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ABSTRACT: Very small superparamagnetic iron oxide nanoparticles
(VSOPs) show diagnostic value in multiple diseases as a promising MRI
contrast agent. Macrophages predominantly ingest VSOPs, but the
mechanism remains unclear. This study identifies differences in VSOP
uptake between pro-inflammatory M1 and anti-inflammatory M2
macrophages and explores the role of the pericellular glycocalyx.
Glycosaminoglycans (GAG) synthesis activities and the pericellular
glycocalyx for M1/M2-like macrophages were assessed by RT-qPCR,
Click-iT reaction, and WGA-FITC staining. The uptake of europium-
VSOP and Synomag by the two subtypes was measured using Prussian
blue staining, fluorescent microscopy, and magnetic particle spectrosco-
py. The findings revealed that M2-like macrophages had higher GAG synthesis activity, a thicker glycocalyx, and increased
nanoparticle uptake compared to M1-like macrophages. Enzymatic glycocalyx degradation significantly decreased nanoparticle
uptake. This study demonstrates a positive correlation between glycocalyx and nanoparticle uptake that could be exploited for
imaging and targeted therapy, particularly in cancer, where macrophage subtypes play distinct roles.
KEYWORDS: M1/M2 macrophages, glycocalyx, nanoparticles uptake, VSOP, SPION

Superparamagnetic iron oxide nanoparticles (SPIONs) have
emerged as a promising contrast agent in magnetic

resonance imaging (MRI) owing to their unique properties,
including superparamagnetism, biocompatibility, and tunable
surface functionalities.1 Among SPIONs, very small super-
paramagnetic iron oxide nanoparticles (VSOPs), characterized
by a diameter of approximately 7 nm and coated with
biocompatible citric acid, revealed efficient cellular uptake and
minimal cytotoxicity. Extensive preclinical and phase II clinical
trials have underscored the versatility of VSOPs in various
biomedical applications, including tumor and atherosclerotic
plaque imaging, as well as mesenchymal stem cell tracking, and
targeted drug delivery.2

Macrophages represent a pivotal role for VSOP internal-
ization within the mononuclear phagocyte system since 95% of
intravenously administered nanoparticles will be ingested by
macrophages.3 In preclinical studies, SPIONs and particularly
VSOPs were used to illustrate macrophages in the liver tumor
microenvironment in a rabbit liver cancer model.4−6 The
authors showed that peritumoral hypointensity in T2-weighted
MRI sequences corresponded to iron deposition in macro-
phages surrounding the liver tumor.7 Macrophages play
integral roles as immune regulators and effectors in diverse
pathological contexts. Diverging into distinct phenotypic
subsets, macrophages are broadly classified into M1 and M2

categories, each exerting unique immunomodulatory function.
M1 macrophages, often referred to as classically activated
macrophages, can exhibit potent antitumor capabilities through
the secretion of cytotoxic molecules such as inflammatory
cytokines.8 Conversely, M2 macrophages can promote tumor
progression by fostering an immunosuppressive microenviron-
ment and by promoting tumor cell proliferation, metastases,
and angiogenesis.9 Particularly, tumor-associated macrophages
(TAMs) are considered to exhibit M2-like, pro-tumorigenic
traits associated with poor prognosis.10 Discerning the intricate
balance between M1-like and M2-like macrophages holds
profound implications for therapeutic interventions aimed at
modulating the immune landscape within various disease
settings.

The glycocalyx, a specialized structure situated on the
extracellular surface of cell membranes, primarily comprises
glycoproteins and glycosaminoglycans (GAGs). Its multi-
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faceted functionality encompasses pivotal roles in cellular
recognition, adhesion, regulation of permeability, and facili-
tation of phagocytic processes.11 Literature documents that
VSOP can rapidly bind to the GAGs of macrophages’
glycocalyx due to their electrical charge, thereby initiating
the critical priming step for the cellular uptake of VSOP.12

However, prevailing research efforts predominantly concen-
trate on elucidating the glycocalyx dynamics within vascular
endothelial and epithelial cells, leaving a noticeable paucity in
the exploration of pericellular glycocalyx properties in
macrophages.

Therefore, this study aims to identify the differences in the
uptake of VSOP between pro-inflammatory M1-like and anti-
inflammatory, possibly protumorigenic M2-like macrophages,
and to explore the potential impact of variations of the
pericellular glycocalyx on VSOP uptake.

THP-1 cells were purchased from the American Type
Culture Collection (ATCC) and cultured with complete RPMI
medium (1640; Invitrogen, Germany). Primary PBMCs from a
healthy donor were isolated following the instructions of BD
Pharm Lyse Lysing Buffer (BD Biosciences, #555899). THP-1
cells and PBMCs were induced to polarize into M1-like and
M2-like macrophages as the literature previously described.
For details please refer to Supplementary Methods 1. The total
RNA of cells was extracted with Trizol reagent (ABP
Biosciences, #FP312A). The reverse transcription and real-
time PCR were performed with the PCR kits (Invitrogen,
#18064014) (Thermo Fisher, #A25776) according to the
manufacturers’ instructions, respectively. For details please
refer to Supplementary Methods 2 and the sequences of the
primers used are shown in Table 1 in the Supporting
Information. For the GAG synthesis measurement, M1-like
and M2-like macrophages in 8-well adherent chamber slides
(Falcon, #354118) were incubated with RPMI medium
containing Click-iT GalNAz (tetraacetylated N-azidoacetylga-
lactosamine, Invitrogen, #C33365) and Click-iT GlcNAz
(tetraacetylated N-azidoacetylglucosamine, Invitrogen,
#C33367) according to the manufacturer’s instruction. Then
the washed cells were incubated with Alexa Fluor488
(Invitrogen, #C10405) and counterstained with Hoechst33342
(Thermo Fisher, #62249) for fluorescent microscopy. Further
details can be found in Supplementary Methods 3. For the
Glycocalyx immunohistochemistry staining, THP-1 cells were
induced to polarized M1-like or M2-like macrophages in 8-well
chamber slides. The cells were washed twice with PBS and
fixed with cooled methanol and acetone 1:1 solution for 15
min at room temperature (RT). Afterward, the cells were
washed twice with ddH2O and incubated with WGA-FITC
(Gene-TEX, #GTX01502) at a concentration of 1:100 for 2 h
at 37 °C. After washing again with ddH2O for 15 min, the cells
were counterstained with Hoechst33342 at a concentration of
1:2000 for 15 min at RT. The staining was washed off again
with ddH2O for 15 min in total, and the slides were sealed
with mounting medium and observed with Axio Observer Z1
Zeiss microscope and analyzed by ImageJ as described above.
Cell viability was evaluated using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay kit (Abcam,
#ab211091) according to the manufacturer’s instructions.
Further details can be found in Supplementary Methods 4.
For Prussian blue staining of iron, cells were fixed in 4%
formalin solution and then washed. Afterward, cells were
incubated with potassium hexacyanoferrate (II) solution
(Merk, #2440233) and HCl solution, then counterstained

with nuclear red solution (Merck, #1001210500). Slides were
washed and dehydrated for microscopy. For details please refer
to Supplementary Methods 5. Regarding the fluorescent
microscopy of europium to quantify the uptake of EU-VSOP
into macrophages, cells were seeded into 8-well chamber slides
and incubated with custom-made EU-VSOP.13 Then cells were
washed before fixation with acetone-methanol (1:1). After-
ward, the cells were counterstained with DAPI (Merck,
#D9542−5MG) and washed with PBS. DELFIA Enhancer
solutions (PerkinElmer, #C500−100) were added then
fluorescent microscopy was performed. For details please
refer to Supplementary Methods 6. Magnetic particle spec-
troscopy (MPS) was utilized to measure the dynamic ingestion
of Synomag (micromod, #103−02−301) in macrophages.
THP-1 cells were induced to polarized M1-like and M2-like
macrophages and incubated with Synomag for 0h, 2, 4, 8, 12,
24, 48, and 60 h. At each time point, cells were collected and
washed. Eventually, 106 cells were diluted in 30 μL PBS and
assembled in a 0.2 mL PCR tube (Thermo Fisher, #4316567).
After placing the tube into the MPS pick-up coil, repetitive
measurements were started without Synomag to check for
magnetic impurities, before each sample was measured
separately with MPS as previously described. For details please
refer to Supplementary Methods 7. To digest the glycocalyx
with hyaluronidase and heparinase III, adherent cells in
chamber slides were washed three times with PBS, then
incubated in RPMI without FBS containing hyaluronidase
(Sigma, #H3506-100MG) and heparinase III (biotechne,
#6145-GH) for 6 h with 5% CO2 at 37 °C. The digestion
was terminated by the removal of the solution, and the cells
were washed with PBS three times for subsequent glycocalyx
staining with WGA-FITC. Additionally, the samples were
measured with Prussian blue staining to determine the impact
of the glycocalyx on the uptake of the nanoparticles. Statistical
analyses were conducted using SPSS software (version 23.0)
and GraphPad Prism (version 9.5.0). All data are presented as
mean ± standard deviation (SD). For comparisons between
two groups, the two-tailed student’s t test was performed. To
determine the statistical differences of multiple groups, one-
way repeated-measures ANOVA followed by the Bonferroni
posthoc test was conducted. The experiments on THP-1 cells
were repeated at least three times from independent samples. A
p-value of less than 0.05 was considered statistically significant.

THP-1 treated with Phorbol 12-myristate 13-acetate (PMA)
for 6 h and PBMC without any treatment were considered
unpolarized macrophages (M0), respectively. Our results
indicate that the M1 and M2 polarization of macrophages
was induced successfully both in THP-1 and primary settings.
Specifically, the normalized expression (compared with M0) of
M1 polarization markers Tumor necrosis factor (TNF)-α and
interleukin (IL)-1βwere increased in THP-1-derived M1-like
macrophages compared with M2. The normalized expression
of M2 polarization marker CD206 was increased in THP-1-
derived M2-like macrophages. For macrophages derived from
PBMCs, the normalized expression of TNF-αand IL-1βfor M1-
like was increased compared with M2-like macrophages. The
relative expression of CD206 in PBMC-originated M2-like
macrophages was elevated compared with M1-like macro-
phages (Figure S1). All the above demonstrated that the M1-
like and M2-like macrophages were induced successfully. To
assess the effects of EU-VSOP and Synomag on macrophage
proliferation, M1- and M2-like macrophages were differ-
entiated from THP-1 cells and subsequently exposed to
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these nanoparticles. Cell viability remained largely unaffected
over 72 h (Figure S2). Furthermore, to evaluate the impact of
the nanoparticles on macrophages’ polarization, M0 macro-
phages derived from THP-1 cells were incubated with these
nanoparticles, and the transcriptional markers of M1/M2
polarization were assessed. Results indicated that neither EU-
VSOP nor Synomag induced significant polarization toward
M1 or M2 phenotypes (Figure S2).

To verify the transcriptional expression of genes regulating
the synthesis of GAGs, the genes involved in the synthesis of
heparin sulfate (HS), hyaluronic acid (HA), and chondroitin

sulfate (CS) were selected as these are the predominant
components of GAGs in the glycocalyx. For THP-1-derived
macrophages, the relative expression of exostosin glycosyl-
transferase (EXT)1, the key gene responsible for the synthesis
of HS, was significantly increased in M2-like macrophages
compared with M1-like macrophages (Figure 1a), Has1 and
Has3 gene expression, the key genes for HA synthase, were
also upregulated in M2-like macrophages in comparison to
M1-like macrophages (Figure 1a). The expression of CHSY-1
encoding CS synthase was increased in M2-like macrophages
as well (Figure 1a). Accordingly, the expression of ETX1,

Figure 1. GAG synthesis activities were increased in M2-like macrophages compared with M1-like macrophages. The Whisker plots show the
elevated expression of the GAGs synthesis regulatory genes in M2-like macrophages compared with M1-like macrophages derived from THP-1
cells (a) (n = 9) and PBMCs (b) (n = 3). Data were presented as mean ± SD. Two-tailed Student’s t test was performed for (a) and (b).
Compared with M1-like macrophages derived from THP-1 cells, M2-like macrophages showed more potent uptake of metabolic substrates GalNAz
(c) and GlcNAz (d). The green fluorescence intensity was quantified with ImageJ and made a comparison (e, f) (for (e) and (f), n = 9). Data were
presented as mean ± SD. Two-tailed Student’s t test was performed for (e) and (f).

Figure 2. |The pericellular glycocalyx layer is thicker on M2-like compared with M1-like macrophages. M2-like macrophages reveal thicker
pericellular glycocalyx compared with M1-like macrophages derived from THP-1 cells (a) and PBMCs (c). The green fluorescence intensity was
quantified with ImageJ and made a comparison (b, d) (for (b), n = 9; for (d), n = 3). Data were presented as mean ± SD. Two-tailed Student’s t
test was performed for (b) and (d).
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Has1, and Has3 was also increased in PBMC-derived M2-like
macrophages (Figure 1b). Furthermore, we utilized metabolic
assays to determine the GAG synthesis. After inducing the
polarization of M1-like and M2-like macrophages, they were
incubated with GalNAz and GlcNAz as part of the Click-iT
assay, respectively. Consistent with prior observations, M2-like
macrophages exhibited higher metabolism of GalNAz and
GlcNAz compared to M1-like macrophages (Figure 1c and
Figure 1d). The fluorescence intensity quantifying the
utilization of GalNAz and GlcNAz in M1-like and M2-like
macrophages were significantly distinct (Figure 1e and Figure
1f). These findings suggest that M2-like macrophages
demonstrate a higher activity in synthesizing GAGs.

To visualize and compare the glycocalyx on M1-like and
M2-like macrophages, we differentiated these macrophage
types from THP-1 cells and PBMCs, followed by staining of
the glycocalyx with WGA-FITC. The results showed that M2-
like macrophages had a thicker glycocalyx layer than M1, both
in THP-1-derived (Figure 2a and Figure 2b) and primary
settings (Figure 2c and Figure 2d). The glycocalyx exhibits
substantial variation in thickness and composition across
different cell types. Its regulation by enzymes can modulate
barrier and osmotic functions.14 While research on glycocalyx
is more prevalent in vascular endothelial cells, studies
investigating its presence on macrophages surfaces, particularly
the disparities between M1-like and M2-like macrophages,
remain scarce. Our findings represent, to our knowledge, the
first report of significantly thicker glycocalyx on M2-like
macrophages compared to M1-like macrophages. The thick-
ness of the glycocalyx not only depends on the synthesis of
GAGs but also on multifaceted regulatory processes influenced
by several factors including cytokines. LPS, which was utilized
to induce M1-like macrophages in this study, has been shown
to activate heparinase, leading to glycocalyx degradation in
macrophages.15 Additionally, IL-13 was reported to serve as a
stimulant for the synthesis of HA and promote the HA
deposition in the extracellular matrix. Moreover, the inhibition
of the IL-13 signaling pathway has demonstrated a remarkable
ability to boost HA synthase activity in murine models.16

Furthermore, IL-4 as used to induce M2-like macrophages, has
been documented as a direct stimulator of GAGs production.
Specifically, IL-4 exerts significant activation of metabolic

pathways implicated in the generation of uridine diphosphate
N-acetylglucosamine (UDP-GlcNAc) in macrophages, a
crucial substrate involved in HA and HS synthesis.17

To assess the uptake of VSOP by different macrophage
subtypes, we utilized a derivative that contains Eu in the core
of the VSOP, an element not naturally found in biological
systems. EU-VSOP can be visualized using fluorescence
microscopy following treatment with an enhancement solution,
and quantified using fluorescence spectrophotometry.18 M1-
like and M2-like macrophages derived from THP-1 cells and
PBMCs were incubated with the same concentrations of EU-
VSOP for 48 h. Subsequently, the internalized EU-VSOP was
quantified by Prussian blue staining and fluorescence
microscopy. The Prussian blue staining results showed that
both THP-1 (Figure 3a and Figure 3b) and PMBCs-originated
M2-like macrophages (Figure 3e and Figure 3f) ingested more
EU-VSOP compared with M1-like macrophages. Additionally,
fluorescent signal intensity was higher in THP-1-derived M2-
like than M1-like macrophages (Figure 3c and Figure 3d). This
is in contrast with earlier findings suggesting no significant
differences between M1- and M2-like macrophages. However,
discrepancies may arise from differences in cell models and
polarization induction techniques.19 Variations in cell models
and polarization induction methods may account for these
discrepancies. Notably, other studies using the same cell
models and techniques also support differential SPION
uptake.20 Particularly, a bright circular signal was observed in
M2-like macrophages but not in M1 (Figure 3g). The
literature previously indicated rapid binding of VSOP and
macrophage glycocalyx,12 specifically, Ludwig et al., demon-
strated the interactions of the glycocalyx with nanoparticles
using electron microscopy.12 The herein observed circular
structure on fluorescence microscopy of Eu may resemble the
EU-VSOP as they are internalized through the glycocalyx
structures on the cell surface. Furthermore, results from our
preliminary animal experiment revealed a spacial colocalization
of M2-like macrophages, indicated by immunohistochemical
staining for CD206, and Eu-VSOP deposition indicated by
Prussian blue staining in the peritumoral zone on pathological
sections of rabbit liver cancer tissues (Figure S4). Additionally,
the uptake capacity of M1-like and M2-like macrophages was
compared using another iron-containing nanoparticle that can

Figure 3. The EU-VSOP ingestion increased in M2-like macrophages compared with M1-like macrophages. M2-like macrophages ingested more
EU-VSOP compared with M1-like macrophages derived with THP-1 cells (a) and PBMCs (e) validated by Prussian blue staining. It was confirmed
with fluorescent microscopy for the macrophages derived from THP-1 cells (c). The iron density and red fluorescence intensity was quantified with
ImageJ (b, d, and f) (for (b) and (d), n = 9; for (f), n = 3). The arrows point to the Prussian blue staining indicating iron content (a, e). The bright
circular structure around M2-like macrophages is assumed to be glycocalyx with aggregated EU-VSOP, this structure did not appear on M1-like
macrophages (g). Data were presented as mean ± SD. Two-tailed Student’s t test was performed for (b), (d), and (f).
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be quantified using Magnetic Particle Spectroscopy (MPS).21

Synomag comprises 30-nanometer diameter multicore particles
of maghemite crystals with surface-bound COOH groups, that
facilitate an enhanced cellular uptake22 and superior MPS
properties. First, Prussian blue staining confirmed increased
iron density indicative of Synomag uptake into both THP-1
(Figure 4a and Figure 4b) and PBMC-originated M2-like
(Figure 4c and Figure 4d) as compared to M1-like macro-
phages. Furthermore, dynamic MPS analysis at 0h, 2h, 4h, 8h,
12h, 24, 36, 48, and 60h revealed a faster and eventually
increased Synomag ingestion in M2-like compared to M1-like
macrophages (Figure 4e). VSOP demonstrate a broad
spectrum of potential applications in clinical imaging with

macrophages serving as primary targets. Given their pivotal
role in atherosclerosis development, VSOP can effectively label
extracellular components associated with plaque instability,
aiding in the early identification of high-risk vulnerable plaques
through imaging modalities.12 Furthermore, our findings
suggest a novel avenue for VSOP utilization in tumor diagnosis
and treatment. Immune evasion represents a critical hallmark
of cancer including hepatocellular carcinoma (HCC), with
M2-like macrophages in the tumor microenvironment being
significant contributors to tumor invasion and metastases.
Notably, immune cell infiltration, particularly by M2-like
macrophages, escalates in HCC tissues following locoregional
therapies such as transarterial chemoembolization (TACE)

Figure 4. The Synomag internalization increased in M2-like macrophages compared with M1-like macrophages. M2-like macrophages ingested
more Synomag compared with M1-like macrophages derived with THP-1 cells (a) and PBMCs (c) validated by Prussian blue staining. The arrows
point to the Prussian blue staining indicating iron content (a, c). The iron density was quantified with ImageJ (b, d). Increased and faster uptake
was observed in M2-like macrophages compared with M1-like macrophages derived from THP-1 cells through the dynamic uptake determination
with MPS (e). (for (b), n = 9; for (d) and (e), n = 3). Data were presented as mean ± SD. Two-tailed Student’s t test was performed for (b), (d),
and (e).

Figure 5. Digestion of glycocalyx with hyaluronidase and heparinase III reduced the nanoparticle internalization in M2-like macrophages. M1 and
M2 derived from THP-1 cells (a) and PBMCs (g) were treated with hyaluronidase and heparinase III and then were stained with WGA-FITC and
Hoechst33254, and the green fluorescence intensity was quantified with ImageJ (b, h). M1 and M2 derived from THP-1 cells and PBMCs were
treated with hyaluronidase and heparinase III and then incubated with EU-VSOP for 48 h and the iron content was measured with Prussian blue
staining (c, (i), then the iron density was quantified with ImageJ and made a comparison (d, j). M1 and M2 derived from THP-1 cells and PBMCs
were treated with hyaluronidase and heparinase III and then incubated with Synomag for 48 h and the iron content was measured with Prussian
blue staining (e, k), then the iron density was quantified with ImageJ and made a comparison (f, l). (for b, d and f, n = 9; for h, j and l, n = 3). Data
were presented as mean ± SD. Two-tailed Student’s t test was performed for b, d, f, h, j and l.
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and ablation, correlating with a poorer prognosis.23 Thus,
labeling M2-like macrophages with VSOPs in vivo may help
characterize the tumor immune microenvironment and
noninvasively detect possibly unfavorable macrophage sub-
types on MRI that may require additional or more aggressive
interventions in a personalized treatment fashion. Additionally,
repolarizing M2 macrophages into antitumor M1 macrophages
offers promise in enhancing macrophage-mediated tumor
eradication.9 For instance, Egeblad et al. showcased its
effectiveness in a mouse breast cancer model by employing a
combination of IFN-γ with LPS/MPLA to induce M2-like
macrophages conversion to the M1-like phenotype, resulting in
substantial reductions in tumor burden.24 Nonetheless, the
systemic administration of these drugs may cause undesirable
systemic immune reactions. Our investigation underscores that
M2-like macrophages exhibit higher VSOP uptake, offering a
potential opportunity to leverage VSOP as a drug carrier for
targeted delivery and M2 macrophages repolarization
induction. Given that a significant portion of VSOPs is
internalized by macrophages, particularly the M2-like subtype,
this approach may be exploited as a nanodrug delivery system
aimed at targeting and modulating M2 macrophages and
enabling simultaneous diagnosis and treatment.

To further unravel the potential correlation between
glycocalyx and nanoparticle ingestion, THP-1-originated M2-
like macrophages were incubated with heparinase III and
hyaluronidase simultaneously, which efficiently degrade HA
and HS, the predominant components of the glycocalyx.25 A
viability assay was conducted to confirm no relevant impact on
cell viability of the enzymes at the working concentration and
even twice the working concentration (Figure S3). WGA-
FITC staining confirmed a significant reduction of the
pericellular glycocalyx layer of M2-like macrophages (Figure
5a and Figure 5b). Additionally, a distinct reduction of EU-
VSOP (Figure 5c and Figure 5d) and Synomag (Figure 5e and
Figure 5f) ingestion in enzyme-digested M2-like macrophages
was observed by Prussian blue staining which validated the
positive association of the thickness of glycocalyx and
nanoparticle uptake in macrophages. Furthermore, we repeated
the experiment using macrophages derived from PBMCs,
which demonstrated a consistent trend (Figure 5g, 5i, 5k, 5h,
5j, and 5l). This finding aligns with existing literature
suggesting that the inhibition of GAG synthesis via glucose
deprivation can notably diminish VSOP uptake by macro-
phages.26 However, the affinity of certain GAGs also impacts
the binding and internalization of iron-containing nano-
particles by the glycocalyx. For example, HS forms strong
coordination bonds with iron ions due to its sulfuric acid
groups, enhancing its binding capacity with such nanoparticles.
Additionally, HS chains are typically longer than HA, providing
more binding sites and increasing binding efficacy.27 Addi-
tionally, IL-13 promotes changes in sulfation patterns within
GAGs, which may also result in an increased uptake of iron
nanoparticles.28 Moreover, artificial aggregation of gold
nanoparticles enhances phagocytosis, potentially leading to
high gold loading in cells.29 Similarly, VSOP accumulation on
cell surfaces facilitates phagocytosis, suggesting that the
glycocalyx of M2-like macrophages, rich in sulfated GAGs
that bind VSOPs, may in turn also promote the ingestion of
VSOPs.12

This study reveals two main findings. First, marked
differences in the glycocalyx composition were observed
between M1-like and M2-like macrophage subtypes, with

M2-like macrophages exhibiting upregulated GAG synthesis,
resulting in a significantly thicker overall glycocalyx compared
to M1-like macrophages. Second, we found that M2-like
macrophages exhibit enhanced uptake of VSOP compared to
M1-like macrophages, which is reduced after the degradation
of GAGs on the surface of M2-like macrophages. This finding
suggests a positive correlation between pericellular glycocalyx
and nanoparticle uptake in macrophages, which could be
exploited for contrast-enhanced imaging and potentially
targeted therapy in cancer patients.
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