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a b s t r a c t

Lung cancer is one of the worldwide leading and fast-growing malignancies. Pemetrexed disodium (PEM,
Alimta�), a small hydrophilic drug, is currently used for treating lung cancer patients. However, PEM suf-
fers from issues like fast elimination, low bioavailability, poor tumor cell selectivity and penetration.
Here, we report on lung cancer specific CSNIDARAC (CC9) peptide-functionalized reduction-responsive
chimaeric polymersomes (CC9-RCPs) for efficient encapsulation and targeted delivery of PEM to H460
human lung cancer cells in vitro and in vivo. PEM-loaded CC9-RCPs (PEM-CC9-RCPs) was obtained from
co-self-assembly of poly(ethylene glycol)-b-poly(trimethylene carbonate-co-dithiolane trimethylene
carbonate)-b-polyethylenimine (PEG-P(TMC-DTC)-PEI) and CC9-functionalized PEG-P(TMC-DTC) in the
presence of PEM followed by self-crosslinking. PEM-CC9-RCPs displayed an optimal CC9 density of 9.0%
in targeting H460 cells, a high PEM loading content of 14.2 wt%, a small hydrodynamic size of ca. 60
nm and glutathione-triggered PEM release. MTT assays showed that PEM-CC9-RCPs was 2.6- and 10- fold
more potent to H460 cells than the non-targeting PEM-RCPs and free PEM controls, respectively.
Interestingly, PEM-CC9-RCPs exhibited 22-fold longer circulation time and 9.1-fold higher accumulation
in H460 tumor than clinical formulation Alimta�. Moreover, CC9-RCPs showed obviously better tumor
penetration than RCPs. Remarkably, PEM-CC9-RCPs at 12.5 mg PEM equiv./kg effectively suppressed
growth of H460 xenografts and significantly prolonged mouse survival time as compared to PEM-RCPs
and Alimta� controls. These lung cancer specific and reduction-responsive chimaeric polymersomes pro-
vide a unique pemetrexed nanoformulation for targeted lung cancer therapy.

Statement of Significance

Multitargeted antifolate agent pemetrexed (PEM, Alimta�) is currently used for treating lung cancer
patients and has low side-effects. However, PEM suffers from issues like fast elimination, low bioavail-
ability, poor tumor cell selectivity and penetration. Scarce work on targeted delivery of PEM has been
reported, partly because most conventional nanocarriers show a low and instable loading for hydrophilic,
negatively charged drugs like PEM. Herewith, we report on lung cancer specific CSNIDARAC (CC9)
peptide-functionalized reduction-responsive chimaeric polymersomes (CC9-RCPs) which showed effi-
cient PEM encapsulation (14.2 wt%, 60 nm) and targeted delivery of PEM to H460 human lung cancer
cells, leading to effective suppression of H460 tumor xenografts and significantly prolonged survival rates
of mice than Alimta�. To the best of our knowledge, this represents a first report on targeted nanosystems
that are capable of efficient loading and targeted delivery of PEM to lung tumors.
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Introduction

Lung cancer, among which over 80% is non-small cell lung can-
cer (NSCLC), becomes one of the worldwide leading and fast grow-
ing malignancies [1]. Targeted chemotherapy using Iressa, Tarceva
and Camry, though could prolong the survival 2–3 times for
patients with EGFR-mutant lung cancer, is not effective to majority
of NSCLC patients that are EGFR mutation-negative [2,3]. Che-
motherapeutics including cis-platinum, carboplatin, paclitaxel
(PTX), docetaxel (DTX) and pemetrexed disodium (PEM) are rou-
tinely used for treating NSCLC in the clinical settings [4–6]. Nota-
bly, PEM, a folate antimetabolite inhibiting DNA and RNA
synthesis in cancer cells [4], has received particular attention
because it is a multitargeted antifolate agent and has relatively less
side-effects [7–9]. PEM for injection (Alimta�) is a second-line drug
for NSCLC and first-line drug for malignant pleural mesothelioma
[10,11]. However, clinical use of PEM suffers from several problems
like fast elimination, low bioavailability, poor tumor cell selectivity
and penetration, and potential spleen and kidney toxicity [12,13].

It is interesting to note that despite its clinical significance,
scarce work on targeted delivery of PEM has been reported. This
is partly due to the fact that most conventional nanocarriers
including liposomes, nanoparticles, and micelles show a low and
instable loading for hydrophilic, negatively charged, and small
drugs like methotrexate disodium (MTX) and PEM [14–16]. For
example, a low PEM loading efficiency of <14% was reported for
liposomes [17]. We recently reported that chimaeric polymer-
somes with short polycations such as PDMA and PEI in the watery
interior achieved highly efficient and stable encapsulation of MTX
and siRNA [18,19].

Here, we report for the first time on lung cancer specific CSNI-
DARAC peptide-functionalized and reduction-responsive chimaeric
polymersomes (CC9-RCPs) for efficient encapsulation and targeted
delivery of PEM to H460 human lung cancer cells in vitro and
in vivo (Scheme 1). PEM-CC9-RCPs were readily prepared by co-
self-assembly of poly(ethylene glycol)-b-poly(trimethylene
carbonate-co-dithiolane trimethylene carbonate)-b-
polyethylenimine (PEG-P(TMC-DTC)-PEI) and CC9-functionalized
PEG-P(TMC-DTC) copolymers in the presence of PEM. CC9 peptide
screened by phage display technology was shown to be specific
to lung cancer cells such as H460 cells [20]. CC9-RCPs were
expected to be self-crosslinkable, robust, and glutathione-
responsive, as previously reported for dithiolane trimethylene car-
bonate (DTC)-containing polymersomes and micelles [21,22].
Strikingly, PEM-loaded CC9-RCPs show significantly enhanced
in vitro antitumor activity, circulation time, as well as tumor accu-
mulation and suppression in human H460 lung tumor-bearing
nude mice as compared to the clinical formulation Alimta�. These
lung cancer specific and reduction-responsive chimaeric polymer-
somes provide a unique pemetrexed nanoformulation for targeted
lung cancer therapy.
Experimental

2.1. Preparation of CC9-RCPs and PEM-CC9-RCPs

PEM-CC9-RCPs and CC9-RCPs were prepared from co-self-
assembly of PEG-P(TMC-DTC)-PEI [19] and CC9-PEG-P(TMC-DTC)
at CC9 molar ratios of 0, 4.5%, 9.0% or 13.5%. Briefly, 50 lL of mixed
polymer solution in DMSO (10 mg/mL) was injected into 0.95 mL
of HEPES buffer (pH 5.5, 5 mM) with or without PEM. After stand-
ing still for 20 min, the polymersomes were gently mixed and
placed into shaking bath (200 rpm, 37 �C) for 12 h and followed
by extensive dialysis for 24 h (MWCO 3500). Dynamic light scatter-
ing (DLS), static light scattering (SLS) and TEMmeasurements were
measured. The drug loading content (DLC) and drug loading effi-
ciency (DLE) of PEM were determined with UV–Vis spectroscopy
at 246 nm. The in vitro PEM release was studied at polymersome
concentration of 100 lg/mL using HPLC as described in supporting
information.

2.2. MTT assays

H460 cells were seeded in a 96-well plate (5 � 103 cells/well)
and cultured for 24 h using RPMI-1640 medium supplemented
with 10% fetal bovine serum (FBS), 1% L-glutamine (final conc.
2 mM), antibiotics penicillin (100 IU/mL) and streptomycin (100
lg/mL). For assessment of their targeting effect, PEM-CC9-RCPs
with CC9 molar ratio of 0, 4.5%, 9.0% or 13.5% (PEM concentration:
5 lg/mL) were added. The cells were incubated in an atmosphere
containing 5% CO2 at 37 �C for 4 h. The culture medium
was replaced with fresh medium and the cells were incubated
for 68 h. MTT assays (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide) were performed as described in our previous
report [23]. PEM-RCPs and free PEM were used as controls.

For determination of the half-maximal inhibitory concentration
(IC50), H460 cells were incubated with PEM-CC9-RCPs with 9.0mol.%
CC9, PEM-RCPs or free PEM in 20 lL PB (PEM concentrations:
0.001–20 lg/mL) for 4 h. The rest was performed as above. The
IC50 values were derived by fitting the cell viability data using
Prism 7. For evaluation of the cytotoxicity of empty polymersomes,
H460 cells were incubated with CC9-RCPs and RCPs at varying
concentrations of 0.1, 0.3 and 0.5 mg/mL at 37 �C for 48 h before
MTT assays.

2.3. Animal models

All animal experiments were approved by the Animal Care and
Use Committee of Soochow University (P.R. China) and all proto-
cols of animal studies conformed to the Guide for the Care and
Use of Laboratory Animals. For analysis of blood circulation, female
Balb/c mice (18–22 g) were used. Mice bearing H460 tumor xeno-
grafts were built by subcutaneous injection of 0.05 mL of H460
cells (1 � 107) into the right hind flank of female nude mice. Tumor
inhibition experiments started when the tumors reached 100 mm3

after ca. 2 weeks. At tumor size of 150–200 mm3, tumor penetra-
tion of polymersomes was studied. At tumor size of 200–300
mm3, the in vivo imaging and biodistribution experiments were
conducted. Before each experiment, the mice were weighed and
randomly grouped.

2.4. Biodistribution of PEM-CC9-RCPs in H460 tumor bearing
nude mice

A single dose of PEM-CC9-RCPs or PEM-RCPs in 0.2 mL PB was
administrated into H460 tumor bearing mice via tail veins at
12.5 mg PEM equiv./kg. At 8 h post injection, the mice were sacri-
ficed, the tumors and major organs were collected, and homoge-
nized and treated as described in previous report [18] before
PEM determination by HPLC (expressed as percentage of injected
dose per gram of tissue, %ID/g).

2.5. Tumor penetration of PEM/Cy5-CC9-RCPs

To investigate PEM accumulation and penetration in the
tumors, PEM and Cy5-sulfo co-loaded polymersomes, i.e. PEM/
Cy5-CC9-RCPs and PEM/Cy5-RCPs were prepared and used to track
the location of drugs in the tumors. A single dose of PEM/Cy5-CC9-
RCPs or PEM/Cy5-RCPs in 0.2 mL of PB (0.4 lmol Cy5 equiv./kg,
12.5 mg PEM equiv./kg) was injected via tail veins into H460 tumor



Scheme 1. Schematic illustration of the structure and functions of PEM-CC9-RCPs in targeted delivery of PEM to H460 cells in vitro and in vivo.
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bearing mice. At 8 and 24 h post injection, the mice were sacrificed.
The tumors were collected and sliced (thickness: 4 lm). The blood
vessel and cell nuclei were stained with CD31 mAb and DAPI,
respectively, for CLSM observation, as described in previous report
[24].
2.6. In vivo antitumor performance of PEM-CC9-RCPs in mice bearing
H460 lung tumor

PEM-CC9-RCPs, PEM-RCPs and Alimta (12.5 mg PEM equiv./kg)
were injected via tail veins into H460 tumor bearing mice every
4 days (n = 6). PBS was used as a control. The tumor size and body
weight of mice were measured every 2 days and the relative tumor
volume and relative body weight were calculated. On day 20, one
mouse of each group was sacrificed. The tumors were excised for
photographing. The rest five mice were used to determine
Kaplan-Meier survival curve within 70 days. Mice in each cohort
were considered dead when the mice died during treatment or
the tumor volume reached 2000 mm3.
2.7. Statistical analysis

Data were expressed as mean ± SD. Differences between groups
were assessed by one-way ANOVA with Tukey multiple compar-
ison tests. Survival data were analyzed by the Kaplan-Meier tech-
nique with a log-rank test for comparison using Graphpad Prism
7. *p < 0.05 was considered significant, and **p < 0.01, ***p < 0.001
were considered highly significant.
Results and discussion

3.1. Preparation of CC9-RCPs and PEM-CC9-RCPs

CC9-RCPs were readily prepared by co-self-assembly of two
copolymers, PEG-P(TMC-DTC)-PEI with an Mn of 5.0-(14.8–1.8)-1.
8 kg/mol and CC9-functionalized PEG-P(TMC-DTC) with an Mn of
7.5-(15.6–2.3) kg/mol (Fig. S1&S2, Table S1). TNBSA assay of CC9-
PEG-P(TMC-DTC) showed a CC9 functionality of 93.5%. DLS results
demonstrated that CC9-RCPs with CC9 densities varying from 0,
4.5%, 9.0% to 13.5% all had small hydrodynamic diameters (51–
64 nm, PDI 0.11–0.17) (Fig. 1A, Table S2). The static and dynamic
light scattering revealed that CC9-RCPs with 9.0 mol.% CC9 had a
radius of gyration (Rg) of 28.9 nm and hydrodynamic radius (Rh)
of 29 nm, respectively, confirming that they have a vesicular struc-
ture (Rg/Rh close to 1) [25]. The vesicular morphology was further
corroborated by TEM (Fig. S3A). All CC9-RCPs had surface charges
close to neutral (Table S2), likely due to a chimaeric structure with
short PEI mainly orientated in the watery lumen. CC9-RCPs showed
good colloidal stability (Fig. S3A) while fast response to reduction
conditions (Fig. S3B), as previously reported for other disulfide-
crosslinked nanosystems [23,26].

PEM-CC9-RCPs were obtained by adding PEM during
co-self-assembly process. Notably, PEM-CC9-RCPs achieved high
PEM loading contents of 4.6 to 14.2 wt%, corresponding to loading
efficiencies of 92.3% to 66.1%, at theoretical loading contents from
5 to 20 wt% (Table S3), likely due to electrostatic and hydrogen
bonding interactions between PEI and PEM. Similar chimaeric
polymersomes functionalized with cNGQ peptide have shown a



Fig. 1. (A) The influence of CC9 contents on polymersome hydrodynamic diameter and its distribution. (B) In vitro PEM release in PBS in the presence or absence of 10 mM
GSH at 37 �C. Polymersome concentration was 50 lg/mL (n = 3). (C) MTT assays of PEM-CC9-RCPs at 0, 4.5%, 9.0% or 13.5% CC9 in H460 cells (n = 4). PEM dosage: 5 lg/mL. (D)
The concentration-dependent cytotoxicity of PEM-RCPs and PEM-CC9-RCPs to H460 cells. In C and D, free PEM was used as control. The cells were incubated with different
drugs for 4 h and further cultured for 68 h in fresh medium (n = 4). One-way ANOVA with Tukey multiple comparison tests, *p < 0.05, **p < 0.01, ***p < 0.001.
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high loading of siRNA [19]. PEM-CC9-RCPs maintained a small
hydrodynamic diameter (56–60 nm) and close to neutral zeta
potential (Table S3). As expected, only �23% PEM was released
from PEM-CC9-RCPs in PBS within 48 h whereas quantitative
PEM release was observed under 10 mM GSH conditions
(Fig. 1B), supporting fast reduction-responsivity. All these results
further confirm that CC9-RCPs possess a chimaeric vesicular struc-
ture. MTT assays displayed that PEM-CC9-RCPs with 9.0 mol.% of
CC9 possessed the best targetability to human H460 lung cancer
cells (Fig. 1C). It has been recognized that ligand density plays a
significant role in targeting ability of nanomedicines [27–29]. The
optimal density depends on particle size, type of ligands and can-
cer cells. The empty CC9-RCPs did not cause significant toxicity to
H460 cells at tested concentrations up to 0.5 mg/mL (Fig. S3C). It
is known that PEI might cause problems for clinical application.
However, PEI used in this study has a very low molecular weight
of 1.8 kDa, which was reported to have a low cytotoxicity [30–
32]. Moreover, as a major feature of this work, PEI is located inside
of the polymersome, which will not much influence the biocom-
patibility of polymersomes. Nevertheless, other low molecular
amines like spermine could be considered as a better alternative
in the future. In the following, PEM-CC9-RCPs with 9.0% of CC9 were
used for in vitro and in vivo experiments if not indicated otherwise.
PEM-RCPs (non-targeted control) were prepared with analogous
hydrodynamic diameter, drug loading level, surface charge and
drug release profiles (Table S3, Fig. 1B).

MTT assays showed a concentration-dependent toxicity of PEM-
CC9-RCPs to H460 cells, with a low IC50 of 2.1 lg PEM equiv./mL,
which was ca. 2.6 and 10.1-fold lower than that of PEM-RCPs and
free PEM, respectively (Fig. 1D), illustrating the active targetability
of PEM-CC9-RCPs to H460 cells. The low cytotoxicity of free PEM
was mainly due to its negative charge and inferior cellular uptake.
Given the fact that PEM-CC9-RCPs and PEM-RCPs have a similar
drug release profile, the improved anticancer efficacy of PEM-
CC9-RCPs mostly stems from the targeting effect of CC9.

We then investigated the cellular uptake of Cy5-labeled CC9-
RCPs (CC9-RCPs-Cy5) in H460 cells. The confocal laser scanning
microscope (CLSM) revealed that H460 cells following 8 h incuba-
tion with CC9-RCPs-Cy5 had much stronger Cy5 fluorescence in
cytoplasm than RCPs-Cy5 (non-targeted control) (Fig. 2A). The
quantitative flow cytometric analyses showed that CC9-RCPs-Cy5
afforded nearly 2 times stronger Cy5 fluorescence in H460 cells
than RCPs-Cy5 (Fig. 2B). This enhancement of uptake by H460 cells
was also reported for free CC9 as compared to PBS control [20]. It



Fig. 2. The cellular uptake of CC9-RCPs-Cy5 (4 lΜ Cy5). (A) CLSM images of H460 cells following 8 h incubation with CC9-RCPs-Cy5 (I) and RCPs-Cy5 (II). Scale bars: 15 lm.
(B) Flow cytometric analyses of Cy5 levels in H460 cells incubated with CC9-RCPs-Cy5 and RCPs-Cy5 for 4 h. PBS was used as control. For competitive studies, H460 cells were
pretreated with CC9 before adding CC9-RCPs-Cy5. One-way ANOVA with Tukey multiple comparison tests, CC9-RCPs-Cy5 versus RCPs-Cy5 (*p < 0.05), and CC9-RCPs-Cy5 in
H460 cells versus CC9-RCPs-Cy5 in CC9 pretreated H460 cells (*p < 0.05).

Fig. 3. (A) Blood circulation of PEM-CC9-RCPs in mice (n = 3). (B) In vivo fluorescence imaging of H460 tumor region of nude mice following treating with PEM/Cy5-CC9-RCPs
or non-targeted PEM/Cy5-CC9-RCPs. (C) In vivo biodistribution in H460 tumor-bearing nude mice at 8 h post-injection (n = 3). One-way ANOVA with Tukey multiple
comparison tests, *p < 0.05, ***p < 0.001. Dosage: 0.25 mg Cy5 equiv./kg, 12.5 mg PEM equiv./kg.
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Fig. 4. CLSM images of the central area of tumor slices from H460 tumor-bearing mice treated with PEM/Cy5-CC9-RCPs or PEM/Cy5-RCPs for 8 or 24 h (0.25 mg Cy5 equiv./kg,
12.5 mg PEM equiv./kg). The distribution of drugs (Cy5), blood vessels (Alexa) and cell nuclei (DAPI) were shown. Scale bar: 100 lm.
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should be noted that pretreating H460 cells with free CC9 resulted
in significantly reduced uptake of CC9-RCPs-Cy5, to a similar level
for the non-targeted RCPs-Cy5 control, corroborating that CC9-
RCPs can actively target to H460 lung cancer cells.

3.2. In vivo pharmacokinetics, biodistribution and tumor penetration
of PEM-CC9-RCPs

The pharmacokinetics studies in mice showed that both PEM-
CC9-RCPs and PEM-RCPs had a long elimination half-life (t1/2,b) of
ca. 5.2 h, which was ca. 22-fold longer than clinically used PEM
injection Alimta� (Fig. 3A). To monitor their tumor targetability
in time, CC9-RCPs were co-loaded with water-soluble dye Cy5-
sulfo and PEM. The in vivo fluorescence images showed that mice
treated by CC9-RCPs had obviously stronger Cy5 fluorescence in
the tumor than those with non-targeted RCPs counterparts
(Fig. 3B). The maximum accumulation occurred at 8 h following
injection.

The in vivo biodistribution of PEM in the tumors and major
organs of H460 tumor-bearing nude mice was quantified using
HPLC measurements. Interestingly, PEM-CC9-RCPs resulted in
4.4%ID/g (injected dose per gram of tissue) in the tumor, which
was ca. 2.5 and 9.1-fold higher than PEM-RCPs and Alimta, respec-
tively (Fig. 3C). The tumor-to-normal tissue distribution ratios of
PEM-CC9-RCPs treated H460 tumor bearing mice were 5.4–9.0
and 2.0–2.6 higher than those of Alimta and PEM-RCPs, respec-
tively (Table S4). All the above results point out that PEM-CC9-
RCPs can efficiently target to H460 xenografts in mice.

Tumor penetration is another big concern for nanomedicines
[33,34]. We investigated the tumor distribution of Cy5 in H460
tumor-bearing mice after i.v. injection of Cy5-coloaded PEM-CC9-
RCPs. CLSM observation of the central area of tumor slices showed
that Cy5 fluorescence intensity was weak and mainly located in the
blood vessels (stained with CD31) at 8 h post-injection. At 24 h,
strong Cy5 fluorescence was observed throughout the whole tumor
slices (Fig. 4). Notably, a great deal of Cy5 entered the tumor cells
and cell nuclei. As for other nanosystems [35–37], PEM/Cy5-CC9-
RCPs firstly accumulate in the leaky tumor vasculature via so-
called ‘‘passive targeting”. The presence of CC9 peptide combining
with a small particle size of PEM/Cy5-CC9-RCPs has greatly facili-
tated tumor penetration by enhancing H460 cell penetration and
cytosolic drug release. In contrast, mice treated with Cy5-loaded



Fig. 5. In vivo antitumor performance of PEM-CC9-RCPs. The drug was given on day 0, 4, 8 and 12 at 12.5 mg PEM equiv./kg. (A) H460 tumor growth inhibition (n = 6).
Statistical analysis: One-way ANOVA with Tukey multiple comparison tests, *p < 0.05, ***p < 0.001. (B) The photographs of tumors excised on day 20. (C) Body weight changes
of mice (n = 6). (D) Survival curves of mice within 70 d (n = 5). Kaplan-Meier analysis (log-rank test): PEM-CC9-RCPs vs. PEM-RCPs, Alimta and PBS: **p < 0.01; PEM-RCPs vs.
Alimta: *p < 0.05; PEM-RCPs vs. PBS: **p < 0.01.
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PEM-RCPs (non-targeted control) had very weak Cy5 fluorescence
in the tumor center even at 24 h (Fig. 4). In the past years, different
strategies, e.g. by designing tumor microenvironment-sensitive
nanoparticles and addition with iRGD peptides [38–46], have been
investigated to increase tumor penetration. We recently found that
cRGD and TAT dual peptide-functionalized micellar docetaxel pen-
etrated deeply into tumor tissue [47]. The high tumor penetration
observed for CC9-RCPs is likely mainly due to the lung cell selective
and penetrating effect of CC9 peptide [20].

3.3. Antitumor activity of PEM-CC9-RCPs in H460 tumor bearing nude
mice

The therapeutic studies in H460 tumor-bearing nude mice
revealed that PEM-CC9-RCPs induced significantly more effective
tumor growth inhibition than Alimta and PEM-RCPs (Fig. 5A).
Notably, non-targeted PEM-RCPs showed also better tumor sup-
pression than Alimta. The photographs of tumor burdens excised
at 20 d confirmed that PEM-CC9-RCPs caused the best tumor
inhibition (Fig. 5B). No body weight change was observed for all
treatment groups (Fig. 5C), confirming good toleration of both
PEM-CC9-RCPs and free PEM. Strikingly, Fig. 5D shows that mice
treated with PEM-CC9-RCPs had greatly improved survival rate
than those with PEM-RCPs and Alimta (median survival time: 58
d versus 36 and 31 d, respectively). Hence, reduction-responsive
chimaeric polymersomes decorated with lung cancer specific pep-
tide, CSNIDARAC, can efficiently load and transport pemetrexed to
H460 human lung tumor xenografts in mice. Ishida et al. reported
that PEM could not inhibit growth of malignant pleural mesothe-
lioma while PEM in combination with shRNA against thymidylate
synthase gene exhibited significantly improved therapeutic effi-
cacy [48]. We have shown previously that cNGQ peptide function-
alized RCPs were able to efficiently load and deliver siRNA to lung
tumor [19]. CC9-RCPs might provide also a unique platform for
combination cancer therapy (e.g. chemotherapy with PEM and
gene therapy with siRNA or shRNA). Furthermore, the blood anal-
yses of Balb/c mice at 24 h post-injection of 12.5 mg PEM equiv./kg
PEM-CC9-RCPs showed comparable levels of ALT, AST, serum crea-
tinine and blood urea nitrogen to those with PBS control (Fig. S4),
indicating the absence of hepatic and kidney toxicity. Therefore,
PEM-CC9-RCPs have an excellent safety profile, which makes them
interesting for possible clinical translation.
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Conclusion

We have shown that PEM-loaded, CC9-directed and reversibly-
crosslinked chimaeric polymersomes (PEM-CC9-RCPs) have many
appealing properties such as small hydrodynamic diameter (60
nm), high PEM loading (up to 14.2 wt%), excellent stability, fast
reduction-responsivity and high H460 tumor cell specificity. The
in vivo results reveal that PEM-CC9-RCPs while maintaining a long
circulation time display markedly improved tumor accumulation
and superior tumor penetration as compared to the non-targeted
PEM-RCPs control in H460 tumor-bearing nude mice. The thera-
peutic studies demonstrate that PEM-CC9-RCPs bring about signif-
icantly more effective tumor growth suppression and better
survival rate in H460 tumor-bearing mice than clinically used
PEM injection Alimta, without causing obvious systemic toxicity.
To the best of our knowledge, this represents a first report on tar-
geted nanosystems that are capable of efficient loading and tar-
geted delivery of pemetrexed to lung tumors. Considering their
excellent safety profile, facile synthesis and ease of scaling up pro-
duction, these pemetrexed-loaded, lung cancer specific and
reduction-responsive chimaeric polymersomes have a great poten-
tial for translating into treatment of lung tumors in humans.
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