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PEG–PLGA nanoparticles (NPs) modified with anti-CD133 and tumor-targeting single-chain
antibody fragment (scFV–NPs) for systemic delivery of methioninase (METase) and pemetrexed for gastric carcinoma were successfully formulated. The structure characterization and biological functions of METase-pemetrexed-loaded scFV–PEG–PLGA NPs
(scFV–METase/pemetrexed–NPs) in vitro were investigated. Functional scFV–PEG–PLGA
NPs or PEG–PLGA NPs present low cell cytoxicity in CD133+ SGC7901 cells.
scFV–METase/pemetrexed–NPs (scFv–M/P–NP) was more effective in inhibiting tumor
growth (including cell growth and migration ability) in CD133 positive expressed gastric
cancer cells than METase/pemetrexed-NPs (M/P–NP). Moreover, METase enhanced the inhibitory effect of pemetrexed on thymidylate synthase (TS) synthesis and cell apoptosis. We
have demonstrated the application of scFV-targeted PEG–PLGA NPs as a new potential
strategy to enhance treatment benefits for gastric carcinoma.
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Gastric carcinoma is the second leading cause of cancer death worldwide [1]. The prevalence of gastric
carcinoma in China is among the highest in the world, along with Japan and Korea [2]. At present, the
pathogenesis of gastric carcinoma remains unclear, and the prospect for patients with gastric carcinoma is
not optimistic. Therefore, it becomes a research focus to explore new early diagnostic tools and therapeutic techniques. CD133 is a pentaspan transmembrane glycoprotein, with a molecular weight of 120 kDa
[3]. CD133 is highly expressed in various solid tumors, including colon cancer [4] and glioblastoma [5].
Recently, it has been reported that a moderate to high percentage of gastric cancer tumor samples have
CD133 expression with moderate to strong membranous and apical expression [6], which identifying that
CD133 could be acted as a potential therapeutic target for antibody–drug conjugates in gastric carcinoma,
and raising the possibility of molecular targeting therapy in the most aggressive malignancy.
In recent years, anticancer-drug-loaded nanoparticles (NPs) and microparticle drug delivery systems
have been extensively utilized and have become an important research area in various cancer therapy [7].
Application of the biodegradable polymer poly(lactic-co-glycolic) acid has shown immense potential as
a drug delivery carrier [8]. The poly(d,l-lactide-co-glycolide acid) (PLGA) coated polyethylene glycol
possesses diverse advantages including high biocompatibility, biodegradability, and low toxicity [9], and
has been widely used for intravenous administration of therapeutic agents. Insertion of polyethylene glycol
(PEG) into the polymeric structure, as block copolymers, is a simple way to spawn various formulations,
such as NPs, hydrogels, and injectable systems possessing more favorable pharmacokinetic parameters
[10]. Conjugation or encapsulation of therapeutic proteins with PEG or PEG modified NPs has also been
shown to produce significant advantages, especially in the aspect of reducing antigenicity [11]. Moreover,
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Materials and methods
Preparation of PEG–PLGA polymer
The process of activated polymer was as follows: lactic acid (LA) and glycolic acid (GA) were mixed with the ratio of
50:50 (MW = 34 kDa) to form PLGA polymer. Polymer was dissolved in dichloromethane (DCM) and the mole ratio
of PLGA:1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC):N-hydroxy succinimide (NHS) = 1:10:10 under
nitrogen environment for 24 h at room temperature. The solvent was evaporated in vacuum, and the residual solution
was added to ether to obtain precipitation after centrifugation (15000 × g, 10 min, 4◦ C), then vacuum drying was
performed and the activated PLGA–NHS was obtained. The system and PEG were mixed in 1:1 mole proportion at
the room temperature in nitrogen condition for 24 h. The solvent was evaporated in vacuum, and the residual solution
was added to methanol to obtain precipitation after centrifugation (15000 × g, 10 min, 4◦ C), then vacuum drying
was performed and the activated PEG–PLGA was acquired [20].

Preparation of various NPs
The modified, double emulsion, solvent evaporation method (W1/O/W2 dual emulsion-solvent evaporation method)
used in this work was based on the previous study [21]. pcDNA3.1-METase was synthesized by Shionogi Co., Ltd.
(Osaka, Japan). Pemetrexed and pcDNA3.1-METase were dissolved in PBS/Tween20 solution to form the internal
aqueous phase (W1). PEG–PLGA polymer was mixed with DCM to form the oil phase (O). PF68 solution was acted as
external aqueous phase (W2). The first emulsion (W1/O) was injected directly into 50 ml of polyvinyl alcohol (PVA)
solution under agitation and emulsification continued at 10000 rpm for 6 min to produce a W1/O/W2 emulsion. The
system was stirred under vacuum to evaporate DCM and prevent pore formation on the surface of NPs, then these
NPs were centrifuged at 10000 rpm for 30 min, washed with distilled water and 2% w/v sucrose solution, and freeze
dried. A single emulsion solvent evaporation (W/O) method was used to obtain PEG–PLGA NPs (also referred to
NPs). At last, all final products were stored in a desiccator at room temperature. The specific compositions of NPs
were presented in Table 1.

Synthesis of anti-CD133–scFV modiﬁed various NPs
The above-mentioned NPs and anti-CD133–scFV were dissolved in acetone. The mixtures were poured into Millipore water solution with solvent:water = 1:5. NPs were formed and gently stirred at room temperature for 4–5 s to
evaporate organic solvent. NPs were coincubated with EDC and NHS for 15 min at room temperature with gentle stirring. The activated particles were covalently linked to scFv at room temperature and vortexed. The anti-CD133–NPs
conjugated with scFv were purified from unconjugated proteins by ultrafiltration. The average size of NPs derivatives
was analyzed by dynamic light scattering (DLS). The zeta potential of NPs was evaluated in deionized water solution.
Transmission electron microscopy (TEM) system was used to determine the shape and surface morphology of NPs
produced.
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block copolymers formed by PLGA combination with PEG have been proven to promote drug loading capacity, and
have been widely used as drug carrier materials [12].
Methioninase (METase), a powerful enzyme drug to methionine depletion, has been widely used as a therapeutic
strategy for gastric carcinoma in clinic [13]. The up-regulated methionine requirement for cell growth has presented
in the great mass of cancer cells, as compared with the normal cells. Moreover, methionine starvation therapy using a
methioninase-free diet or total parenteral nutrition (TPN) prolongs the survival time of high-stage gastric carcinoma
patients [14]. Pemetrexed is a newly developed multitargeted antifolate enzyme inhibitor, which has promising clinical
activity against a variety of tumors, including gastric carcinoma [15,16]. Wei et al. [17] found that pemetrexed based
chemotherapy is mildly effective in treating patients with metastatic gastric cancer with tolerable toxicity. Liu et al. [18]
shown that treatment with pemetrexed based chemotherapy is active and is well tolerated in patients with advanced
gastric cancer. However, the effects of coencapsulation of METase and pemetrexed NPs on gastric carcinoma cells
remain unknown.
Single-chain variable fragment (scFv) is included in tumor-targeting human monoclonal antibodies, and is
used to increase the targeting effect and promotes the effective delivery of cancer therapy drugs due to its high
affinity and low antigenicity [19]. The objective of the current research is to evaluate the biological functions of
METase-pemetrexed-loaded PEG–PLGA NPs modified with anti-CD133–scFV on SGC 7901 in the treatment of
gastric carcinoma.
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Table 1 The speciﬁc composition of various NPs
Nanoparticle

NPs (PEG-PLGA)

W1

Pemetrexed-NPs
(PEG-PLGA-pemetrexed)

METase/Pemetrexed-NPs
(PEG-PLGA-METase-pemetrexed)

PBS/Tween (8:2)

PBS/Tween (8:2)

Pemetrexed

pcDNA-METase
Pemetrexed

O
W2

DCM

DCM

PEG-PLGA polymer

PEG-PLGA polymer

DCM
PEG-PLGA polymer

3% PF68 (w/v)

3% PF68 (w/v)

3% PF68 (w/v)

W1 means internal aqueous phase, O means oil phase, W2 means external aqueous phase, and DCM means dichloromethane.
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Release proﬁle
The release profiles of METase from METase/Pemetrexed–NPs with or without scFV decoration were determined in
accordance with our previous study [22]. The release profiles of Pemetrexed were assessed as follows: coencapsulated
METase and pemetrexed NPs were added into a dialysis bag with phosphate buffer solution (PBS) in 1:19 volume ratio.
The dialysis bags were then put into the test tube with 20.0 ml of PBS and incubated at 37◦ C and gently rotated. At
predetermined time points, NPs were collected by centrifugation, and supernatant was used to quantify the released
Pemetrexed by spectrophotometer.

Cell culture
The human GCC lines SGC7901 and MKN45 were obtained from American Type Culture Collection (ATCC, Manassas, VA, U.S.A.). SGC7901 and MKN45 cells were cultured in RPMI-1640 (Gibco, Grand Island, NY, U.S.A.) containing 10% FBS at 37◦ C and 5% CO2 .

In vitro growth inhibition of CD133+ SGC-7901 cells
CD133+ SGC7901 and MKN45 gastric cancer cells were isolated by magnetic-activated cell sorting (MACS) method.
They were seeded into 96-well black plates at a density of 5000–10000 cells/well, and incubated for 24 h at 37◦ C and
5% CO2 . Then, cells were treated with different kinds of NPs, and untreated cells were used as controls. Cell viability
was estimated by MTT assay.

Cell migration assay
A 24-well insert with an 8-mm pore size was employed for the CD133+ marked SGC-7901 and MKN45 cell migration
analysis. Briefly, the cells were dissociated with Accutase, resuspended in 100 μl of serum-free medium, and placed
in the upper chamber (without or precoated with 500 ng/ml Matrigel solution for the migration assay), while 600
μl of 10% FBS medium was placed in the lower chamber. After incubation at 37◦ C for 48 h, the cells on the upper
membrane surface were scraped off. The cells on the lower side of the member were fixed and then stained with 10%
Giemsa. Cell number that had migrated through the pores was quantified by counting ten independent visual fields
under the microscope for statistics.

Western blot
Total protein from CD133+ SGC-7901 and MKN45 cells was isolated and quantified using RIPA Lysis Buffer and
BCA Protein Assay Kit (Beyotime, China) respectively. Each equal amount of protein was run on 10% sodium dodecyl sulfate/polyacrylamide gel electrophoresis (SDS/PAGE), then transferred to PVDF membranes. The membranes
were blocked with 5% non-fat milk for 2 h, and the blots were incubated with primary antibody against thymidylate
synthase (TS) and cleaved caspase 3 (c-caspase 3) overnight at 4◦ C, with β-actin acting as control, then incubated
with HRP-conjugated secondary antibody (1: 5000 goat anti-rabbit) for 2 h at room temperature. The bands were
visualized using BeyoECL Plus ECL Kit (Beyotime, China) and images by gel image analysis system.

TUNEL assay
The cell apoptosis was assessed using the terminal deoxynucleotide transferase dUTP nick end labeling (TUNEL)
staining in accordance with the manufacturer’s instructions. After dehydration by ethanol, TUNEL reaction mixture
was added and incubated with cells for 1 h at 37◦ C. The residual liquid was removed via washing with PBS. The
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cells were stained using 3,3 -diaminobenzidine (DAB) as a substrate for the peroxidase at room temperature for 10
min. For each section, ten different fields were randomly selected for counting at least 150 cells from at least three
separate experiments. The number of TUNEL-positive cells was analyzed using light microscope system at 400×
magnification in a blinder manner. Positive apoptotic cells were stained claybank [23].
3

H-Thymidine assays

3

METase activity assay
The METase activities of the CD133+ SGC-7901 and MKN45 cells were measured according to the method of the previous study [24]. Briefly, 1 × 107 cells were collected after trypsin-ethylenediaminetetraacetic acid (EDTA) digestion.
Cell pellets were washed with PBS and diluted. The cells were homogenized by sonication for 1 min with centrifugation at 14000 rpm for 10 min. The activity of METase was measured in supernatant by determining α-ketobutyrate
production from 10 mM methionine using 3-methyl-2-benzo-thiazoline hydrazone. The concentration of reaction
product was measured with a Hitachi model U-2000 spectrophotometer at 335 nm absorbance value. The amount
of protein in the cell lysate was determined with the Lowry Reagent Kit using bovine serum albumin as a standard.
Specific METase activity was calculated as mU/mg protein.

Measurement of free methionine levels
The methionine level in the cell lysates was determined by high-performance liquid chromatography after derivatization of amino acids with the fluorescent reagent o-phthaldialdehyde (OPA) [25,26]. The cell lysate was first precipitated by acetonitrile to form mixture (1000 ml) in 1:4 volume ratio. Then, partial supernatant (10 ml) was mixed
with 5 ml of OPA. After 1 min, 50 ml of sodium acetate (0.1 mM, pH = 7.0) was added, and 20 ml of sample was
loaded on a reversed phase Supercosil LC-18-DB (Supelco, Bellefonte, PA, U.S.A.) column at room temperature. The
amino acid derivatives were resolved with solution A (tetrahydrofuran/methanol/0.1 M sodium acetate (pH = 7.2):
5/95/900) and solution B (methanol). A gradient from 20 to 60% was run at a flow rate of 1.5 ml per minute. The
eluate was read with a fluorescence spectrophotometer at 350–450 nm.

Statistical analysis

All data were expressed as mean +
− standard error (SE). The differences among three or more groups were analyzed with one-way ANOVA, and the differences between two groups was compared with independent-samples t
test. P<0.05 was considered as statistically significant.

Results
Structure characterization of METase/Pemetrexed-loaded scFV–NPs and
in vitro drug release
TEM imaging of scFV–METase/Pemetrexed–NPs revealed that PEG/PLGA complexes with scFV functionalization
are spheres with narrow size distribution and a smooth surface (Figure 1A). The representative graphs of zeta potential distribution and zeta size about scFV–METase/Pemetrexed–NPs were indicated in Figure 1B–D. Owing to the dry
conditions observed with TEM, particle size was smaller than that determined via dynamic light scattering in aqueous
solution. Size and zeta potential measurements of various NPs were shown in Figure 1E. The average particle zeta size
of scFV–NPs was higher than that of NPs without scFV decoration. Moreover, the scFV–METase–Pemetrexed-loaded
NPs have larger particle size compared with scFV–METase NPs or scFV–Pemetrexed NPs. Although statistics
differences could not be demonstrated, scFV-functionalized NPs had decreased zeta potential, as compared with
non-functionalized NPs. The drug release profiles of METase/Pemetrexed–NPs and scFV–METase–Pemetrexed-NPs
in vitro were shown in Figure 1F. All samples displayed rapid drug release until about 12 h, and followed by relatively
slow and steady drug release.
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H-Thymidine was utilized for in vitro assessment of thymidine pathway activity in cultured CD133+ SGC-7901
and MKN45 cells. Cells were seeded in six-well plate in RPMI-1640 supplemented with 10% FBS and antibiotics,
incubated 24 h in 5% CO2 at 37◦ C. When cell cultures reached 70% confluence, cells were exposed to treatment with
either scFV–NPs, scFV–Pemetrexed–NPs, or scFV–METase–Pemetrexed–NPs in growth media. Drug-containing
medium was then removed, and the cells were then washed and pulsed with 5 μCi of 3 H-thymidine per well for 1 h.
The cells were then washed and scraped into plastic vials. Scintillant was added to each vial and the radioactivity was
counted on a scintillation counter.
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Figure 1. Structure characterization of METase/Pemetrexed-loaded scFV–NPs and in vitro drug release
(A) TEM image of scFV–METase–/Pemetrexed–NPs. (B) Zeta potential distribution of scFV–METase–/Pemetrexed–NPs.
(C and D) Size distribution based on intensity of scFV–METase–/Pemetrexed–NPs. (E) Size and Zeta potential analy-

sis of different NPs. (F) In vitro release of pemetrexed and pDNA–METase from METase–/Pemetrexed-loaded-NPs and
scFV–METase–/Pemetrexed-loaded-NPs. All data were expressed as mean +
− standard error (SE).

Cell growth and migration ability of CD133+ gastric cancer cell
CD133+ SGC7901 and MKN45 gastric cancer cells were isolated, then the absorbance value and migration ability
of gastric cancer cells were corresponding to be measured. As shown in Figure 2A and D, the cell viability was significantly increased in the CD133+ gastric cancer cells than in the CD133 negative expression group, and showing
a time-dependent manner. Meanwhile, CD133 positive expression gastric cancer cells had an obvious up-regulated
CD133 protein level relative to the CD133− group (Figure 2B and E). Transwell assays were conducted to assess the
effects of CD133 positive expression on the migration ability of gastric cancer cells. The migration ability of gastric
cancer cells was remarkably lower in the CD133− group than in the CD133+ group (Figure 2C and F).
c 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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(A) Cell growth was detected by MTT method at 0, 24, 48, 72, and 96 h point. (B) The expression of CD133 protein was assessed
by Western blot in CD133− SGC7901 and CD133+ SGC7901 cells. (C) Representative images of gastric cancer cell (SGC7901)
migration and quantized histogram of relative migrating SGC7901 cells. (D) MKN45 cell growth was detected by MTT method at
0, 24, 48, 72, and 96 h point. (E) The expression of CD133 protein was assessed by Western blot in CD133− MKN45 and CD133+
MKN45 cells. (F) Representative images of gastric cancer cell (MKN45) migration and quantized histogram of relative migrating
MKN45 cells. All data were expressed as mean +
− standard error (SE); *P<0.05, **P<0.01 vs CD133− SGC7901 cells. β-Actin was
used for internal control in Western blot analysis.

The effects of scFV–METase–Pemetrexed-loaded NPs on cell growth and
METase activity
CD133+ SGC7901 and MKN45 cells showed prominent cell growth and migration ability; thus, it was chosen for
the following experiments. From Figure 3A, it appeared that NPs had no significant toxic effect on CD133+ marked
gastric cancer cells (SGC7901). Similarly, there was no significant statistical difference in the SGC7901 cell viability
until the transfection amount up to 200 μg/ml (Figure 3B). The similar situation existed in MKN45 cells (the data were
not shown). Moreover, further analysis demonstrated that scFV–METase–Pemetrexed NPs or METase–Pemetrexed
NPs both showed obvious inhibition effects on cell viability, especially in scFV–METase–Pemetrexed-loaded NPs,
when compared with that in the control group (Figure 3C and F). The free MET concentration and METase activity
were subsequently detected by corresponding methods. Results found that METase–Pemetrexed-loaded NPs with
or without scFV decoration significantly decreased the production of free MET in CD133+ SGC7901 and MKN45
cells, and the reduction trend was more obvious in scFV–METase–Pemetrexed-loaded NPs (Figure 3D and G). On
the contrary, the METase activity in scFV–METase–Pemetrexed NPs and METase–Pemetrexed-loaded NPs group
was markedly up-regulated, and scFV–METase–Pemetrexed NPs showed stronger METase activity than that in the
METase–Pemetrexed-loaded NPs (Figure 3E and H).

METase enhanced the inhibitory effect of Pemetrexed on thymidylate
synthase and cell apoptosis
scFV–METase–Pemetrexed NPs with or without scFV decoration both showed obvious inhibition effects on cell
viability. Next, the percentage of cell apoptosis and apoptosis related proteins were assessed. As shown in Figure
4A and D, when compared with scFV–NPs group, scFV–Pemetrexed–NPs and scFV–METase–Pemetrexed–NPs
both induced apoptosis, and the percentage of gastric cancer cell apoptosis was significantly higher in
scFV–METase–Pemetrexed-loaded NPs group than that of scFV–Pemetrexed NPs. Furthermore, 3 H-thymidine
assays were conducted to assess the effects of METase on the inhibition of Pemetrexed on thymidine synthesis. The 3 H-thymidine activity in scFV–Pemetrexed–NPs and scFV–METase–Pemetrexed–NPs was observably down-regulated, particularly in scFV–METase–Pemetrexed–NPs, as compared with scFV–NPs group (Figure
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Figure 2. Cell growth and migration ability of CD133+ gastric cancer cell
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Figure 3. The effects of scFV–METase–Pemetrexed-loaded NPs on cell growth and METase activity

(A) Cell viability in PEG/PLGA–NPs, also named NPs. (B) Cell viability of scFV–NPs under the condition of different transfection
amount. (C and F) Cell viability of control, METase–/Pemetrexed–NPs and scFV–METase–/Pemetrexed–NPs. (D and G) Free METase
levels in vitro. (E and H) METase activity in vitro. Methioninase activity was measured with 3-methyl-2-benzothiazoline hydrazone.
Cellular free methionine levels were measured by OPA-derivitized amino acids separated by high-performance liquid chromatography (see “Materials and methods” section for a description of procedures). In figure panel (B), *P<0.05 vs scFV–Nps with 0 μg/ml
transfection amount. In figure panels (C–F), *P<0.05, **P<0.01 comparison between groups.

4B and E). In addition, the protein levels of c-caspase 3 and TS were detected by Western blot method.
scFV–Pemetrexed–NPs promoted the expression of c-caspase 3 while repressed the production of TS protein.
scFV–METase–Pemetrexed–NPs enhanced these effects, which showing up-regulated c-caspase 3 protein production and down-regulated TS expression (Figure 4C and F).

Discussion
Genetic approaches in recent years have presented the significant clinical impact in gastric carcinoma patients [27],
while the therapeutic effect is not quiet perfect. At present, anticancer drug NPs preparation has become an important
research field of gastric cancer treatment. Nanocarriers for gastric targeted drug delivery system can effectively deliver
the drug to the stomach lesion and reduce the potential damage to other organs [8]. Overexpression of CD133 protein
is detected in many malignancies including non-small cell lung cancer (NSCLC), brain tumor, liver cancer, and colon
cancer [4,28-30]. Recently, it has been reported that CD133 is highly expressed in gastric carcinoma [6]. Similarly,
in the present study, we found that the protein level of CD133 was significantly increased in CD133+ gastric cancer
cell. Moreover, the growth and migration ability of CD133+ SGC7901 and MKN45 cell were significantly increased
c 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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(A)
Cell
apoptosis
in
CD133+
SGC7901
cells
treated
with
control,
METase–/Pemetrexed–NPs
and
scFV–METase–/Pemetrexed–NPs. (B) 3 H-thymidine assay was performed on CD133+ SGC7901 cells in untreated control
(scFV–NPs), pemetrexed (scFV–pemetrexed–NPs), and combination therapy with METase (scFV–METase/pemetrexed–NPs). (C)
The protein levels of thymidylate synthase (TS) and c-caspase 3 in gastric cancer cells. (D) Cell apoptosis in CD133+ MKN45 cells
treated with control, METase–/Pemetrexed–NPs and scFV–METase–/Pemetrexed–NPs. (E) 3 H-Thymidine assay was performed
on CD133+ MKN45 cells in untreated control (scFV–NPs), pemetrexed (scFV–pemetrexed–NPs), and combination therapy with
METase (scFV–METase/pemetrexed–NPs). (F) The protein levels of thymidylate synthase (TS) and c-caspase 3 in gastric cancer
cells.All data were expressed as mean +
− standard error (SE); *P<0.05, **P<0.01 comparison between groups. β-Actin was used
for internal control in Western blot.

compared with those of CD133−cells. All these outcomes indicated that CD133+ has a strong capacity of promoting
the proliferation of gastric cancer cell and it’s of importance to target this type of cell.
Nowadays, great quantities of targeted anticancer drugs have emerged, also accompanied by high affinity
ligand-functionalized polymer NPs for drug delivery [31], and nanocarriers have been widely used in the antitumor
drugs deliver system. In particular, biodegradable polymers PEG and PLGA are excellent candidates with good biocompatible and immunogenicity, and the application of diblock copolymers has demonstrated enormous potential as
drug delivery carriers [32]. Furthermore, scFv is also used to enhance targeting effects and promote the effective delivery of anticancer drugs [33]. Here, in the present study, the PEG–PLGA nanocarriers modified with anti-CD133–scFV
are constructed successfully and are used for the following experimental procedures.
Pemetrexed, acted as one kind of antitumor drugs, is receiving more and more attention in the treatment of gastric
carcinoma. Celio et al. [34] reported that pemetrexed in combination with oxaliplatin could be used as a first-line
therapy for advanced gastric cancer (AGC). Pemetrexed in combination with cisplatin is effective and safe for AGC
patients [35]. In the present study, two therapeutic agents including METase and pemetrexed were combined and
coencapsulated into PEG–PLGA NPs, and the biological functions of CD133+ SGC7901 and MKN45 cells were investigated. Results indicated that the cell viability and free METase concentration were reduced, while the activity of
METase was up-regulated in NPs carrying pemetrexed. At the same time, scFV–NPs decorated with pemetrexed evidently enhanced cell apoptosis, showing the increased number of apoptosis and c-caspase 3 protein level; meantime,
it observably inhibited DNA synthesis, presenting the decreased 3 H-thymidine assays and DNA synthesis key enzyme
(TS) expression. Thus, we can conclude that pemetrexed has antitumor efficacy and the potential of the pemetrexed
as a therapeutic strategy was preliminary explored.
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Figure 4. METase enhanced the inhibitory effect of Pemetrexed on thymidylate synthase and cell apoptosis
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It has been believed that enhanced requirement of METase is necessary for cancer cells, as compared with normal
cells. Methionine dependence may be the only known general and common metabolic defect in cancers [36]. Moreover, previous studies indicated METase is a specific tumor-targeting agent that may be applicable to the treatment of
multiple types of cancers [36-40]. Through the research, we found that METase-loaded NPs with or without scFV decoration significantly inhibited CD133+ SGC7901 cell viability and reduced free MET concentration, also increased
Metase activity; meanwhile, scFV NPs modified with METase can remarkably promote cell apoptosis and c-caspase 3
protein expression, also repress 3 H-thymidine assays and TS enzyme level. More significantly, METase enhanced the
inhibitory effects of pemetrexed on TS synthesis and cell apoptosis. Therefore, METase therapy has many powerful
features and appears to have potential as a therapeutic agent for gastric cancer treatment.

Conclusion
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PEG–PLGA NPs modified with anti-CD133–scFV for drug delivery were successfully prepared. METase and pemetrexed were enclosed within scFV–PEG–PLGA NPs with small particle size. These functional scFV– PEG–PLGA
NPs exhibited lower cell cytoxicity and increased apoptosis in CD133+ SGC-7901 cells. Increased therapeutic efficiency of scFV–METase/pemetrexed–NPs was observed in CD133+ SGC-7901 cells in vitro, compared with
scFV–pemetrexed–NPs. Thus, our findings demonstrated a new strategy of combination tumor therapy with the
METase and pemetrexed, and further in vivo studies are being directed toward enhancement of the anticancer effectiveness of METase–pemetrexed.
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