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Abstract

Although checkpoint immunotherapies have revolutionized the treatment of cancer, not all tumor 

types have seen substantial benefit. Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal 

malignancy in which very limited responses to immunotherapy have been observed. Extensive 

immunosuppressive myeloid cell infiltration in PDAC tissues has been postulated as a major 

mechanism of resistance to immunotherapy. Strategies concomitantly targeting monocyte or 

granulocyte trafficking or macrophage survival, in combination with checkpoint immunotherapies, 

have shown promise in preclinical studies and these studies have transitioned into ongoing clinical 

trials for the treatment of pancreatic and other cancer types. However, compensatory actions by 

untargeted monocytes, granulocytes, and/or tissue resident macrophages may limit the therapeutic 

efficacy of such strategies. CD11b/CD18 is an integrin molecule that is highly expressed on the 

cell surface of these myeloid cell subsets and plays an important role in their trafficking and 

cellular functions in inflamed tissues. Here, we demonstrate that the partial activation of CD11b 
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by a small molecule agonist (ADH-503) leads to the repolarization of tumor-associated 

macrophages, reduction in the number of tumor-infiltrating immunosuppressive myeloid cells, and 

enhanced dendritic cell responses. These actions, in turn, improve anti-tumor T cell immunity and 

render checkpoint inhibitors effective in previously unresponsive PDAC models. These data 

demonstrate molecular agonism of CD11b reprograms immunosuppressive myeloid cell responses 

and potentially bypasses the limitations of current clinical strategies to overcome resistance to 

immunotherapy.

One Sentence Summary:

Agonism of CD11b overcomes myeloid cell-induced immunosuppression to render pancreatic 

cancer models responsive to checkpoint immunotherapy.

Introduction

The potential use of checkpoint immunotherapy to combat cancer has now been established 

in several tumor types. However, not all cancers respond. For example, despite a number of 

patients with adequate T cell infiltrates, immunotherapy has not led to clinical benefits in 

pancreatic ductal adenocarcinoma (PDAC) (1). Although there are multiple factors that 

could contribute to such therapeutic resistance to checkpoint immunotherapy, one major 

factor is the immunosuppressive myeloid cell populations present within the tumor tissues 

that can drive T cell exclusion and dysfunction (2–4). Therefore, one potential strategy is the 

targeting of these myeloid cell populations to improve T cell-mediated immunity. These 

preclinical strategies have included blocking the mobilization and trafficking of 

inflammatory monocytes [via C-C chemokine receptor-2 (CCR2)] or granulocytes [via C-X-

C motif chemokine receptor (CXCR)-1 and −2 signaling]. Alternatively macrophage 

survival and/or pro-tumor polarization can be blocked through colony stimulating factor-1 

receptor (CSF1R) inhibition. These strategies have all shown promise, in combination with 

checkpoint immunotherapies, in preclinical studies that have transitioned into ongoing 

clinical trials for the treatment of pancreatic and other cancers. However, compensatory 

actions by untargeted monocytes, granulocytes, and/or tissue resident macrophages may 

limit the therapeutic efficacy of such strategies. For example, targeting granulocytes can lead 

to the subsequent compensatory expansion of monocytes and macrophages (5, 6), suggesting 

that the nonselective targeting of all tumor-infiltrating myeloid cells may represent an 

optimal therapeutic strategy to promote anti-tumor immunity.

PDAC is characterized by abundant myeloid cell infiltrates that predominantly include 

monocytes, granulocytes, and macrophages (7–9). These infiltrates are associated with 

immunosuppression, fibrosis, and T cell dysfunction and poor prognosis in patients with 

PDAC (6, 8–10). The cells in these infiltrates rely on cell adhesion molecules for both their 

trafficking into tumors and their biological activity (11). Integrin αMβ2 (CD11b/CD18) is a 

multifunctional integrin expressed on myeloid cells that plays a well-established role in 

leukocyte adhesion to the vasculature, transendothelial migration, and tissue recruitment 

under inflammatory conditions. CD11b is the ligand binding subunit of the dimeric integrin 

CD11b/CD18 and a receptor for both fibrinogen and endothelial ICAM-1 and is expressed 

on most myeloid cells, including macrophages, monocytes, neutrophils and some dendritic 
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cell (DC) subsets. CD11b also plays a key role in the phagocytosis of opsonized particles, 

including apoptotic cells, which can limiting inflammatory immune responses (12, 13). 

Once within tissues, CD11b can negatively regulate pro-inflammatory pathways, such as 

those involving TLR and FcRγ (14–16). Among its various functions, CD11b mediates cell 

adhesion, chemotaxis, migration, phagocytosis, and survival (17–20). Together these data 

suggesting that CD11b plays an important role in myeloid cell migration into and function 

within sites of inflammation.

Based on its involvement in pathologic inflammatory cell recruitment, small molecule and 

antibody antagonists of CD11b signaling were developed to prevent excessive myeloid cell 

infiltration (21–23). However, these approaches failed clinically, because such blockade 

strategies require the saturation CD11b, which is not achievable at tolerable doses in humans 

(23–26). To overcome this limitation, we developed a small molecule allosteric agonist, 

ADH-503, that result in a partially active CD11b conformation upon binding (24, 26). In 

inflammatory models, we demonstrated that this approach can by very effective at lower 

concentrations than those required for antagonist strategies (16, 24, 27–29). Mechanistically, 

ADH-503 suppresses myeloid cell infiltration into inflamed or infected sites by increasing 

CD11b-dependent cell adhesion to ICAM-1 on the endothelium, preventing subsequent 

extravasation (16, 24, 26–29). Pharmacologic activation of CD11b has also been shown to 

suppresses the TLR-dependent FOXO3/IRF7 pathway both in vitro and in vivo, suggesting 

that CD11b activation may directly affect macrophage functions beyond trafficking (16). 

Here in, we examined the impact of targeting multiple myeloid cells by ADH-503 on tumor 

immunity and response to immunotherapy.

Results

CD11b+ cells are abundant in human PDAC tissues

To determine the functional consequences that alterations in CD11b signaling might have on 

PDAC tumor immunity, we first assessed the abundance and identity of CD11b+ cells in the 

PDAC tumor microenvironment (TME). To determine abundance, we quantified CD11b+ 

cells in human pancreatic tissue samples containing paired tumor and adjacent normal 

tissues by immunohistochemistry (IHC). As expected, PDAC tissues had higher numbers 

and densities of CD11b+ leukocytes compared to adjacent normal tissues (Fig. 1A and fig. 

S1A). To determine the composition of these CD11b+ leukocytes, we profiled fresh PDAC 

tissues by mass cytometry (CyTOF). We observed that CD11b+ cells compose 25–42% of 

all tumor-infiltrating leukocytes (fig. S1B). As expected, CD11b was robustly expressed by 

tumor-infiltrating macrophages and granulocytes (Fig. 1C). Although CD11b has been 

reported to be expressed on activated B, T, and natural killer (NK) cells, we found that very 

few (< 3%) lymphocytes expressed CD11b (Fig. 1C). Additionally, analyses of the 

composition of CD11b+ cells revealed that greater than 95% of the cells were macrophages, 

monocytes, granulocytes, or conventional dendritic cells (cDCs) (Fig. 1D). To validate the 

results for the abundance of macrophages and granulocytes in PDAC tissues, we stained 

human tumors for CD14 and CD15, and found higher cell numbers and densities in PDAC 

tissues compared to adjacent normal tissues (Fig. 1E).
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To better understand the relative localization of T cells and CD11b+ cells, we co-stained 

human PDAC tissues for either CD8a or CD11b and CK19 (a marker of PDAC cells). We 

observed that compared to CD8a+ T cells, CD11b+ cells were in closer proximity to CK19+ 

PDAC cells (Figs. 1D and S1F); more impressively CD11b+ cells had higher numbers at 

proximal distances to CK19+ PDAC cells (Fig. 1E, S1G). Taken together these data suggest 

that CD11b+ myeloid cells are numerically and physically positioned to regulate T cell 

exclusion in PDAC tissues.

We next examined genetically engineered mouse models (GEMMs) of PDAC (p48-CRE/

LSL-KrasG12D/p53flox/flox, “KPC” mice) or cell line-derived PDAC GEMMs that were 

orthotopically implanted into syngeneic hosts (KP2 or KI). Similar to results obtained with 

human tumors, we observed that CD11b+ is highly expressed on PDAC-infiltrating 

monocytes, tumor-associated macrophages (TAMs), granulocytes, and CD11b+ cDCs, but 

more sparingly expressed on T, B, NK, and NK T cells (Figs. 1F and S1C and D). Overall, 

CD11b+ cells composed 50–60% of total leukocytes, and fewer than 15% of CD11b+ cells 

were B, T, and NK cells (Fig. 1F). Taken together, these data suggest that in both human and 

murine PDAC tumor tissue, CD11b+ is predominantly expressed on myeloid cells, which are 

highly abundant in the PDAC TME.

ADH-503 binds CD11b and reduces myeloid cell recruitment to PDAC tissues

To overcome the dosing limitation of CD11b blockade in previous studies, we developed a 

small molecule agonist (24, 26), ADH-503, whose binding achieves a partially active CD11b 

conformation (Fig. 2A and B).

To develop ADH-503 molecule for future clinical use we first tested its pharmacokinetics 

(PK) following oral administration and safety profile in several vertebrate species. We first 

determined that ADH-503 preforms equally well as an agonist using both human and mouse 

CD11b+ monocytes (Fig. S2A–B). Next, we performed pharmacokinetic studies in rats and 

C57/B6 mice (Fig. 2C, S2C–F). In rats the mean half-life of ADH503 at 30 and 100mg/kg 

dosing was 4.68 and 3.95 hours with a Cmax and AUC0-t in the plasma of 1716 and 2594 

ng/mL and 6950 and 13962 ng.h/mL, respectively. Repeat dosing in rats was similar for 

these parameters as doses progressed (Fig. 2C, S2C–E). Dosing in C57/B6 mice has similar 

PK properties (Fig. S2D).

To determine the safety profile of ADH503, we performed pre-clinical toxicological studies 

in Sprague-Dawley rats and in Beagle dogs. Studies showed that ADH503 is well tolerated 

and displayed no adverse effects or toxicity after single dose or after repeated-dose for 28 

days at doses up to 1500 mg/kg/d in rats and up to 1359 mg/kg/d in dogs. There was no 

mortality, clinical signs or body weight changes associated with ADH503 administrations 

and the compound was well-tolerated.

To test the impact of ADH-503 on myeloid cell trafficking in tumor-bearing mice, we used 

fluorescently labeled latex beads to monitor the trafficking of blood cells. Twenty-four hours 

after labeling, we found bead-positive inflammatory monocytes, neutrophils, and 

macrophages in PDAC tissues, suggesting the active recruitment of these inflammatory cells 

(Fig. 2D). However, in mice treated with ADH-503, we found a significant reduction in the 
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number of beads positive cells in all three of these populations (Fig. 2E). These data suggest 

that ADH-503 can partially prevent the recruitment of myeloid cells from the circulation 

into PDAC tissues.

ADH-503 directly alters the cytokine profile of PDAC-activated macrophages

To examine the direct effects of ADH-503 on the responses of macrophages to tumor-

derived factors, we treated bone marrow-derived macrophages with conditioned medium 

from KPC-derived PDAC cells in the presence or absence of ADH-503, and then examined 

the gene expression levels of key cytokines by Q-PCR and RNA sequencing (RNA-seq). 

RNA-seq analysis showed that greater than 8000 RNAs were changes by 2 fold within 6 

hours of ADH-503 exposure (Fig. 2F). Ontological analyses of these gene sets showed key 

changes in genes involved in antigen presentation and processing, lysosomal trafficking, 

phagocytosis and interleukin (IL)-8 signaling (Fig. 2G). Further analyses of these data also 

show that ADH-503 rapidly decreased the genes involved in IL-1 signaling, increased the 

expression of cytokines involved in T cell and DC trafficking, and reduced the regulatory T 

cell recruitment of cytokines CCL17 and 22 (Fig. 2H). Results from a parallel Q-PCR 

analysis in a second experiment revealed that ADH-503 down-regulated TGFβ1, IL1α, and 

IL1β, and reduced the levels of alternative activation markers Arg1, YM1, and Retnlα, while 

upregulating type I interferons (IFNα1 and β) and T cell recruitment factors (CXCL9, 10, 

and 11, Fig. 2I). Taken together, these data suggest that ADH-503 results in the 

repolarization of macrophages towards a phenotype that could support anti-tumor T cell 

responses.

To determine the impact of CD11b agonists on myeloid cells in vivo, we examined immune 

infiltration in two distinct syngeneic orthotopic models (KI and KP2) and the genetic KPC 

model. In orthotopic tumors, we found that 8 days of treatment with ADH-503 reduced the 

numbers of total tumor-infiltrating CD11b+ cells as well as subsets of CD11b+ monocytes, 

granulocytes, eosinophils, and macrophages (Fig. 3A–C). Notably, at treatment durations 

shorter than 8 days we did not observe reduced macrophages or granulocytes numbers (Fig. 

S3B), suggesting 8 days is needed for the recruitment blockade to result in changed tumor 

myeloid numbers. Similar to orthotopic models, we observed reduced numbers of CD68+ 

and GR1+ cells in PDAC tissues from KPC mice treated with ADH-503 for 14 days (Fig. 

3E). These reductions in the subsets of CD11b+ cells persisted for greater than 14 days 

orthotopic tumors and for more than 30 days in KPC GEMM PDAC tissues (Figs. 3E and 

S3A), suggesting that a limited compensatory mechanism exists. Other cell types, which 

express lower levels of CD11b (Fig. 1), including NK cells and B cells, remained unchanged 

after ADH-503 treatment (Fig. 3B–D). To determine whether the changes in the tumor-

infiltrating myeloid cell subsets were due to systemic changes in circulating myeloid cells or 

their progenitors, we analyzed the blood, bone marrow, and spleens of mice treated with 

vehicle or ADH-503. We observed no differences in the numbers of myeloid cells in these 

peripheral tissues (Fig. S3B). These data suggest the possibility that high rate of 

transmigration of myeloid cells from circulation via CD11b likely requires high local 

density of CD11b ligands (e.g.; ICAM-1), which might be elevated near tumor sites v/s other 

normal tissues. Taken together, these data suggest that a CD11b agonist can functionally 

reduce the numbers of multiple myeloid cell subsets.
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To assess the impact of ADH-503 on the tumor macrophage phenotype in vivo, we 

compared the expresison of macrophage markers by flow cytometry 10 days after treatment 

with ADH-503 in two syngeneic orthotopic models. We found that macrophages had higher 

expression levels of MHCI, MHCII, CD80, and CD86 after treatment with ADH-503, 

indicating improved antigen-presenting properties of the remaining macrophages (Figs. 3F 

and G, and S3C). The expression levels of CD11b, CD40, and CD206 were unchanged in 

the macrophages. These data suggest that ADH-503 not only decreases the number of total 

myeloid cells in the tumor but also reprograms the remaining macrophages and improves 

their antigen-presenting properties. Consistent with the alterations in the macrophage 

phenotype observed in vitro, gene expression profiling of TAMs sorted from tumors of 

ADH-503-treated mice showed reduced expression levels of immunosuppressive genes (IL6, 

TGFβ, Arginase-1, and IL10) and increased expression levels of the T cell chemokine 

CXCL10 (Fig. 3H). These data support the role of ADH-503 in enhancing a T cell-

supportive TAM phenotype in vivo.

CD11b agonism improves T cell responses in vivo

To determine whether CD11b agonism can improve anti-tumor immunity, we explored 

changes in tumor T cell infiltration and phenotype in two orthotopic PDAC models and in 

KPC mice. We analyzed tumor-infiltrating T cells and found that ADH-503 treatment 

resulted in increased numbers of total CD8+ cytotoxic T lymphocytes (CTLs) and CD4+ T 

effectors (Figs. 4A–D and S4A). In addition to increasing T cell frequency, ADH-503 also 

increased CD8+ CTL and CD4+ effector cell proliferation (Ki67+ CD8+ CTLs) and 

activation (CD44Hi CD62Lneg) (Fig. 4A–D). Notably, we also observed increases in PD1+, 

EomesHigh/PD1High, and Tim3High/PD1High CTLs, suggesting that activated CD8+ CTLs 

may have a more checkpoint-engaged phenotype (Fig. 4B). Similar increases in total CD8a+ 

T cell numbers were observed by IHC (Fig. S4B). In contrast, we found reduced numbers of 

FOXP3+ regulatory T cells (Treg) and a better CD8+ CTL to Treg ratio in PDAC tissues from 

ADH-503-treated mice (Figs. 4B and S4A–B). To determine whether ADH-503-induced 

immune changes could change the proximity of T cells relative to PDAC cells, we co-stained 

for CK19 and CD8a, and analyzed cell proximities (Fig. 4E). We found that although the 

distribution of CD8+ T cells was not markedly changed over distances of 30–150 μm, the 

number and frequency of CD8+ T cells in close proximity to PDAC cells were changed by 

ADH-503 treatment (Fig. 4E). In vehicle-treated mice, CD8+ T cells were in very limited 

numbers at distances of less than 25 μm, with nearly no CTLs at distances <10 μm. In 

contrast, ADH-503 treatment significantly increased the number of CD8+ CTLs in direct 

contact (< 5 μm) and in close proximity (< 25 μm) to CK19+ PDAC cells. Corresponding to 

this increase in T cell number, we also observed a marked increase in PD-L1 expression on 

the PDAC cells (Fig. 4C).

To determine whether ADH-503 improved tumor antigen-specific T cell responses, we 

analyzed OVA-specific dextramer+ CD8+ T cells in orthotopic KP2-OVA tumors. We 

observed that ADH-503 increased both the total number of dextramer+ CTLs as well as the 

relative frequency of dextramer+ cells among CD8+ CTLs, suggesting the effective 

expansion of tumor-specific T cells (Fig. 4C). We next examined changes in tumor-specific 

T cells in pancreas-draining lymph nodes (dLNs). We observed an increased frequency and 
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proliferation of dextramer+ CD8+ CTLs in PDAC dLNs of ADH-503-treated mice compared 

to vehicle-treated mice (Fig. 4D). These data suggest that CD11b-agonism leads to the 

expansion of the tumor antigen-specific T cell population in tumor tissues and priming in the 

periphery.

ADH-503 treatment induces the accumulation of CD103+ cDCs in the tumor

Due to the increase in intratumoral T cell numbers and proliferation, we explored whether 

these effects are driven by changes in DCs. As expected, based on their CD11b expression, 

we observed reduced numbers of tumor-infiltrating CD11b+ cDC2s and monocyte-derived 

DCs after 12 days of ADH-503 treatment (Figs. 4H and S4D). In contrast, in ADH-503-

treated mice, tumor-infiltrating CD103+ cDC1s (which express CD11b at extremely low 

levels) were markedly increased in both number and MCH-I and MHC-II expression (Fig. 

4H). These data suggest that ADH-503 reduces the numbers of potentially tolerogenic 

and/or CD4+ T cell-priming DCs, while enhancing cross-presenting by CD103+ cDC1s. The 

identity of these cDC populations was confirmed using Zbtb46gfp/+ reporter mice (30) (Fig. 

S1D). To determine whether the changes in cDC1s were necessary for the increased CTL 

response observed in ADH-503-treated mice, we used BATF3−/− mice, which lack 

functional cDC1s (31). In contrast to wild-type controls, treatment with ADH-503 had no 

effect on T cell infiltration in BATF3-deficient mice (Fig. 4I). Taken together, these findings 

suggest that myeloid cell reprograming by ADH-503 drives cDC1 infiltration and function, 

leading to a reinvigorated anti-tumor T cell response.

ADH-503 impairs tumor growth and improves survival in orthotopic models and KPC 
GEMMs

To determine the impact of a CD11b agonist on tumor progression, we evaluated three 

syngeneic orthotopic PDAC models and KPC GEMMs (Fig. 5A–D). In all models, 

ADH-503 delayed tumor progression, leading to a significantly decreased tumor burden in 

time point analysis and improved overall survival (Fig. 5C and D). Importantly, ADH-503 

had no direct effects on PDAC cell growth in vitro (Fig. S5A). To further confirm the 

specificity of ADH-503 for CD11b, we utilized CD11b-null (ITGAM-null) mice and found 

that unlike in wild-type mice, CD11b-null mice had similar tumor growth, regardless of 

treatment (Fig. 5E).

To understand the importance of the observed alterations in T cells and cDC1s on the 

efficacy of ADH-503, we depleted CD4+ and CD8+ T cells and implanted BATF3-deficient 

mice (30–32). We found that neither T cell depletion nor BATF3 deficiency markedly 

changed KP2-OVA tumor growth in vehicle-treated mice, suggesting that tumor immunity is 

dysfunctional, even when a neo-antigen (OVA) is engineered into these PDAC tumors (Fig. 

5F). However, whereas ADH-503 significantly restrained the growth of KP2-OVA tumors, 

this effect was completely dependent on both T cells and BATF3dependent cDCs (Fig. 5F). 

More specific depletion of CD4 or CD8 T cells found that CD4+ T cells were dispensable 

for ADH-503 tumor growth suppression but CD8a+ T cells were necessary (Fig. 5F). Based 

on the observation that CXCL-9, −10, and −11 were highly unregulated in TAMs treated 

with ADH-503 (Fig. 2I) and are drivers of CD8 T cell recruitment, we neutralized CXCR3 

and found this also abolished ADH-503’s anti-tumor activity (Fig. 5F). Taken together, these 
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data suggest that ADH-503-induced improvements in cDC1 responses are critical for the 

orchestration of anti-tumor CD8+ T cell immunity and tumor restraining treatment efficacy.

To determine the impact that ADH-503 has on the pathology of PDAC tumors, we analyzed 

tissues from either KPC GEMMs treated for 14 days or at the time of terminal disease 

progression. Consistent with the lack of tumor cell intrinsic activity, we saw no change in 

PDAC cell proliferation in cells from ADH-503-treated mice. Instead, we observed 

increased cleaved caspase 3, a marker of apoptosis, in PDAC cells (Figs. 5G and S5B), 

which is consistent with an immune-mediated effect. In accord with the known invasion-

promoting activities of myeloid cells (33), we found that ADH-503 decreased tumor grade 

(Figs. 5G and S5B).

Analysis of tumor-associated fibrosis revealed that ADH-503-treated mice had reduced 

collagen density, but no changes in α-smooth muscle actin or FAP+ fibroblasts (Fig. 5G). 

Consistent with these results, we saw no changes in stromal proliferation or apoptosis (Figs. 

5G and S5B). These data suggest that ADH-503 can alter collagen density but not by 

decreasing fibroblast number.

ADH-503 enhances the efficacy of standard of care therapies to eliminate metastasis

To determine whether ADH-503 could augment the efficacy of chemotherapy, we treated 

mice bearing orthotopic KI tumors with gemcitabine (GEM) plus paclitaxel (PTX) alone or 

in combination with ADH-503. Ultrasound tumor volume measurements revealed that 

whereas GEM/PTX resulted in a 35% reduction in tumor progression, the combination of 

ADH-503 plus GEM/PTX resulted in significant disease control (> 90%, Fig. 6A), which 

translates into a marked increase in survival (Fig. 6B). Analysis of end-stage metastasis 

found that 80% vehicle-treated and 55% of and chemotherapy-treated animals developed 

gross hepatic metastases. However, in spite of living longer, we only observed metastasis in 

only 12.5% of animals treated with by ADH-503 and none of the animals treated with 

ADH-503 plus PTX/GEM (Fig. 6C). Intriguingly, immune profiling of tumors after 14 days 

of treatment showed that GEM/PTX therapy neither impaired nor synergized ADH-503 in 

stimulating tumor immunity (Fig. S6A). Together, these data suggest that the combination of 

ADH-503 with chemotherapy has a significant impact on disease progression and 

metastasis, but does not lead to a synergistic impact on tumor immunity. To determine 

whether ADH-503 could improve the efficacy of radiation therapy (RT), we treated mice 

bearing orthotopic KI tumors with 4Gy×5 RT (4Gy ×5) using a CT-image guided small 

animal radiation research platform (SARRP). We found that although both RT and 

ADH-503 lead to impaired disease progression, only the combination yielded substantial 

tumor regression (Fig. 6D). Taken together these data suggest CD11b-agonism might 

improve multiple types of conventional therapies.

ADH-503 renders PDAC tumors responsive to checkpoint immunotherapy

As described above, we observed that CD11b agonists improved T cell infiltration and 

function but also upregulate PD1/PDL1 checkpoint molecule expression on CD8 T cells, 

TAMs, and PDAC cells (Fig. 3 and 4). These data suggest that ADH-503 might synergize 

with anti-PD-1 or other checkpoint therapies. To examine this supposition, we combined 
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ADH-503 with αPD-1 IgG in two orthotopic PDAC models. Although neither model 

showed benefit from treatment with αPD-1 antagonists (34–36), the combination of 

ADH-503 and αPD-1 IgG resulted in significant tumor regression over 14 days of treatment 

(Fig. 7A). This short-term tumor regression led to complete tumor regression by days 21–30 

and survival past 120 days, even after cessation of treatment (Fig. 7B). Analysis of tissues 

from ADH-503 plus αPD-1-treated mice showed the restoration of normal pancreas 

morphology, minimal scar tissue, and no evidence of malignant cells, either by H&E or 

CK19 staining (Fig. 7B). This experiment was repeated in two independent cohorts with the 

same outcomes: 100% survival past 120 days and no residual disease. Re-challenge of mice 

with subcutaneous KI tumor cells resulted in 100% tumor growth in naïve control mice, but 

no detectable tumor in mice previously treated with ADH-503 plus αPD-1. These data 

demonstrate that ADH-503 strongly synergizes with αPD-1, converting completely 

unresponsive PDAC tumors into responsive tumors with marked tumor regression, long-term 

survival, and lasting immunologic memory.

To understand whether CD11b-agonism could improve additional checkpoints strategies, we 

combined ADH-503 with CTLA4-antagonistic and 41BB (CD137)-agonist IgGs. Unlike 

αPD1, α41BB IgG show significant tumor-restraining properties as single agents (Fig. 7C 

and D). More impressively, ADH-503, in combination with α41BB IgG, acted 

synergistically to induce marked tumor regression, long-term survival of treated animals past 

120 days, and complete resistance in re-challenge with KI tumor cells (Fig. 7C and D). In 

contrast to 41BB, αCTLA4 IgGs had no impact on tumor burden as a single-agent and no 

synergy with ADH-503 (Fig. S7A), suggesting that either the PD1 checkpoint was still 

dominant in this context or that there is specificity in the checkpoint combinations that 

synergize with CD11b agonists.

To validate these results in an autologous model, we treated KPC GEMMs with a 

combination of αPD1, αCTLA4, and low-dose GEM (“PCG”). As we have previously 

shown this combination is not effective alone in KPC GEMMs (37), similarly we did not see 

any efficacy in this study (Fig. 7E). In contrast, the combination of ADH-503 plus PCG 

significantly increased the survival of KPC mice, with the majority of mice dying of 

pancreatic insufficiency-induced weight loss rather than tumor progression (Figs. 7E and 

S7B). Corresponding to these effects on increased survival, while PCG alone did not 

increase tumor infiltration by CD8+ T cells, ADH-503 plus PCG resulted in a marked 

increase in CD8+ T cell infiltration (Fig. 7F). These findings demonstrate that such 

combination therapy can overcome resistance to the penetration of CTLs into the TME, even 

in otherwise immunologically cold GEMM tumors.

CD11b-agonism is superior to macrophage or granulocyte depletion for enhancing 
immunotherapeutic responsiveness

Several published reports have shown that depletion of either macrophages or granulocytes 

with CSF1R, CXCR1/2, or CCR2 inhibitors, or depleting antibodies against Ly6G or CSF1, 

can synergize with checkpoint inhibitors in pancreatic and other cancer models (5–7, 38–

41). To determine how CD11b-agonism compares to these approaches, we conducted head-

to-head efficacy studies of ADH-503 against CCR2 inhibitors (CCR2i), CSF1 neutralization, 
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and granulocyte depletion using αLy6G IgGs. As described above, single-agent αPD1 IgG 

treatment was ineffective. Also, as expected, αPD-1 agonists in combination with CCR2 

inhibition, αCSF1 neutralizing IgG, or Ly6G-depleting IgGs all synergized to restrain tumor 

progression and augment animal survival (Fig. 7G and H).

Discussion

Several lines of evidence suggest that targeting tumor-infiltrating myeloid cells might 

improve either the proportion of cancer patients who respond to immunotherapy or the 

extent of their responses. However, it is also clear that compensatory mechanisms exist 

within the myeloid cell lineage to render such approaches inert, in at least a subset of 

patients. Our data highlight a promising strategy to target multiple lineages of 

immunosuppressive myeloid cells with a single agent that activates CD11b signaling. We 

show that ADH-503 blunts both monocyte and granulocyte trafficking, while simultaneously 

directly stimulating the anti-tumor properties in tumor-residing macrophages. These immune 

changes overcome resistance to checkpoint immunotherapy in PDAC models, supporting the 

concept of using a CD11b agonists to overcome resistance to checkpoint immunotherapies.

Preclinical data for targeting the monocyte/macrophage axis in PDAC and other cancers to 

improve tumor immunity are strong (9, 42–45). Mechanisms of action include the expansion 

of tumor-infiltrating T cells by proliferation or recruitment, and/or the augmentation of DC 

responses (9, 38, 42–46). These preclinical data have led to a considerable number of 

clinical trials that examined a combination of cytotoxic and immunotherapeutic approaches 

(47). In PDAC, early clinical data suggested that blocking CCR2 improved responsiveness to 

chemotherapy with associated improvements in tumor immunity (8) and that CSF1R 

blockade improved PD1 checkpoint immunotherapy (48). However, both of these clinical 

outcomes, while positive, were only modest improvements over conventional treatments, 

suggesting that additional strategies might be more effective. In support of this premise, 

preclinical testing of combined CCR2 inhibition to target monocytes and CXCR2 inhibition 

to target granulocytes in PDAC models showed improved responses to chemotherapy 

compared to either agent alone (6). It remains to be seen what the toxicity profile of a 

combined strategy might be.

Consistent with previous reports in inflammatory models (26, 29), the use of ADH-503, a 

CD11b agonist, resulted in significantly reduced numbers of trafficked monocytes and 

granulocytes, and differentiated macrophages in tumors. Intriguingly, we also observed that 

macrophages remaining in the tumor expressed high amounts of MHC-I, MHC-II, CD80, 

and CD86, which support improved antigen presentation within the tumors. The 

mechanisms by which CD11b signaling can control a macrophage’s antigen-presenting 

activity are not known. Recently, work by Judith Varner’s group showed that loss of CD11b 

expression in TAMs results in tumor progression by driving macrophage polarization to 

support vascular maturation (49). Intriguingly, our data also suggest that the presence of 

different CD11b ligands in the TME, which are often extracellular matrix (ECM) molecules, 

might regulate the macrophage phenotype. Although the impact of ECM signaling on the 

TAM phenotype has been studied for some ECM molecules (50, 51), these interactions are 

still poorly understood, particularly in vivo. Nonetheless, ADH-503 appears to have a direct 
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impact on the cytokine profiles of macrophages in vitro, which is consistent with changes 

observed in vivo. It remains to be seen whether this change in macrophage phenotype 

mimics normal biologic signaling or is a de novo activity of ADH-503 as a molecular 

agonist of CD11b. Both interpretations likely would have clinical impact.

Although ADH-503 did not target T cells directly, our data suggest that it can augment anti-

tumor T cell responses. We found that ADH-503 bolstered both CD8+ and CD4+ effector T 

cell responses by increasing their numbers, activation, and proliferative status. Interestingly, 

we observed increased proximity of CD8+ T cells to PDAC cells following ADH-503 

treatment, suggesting that myeloid cells actively exclude T cells from contact with target 

malignant cells in these PDAC models. We did not determine whether changes in T cell 

proximity are due to reduced numbers of infiltrating myeloid cells, corresponding increases 

in numbers of cDC1s, or both. Certainly, the responses of cDC1s, which express extremely 

low levels of CD11b, appear to be markedly improved, with increases in cDC numbers and 

MHC expression in PDAC tissues, and cross-priming of CTLs in dLNs. Taken together, 

these data suggest myeloid cell and cDC responses are intimately associated for the 

regulation of T cell responses in both tumor tissues and the periphery.

Our data demonstrate that the successful reprograming of the innate immune compartment 

by CD11b agonism can render tumors more sensitive to checkpoint blockade. We 

demonstrate this effect for PD1 and 41BB combination therapies, but intriguingly, not for 

CTLA4 treatment. ADH-503 is currently on track for phase I single agent clinical testing 

next year and the data presented here suggest several potential therapeutic combinations that 

may have activity in PDAC and other cancers.

Materials and Methods

Study design

All studies were designed with the help of the Siteman Cancer Center Biostatistics core. The 

core staff provided us sample size estimated and power calculations and post data analysis 

help. All experiments were replicated 2–4 times and all critical observation were made with 

different cell lines and/or genetic models. To blind the research team only animal number 

not treatment groups were used when investigators made measurements or conducted 

analysis, for example flowcytometry analysis, survival or ultrasound measurements. Primary 

data are reported in data file S1.

Murine PDAC Models

KPC mice (p48-CRE/Lox-stop-Lox(LSL)-KrasG12D/p53flox/flox) used in these studies have 

been previously described (52) and were backcrossed to C57BL/6 background and screened 

for C57BL/6 identity using congenic markers. KP2 cell line was derived from tumors of 6-

month-old p48-CRE+/LSL-Lox KrasG12D/p53flox/+ mouse. Kras-INK (KI) cells were 

obtained from Dr. Hanahan’s laboratory at the EPFL institute. All cell lines were negative 

for MAP and mycoplasma. To establish orthotopic pancreas tumors, either 100,000 or 

200,000 KP2, KP2ova or KI cells in 50 μL of Cultrex (Trevigen) were injected into the 

pancreas of 8–12-week-old C57BL/6 or FVB/NJ mice according to published protocol (53). 
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All animals were randomized and assigned a treatment groups at time of tumor diagnosis 

>0.4cm in diameter. CD11b deficient (Itgam−/−), Zbtb46-GFP (B6.129S(C)-

Zbtb46tm1.1Kmm/J) and Batf3−/− (B6.129S(C)-Batf3tm1Kmm/J) in the C57BL/6 background 

were obtained from Jackson Laboratories (30–32). Washington University School of 

Medicine Institutional Animal Studies Committee approved all animal studies (protocol 

#20160265).

Inhibitors, neutralizing antibodies, and in vivo IgGs

Cell-based assays have determined it has biochemical half-maximal effective concentrations 

(EC50) of 4 uM for ADH-503. For animal experiments, ADH-503 was given at 30, 60, or 

120 mg/kg and is specified in the text when not at 60mg/kg. ADH-503 was formulated for 

treatment in 0.5% carboxymethyl cellulose and 0.1 % Tween-80 (Sigma-Aldrich) in sterile 

water and administered by oral gavage twice a day (BID). Immunotherapy IgGs were given 

i.p. and anti-PD-1 (200ug/dose clone RMP1–14) was given every 3–4 days, while anti-

CTLA4 (250ug UC10–4F10–11) and anti-41BB/CD137 (200ug/dose clone 3H3) were given 

every 4–5 days. Anti-CTLA4 and anti-41BB were discontinued after four doses whereas 

anti-PD1 was continued until day 30. All were purchased form BioXCell. For T cell 

depletion, CD4- and CD8- neutralizing IgG antibodies (anti-mCD4 clone GK1.5, anti-

mCD8 clone 2.43, BioXCell) were administered via i.p. injection every 4–5 days, with the 

1st injection containing 500 μg before tumor implantation and subsequent injections 

containing 250 μg. Mice were treated with anti-Ly6G IgGs (clone 1A8, BioXCell), anti-

CSF1 IgG (5A1 clone, BioXCell) or matched isotype control. For Ly6G the first dose 400 

μg i.p. followed by 100μg every 3 days and for CSF1 IgG 1.0 mg followed by 500 ug every 

5 days. CCR2i PF-04136309 (Tocris) was given at 100mg/kg BID.

Bead labeling blood cells

To selectively label blood cells, 250 uL of liposomes containing clodronate were injected 

intraveneously (i.v.), followed by i.v. injection of 250 uL of PE-conjugated plain 

microspheres 16–18 hours later (1.0 um, 2.5% solids [wt/vol]; Polysciences, diluted 1:4 in 

PBS). Tissues were processed for flow cytometry analyses at indicated time points after bead 

injection.

Mouse Tissue Isolation and Flow Cytometry

Mice were euthanized by intracardiac perfusion using 20 mL of PBS-heparin. Tumor tissues 

were manually minced and digested in 25 mL of Dulbecco’s Modified Eagle Medium 

(DMEM) containing 2 mg/mL of collagenase A (Roche) and DNase I (Sigma) for 30 

minutes at 37°C. Digestion was quenched in 5 mL of fetal bovine serum and filtered through 

40 μm Nylon mesh. Single cell suspensions were subsequently labeled with fluorophore-

conjugated anti-mouse antibodies at recommended dilutions following manufacturers’ 

recommendations (Table S1). Data were acquired on LSR-II or X-20 or sorted on an Aria-II 

(BD Biosciences) and analyzed using FlowJo software (Tree Star).
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Human PDAC Tissues

Human PDAC tissues were obtained from surgically resected specimens from patients 

diagnosed in the Department of Pathology at Washington University. Patients underwent 

pancreaticoduodenectomy and did not receive neoadjuvant therapy. Preparation of tissues 

used for CyTOF are described below. Tissues for histology were embedded in paraffin 

blocks and processed into 6 μm-thick sections for immunofluorescence staining. All tissues 

were collected under informed consent from patients. Washington University Ethics 

committee approved the study under IRB protocol #201108117.

Histology

Tissues were fixed in 10% formalin overnight, incubated in graded ethanol, embedded in 

paraffin, and cut into 6 μm-thick sections. All immunohistochemistry (IHC) reagents are 

listed in Table S2. For Cleaved Caspase-3, Ki67 and αSMA, CD8a or CK19 analysis tissues 

were stained using Bond Rxm (Leica Biosystems) following citrate-based epitope retrieval 

(AR9661, Leica Biosytems). Immunostaining was visualized using the Bond Polymer 

Refined Detection and/or Bond Intense R Detection Systems (DS9263, Leica Biosytems). 

For CD68 and Ly6G and a subset of CD8a staining we used immunofluorescent staining on 

frozen slides. 5 μm-thick sections were air-dried and fixed in 4% PFA (Ted Pella, Inc.). 

Slides were incubated with the primary antibodies listed in Table S2 and detected with either 

appropriate fluorescent secondary or using Tyramide Signal Amplification (Perkin-Elmer) 

kit.

CyTOF:

Tumor samples were digested in HBSS (lonza) supplemented with 2mg/ml collagenase 

A(Roche), 2.5 unit/ml hyaluronidase (Sigma) and DNase (Sigma) at 37°C for 30 minutes 

with agitation to generate single-cell suspension. Cell suspensions were then counted and 

stained in 5uM cisplatin, incubated with FcR-blocking reagents plus the surface antibody 

cocktail (Table S3). Cells were then fixed with 4% PFA for 10 minutes on ice and 

permeabilized with permeabilization buffer (Invitrogen) for 40 minutes containing the 

intracellular stain cocktail (Table S3). Stained cells were then washed twice with PBS and 

stained with 200ul of DNA intercalator per 1×106 cells. Cells were acquired on a CyTOF 2 

mass cytometer and data were uploaded to cytobank for further analysis.

Radiation Therapy (RT)

Ten days post tumor implantation, cohorts of mice were randomized into different treatment 

groups using either gross tumor diameter or tumor volume (length*(width2)/2) determined 

by ultrasound. Mice were given daily fractionated doses of RT (4Gy × 5) using the Small 

Animal Radiation Research Platform (SARRP) 200 (XStrahl Life Sciences). Mice were 

injected i.p. with an iodine contrast agent (4200 mg/kg) before being placed on the 

irradiation platform one at a time and fitted with a nose cone for isoflurane anesthesia. Cone 

beam computed tomography imaging was performed for each individual mouse to pinpoint 

the pancreas tumors and images were imported into Muriplan and used to select an isocenter. 

The tumor was then irradiated to 4Gy using anterior-posterior-opposed beams using the 

5mm × 5mm collimator at a dose rate of 3.9 Gy/min. Tumor size was assessed by portable 
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SonoSite m-Turbo ultrasound apparatus. Ultrasound images were taken at the beginning of 

RT and one and two weeks post the start of RT treatment to monitor tumor growth changes.

Statistical Analyses

Day to day statistical analysis was performed using Prism 7 and Unpaired Student’s t-test, 

Mann-Whitney U test, Wilcoxon matched-pairs signed rank test, Kolmogorov-Smirnov test 

or ANOVA analysis were used as appropriate for the data set.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1: Pancreatic ductal adenocarcinoma has a dense CD11b+ myeloid infiltrate.
A) Representative images of human PDAC and adjacent normal tissues assessed for CD11b+ 

myeloid cells at 2.5×, 10×, and 20× (inset). Graphs show the frequency of the subsets in 

human PDAC and adjacent normal tissues from the same surgical sample (n = 13 paired 

samples). B–D) CD11b expression determined by CyTOF analysis of human PDAC tissue 

samples. B) Representative CyTOF tSNE plot showing monocytes, granulocytes, 

macrophages, T cells, and B cells. C) Expression analysis of CD11b in leukocyte 

populations. D) Relative frequencies of the composition of CD11b+ cells (n = 7). E) 
Representative images of CD15+ and CD14+ monocytes and macrophages by IHC. Graphs 

show the frequency of positive cells in human PDAC and adjacent normal tissues from the 

same surgical sample (n = 12–15 per paired samples). F–G) CD11b expression analysis of 
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murine PDAC tissues. F) Representative flow cytometry plots showing expression of CD11b 

on pregated tumor-infiltrating immune cell populations in an orthotopic KP2 PDAC model. 

G) Graphs depicting the cell composition of total leukocytes (left) and CD11b+ cells, as well 

as the number of CD11b+ cells per total number of leukocytes (right) (n = 8 mice/graph). H 
and I) Leukocyte proximity analysis. H) Representative images of CD8a and CD11b 

(brown) co-staining with CK19 (pink). Histogram of relative CD8a+ or CD11b+ cell 

numbers binned by cellular distances from CK19+ cells. I) Mean number of positive cells 

per area within 60 μm of the CK19+ tumor cells (n = 23 PDAC samples).

Graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t test.
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Fig. 2: Changes in myeloid infiltrates after ADH-503 treatment.
A) Chemical structure of ADH-503. B) A computational model of ADH-503 bound integrin 

CD11b/CD18, based on the published structure of αXβ2 (54). The integrin chains CD11b 

(yellow), CD18 (green and red) and the αA-domain of CD11b (blue) are labeled. The model 

also displays ADH-503 (space-filling model) docked in the activation-sensitive allosteric 

pocket of the CD11b αA-domain. C) Plasma concentration-time data following oral gavage 

administration of ADH503 at 30 mg/kg in male rats on Day 1 and Day 5. n=? D) 
Representative flow cytometry plots of PE+ beads taken up by CD11b+ cells in PDAC tissue 

from the KP2 orthotopic PDAC model. E) Quantification of PE+ beads taken up by tumor-

infiltrating CD11b+ cells, monocytes, granulocytes, or macrophages with and without 

ADH-503 treatment (n = 3/group). F–H) RNA-seq expression analysis of bone marrow-

derived macrophages treated with PDAC conditioned media ± ADH-503 for 7 hours. E) 

Heat map of differentially expressed genes, F) gene ontology table, and G) select gene 

changes are depicted. H) Q-PCR mRNA expression analysis of bone marrow-derived 
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macrophages treated with PDAC conditioned media ± ADH-503 or vehicle for 7 hours. 

Changes in gene expression are depicted as the fold change from the vehicle baseline.

Graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t test.
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Fig. 3: ADH-503 alters innate responses in PDAC tissues.
A–D) Relative frequencies of tumor-infiltrating granulocytes, monocytes, eosinophils, B 

cells, NK cells, and macrophages in orthotopic KP2 or KI PDAC models 10 days after 

treatment with ADH-503 or vehicle (n = 6/group). E) Representative immunofluorescent 

images of Gr-1 and CD68 in PDAC tissues from KPC mice treated with vehicle or ADH-503 

for 14 days. Quantification is shown as the cell number per area in PDAC tissues from KPC 

mice treated for 14 days or until end-stage tumors developed (n = 5–7 mice/group). F and 
G) Flow cytometry analysis of antigen presentation markers on TAMs. Data are shown as 

histograms of geometric mean fluorescent intensity (GEO-MFI) data on TAMs in orthotopic 

KP2 and KI PDAC models treated with ADH-503 or vehicle for 10 or 12 days. n=? H) Q-

PCR analysis on TAMs isolated by FACS from orthotopic KP PDAC tumors 10 days after 
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treatment with ADH-503. Data are shown as the fold change from the vehicle baseline (n = 

4 samples/group).

Graphs are shown as the mean ± standard error; * denotes P < 0.05 by two-sided t test. All 

flow cytometry data are representative of 2–3 independent in vivo experiments using both 

tumor models.
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Fig. 4: CD11b-agonism stimulates T cell infiltration and function through augmentation of 
cDC1s.
A and B) Frequencies of tumor-infiltrating CD8a+ CTLs, FOXP3+ regulatory T cells, and 

CD4+ effectors in orthotopic KP2 PDAC tissues from mice treated 10–12 days with 

ADH-503 or vehicle. Graphs show the mean CTL number and subsets of CD8+ CTLs 

marked by CD44HiCD62LLow, Ki-67, PD1High, Tim3+PD1+, or Eomes+PD1+ (n = 5–6/

group). C) Measurement of PD-L1 expression by flow cytometry of the CD45− population 

in orthotopic KP2 PDAC tissues 10 days after treatment with ADH-503 or vehicle. 

Representative histograms and Geo-MFI are shown. D) Frequencies and phenotypes of 

tumor-infiltrating CD8a+ CTLs in orthotopic KI PDAC tissues from mice treated 12 days 

with ADH-503 or vehicle. Graphs show the mean CTL number and subsets of CD8a+ CTLs 

marked by CD44HiCD62LLow, Ki-67, or PD1High (n = 5–6/group). E) Representative IHC 
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images of CD8a (brown) and CK19 (pink) in PDAC tissues derived from KPC mice treated 

with vehicle or ADH-503 for 14 days. The histogram shows the relative CD8a+ cell number 

or frequency binned by cellular distances from CK19+ cells. I) Mean number of positive 

cells per area within 60 μm of CK19+ tumor cells (n = 6/group). F and G) Frequencies and 

quantification of OVA-specific dextramer+ cells in PDAC tissues (F) and dLNs (G) using the 

orthotopic KP2-OVA PDAC model in mice treated with vehicle or ADH-503 for 10 days. H) 
Frequencies of CD11b+ and CD103+ DCs and MHC-I and MHC-II expression in CD103+ 

cDCs in KP2 PDAC tissues from mice treated with vehicle or ADH-503 for 12 days. Mean 

cell percentages and GEO-MFI data are shown. I) Quantification of CD8+ T cells in KP2-

OVA PDAC tissues from wild-type and BATF3-deficient mice treated with vehicle or 

ADH-503 for 10 days. Mean cell number/area and representative IHC images are shown.

Graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t test (A-H) or 

Mann-Whitney test (G), depending on the data distribution or Kolmogorov-Smirnov test for 

immune cell proximity (E). All flow cytometry data are representative of 2–3 independent in 

vivo experiments using at least two PDAC models.
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Fig. 5: CD11B agonism delays tumor progression.
A) Tumor growth in syngeneic orthotopic models of PDAC KP2, KI, and KP2-OVA shown 

by tumor weights 10 days after treatment with vehicle or ADH-503 (n = 7–10/group). B) 
Changes in tumor volume as measured by ultrasound imaging. Representative ultrasound 

images of KI PDAC tumors and mean percent changes in tumor volume are depicted 14 days 

after treatment. Yellow line depicts tumor area. C) Kaplan-Meier survival analysis of 

orthotopic tumors KI tumors treated with vehicle or ADH-503 (n = 7–8/group). D) Genetic 

KPC mice were treated with vehicle or ADH-503. Tumor weight of mice treated for 14 days 

and Kaplan-Meier survival analysis are shown (n = 6–7 or 10–12/group, respectively). E) 
Subcutaneous KP2 tumor growth in wild-type or CD11b-deficient animals treated with 

vehicle or ADH-503 once the tumor reached 75–100 cm3. Tumor volume was measured by 
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calipers. (n=?). F) Orthotopic KP-OVA tumor burden measured 10 days after treatment with 

vehicle or ADH-503 in wild-type or BATF3-deficient mice or in wild-type mice treated with 

CD4 and/or CD8-depleting IgGs or neutralizing IgGs against CXCR3 (n = 5–10/group). G) 
Analysis of PDAC pathology. Shown are representative H&E images with histological 

grading, IHC results of tumor and stromal Ki67 staining, tumor cleaved caspase 3 staining, 

Sirius red-stained collagen density, and SMA+ or FAP+ fibroblasts in PDAC tissues from 

KPC tumors treated with vehicle or ADH-503 for 14 days or at end stage (n = 5–10 mice/

group).

Bar graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t -test, log-rank 

test or ANOVA as appropriate. Tumor burden data are representative of 2–3 independent in 

vivo experiments.
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Fig. 6: CD11B agonism improves the efficacy of chemotherapy.
A) Changes in tumor volume as measured by ultrasound imaging. Animals were enrolled 

when the orthotopic KI tumor was greater than 0.4 cm in diameter and subsequently treated 

with vehicle or ADH-503 ± GEM/PTX. Representative ultrasound images and mean percent 

change in tumor volume are shown 12 days after treatment (n = 8–10/group). B) Kaplan-

Meier survival analysis of mice from (A) (n = 8–10/group). C) Quantification of the 

percentage of mice bearing overt liver metastases on gross examination (n = 7–10/group). D) 
Changes in tumor volume as measured by ultrasound imaging. Animals were enrolled when 

the orthotopic KI tumor was greater than 0.4 cm in diameter and subsequently treated with 

vehicle or ADH-503 ± radiation therapy (4Gy × 5). Representative ultrasound images and 

mean percent change in tumor volume are shown 12 days after treatment (n = 8–10/group).

Bar graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t test or log-

rank test.
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Fig. 7: CD11B agonism renders PDAC tumors responsive to checkpoint immunotherapy.
A) Tumor burden 12–14 days after treatment with vehicle or ADH-503 ± anti-PD1 in 

orthotopic KP2-OVA or KI models (n = 8–10/group). Dashed line depicts tumor burden 

from five parallel mice taken at start of treatment. B) Analyses of survival and rechallenge. 

KI tumor-bearing mice from (A) were assessed for Kaplan-Meier survival analysis (left), 

pathological analysis of the pancreas was performed in mice surviving more than 120 days 

(center), and mice treated with this regimen were re-challenged with KI tumor cells 

subcutaneously (right). “Control” mice were animals who had never been exposed to KI 

tumor cells prior to subcutaneous injection (n = 8–10/group). C) Tumor burden 12 days after 

treatment with vehicle or ADH-503 ± anti-41BB in mice bearing established (> 0.4 cm) 

orthotopic KI PDAC tumors (n = 7–9/group). D) Analyses of survival and rechallenge. KI 
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tumor-bearing mice from (C) were assessed for Kaplan-Meier survival analysis (left), 

pathological analysis of the pancreas was performed in mice surviving more than 120 days 

(center), and mice were re-challenged with KI tumor cells subcutaneously (right). “Control” 

mice were animals who had never been exposed to KI tumor cells prior to subcutaneous 

injection (n = 4–10/group). E) Kaplan-Meier survival analysis of genetic KPC mice treated 

with vehicle or ADH-503 ± “Immunotherapy” (50 mg/kg gemcitabine + anti-PD1 + anti-

CTLA4). Mice were enrolled in the study when tumors were greater than 0.4 cm in diameter 

(n = 10–15/group). F) Analysis of CD8a+ cells that infiltrated into PDAC tissues in end-

stage KPC tumors from mice in (E). Representative images and quantitation results are 

shown. G) Comparison of ADH-503 and CCR2 inhibition (CCR2i, PF-04136309). Tumor 

burden 14 days after treatment with vehicle, ADH-503, or CCR2i ± anti-PD1 in mice 

bearing established (> 0.4 cm) orthotopic KI PDAC tumors (n = 7–9/group). Data are 

depicted as the change in tumor burden compared to five untreated animals sacrificed at the 

beginning of treatment. H) Comparison of ADH-503 and CSF1/CSF1R or granulocyte 

inhibition. The left panel shows the observed changes in tumor volume 14 days after 

treatment with vehicle, ADH-503, anti-CSF1 IgG (5A1), or Ly6G-depleting IgG (1A8) ± 

anti-PD1 in mice bearing established (> 0.4 cm) orthotopic KI PDAC tumors. The right 

panel shows the Kaplan-Meier survival analysis in the same animals.

Bar graphs show the mean ± standard error; * denotes P < 0.05 by two-sided t -test, log-rank 

test or ANOVA as appropriate.
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