
Small-Sized and Robust Chimaeric Lipopepsomes: A Simple and
Functional Platform with High Protein Loading for Targeted
Intracellular Delivery of Protein Toxin in Vivo
Min Qiu, Zhenqi Zhang, Yaohua Wei, Huanli Sun, Fenghua Meng, Chao Deng,*
and Zhiyuan Zhong*

Biomedical Polymers Laboratory, College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou,
215123, China

*S Supporting Information

ABSTRACT: How to chaperone protein drugs into target tumor
cells in vivo is a big challenge. Here, we report on small-sized and
robust chimaeric vesicles (lipopepsomes) constructed with
asymmetric poly(ethylene glycol)-b-poly(α-aminopalmitic acid)-
b-poly(L-aspartic acid) triblock copolypeptide as a simple and
functional platform for high loading and targeted intracellular
delivery of saporin, a protein toxin, in vivo. Cyclic RGD peptide-
decorated chimaeric lipopepsomes (cRGD-CLP) following
loading 2.0−9.4 wt % of model protein FITC-labeled cytochrome
C showed a small hydrodynamic size of 81−86 nm, enhanced
internalization by αvβ3-overexpressing A549 lung tumor cells, as
well as remarkable accumulation of 7.73% ID/g in the cancerous lung in mice. Saporin-loaded cRGD-CLP displayed a low half-
maximal inhibitory concentration of 16.3 nM to A549 cancer cells. Intriguingly, saporin-loaded cRGD-CLP at 16.7 nmol
saporin equiv/kg showed a high potency in treating orthotopically xenografted A549 lung tumors, suppressed tumor
progression, and remarkably improved survival rate. These chimaeric lipopepsomes provide a versatile and potential means for
targeted protein therapy of various malignancies.

1. INTRODUCTION

Protein therapeutics with a great specificity and bioactivity has
revolutionized cancer treatment.1−5 In contrast to most
clinically used proteins like Herceptin, TRAIL, interlukin-2,
and interferon-γ that target biomarkers on the surface of cancer
cells, therapeutic proteins with intracellular targets (e.g.,
saporin, granzyme B (GrB), and apoptin) are much more
challenging for clinical translation because they need to
overcome not only extracellular barriers but also cell
membrane and intracellular barriers.6,7 How to chaperone
protein drugs into target tumor cells in vivo remains a big
challenge. Different nanosystems such as liposomes,8,9 nano-
particles,10−15 polymeric micelles,16−18 and nanogels19−22 were
recently explored for intracellular protein delivery, among
which polymersomes with a watery lumen to load proteins and
thick membrane to protect proteins from degradation appear
to be a most ideal system.23−26 One general issue with
polymersomes is their low protein loading efficacy. We found
that drug loading levels could be greatly enhanced by denovo-
designed chimaeric polymersomes that contain short branched
polyethylenimine27,28 or poly(2-(diethyl amino)ethyl meth-
acrylate) (PDEA)29 in the lumen. These chimaeric polymer-
somes, however, expose several issues including potential
toxicity concerns related to nondegradable cationic polymers

and relatively complex and ill-controlled synthesis, which
refrain them from clinical applications.
Here, we report facile fabrication of novel, small-sized, and

robust chimaeric polymersomes from asymmetric poly-
(ethylene glycol)-b-poly(α-aminopalmitic acid)-b-poly(L-as-
partic acid) (PEG-b-PAPA-b-PAsp) triblock copolymer as a
simple and functional platform for high loading and targeted
intracellular delivery of saporin, a protein toxin, in vivo
(Scheme 1). Polypeptides with excellent biocompatibility,
enzymatic degradability, and easy synthesis are one of the
preferred materials for drug delivery.30−35 Several polypeptide-
based chemotherapeutic nanomedicines are under phases I−III
clinical trials.36,37 We recently found that PEG-b-PAPA diblock
copolymers formed robust micelles or polymersomes, depend-
ing on hydrophilic/hydrophobic ratios, due to the existence of
lipid−lipid packing.38,39 In this contribution, we further
designed chimaeric lipopepsomes from PEG-b-PAPA-b-PAsp,
in which PAsp was shorter than PEG and would preferentially
locate in the aqueous lumen to achieve active loading of
proteins via electrostatic interactions. Our results revealed that
chimaeric lipopepsomes decorated with cyclic RGD peptide
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that is known to specifically bind to αvβ3 integrin could
efficiently load and deliver saporin, a protein toxin used in
clinical trials for treating leukemia and lymphoma, to αvβ3
integrin-positive A549 lung tumor cells, leading to effective
suppression of orthotopically xenografted A549 lung tumor in
mice. These chimaeric lipopepsomes are versatile and highly
promising for targeted cancer protein therapy.

2. RESULTS AND DISCUSSION

2.1. Synthesis of Poly(ethylene glycol)-b-poly(α-
aminopalmitic acid)-b-poly(L-aspartic acid) (PEG-b-
PAPA-b-PAsp) Triblock Copolypeptide. PEG-b-PAPA-b-
PAsp triblock copolypeptides were synthesized through
sequential polymerization of α-aminopalmitic acid N-carbox-
yanhydride (APA-NCA) and β-benzyl-L-aspartate N-carbox-
yanhydride (BLA-NCA) monomers using PEG-NH2 as a
macroinitiator, followed by removal of benzyl protection
groups (Scheme 2). The structure of PEG-b-PAPA-b-PBLA
was corroborated by 1H NMR measurement (Figure 1A), in
which characteristic signals of PEG (3.73 and 3.47 ppm),

PAPA (1.80, 1.24, and 0.86 ppm), and PBLA (7.19, 5.02, and
2.92 ppm) were clear observed. The degree of polymerization
(DP) of PAPA and PBLA could be calculated by comparing
the integration of peaks at 0.86 (methyl protons of PAPA) and
5.02 ppm (methylene protons of PBLA) to 3.73 ppm
(methylene protons of PEG). The results revealed that the
DPs of PAPA and PBLA were 40 and 13, respectively, and
their number-average molecular weights (Mn) were compara-
ble to the design. Moreover, GPC measurement further
confirmed that PEG-b-PAPA-b-PBLA copolypeptides had
tailored Mn (24.7 kg/mol) and decent distribution (Mw/Mn

= 1.31) (Table S1, Figure S1). PEG-b-PAPA-b-PAsp was
obtained by acid deprotection of PEG-b-PAPA-b-PBLA in
CF3COOH using HBr/HOAc. As shown in Figure 1 B, peaks
at 7.19 and 5.02 ppm attributable to the benzyl group
completely disappeared, signifying the efficacious deprotection.
Importantly, PAPA and PAsp blocks in PEG-b-PAPA-b-PAsp
had DPs close to PAPA and PBLA blocks, respectively, in the
parent PEG-b-PAPA-b-PBLA, corroborating successful syn-
thesis of PEG-b-PAPA-b-PAsp.

Scheme 1. Schematic Illustration on Preparation of Small-Sized and Robust Chimaeric Lipopepsomes (cRGD-CLP) from
PEG-b-PAPA-b-PAsp and cRGD-PEG-b-PAPA Copolymers for Targeted Intracellular Delivery of Saporin to Cancer Cellsa

acRGD-CLP was internalized in αvβ3 integrin-positive A549 lung cancer cells via a receptor-mediated mechanism, followed by endosomal
membrane destabilization and cargo release.
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2.2. Fabrication and Protein Loading of Chimaeric
Lipopepsomes. The chimaeric lipopepsomes (CLP) were
readily prepared through self-assembly of asymmetric PEG-b-
PAPA-b-PAsp (Mn = 5.0−10.1−1.4 kg/mol) triblock copoly-

peptide. cRGD-targeted CLP (cRGD-CLP) could be fab-
ricated by adding cRGD-PEG-b-PAPA (Mn = 6.0−11.3 kg/
mol) in the process of self-assembly. The longer PEG chain in
cRGD-PEG-b-PAPA would render cRGD peptide preferen-
tially located toward the outer surface of lipopepsomes.
Previous studies demonstrated that lipopepsomes and nano-
particles containing 20 mol % cRGD present a most
pronounced targetability toward αvβ3 integrin-positive cancer
cells.39−41 cRGD-CLP exhibited small sizes of 77 nm with a
narrow distribution (Figure 2A). As visualized by transmission
electron microscopy (TEM), cRGD-CLP possessed a spherical
morphology and vesicular structure (Figure 2B). Static light
scattering (SLS) measurement revealed that cRGD-CLP had a
radius of gyration (Rg) of 36.9 nm (Figure S2). An Rg/Rh ratio
of 0.96 further confirms a vesicular structure of cRGD-CLP.
The results from different groups have showed that asymmetric
ABC triblock copolymers tended to self-assemble into
chimaeric vesicles.42−45 Interestingly, cRGD-CLP revealed a
slightly negative surface charge of −9.46 mV and high colloidal
stability with a critical aggregation concentration (CAC) of
2.46 mg/L (Table S2). Figure S3 displays that cRGD-CLP
exhibited little size change during incubation with 10% FBS in
8 h. The high stability of cRGD-CLP could be ascribed to the
tight lipid−lipid packing of PAPA segments in their membrane
as demonstrated in PAPA-based micelles and symmetric
polymersomes,38,39 as well as lipid-based nanocarriers.46,47

CLP without cRGD decoration displayed a comparable size
(83 nm) and polydispersity (PDI = 0.17) to cRGD-CLP.
FITC-labeled cytochrome C (FITC-CC) was employed as a

model protein to examine the protein encapsulation content
(PEC) and efficiency (PEE) of cRGD-CLP. CC was used as a
model because it has a similar isoelectric point (pI) to saporin.
As shown in Table 1, FITC-CC could be efficiently
encapsulated into cRGD-CLP, in which nearly quantitative
loading was observed when the theoretical loading contents
were 2−5 wt %. The remarkable loading level of cRGD-CLP
was mainly attributed to the ionic interactions between FITC-
CC and PAsp segments in the watery core. We and others have
revealed that chimaeric polymersomes with charged hydro-
philic block in watery core afford a markedly enhanced loading
of hydrophilic drugs and proteins.27,44 Following the

Scheme 2. Synthesis of PEG-b-PAPA-b-PAsp Triblock Copolypeptidea

aConditions: (i and ii) DMF, 35 °C, 3 d; (iii) HBr/HOAc, CF3COOH, 0 °C, 2 h.

Figure 1. 1H NMR spectra (600 MHz) of PEG-b-PAPA-b-PBLA (A)
and PEG-b-PAPA-b-PAsp (B) in CDCl3/CF3COOH (5/1, v/v).
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encapsulation of FITC-CC, FITC-CC-cRGD-CLP displayed a
near-neutral surface charge of around −6 mV, which was
slightly higher than that of blank cRGD-CLP. cRGD-CLP
loaded with 2 wt % saporin showed a small size of 66 nm
(Figure S4A) and good stability in 10% FBS (Figure S4B).
Zeta potential measurement indicated a surface charge of −7.7

mV. Notably, less than 25% protein was released from FITC-
CC-cRGD-CLP at pH 7.4 and 37 °C in 24 h (Figure 2C),
indicating that protein could be efficiently protected in the
lipopepsomes during circulation. The observed protein release
could be due to the fact that partial proteins are encapsulated
in the membrane and released by diffusion.

2.3. Cellular Uptake and Cytotoxicity of SAP-cRGD-
CLP. A549 human lung cancer cells overexpressing αvβ3
integrin were employed to evaluate the cellular uptake of
FITC-CC-cRGD-CLP. CLSM measurement displayed that
A549 cells treated with FITC-CC-cRGD-CLP exhibited strong
FITC fluorescence in cytoplasm, whereas far weaker
fluorescence was spotted in cells incubated with FITC-CC-
CLP (Figure 3A). Meanwhile, flow cytometry studies revealed
that FITC-CC-cRGD-CLP afforded an about 2-fold stronger
FITC level in A549 cells than FITC-CC-CLP (Figure 3B). In

Figure 2. Characterization of cRGD-CLP. (A) Size distribution measured by DLS. (B) TEM image. (C) In vitro drug release profile of FITC-CC-
cRGD-CLP in PB (n = 3).

Table 1. Characterization of FITC-CC-cRGD-CLP

PEC (wt %)

entry theory determineda PEE (%) sizeb (nm) PDIb zetac (mV)

1 2.0 2.0 ∼100 81 ± 0.3 0.16 −6.3
2 5.0 4.9 97.8 85 ± 0.7 0.18 −5.3
3 10.0 9.4 93.6 86 ± 0.9 0.20 −6.6

aDetermined by UV−vis spectrometry. bSize and PDI of FITC-CC-
cRGD-CLP were determined by DLS. cMeasured by electrophoresis.

Figure 3. CLSM images (A) and flow cytometry assay (B) of A549 cells treated with FITC-CC-cRGD-CLP and FITC-CC-CLP (FITC-CC
concentration 40 μg/mL) for 4 h. (C) Antiproliferative activity of SAP-cRGD-CLP toward A549 cells. Cells were incubated in SAP-cRGD-CLP
solution for 4 h and in a fresh culture medium for another 44 h. Up x axis shows corresponding CLP concentrations.
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contrast, no difference in cellular uptake was discerned for
FITC-CC-cRGD-CLP and FITC-CC-CLP in αvβ3-negative
MCF-7 cells (Figure S5). Notably, saporin-encapsulated
cRGD-CLP (SAP-cRGD-CLP) exhibited a potent antitumor
effect toward A549 cells with an IC50 of 16.3 nM (Figure 3C).
The nontargeted control (SAP-CLP), though also inhibited
cell proliferation, exhibited an obviously higher IC50 of 29.2
nM. As expected, cells treated with free saporin showed only a
slight decrease of cell viability due to poor cellular uptake of
free proteins, as also observed for free CC and GrB.48,49 Thus,
cRGD-CLP is a potent nanoplatform for intracellular delivery
of therapeutic proteins to αvβ3 integrin-positive cancer cells. Of
note, A549 cells treated with blank CLP and cRGD-CLP
displayed nearly 100% cell viability at concentrations of 0.1−
1.0 mg/mL (Figure S6). The maximum concentration of

lipopepsomes employed in MTT assays was 0.08 mg/mL
(Figure 3C), signifying noncytotoxicity of carrier materials.

2.4. In Vivo Pharmacokinetics, Biodistribution, and
Therapeutic Efficacy of Protein-Loaded Lipopepsomes.
As shown in Figure 4A, Cy5-labeled lipopepsomes following
intravenous injection into mice via a tail vein demonstrated a
good circulation time, wherein cRGD-CLP-Cy5 and CLP-Cy5
exhibited a half-life (t1/2, β) of 3.5 and 3.2 h, respectively. The
long circulation of cRGD-CLP would facilitate systemic
delivery of proteins and promote accumulation of proteins in
the tumor tissue. Indeed, both Cy5-CC-cRGD-CLP and Cy5-
CC-CLP groups demonstrated high protein accumulation in
orthotopic A549 lung tumor xenografts following intravenous
administration (Figure 4B). The Cy5-CC-cRGD-CLP group
displayed an obviously higher tumor accumulation of Cy5-CC

Figure 4. (A) In vivo pharmacokinetics of cRGD-CLP-Cy5 and CLP-Cy5 in normal Balb/c mice. (B) Quantified accumulation of Cy5-CC in
tumor and healthy organs (n = 3, *p < 0.05, **p < 0.01).

Figure 5. In vivo therapeutic effect of SAP-cRGD-CLP toward orthotopically xenografted A549-Luc human lung tumors in mice. Mice were treated
on day 0, 4, 8, and 12,with a dosage of 16.7 nmol SAP equiv/kg via tail vein injection of 160 μL. (A) Bioluminescence images of mice treated with
different formulations. (B) Average luminescence levels of A549-Luc xenografts in mice following different treatments. Insets are ex vivo
luminescence images of lung obtained on day 16 (n = 5, *p < 0.05, **p < 0.01). (C) Survival rate of mice. Statistical analysis: SAP-cRGD-CLP vs
PBS, p = 0.0018; SAP-cRGD-CLP vs SAP-CLP, p = 0.0471; SAP-CLP vs PBS, p = 0.0018 (log-rank test). (D) Body weight changes of mice treated
with different formulations within 16 days.
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than the Cy5-CC-CLP group (7.73% ID/g vs 4.90% ID/g),
mainly owing to the enhanced tumor targetability and
retention conferred by the cRGD ligand. On the contrary,
free Cy5-CC group only showed a small amount of protein
accumulation (1.94% ID/g) in tumor sites. Protein therapeu-
tics has been reported to have short half-lives and poor plasma
stability due to possible enzymatic degradation.50−52 It should
further be noted that free proteins would mostly stay outside
cancer cells due to poor cellular uptake.
We further evaluated the in vivo antitumor activity of SAP-

cRGD-CLP in A549-Luc orthotopically xenografted human
lung tumors in mice. Saporin has been employed to treat acute
lymphoblastic leukemia (ALL), B-cell non-Hodgkin’s lympho-
ma (B-NHL), T-cell acute lymphoblastic leukemia (T-ALL),
and anaplastic large cell lymphoma (ALCL) in the clinical
trials.53 The tumor progression was monitored by measuring
the intensity of bioluminescence that derives from A549-Luc
cells. Mice were administrated with SAP-cRGD-CLP and SAP-
CLP at a dosage of 16.7 nmol SAP equiv/kg every 4 days.
Remarkably, Figure 5A shows that SAP-cRGD-CLP effectively
inhibited tumor growth. The semiquantitative analyses of
bioluminescence revealed that tumor bioluminescence on day
16 was even much lower than that on day 0 (Figure 5B). The
therapeutic efficacy of SAP-cRGD-CLP was further corrobo-
rated by ex vivo tumor luminescence images collected on day
16 (Figure 5B), which clearly showed that mice administrated
with SAP-cRGD-CLP revealed markedly weakened tumor
luminescence intensity. Figure 5C displays that the survival
time of mice was remarkably extended by treating with SAP-
cRGD-CLP in comparison with PBS (median survival time: 50
vs 28 days). The nontargeted control, SAP-CLP, though less
potent than SAP-cRGD-CLP, could also inhibit tumor growth
and extend median survival time to 41 days. Figure 5D shows
that mice in all treatment groups had no significant body
weight loss, suggesting that SAP-loaded lipopepsomes induce
little systemic toxicity. Remarkably, histological analysis
demonstrated that mice following the treatment with SAP-
cRGD-CLP possessed well-ordered lung structure and alveoli
(Figure S7), signifying potent therapeutic efficacy of SAP-
cRGD-CLP. In comparison, the alveoli of the mice treated
with SAP-CLP and PBS were occupied by neoplasm, which
would greatly truncate the respiratory function and survival
time. It is evident, therefore, that chimaeric lipopepsomes
provide a novel, robust, and functional platform to achieve
high loading and targeted intracellular delivery of protein
therapeutics in vivo.

3. CONCLUSIONS
We show that cRGD-functionalized chimaeric lipopepsomes
(cRGD-CLP) achieve nearly quantitative encapsulation and
targeted delivery of apoptotic proteins into the cytosol of αvβ3
integrin-positive A549 lung cancer cells, inducing potent lung
tumor suppression without causing obvious systemic side
effects. cRGD-CLP exhibits several notable advantages: (i)
PEG-b-PAPA-b-PAsp triblock copolypeptides employed for
the preparation of chimaeric polymersomes can be simply
prepared in a high yield and controlled manner by NCA
polymerization followed by removal of benzyl groups; (ii)
cRGD-CLP exhibits a small size, excellent stability, and nearly
quantitative loading of therapeutic proteins through the
electrostatic and hydrogen-bonding interactions with PAsp
segments in the watery core; (iii) cRGD-CLP can selectively
chaperone saporin to αvβ3 integrin-positive A549 lung cancer

cells, resulting in a high antitumor potency (IC50 = 16.3 nM);
(iv) cRGD-CLP can significantly prolong circulation time and
boost tumor accumulation of therapeutic proteins; and (v)
saporin-loaded cRGD-CLP achieves complete inhibition of
tumor growth and largely improves mice survival rate at a low
dose of 16.7 nmol SAP equiv/kg in orthotopically xenografted
A549 human lung tumors in mice. These robust chimaeric
lipopepsomes with facile synthesis, high protein loading, and
adaptive targetability have emerged as a potentially viable
nanoplatform for cancer protein therapy.

4. MATERIALS AND METHODS
4.1. Synthesis of PEG-b-PAPA-b-PAsp Triblock Copolypep-

tides. PEG-b-PAPA-b-PAsp triblock copolypeptides were synthesized
through the sequential polymerization of APA-NCA and BLA-NCA
monomers in DMF solution using PEG-NH2 as a macroinitiator,
followed by the removal of benzyl groups in PEG-b-PAPA-b-poly(β-
benzyl-L-aspartate) (PEG-b-PAPA-b-PBLA) using HBr. Typically,
APA-NCA (0.52 g, 1.76 mmol) was dissolved in DMF (10.0 mL)
under N2, followed by adding the PEG-NH2 (0.20 g, 0.04 mmol)
solution in DMF (2 0 mL). The mixture was stirred at 35 °C for 72 h.
Then BLA-NCA (0.18 g, 0.72 mmol) solution in DMF (2.0 mL) was
added, and the reaction proceeded for another 72 h at 35 °C. The
polymers were then precipitated in excess cold diethyl ether and
further dried under vacuum for 48 h. Yield: 83%. 1H NMR (600
MHz, Figure 1A, δ): 7.71 (1 H, −NHCO−), 7.19 (5 H, −C6H5), 5.02
(2 H, C6H5CH2−), 4.45 (1 H, −COCHNH−), 3.73 (4 H,
−OCH2CH2O−), 3.47 (3 H, −OCH3), 2.96 (2 H, −COCH2−),
1.80 (2 H, −CH(NH)CH2CH2−), 1.24 (24 H, −CH2(CH2)12CH3),
0.86 (3 H, −CH2CH3).

To obtain PEG-b-PAPA-b-PAsp copolypeptides, PEG-b-PAPA-b-
PBLA (0.3 g, 0.015 mmol) was dissolved in CF3COOH (3.0 mL) and
then treated with HBr (33 wt % in HOAc, 0.3 mL, 1.66 mmol) for 2 h
at 0 °C. The reaction solution was precipitated using excess cold
diethyl ether to obtain crude product. The resulting copolypeptides
were redissolved in THF, dialyzed against water using a dialysis
membrane (Spectra/Pore, MWCO, 3.5 kDa) for 48 h, and lyophilized
to afford a white powder product. Yield: 80%. 1H NMR (600 MHz,
Figure 1B, δ): 7.71 (1 H, −NHCO−), 4.54 (1 H, −COCHNH−),
3.77 (4 H, −OCH2CH2O−), 3.50 (3 H, −OCH3), 3.00 (2 H,
−COCH2−), 1.76 (2 H, −CH(NH)CH2CH2−), 1.27 (24 H,
−CH2(CH2)12CH3), 0.89 (3 H, −CH2CH3). cRGD-PEG-b-PAPA
copolypeptide was prepared by APA-NCA polymerization using
acrylate-PEG-NH2 as a macroinitiator followed by thiol−ene reaction
with cRGD-SH, according to our previous report.38

4.2. Formation of Chimaeric Lipopepsomes. Chimaeric
lipopepsomes with or without cRGD were simply fabricated using
the solvent exchange method. Taking the fabrication of cRGD-CLP as
an example, cRGD-PEG-b-PAPA and mPEG-b-PAPA-b-PAsp were
dissolved in THF at a molar ratio of 1:4 to obtain a polymer solution
with a concentration of 2.0 mg/mL. Then 200 μL of the polymer
solution was slowly added to 800 μL of PB buffer under magnetic
stirring. The resulting dispersion was then transferred into a dialysis
bag (MWCO 7000 Da, Spectra/Pore) and extensively dialyzed
against PB for 8 h. The nontargeting CLP was fabricated similarly
from asymmetric mPEG-b-PAPA-b-PAsp copolymers only.

4.3. Encapsulation and in Vitro Protein Release of cRGD-
CLP. Protein-encapsulated cRGD-CLP was similarly constructed as
described above for the preparation of blank cRGD-CLP, except that
PB buffer was replaced with protein solutions. Cytochrome C (CC),
Cy5-labeled CC (Cy5-CC), FITC-labeled CC (FITC-CC), and
saporin as model proteins were employed to encapsulate in the
chimaeric lipopepsomes. The amount of encapsulated protein was
determined by UV−vis spectrometry. Protein encapsulation content
(PEC) and efficiency (PEE) were calculated according to previously
reported formula.7

The in vitro protein release behavior of protein-encapsulated
cRGD-CLP was studied via a dialysis method. Typically, 0.5 mL of
FITC-CC-cRGD-CLP (0.2 mg/mL) was loaded in a dialysis bag
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(MWCO 350 kDa), and then the dialysis bag was immersed in 25 mL
of 10 mM PB. The release experiment was performed in a shaker at 37
°C, and the release medium was collected at predetermined time
points. The amount of released protein was quantified using UV−vis
spectrometry.
4.4. In Vivo Antitumor Efficacy of SAP-cRGD-CLP. The animal

experiments were handled under protocols approved the Animal Care
and Use Committee of Soochow University. The orthotopic A549-
Luciferase lung cancer tumor model in mice was established as
previously reported.39 The tumor-bearing mice were allocated into
three groups and administered with SAP-cRGD-CLP, SAP-CLP and
PBS through intravenous injection. SAP-cRGD-CLP and SAP-CLP
were used at a dosage of 16.7 nmol saporin equiv/kg and given every
4 days for a total of four injections. PBS as a negative control was
administered in a same scheme. The tumor sites were visualized by
IVIS Lumina II imaging system (Caliper Life Sciences) following the
intraperitoneal injection of D-luciferin potassium salt solution (100
mg/kg) for 10−15 min. The values of relative body weights of mice
were normalized to their weights at day 0.
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