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Enhancing the active tumor targeting ability and decreasing the clearance of reticuloendothelial system
(RES) are important issues for drug delivery systems (DDSs) in cancer therapy. In recent years, cell mem-
brane camouflage, as one of the biomimetic modification strategies, has shown huge potential. Many nat-
ural properties of source cells can be inherited, allowing the DDSs to successfully avoid phagocytosis by
macrophages, prolong circulation time, and achieve homologous targeting to lesion tissue. In this study,
a cancer cell membrane camouflaged nanoplatform based on gelatin with a typical core-shell structure
was developed for cancer chemotherapy. Doxorubicin (DOX) loaded gelatin nanogel (NG@DOX) acted as
the inner core, and 4T1 (mouse breast carcinoma cell) membrane was set as the outer shell (M-NG@DOX).
The M-NG platform enhanced the ability of homologous targeting due to the surface protein of cell mem-
brane being completely retained, which could promote the cell uptake of homotypic cells, avoid phagocy-
tosis by RAW264.7 macrophages, and therefore increase accumulation in tumor tissue. Meanwhile, due to
the better controlled drug release capability of M-NG@DOX, premature release of DOX in circulation could
be reduced, minimizing side effects in common chemotherapy. As a result, the biomimetic nanoplatform
in this study, obtained by a cancer cell membrane camouflaged drug delivery system, efficiently reached
desirable tumor elimination, providing a significant strategy for effective targeted therapy and specific

carcinoma therapy.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Recently, breast carcinoma has become a malignant tumor with
the highest prevalence in women, and its recurrence and metasta-
sis are the main causes of death [1,2]. In the early stages of breast
carcinoma, traditional surgical resection and radiotherapy play an
important role; however, the high incidence of recurrence and
metastasis leads to a negative situation [3,4]. Chemotherapy is still
an effective method to treat tumor metastasis. Nevertheless, direct
use of chemotherapeutic drugs usually results in a low utilization
rate and serious side effects, limiting the application of chemother-
apeutic drugs [5]. Therefore, it is essential to develop novel thera-
peutic platforms to overcome the shortcomings of chemotherapy.
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Drug delivery systems (DDSs) provide a potential method to im-
prove drug availability and chemotherapeutic efficiency [6,7]. Hy-
drophobic drugs can be encapsulated in nanocarriers, which will
improve their solubility and stability during circulation. Further-
more, functional drug carriers can achieve controlled drug release.
This also improves drug metabolism with less leakage in circula-
tion and more accumulation in the tumor site [8,9]. Various types
of nano-carriers have been researched in DDS, including nanopar-
ticles [10], micelles [11], liposomes [12], and nanogels [13] with
different characteristics. Among them, nanogels (NGs) are impor-
tant vehicles for chemotherapeutic drugs. The maximum retention
space and porous structure of NGs are beneficial for drug loading,
and they can also protect the drug from degradation and promote
drug release in a controlled manner. Additionally, NG has nano-size
for easy endocytosis, along with outstanding structural permeabil-
ity, strength, high water absorption capacity, good dispersion sta-
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bility, and fast response to external stimuli, showing high potential
for drug delivery [14,15]. In particular, NGs based on biomacro-
molecules exhibit better properties in terms of biodegradability,
biocompatibility, and low immunotoxicity [16].

Because of the poor efficiency of enhanced permeability and
retention (EPR) effects and high interstitial pressure of solid tu-
mors, passive targeting strategies usually have limited applications
[17,18]. Active targeting may enhance therapeutic outcomes; how-
ever, its efficiency might be restricted by insufficient receptor den-
sity on the tumor surface [19,20]. Synthetic molecules can enhance
tumor targeting, but they can easily induce immune responses and
clearance by the reticuloendothelial system (RES) [21,22]. There-
fore, a novel biomimetic cell membrane camouflage strategy has
been envisioned. Compared with traditional modifications such as
polyethylene glycol (PEG) layers, cell membranes derived from or-
ganisms have good biocompatibility, and more importantly, re-
tain the biological properties of the original cells [23]. Erythro-
cyte, macrophage, platelet, stem cell, and various cancer cell mem-
brane camouflaged nano-DDSs have been developed; these novel
top-down coating strategies could prolong blood circulation time,
reduce RES clearance, and accumulate DDSs in the lesion by retain-
ing the surface antigenic protein from source cells [24]. Unlike ery-
throcyte cells, surface antigens on cancer cells can not only avoid
RES phagocytosis but also promote the accumulation of DDSs in
homologous tissue actively due to their homologous targeting abil-
ity [25].

Gelatin, a natural biological macromolecule, is a hydrolytic
product of collagen [26]. Due to the presence of numerous func-
tional groups on the molecular chain, gelatin can be used for the
production of nanoparticles. Gelatin NGs have good biocompati-
bility and biodegradability, and their network structure provides
a huge space for drug loading. However, the nonspecific recogni-
tion and RES clearance of gelatin NG-based DDSs limit their ap-
plication in cancer therapy. Therefore, cell membrane camouflage
on the surface has been evaluated as a feasible method. Studies
have shown that after coating with an erythrocyte membrane, the
phagocytosis of cisplatin (Pt) and methylene blue (MB) co-loaded
gelatin NGs by macrophages was significantly inhibited. The tumor
growth inhibition efficiency increased to 63.54% + 8.82%, and the
pulmonary metastasis inhibition rate increased to 97.75% + 1.57%
[27]. The natural occurrence and high tumor affinity of stem cells
make the bone marrow-derived mesenchymal stem cell membrane
camouflaged doxorubicin (DOX)-encapsulated gelatin NG accumu-
late in tumor tissue, thus effectively inhibiting solid tumor in vivo
[28].

In this study, a 4T1 cancer cell membrane camouflaged bio-
logical gelatin NG with DOX loaded (M-NG@DOX) was developed
for breast tumor therapy (Scheme 1). The gelatin NG was pre-
pared by chemical cross-linking. DOX was encapsulated in the NG
core (NG@DOX), and then the 4T1 cell membrane was modified on
the surface through extrusion (M-NG@DOX). The results indicated
that cancer cell membrane camouflaged NGs underwent less en-
docytosis by macrophages (RAW264.7) but were more internalized
by 4T1 cells owing to homologous targeting. In the 4T1 xenograft
mouse models, a much greater accumulation in tumor tissue was
observed after injecting with M-NG, and the M-NG@DOX showed
more effective tumor suppression efficiency and higher biosafety
than free DOX did. These results indicated that the biomimetic
cancer cell membrane-coated NG could be considered as a promis-
ing platform for chemotherapeutic drug delivery.

The aim of this study was to enhance the accumulation of the
drug delivery system at the tumor site and prevent the clearance of
RES, thereby improving the efficacy of tumor therapy. We applied
camouflage of the 4T1 cell membrane onto the surface of gelatin
NG and loaded DOX for tumor treatment. When the DDS was
enveloped with the cancer cell membrane, it effectively evaded

Chinese Chemical Letters 35 (2024) 109578

Gelatin nanogel
(NG) NG@DOX

* DOX _/_l"‘\
& - &
R / \

Extrusion (i‘:-z’
= f‘::

4T1 cell

M-NG@DOX

4T1 cell membrane
vesicle

{ M-NG@DOX

Intravenous ~
injection ~

Homologous.

targeting
J

Cancer cell

Scheme 1. Preparation of 4T1 cell membrane camouflaged biomimetic nanoplat-
form M-NG@DOX with homologous targeting ability for cancer therapy.

macrophage phagocytosis and extended the circulation time. The
specific targeting of the 4T1 cancer cell membrane increased the
uptake of DDS by 4T1 cells and enhanced accumulation at the tu-
mor site, ultimately augmenting the effectiveness of cancer treat-
ment in vivo.

First, a gelatin NG was synthesized using a two-step desolvation
method, following a procedure previously reported in the literature
[29]. The morphology of NG and M-NG was subsequently exam-
ined by transmission electron microscope (TEM). As illustrated in
Fig. 1A, the TEM images reveal that the NGs were spherical par-
ticles, approximately 1274+ 18 nm in size. Upon repeated extru-
sion, the M-NG displayed a distinct core-shell structure, measur-
ing around 140 + 15 nm. The coating thickness was approximately
12 nm. This demonstrates the successful coating of the cancer cell
membrane without altering the inherent NG structure. Moreover,
the diameter of the NGs expanded from 313.04+ 25.0 nm (polydis-
persity index (PDI): 0.061) to 340.5+ 20.0 nm (PDI: 0.019) post
membrane coating. Simultaneously, the zeta potential transitioned
from —26.27 + 0.59 mV to —13.20+ 1.35 mV (Figs. 1B and C). This
adjusted potential closely mirrored the surface potential of 4T1
vesicles, which stands at —7.99 + 1.04 mV. Collectively, these find-
ings solidify the effective preparation of M-NG. To ascertain the ro-
bustness of M-NG, its stability was tested through a dynamic light
scattering (DLS) analysis, as presented in Fig. S1 (Supporting in-
formation). Upon immersing the M-NG in both phosphate buffered
saline (PBS) and DMEM medium containing 10% fetal bovine serum
(FBS) for a span of 7 days, no significant variations in aggregation
or size were observed. This attests to M-NG'’s stability, proving its
capacity to remain consistent in a physiological setting for, at the
very least, a week.

To validate the integrity of the core-shell structure of M-NG,
the fluorescein isothiocyanate (FITC, green fluorescence) loaded NG
core and DiD (red fluorescence) labeled 4T1 cell membrane were
extruded following the standard protocol. The resultant co-labeled
M-NG was then examined using an inverted fluorescence micro-
scope. Fluorescence microscope images, as seen in Fig. 1D, revealed
that a significant majority of M-NG simultaneously exhibited green
fluorescent signals originating from the NG cores and red fluores-
cence signals from the 4T1 cell membrane shell, with a remarkable
overlap. When considered alongside the TEM images and potential
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Fig. 1. Characterizations of M-NG. (A) TEM images of NG and M-NG morphologies. (B) DLS data for NG and M-NG (n = 3). (C) Zeta potential values associated with NG and
M-NG (n = 3). (D) Inverted fluorescence microscope images of M-NG, highlighting the co-localization between gelatin NG (FITC, green) and 4T1 cell membranes (DiD, red).
Scale bar: 10 pm. (E) Assessment of CD47, N-cadherin, and histone H3 proteins in 4T1 cells, 4T1 cell membrane vesicles, and M-NG using WB. (F) SDS-PAGE protein profiles
for 4T1 cell membrane, NG, and M-NG. (G) Observation of cumulative DOX release patterns from NG@DOX and M-NG@DOX at pH 7.4 and 37 °C in vitro (n = 3). Values were

noted as the mean =+ standard deviation (SD).

change, these observations underscore successful membrane fusion
onto the NG surface.

In the next phase of our study, the protein content of M-NG
was investigated via Western blot (WB) sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) analyses. Notewor-
thy among the membrane proteins are CD47 and N-cadherin. CD47
functions as a marker protein for 4T1 cells, pivotal in facilitat-
ing immune escape and anti-phagocytosis, while N-cadherin (pan-
cadherin) plays a crucial role in promoting blood vessel prolifer-
ation, a factor indispensable for breast cancer invasion [30]. WB
analysis findings illustrated that proteins CD47 and N-cadherin,
present on the cancer cell surface, remained intact during M-NG
preparation. Additionally, the nuclear marker protein, histone H3,
was notably absent in both cell membrane vesicles and M-NG (Fig.
1E), further highlighting the effective capture of the cell mem-
brane. An examination through SDS-PAGE (Fig. 1F) further corrobo-
rated these results, showcasing that, in comparison to the 4T1 cell
membrane, most proteins persisted throughout the M-NG prepara-
tion process. In summation, the gathered evidence solidly affirms
that the cancer cell membrane was adeptly coated onto the gelatin
NG surface, all while preserving membrane protein integrity.

Owing to its excellent water absorption and intricate net-
work structure, NGs emerge as an optimal choice for drug car-
riers. In our study, DOX was successfully encapsulated into the
gelatin NG, leading to the formulations NG@DOX and M-NG@DOX.
The ultraviolet-visible (UV-vis) spectra of both NG@DOX and M-
NG@DOX exhibited a distinctive absorption peak around 480 nm
(Fig. S2 in Supporting information), pointing to the efficient en-
capsulation of DOX. The encapsulation efficiency (EE) of DOX was
recorded at 13.76% + 1.78%, with its drug loading efficiency (DLE)
hovering around 6.88% + 0.36%.

When analyzing the in vitro drug release patterns of NG@DOX
and M-NG@DOX in PBS (pH 7.4) at 37 °C, it was observed that
about 19.56% + 1.21% of the drug was released from NG@DOX
over 36 h (Fig. 1G). In contrast, roughly 17.90% + 1.20% was re-
leased from M-NG@DOX. The slightly reduced drug release from
M-NG@DOX can be associated with its diminished permeability,
a consequence of the outer cell membrane coating on gelatin
NG. Additionally, this membrane camouflage likely moderates the
abrupt release tendencies of the drug-loaded platform.

A critical facet of biological defense, the clearance of for-
eign substances in organisms, primarily hinges on the potency
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Fig. 2. Assessment of phagocytosis of M-NG by macrophages and the evaluation
of homologous targeted uptake of M-NG in vitro. (A) Uptake by RAW264.7 of FITC-
labeled NG and M-NG following a 4-hour incubation period. Scale bar: 30 um. (B)
Comparative cellular uptake: M-NG in HepG2 cells, NG in 4T1 cells, and M-NG in
4T1 cells, visualized using CLSM. Scale bar: 30 pm. (C) Flow cytometry analysis of
the cellular uptake against various cells lines with corresponding cellular uptake
efficiency (D) and mean fluorescence intensity (MFI) values (E) qualified (n = 3).
**P < 0.01, *** P < 0.001. Values were noted as the mean + SD.

of the immune system. Yet, the incessant proliferation of tu-
mor cells induces antigen diversity, which in turn hinders their
recognition and subsequent elimination by immune cells. CD47
stands as a prominent antigen on the 4T1 cell surface. Its ca-
pability to bind with signal regulatory protein « (SIRPa), a lig-
and found on macrophages, allows it to transmit a “don’t eat
me” directive, thereby inhibiting macrophage-mediated phagocy-
tosis [31,32]. In our pursuit to gauge the immune evasion efficacy
of M-NG, FITC-labeled M-NG was introduced to mouse monocyte
macrophages (RAW264.7). Fig. 2A reveals a diminished green flu-
orescence in RAW264.7 cells exposed to M-NG when set against
those treated with NG. This underscores a reduced uptake of M-NG
by macrophages—a phenomenon likely stemming from the preser-
vation of CD47 on the M-NG surface. Such findings accentuate the
potential of the cancer cell membrane camouflage strategy in en-
hancing immune escape.

To delve deeper into the homologous targeting capability of M-
NG, we evaluated the cellular uptake behaviors of FITC-labeled NG
and M-NG against 4T1 and HepG2 cells, utilizing both CLSM and
flow cytometry techniques. Fig. 2B illustrates that, post-treatment
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with M-NG, the green fluorescence intensity was markedly pro-
nounced in the source 4T1 cells as opposed to the HepG2 cells.
Concurrently, when exposed to M-NG, 4T1 cells exhibited height-
ened green fluorescence compared to their response to NG. This
pattern signifies that modifications with the cancer cell membrane
can amplify the targeting and internalization within source cells.
It further elucidates that the unique homologous targeting charac-
teristic is potent against heterotypic tumor cells. Flow cytometry
further revealed a notable temporal dependency in the cellular up-
take of either NG or M-NG. Evidently, 4T1 cells demonstrated the
most efficient uptake of M-NG, as depicted in Fig. 2C. This uptake
efficiency surged from 28.56% + 0.38% to a striking 91.30% + 0.63%
post 4T1 cell membrane camouflage and after an 8-h incubation.
This was also paired with the highest recorded average fluores-
cence intensity among the examined groups (Figs. 2D and E). Based
on the observations above, it is apparent that the cancer cell mem-
brane camouflage strategy bolsters the nanoplatform’s homologous
cell uptake efficiency, a feat achieved due to the presence of di-
verse antigens and inherent homotypic binding.

One of the foremost parameters when evaluating the perfor-
mance of M-NG is its biocompatibility. The cytotoxic potential of
M-NG was determined using the MTT assay. Both normal mouse
mammary epithelial cells (HC11 cells) and mouse breast cancer
cells (4T1 cells) were co-incubated with various concentrations of
M-NG over a 24-h period. As evidenced in Fig. 3A, HC11 cells
across all groups consistently exhibited high cell viability. Even at
the peak concentration of 400 pg/mlL, cell viability was sustained
above 90%. In a similar vein, Fig. 3B reveals that 4T1 cell viabil-
ity also exceeded 90%. Such observations validate the commend-
able biocompatibility of M-NG. Its minimal cytotoxic footprint sug-
gests M-NG’s potential as a safe avenue for drug delivery. Given
that this delivery system is designed for intravenous administra-
tion, its blood compatibility is paramount. The hemolysis test reaf-
firmed this, demonstrating no significant hemolytic reactions with
M-NG (Fig. S3 in Supporting information).

Leveraging its source cell-specific targeting prowess and ele-
vated cell uptake efficiency, the in vitro therapeutic potency of
M-NG@DOX against 4T1 cells was further scrutinized through the
MTT assay. Fig. 3C depicts that M-NG@DOX outperformed NG@DOX
in terms of cell-killing capability over a 24-h window. The cell vi-
ability plummeted from 55.39% + 6.38% to a mere 27.94% + 3.59%
post cancer cell membrane camouflage, pointing towards the pro-
ficient uptake and internalization of M-NG@DOX by 4T1 cells. This
variance in cytotoxicity became even more pronounced after 48
h, as illustrated in Fig. 3D. Here, the cell viability further dwin-
dled to 23.09% + 3.04% post M-NG@DOX treatment. To encapsu-
late, the precision targeting towards surface antigens amplified M-
NG@DOX’s cell uptake, culminating in enhanced antitumor effec-
tiveness in vitro.

Having established the homologous targeting capability of M-
NG in vitro, its in vivo specific binding attributes were next eval-
uated using the 4T1 cell xenograft mouse model. All animal ex-
periments have been approved by the Institutional Animal Care
and Use Committee of Sun Yat-sen University (the approval num-
ber is SYSU-IACUC-2022-000281). Both Cy-7-labeled NG and M-
NG were intravenously administered to 4T1 tumor-bearing mice
and subsequently monitored with a Perkin Elmer in vivo imaging
system. As showcased in the fluorescence snapshots of Fig. 3E, in
comparison to free Cy-7 and NG, the Cy-7-labeled M-NG-treated
groups exhibited heightened fluorescence intensity at the tumor
locale post a 12-h incubation. This observation underscores its su-
perior accumulation within the tumor region. This targeted accu-
mulation was even more pronounced for the M-NG group after a
24-h span. Following this, major organs and tumors were extracted
for ex vivo fluorescence imaging, as displayed in Fig. 3F. The fluo-
rescence intensity within tumors treated with M-NG far surpassed
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Fig. 3. Evaluation of the in vitro antitumor efficacy and in vivo biodistribution of
M-NG. (A) Viability of HC11 cells post a 24-h incubation with NG and M-NG (n =
3). (B) Viability of 4T1 cells following a 24-h incubation with NG and M-NG (n =
3). Viability of 4T1 cells post treatment with NG or M-NG for durations of 24 h (C)
and 48 h (D) (n = 3). (E) Visual representation of the biodistribution of free Cy-
7, Cy-7-NG or Cy-7-M-NG in the whole body. (F) Ex vivo imaging of major organs
and tumors at 24 h post-injection with comparative fluorescence intensity of Cy-7
across major organs and tumors. (G) Quantitative analysis of average fluorescence
imaging signals in vivo (n = 3). * P < 0.5, ** P < 0.01, *** P < 0.001. Values were
noted as the mean + SD.

other groups and organs. The average signal emanating from the
fluorescence imaging was then quantified, as detailed in Fig. 3G.
Notably, the tumor fluorescence intensity of M-NG was approxi-
mately 1.47 times that of pure NG. The marked distinction in ag-
gregation degrees between NG and M-NG can be traced back to the
biomimetic cancer cell membrane camouflage approach. The pres-
ence of various antigens on the membrane shell’s surface, such as
N-cadherin and CD47 (which was authenticated via WB analysis),
facilitated specific adherence to the originating tumor tissue. More-
over, certain marker proteins like CD47 curbed RES clearance and
macrophage-mediated phagocytosis, thereby extending the body’s
circulation duration. This, in turn, enhanced the tumor site accu-
mulation of M-NG.

Building upon the promising homologous tumor accumulation
observed in the 4T1 cell xenograft mouse model, we subsequently
delved into assessing the antitumor efficacy of M-NG@DOX in solid
tumors. The treatment schedule is elaborated in Fig. 4A. Mice un-
derwent intravenous injections of PBS, free DOX, NG@DOX, or M-
NG@DOX, each having a DOX dosage of 0.5 mg/kg. Over a 14-
day treatment duration, therapeutic outcomes were closely mon-
itored. Fig. 4B vividly highlights the stark differences: while tu-
mors in the PBS-treated group proliferated swiftly, the counter-
parts treated with free DOX, NG@DOX, or M-NG@DOX manifested
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(C) Representative images of xenograft tumors across different experimental groups.
(D) H&E and (E) TUNEL stained sections of tumor tissues post a 14-day treatment
duration. Scale bar: 100 pm.

varying degrees of decelerated tumor growth. Post a 14-day reg-
imen, the tumor growth inhibition (TGI) value for the free DOX,
NG@DOX, and M-NG@DOX groups were charted at 19.14%, 52.79%,
and 70.36% respectively, with M-NG@DOX championing the most
potent tumor-inhibiting action. The 14" day post-treatment also
saw tumors from each group being dissected, and as showcased in
Fig. 4C, M-NG@DOX’s exceptional in vivo antitumor performance
was evident, boasting the smallest tumor volume in its group. Tu-
mors from the NG@DOX cluster grew at a slower pace than those
from the free DOX contingent. This can be attributed to the pas-
sive in vivo targeting capabilities and the modulated drug release
properties inherent to nanostructures. The added advantage of a
cancer membrane coating on M-NG@DOX ensures even better tu-
mor inhibitory rates, likely due to the antigen’s ability to specifi-
cally bind with 4T1 tumor tissue and dodge macrophage-mediated
clearance.

Diving deeper into the antitumor efficacy of M-NG@DOX, tu-
mor slices, post a 14-day treatment, underwent hematoxylin and
eosin (H&E) staining. Fig. 4D reveals that, in comparison to the
control batch, a plethora of cytoplasm (colored red) dominated
the experimental groups, a strong indication of nuclear degrada-
tion and cell apoptosis. Especially within the M-NG@DOX cohort,
a pronounced presence of nuclear pyknosis and obliteration was
evident, devoid of any dividing tumor cells in sight. Complement-
ing this, the TUNEL staining of tumor sections, as captured in
Fig. 4E, spotlighted the M-NG@DOX group with the highest brown
nucleus percentage—an unequivocal testament to apoptosis. Such
histopathological findings underscore the potential of M-NG@DOX
to instigate peak necrosis within tumor tissues, achieving unpar-
alleled in vivo antitumor efficacy largely by promoting tumor cell
apoptosis.

Assessing the potential in vivo toxicity of M-NG@DOX is of
paramount importance, particularly for therapies administered in-
travenously. Throughout the treatment duration, body weights
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were diligently recorded every alternate day, as visualized in
Fig. S4 (Supporting information). Neither fatalities nor significant
fluctuations in body weight were discerned in both the control and
experimental sets, signifying the lack of adverse effects of NG@DOX
and M-NG@DOX on the mice. Concurrently, the systemic toxicity of
both NG@DOX and M-NG@DOX was further appraised using H&E
staining of pivotal organs. As shown in Fig. S5 (Supporting infor-
mation), no manifest tissue necrosis was detected across all organs,
mirroring observations from the PBS cohort. Given the modest DOX
dosage of 0.5 mg/kg, the free DOX group neither presented note-
worthy weight deviations nor structural impairments within vital
organs. Such compelling evidence of robust in vivo biocompatibility
fortifies the foundation for biomimetic gelatin substances and the
cell membrane coating approach, paving the way for its extended
application in diverse biomedical arenas.

In summary, utilizing innovative techniques, we engineered a
biomimetic gelatin NG camouflaged by a natural cancer cell mem-
brane. This cutting-edge platform, created through a top-down
assembly method, efficiently delivers DOX, offering an enhanced
therapeutic approach against breast carcinoma. Through the suc-
cessful fusion of cell membranes and the preservation of their na-
tive properties, M-NG not only zeroes in on source cancer cells
but also augments cell uptake and internalization, culminating in
improved therapeutic outcomes in vitro. Moreover, in vivo evalua-
tions revealed M-NG’s prowess in targeting tumor sites and its ex-
ceptional antitumor effects against mouse model xenografts. These
benefits, coupled with minimal systemic side effects, can be cred-
ited to the homologous targeting prowess and immune evasion ca-
pabilities of the biomimetic cancer cell membrane “shell”. Given
these attributes, M-NG@DOX stands out as a potential drug de-
livery nanoplatform, primed to enhance targeting specificity and
mitigate RES clearance, setting the stage for optimized carcinoma
treatments.
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