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Viral vector vaccines designed to elicit CD8" T cells in non-human primates exert potent control of
immunodeficiency virus infections; however, similar approaches have been unsuccessful in humans. Adenoviral vectors
elicit potent T cell responses but also induce production of immunosuppressive interleukin-10 (IL-10), which can limit
the expansion of T cell responses. We investigated whether inhibiting IL-10 signaling prior to immunization with a
candidate adenovirus vectored-HIV-1 vaccine, ChAdV63.HIVconsv, could modulate innate and adaptive immune
responses in BALB/c mice. Transient IL-10 receptor blockade led to a modest but significant increase in the total
magnitude CD8™ T cell response to HIVconsy, but did not affect T cell responses to immunodominant epitopes. Anti-IL-
10R-treated animals also exhibited greater expression of CD86 on CD11c™ dendritic cells. Our data support further
investigation and optimization of IL-10 blocking strategies to improve the immunogenicity of vaccines based on

replication-defective adenoviruses.

Introduction

Development of a universal vaccine for HIV-1 remains the
best hope for ending the AIDS pandemic. ' Replication-deficient
adenoviruses are attractive vectors for HIV-1 immunogen deliv-
ery due to their excellent safety profile and capacity to induce
potent immune responses. > However, development of human
adenovirus 5 (HAdV5) vectored HIV-1 vaccines has ceased due
to poor immunogenicity and disappointing clinical trial
results,>* as well as concerns regarding an association between
pre-existing humoral immunity to HAdV5 and increased HIV-1
acquisition.  The field has now turned to rare human adenovi-
ruses (HAdVs 26 and 35) and simian adenovirus ChAdV63 for
which seroprevalence in humans is low.” However, such vectors
may be less potent than HAdV5,® though capable of eliciting
strong immune responses when included in heterologous prime-
boost regimens.’

A potential approach to increasing the immunogenicity of
adenovirus vectors is to modulate inhibitory signals, such as
interleukin-10 (IL-10), that are induced alongside pro-inflamma-
tory cytokines and chemokines as a compensatory anti-inflamma-
tory response.” IL-10 inhibits the activation and migration of
naive T cells by downregulating MHC class II and CD86 on
antigen-presenting cells®” and inhibiting the production of cyto-
kines and chemokines such as IL-1ac, MCP-1, IP-10 and TNF-
a.'"" Antibody blockade of the IL-10R restored proliferation
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and cytokine production by HIV-1-specific CD4* and CD8* T
cells in vitro.'>"?

We investigated whether inhibition of IL-10 signaling at the
time of immunization could enhance CD8" T cell responses to
an adenovirus-vectored HIV-1 vaccine candidate, ChAdV63.
HIVconsv, which was recently shown to be immunogenic in a
phase T clinical trial. > We report that IL-10R blockade signifi-
cantly enhanced both the frequency and function of CD8" T
cell responses to ChAdV63.HIVconsv.

Materials and Methods

Immunogen design and vector production

HIVconsv has been described in detail elsewhere.
ChAdV63.HIVconsv was produced at the Clinical Biomanufac-
turing Facility (CBF), University of Oxford, UK, as described
previously.’

4

Experimental animals and immunizations

Six-week-old female BALB/c mice were purchased from Har-
lan. All procedures were conducted in accordance with the UK
Animals (Scientific Procedures) Act under Project License PPL
30/2833 and Personal License PIL 40/1027 and approved by the
University of Oxford Animal Care and Ethical Review Commit-
tee. Animals were injected intraperitoneally with either 200 pg
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low endotoxin azide free (LEAF) oIL-10R antibody (Biolegend;
clone 1B1.3a) or 200 pg LEAF rat IgGlk isotype control anti-
body (Biolegend) 24 hours pre-immunization. Mice were immu-
nized intramuscularly with 5 x 10° viral particles of ChAdV63.
HIVconsv. In selected experiments, blood was collected by veni-
puncture of the lateral tail vein 24 hours post-immunization

(Fig. S1).

Intracellular cytokine staining

Cytokine production was assessed as described previously. '
T cell responses to HIVconsv were measured by stimulating sple-
nocytes, in the presence of CD107a-FITC (eBioscience), with
pools of peptides (2 pg/ml each) spanning the HIVconsv immu-
nogen (15-mers overlapping by 11 amino acids; Sigma Genosys),
or with individual peptides corresponding to a single epitope (H,
P and G1). All peptides were suspended in R10 medium (RPMI
1640 supplemented with 10% fetal calf serum, 2mM L-gluta-
mine and penicillin-streptomycin antibiotics). R10 medium con-
taining 0.05% DMSO (the same concentration as in the peptide
pools) was used as a negative control, and PMA (50 ng/ml) and
ionomycin (2 pg/ml) as a positive control. The mean response
to the negative control was 0.07% of CD8" T cells IFN-y*,
with a standard deviation of 0.07 (data not shown). Following
stimulation, splenocytes were stained with anti-CD16/32, CD4-
Pacific Blue, IFN-y- APC, IL-2-PE (all eBioscience), LIVE/
DEAD® fixable aqua dead cell stain (Invitrogen), and CD8a-
PE-Texas red (Abcam). Cytokine secretion by CD11c* cells was
assessed after a 6-and-a-half-hour culture period in the absence of
peptide. Splenocytes were stained with anti-CD16/32, CD11c-
PE (eBioscience), LIVE/DEAD® fixable aqua dead cell stain
(Invitrogen), CD8a-PE-Texas Red (Abcam), IL-12-APC, and
CD86-FITC (Biolegend). Samples were acquired on an LSRII
flow cytometer (BD Biosciences), and data analyzed using
FlowJo version 9.5.2 (Tree Star).

Analysis of serum cytokines and chemokines

Serum obtained 24 hours post-immunization was stored at
—80°C prior to use. The Milliplex MAP luminex assay (Milli-
pore) was performed according to the manufacturer’s instruc-
tions. Briefly, serum samples were incubated with magnetic
beads conjugated to anti-IP-10, MCP-1 and TNF-a antibodies,
followed by biotinylated detection antibodies and then Streptavi-
din-PE. Samples were analyzed using the Bio-Plex 100 system
(Bio-Rad). Serum IL-10 concentration was measured in BABL/c
mice 24 hours after intradermal immunization with 5 x 10 viral
particles of ChAdV9.ME.TRAP, a vector that belongs to the
same serogroup as ChAdV63.° IL-10 was quantified using a BD
Cytometric Bead Array Mouse Inflammation Kit (BD Bioscien-
ces) according to the manufacturer’s instructions.

Enzyme-linked immunosorbent spot assay (ELISPOT)

Responses to the entire HIVconsv immunogen were assessed
using 15-mer peptides overlapping by 11 amino acids combined
into 80 pools to produce a 4-dimensional matrix (i.e. each pep-
tide was present in 4 different pools). ELISPOTS were per-
formed on splenocytes harvested 21 d post-immunization as
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previously."* Spots were quantified using an AID ELISPOT
Reader and version 5.0 software (AID GmbH), and results
expressed as spot-forming units (SFU) per 10° cells. Pools that
elicited a response of above 100 spot-forming units (SFU)/ 10°
splenocytes were entered into the analysis software Deconvolute
This! (Mario Roederer, Vaccine Research Center, NIAID, NIH)
to identify peptides to be retested individually in a second IFN-y
ELISPOT assay. Only peptides that were present in 4 pools that
elicited a response in the first-round assay were selected for retest-
ing. In all ELISPOT assays, R10 medium containing 0.05%
DMSO (the same concentration as in the peptide pools) was
used as a negative control, and PMA (50 ng/ml) and ionomycin
(2 pg/ml) as a positive control. The mean response in the nega-
tive control wells was 15 SFU/10° splenocytes, with a standard
deviation of 15 (data not shown).

In vivo killing assay

The in vivo killing assay was performed as previously'® using
HIVconsv peptides H (RGPGRAFVTI), P (IFQSSMTKI), G1
(AMQMLKDTI) and unpulsed splenocytes labeled with
400 nM, 132 nM, 80nM and 16 nM carboxyfluorescein diace-
tate, succinimidyl ester (CFSE) respectively. In separate experi-
ments splenocytes pulsed with HIVconsv peptide 42
(KAIGTVLVGPTPVNI) and unpulsed splenocytes were labeled
with 400 nM and 16 nM CFSE respectively. In total, 107 sple-
nocytes (containing equal numbers of cells stimulated with each
peptide or control) were injected into the lateral tail vein of each
mouse. After 16 hours, all splenocytes were harvested and
acquired using an LSRII flow cytometer. Data were analyzed
using Flow]Jo version 9.5.2. For each peptide-pulsed population,
percentage lysis was calculated using the following formula: %
lysis = (no. unpulsed splenocytes — no. pulsed splenocytes)/ no.
unpulsed splenocytes x 100%.

Statistical analysis

Statistical analyses were performed using GraphPad Prism ver-
sion 5. Comparisons were performed using an unpaired t test for
parametric data and the Mann-Whitney test for non-parametric
data. The normality of the data was determined using the Kol-
mogorov—Smirnov one-sample test. p values <0.05 were consid-
ered statistically significant.

Results and Discussion

In a previous clinical trial using an adenovirus-vectored HIV
vaccine, lack of efficacy was accompanied by relatively low-mag-
nitude T cell responses in vaccinees.” To assess whether IL-10R
blockade could enhance vaccine immunogenicity, CD4" and
CD8" T cell IFN-y responses to ChAdV63.HIVconsv were
compared in mice receiving oIL-10R or isotype control antibody
24 hours prior to immunization (Fig. S1). Responses were
assessed at 14 and 21 d post-immunization, using overlapping
peptides spanning the HIVconsv immunogen. ChAdV63.HIV-
consv induced robust CD8™ T cell responses on day 14, but with
no statistically significant difference between the 2 groups
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tical significance calculated using an unpaired t test.

Figure 1. IL-10R blockade enhanced CD8™ T cell responses to ChAdV63.HIVconsv in mice. (A) Gating strategy for the identification of IFN-y™ CD8™ T cells.
(B) IFN-y and IL-2 production by HIVconsv-specific CD4™ T cells 21 d post-immunization. Mice were immunized with ChAdV63.HIVconsv in combination
with anti-IL-10R (gray bars; n = 10) or isotype control antibody (white bars; n = 10). Statistical significance calculated using an unpaired t test (IFN-y
responses) or Mann-Whitney test (IL-2 responses). (C) Frequency of H-, P- and G1-specific IFN-y* CD8" T cells 21 d post-immunization in mice immunized
with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bars; n = 10) or isotype control antibody (white bars; n = 10). (D) Total frequency of anti-
gen-specific IFN-y* CD8" T cells 21 d post-immunization in mice immunized with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bar; n = 10)
or isotype control antibody (white bar; n = 10). Data are representative of 2 independent experiments; statistical significance calculated using an
unpaired t test. (E) Gating strategy for the identification of IFN-y™ CD107a* CD8™ T cells. (F) Total frequency of antigen-specific IFN-y* CD107a™ CD8" T
cells in mice immunized with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bar; n = 10) or isotype control antibody (white bar; n = 10). Statis-

(Fig. S2). By contrast, CD4™" T cell IFN-y responses to HIV-
consv (defined by production of IFN-y or IL-2) were lower but,
by day 21, HIVconsv-specific IFN-y production by CD4* T
cells was significantly enhanced in «lIL-10R-treated mice
(Fig. 1B; Fig. S2). At 21 d post-immunization, HIVconsv-spe-
cific CD8" T cell responses (defined by production of IFN-y)
were dominated by a previously-described epitope, H (Fig. 1C). '©
Responses to H, and to 2 previously-defined subdominant
epitopes, P and G1, were not enhanced by IL-10R blockade
(Fig. 1C). However, the total magnitude CD8™ T response to HIV-
consv was significantly increased in mice that had received aIL-10R
(Fig. 1D), as was the frequency of HIVconsv-specific CD8™ T cells
co-expressing IFN-y and the degranulation marker CD107a
(Fig. 1E, F). In all mice, CD8™ T cell IFN-y responses to HIVconsv
exceeded the mean background plus 2 standard deviations
(Fig. 1D). 'These observations suggested that IL-10R
blockade increased responses to previously-undefined epitopes in
HIVconsv.

To identify new epitopes, we mapped responses to HIVconsv
by ELISPOT using peptide pools spanning the entire immunogen
(Methods and Fig. 2A). We identified 2 candidate overlapping
peptides, 42 and 43, which were retested individually. Peptide 42,
comprising Pol residues 126-140, contains a previously-defined
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mouse *'7 and human CD8" T cell epitope. IL-10R blockade
enhanced IFN-y production and in vivo cytotoxicity in response
to peptide 42 at 21 days, although only the latter was statistically
significant (Fig. 2B-D). Blockade did not enhance in vivo cytotox-
icity in response to peptides H, P or G1 (Fig. S3).

In view of the effects of IL-10R blockade on CD8" T cell
effector responses, we investigated innate responses 24 hours
post-immunization (Fig. S1). Blockade significantly increased
expression of CD86 on total CD11c" cells after HIVconsv
immunization (Fig. 3A, C). In a separate experiment, we con-
firmed that the majority of CD11c" cells were CD3~ (Fig. 3B),
suggesting that the effect we observed was mediated by dendritic
cells (DCs), not activated T cells. Since CD86 is a costimulatory
molecule that plays a key role in the priming of naive T cells,'®
this could explain the increased frequency of HIVconsv-specific
CD8™ T cells in alL-10R-treated mice. There was no change in
the frequency of splenocytes expressing CD1 ¢, suggesting that
inhibition of IL-10 signaling did not affect recruitment of DCs
to the spleen (Fig. 3D). Ex vivo production of IL-12 was typically
detected in <1% of CD11c™ cells and did not differ significantly
between the 2 groups (data not shown). Furthermore, we did not
observe a significant difference in the induction of IP-10, MCP-
1 or TNF-a (Fig. 3E).
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Figure 2. IL-10R blockade enhanced lysis of targets pulsed with a subdominant CTL epitope. (A) IFN-y ELISPOT responses 21 d post immunization to 80
pools containing peptides spanning the HIVconsv immunogen in mice immunized with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bars;
n = 2) or isotype control antibody (white bars; n = 2). (B) IFN-y ELISPOT responses to peptide 42 (left panel) and peptide 43 (right panel) in mice immu-
nized with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bars; n = 5) or isotype control antibody (white bars; n = 5). (C) Representative plot
showing peptide 42-pulsed and unpulsed target cells isolated 16 hours after injection into a mouse immunized 21 d previously with ChAdV63.HIVconsv.
(D) Proportion of peptide 42-pulsed targets killed in vivo in mice immunized 21 d previously with ChAdV63.HIVconsv in combination with anti-IL-10R
(gray bar; n = 10) or isotype control antibody (white bar; n = 10). Statistical significance calculated using an unpaired t test.

Blockade of IL-10 signaling has been used to augment vaccine
efficacy in mouse models of chronic LCMV and Leishmania,'”*°
and to enhance the efficacy of BCG in mice challenged with
Mycobacterium tuberculosis. 2! However, to our knowledge, this is
the first demonstration that transient blockade of the IL-10R can
boost responses to vaccination in healthy animals, and the first
report of such an effect using an adenovirus vaccine. While statis-
tically significant, we note that the effects on the immunogenicity
of CD4" and CD8™ T cells, and lytic capacity of CD8" T cells,
were modest. Immunization did not increase IL-10 levels in
serum (Fig. $4), though this does not necessarily preclude its
upregulation in the tissues. Notably, Zak et al observed a signifi-
cant increase in IL-10 expression in the peripheral blood mono-
nuclear cells of volunteers immunized with HAdV5 in a Phase
1B clinical trial,” suggesting that IL-10R blockade might have a
more substantial effect in humans. The use of an immunogen
containing an immunodominant murine epitope (peptide H,
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restricted by murine H-2D? and H-2L") may have obscured
responses to other epitopes in HIVconsv that are relevant to con-
trol of HIV-1. Whether IL-10R blockade is able to increase
responses to subdominant epitopes in the absence of this immu-
nodominant epitope will be the subject of future studies. We did
not assess the duration of antibody binding in vivo, but in a pre-
vious study of persistent LCMV infection, administration of
ofL-10R antibody every 3 d significantly enhanced responses
to a DNA vaccine, suggesting that the half-life may be 3 d or
longer. 20 \While we elected to transiently block IL-10 signaling
due to the short-lived increase in IL-10 expression observed after
adenoviral immunization in humans,” repeated administrations
of alL-10R could further increase immunogenicity. Once an
IL-10-blocking strategy has been optimized, it will be important
to test it in a suitable challenge model, such as a humanized
mouse or macaque model. Given our preliminary observations,
we believe that this approach merits further investigation.
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Figure 3. The effect of IL-10R blockade on innate responses to ChAdV63.HIVconsv. (A) Representative histogram showing CD86 expression on CD11c™
cells 24 hours post-immunization in mice immunized with ChAdV63.HIVconsv in combination with either anti-IL-10R antibody (solid line) or an irrelevant
isotype control antibody (dashed line). (B) Gating strategy for the identification of CD11c* cells and representative plot showing the percentage of
CD11c™ cells that are CD3 (far right plot). (C) CD86 expression on CD11c* cells 24 hours post-immunization in mice immunized with ChAdV63.HIVconsv
in combination with either anti-IL-10R antibody (gray bar; n = 5) or isotype control antibody (white bar; n = 5). Statistical significance was determined
using the Mann Whitney test. (D) The proportion of splenocytes expressing CD11c 24 hours post-immunization in mice immunized with ChAdV63.HIV-
consv after receiving anti-IL-10R (gray box; n = 5) or isotype control antibody (white box; n = 5). (E) Concentration of IP-10, MCP-1 and TNF-« in serum
collected 24 hours post-immunization from mice immunized with ChAdV63.HIVconsv in combination with anti-IL-10R (gray bars; n = 10) or isotype con-

trol antibody (white bars; n = 10). Data are representative of 2 independent experiments.
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