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Polymersomes-Mediated Delivery of CSF1R Inhibitor to
Tumor Associated Macrophages Promotes M2 to M1-Like
Macrophage Repolarization

Manuel Rodriguez-Perdigon,* Sètuhn Jimaja, Laetitia Haeni, Nico Bruns,
Barbara Rothen-Rutishauser, and Curzio Rüegg

The crosstalk between cancer cells and tumor associated macrophages
(TAMs) within the tumor environment modulates tumor progression at all
stages of cancer disease. TAMs are predominantly M2-like polarized
macrophages with tumor-promoting activities. Nonetheless, they can be
repolarized to tumoricidal M1-like macrophages through macrophage colony
stimulating factor 1 receptor inhibition (CSF1Ri). CSF1Ri is being explored as
multifaced therapeutic approach to suppress TAMs tumor-promoting
functions and reduce cancer cell aggressiveness and viability. However,
treatment with CSF1Ri results in significant TAMs death, thereby
extinguishing the possibility of generating tumoricidal M1-like macrophages.
Immunotherapy has not only improved overall patient’s survival in some
cancer types, but also caused frequent off-target toxicity. Approaches to
balance efficacy versus toxicity are needed. Herein, a CSF1Ri-loaded
polymersomes (PMs) based delivery platform is developed to promote M2-like
macrophage repolarization. When testing in vitro on primary human
monocyte-derived macrophages (MDMs), CSF1Ri-loaded PMs are
preferentially taken up by M2-like macrophages and enhance M2 to M1-like
macrophage repolarization while minimizing cytotoxicity in comparison to the
free drug. When testing in a MDMs-MDA-MB-231 breast cancer cell coculture
model, CSF1Ri-loaded PMs further retain their M2 to M1-like macrophages
polarization capacity. This CSF1Ri-loaded PM-based platform system
represents a promising tool for macrophage-based immunotherapy
approaches.
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1. Introduction

Macrophages are crucial players of the
innate and adaptive immune system.
They also actively partake in promoting
cancer progression, from the stage of
early neoplastic transformation to metas-
tasis formation and therapy resistance.[1,2]

Macrophages are present in the tumor
environment in high numbers as tissue
resident macrophages or upon local differ-
entiation from blood circulating monocytes
recruited to the tumor.[3] Tumor-associated
macrophages (TAMs) may account for up
to 50% of the tumor cell mass.[4–6] In most
tumors, their density positively correlates
with tumor growth, invasion and metasta-
sis, and is associated with poor patients‘
prognosis.[5,7–10]

Macrophages have shown great hetero-
geneity and functional plasticity depend-
ing on the tissuemicroenvironment stimuli
encountered.[11,12]

They can typically acquire two diver-
gent phenotypes: M1-like macrophage
with proinflammatory and tumoricidal
properties, and M2-like macrophages with
anti-inflammatory, immunosuppressive,
and tumor-promoting properties.[13–18]
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TAMs promote tumor progression by stimulating tumor cell sur-
vival, growth, invasion, and tumor angiogenesis, inhibiting the
immune response and favoring metastasis.[3,19] Because of their
tumor promoting role, TAMs are being considered as potential
and promising therapeutic targets for anticancer therapies.[20,21]

Shaping this macrophage plasticity toward an antitumor pheno-
type by using versatile and stable drug delivery systems can un-
lock a huge potential in developing safe and efficacious combina-
torial cancer immunotherapies.[22]

Macrophage colony-stimulating factor 1 (M-CSF1) plays cru-
cial roles in macrophages production, differentiation, and
survival.[23,24] M-CSF1 induced cellular activities are mediated
by the tyrosine kinase transmembrane receptor CSF1R activat-
ing the RAS-RAF-MAPK and PI3K-AKT signaling pathways.[25]

Within a tumor context, M-CSF1 is secreted by tumor cells and
acts as an important promoter of mammary tumor progression
to metastasis by enhancing infiltration, survival and proliferation
of M2-like macrophages. Among the different breast cancer sub-
types, triple negative breast cancer (TNBC) has been shown to ex-
press low levels of both M-CSF1 and CSF1R. Thus, the crosstalk
between this cancer subtype and TAMs form both autocrine and
paracrine signaling loops that promote tumor formation, pro-
gression, and evasion of apoptosis.[26,27] Because this paracrine
signaling loop is independent on CSF1R expression in tumor
cells, blocking M-CSF1R signaling in TAMs represents an at-
tractive strategy to deplete and, most importantly, repolarize the
M2-like macrophages toward a more tumoricidal M1-like pheno-
type. This concept has being translated into the clinics, and sev-
eral clinical trials targeting M-CSF1/CSF1R axis are in progress
or completed for a number of different cancer types, including
melanoma, lymphoma, leukemia, glioblastoma, prostate, pancre-
atic, and colorectal cancers.[28–30] Current approaches to block
CSF1R signaling with CSF1R inhibitors (CSF1Ri) is based on
the development of small molecules and monoclonal antibod-
ies targeting the intracellular kinase or the extracellular ligand-
binding domains, respectively.[31,32] Both small molecules and
monoclonal antibodies approaches in monotherapy have pro-
longed the survival of cancer patients with diffuse-type tenosyn-
ovial giant cell tumors,[28,33] whereby 39% of the patients re-
sponded completely to the small molecule CSF1Ri pexidartinib
versus 0% patients that received placebo.[34] For most other types
of cancers, however efficacy is still limited. Although blocking the
M-CSF1/CSF1R axis exhibited a rather favorable safety profile
in monotherapy, frequent off-target toxicity events (e.g., hepato-
toxicity, edema, gastrointestinal or skin related side effects) have
been observed, depending mainly on the type of tumor and its
location, CSF1R tumor expression, and tumor-type specificities
of TAMs.[28,35]

Typically, anticancer drugs are given as free drugs, but be-
cause of poor drug solubility, limited bioavailability, high clear-
ance, or impaired penetration to the tumor site, the therapeutic
index is often unfavorable.[36] To address this issue, approaches
to improve drug delivery have been proposed and explored, in-
cluding those based on nanoparticles, and different drug de-
velopment strategies have been tested.[37–40] One common lim-
iting factor of traditional encapsulating delivery systems, how-
ever, is their limited drug loading capacity and long-term stabil-
ity, potentially impairing practical applications. Polymersomes
(PMs), e.g., block copolymer vesicles, have great potential as

Table 1. Treatment of the M2-like macrophages repolarization and up-
take of PMs during 2 days (abbreviations: fluorescein, FLN; M2-like
macrophage stimulation culture medium, sM2).

Sample description Macrophage
repolarization conditions

Macrophage uptake of PMs
conditions

Untreated sM2 sM2

Vehicle (VH) sM2 with VH
a)

sM2 with VH
a)

Free CSF1Ri sM2 with 10 μm CSF1Ri sM2 with 10 μm CSF1Ri

Empty PMs sM2 with empty PMs
b)

sM2 with FLN-loaded
PMs

b)

CSF1Ri-PMs sM2 with CSF1Ri-PMs sM2 with CSF1Ri–FLN PMs

a)As CSF1Ri (BLZ945) negative control, equal volumes of vehicle solution (VH) (1:3
mixture of THF/H2O v/v) solution was added; b)As CSF1Ri-loaded PM (CSF1Ri-
PMs) negative control, equal volume of empty PMs was added.

drug-delivery vehicles because of their stability and tuneability.[41]

Indeed, the various possibilities for their functionalization and
surface-modification offer routes toward tunable and targeted
drug-delivery systems.[42–44]

Here, we developed and tested a novel drug delivery platform
consisting of PM encapsulating the CSF1Ri small molecule
4-[[2-[[(1R,2R)-2-hydroxycyclohexyl]amino]-6-benzothiazolyl]oxy]-
N-methyl-2-pyridinecarboxamide (BLZ-945), to promote M2
to M1-like macrophage repolarization using monocyte-derived
macrophages (MDMs). We show that ≈400 nm diameter
CSF1Ri-loaded PMs a) are preferentially uptaken by M2-like
macrophages compared to M1-like macrophages, b) efficiently
repolarizemacrophage fromM2 toM1-like phenotype, and c) are
less cytotoxic to macrophages compared to free drug resulting in
a higher number of repolarized M1 macrophages. When tested
in a macrophage-TNBC coculture model, sustained CSF1R
inhibition by drug-loaded PMs retained the M2 to M1-like
repolarization effect, without causing significant macrophage
apoptosis.
Taken together, this study shows that sustained CSF1Ri block-

ade by versatile and effective drug encapsulation in PMs can pro-
mote M2 to M1-like macrophage repolarization without causing
significant death. These results are of potential interest for use in
combination with other antitumor immunotherapy approaches.

2. Results and Discussion

2.1. CSF1Ri-Loaded Polymersomes Are Taken Up by
Macrophages

First, we assessed the ability of human M2-like macrophages to
internalize drug-loaded or empty PMs. PMs of a poly(ethylene
glycol)-block-poly(hexyl methacrylate) (PEG-b-PHMA) diblock
copolymer were prepared by solvent exchange. PEG was chosen
as it is a hydrophilic polymer that provides stealth properties to
PMs. PHMA was chosen as the hydrophobic block because it
forms flexible and fluidic PMs membranes.[45] The characteriza-
tion of the PMs is shown in Figures S1–S4 of the Supporting
Information and Tables 1 and 2.
Primary human MDMs were polarized to an M2-like acti-

vation state after M-CSF1, interleukins (IL) IL-4, IL-10, and
IL-13 (Figure S5, Supporting Information). These cytokines
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Table 2. Treatment of MDA-MB-231 from monocultures and M2-like
macrophages from cocultures (abbreviation: M2-like macrophage stim-
ulation culture medium, sM2).

Sample description 5 days monocultures
conditions

5 days indirect
coculture conditions

Untreated cRPMI sM2

Vehicle (VH) cRPMI with VH
a)

sM2 with VH
a)

Free CSF1Ri cRPMI with CSF1Ri sM2 with CSF1Ri

Empty PMs cRPMI with empty PM
b)

sM2 with empty PM
b)

CSF1Ri-PMs cRPMI with CSF1Ri-PMs sM2 with CSF1Ri-PMs

a)As CSF1Ri (BLZ945) negative control, equal volumes of vehicle solution (VH) (1:3
mixture of THF/H2O v/v) solution was added; b)As CSF1Ri-loaded PMs negative
control, equal volume of empty PMs was added.

are responsible for the generation of M2a and M2c polarized
macrophage subsets whose phenotypes are associated with anti-
inflammatory, tissue remodeling, proangiogenic, and tumor-
promoting activities.[46] MDMs have been proved to better reflect
effective response of immunomodulators compared to widely
used murine macrophage in vitro models (e.g., RAW264.7).[47]

M2-like macrophages were treated for 48 h with either PMs
loaded with both fluorescein (FLN as a fluorescent tracer) and
CSF1R kinase inhibitor (CSF1Ri) BLZ-945 at 8.5 × 10−6 m of
drug concentration (CSF1Ri–FLN loaded PMs); PMs loaded with
only fluorescein (FLN-loaded PMs); free CSF1Ri at 10 × 10−6

m or vehicle (VH) (1:3 mixture of tetrahydrofuran (THF)/H2O
v/v). As shown in Figure 1a,c, we found a significantly higher
content of CSF1Ri–FLN loaded PMs in M1-like macrophages
(CD11b+CD86+) compared to the empty PMs (e.g., drug free).
Conversely, we observed a trend toward a higher uptake of empty
PMs by M2-like macrophages (CD11b+CD206+) versus M1-like
macrophages (CD11b+CD86+) (Figure 1a,b). This is consistent
with an efficient uptake of CSF1Ri–FLN loaded PMs by M2-
like macrophages, which have higher phagocytic capacity,[48,49]

and polarization toward M1-like macrophages. Treatment with
free CSF1Ri, as expected, did not cause an increase in green
(FLN) fluorescence intensity (Figure 1a). As CSF1Ri-loaded PMs
educate M2-like macrophages to become M1-like macrophages,
this results in higher CSF1Ri-loaded PMs content in the M1-like
macrophages (CD11b+CD86+) at the end of the 48 h treatment.
This CSF1Ri–FLN loaded PMs internalization was further val-
idated in situ by confocal microscopy imaging. After CSF1Ri–
FLN loaded PM (8.5 × 10−6 m of drug concentration) incuba-
tion of M2-like macrophages for 4, 12, and 24 h (Figure 1d), we
confirmed a PMs internalization at 4 h incubation by XY pro-
file fluorescence mean intensity analysis of confocal images (Fig-
ure S6, Supporting Information). Additionally, we noticed an in-
creasing roundedmorphology of the macrophages at 12 and 24 h
(Figure 1d), consistent with an M2 to M1-like macrophage repo-
larization over time.[50] We encapsulated CSF1Ri into ≈400 nm
diameter PMs. This range of PMs diameter represents 50-fold
lower size than the average diameter of a macrophage (20 μm),
which implies a high-volume burden for these phagocytic cells.
We still observed that M2-like macrophages take up ≈400 nm
diameter drug-loaded PMs after 4 h of incubation and respond
to their cargo (CSF1Ri) over 12 h of treatment (Figure 1d). For
example, particle size ranging from 20 nm to 1 μm[51,52] and hy-

drophobic surface[53,54] are favored for macrophage uptake, ac-
tivation, and efficient immunity.[55] We have used the diblock
copolymer of PEG-b-PHMA, which offers balanced hydrophobic
and hydrophilic properties. This copolymer type has been never
reported in previous drug delivery systems that show lower diam-
eter than our PMs (50–200 nm) and contain CSF1Ri to modulate
macrophage repolarization response.[38,39,56]

2.2. CSF1Ri-Loaded Polymersomes Are Macrophage
Cytoprotective Compared to Free Drug

Blocking CSF1/CSF1R pathway has been shown to cause
macrophage depletion through the induction of cell death.[57]

Different drug delivery approaches using <10 × 10−6 m BLZ945
have been proven to induce minimal toxicity to macrophages in
in vivo models[37–40,56] or in in vitro assays.[40,56] Therefore the
effect of CSF1Ri-loaded PMs on macrophage viability and cyto-
toxicity was assessed by both selective dye exclusion and lactate
dehydrogenase (LDH) levels, respectively. Interestingly, CSF1Ri-
loaded PMs induced less LDH-based macrophage cytotoxicity
versus free drug upon 24 h (p < 0.01 vs p < 0.001) and 96 h (p <
0.001 vs p < 0.0001) incubation (Figure 2). Empty (e.g., nondrug
loaded) PMs showed a minimum and nonsignificant cytotoxicity
over 4 days. Further investigation in M2-like macrophages cul-
ture on-chip setting by selective dye exclusion confirmed that 48
h of 10 × 10−6 m of CSF1Ri-loaded PMs incubation preserved
macrophage viability as untreated control. However, 10 × 10−6 m
of free CSF1Ri reduced significantly macrophage viability versus
untreated control (**p < 0.01) (Figure S10, Supporting Informa-
tion). Together, these results suggest that CSF1Ri delivery by PMs
causes less toxicity to macrophages compared to free drug.

2.3. CSF1Ri-Loaded Polymersomes Induce More Effective M2 to
M1 Repolarization Compared to Free Drug

To examine the effect of CSF1Ri-loaded PMs on M2-like
macrophage repolarization, we treated M2-like macrophages
with free CSF1Ri, CSF1Ri-loaded PMs, and empty PMs during
48 h and monitored the effects on the expression levels of the
M2 marker CD206+ and the M1 marker CD86+ by flow cytom-
etry (Figure 3a). Treatment with CSF1Ri-loaded PMs resulted in
the decrease of the CD206+/CD86+ marker expression ratio (e.g.,
M2 to M1 repolarization ratio) (p < 0.05) (Figure 3b). PMs and
free CSF1Ri also reduced the M2 to M1 repolarization ratio in
comparison to untreated control but the decrease was statistically
nonsignificant (p= 0.463 and p= 0.205, respectively) (Figure 3b).
Sustained inhibition of CSF1/CSF1R axis has been proposed to
maintainmacrophages in a continuousM1-like activated state for
efficacious treatment against specific tumor types.[58] This “mild
or sustained repolarization” ofM2 toM1-likemacrophages, with-
out completely depleting the available macrophage pool, seems
to be better achieved by drug delivery systems based on the pre-
viously published studies.[37–40,56] The lowest M2 to M1 repolar-
ization ratios have been reported by using BLZ945 concentra-
tions > 500 × 10−9 m in different combinatorial drug delivery
systems.[38,39] As shown in Figure 3b, CSF1Ri-loaded PMs signif-
icantly exhibited the lowest M2 to M1 repolarization ratio, which
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Figure 1. Uptake of fluorescein labeled PMs by M2-like macrophages (MΦ) assessed by flow cytometry and confocal microscopy. a) Fluorescence
histograms of the flow cytometry analysis of nontreated macrophages and macrophages treated for 48 h with vehicle solution (VH), 10 × 10−6 m
of free CSF1R inhibitor (CSF1Ri), fluorescein-loaded PMs (FLN-loaded PMs) and 8.5 × 10−6 m of CSF1Ri–FLN loaded PMs. M2-like macrophages:
CD206+; M1-like macrophages: CD86+. b,c) Mean fluorescence intensity (MFI) quantification (e.g., uptake) of PMs-treated (b) CD11b+CD206+ and
(c) CD11b+CD86+ macrophages. Statistical analysis was performed by one-way ANOVA followed by Dunnett’s multiple comparisons. Results were
considered significant with at least p < 0.05 (*) versus negative control. Results are expressed as mean + standard deviation (n = 3). d) Confocal
microscopy images of M2-like macrophages incubated with CSF1Ri-loaded PMs. Arrows show presence of CSF1Ri–FLN loaded PMs within M2-like
macrophages after 12 h incubation. Nuclei (blue), plasma membrane staining (magenta), and CSF1Ri–FLN loaded PMs (green). Scale bars: 10 μm.
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Figure 2. CSF1Ri-loaded PMs are macrophage cytoprotective compared
to free drug. LDH release from M2-like macrophages upon CSF1Ri treat-
ment for 6, 24, and 96 h is shown for the indicated treatments. Positive
control (Triton-x, 0.1% v/v), untreated macrophages, 10 × 10−6 m of BLZ-
945 drug (CSF1Ri), empty PMs and 10 × 10−6 m of CSF1Ri-PMs. LDH-
based cytotoxicity in % was calculated as follows: (OD sample-OD nega-
tive control)/(OD positive control)-(OD negative control)*100. LDH data
experiments were analyzed by a one-way ANOVA followed by Dunnett’s
multiple comparison. Results are expressed in triplicate (N = 3 technical
replicates) as mean+ standard deviation (n= 1). Results were considered
statistically significant increased compared to untreated macrophages
with at least p < 0.01 (*), p < 0.001 (**), p < 0.0005 (***), p < 0.0001
(****).

was 1.93-fold lower than untreated macrophages, whereas the
vehicle (1:3 mixture of THF/H2O v/v) and free CSF1Ri showed
a 1.32–1.45 ratio. Particularly, macrophage survival depends on
CSF1/CSF1R axis pathway signaling[59] and macrophage treat-
ment with BLZ945 (CSF1Ri) has been widely reported to reduce
their viability.[60] Propidium iodine (PI)-based-macrophage via-
bility was constant across all conditions (untreated and treated
cells), except in free CSF1Ri treatment with lower nonsignifi-
cant viability (Figure 3c). In comparison to PI-based cell viability
marker from flow cytometry, live/dead cell viability assay showed
higher sensitivity to detect significant differences as there is si-
multaneous fluorescent staining of both viable (intracellular es-
terase activity) and dead (plasma membrane integrity) cells (Fig-
ure S10b, Supporting Information). Expectedly, LDH levels as-
sessment, a sensitive and definite endpoint, anticipated signifi-
cant cytotoxicity differences of free drug compared to untreated
control (Figure 2) in comparison to PI-based cell viability marker.
Overall, these results indicate a sustained efficacy of the drug-
loaded PMs on M2 to M1-like macrophage repolarization upon
phagocytosis.

2.4. The M2 to M1-Like Macrophage Repolarization Induced by
CSF1Ri-Loaded PMs Is Maintained in a Macrophage Coculture
Model with MDA-MB-231 Breast Cancer Cells

CSF1R expression is widely distributed in the cells of myeloid
lineage[25] and tumor associated myeloid cells overexpress it for
their own survival (e.g., acute myeloid leukemia or glioma).[61,62]

CSF1Ri treatments (alone or in combination) are currently be-
ing tested in clinical trials in patients with TNBC.[63] As MDA-
MB-231 express CSF1R protein (Figure S9, Supporting Infor-
mation) and CSF1R mRNA,[26] albeit at lower levels compared
to M2-like macrophages,[27] we also considered a possible di-
rect cytotoxic effects of CSF1Ri on MDA-MB-231 cells. To test

this hypothesis, we treated MDA-MB-231 cells only with CSF1Ri
and observed a low inhibitory effect on cell proliferation (IC50 =
10.67 × 10−3 m) (Figure S8, Supporting Information). M1-like
macrophages have been proven to have direct and indirect tu-
moricidal mechanisms (release of proinflammatory cytokines)
toward cancer cells.[64] To examine the possible indirect tumori-
cidal effects of M2 to M1-like repolarized macrophages on TNBC
cells, we first induced in vitro differentiation of panmacrophages
toM2-likemacrophages in the transwell inserts of a 2D coculture
system containing the human MDA-MB-231 cells grown on the
bottom of the well plate. Following macrophages differentiation,
we treatedM2-likemacrophageswith CSF1Ri for 5 days to induce
M2 to M1-like repolarization and assessed macrophages viability
using Crystal Violet staining (Figure 4a). As shown in Figure 4b,
free CSF1Ri significantly depleted M2-like macrophages (p <

0.01) compared to the untreated control. By contrast, CSF1Ri-
loaded PMs treatment effectively preserved macrophages viabil-
ity (Mean + SD of n = 2: 87 + 19% vs 63 + 11%, CSF1Ri-
loaded PMs and free CSF1Ri, respectively), while retaining the
effective M2 to M1 macrophage repolarization, as observed pre-
viously in single macrophage cell culture (Figure 3b). We next
explored whether the increased presence of repolarized M1-like
macrophages in cultures treated with CSF1Ri-loaded PMs may
induce apoptosis or necrosis in MDA-MB-231 cells coculture for
5 days. As shown in Figure 4c, this longer survival of M2 to M1-
like macrophages treated with CSF1Ri-loaded PMs did not have
any significant impact on neither of the monocultures or cocul-
tures MDA-MB-231 basal levels of apoptosis after 5 days. Indeed,
we observed similar levels of late apoptosis and necrosis inmono-
cultures either untreated or treated with vehicle, empty PMs, free
and CSF1Ri-loaded PMs (upper panel, Figure 4c,d). These results
are supported by the low inhibitory effect of CSF1Ri shown in this
TNBC cell model (Figure S8, Supporting Information). A trend
toward increased late apoptotic and necrotic cell populations was
nevertheless observed in both free and CSF1Ri-loaded PMs treat-
ment in 5 days cocultures. Coculture conditions late apoptosis: p
= 0.438 and p = 0.170, free and CSF1Ri-loaded PMs versus nega-
tive control, respectively (lower panel, Figure 4d). Next, we tested
CSF1Ri treatment during 7 days in a 3D macrophage-MDA-MB-
231 coculture system, mimicking a more biologically relevant di-
rect immune–cancer cell interaction. Flow cytometry analysis of
treated cultures showed nonsignificant difference in apoptosis
or necrosis of macrophage or MDA-MB-231 cells between the
free or drug-loaded PMs and untreated control treatment (Figure
S7b,c, Supporting Information).
Based on this data, flow cytometry analysis revealed that no

apparent significant increased apoptotic or necrotic cell death
occurred in either 2D monoculture, coculture system or 3D co-
culture system upon CSF1Ri treatment. Also, no major change
in morphology was observed in the MDA-MB-231 cells upon
CSF1Ri treatment independently of the 2D and 3D (Figure S7a,
Supporting Information) coculture and timing conditions. These
results indicate that repolarization of macrophages is not suffi-
cient to trigger significant apoptosis in a TNBC coculture model.

3. Conclusion

The tumor immune environment plays a crucial role in modulat-
ing tumor growth and progression. Immunotherapy, given alone
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Figure 3. CSF1Ri-loaded PMs effectively repolarize M2-like macrophages toward M1-like macrophages. a) Representative flow cytometry plots showing
CD11b+CD206+ (M2-like) and CD11b+CD86+ (M1-like) macrophages at 48 h of treatments: Untreated, vehicle solution (VH), 10 × 10−6 m of BLZ-945
drug (CSF1Ri), empty PMs, and CSF1Ri-PMs. b) M2 to M1 repolarization ratio. Quantification of flow cytometry plots showing ratio of expression of
CD206 and CD86 on CD11b+ macrophages treated for 48 h post-M2 polarization. M2 to M1 repolarization ratio was calculated as division of Q1 (M2)
+ Q2 (M2 and M1)/Q3 (M1) + Q2 (M2 and M1) from each condition. Q1 represents M2-like macrophage positive for marker CD206. Q2 represents
mixed M2 and M1-like macrophage positive for markers CD206 and CD86, respectively. Q3 represents M1-like macrophage positive for marker CD86.
Q4 represents pan or naïve macrophages. c) Macrophage viability after CSF1Ri treatment. Results are given in percentage of negative propidium iodine
(PI) stained and CD11b+ macrophage population. Statistical analysis was performed by one-way ANOVA followed by Dunnett’s multiple comparisons.
Results were considered significant with at least p < 0.05 (*) versus negative control. Results are expressed as mean + standard deviation (n = 3).

or in combinationwith other anticancer therapies, has become an
emerging strategy for the treatment of cancer.[65,66] Nevertheless,
the clinical application of combinatorial cancer immunothera-
pies remains a challenge inmost of tumor types due to limited ef-
ficacy and safety profile.[67] Future cancer immunotherapy needs
to become safer andmore efficacious by reducing off-target toxic-
ities while improving antitumor activity. To this end, many deliv-
ery strategies have been developed and tested preclinically, and
a few clinical studies have been performed and reported.[68,69]

These strategies aim to improve targeted delivery and local ac-
cumulation of immunotherapy drugs by selectively targeting tu-
mor cells directly or educating immune cells in the tumor tar-
get environment. For example, targeting cells with spatially con-
strained 2-in-1 nanomedicine delivery systems has been proved
to enhance efficacy compared to single drug payload stochastic
distribution.[70] Despite of promising drug delivery nanocarri-
ers that modulate tumoral immune response,[71] these novel ap-
proaches still bear some limitations, such as premature drug re-
lease, delivery to off-target clearance organs, nanocarrier instabil-
ity or systemic toxicity.[69]

In this study we addressed the question of repolarizing tu-
mor associated macrophages toward a more tumoricidal pheno-
type in safer manner by developing and testing the uptake of
CSF1Ri-loaded PMs, evaluating their toxicity and comparing the
effect of free versus PMs encapsulated CSF1Ri on M2- to M1-
like macrophage repolarization and survival of cocultured breast
cancer cell in vitro model. We show that CSF1Ri-loaded PMs in-
duce an effective M2 to M1-like macrophage repolarization in
vitro while preserving macrophage viability. Albeit there were no
immediate effects on MDA-MB-231 cell viability reduction in 2D
transwell and 3D direct coculture models, CSF1Ri loaded PMs
could maintain macrophage viability and an apparent M2 to M1-
like macrophage repolarization. Remarkably, CSF1Ri encapsula-
tion by PEG-b-PHMA copolymer PMs has shown to modulate a
sustained repolarization response of TAMs.
Overall, this finding supports the notion that improved drug

targeting of tumor associated macrophages, can significantly
contribute to enhance the M2 to M1-like macrophage repolar-
ization effect with potential therapeutic benefits. This versatile
approach represents a promising tool that may be applied to
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Figure 4. CSF1Ri treatment of a macrophages-MDA-MB-231 transwell coculture system. a) Images of M2-like macrophages cocultured with MDA-MB-
231 in a transwell system after 5 days of CSF1Ri treatment. Macrophages were stained with Crystal Violet (CV) and photographed with EVOS M5000
imaging system. Scale bars: 400 μm. b) Relative quantification of M2-like macrophages viability. Quantification was performed by colorimetric determi-
nation of CV staining. Statistical analysis was performed by a one-way ANOVA followed by Dunnett’s multiple comparisons. Results were normalized and
considered significant with at least p < 0.01 (**) versus negative control. Results expressed as mean + standard deviation (n = 2). c) Representative flow
cytometry analysis of Annexin V/propidium iodide-based apoptosis/necrosis assay in MDA-MB-231 cells upon monoculture or coculture with M2-like
macrophages in transwell after 5 days of CSF1Ri treatment. Top panel: MDA-MB-231 monoculture. Bottom panel: M2-like macrophages–MDA-MB-231
coculture. Negative control (NC), unstained, stained, vehicle solution (VH), 10 × 10−6 m of BLZ-945 drug (CSF1Ri), empty PMs, and CSF1Ri-PMs. d)
Quantification of apoptotic/necrotic cells. Analysis shows early and late apoptotic and necrotic MDA-MB-231 cells upon indirect coculture of CSF1Ri
treated M2-like macrophages. Results expressed as mean + standard deviation (n = 2).
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enhance the activity of currently and future immunotherapy
strategies.

4. Experimental Section
Materials: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide,

2 kDa poly(ethylene glycol) monomethyl ether, 4-cyano-4-
(phenylcarbonothioylthio) pentanoic acid, azobisisobutyronitrile, hexyl
methycrylate, fluorescein disodium salt, 4-dimethylaminopyridine, and
1,4-dioxane were purchased from Sigma-Aldrich. Dichloromethane
(CH2Cl2) and tert-butyl methyl ether were purchased from Reactolab SA.
Deuterated chloroform was purchased from Apollo Scientific. Methanol
and THF were purchased from Fisher Scientific.

Size Exclusion Chromatography (SEC): SEC experiments were per-
formed on an Agilent 1200 series HPLC system equipped with an Agilent
PLgel mixed guard column (particle size = 5 μm) and two Agilent PLgel
mixed-D columns (ID = 7.5 mm, L = 300 mm, particle size = 5 μm). Sig-
nals were recorded by a UV detector (Agilent 1200 series), an Optilab REX
interferometric refractometer, and a miniDawn TREOS light scattering de-
tector (Wyatt Technology Corp.). Samples were run using THF as the elu-
ent at 30 °C and a flow rate of 1.0mLmin−1. Data analyses were carried out
on Astra software (Wyatt Technology Corp.) and molecular weights were
determined based on narrow molecular weight polystyrene standards cal-
ibration (from 540 to 2 210 000 g mol−1).

NMR Spectroscopy: NMR spectra were recorded on a Bruker Avance
III 300 MHz NMR spectrometer (1H NMR 300 MHz, 13C NMR 75 MHz)
or a Bruker Avance III 400 MHz NMR spectrometer (1H NMR 400 MHz,
13C NMR 101 MHz).

Dynamic Light Scattering (DLS): DLS data were obtained with 2 mL of
a dilute aqueous dispersion of the PMs. Data were collected at constant
temperature (25 °C) on a commercial goniometer instrument (3D LS Spec-
trometer, LS Instruments AG, Switzerland) at angle 90°. The primary beam
was formed by a linearly polarized and collimated laser beam (Cobolt 05-
01 diode pumped solid state laser, 𝜆 = 660 nm, Pmax = 500 mW), and the
scattered light was collected by single-mode optical fibers equipped with
integrated collimation optics. The incoming laser beam passed through a
Glan–Thompson polarizer with an extinction ratio of 10−6. Another Glan-
Thompson polarizer, with an extinction ratio of 10−8, wasmounted in front
of the collection optics. To construct the intensity autocorrelation function
g2(t), the collected light was coupled into two APD detectors via laser-line
filters (Perkin Elmer, Single Photon Counting Module), and their outputs
were fed into a two-channel multiple-tau correlator. To improve the signal-
to-noise ratio and to eliminate the impact of detector after-pulsing on g2(t)
at early lag times below 1 μs, these two channels were cross-correlated.
The field autocorrelation function was obtained via the Siegert relation:
g1(t) =

√
g2(t) − 1. The hydrodynamic radius (Rh) was determined from

the Stokes–Einstein relation

Rh =
kBT
6𝜋𝜂D

(1)

where kB is the Boltzmann constant, T the temperature, 𝜂 the viscos-
ity of the solvent, and D the diffusion coefficient was determined using a
second order cumulant fit of g2(t).

Synthesis of the Block Copolymer: The diblock copolymer was
synthesized following a procedure inspired from the literature.[72]

Briefly, a poly(ethylene glycol) 4-cyano-4-(phenylcarbonothioylthio) pen-
tanoate chain transfer agent (CTA) was first synthesized by 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide EDCI coupling of monomethyl
poly(ethylene glycol) (PEG) and 4-cyano-4-(phenylcarbonothioylthio) pen-
tanoic acid. In a 20 mL vial, EDCI (555 mg, 2.89 mmol) was dis-
solved in 6 mL CH2Cl2. In a 25 mL round-bottom flask, poly(ethylene
glycol) monomethyl ether 2 kDa (2.40 g, 1.20 mmol), 4-cyano-4-
(phenylcarbonothioylthio) pentanoic acid (822 mg, 2.94 mmol), and
DMAP (38.1 mg, 0.300mmol) were dissolved in 12mL CH2Cl2. Both solu-
tions were introduced in a freezer at−20 °C for 1 h. Then, the EDCI suspen-
sion was added drop-by-drop to the second solution. The resultingmixture

was let to warm up to room temperature (RT) and was stirred for 48 h.
The solution was precipitated in cold (0 °C) tert-butyl methyl ether and
dissolved again in CH2Cl2. The process was repeated three times to yield
a pure functionalized polymer. The resulting diblock copolymer (PEG-CTA,
Mn = 2.2 kDa,Ð= 1.04) was purified and characterized (Figures S1 and S2,
Supporting Information) as described in the literature.[72] Then, the CTA
was chain-extendedwith hexylmethacrylate (HMA) by reversible addition–
fragmentation chain-transfer polymerization: AIBN (3.0 mg, 18.3 μmol)
and the PEG-CTA (292 mg, 148 μmol) were dissolved in 2.3 mL of 1,4-
dioxane. The monomer HMA was purified by filtering it through a basic
aluminumoxide plug. Then, purifiedHMA (1.24mL, 8.2mmol) was added
to the AIBN and PEG-CTA solution. The mixture was bubbled for 1 h with
argon then, heated at 90 °C under argon for 2 h before exposing the solu-
tion to the atmosphere. The polymer was precipitated in a cold (0 °C) 6:4
methanol/water mixture. The resulting diblock copolymer (PEG-b-PHMA,
Mn = 13 kDa, Ð = 1.15) was purified and characterized (Figures S1 and
S2, Supporting Information) as described in the literature.[72]

Self-Assembly of Block Copolymers into PMs: The PMs suspensions
were synthesized following a procedure inspired from the literature.[49] In
a 20 mL vial, the PEG-b-PHMA copolymer (1.5 mg) was dissolved in THF
(1mL) and PBS pH= 7.4 aqueous buffer (10mL) was added dropwise over
10 min. The suspension was filtered at RT over 0.8 and 0.4 μm track-etch
membrane using an Avanti Polar Lipids extruder before dialysis (regener-
ated cellulose membrane, 1 kDa molecular weight cut off in PBS buffer
over 5 days (1 L changed ten times). For the CSF1Ri-loaded particles, the
drug (10 mg) was added to the organic solvent at a concentration of 25 ×
10−3 m while for the fluorescein (376.27 g mol−1, FLN) loaded particles,
the dye (25 mg) was added to the 10mL aqueous buffer at a concentration
of 7 × 10−3 m. The PMs were characterized by LS (Table S1, Supporting
Information) where the ratio of the gyration radius (Rg) measured by static
light scattering (SLS) and the hydrodynamic radius (Rh) measured by DLS
of all the PMs suspensions were close to 1.0, which indicates a vesicle
morphology, i.e., polymersomes.[64]

The final concentration of CSF1Ri (cCSF1Ri) was measured by UV/vis
spectroscopy (Table S2, Supporting Information): an aliquot (0.4 mL) of
the PMs suspension was dissolved in chromatographic THF (1.6 mL) and
the absorbance of the resulting solutionwasmeasured from250 to 700 nm
(Figure S3, Supporting Information). The copolymer, FLN, and CSF1Ri
concentrations were determined via linear calibration curves for each ana-
lyte. The concentration of copolymer was assumed to be similar in all the
suspension. In the CSF1Ri–FLN suspension, the concentration of FLNwas
first determined with the 𝜆 = 485 nm signal before removing the contribu-
tion of copolymer and FLN dye from themain signal. The calibrations were
achieved by measuring the analyte absorbance signal at different concen-
tration (Figure S4, Supporting Information).

CSF1 Inhibitor Preparation for In Vitro Studies: BLZ-945 (A15540-50,
Hölzel Diagnostika) (0.001g, 2.5 × 10−3 m) was dissolved from a stock in
vehicle solution or VH (1 mL of 1:3 mixture of THF/H2O v/v) and son-
icated in a water bath at 50 °C for 15 min. This drug concentration was
further diluted in VH to the desired working concentration.

Cell Cultures: MDA-MB-231 cells were cultured in complete RPMI-
1640 or cRPMI (21875-034, Gibco, LifeTechnologies) supplemented with
10% fetal bovine serum (FBS) (P40-37500, PAN-Biotech, Germany) and
1% penicillin/streptomycin (10000 U mL−1, 15140122, ThermoFisher).
Culture Medium was changed every 3–4 days, passaged at ≈80% con-
fluency using 0.05% Trypsin-EDTA (15400-045, Gibco, LifeTechnologies).
Absence of mycoplasma contamination fromMDA-MB-231 during the ex-
periments was confirmed by using the PCR mycoplasma Test Kit I/C (Pro-
moCell).

Primary Human Monocyte-Derived Macrophages (MDMs) Isolation and
M2-Like Phenotype Differentiation: Monocyte Isolation: Work involving
primary human MDMs was approved by the Federal Office for Pub-
lic Health Switzerland (reference number: 611-1, Meldung A110635/2).
Macrophages were prepared from whole buffy coat following a previously
developed protocol.[73] Peripheral blood mononuclear cells were isolated
from buffy coats provided by the Swiss Transfusion Centre (Bern, Switzer-
land). Magnetic beads (Milteny Biotec GmbH, Germany) were used to se-
lect for CD14+ monocytes.
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Monocyte-Macrophage Differentiation: For MDMs differentiation,
monocytes were cultured at a density of 1 × 106 cells per well during
3 days in 6-well tissue culture plates (3516, Corning) with macrophage
supplemented culture medium. Then, pan macrophages were harvested
by using Accutase (A6964, Sigma) and differentiated with M2-like
macrophage culture medium (sM2) during 2 days on coverslips or
cell well plates for imaging or flow-cytometry experiments, respectively.
Macrophage supplemented culture medium contained Gibco RPMI
supplemented with 15% FBS (P40-37500, PAN-Biotech, Germany), 1%
penicillin–streptomycin (10 000 U mL−1, 15140122, ThermoFisher),
0.01% l-glutamine 1× (25030-024, ThermoFisher), and 10 ng mL−1

M-CSF1 (PHC9504, ThermoFisher). For sM2 medium preparation, 20 ng
mL−1 IL-4 (200-04, PeproTech), IL-10 (200-10, PeproTech), and IL-13
(200-13, PeproTech) were added to macrophage supplemented culture
medium.

M2-Like Macrophage Repolarization and Uptake of PMs Using Flow Cy-
tometry: Pan macrophages were cultured at 8 × 104 cells per well in 12-
well-plate (07-201-589, Corning) and differentiated with 1 mL sM2 during
2 days. 12-well-plate were previously pretreated with poly-d-lysine (P4707-
50ML, ThermoFisher) for 20 min on the incubator at 37 °C, 5% CO2 and
1× PBSwashed before seedingmacrophages. Then, drug treatment ofM2-
like macrophages repolarization followed during 2 days within 0.5 mL vol-
ume per well. The summary of the drug treatments is presented in Table 1.

After drug treatment, nonadherent and adherent macrophages were
collected by using Accutase (A6964, Sigma), gently washed with cold run-
ning buffer (1% BSA, Running Buffer MACSQuant, 130-092-747, Miltenyi
Biotec) and centrifuged (500 RCF, 5 min at 4 °C).

Macrophages were stained with the following flow cytometry antibodies
at the concentrations recommended by the manufacturer: anti-CD11b-PE-
Cy7 (clone ICRF44; 557743 BD), anti-CD86-PE (clone BU63, 374205, Biole-
gend), anti-CD206-FITC (clone 15.2, 321103, Biolegend), as human pan
macrophages, M1 macrophage, and M2 macrophage markers, respec-
tively, in cold running buffer containing PI (BMS500PI, ThermoFisher) for
dead cell exclusion. Additional untreated samples were prepared for fluo-
rescence minus one control staining using OneComp eBeads compensa-
tion beads (01-1111-41, Thermo Fisher Scientific) to set up the cytometer.
After antibody labeling for 20min at 4 °C in the dark, cells were centrifuged
(500 RCF, 5 min, 4 °C) and gently washed in 1× cold running buffer and
stored at 4 °C before data acquisition. Data were acquired using MAC-
SQuant Analyzer 10 flow cytometer (Miltenyi Biotec, Bergisch Gladbach,
Germany) and analyzed using FlowJo Software (v10.6.2, FlowJo LLC).

Monoculture and Indirect Cocultures of MDA-MB-231 and Macrophages
(Transwell Assay): For MDA-MB-231 monocultures, 5 × 104 cells per well
were cultured on 24-well plate (353504, Corning) for 1 day in 0.5 mL com-
plete RPMI medium. For the indirect cocultures, MDA-MB-231 were cul-
tured at 5 × 104 cells per well on 24-well plate (353504, Corning) for 1
day in 0.5 mL complete RPMI medium before merging them into the in-
direct coculture with M2-like macrophages. Pan macrophages were cul-
tured at 25 × 103 cells per insert in 24-well-inserts (PET, pore size: 0.4 μm;
353095, BD Falcon) and differentiated with 0.5mL ofmacrophage stimula-
tion cell culture medium (sM2) during 2 days. Bottom wells were covered
with 0.5 mL of sM2. Transwell inserts were previously pretreated with poly-
d-lysine (P4707-50ML, ThermoFisher) for 20 min on the incubator at 37
°C, 5% CO2, and 1× PBS washed before seeding macrophages. After 2
days of M2 phenotype stimulation, fresh 0.25 mL sM2 was added to the
inserts (top) before coculture of them with MDA-MB-231 wells in 0.5 mL
cRPMI (bottom). A physical contact between membrane insert and cell
culture medium from bottomwell was secured. Drug treatments in cRPMI
(for monocultures) or sM2 (for indirect coculture) were added and cells
were incubated at 37 °C, 5% CO2 during 5 days. The summary of the treat-
ments is presented in Table 2.

MDA-MB-231 Cancer Apoptosis Assay: Adherent and MDA-MB-231
cells in suspension were collected from the 24-well plate using 1×
Trypsin (15400-054, ThermoFisher) and incubated in 100 μL of binding
buffer (50 × 10−3 m (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
or HEPES (700 × 10−3 m NaCl, 12.5 × 10−3 m CaCl2, pH 7.4) containing
3 μL of Annexin V-PE (640941, BioLegend) during 20 min at RT, protected
from light. 5 min before analysis by flow cytometry, 1 μL of 100 μg mL−1

PI (BMS500PI, ThermoFisher) was added to the cell suspension. Then,
200 μL of 1× Annexin-binding buffer was added to the cell suspension
and mixed gently. Data were acquired using MACSQuant Analyzer 10 flow
cytometer (Miltenyi Biotec, Bergisch Gladbach, Germany) and analyzed
using FlowJo Software (v10.6.2, FlowJo LLC).

Crystal Violet Staining and Quantification: Transwell inserts were
previously pretreated with poly-d-lysine (P4707, ThermoFisher) before
macrophage seeding. After macrophage treatment, the macrophages-
bearing inserts (PET, pore size: 0.4 μm; 353095, BD Falcon) were washed
with 1× PBS. Then macrophages were gently fixed with 4% formaldehyde
(818708, Sigma) by putting 50 μL per insert and 400 μL into the P24 bot-
tom well for 15 min at RT. Staining followed by adding 200 μL of crys-
tal violet (C0121, Beyotime) for 1 h. Then transwell inserts were washed
with 1× PBS to remove unbound crystal violet and then air-dried for 2 h.
The fixedmacrophages from inserts were imaged with EVOSM5000 imag-
ing system (ThermoFisher) before crystal violet quantification. The bound
crystal violet was eluted by adding 400 μL of 33% acetic acid (10000208,
Sinopharm) into each insert and shaking for 10 min. The eluent within
the insert was transferred in triplicates to a 96 well clear microplate (3599,
Corning) and the absorbance wasmeasured at 590 nmusing a plate reader
Tecan infinite M200 Pro.

LDH Release Assay: Macrophage cytotoxicity by CSF1Ri was evaluated
by LDH (cytosolic enzyme) released in sM2 cell culture medium, analyzed
in triplicate using LDH cytotoxicity detection kit (Roche Applied Science,
Mannheim, Germany) according to the manufacturer’s protocol. The ab-
sorbance of the colorimetric product was determined spectrophotometri-
cally (Benchmark Microplate reader, BioRad, Switzerland) at 490 nm with
a reference wavelength of 630 nm with 5 min intervals for three measure-
ments.

MDA-MB-231 and Macrophages Aggregates Formation and Apoptosis As-
say: For MDMs differentiation, monocytes were cultured at a density of
1 × 106 cells during 3 days in 6-well tissue culture plates (3516, Corning)
withmacrophage supplemented culturemedium. Then, panmacrophages
were harvested by using Accutase (A6964, Sigma) and used for the aggre-
gate coculture. M2-like macrophages and MDA-MB-23 aggregates were
formed under nonadhesive conditions by seeding 5 × 103 macrophages
and 10 × 103 cells and (ratio 1:2), respectively, into ultralow attachment
U-bottom 96-well plates (174925, Nunclon TM). A cRPMI and sM2 cul-
ture medium 50:50 v/v was used for the aggregate growth. Aggregates
were treated with (a) complete RPMI medium (negative control), (b) ve-
hicle or VH (1:3 mixture of THF/H2O v/v), (c) 10 × 10−6 m of free drug
(CSF1Ri), (d) empty PMs, and (e) CSF1Ri-loaded PMs for 7 days prior to
the flow-cytometry assay. MDA-MB-231 cell and M2-like macrophages ag-
gregates were collected, 1× PBS washed and incubated in 100 μL of bind-
ing buffer (50 × 10−3 m HEPES, 700 × 10−3 m NaCl, 12.5 × 10−3 m CaCl2,
pH 7.4) containing 3 μL of anti-CD11b-PE-Cy7 (clone ICRF44; 557743 BD)
and 3 μL of Annexin V-PE (640941, BioLegend) during 20 min at RT, pro-
tected from light. 5 min before analysis by flow cytometry, 1 μL of 100 μg
mL−1 PI (BMS500PI, ThermoFisher) was added to the cell suspension.
Then, 200 μL of 1× Annexin-binding buffer was added to the cell suspen-
sion and mixed gently. Data were acquired using MACSQuant Analyzer 10
flow cytometer (Miltenyi Biotec, Bergisch Gladbach, Germany) and ana-
lyzed using FlowJo Software (v10.6.2, FlowJo LLC).

Confocal Microscopy: Pan macrophages were cultured in 35 mmDish,
No. 1.5 Coverslip (P35G-1.5-14-C, Matek) at 1 × 105 cells and treated
with sM2 during 2 days. Coverslips were previously pretreated with poly-
d-lysine (P4707-50ML, ThermoFisher) during 20 min in incubator at 37
°C, 5% CO2. Then, macrophages were treated with CSF1Ri–FLN PMs for
4, 12, and 24 h. At the predetermined time points, macrophages were
three times × PBS washed and fixed with 4% para-formaldehyde (47608,
Sigma). Attached macrophages were stained with 1 μg mL−1 cytoplasm
membrane staining-Alexa Fluor 680 (W32465, Thermo Fisher Scientific)
and 1 μg mL−1 Hoechst 33342 (H3570, Thermo Fisher Scientific) during
1 h. Confocal imaging was performed on a Leica TCS SP5 inverted micro-
scope (Leica Microsystems GmbH, Mannheim, Germany) using a Plan-
Apochromat 63× /1.30 NA oil objective (Zeiss GmbH, Jena, Germany).
Laser lines 405, 488, and 633 nm were used for Hoechst 33452, FLN and
cytoplasm membrane staining-Alexa Fluor 680 excitation, respectively. Af-
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ter acquisition, PMs internalization analysis was performed using the flu-
orescent intensity profile function of ZEN software (ZEN, version 3.3, blue
edition; Zeiss GmbH, Jena, Germany).

MTT Cell Viability Assay: MDA-MB-231 cells were seeded in 96-well
plates with a density of 5 × 103 cells per well and preincubated overnight
in cRPMImedium. The next day, themediumwas aspirated, and cells were
treated with free CSF1Ri at tenfold different concentrations (0.001 × 10−9

m, 0.01 × 10−9 m, 0.1 × 10−9 m, 1 × 10−9 m, 10 × 10−9 m, 100 × 10−9

m, 1 × 10−6 m, and 100 × 10−6 m) in cRPMI medium for 48 h. Then,
the medium was discarded, and cells were incubated in 100 μL of fresh
medium containing 0.5 mg mL−1 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT, M2003, Sigma-Aldrich) for 2 h. After incuba-
tion, themediumwas discarded again, theMTT formazan product was sol-
ubilized with 400 μL dimethyl sulfoxide. The absorbance was measured at
570 nmwith a spectrophotometer (TECAN infiniteM200PRO,Männedorf,
Switzerland).

Cell Viability of Macrophages Culture On-Chip: Cell viability was per-
formed following manufacture’s instructions (LIVE/DEAD assay, R37601,
Thermo Fisher). MDMs were differentiated into M2-like macrophages
in two steps: 1) in P6 well plate (833335, Corning) during 3 days
in macrophage supplemented culture medium; 2) 40 × 103 pan
macrophages were cultured in the lateral chamber from channel inter-
action chip (10001347, ChipShop GmbH) during 2 days in sM2. Then 5
days of treatment followed: untreated, 10 × 10−6 m of BLZ945 (CSF1Ri)
and 10 × 10−6 m of CSF1Ri-PMs. Chip chambers were previously coated
with poly-d-lysine (P4707-50ML, ThermoFisher) for 20 min on the incu-
bator at 37 °C, 5% CO2. Reagents (LIVE/DEAD assay, R37601, Thermo
Fisher) were added to each chamber in PBS and incubated for 30 min
prior to imaging with an M5000 EVOS microscope, ThermoFisher. Cell vi-
ability was determined by counting the number of live and dead stained
cells from two representative areas selected at random for three biologi-
cally independent replicates. Viability was determined using the following
equation

x = live
live + dead

× 100 (2)

Statistical Analysis: Data experiments were analyzed by a one-way
ANOVA followed by Dunnett’s multiple comparison. All statistical analy-
ses were performed with GraphPad Prism version 9.0.2 software (La Jolla,
CA, USA). Only statistically significant differences (p < 0.05) are indicated
in the figures.
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