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Abstract

Pancreatic cancer is a devastating disease that is largely refractory to currently available treatment 

strategies. Therapeutic resistance is partially attributed to the dense stromal reaction of pancreatic 

ductal adenocarcinoma (PDAC) tumors that includes a pervasive infiltration of 

immunosuppressive (M2) macrophages. Nab-paclitaxel (trade name Abraxane) is a nanoparticle 

albumin-bound formulation of paclitaxel that, in combination with gemcitabine, is currently the 

first line treatment for pancreatic cancer. Here, we show that macrophages internalized nab-

paclitaxel via macropinocytosis. The macropinocytic uptake of nab-paclitaxel induced macrophage 

immunostimulatory (M1) cytokine expression and synergized with IFNγ to promote inducible 

nitric oxide synthase (iNOS) expression in a TLR4-dependent manner. Nab-paclitaxel was 

internalized by tumor-associated macrophages in vivo, and therapeutic doses of nab-paclitaxel 

alone, and in combination with gemcitabine, increased the MHCII+CD80+CD86+ M1 macrophage 

population. These data revealed an unanticipated role for nab-paclitaxel in macrophage activation 

and rationalize its potential use to target immune evasion in pancreatic cancer.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a lethal disease with a five-year survival rate of 

less than six percent. A defining feature of PDAC is its prominent desmoplastic reaction 

with an extensive leukocytic infiltration dominated by macrophages (1). Depending on 

signals that prevail within their microenvironment, macrophages can adopt a variety of 

functional states. In response to bacterial products such as lipopolysaccharide (LPS) and Th1 

cytokines, macrophages become immunostimulatory (M1). M1 macrophages are 

characterized by high expression of inducible nitric oxide synthase (iNOS), major 

histocompatibility complex class II (MHCII) proteins, CD80, CD86, and tumor necrosis 

factor α (TNFα), and can exert tumoricidal effects (2). In contrast, in the presence of Th2 

cytokines, macrophages acquire an alternatively activated state (M2) that is 

immunosuppressive, tumor promoting, and is characterized by the expression of Arginase 1, 

CD206, and low amounts of MHCII (2). Although tumor-associated macrophages (TAMs) 

in the pancreas exhibit both M1 and M2 phenotypes, higher M2:M1 ratios correlate with 

disease progression and shorter survival in patients (1, 3).

Abraxane (nab-paclitaxel) is a nanoparticle albumin-bound formulation of paclitaxel that, in 

combination with gemcitabine, is currently the first line treatment for pancreatic cancer (4). 

The primary mechanism of antineoplastic activity of paclitaxel is its ability to stabilize 

microtubules and prevent cell division of rapidly dividing tumor cells. However, in 

macrophages, paclitaxel can exert cell cycle-independent effects by acting as an LPS 

mimetic and inducing M1 polarization in a Toll-like receptor 4 (TLR4)-dependent manner 

(5–7). We therefore sought to investigate the effects of nab-paclitaxel on macrophage 

polarization. We report that nab-paclitaxel is internalized by macrophages principally via 

macropinocytosis and is sufficient to drive macrophage M1 polarization in vitro and in vivo. 

These data reveal a previously unappreciated mechanism of action of nab-paclitaxel and 

suggest that nab-paclitaxel may co-operate with immunotherapeutic agents to restore 

immune recognition in PDAC.

Methods

Cell lines and cell culture treatments

All cells were maintained under 5% CO2 at 37°C and cultured in DMEM (Gibco) 

supplemented with 10% FBS (Gibco), penicillin and streptomycin (Gibco) and 25 mM 

HEPES (Gibco). Mouse RAW 264.7 cells were obtained from American Type Culture 

Collection (2014, ATCC TIB-71TM). Mouse KPC cells were a kind gift from Dr. R.H. 

Vonderheide (2013) and generated as previously described (8). Cell lines were not 

authenticated and were tested for mycoplasma contamination every 3 months by DAPI stain 

of cells grown for one week in the absence of antibiotics. KPC and RAW 264.7 were 

propagated for 2–3 passages (approximately one week) prior to use in all experiments, and 

were kept in culture for no longer than one month. Recombinant mouse interferon gamma 

(IFNγ) was purchased from R&D Systems (CN 485 MI/CF), lipopolysaccharide (L2630) 

and paclitaxel (T7402) were purchased from Sigma-Aldrich, CLI-095 was purchased from 

Invivogen (TLRL-CLI95), BAPTA-AM was purchased from Life Technologies (B6769) and 

5-(N-ethyl-N-isopropyl) amiloride (EIPA) was purchased from Invitrogen Molecular Probes 
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(e-3111). Reagents were used at concentrations of 5 ng/ml (IFNγ), 20 ng/ml (LPS), 10 μM 

(paclitaxel), 500 nM (CLI-095), 50 μM (BAPTA-AM) and 50 μM (EIPA) unless indicated 

otherwise. Tetramethylrhodamine (TMR)-labeled dextran was purchased from Invitrogen 

(D1822). Nab-paclitaxel (Abraxane, Abraxis BioScience) pharmaceutical grade powder was 

purchased through the NYU Langone Medical Center pharmacy and used at a concentration 

of 10 μM for in vitro experiments.

Antibodies

Antibodies used for Western blotting are as follows: rabbit anti-IL1α, rabbit anti-IL1β 
(Abcam ab9722), rabbit anti-IL6 (Novus Biologicals NB600-1131), rabbit anti-iNOS (Cell 

Signaling Technology CST 13120), rabbit anti-TNFα (Abcam ab9739) and mouse anti-

VINCULIN (Sigma V9131). F4/80 antibody used for immunofluorescence and 

immunohistochemistry was purchased from eBiosciences (rat anti-mouse F4/80, clone BM8, 

ref 14-4801-82). CD16/CD32 antibody was purchased from BD Biosciences (rat anti-

mouse-CD16/CD32, clone 2.4G2) and used at a concentration of 25 μg/ml. Monoclonal 

antibodies used for flow cytometry were all purchased from Biolegend unless indicated 

otherwise: anti-CD45 (Brilliant Violet 421-anti-mouse-CD45, clone 30-F11), anti-F4/80 

(PE-anti-mouse-F4/80, clone BM8 or APC-anti-mouse-F4/80, clone BM8), anti-MHCII 

(FITC-anti-mouse-I-A/I-E, clone M5/114.15.2, BD Biosciences), anti-CD80 (PE/Cy7-anti-

mouse-CD80, clone 16-10A1), anti-CD86 (PerCP-anti-mouse-CD86, clone GL-1), anti-

IL1α (PE-anti-mouse-IL1α, clone ALF-161).

Western blot analysis

Western blot analyses were initiated 24 h (iNOS) or 8 h (IL1α, IL1β, IL6, and TNFα) 

following cell culture treatments. Total cell lysates were harvested in sample buffer (40 mM 

Tris pH 6.8, 1% SDS, 5% beta-mercaptoethanol, 7.5% glycerol, and 0.01% bromophenol 

blue) and incubated at 99°C for 5 minutes. Cell lysates (1/10 of total volume) were loaded 

onto 10% SDS-Polyacrylamide gels for electrophoresis and transferred onto nitrocellulose 

membranes for 1 h at 100 volts at 4°C. Membranes were blocked for 1 h at room 

temperature in 5% bovine serum albumin (BSA, Sigma-Aldrich) diluted in PBS containing 

0.1% Tween 20 prior to immunodetection.

Gene expression analysis

For in vitro quantitative PCR analysis, total RNA was harvested 2 h (IL1α, IL1β, IL6, 

TNFα, and iNOS) or 8 h (IL12β) after cell culture treatments, using the QIAGEN RNA 

extraction kit (QIAGEN). For in vivo gene expression analysis, the CD45+F4/80+ double-

positive population was sorted directly into TRIzol LS Reagent (ThermoFisher Scientific 

CN 10296) from dissociated orthotopic tumors 48 h after treatment and total RNA was 

purified according to the manufacturer’s protocol. Purified RNA (1 μg) was reverse-

transcribed using the QuantiTect Reverse Transcription Kit (QIAGEN) and 1/10 of cDNA 

mixture (in vitro experiments) or 1/3 of cDNA mixture (in vivo experiments) was used for 

quantitative PCR reaction. Primers were obtained from Integrated DNA Technologies (IDT) 

with the following sequences (5′-3′): Il1a (Forward) AATCAAGATGGCCAAAGTTCC, 

(Reverse) ATTCAGAGAGAGATGGTCAATGG; Il1b (Forward) 

GCAACTGTTCCTGAACTCAACT, (Reverse) ATCTTTTGGGGTCCGTCAACT; Il6 
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(Forward) TAGTCCTTCCTACCCCAATTTCC, (Reverse) 

TTGGTCCTTAGCCACTCCTTC; Inos (Forward) GTTCTCAGCCCAACAATACAAGA, 

(Reverse) GTGGACGGGTCGATCTCAC; Tnfa (Forward) CTGTAGCCCACGTCGTAGC, 

(Reverse) TTGAGATCCATGCCGTTG; Il12b (Il12 p40) (Forward) 

TGGTTTGCCATCGTTTTGCTG, (Reverse) ACAGGTGAGGTTCACTGTTTCT; Gapdh 
(Forward) CACGGCAAATTCAACGGCACAGTC, (Reverse) 

ACCCGTTTGGCTCCACCCTTCA; Rps29 GTCTGATCCGCAAATACGGG (Forward), 

AGCCTATGTCCTTCGCGTACT (Reverse).

Synthesis of Oregon green-labeled paclitaxel and nab-paclitaxel

Albumin-bound Oregon Green 488-labeled paclitaxel (OG-nab-paclitaxel) was prepared by 

coupling Oregon Green 488-labeled paclitaxel (OG-paclitaxel, Thermo Fisher Scientific, CN 

P22310) to human serum albumin (Sigma-Aldrich, CN 05420). Briefly, 0.9 mg OG-

paclitaxel was dissolved in 64.8 μl chloroform and 7.2 μl ethanol and added to 18 mg human 

serum albumin dissolved in 3.6 ml water with vigorous stirring. The suspension was 

sonicated at 40% amplitude for 4 cycles of 1 minute each with 30 second intervals. The 

organic solvent was then evaporated using rotavapor at 40°C. The resulting suspension was 

distributed equally into glass vials and lyophilized to obtain dry OG-nab-paclitaxel 

amenable to long-term storage at −20°C.

Macropinocytosis assays

Macropinocytosis assays, image acquisition, image processing tools, and macropinosome 

quantification were performed as previously described (9). For ex vivo nab-paclitaxel uptake 

assays, orthotopic tumors were cut into approximately 3 mm × 3 mm sections and incubated 

for 20 minutes at 37°C in serum-free medium containing Oregon green-labeled nab-

paclitaxel (0.5 mg/ml). Tumor sections were then washed once with PBS at room 

temperature and immediately embedded in Tissue-Tek OCT medium (VWR) and fixed for 1 

h on dry ice. Fixed tumor sections were stored at −80°C until cryosectioned and mounted on 

coverslips to be stained for immunofluorescence.

Immunohistochemistry

Immunohistochemistry on tumor sections was performed as previously described (10).

Cell sorting and flow cytometry

Staining for cell sorting and flow cytometry analysis was performed by incubating single-

cell suspensions with primary fluorochrome-labeled antibodies on ice for 30 minutes. For 

cell sorting, cells were washed once with FACS buffer (PBS supplemented with 1% FBS) 

and immediately sorted on an SY2300 cell sorter (Sony). For flow cytometry, cells were 

fixed in 3.7% formaldehyde diluted in FACS buffer overnight at 4°C prior to analysis. For 

IL1α staining, cells were permeabilized and fixed with FoxP3/Transcription Factor Staining 

Buffer Set (eBioscience CN00-5523) for 45 minutes at 4°C and stained overnight at 4°C. All 

samples were washed once with FACS buffer prior to analysis on an LSRII UV flow 

cytometer (BD Biosciences). Collected data were analyzed using FlowJo data analysis 

software (V10).
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Animal studies

All animals used in this study were 8-week old C57/BL6 female mice purchased from 

Charles River Laboratories. For orthotopic implantations, 1 × 105 KPC cells were 

resuspended in 20 μl cold PBS and mixed with 20 μl matrigel (Corning, ref 254348) prior to 

injection into the pancreas of syngeneic mice. After 2 weeks, orthotopically-implanted mice 

were treated intraperitoneally with gemcitabine (120 mg/kg, Gemzar, Eli Lilly) and nab-

paclitaxel (120 mg/kg, Abraxane, Abraxis Bioscience) resuspended in sterile PBS. Both 

drugs were purchased through the NYU Langone Medical Center pharmacy. All animal care 

and procedures were approved by the Institutional Animal Care and Use Committee 

(IACUC) at the NYU School of Medicine.

Statistical analyses

Statistical comparisons were evaluated by Student t-test. All P values stated are intentionally 

presented as uncorrected for multiple comparisons, as one planned comparison was 

conducted for each experimental condition tested (ie. multiple comparisons were not 

performed).

Results

Macrophages internalized nab-paclitaxel via macropinocytosis

Macrophages undergo constitutive macropinocytosis, a form of nonselective fluid-phase 

endocytosis that, together with receptor-activated phagocytosis, regulates antigen sampling 

and scavenging of invading pathogens (11). Macropinocytosis is also an established route of 

internalization of many nanoparticle formulations (12). Given that macrophages constitute a 

dominant immune infiltrate in PDAC, we set out to assess the extent and mode of nab-

paclitaxel internalization by macrophages. To this end, the macrophage cell line RAW 264.7 

was incubated with high molecular weight tetramethylrhodamine-labeled dextran (TMR-

dextran), an established marker of macropinosomes, and Oregon Green-labeled nab-

paclitaxel (OG-nab-paclitaxel). OG-nab-paclitaxel localized predominantly to dextran-

positive macropinosomes (Fig. 1A). Furthermore, OG-nab-paclitaxel internalization was 

reduced following treatment with the macropinocytosis inhibitor 5-[N-ethyl-N-isopropyl] 

amiloride (EIPA), indicating that nab-paclitaxel internalization depended on a 

macropinocytotic uptake mechanism (Fig. 1B). To determine the contribution of 

phagocytosis to nab-paclitaxel internalization, we tested the requirement of Fc receptors for 

uptake because, unlike other major phagocytic receptor families, Fc receptors are 

constitutively active in macrophages (13). Inhibition of Fc receptors I and III with blocking 

antibodies to CD16 and CD32 (14) did not affect the internalization of OG-nab-paclitaxel 

(Fig. 1C). Moreover, depletion of intracellular calcium, required for constitutive 

macropinocytosis but not Fc receptor-dependent phagocytosis in macrophages (15, 16), 

effectively blunted OG-nab-paclitaxel uptake (Fig. 1D). Together, these data demonstrate 

that nab-paclitaxel is internalized by macrophages predominantly via macropinocytosis.
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Macropinocytosis of nab-paclitaxel drove M1 macrophage activation in vitro via TLR4

Consistent with recent findings by Tanei et al. (17), we did not observe significant cytotoxic 

effects of nab-paclitaxel on macrophages at concentrations required for its internalization 

(data not shown). Therefore, we assessed the capacity of nab-paclitaxel to induce 

macrophage M1 activation. Since paclitaxel promotes M1 polarization by acting as an LPS 

mimetic (18), we evaluated the effect of nab-paclitaxel treatment on the induction of a panel 

of LPS-inducible cytokines. Treatment of RAW 264.7 cells with nab-paclitaxel was 

sufficient to induce the gene expression of Il1a, Il1b, Il6, Il12b (Il12 p40), and Tnfa in a 

similar manner to free paclitaxel (Fig. 2A). Nab-paclitaxel also increased IL1α, IL1β, IL6, 

and TNFα protein expression to a similar extent as LPS (Supplementary Fig. S1). Nab-

paclitaxel–dependent M1 cytokine expression was inhibited by EIPA and BAPTA-AM, but 

not by blocking antibodies to the Fc I and III receptors, demonstrating that macropinocytosis 

was required for its LPS mimetic effects (Fig. 2B). The tumor cell inhibitory function of M1 

macrophages is partially attributed to the upregulation of inducible nitric oxide synthase 

(iNOS), an enzyme that catalyzes the production of tumor cell cytotoxic nitric oxide from L-

Arginine (19). It has been shown that LPS synergizes with IFNγ to induce iNOS protein 

expression in macrophages (20, 21). Similarly, nab-paclitaxel treatment induced robust 

iNOS expression in the presence of IFNγ (Fig. 2C). The expression of the nab-paclitaxel-

driven iNOS gene and protein was partially inhibited by EIPA (Fig. 2D), further supporting 

the idea that macropinocytosis of nab-paclitaxel contributes to its M1 polarizing effects. 

Paclitaxel induces macrophage activation via binding to myeloid differentiation factor 2 

(MD2), an adaptor protein to TLR4 (18). Indeed, we found that the TLR4 inhibitor CLI-095 

abrogated nab-paclitaxel and LPS-dependent Il1a, Il1b, Il6, Il12b, and Tnfa gene expression 

(Fig. 3A and Supplementary Fig. S2) and iNOS protein expression (Fig. 3B). These results 

indicate that nab-paclitaxel signals through the TLR4 receptor.

Nab-paclitaxel induced M1 activation in pancreatic tumor-associated macrophages in vivo

Next, we sought to determine whether nab-paclitaxel could induce M1 polarization of 

macrophages in the pancreatic tumor microenvironment. To this end, we employed an 

orthotopic model of PDAC in which cells isolated from primary pancreas tumors of 

KrasLSL-G12D/+, Trp53LSL-R172H/+, Pdx1-Cre (KPC) transgenic mice were surgically 

implanted into the pancreas of immunocompetent syngeneic wild-type animals. In this 

model, the cells formed tumors within 2 weeks post-implantation and exhibited an extensive 

F4/80+ macrophage infiltrate (Fig. 4A). To determine whether tumor-associated 

macrophages can internalize nab-paclitaxel, we incubated pancreatic tumors with OG-nab-

paclitaxel and found that F4/80+ cells within the tumor took up nab-paclitaxel (Fig. 4B). 

Moreover, 83% of CD45+ F4/80+ cells isolated from KPC orthotopic tumors by 

fluorescence-activated cell sorting (FACS) internalized OG-nab-paclitaxel following ex vivo 
treatment (Supplementary Fig. S3A). To determine whether nab-paclitaxel internalization 

induces M1 polarization of pancreatic tumor-associated macrophages in vivo, we treated 

orthotopic tumor-bearing mice with a single therapeutic dose of nab-paclitaxel, alone or in 

combination with gemcitabine, and analyzed the functional activation of macrophages 

within the tumor 48 h after treatment (Fig. 4C). Optimal macrophage activation by 

immunogenic stimuli requires both the upregulation of antigen-presenting MHCII molecules 

and the induction of T-cell co-stimulatory molecules CD80 and CD86 at the cell surface 
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(22). Analysis of the MHCII+CD80+CD86+ cell population by flow cytometry revealed that 

single agent nab-paclitaxel was sufficient to increase the MHCII+CD80+CD86+ macrophage 

population within the tumors compared to vehicle-treated mice, with no change in total 

macrophage numbers across treatment cohorts (Fig. 4C and Supplementary Fig. S3B). Nab-

paclitaxel treatment also induced an increase in IL1α protein expression in the tumor-

associated M1 population compared to vehicle-treated mice (Fig. 4D). Gene expression 

analysis of the total macrophage population also revealed a two-fold increase in Il1b 
expression following treatment with nab-paclitaxel and gemcitabine (Supplementary Fig. 

S3C). Together, these data demonstrate that internalization of nab-paclitaxel by pancreatic 

tumor-associated macrophages can drive them toward an M1 activation state in vivo.

Discussion

Taxanes, and in particular paclitaxel, represent an important class of antitumor agents that 

have proven to be effective in the treatment of a number of solid malignancies. The albumin-

bound form of paclitaxel, nab-paclitaxel, has fewer side effects, shows increased tumor cell 

cytotoxicity, and patients have higher overall response rates, compared to equal doses of 

solvent-based paclitaxel in breast, non-small cell lung (NSCLC), and pancreatic cancers 

(23). The improved tumor response to nab-paclitaxel has been attributed to elevated 

intratumoral concentrations mediated by binding of albumin to endothelial 60-kDa 

glycoprotein receptor (gp60) (24), thereby facilitating vascular transcytosis. It has been 

proposed that the antitumor activity of nab-paclitaxel might be attributed to its binding to 

SPARC, a cell surface receptor with sequence homology to gp60 that is expressed on 

multiple tumor cell types (25, 26). Our findings reported here suggest that nab-paclitaxel-

dependent tumor cell killing may be additionally mediated via its immunostimulatory effects 

on tumor-associated macrophages. The potential relevance of this tumor cell extrinsic 

mechanism in the context of PDAC is supported by the observation that paclitaxel provides 

limited clinical benefit despite exhibiting comparable effects on microtubule function to nab-

paclitaxel in tumor cells (27). In murine and human studies of PDAC, nab-paclitaxel more 

effectively reduces stromal density relative to solvent-based taxanes (27–31). As the 

activation of pancreatic stellate cells is influenced by M2 macrophages (32), the stromal-

depleting consequences of nab-paclitaxel treatment on the tumor stroma could reflect its 

effect on macrophage M1 polarization. Both breast cancer and NSCLC, malignancies for 

which nab-paclitaxel is a standard treatment regimen (23), have extensive 

immunosuppressive macrophage infiltrates (33, 34). Thus the proposed mode of action of 

nab-paclitaxel in promoting macrophage activation might be of broad relevance to tumor 

sites in which the drug shows therapeutic benefits.

Paclitaxel promotes M1 polarization via direct binding to myeloid differentiation factor 2 

(MD2), an extracellular adaptor protein of TLR4 (18). Upon activation, TLR4 is rapidly 

internalized into endosomes and engages downstream signaling pathways via endocytic 

shuttling (35). TLR4 internalization and trafficking is required for efficient LPS-dependent 

TLR4 signal propagation (35). Although macropinosomes and endosomes are formed as 

distinct vesicular entities, they fuse in the course of their intracellular trafficking (36). It is 

therefore plausible that the macropinocytic uptake of nab-paclitaxel enables it to act on 

endosomal TLR4 complexes. Whether this mode of activation provides the means to 
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increase the local effective concentration of paclitaxel, and/or induce a different signaling 

repertoire, remains to be established. Inflammatory stimuli, including IFNγ and TNFα, 

induce a shift from phagocytosis to macropinocytosis for the internalization of pathogens by 

macrophages (37). Nab-paclitaxel-mediated M1 induction may therefore result in positive 

feedback signaling, promoting further uptake of drug and enhancing its M1-activating 

effects in both an autocrine and paracrine fashion. Together, these data support the 

hypothesis that macropinocytosis of the albumin formulation of paclitaxel promotes its M1-

polarizing effects and may account for its elevated activity over solvent-based formulations 

of paclitaxel. One study suggests that nab-paclitaxel treatment may induce tumor cell 

toxicity via its internalization and subsequent release by macrophages in the tumor 

microenvironment (17). However, because a direct uptake of nab-paclitaxel by macrophages 

was not formally demonstrated in that study, the relevance of this proposed mechanism to 

our findings that nab-paclitaxel mediates M1 activation cannot be ascertained.

Single-agent immunotherapies designed to activate cytotoxic T cells have shown little 

benefit in PDAC, despite showing efficacy in many solid tumors (38–40). Given that 

pancreatic tumor-associated macrophages can contribute to an immunosuppressive 

microenvironment by inhibiting cytotoxic T-cell function (41), immune recognition may be 

improved by combining nab-paclitaxel with T-cell immunotherapies. Considering the highly 

immunocompromised microenvironment of PDAC, however, it is likely that more potent M1 

agonists may be required to restore immune surveillance. Several macrophage-activating 

immunotherapies are in clinical trials for the treatment of a variety of malignancies, 

including blocking antibodies to colony stimulating factor–1 (CSF-1) (42); TLR-activating 

agents PAM3CSK4 (43) and Poly I:C (44); and blocking antibodies to IL10 (45). It is 

possible that coupling such agents to albumin nanoparticles may improve their delivery to 

macrophages in the tumor microenvironment and more efficiently restore immune 

recognition. Employing albumin nanoparticles as vehicles for macrophage activating agents 

may therefore serve broad applicability in a variety of tumor types exhibiting extensive M2 

infiltration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Macrophages internalize nab-paclitaxel via macropinocytosis
Immunofluorescent analysis of RAW 264.7 cells treated for 30 minutes with A) OG-nab-

paclitaxel and TMR-dextran, B) OG-paclitaxel (left) or OG-nab-PT (right) and DMSO 

(vehicle, top) or pre-treated with 100 μM EIPA (bottom), C) OG-nab-paclitaxel and PBS 

(vehicle) or pre-treated with anti-CD16/CD32, D) OG-nab-paclitaxel with DMSO (vehicle) 

or with BAPTA-AM. All pre-treatments were 30 minutes. Macropinocytosis indices are 

represented graphically in panels B–D (right) with bars indicating the standard error from at 

least three independent experiments. *, P < 0.05; **, P < 0.01.
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Figure 2. Nab-paclitaxel drives M1 macrophage activation in vitro
A) Relative gene expression analysis of Il1a, Il1b, Il6, Il12 p40, and Tnfa normalized to 

Gapdh in RAW 264.7 cells treated with vehicle (DMSO), LPS, paclitaxel (ptx) or nab-

paclitaxel (nab-ptx). B) Relative gene expression levels of Il1a, Il1b, Il6, Il12 p40, and Tnfa 
treated with nab-ptx alone or with EIPA, BAPTA-AM, or anti-CD16/32. (A–B) Bars 

represent standard error from three independent experiments. C–D) Western blot analysis of 

iNOS expression in RAW 264.7 cells treated with C) vehicle (DMSO), IFNγ, LPS, ptx or 

nab-ptx alone or with IFNγ or D) vehicle (DMSO), IFNγ, nab-ptx, or nab-ptx in 
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combination with IFNγ alone or with EIPA. VINCULIN served as a protein loading control. 

Numbers below Western blots indicate level of iNOS induction normalized to VINCULIN 

and relative to IFNγ alone. All Western blots were cropped using ImageJ to show bands of 

interest and are representative of at least three independent experiments. Graph in D) shows 

relative gene expression Inos normalized to Gapdh with bars representing standard error 

from four independent experiments. *, P < 0.05; **, P < 0.01; ns, not significant.
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Figure 3. Nab-paclitaxel induces M1 activation in a TLR4-dependent manner
A) Relative gene expression levels of Il1a, Il1b, Il6, Il12 p40, and Tnfa treated with nab-ptx 

alone or with 500 nm CLI-095. Bars represent standard error from three independent 

experiments. *, P < 0.05; **, P < 0.01; ns, not significant. B) Western blot analysis of iNOS 

expression in RAW 264.7 cells treated with vehicle (DMSO), IFNγ or LPS or nab-ptx alone 

or with IFNγ or with IFNγ and 25 μM CLI-095.
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Figure 4. Nab-paclitaxel induces M1 activation in pancreatic tumor-associated macrophages in 
vivo
A) Representative H&E and F4/80 immunohistochemistry staining of KPC tumors ten days 

following implantation into syngeneic mice. Inset shows representative dissected KPC 
tumor. B) Cryo-immunofluorescent analysis of orthotopic tumors resected two weeks after 

orthotopic implantation and treated ex vivo with 100 μg OG-nab-ptx, followed by 

immunofluorescent staining with anti-F4/80. Data are representative of three independent 

experiments. C) Quantification of CD80/CD86-positive cells in KPC orthotopic tumors 48 h 

post-treatment. (Left) The CD80+CD86+ cell population was gated on the CD45+F4/80+ 

MHCII cell population. Data are representative of four independent experiments. (Right) 
Representative FACS plot of CD80+CD86+ cell population from PBS (vehicle) (left) and 

nab-paclitaxel (nab-ptx) (right)-treated mice are shown. D) Quantification of CD80+IL1α+ 

cells in KPC orthotopic tumors 48 h post-treatment. (Left) CD80+IL1α+ cell population was 

gated on CD45+F4/80+MHCII+ cell population. (Right) Representative FACS plot of 

CD80+/IL1α+ cell population from PBS (vehicle) (left) and nab-paclitaxel (nab-ptx) (right)-

treated mice are shown. *, P < 0.05; **, P < 0.01; ns, not significant.
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