; (c), B7-H4;
(d), BTLA; (e), LAG3; and (f), TIM3. Results are represented as 10° cells/mL in blood. For each condition, * (p < .05) indicates statistical significance of the selected

condition, compared to the untreated group.
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significance of the selected condition, compared to the untreated group.

the adenovirus hexon protein.”*! Since macaques may have been
exposed to adenoviruses throughout their lifetime,** a low
response was observed at predose upon stimulation with the
hexon peptide pool (Figure 8(a)). This suggests that the animals
had previously been in contact with adenoviruses, but not with any
SIV proteins. However, no IFN-y cellular response was observed at
predose after ex vivo stimulation with the Nef peptides (RM9, LT9,
and HW8) in the ELIspot assay (Figure 8(b)). Following Adv5-SIV
immunization, ex vivo stimulation of PBMCs elicited a robust
IFN-y response in all animals from week 2 with the Hexon and
Nef peptides (Figure 8(c) and (d)), up to the end of this study (data

not shown). Since the immunization had already reached
a maximum response after a primary vaccination, we did not
follow the ex vivo stimulation in the presence of the hexon peptides
after a second vaccination. Moreover, the IFN-y cellular response
was further enhanced on week 2 in animals dosed with mAbX and
atezolizumab.

Confirmation of the enhanced activity of Nef-specific CD8"
T cells with an ex vivo recall response flow cytometry assay
measuring intracellular IFN-y, tumor necrosis factor (TNF)
and interleukin (IL)-2 in CD4" and CD8" T cells was not
achieved given that the results obtained after stimulation with
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an anti-CD3 antibody positive control were generally weak,
suggesting that this assay was not optimal in our model (data
not shown).

The functionality of CD8" T cells was further evaluated via
the measurement of Nef-RM9 specific cytotoxic activity. Nef-
RM9 specific CTL activity was observed on week 5, in 4 of 6
control animals, 4 of 5 animals given mAbX and 5 of 5 animals
given atezolizumab (Figure 9). No clear differences between
each group were observed, beside the fact that the inter-animal
variability was greater in the control- and mAbX-dosed ani-
mals, compared to the atezolizumab dosed animals, similar to
what was observed with the IFN-y ELIspot assay. On week 8,
the Nef-RM9-specific CTL activity was maintained in animals
given mAbX or atezolizumab, whereas in the control group,
little to no activity was seen in most animals. Altogether, the
ELIspot and CTL data correlated well with the activation and
proliferation profiles assessed by flow cytometry and demon-
strated that the activity of the Nef-RM9-specific CD8" T cells
was maintained by the CITs.

Discussion

The lack of nonrodent preclinical models that show pharma-
codynamic effects of immunomodulatory drugs designed to
primarily affect the activity of CD8" CTLs has been
a challenge for drug development. Although preclinical toxi-
cology studies in NHP are widely conducted in the pharma-
ceutical industry to support entry into clinical trials, they rely
on testing drug candidates in the context of naive healthy
animals, leading to the potential to overlook safety liabilities
because of the quiescent nature of the NHP immune system.
Using a model that activates the immune system and upregu-
lates the expression of targets could, at least partly, help iden-
tify potential toxicities that are associated with exaggerated
pharmacology, including T cell activation and function.
Moreover, it allows the direct assessment of the targeted cell
population instead of an indirect antibody response. However,
a well-characterized model that incorporates an antigen that
preferentially activates CD8" T cells within cynomolgus mon-
keys commonly used in nonclinical safety assessment has pro-
ven to be challenging. In this study, we describe the T cell
immune response of non-human primates immunized with
non-replicative adenoviruses encoding SIV proteins in the
presence or absence of the approved anti-PD-L1 mAb, atezo-
lizumab, or an early development bispecific molecule, mAbX,
that also targets co-inhibitory molecules.

Administration of Adv5-SIV resulted in a mild acute-phase
response and activation of the immune system. No signs of
illness or distress were observed in all the animals, suggesting
that the immunization with replication-deficient Adv5-SIV
was well tolerated. Adv5-SIV-related clinical pathology
changes were limited to transient mild to moderate CRP, and
minimal increases in globulin concentration after each Adv5-
SIV injection. These increases reflected an acute-phase reac-
tion, which is encountered after most vaccine
administrations,” *® and did not compromise the readout of
the standard safety parameters. Indeed, animals administered
mAbX or atezolizumab presented an increase in CRP and
globulin concentrations, and/or a decrease in albumin
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concentration of higher magnitude compared to animals
receiving Adv5-SIV alone. The animals that received mAbX
or atezolizumab also presented increases in neutrophil, mono-
cyte and/or eosinophil counts, and decreases in lymphocyte
counts that were not observed in animals administered Adv5-
SIV only. Changes in neutrophil and monocytes reflected
a mild inflammatory response and appeared to be mAbX or
atezolizumab-related and not Adv5-SIV-related.

Following an initial challenge with the Adv5-SIV, a broad
T-cell response was induced, with the activation and prolifera-
tion of total CD4™ and CD8" T cells, the generation of SIV-
specific CD8" T cells, and an increase in their functionality, as
measured by IFN-y secretion and cytolytic activity, that was
modulated by both mAbX and atezolizumab. Furthermore, we
demonstrate that immunization with Adv5-SIV induced the
expression of numerous immunomodulatory receptors, which
may help overcome the current challenges of assessing para-
meters such as receptor occupancy of costimulatory/co-
inhibitory molecules in naive NHP models, where the animals
have a quiescent immune system and limited target
expression.*’

Of the lymphocyte populations analyzed, CD8" T cells
showed the strongest activation following immunization with
Adv5-SIV. Within this population, a potentiation of the
immune response to Adv5-SIV administration was observed
in the animals dosed with the two CITs tested, as compared to
the control animals. This enhancement was generally seen
between 1 and 3 weeks following the first Adv5-SIV adminis-
tration and trended toward baseline levels by the 4™ week. The
absence of a strong SIV-specific immune response following
the boost administration was likely due to the generation of an
immune response against the adenoviruses, preventing
a proper activation of the T cells. Indeed, adenoviruses are
known to induce a strong production of anti-adenovirus anti-
bodies, thereby reducing their immunogenicity.**>* Despite
the fact that a boost of the immune response was not observed
following a second administration of the Adv5-SIV, cytotoxic
T cells in the animals dosed with CITs remained functionally
superior compared to the control animals, keeping their ability
to recognize and kill target cells until the end of the study.

Animals treated with atezolizumab showed the most nota-
ble changes in the expression of immunomodulatory molecules
within the first 2 weeks of the study. Changes in the number of
CD8" T cells expressing BTLA, LAG3, TIM3, or VISTA and of
CD4" T cell expressing 4-1BB, BTLA or TIM3 were statistically
higher than in animals of the two other groups (Figure 7 and
Figure 6, respectively). At the end of the 8-week study, most of
the co-stimulatory and co-inhibitory receptors had returned to
basal level, except for OX40, which was lower on CD4" T cells
in animals dosed with both CIT drugs (Figure 6(b)) and
VISTA, which remained higher on CD8" T cells in animals
dosed with mAbX and in untreated animals (Figure 7(h)).
Thus, a single immunization with the Adv5-SIV vectors stimu-
lates the expression of immunomodulatory molecules, which
may increase the ability to evaluate pharmacological effects of
other CIT molecules.

Importantly, it should be noted that the intent of this study
was to evaluate whether it was possible to detect changes in
T-cell (primarily CD8" T cell) activation, proliferation, and/or
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function, following administration of immunomodulatory
molecules in the context of an immunization that is predomi-
nantly CD8"-dependent. Atezolizumab and mAbX were
selected because they represented different formats and target
different immune modulating receptors that have been exten-
sively studied in healthy nonhuman primates with quiescent
immune systems and not demonstrated the expected pharma-
cology of enhanced T-cell responses. A direct comparison of
the mADbX- and atezolizumab-dependent responses is challen-
ging due to factors such as the different dose/exposure levels,
targets, molecular format, and affinity/avidity. However, we
believe it is fair to compare the response of each molecule to
the control group. To overcome potential exposure variability,
the dose levels of mAbX and atezolizumab used in this study
were previously shown to be well tolerated and maintain com-
plete receptor occupancy for the entire duration of this study.
Furthermore, we wanted to highlight that this model does
appear to identify differences in the Adv5-SIV T cell response
between mAbX and atezolizumab and could serve as a useful
model to better characterize pharmacodynamics effects of
immunomodulatory therapeutics in NHPs.

Interestingly, although similarities in the T cell immunophe-
notypic profiles were observed between the animals dosed with
the bispecific mAbX and atezolizumab, the Adv5-SIV model
highlighted some differences. Notably, animals dosed with the
bispecific mAbX presented a transient increase in the number of
peripheral Tregs one-week post immunization (Figure 3(c)).
Although both targets of the bispecific mAbX are expressed on
effector T cells and Tregs, no increase in Tregs was observed in
pharmacology studies in tumors of humanized mice or in the
periphery of cynomolgus monkeys in the repeat-dose safety
studies. While the observed Treg increase with mAbX in this
study has not been further examined, it may be related to the co-
inhibition of both pathways targeted by mAbX in the context of

o Animals

Cynomolgus monkeys,

no requirement for MHC | allele e Length

Cynomolgus monkey of Mauritius origin >28-day study

expressing at least MHC | Mafa-A1*063
allele

Immunization Adv5(SIV) 1

Weeks 0 1

a viral-based immunization. In comparison, animals dosed with
atezolizumab had more of an activating effect on the T cell
phenotype compared to mAbX, including expression of several
co-stimulatory and co-inhibitory molecules (Figure 6 and 7), the
highest levels of circulating proliferating CD8" T cells (Figure 3
(b)) and the highest number of IFNy-secreting RM9-Specific
CD8" T cells compared to the other groups (Figure 3(d)).

MHC genotyping was performed in this study to permit the
characterization of the antigen-specific T-cell immune response
by tetramer staining, ELIspot and cytolytic assays. These pep-
tide-specific responses required MCMs to express the MHC
Class I alleles Mafa-A1*063 with or without Mafa-B*104:01. If,
however, the antigen-specific CD8" T-cell immune response is
not required, looking at the broad CD8 response will not need to
identify animals carrying a specific MHC allele (Figure 10). As
such, a basic study design could include cynomolgus monkeys
from diverse origin in a study of at least 4-week duration with
a single immunization. The parameters tested would be hema-
tology, clinical chemistry/CRP, immunophenotyping (excluding
Tetramer staining), and ELIspot assay with an overlapping pep-
tide pool covering the entire Nef sequence. Alternatively, hexon
peptides could be used in place of a Nef peptide pool, as long as
NHPs only show a basal level of response during predose.

The goal of this study was to develop an NHP vaccination
model with enhanced translational potential to humans that spe-
cifically elicits a CD8" T-cell response and allows simultaneous
evaluation of safety and pharmacology of immunomodulatory
therapies targeting CD8" T cells. We demonstrated that, following
Adv5-SIV immunization, atezolizumab enhanced the expression
of several co-stimulatory and co-inhibitory receptors on CD4 " and
CD8" T cells and increased the SIV antigen-specific [FNy and CTL
response of the CD8" T cells when compared to control Adv5-SIV
immunized NHPs. These data are consistent with clinical data
demonstrating that treatment with atezolizumab increases
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neoantigen-specific T cells in oncology patients. For example,
Fehlings et al. demonstrated that late-differentiated neoantigen-
specific CD8" T cells are enriched in the peripheral blood of non-
small cell lung carcinoma patients responding to atezolizumab.>*
Furthermore, recent data from a Phase 1 study using an RNA-
based personalized neoantigen-vaccine and atezolizumab was pre-
sented at the 2020 American Association for Cancer Research
Virtual Annual Meeting II. Results from this study demonstrated
that the combination was well tolerated and importantly showed
that neoantigen-specific CD4" and CD8" T cell responses were
detected in the periphery in 73% of patients.”> While it is difficult
to directly compare the results of this study with clinical T-cell
responses, the enhanced CD8" T cell response observed in
response to Adv5-SIV immunization suggests that this model
may be more translational to humans with regards to expected
pharmacology than testing in naive NHPs. This contrasts with
previous reports, which showed no effect or even a reduction in the
anti-KLH antibody response in a TDAR model with KLH for
some PD-1 or PD-L1 blocking antibodies.>*3! As a result, this
Adv5-SIV vaccine model may not only be useful to assess the
safety and pharmacology of new biotherapeutics, but could also
provide additional information on the mode of action of new
compounds, particularly when the target is expressed on CD8"
T cells.

In summary, this NHP Adv5-SIV vaccine model allowed the
evaluation of biotherapeutics targeting immunomodulatory pro-
teins expressed on T cells, in nonhuman primates. It has the
advantage of combining safety and pharmacology readouts
within the same animal, hence reducing the use of NHP animals
by performing one single study in which information on both
aspects can be gathered. The study design presented can be
performed without compromising the assessments included in
standard toxicology studies and allows immunology readouts to
be performed within 4 weeks following a single Adv5-SIV
administration (Figure 10). In fact, some responses may be
blunted after a second vaccination, possibly due to the develop-
ment of a strong neutralizing anti-adenovirus response over
time. Moreover, this model can address questions related to
primary T-cell response, such as those involving APC function,
primary T-cell expansion and T cell differentiation. Although
this model cannot provide information on the mode of action of
CITs within a tumor microenvironment, it can further increase
the relevance of safety studies potentially linked to exaggerated
pharmacology for targets which are not highly expressed and
may otherwise not be detected in un-challenged healthy animals.
In conclusion, this Adv5-SIV model may help to better predict
the outcome of human therapeutics intended to enhance CD8"
T-cell function, filling a need in the nonclinical development of
immunomodulatory therapeutics.

Materials and methods

Selection, immunization and dosing of Mauritius
cynomolgus macaques

Since MCMs express only seven MHC haplotypes, identification
of an antigen-specific response does not require large-scale
screening of animals.””*° Sixteen adult male cynomolgus maca-
ques (Macaca fascicularis), each weighing between 3.4 and
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4.5 kg, imported from Mauritius islands and housed according
to European guidelines, were used in this study. The protocol of
this study was reviewed and approved by our Institutional
Animal Care and Use Committee (IACUC) before conduct.
Moreover, the care and use of animals were conducted in accor-
dance with the guidelines of the USA National Research Council
and the Canadian Council on Animal Care (CCAC). Study
animals were confirmed to carry the transcriptionally abundant
MHC Class I allele Mafa-A1*063 with or without Mafa-B*104:01
by MiSeq sequence-based genotyping, based on previous studies
demonstrating the prevalence of the Mafa-A1*063 allele in
approximately 80% of macaques of Mauritius origin and their
relevance to NHP SIV-Specific CD8" T-cell responses.”®
Following an acclimation period of 9 weeks, each animal was
immunized intramuscularly 4 weeks apart with 3 x 10'° pfu of
three recombinant, non-replicative adenoviruses expressing the
SIVmac239 Gag, Pol, and Nef under the control of the CMV
promoter. Of these 16 animals, six were concomitantly given
vehicle (0.9% Saline) (untreated Group 1), five administered
100 mg/kg mAbX (Group 2), a bispecific antibody in early
development, and five administered 50 mg/kg atezolizumab
(anti-PD-L1) (Group 3), by bolus intravenous dosing at a dose
volume of 3 mL/kg once weekly for 5 doses (Days 1, 8, 15, 22,
and 29) (Figure 1). When falling on days of immunization (Days
1 and 29), the antibody administrations were performed
approximately 10 minutes after immunization. The dose levels
selected for this study corresponded to the highest dose tested in
previous repeat-dose toxicity studies in NHP that were well
tolerated and maintained 100% receptor occupancy for the dura-
tion of the study (unpublished data). Animals were observed
twice daily for the duration of the study. Group sizes were
selected to provide reliable results based on potential variability
of parameters evaluated; no power calculation was performed.

Hematology and clinical chemistry parameters

Animals were fasted for at least 6 hours prior to blood collec-
tion. Blood samples were collected by venipuncture at the
corresponding time points. Serum chemistry was evaluated
on Days 1 (predose), 2, 8 (predose), 29 (predose), 30, 31, 36,
and 57. Blood samples were processed to serum and analyzed
for the following clinical chemistry parameters on a Cobas®
6000 chemistry analyzer (Roche, Canada): alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phosphatase,
gamma-glutamyltransferase and creatine kinase activities,
total bilirubin, urea nitrogen, creatinine, calcium, phosphorus,
C-reactive protein, total protein, albumin, globulin, albumin/
globulin ratio, glucose, cholesterol, triglycerides, potassium,
and chloride concentrations.

Hematology was evaluated at pre-treatment and on Days 1
(predose), 4, 8 (predose), 15, 22 (predose), 29 (predose), 32, 43,
50, and 57. Whole blood samples were collected in K,EDTA
tubes and analyzed for the following hematology parameters on
an Advia® 120 hematology analyzer (Siemens, Canada): red blood
cell count, hemoglobin concentration, hematocrit, mean corpus-
cular volume, red blood cell distribution width, mean corpuscu-
lar hemoglobin concentration, mean corpuscular hemoglobin,
reticulocyte count (absolute and percent), platelet count, white
blood cell count and differential (absolute and percent).
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Immunophenotyping, antibodies, and flow cytometry
analysis

Samples were collected (on the same occasions as hematology),
and stained for cell surface and intracellular markers, using the
following antibodies: CD45-APC-R700 (D058-1283, BD
Biosciences, San Jose, CA), CD3-BV510 (SP34-2, BD
Biosciences), CD4-BV711 (L200, BD Biosciences), CD8-FITC
(SK1, BD Biosciences), CD20-APC (2H7, BD Biosciences),
CD15%9a-PC7 (Z199, Beckman Coulter, Indianapolis, IN),
CD69-PerCP-Cy5.5 (EN50, BD Biosciences), CD152-BV786
(BNI3, BD Biosciences), CD28-PE (CD28.2, BD Biosciences),
CD95-PE-Cy5 (DX2, BD Biosciences), CD25-BV605 (M-A251,
BD Biosciences), CD14-APC-H7 (M5E2, BD Biosciences),
Ki67-BV650 (B56, BD Biosciences), FoxP3-PE-Cy5.5
(PCH101, ThermoFisher, Waltham, MA), LAG3-BV650
(11C3C65, Biolegend, San Diego, CA), TIM3-BV605 (F38-
2E2, Biolegend), OX40-PE (L106, BD Biosciences), 4-1BB-PE-
Cy5 (4B4-1, Biolegend), PD-1-PerCP-Cy5.5 (EH12.2H7,
Biolegend), VISTA-Alexa647 (730804, R&D Systems,
Minneapolis, MN), BTLA-APC-Cy7 (MIH26, Biolegend),
CTLA-4 (BNI3, BD Biosciences), ICOS-PE-Cy7 (C398.4A,
Biolegend), B7-H4/Dazzle594 (MIH43, Biolegend), Tetramer-
Nef-RM9 (MBL International, Woburn, MA). Samples were
acquired on a BD LSRFortessa flow cytometer (BD
Biosciences), with approximately 500,000 to 1,000,000 events
were collected per sample. Samples were then analyzed using
FloJo software (Tree Star, Ashland, OR). The immunopheno-
typing panels were analyzed by excluding doublets by forward
scatter (FSC) area versus FSC height and gating the lympho-
cytes population based on side scatter (SSC) and CD45". Total
T cells (CD3"), CD8" cytotoxic T cells, CD4" helper T cells,
B cells (CD20%) and NK cells (CD159a") were assessed. From
the CD8" and the CD4" population, additional subpopulations
were analyzed as follows: central memory (Tcy), effector
memory (Tgy) and naive T cells using CD28/CD95 markers;
regulatory T cells using CD25/FoxP3 markers; activated T cells
using CD69, Ki67, 4-1BB, OX40, and ICOS markers;
exhausted T cells using B7-H4, BTLA, CTLA-4, LAG3, PD-1,
TIM3, and VISTA; and lastly Nef-specific T cells using
a Tetramer to Nef-RM9 peptide (MBL International). Results
were reported as relative percentages of their respective parent
population and as calculated absolute counts in blood
(cells/pL).

Dimensionality reduction was performed on the flow cyto-
metry panel containing the following markers: CD45-APC-
R700, CD3-BV510, CD4-BV711, CDS8-FITC, CD20-APC,
CD159a-PC7, CD69-PerCP-Cy5.5, CD152-BV786, CD28-PE,
CD95-PE-Cy5, CD25-BV605, CD14-APC-H7, Ki67-BV650,
and FoxP3-PE-Cy5.5. For each set of analyses, individual cell
subsets of the CD8" T cell population from each animal were
randomly down-sampled to an equal number of events (6000
events) and then analyzed.

For identification of CD8" T cell clusters, t-distributed
stochastic neighbor embedding (t-SNE) were performed on
the t-SNE function from FloJo software using the following
default parameters: iterations, 1000; perplexity, 30; learning
rate, 6720. For each cluster identified, the differences between
the percentage in each treatment groups were calculated.

IFN-y ELIspot assay

ELIspot assays were conducted according to the Primate IFN-
gamma ELISpot Kit manufacturer’s protocol (R&D Systems).
Briefly, PBMCs were freshly isolated before immunization
and at weeks 2, 3, 6 and 7, using lympholyte®. Mammal cell
separation medium (Cedarlane) and density centrifugation
from whole blood containing sodium heparin. Subsequently,
2 x 10° cells per well (in 100 uL of AIM-V medium) were
added to a primate IFN-y pre-coated ELIspot plate with a Nef
RM9, LT9, and HW8 peptide pool (10 uM) or with the
PepTivator AdV5 Hexon at 0.6 pM (Miltenyi). The selection
of the Nef peptides was made based on the literature and the
results of a pilot study that confirmed that, of the three Gag,
Pol, and Nef, the stimulation was the strongest with these
three Nef peptides.”>*® Cells incubated with phorbol myris-
tate acetate and ionomycin were used as the positive control
and cells with AIM-V medium were used as the negative
control. Plates were read using an AID ELIspot reader, and
spots were counted using an automated program with fixed
parameters. Results were reported as spot forming units
per million PBMCs after subtracting the spots obtained
from the negative controls.

Ex vivo recall response assay

PBMCs were freshly isolated (see ELIspot section) before
immunization and at weeks 2, 3, 6 and 7. PBMCs were resus-
pended in RPMI medium (1 x 10° cells per well) containing
anti-CD28 (L1293, BD Biosciences) and anti-CD49d antibodies
(9F10, BD Biosciences) as co-stimulants. PBMCs were incu-
bated for 4 hours, in a humidified incubator set to maintain
37°C, 5% CO, in the presence of the Nef RM9, LT9, and HW8
peptide pool (10 uM/peptide) (MBL International), PepTivator
AdV5 Hexon peptide pool (0.6 uM/peptide) (Miltenyi) or
medium only (as negative control). As positive control,
PBMCs were incubated in the presence of an anti-CD3 anti-
body (CD3-1, Mabtech, Stockholm, Sweden). After adding BD
GolgiPlug™ Protein T Inhibitor (BD Biosciences) and incubat-
ing the cells for an additional 16-20 hours in a humidified
incubator set to maintain 37°C, 5% CQO,, the intracellular level
of TNFa (MADbll, BD Biosciences), IFNy (B27, BD
Biosciences) and IL-2 (MQ1-17 H12, Biolegend) as relative
percentages of CD4" T cells and CD8" T cells was measured
by flow cytometry (BD LSRFortessa).

Cytotoxic T lymphocytes assays

Target cells (autologous B cells) were isolated from the 16
study animals prior to the beginning of the study using
CD20 microbeads (Miltenyi) according to the manufac-
turer’s instruction and kept in liquid nitrogen until use.
The day before the experiment, primary B cells were
thawed and incubated for 18 hours with IFN-y (R&D
System). On the day of the assay, half of the target B cells
were pulsed with 10 pg/mL of Nef RM9 peptide (MBL
international) and stained with 0.2 pM carboxyfluorescein
succinimidyl ester (CFSE; ThermoFisher), while the other
half of the target B cells were left un-pulsed and stained



with CellTrace Yellow diluted 1/50,000 (ThermoFisher).
A portion of un-pulsed target B cells were stained with
0.2 uM CFSE. Cells were then mixed at a ratio of 1:1
using CellTrace Yellow cells (un-pulsed):CFSE cells (pulsed
or un-pulsed) target B cells. On week 5 and 8, primary
CD8" T cells (effector cells) were freshly isolated from
PBMCs using the CD8" T cell Isolation kit (Miltenyi) by
negative selection. Target (T) cells and effector (E) cells
were then mixed at different T:E cell ratio, with equal
numbers of pulsed and un-pulsed target B cells. After
18 hours of incubation at 37°C, 5% CO,, cells were stained
with tetramer-Nef-RN9-BV421 (MBL International), anti-
CDS8-FITC (SK1, BD bioscience), LIVE/DEAD™ Fixable
Far Red Dead Cell Stain Kit (ThermoFisher) and analyzed
by flow cytometry (BD LSRFortessa). Live target B cells
were gated on CellTrace Yellow (un-pulsed) and CFSE
(pulsed or un-pulsed) intensities. Total autologous target
B cells were gated on CFSE and effector antigen-specific
CD8" T cells were gated on pMHC tetramer-Nef-RM9/CD8
double positive cells.”” Counts for the four populations:
CellTrace Yellow, CFSE (pulsed and non-pulsed) target
cells, and effector cells were extracted from the analysis
and used to plot the percentage of specific lysis in function
of the effector/target ratio.

First, the E/T ratio was calculated using the following
equation:

E/T ratio = Nef RM9 — specific CD8" T cells cell count/
Total target cells count
(un — pulsed B cells gated on CellTrace Yellow)

Then, the ratio

Tesp-putsed/ TcelTrace vellow between Nef RM9-pulsed CFSE
B cells (Tcpsg-puisea) and un-pulsed CellTrace Yellow B cells
(TGellTrace Yellow) after an incubation with effector T cells was
calculated using the live or combined live and dead cells:

(TCSFEfpulsed/TCellece Yellow)

LIVE LIVE+DEAD
= (TCSFEfpulsed /TCFSEfpulsed )

LIVE LIVE+DEADY 1
X (TCellece Yellow /TCellece Yellow )
The median between wells containing only un-pulsed target
cells
(TCFSE—unpulsed and TCellTrace Yellow) was used to calculate the
ratio (TCSFE-unpulsed/TCellTrace Yellow):

(TCSFE—unpulsed/TCellece Yellow)

_ LIVE LIVE+DEAD
- (TCSFEfunpulsed /TCFSEfunpulsed )

LIVE LIVE+DEAD) ~!
X (TCellTrace Yellow / TcelTrace Yellow * )

For each E/T ratio, the percentage of specific lysis was finally
calculated using the following formula:

% of specific lysis =

TCSFEfun ulsed/ TCellece Yellow
100 x ( P )

- (TCSFE—pulsed/TCellTrace Yellow)

-1
X (TCSFEfunpulsed/TCellece Yellaw)
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