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Background: Chemotherapy is the primary treatment for most cancers apart from surgery.
However, the use of chemotherapeutic drugs is limited by side effects and restricted
accumulation in tumors because of unique tumor microenvironments. Macrophages have
excellent drug delivery potential owing to their chemotaxis and can home in on tumors.
Materials and Methods: We developed an effective drug-delivery system for doxorubicin
using macrophages. Doxorubicin-loaded egg yolk lipid-derived nanovectors (EYLNs-Dox)
were prepared, EYLNs-Dox-loaded macrophages (Mac/EYLNs-Dox) were developed and
their tumor penetration and anti-cancer activity against 4T1 cells were analyzed. The
biodistribution and anti-4T1 breast cancer activities were determined using 4T1 subcuta-
neous and lung metastasis models.

Results: EYLNs-Dox was successfully internalized into macrophages without affecting their
viability and was less toxic than Dox. Mac/EYLNs-Dox penetrated the 4T1 tumor spheroids
more efficiently and was more effective in inhibiting tumors in vitro. Macrophages signifi-
cantly enhanced the distribution of EYLNs vectors in both inflammatory and tumor sites,
playing a more effective role in the inhibition of tumors.

Conclusion: EYLNs-Dox can be effectively delivered using macrophages and Mac/
EYLNs-Dox might be a promising targeted delivery system for breast cancer.

Keywords: macrophage, drug delivery, target therapy, egg yolk lipid-derived nanovector,
breast cancer

Introduction
Breast cancer is the most common cancer among women globally. In 2018, a total
of 268,670 new cases of breast cancer were diagnosed and with 41,400 deaths, it
ranked second as the leading cause of cancer-related deaths." Chemotherapy
remains the most commonly used approach for the treatment of breast cancer.
Unfortunately, this therapeutic approach is associated with a large number of side
effects, such as cardiotoxicity and neurotoxicity.”* A reduction in the off-target side
effects of chemotherapeutic drugs would greatly improve the quality of life of
breast cancer patients. Various multifunctional drug delivery systems have been
exploited to enhance the anti-tumor efficacy of drugs while decreasing their unde-
sirable side effects.

With the development of nanotechnology, several nanomaterials have been
considered as candidate drug carriers.*> Such nanovectors change the pharmacoki-
netic and pharmacodynamic properties of chemotherapeutic drugs and, in particular,
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lead to the preferential accumulation of drugs within solid
tumors because of the enhanced permeability and retention
(EPR) effect.” However, despite these advantages for
nanoparticle-based delivery of medicines, it must over-
come numerous obstacles associated with artificially
synthesized nanomaterials, including toxicity and immu-
nogenicity. In recent years, endogenous cell-mediated
delivery of therapeutic agents to tumor sites has attracted
much attention,® '® and macrophages have been reported
as one of the most promising tumor-targeted biocarriers
owing to their strong phagocytic capacity, chemotaxis, and
tolerance to chemotherapeutic drugs.'''*

In this study, a model anti-cancer chemotherapeutic
drug (doxorubicin)-loaded, natural purified egg yolk lipid-
derived nanovector (EYLNs-Dox) was developed, EYLNs
nanovector has been demonstrated a promising drug car-
rier due to the low toxicity and strong EPR effect.'*
EYLNs-Dox was internalized in macrophages to prepare
a macrophage-based biomimetic drug delivery system
(Mac/EYLNs-Dox). The tumor penetration and inhibitory
effects of Mac/EYLNs-Dox were evaluated in vitro and
the tumor targeting ability and anti-tumor efficacy of Mac/
EYLNs-Dox were evaluated using a 4T1 mouse breast
cancer model.

Materials and Methods

Materials

Polar/neutral lipid separation kit was obtained from Cell
Biolabs Inc. Doxorubicin hydrochloride (Dox) was pur-
chased from Sigma—Aldrich. The DiR dye was obtained
from Life Technologies while 4,6-Diamidino-2-phenylin-
dole dihydrochloride (DAPI) was purchased from
Southern Biotech. FITC-CDI11b and PE-F4/80 anti-
mouse antibodies were purchased from BioLegend.
A terminal deoxynucleotidyl transferase dUTP nick-end
labeling (TUNEL) staining kit was purchased from
Keygen Biotech and the Cell Counting kit-8 (CCK-8)
was obtained from KeyGEN BioTECH.

Cell Culture

The luciferase-expressing mouse breast cancer cells (4T1-
luciferase) were provided by Prof. Song Chen from the
Institute of Medicinal Biotechnology, Jiangsu College of
Nursing, China and the use of cell line was approved by
the ethics committee of The Affiliated Huaian No.l
People’s Hospital of Nanjing Medical University (DW-
P-2018-004-01). The cells were maintained in RPMI

1640 medium supplemented with heat-inactivated FBS
(10%), penicillin (50 IU/mL), and streptomycin (50 ng/
mL), and were cultured in a humidified CO, incubator at
37°C.

Mice

Balb/c mice (6-8-week-old) were obtained from the
Institute of Comparative Medicine of Yangzhou
University. All animal procedures were approved by the
Animal Care and Use Committee of The Affiliated Huaian
No. 1 People’s Hospital of Nanjing Medical University,
China. The guidelines GB/T 35,892-2018 was followed

for the welfare of the laboratory animals.

Separation and Analysis of Lipids

Lipids were isolated from egg yolks using a polar/neutral
lipid separation kit (Cat. #MET-5009-C; Cell Biolabs).
The lipid composition was determined on an ACQUITY
UPLC CSH C18 column (2.1 mm x 100 mm, 1.7 pum) at
55°C. The mobile phase A was acetonitrile/water (60:40)
with 10 mM ammonium formate and 0.1% formic acid,
and the mobile phase B was isopropanol/acetonitrile
(90:10) with 10 mM ammonium formate and 0.1% formic
acid; the flow rate was 400 pL/min. The solvent gradient
was as follows: 0-2 min, 40-43% solvent B; 2-2.1 min,
43-50% solvent B; 2.1-12 min, 50-54% solvent B;
12-12.1 min, 54-70% solvent B; 12.1-18 min, 70-99%
solvent B; 18-18.1 min, 99-40% solvent B; 18.1-20.0
min, 40% solvent B.

EYLNs and EYLNs-Dox Preparation and

Characterization

EYLNs and EYLNs-Dox were prepared according to the
protocol described in our previous publication.'* In brief,
dried lipids[phosphatidylcholine (PC, 75.5%), sphingo-
myelin (SM, 12.7%), lysophosphatidylcholine (LPC,
6.55%), phosphatidylethanolamine (PE, 4.37%), phospha-
tidylinositol (PI, 0.54%), and phosphatidylglycerol (PG,
0.34%)] were suspended in distilled water (200-400 pL)
and Dox solution (1 mg/mL), respectively, and the suspen-
sion was sonicated for 15-20 min using an FS60 bath
sonicator (Fisher Scientific). The non-loaded Dox was
removed by centrifugation at 100,000 x g for 30 min.
Thereafter, the morphology, size and surface zeta potential
of EYLNs and EYLNs-Dox were characterized by trans-
mission electron microscope (TEM, FEI Tecnai G2 Spirit
BioTwin) and dynamic light scattering (PSS Z3000).
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To prepare DiR dye labeled EYLNs, EYLNs vectors
were incubated with DiR dye (5 mmol/L) at 37°C for 30
min; then, the free DiR dye was removed by centrifugation
at 100,000 x g for 30 min.

Isolation and ldentification of Mouse

Peritoneal Macrophages

For acquisition of inflammatory macrophages, 1 mL of 6%
Brewer thioglycolate medium was injected into the enter-
ocoelia of mice, 4 days prior to the cell harvest. The mice
were then euthanized and intraperitoneally injected with
5 mL of harvest medium sterilized PBS with 3% fetal
bovine serum. After 30 min, peritoneal fluid was collected
and centrifuged for 10 min at 400xg and the cells were
resuspended in PBS.

The macrophages were identified by CDI11b/F4/80
staining. For immunofluorescent staining, cells were cul-
tured on slides and incubated with anti-mouse CD11b and
F4/80 antibodies at 4°C for 1 h; after washing with PBS
for three times, the cells were stained with fluorescent dye-
labeled secondary antibodies at 37°C for 30 min. The
expression of CD11b and F4/80 was analyzed by confocal
microscope (NIKON Al). For evaluation of purity, cells
were stained with FITC-CD11b and PE-F4/80 antibodies
and analyzed by flow cytometry (BD, USA).

Preparation of Mac/EYLNs-Dox
Macrophages under regular culture conditions were treated
with Dox or EYLNs-Dox (20 pg/mL Dox) for 1, 3, 6, 12,
and 24 h. The loaded macrophages were pelleted by cen-
trifugation. The internalization of Dox or EYLNs-Dox was
visualized by imaging using a fluorescent microscope
(Leica, DM6B) and the internalized amount was quantified
by flow cytometry (BD C6 plus).

Viability of Macrophages

As described above, macrophages were treated with Dox
or EYLNs-Dox (20 pg/mL Dox) for 1, 3, 6, 12, 24, and 48
h. The viability of macrophages was assayed using the
CCK-8 kit, following the instructions provided by the
manufacturer.

Transwell Chemotaxis Assay

In the lower chamber of a 24-well Transwell plate 4T1
cells were cultured at a density of 5x10% cells/well.
EYLNs-Dox (Mac/EYLNs-Dox)
were then inoculated in the Transwell inserts and co-

loaded macrophages

cultured for 3, 6 and 12 h. The presence of Dox in 4T1
cells was visualized at different time points using
a confocal microscope.

The viability of 4T1 cells in the lower chamber was
determined by the CCK-8 assay and apoptosis was
detected by TUNEL staining.

Soft Agar Assay

Soft agar assay was performed as described previously.'?
In brief, 4T1 cells were suspended in 0.3% agar prepared
in DMEM supplemented with 20% FBS and plated on
a layer of 0.6% agar prepared in the same medium.

To assess the tumor penetration capability of Mac/
EYLNs-Dox, tumor spheroids were, respectively, treated
with Dox, EYLNs-Dox, and Mac/EYLNs-Dox for 6 h, and
the Dox signal from 4TIl cells was observed using
a fluorescent microscope. To evaluate the anti-tumor activ-
ity, tumor spheroids were, respectively, treated with PBS,
Dox, EYLNs-Dox, and Mac/EYLNs-Dox every 5 days for
5 times. After 21daysof culture, the tumor cell colonies
were photographed and counted. The size of 20 randomly
chosen colonies per well was measured and calculated
using the formula: Size of colony = (length + width)/2.

In vivo Imaging

A 4T1 murine breast cancer model was established to
study the targeted delivery of macrophages. DiR dye-
labeled EYLNs (DiR-EYLNs), macrophage-carried DiR-
EYLNs (DiR-Mac/EYLNs), and DiR-EYLNs-Dox (DiR-
Mac/EYLNs-Dox) were intravenously injected into 4T1-
bearing mice; the mice were then sacrificed and the DiR
signal in each organ was collected using an image station
(Ex:720 nm, Em:790 nm, FX Pro; Bruker) and quantified
using the software provided by the vendor.

To monitor tumor growth in vivo, luciferase-labeled
tumor 4T1-bearing mice were treated with PBS, Dox,
EYLNs-Dox, or Mac/EYLNs-Dox. The luciferase signal
was monitored every 5 days using the Bruker FX Pro
imaging system. Before scanning, mice were intraperito-
neally injected with the luciferase substrate D-luciferin
(150 mg/kg in 100 uL of PBS) for 5 min.

Dox Distribution Analysis

Free Dox, EYLNs-Dox, or Mac/EYLNs-Dox was intrave-
nously injected into 4T1-bearing mice at a single dose of
5 mg/kg. Mice in each group were sacrificed at 6 h, 12 h,
and 24 h post-injection. The tumors and major organs,
including the heart, liver, spleen, lung, and kidney were
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removed and the level of Dox in each organ was quantified
by HPLC.

Tumor Models

The 4T1 subcutaneous and lung metastasis models were
used to determine the anti-cancer activity of Mac/EYLNs-
Dox. For the in-situ tumor model, murine 4T1 breast
cancer cells (2 x 10°) were injected in the mammary fat
pads of 6-week-old female BALB/c mice. For the lung
metastasis model, 6-week-old female BALB/c mice were
intravenously injected with 4T1-luciferase cells (1 x 10°).

In vivo Anticancer Efficacy Analysis

After the tumors reached a volume of ~100 mm?, 4T1-bearing
mice were randomly divided into 4 groups and were treated
with PBS, Dox (5 mg/kg), EYLNs-Dox (5 mg/kg Dox), and
Mac/EYLNs-Dox (5 mg/kg) every 6 days for a total of five
times. Tumor size and mice weight were measured every 3
days. The tumor volume was calculated according to the
formula: volume= (Lx W?)/2. The mice were euthanized,
and tumors were collected when the average tumor volume
in the control group was over 1000 mm>. The heart, liver,
spleen, lung, and kidney were excised and embedded in par-
affin for hematoxylin and eosin (H&E) staining.

For lung metastasis model, mice were randomly divided
into four groups 5 days after injection with 4T1-luciferase
cells and were treated with PBS, Dox (5 mg/kg), EYLNs-
Dox (5 mg/kg Dox), and Mac/EYLNs-Dox (5 mg/kg) every
5 days for a total of five times. Luciferase signals were
detected every 5 days using the Bruker FX Pro imaging
system. The mice were euthanized, and lungs were removed,
photographed, and embedded in paraffin for H&E staining.

H&E Staining

To evaluate the biosafety and therapeutic effects of Mac/
EYLNs-Dox, liver, lung, heart, spleen, and kidney from
tumor-bearing mice were fixed overnight in 4% parafor-
maldehyde and embedded in paraffin; this was followed by
staining of 5 um tissue sections with H&E.

Statistical Analysis

Data are expressed as means = standard deviation.
Statistical analysis was performed using the GraphPad
Prism software (version 7.0). An unpaired ¢-test or one-
way analysis of variance followed by the Tukey—Kramer
test was performed for multiple group comparisons.
Differences were considered statistically significant at
*p< 0.05.

Results

Preparation and Characterization of

EYLNs and EYLNs-Dox

Natural lipids, including phosphatidylcholine, sphingomye-
lin, lysophosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, and phosphatidylglycerol, were iso-
lated from egg yolk and the lipid composition was deter-
mined (Figure 1A). The lipids were then assembled into
nanosized vector-EYLNs. The morphology of EYLNs and
Dox-loaded EYLNs (EYLNs-Dox) was examined by TEM.
As shown in Figure 1B, EYLNs and EYLNs-Dox exhibited
uniform sizes of ~50 and ~90 nm. The Dox encapsulation
efficiency was about 75% (Figure 1C). The size (Figure 1D)
and surface zeta potential (Figure 1E) of EYLNs and
EYLNs-Dox were measured by DLS; the average size and
average zeta potential of EYLNs were 50 nm and —45 mV
and that of EYLNs-Dox were 90 nm and —35 mV,
respectively.

Preparation and Characterization of Mac/
EYLNs-Dox

The peritoneal macrophages from mice were isolated and
identified by CD11b, F4/80 staining (Figure 2A). The
purity of the macrophage preparation was quantified to
be higher than 90% (Figure 2B). The Mac/EYLNs-Dox
was obtained by incubating the purified macrophages with
EYLNs-Dox and the delivery system was imaged using
a fluorescent microscope (Figure 2C). We further tested
the viability of macrophages after they were loaded with
EYLNs-Dox. The viability of macrophages was signifi-
cantly suppressed after incubating for 6 h (Figure 2D)
and the toxicity of EYLNs-Dox was lower than Dox
(Figure 2E, *p<0.05 and **p<0.01). The uptake of
EYLNs-Dox by macrophages was not time dependent
(Figure 2F and G). The uptake reached saturation after 6
h of incubation (Figure 2G).

Cytotoxicity of Dox Released from Mac/
EYLNs-Dox

The transwell chemotaxis assay performed to test the
release of Dox from Mac/EYLNs-Dox showed that the
release of Dox was gradually increased in the Transwell
inserts and the drug was taken up by the 4T1 cells in the
lower chamber (Figure 3A). The viability of 4T1 cells was
subsequently determined by the CCK-8 assay and the rate
of apoptosis was analyzed by TUNEL staining. The
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Figure 3 Transmigration capability and in vitro cytotoxicity of Mac/EYLNs-Dox. (A) Macrophages were loaded with EYLNs-Dox and cultured for 3, 6, 12 h in the Transwell
inserts with 4TI cells in the lower chambers. Dox signals in 4T cells were analyzed by confocal imaging. The viability (B) and apoptosis (C) of 4TI cells in the lower
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Mac/EYLNs-Dox every 5 days for 5 times. After 21-day culturing, the colonies of tumor cells were photographed. The average size (F) of chosen colonies was calculated and
the numbers (G) were counted. *p<0.05, **p<0.01 and **¥p<0.001. Scale bar: 25 um, 50 um and 100 um.

viability of 4T1 cells was strikingly inhibited by Dox
released from Mac/EYLNs-Dox in a time-dependent man-
ner (*p<0.05, **p<0.01) (Figure 3B). TUNEL data also
revealed that the proportion of apoptotic 4T1 cells was
increased in a time-dependent manner (Figure 3C).

The tumor-penetration ability of Mac/EYLNs-Dox was
evaluated using a multicellular 4T1 tumor spheroid model.
After incubation for 6 h, the Dox signal in the spheroids was
visualized using a fluorescent microscope. Mac/EYLNs-Dox
was more capable of permeating the tumor than was either
EYLNs-Dox or Dox (Figure 3D). The growth of tumor spher-
oids was the most significantly suppressed by Mac/EYLNs-
Dox (Figure 3E-G, *p<0.05, **¥p<0.01 and ***p<0.001).

Biodistribution of Mac/EYLNs-Dox

To investigate the in vivo distribution of Mac/EYLNs-
Dox, 4T1 tumor-bearing mice were intravenously injected
with DiR-EYLNs-Dox and DiR-Mac/EYLNs-Dox. It was

observed that the distribution of EYLNs-Dox in 4Tl
tumors was dramatically enhanced when they were loaded
in macrophages (Figure 4A and B *p<0.05) and the accu-
mulation process was time dependent (Figure 4C). The
amount of Dox in tumor tissues was quantified and its
distribution was found to be consistent with that in the
case of Mac/EYLNs-Dox (Figure 4D, *p<0.05, **p<0.01).

Therapeutic Effect of Mac/EYLNs-Dox

in vivo

The antitumor efficacy of Mac/EYLNs-Dox was first
investigated using the subcutaneous 4T1 murine breast
cancer model. The tumor-bearing mice were randomly
divided into four groups and treated with PBS, Dox,
EYLNs-Dox, or Mac/EYLNs-Dox (at an identical dose
of 5 mg/kg Dox in the case of the last three groups),
every 6 days for five times. Mac/EYLNs-Dox exerted
a more effective antitumor effect when compared with
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Figure 4 Biodistribution of Mac/EYLNs-Dox and Dox in 4T |-bearing tumor mice. (A) DiR dye labeled EYLNs-Dox and Mac/EYLNs-Dox were respectively |.V. injected into
4T |-bearing tumor mice for 24 h, then the DiR dye signals in mice organs and tumors were scanned and analyzed by Bruker FX Pro imaging system and the DiR signals in
tumors were quantified. (B) DiR-Mac/EYLNs-Dox was L.V. injected into 4T | tumor mice and the accumulation of Mac/EYLNs-Dox in tumors and other organs was imaged at
different time point (I, 12, 24, 48, 72 h) and the DiR signal intensity (C) was calculated. (D) 4T | tumor mice were treated with Mac/EYLNs-Dox and the distribution of Dox

in tumors was detected by HPLC. *5<0.05, *¥p<0.01.

Dox and EYLNs-Dox (Figure 5A and B). We also estab-
lished the 4T1 lung metastasis model to further test the
antitumor efficacy of Mac/EYLNs-Dox. Balb/c mice were
intravenously injected with 4T1-luciferase cells, and after
5 days, the mice were treated five times with PBS, Dox,
EYLNs-Dox, or Mac/EYLNs-Dox, every 5 days. The
luciferase signals were scanned every 5 days. It was
observed that the metastasis of 4T1 cells was effectively
suppressed by EYLNs-Dox and Mac/EYLNs-Dox, espe-
cially by the latter to a greater extent (Figure 5C and D,
*p<0.05, **p<0.01). There were several tumor nodules in
the lungs of mice in the PBS group, and the metastatic

nodules were also visible in the lungs of mice treated with
Dox and EYLNs-Dox. In the Mac/EYLNs-Dox group, an
insignificant number of tumor nodules was observed
(Figure 5E). Metastasis was also examined by histopatho-
logical examination, wherein Mac/EYLNs-Dox showed
the most effective anti-metastatic ability (Figure 5F).

Discussion
Nanomaterial-mediated drug delivery has become one of
the most promising strategies for cancer therapy. Different

types of nanomaterials, including liposomes,'®
Silica,ls 19,20

polymers,'”

metals, and carbon nanomaterials,”! have been
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Figure 5 Therapeutic effects of Mac/EYLNs-Dox on 4T| tumors. Subcutaneous implant 4T | tumor mice were treated with PBS, Dox, EYLNs-Dox and Mac/EYLNs-Dox,
(A) tumor growth was recorded every 3 days. (B) Mice were sacrificed 30 days after treatment, tumors were removed and photographed. (C) 4T lung metastasis model
was established and treated with PBS, Dox, EYLNs-Dox and Mac/EYLNs-Dox every 5 days for 5 times, the metastatic tumors were detected by in vivo imaging and the
tumor signals were quantified (D). After 5 times treatment, mice were sacrificed and the lungs were removed, stained with and photographed (E), the pathology of lungs was

analyzed by HE staining (F). *p<0.05, **p<0.01. Scale bar: 500um.

extensively explored over the decades for their biomedical
applications. However, most of the nanomaterials are still at
the research stage and have not been translated from labora-
tory to the market. Only a few nanomaterials have been
clinically approved for medical applications by the US
FDA. The major challenges associated with synthetic nano-
materials are biocompatibility and potential toxicity.

To overcome the aforementioned limitations of nano-
materials, increasing number of studies focus on the devel-
opment of novel nanomaterials with low toxicity, reduced
immune rejection, and better biodistribution. Engineering
of biomimetic drug delivery system has especially been
one of the most researched strategies. Delivery of nano-
particles coated with cell membrane is one of the most
important and effective tactics. Various cell membranes,
3 white blood
cells,24 macrophages,25 and cancer cells,26 have been

such as those of erythrocytes,” platelets,

employed for coating nanoparticles. Cell membrane

coating affects nanodrugs in many ways; for instance,
this can enhance immune evasion, reduce renal clearance
after uptake through the reticuloendothelial system, pro-
long circulation time, and increase the target distribution
of nanodrugs.?” However, the research in this field is still
in its preclinical stage and several challenges have to be
overcome before clinical translation of this strategy from
bench to the bedside. The major challenges are the repro-
ducibility of membrane composition and the stability of
membrane coated on the nanomaterials. In the light of
above-mentioned vulnerabilities, immune cells have been
exploited as new drug delivery vehicles. Immune cells,
including mononuclear phagocytes and neutrophils, pos-
sess strong mobility and can migrate across impermeable
barriers, thus, release drugs in the inflammatory or tumor
tissues.®"

Macrophages are specialized cells involved in the detec-
tion, phagocytosis, and destruction of harmful organisms.
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The extremely strong phagocytic ability and chemotaxis in
response to inflammation make macrophages an excellent
candidate for drug delivery. Fu constructed a biomimetic
delivery system by loading Dox into a mouse macrophage-
like cell line, RAW?264.7, and demonstrated that the Dox-
loaded macrophages showed more promising anti-breast
cancer activities than did doxorubicin.”> More importantly,
studies by Qiang indicated that macrophages could be pro-
tected from the toxicity of Dox by loading with the nanocar-
rier. They developed a RAW264.7-mediated delivery system
by encapsulating Dox-loaded reduced graphene oxide (MAs-
DOX/PEG-BPEI-rGO) and found that compared with free
Dox, RAW264.7 cells could absorb more DOX/PEG-BPEI-
rGO. Moreover, both in vitro and in vivo tests demonstrated
that MAs-DOX/PEG-BPEI-rGO exhibited a significant inhi-
bitory effect on the growth of prostate cancer.*® In contrast to
the above studies, Choi established mouse peritoneal macro-
phage bearing liposomal Dox (macrophage-LP-Dox), and
using the subcutaneous and metastatic xenograft lung cancer
models confirmed that the generated nanomaterials inhibited
tumor growth more effectively than did Dox and LP-Dox.
They also indicated that monocytes and macrophages from
cancer patients might be suitable candidates for personalized
drug administration.”'

In the present study, we developed a Dox encapsulated,
natural egg yolk lipids derived nanovector (EYLNs-Dox)
and constructed a macrophage-mediated biomimetic deliv-
ery system (Mac/EYLNs-Dox) by incubating EYLNs-Dox
with purified peritoneal macrophages. Consistent with the
results of previous studies, our data confirm that EYLNs-
Dox can be loaded into peritoneal macrophages with high
efficiency, and dramatically enhance in vitro tumor inhibi-
tion by improving the penetration of Dox. Furthermore,
the distribution of EYLNs-Dox in 4T1 tumors was signifi-
cantly increased upon loading in macrophages; 4T1 tumor
growth and metastasis was most effectively suppressed by
Mac/EYLNs-Dox. Besides, nanovector-EYLNs prepared
from natural purified egg yolk lipids displays good bio-
compatibility and low toxicity (data not shown). This is
another crucial characteristic of the Mac/EYLNs-Dox
delivery system for effective clinical translation and is
also the major difference from most of other macrophage-
mediated drug delivery systems described earlier.

Conclusion

We report a peritoneal macrophage-mediated biomimetic
drug delivery system (Mac/EYLNs-Dox) that utilizes the
physiological characteristics of macrophages to transport

Dox-loaded natural egg yolk derived nanovector (EYLNs-
Dox) to tumor sites. Using several experiments, we vali-
dated that the penetration of EYLNs-Dox was obviously
enhanced and the distribution of EYLNs-Dox in 4T1
tumors was remarkably increased by loading into the
macrophages. Further experiments confirmed that Mac/
EYLNs-Dox exert a more potent anticancer effect than
does EYLNs-Dox or Dox. This study provides a valuable
tool for therapeutic drug delivery.
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