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Transformation of the tumour microenvironment by a CD40
agonist antibody correlates with improved responses to PD-L1
blockade in a mouse orthotopic pancreatic tumour model
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ABSTRACT

Despite the availability of recently developed chemotherapy regimens, survival
times for pancreatic cancer patients remain poor. These patients also respond poorly
to immune checkpoint blockade therapies (anti-CTLA-4, anti-PD-L1, anti-PD-1), which
suggests the presence of additional immunosuppressive mechanisms in the pancreatic
tumour microenvironment (TME). CD40 agonist antibodies («CD40) promote antigen
presenting cell (APC) maturation and enhance macrophage tumouricidal activity, and
may therefore alter the pancreatic TME to increase sensitivity to immune checkpoint
blockade. Here, we test whether «CD40 transforms the TME in a mouse syngeneic
orthotopic model of pancreatic cancer, to increase sensitivity to PD-L1 blockade. We
found that whilst mice bearing orthotopic Pan02 tumours responded poorly to PD-L1
blockade, «CD40 improved overall survival. «CD40 transformed the TME, upregulating
Th1l chemokines, increasing cytotoxic T cell infiltration and promoting formation of an
immune cell-rich capsule separating the tumour from the normal pancreas. Furthermore,
aCD40 drove systemic APC maturation, memory T cell expansion, and upregulated
tumour and systemic PD-L1 expression. Combining «CD40 with PD-L1 blockade enhanced
anti-tumour immunity and improved overall survival versus either monotherapy.
These data provide further support for the potential of combining «CD40 with immune
checkpoint blockade to promote anti-tumour immunity in pancreatic cancer.

immune checkpoint pathways can both contribute to
tumour immune evasion. PD-L1 (programmed death
ligand 1) expressed on tumour cells and infiltrating
myeloid cells engages PD-1 on activated T cells,
downregulating T cell effector functions [5]. CTLA-4 on
activated T cells binds to co-stimulatory molecules on
antigen presenting cells, inhibiting further T cell activation
and expansion, and facilitating suppression by regulatory
T cells (T,) [6]. Antibody therapies blocking PD-1, PD-

INTRODUCTION

Tumours employ a number of mechanisms to escape
detection and elimination by the adaptive immune system
[1]. Tumour cells may directly escape T cell surveillance by
downregulating expression and presentation of potentially
immunogenic tumour-associated antigens [2, 3]. In addition,
immunosuppressive mediators produced by tumour cells,

stroma and tumour infiltrating leukocytes can drive effector
T cell inactivation and exclusion of effector T cells from the
microenvironment [4].

The PD-1 (programmed cell death protein 1) and
CTLA-4 (cytotoxic lymphocyte-associated antigen 4)

L1 and CTLA-4 function enhance anti-tumour immunity,
leading to durable clinical responses for a subset of
patients with melanoma, lung cancer and other tumour
types [7]. However, patients with pancreatic cancer, an
aggressive disease with only a 7.2% 5 year survival rate,
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Figure 2: aCD40 transforms the TME A. Effect of FGK4.5 (3 mg/kg, day 7, 14, 21) on orthotopic Pan02 TME on day 22 was
assessed by H&E staining, CDS8, F4/80 and FoxP3 immunohistochemistry (IHC). Pan02 tumours (T) were highly invasive in isotype
treated mice (top panels), and displayed multiple foci of invasion (arrows) into and destruction of the normal (N) recipient pancreas. In
FGK4.5 treated mice (lower panels), tumours were encapsulated and separated from the normal pancreas (N) by a dense fibrous capsule
(C) containing abundant inflammatory infiltrates. Arrows denote the clear border between the capsule (C) and the adjacent tumour (T). 10X
scale bar = 100pm, 20X scale bar = 200um. Images were captured from 10X Aperio™ scans or 20X scans (IHCs). B-D. Quantification of
effect of FGK4.5 on CD8" (B), FoxP3* (C) and ratio of CD8" / FoxP3" T cells (D) in Pan02 tumours on day 22. n > 4 animals per group,
*p<0.05, ns not significant, Mann-Whitney test. E. Mean fold change in mRNA for immune-related genes in FGK4.5 treated Pan02
tumours (3 mg/kg day 7, 14, 21, 28) versus isotype treated tumours on day 29. mRNA expression quantified using a Tagman mouse immune
array and normalised to six housekeeping genes. n > 5 animals group. F-J. ELISA quantification of CXCL10 (F), IL-2 (G), IFNy (H),
IL-12p70 (I), and IL-12p40 (J) protein levels in Pan02 tumours on day 29 from mice treated with FGK4.5 (3 mg/kg, day 7, 14, 21, 28) or
isotype control antibody. n > 5 animals per group. **p<0.01, Mann-Whitney test.
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in aCD40-treated tumours (Figure 2D, 1.51 fold increase
versus isotype, p=0.114).

Analysis of immune mediator expression in Pan02
tumours at day 29 revealed that aCD40 significantly
upregulated the Thl chemokine CXCL10 at the mRNA
(Figure 2E) and protein (Figure 2F) level in Pan02
tumours, along with IL-2 (Figure 2E, 2G), perhaps
explaining the expansion or increased infiltration of
tumour CD8" T cells. The Th1 mediators IFNy (Figure 2E,
2H) and IL-12p70 (Figure 2I) were unchanged. Different
effects were observed on the two subunits of IL-12p70 (IL-
12p35 / IL12A and IL-12p40 / IL12B). Whilst IL-12p35
expression was unchanged (Figure 2E), expression of IL-
12p40 was significantly downregulated by aCD40 at both
the mRNA and protein level (Figure 2E, 2J). This may
have led to a reduction in levels of IL-12p40 homodimers
which can antagonise IL-12p70 effects [30]. aCD40-
induced changes in tumour inflammatory mediators
IL-1a, RANTES (CCL5) and GM-CSF (CSF2) at the
mRNA level (Figure 2E) did not translate into significant
increases in protein expression (data not shown). Thus,
aCDA40 significantly altered the TME, enhancing CD8*
T cell infiltration, promoting encapsulation of tumours by
an immune infiltrate, and driving a partial Thl shift in the
cytokine / chemokine milieu.

0CD40 drives myeloid cell maturation and
memory T cell expansion in spleen

In order to investigate the effects of aCD40 on
the systemic immune system, Pan02 tumour-bearing
mice were treated with aCD40 (once weekly from day 7
post implantation, four doses). Mice were sacrificed
24h after the final dose of aCD40 (day 29, study outline
Supplementary Figure S1C), and splenic myeloid and
T cell populations were characterised by flow cytometry
(Figure 3, and Supplementary Figure S5). Three principal
groups of splenic myeloid cells were defined based on
F4/80, CD11b and Gr-1 expression (Figure 3A). The
CD11b" / Gr-1" gate captures multiple splenic myeloid
cell populations including monocytes, macrophages and
dendritic cells [31]. The CDI11b" Gr-17 gate captures
immunosuppressive myeloid-derived suppressor cells,
as well as inflammatory monocytes and neutrophils
[32]. The CD11b™ F4/80" gate identifies splenic red pulp
macrophages involved in senescent red blood cell clearance
[33]. Only small changes were observed in the proportions
of splenic myeloid cells from mice treated with aCD40
(Supplementary Figure S5A-S5C). However, aCD40
treatment induced a marked increase in the expression of
markers of mature antigen presenting cells on these cell
populations (Figure 3B-3G, Supplementary Figure S5D-
S5K), suggesting a change in the differentiation status of
splenic myeloid cells. The dendritic cell marker CD11c was
upregulated on both F480* and CD11b* cell populations
(Figure 3B, 3C). Induction of MHCI, MHCII, and of

the co-stimulatory molecules CD80 and CD86 was also
observed broadly on all myeloid populations (Figure 3D—
3G, Supplementary Figure SSD—S5K). The only exception
to this general trend was a slight downregulation of MHCI
expression on CD11b" Gr-1* cells (Supplementary Figure
S5H). In addition, aCD40 treated mice showed expansion
of FoxP3* T, and CD8" cytotoxic T cells (Figure 31, 3J),
and of memory subsets of both CD4* and CDS8" T cells
(Figure 3K-30). Thus, aCD40 drove maturation of splenic
myeloid cells towards an antigen presenting cell phenotype,
and expansion of T and memory CD4" and CD8" T cells.
These data are consistent with aCD40 driving systemic
immune activation, in addition to transforming the TME.

aCD40 upregulates PD-L1 in tumour and spleen

Since induction of PD-L1 expression was reported
to mediate acquired resistance to aCD40 in breast tumour
models [34], we next investigated whether aCD40
induced PD-L1 and PD-1 expression in the orthotopic
Pan02 model. 24h after the last dose of aCD40 (day 29,
study outline in Supplementary Figure S1C), tumour PD-
L1 expression was quantified by qPCR, and splenocyte
PD-L1 and PD-1 expression was quantified by flow
cytometry. aCD40 upregulated PD-L1 mRNA expression
in Pan02 tumours (Figure 4A, mean 2.1 fold increase in
expression, p<0.01 versus isotype). In the spleen, aCD40
also upregulated PD-L1 on CDI11b" Gr-1~ and CD11b*
Gr-1* myeloid cells (Figure 4B, 4C). Furthermore, PD-1
expression was induced by aCD40 on splenic CD4*
FoxP3~ (Figure 4D) and CD8* (Figure 4E) effector T cells,
but not on CD4" FoxP3* Treg (data not shown).

aCD40 + oPD-L1 combination improves
anti-tumour immunity

Because anti-CD40 treatment increased CD8" T cell
infiltration and also upregulation of PD-1 and PD-L1, we
tested the hypothesis that a combination of aCD40 and
aPD-L1 would induce systemic anti-tumour immunity in
this model. Pan02 tumour-bearing mice were treated with
aCDA40 (3 mg/kg, once weekly from day 7, four doses) and
aPD-L1 (10 mg/kg, twice weekly from day 7, six doses),
and monitored for tumour growth and overall survival
(study outline Supplementary Figure S1D). Primary
tumour and peritoneal metastatic tumour burden was
quantified for all animals at endpoint. Following on from
an initial study running for 84 days, a second, extended
study was performed to evaluate long term survival out
to 6 months. When PD-L1 blockade was initiated at day 7
(Figure 5A) rather than day 14 (Figure 1C, compare
study outlines in Supplementary Figure S1A and S1D),
a minimal improvement in overall survival was observed
(Figure 5A). The combination of aCD40 and aPD-LI
significantly increased overall survival in comparison
to either treatment alone (Figure 5A, p<0.0001 versus
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