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Introduction: Gastric cancer remains a major clinical issue and little progress has been made in the treatment of gastric cancer
patients during recent decades. Nanoparticles provide a versatile platform for the diagnosis and treatment of gastric cancer.
Methods: We prepared 7-ethyl-10-hydroxycamptothecin (SN-38) 125I-radiolabelled biodegradable nanoparticles with folate surface
modification (125I-SN-38-FA-NPs) as a novel nanoplatform for targeted gastric carcinoma theranostics. We characterized this system
in terms of particle size, morphology, radiostability, and release properties and examined the in vitro cytotoxicity and cellular uptake
properties of 125I-SN-38-FA-NPs in MNK 7 and NCI-N7 cells. The pharmacokinetics and biodistribution of 125I-SN-38-FA-NPs were
imaged by single photon emission computer tomography (SPECT). An MNK7 tumor-bearing model were established and the in vivo
antitumor activity of 125I-SN-38-FA-NPs was evaluated.
Results: SN-38 was readily radiolabeled with 125I and exhibited high radiostability. Poly-lactic-co-glycolic acid (PLGA) nanoparticles
(NPs) were formed by solvent exchange, and displayed spherical morphology of 100 nm in diameter as characterized by dynamic light
scattering (DLS) and transmission electron microscopy (TEM). A 2.5-fold greater uptake of 125I-radiolabelled SN-38-loaded folate-
decorated PLGA nanoparticles (125I-SN-38-FA-NPs) than 125I-radiolabelled SN-38-loaded PLGA nanoparticles (125I-SN-38-NPs)
were record in MKN7 tumor cells. NPs and folate-decorated PLGA nanoparticles (FA-NPs) also had good biocompatibility in methyl
thiazolyl tetrazolium (MTT) assays. Pharmacokinetic, biodistribution and SPECT imaging studies showed that 125I-SN-38-FA-NPs had
prolonged circulation, were distributed in the reticuloendothelial system, and had high uptake in tumors with a higher tumor
accumulation of 125I-SN-38-FA-NPs than 125I-SN-38-NPs recorded at 24 h postinjection. In vivo SN-38-FA-NPs significantly
inhibited tumor growth without causing obvious side effects.
Conclusion: Folate receptor alpha (FOLR1) targeted drug-loaded nanoparticles enable SPECT imaging and chemotherapy, and
provide a novel nanoplatform for gastric carcinoma active targeting theranostics.
Keywords: folate, biodegradable nanoparticles, active targeting, SN-38, SPECT

Introduction
Gastric carcinoma is a malignant tumor originating from the epithelium of the gastric mucosa. It is a global health issue,
with more than one million cases newly diagnosed worldwide each year. However, there have not been any significant
advances in treatment.1,2 Chemotherapy remains one of the most commonly used strategies for the treatment of gastric
cancer in clinical practice.3,4 Camptothecin chemotherapeutics, such as 7-ethyl-10-hydroxycamptothecin (SN-38), have
attracted much attention because they can inhibit DNA replication by inhibiting topoisomerase activity.5,6 However, the
highly nonpolar nature of SN-38 leading to poor solubility in aqueous solution and hydrolysis of the lactone ring at pH>6 to
creat an inactive carboxylate form, limits its clinical use. Moreover, the side effects accompanying effective doses, such as
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myelosuppression, diarrhoea and heamatemesis, further restrict the application of SN-38.7–9 Over recent decades, to
address the limitations of chemotherapeutics drugs, nanocarriers-especially polymeric nanoparticle delivery systems,
with superior aqueous dispersity and biocompatibility, have been explored for use in cancer treatment.10–12 Polymeric
nanoparticles are stable and easy to fabricate because they: have tunable properties; are biocompatible and easy to translate
clinically; have been studied in preclinical and clinical settings in recent decades. Some polymers, such as poly-lactic-co-
glycolic acid (PLGA), have been approved by the Food Drug Administration (FDA).13,14 Unlike small-molecule che-
motherapeutics, nanoparticles have a long blood circulation time and are preferentially accumulated in tumors (with limited
distribution in healthy tissue), making them ideal for cancer treatment.15–17

Although some studies have reported a small, or negative, effects with targeted ligand modification, many have
shown it increases the tumor accumulation of nanoparticles, including those containing folate, that can bind to the folate
receptor. The folate receptor is a glycosylphosphatidylinositol-linked protein frequently overexpressed in many tumors,
such as gastric carcinoma, ovarian and breast cancer.18–20 Folate-modified nanoparticles display efficient targeting ability
in tumor diagnosis and treatment21–24 for instance, a folate-targeted polymeric nanoparticle formulation of docetaxel is an
effective molecularly targeted radiosensitizer for head and neck cancer.25

Nuclear imaging, such as single photon emission computer tomography (SPECT) or positron emission tomography
(PET), is a noninvasive imaging modality that quantifiably detects infinitely penetrating gamma rays emitted by radio-
nuclides, providing functional information suitable for preclinical study and clinical diagnosis.26–28 For example, Sirianni
et al reported the use of 18F radiolabelled PLGA nanoparticles for brain imaging.29 In recent decades, approaches
combining imaging and therapy, called theranostics, have attracted tremendous attention as a future strategy for
personalized medicine.26 Due to the many advantages of nanoparticles, they can offer a platform for both diagnosis
and therapy.30,31

We designed folate-modified biodegradable nanoparticles loaded with SN-38 for the actively targeted gastric
carcinoma. SN-38-loaded nanoparticles radiolabelled with radioiodine (125I) were developed as diagnostic agents for
SPECT imaging to quantify their biodistribution and accumulation in tumors. Folate was used as a targeting ligand to
actively target folate receptor-overexpressing tumor cells. SN-38 was controllably released from folate-modified biode-
gradable nanoparticles to allow targeting of gastric cancer cells.

Materials and Methods
Preparation and Characterization of Nanoparticles
PLGA nanoparticles (NPs) were prepared by precipitation.32 Nanoparticles were used to encapsulate the hydrophobic
drug SN-38 within the hydrophobic core by phase separation. DSPE-PEG (6 mg) and PLGA (4 mg) were dissolved in
100 μL chloroform and 100 μL dimethyl sulfoxide (DMSO) and the chloroform allowed to evaporate. The polymer-
DMSO solution was added to deionized water and stirred, before removal of the DMSO by ultracentrifugation at 3000
rpm. The concentration of NPs was fixed at 10 mg/mL by controlling the volume of solvent using ultrafiltration. To
prepare folate-decorated PLGA nanoparticles (FA-NPs), a similar method was used: DSPE-PEG (4.8 mg), DSPE-PEG-
FA (1.2 mg), and PLGA (4 mg) were dissolved in 100 μL chloroform and 100 μL DMSO. SN-38-loaded folate-decorated
PLGA nanoparticles (SN-38-FA-NPs) were prepared with DSPE-PEG (4.8 mg), DSPE-PEG-FA (1.2 mg), PLGA (4 mg)
and SN-38 (1 mg) by the same method.

The hydrodynamic diameter of the NPs was measured by dynamic light scattering (DLS) at 25 °C on a Malvern
Zetasizer Nano ZS90 equipped with a solid-state He−Ne laser (λ = 633 nm), and the measurements were repeated in
triplicate. The stability of the NPs was measured by DLS on Days 1, 2, 3, 5 and 7 under the same conditions. The
morphology of the NPs was characterized by transmission electron microscopy (TEM) (Tecnai F20, FEI, Japan) at 120
keV voltage. The NPs were applied to a carbon-coated copper grid and incubated for 15 min with excess solution
removed by filter paper. An aqueous solution of phosphotungstic acid (10 mg/mL, 10 μL) was then applied to the copper
grid for 3 min to dye the nanoparticles.

125I-radiolabelled SN-38 (125I-SN-38) was prepared by the iodogen method.33 SN-38 was dissolved in DMSO and
added to an iodogen tube with NaI (125I) (1 mCi) for 30 min. The radiolabelling efficiency was determined by thin layer
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chromatography (TLC) using HCl (pH=3) solution as a mobile phase. The radioactivity of 125I was measured by a
gamma counter (Multi Crystal LB2111, Germany). A retention factor (Rf) of 125I-SN-38 ~ 0.1, and of free 125I ~ 0.9 were
obtained by TLC.

The encapsulation efficiency (EE%) and drug loading efficiency (DL%) of SN-38 were determined by using 125I-SN-
38 to prepare 125I-radiolabelled SN-38-loaded PLGA nanoparticles (125I-SN-38-NPs). The encapsulation efficiency (EE
%) and drug loading efficiency (DL%) were calculated according to the following equation:

EE% ¼
R2

R1 þ R2
x100%

DL% ¼
EE% x w1

w1 þ w2
x100%

R1 and R2 refer to the radioactivity of unencapsulated and encapsulated 125I-SN-38, and w1 and w2 refer to the mass of
125I-SN-38 and NPs.

The cumulative release of SN-38 was assessed by measuring the radioactivity of 125I-SN-38 at pH 5 and 7.4 over time
by dialysis against PBS. The 125I-SN-38-NPs solution was incubated at 37 °C, and the radioactivity was measured at 1, 2,
4, 24, 48, 72, 96, 120, and 144 h.

Cellular Uptake and Cytotoxicity of Nanoparticles in Human Gastric Cancer Cell
Lines
The human gastric cancer cell lines MKN7 and NCI-N87 were purchased from the Center for Excellence in Molecular
Cell Science (CAS). Cells were cultured in DMEM supplemented with 10% fetal bovine serum (FBS) at 37 °C for 24 h
in a 5% CO2 atmosphere. Concentrations of 35, 70, 140, 280, and 560 μg/mL nanoparticles of 125I-SN-38-NPs and 125I-
radiolabelled SN-38-loaded folate-decorated PLGA nanoparticles (125I-SN-38-FA-NPs) respectively, were added to the
cells and incubated for 2 h. Media was removed by centrifugation, the cells washed three times with PBS, and the
radioactivity measured using a gamma counter.

Methyl thiazolyl tetrazolium (MTT) assays were used to evaluate the cytotoxicity of NPs, FA-NPs, SN-38 loaded
PLGA nanoparticles (SN-38-NPs) and SN-38-loaded folate-decorated PLGA nanoparticles (SN-38-FA-NPs). MKN7
cells were seeded and cultured in a 96-well plate (1 × 104 cells/well) in DMEM with 10% FBS at 37 °C for 24 h in a 5%
CO2 atmosphere. Medium was aspirated and replaced by NPs, FA-NPs, SN-38-NPs, and SN-38-FA-NPs, each at a range
of concentrations (0, 12.5, 25, 50, and 100 µg/mL nanoparticles) respectively, and incubated at 37 °C for 24 h. Cells were
then cultured with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide solution (100 μL, 0.5 mg/mL) for 4 h
before the addition of DMSO (100 μL). A microplate reader (Thermo, Varioskan Flash) was used to measure the
absorption of each solution at 490 nm.

Pharmacokinetics and Biodistribution of Nanoparticles in Tumor-Bearing Mice
Female BALB/c mice (6 weeks old, each weighing 18–20 g) of specific pathogen-free (SPF) grade were purchased from
the Shanghai SLAC Laboratory Animal Co., Ltd. To investigate the pharmacokinetics, 125I-SN-38-NPs (100 mg/kg
nanoparticles, 20 μCi) and 125I-SN-38-FA-NPs (100 mg/kg nanoparticles, 20 μCi) were intravenously injected into
healthy mice via the tail vein. Blood was obtained from the mouse retro-orbitally over time, weighed, and the
radioactivity was measured using a gamma counter.

To establish a gastric tumor model, MKN7 cells (5×106) were injected into the right hind leg of nude BALB/c mice (6
weeks old, each weighing 20–25 g). Antitumor efficiency study was performed when tumor volume reached approxi-
mately 100 mm3, and biodistribution and imaging studies were performed when tumor volume reached approximately
200–250 mm3. To investigate the biodistribution, MKN7 tumor-bearing nude BALB/c mice were intravenously injected
with 125I-SN-38-NPs (100 mg/kg nanoparticles, 20 μCi) and 125I-SN-38-FA-NPs (100 mg/kg nanoparticles, 20 μCi). At
24 h postinjection the mice were sacrificed, and the major organs (heart, lung, liver, spleen, and kidney), and tumors,
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were harvested. The weights of the organs and tumors were determined and the radioactivity of each was measured using
a gamma counter.

For the imaging study, microSPECT scans were performed on MKN7 tumor-bearing mice after intravenous injection
with 125I-SN-38-NPs (100 mg/kg nanoparticles, 200 μCi) and 125I-SN-38-FA-NPs (100 mg/kg nanoparticles, 200 μCi).
The microSPECT/CTwas scanned at 0.5, 3, 6, 9, and 24 h with the microSPECT scan set at 15 min and the CT scan at 55
keV tube voltage and 615 mA tube current.

In vivo Therapy Using Nanoparticles in Tumor-Bearing Mice
MKN7 subcutaneous tumor-bearing mice (~100 mm3) were randomly divided into 5 treatment groups: PBS, NPs, FA-
NPs, SN-38-NPs, and SN-38-FA-NPs (100 mg/kg nanoparticles). PBS and NPs were administered via the tail vein on
Days 0, 5, 10, 15, and 20, with 20 days of recovery. Mouse weight was measured with a balance every 5 days. Tumor
volume was measured with a Vernier caliper and calculated using the following equation:

V ¼
LxWxW

2

L and W correspond to the length and width of the tumor, respectively. On Day 21, one of the mice in each group was
sacrificed. Major organs and tumors were sliced for haematoxylin and eosin (H&E) and TUNEL staining.34,35 After
staining, the slices were observed by optical microscopy (Olympus IX73) and laser scanning confocal microscopy
(Olympus FV1200).

Results and Discussion
Preparation and Characterization of Nanoparticles
SN-38-FA-NPs were prepared using solvent exchange by dissolving DSPE-PEG, DSPE-PEG-FA, SN-38, and PLGA in
DMSO andmixing with deionized water. Nanoparticles were obtained by removing DMSO after ultracentrifugation. NPs, FA-
NPs, and SN-38-NPs were prepared using the same method. DLS showed that the hydrodynamic sizes of the NPs, FA-NPs,
SN-38-NPs, and SN-38-FA-NPs were about 100 nm, with a narrow size distribution (PDI<0.2). TEM confirmed that the
morphology of the NPs was spherical, with a size of approximately 100 nm (Figure 1A). To evaluate the colloidal stability of
NPs, the hydrodynamic size was measured by DLS at room temperature over time. It was found that the hydrodynamic size of
NPs in PBS stayed significantly constant for up to one week, indicating colloidal stability (Figure 1B).

To quantitatively investigate the biodistribution of SN-38, 125I-SN-38 was radiolabelled by a redox method using
iodogen as an oxidant. The radiolabelling efficiency was determined by TLC, using HCl (pH=3) as a mobile phase. The
radiolabeling efficiency was 69.2±1.5%, attributable to replacement of the active hydrogen located beside the phenolic
hydroxyl group of SN-38 with radioiodine.36,37 The radiostability of 125I-SN-38 was examined in 10% FBS at 37 °C over
time by TLC (Figure S1). Less than 2% free radioiodine (125I) was found in solution at 96 h, indicating 125I-SN-38 had
the required radiostability to enable in vivo study (Figure 1C).

To characterize the encapsulation and loading efficiency of SN-38, 125I-SN-38 was loaded into the nanoparticles, and
the radioactivity of 125I-SN-38 was measured by a gamma counter. The encapsulation efficiency was 93.3 ± 1.3%, while
the loading efficiency was 8.5 ± 0.1%. The high SN-38 encapsulation efficiency may be due to the strong hydrophobicity
of SN-38 at low pH.38 Moreover, the cumulative release of SN-38 was characterized by dialysis against PBS at pH 5 and
7.4 at 37 °C by measuring the radioactivity of 125I-SN-38 over time. 125I-SN-38 was rapidly released, and 85.9 ± 1.8% of
125I-SN-38 was present in solution after 144 h at pH 5 (Figure 1D). PLGA is known to accelerate degradation in a low
pH environment.39,40

Affinity and Cytotoxicity of Nanoparticles
Targeted molecular modification of nanoparticle surfaces is a common strategy used to enhance the accumulation of
nanoparticles on tumor and improve treatment. It has been reported that MKN7 cells overexpress folate receptors.41 To
investigate the targeting capability of folate-modified nanoparticles, we tested the affinity of 125I-SN-38-FA-NPs by
measuring the radioactivity of 125I-SN-38 incubated with MKN7 cells at 37 °C for 1 h. The cellular uptake of 125I-SN-38-
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FA-NPs was higher than that of 125I-SN-38-NPs, particularly at high concentrations. The uptake of 125I-SN-38-FA-NPs
was 2.5 times high than that of 125I-SN-38-NPs in MKN7 cells at a nanoparticle concentration of 560 mg/mL. The
affinity of 125I-SN-38-FA-NPs in NCI-N87 cell lines with low folate receptor expression, was also tested. The uptake of
125I-SN-38-FA-NPs in NCI-N87 cells was low and comparable to the uptake of 125I-SN-38-NPs in MKN7 cells,
indicating that FA can enhance the uptake of nanoparticles in MKN7 cells (Figure 2A).

Prior to the in vivo study, we tested the cytotoxicity of SN-38-FA-NPs by MTTassays in MKN7 cells. The results showed
no obvious cytotoxicity even with NPs at a concentration of 100 μg/mL, confirming previous reports that PLGA-based hybrid
nanocarriers display a high level of biocompatibility.42,43 It was found that the viability of MKN7 cells decreased with

Figure 1 Characterization of nanoparticles. (A) The hydrodynamic size and morphology of nanoparticles were characterized by DLS and TEM. (B) Colloidal stability of NPs
was measured by DLS. (C) Radiostability of 125I-SN-38 was measured by TLC in 10% FBS at 37 °C. (D) Cumulative release of 125I-SN-38 at pH 5 and 7.4 at 37 °C over time.
***p < 0.001 were considered highly significant.

Figure 2 (A) Cell uptake of 125I-SN-38-NPs and 125I-SN-38-FA-NPs in MKN7 cells and 125I-SN-38-FA-NPs in NCI-N87 cells at concentrations varying from 35 to 560 μg/mL
after 2 h incubation. (B) MTT assay of nanoparticles with concentrations varying from 12.5 to 100 µg/mL at 37 °C after 24 h incubation. **p < 0.01 and ***p < 0.001 were
considered highly significant.
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increasing concentrations of SN-38-NPs and SN-38-FA-NPs. The half maximal inhibitory concentrations (IC50) of SN-38-
NPs and SN-38-FA-NPs were 66.5 μmol/L and 14.0 μmol/L, respectively, determined by fitting the dose curve with cell
viability (Figure 2B). The cytotoxicity results demonstrate that NPs and FA-NPs have good biocompatibility, and that SN-38-
NPs and SN-38-FA-NPs can effectively inhibit the growth of MKN7 cells, perhaps attributable to PLGA degradation in the
mid- to late endosomes (pH = 4.5–5.5) of cancer cells and the release of SN-38.39,40

Pharmacokinetics and Biodistribution of Nanoparticles
Pharmacokinetic studies of 125I-SN-38-FA-NPs were carried out using healthy nude BALB/c mice by intravenous
injection via the tail vein. Blood was collected from the retinal vein and weighed at different postinjection times, the
radioactivity of 125I-SN-38-FA-NP was measured using a gamma counter. The percentage injection dose per gram of
blood varied over time (Figure 3A). The blood circulation of nanoparticles follows a two-compartment model.44 In
accordance with the model, 125I-SN-38-NPs and 125I-SN-38-FA-NPs displayed long blood circulation times with
distribution half-lives of 0.22 h and 0.14 h, respectively. The elimination half-lives of 125I-SN-38-NPs and 125I-SN-38-
FA-NPs were 6.6 h and 5 h, respectively. Generally, targeting ligand modifications reduced the circulation time, which is
consistent with previous studies.45 It has been reported that SN-38 is quickly replaced by SN-38 glucuronide and an
unknown metabolite (M-2) after dosing in rats, and that the half-life of unchanged SN-38 is only approximately 7 min.46

Our results demonstrate that 125I-SN-38-NPs and 125I-SN-38-FA-NPs exhibit significantly prolonged blood circulation
and less hydrolysis of SN-38 than is achieved through direct administration of SN-38.

The biodistribution of 125I-SN-38-FA-NPs was also determined in MKN7 tumor-bearing nude BALB/c mice after
intravenous injection through the tail vein. At 24 h post-injection, the mice were sacrificed, the major organs and tumors
were weighed, and the radioactivity of each tissue was measured. The accumulation of 125I-SN-38-FA-NPs in tumors was
9.2 ± 0.6% ID/g, which was higher than that of 125I-SN-38-NPs (3.3 ± 0.6% ID/g), indicating that FA-decorated
nanoparticles have better tumor targeting ability. Nanoparticles can accumulate in tumors through enhanced permeation
and retention (EPR) effect or nanomaterial-induced endothelial leakiness, while targeted modification can enhance
accumulation within tumors.47,48 The biodistribution of 125I-SN-38-FA-NPs and 125I-SN-38-NPs in the major organs
was quantified over time from SPECT images (Figure S2). The accumulation of 125I-SN-38-FA-NPs was high in the liver
(28.2 ± 1.4%ID/g) and spleen (25.5 ± 3.2%ID/g), and was consistent with the behavior of other nanoparticles
(Figure 3B). It is proposed that the biodistribution of nanoparticles was high in the liver and spleen due to uptake by
the mononuclear phagocyte system.

The tumor accumulation of 125I-SN-38-FA-NPs in MKN7 tumor-bearing mice was studied by microSPECT following
intravenous injection. Nuclear imaging provides a method for noninvasive diagnosis and accurate quantification of
tumors. SPECT images showed the radioactive 125I signal corresponded to the distribution of 125I-SN-38-FA-NPs

Figure 3 (A) Pharmacokinetics of 125I-SN-38-NPs and 125I-SN-38-FA-NPs (20 µCi) in healthy mice following intravenous injection (n=3). (B) Biodistribution of 125I-SN-38-
NPs and 125I-SN-38-FA-NPs in MKN7 tumor-bearing mice after intravenous injection at 24 h (n=3). ***p < 0.001 were considered highly significant.
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(Figure 4A). The largest signals were detected in the liver and spleen, correlating with the biodistribution results. The
radioactive signal of 125I-SN-38-FA-NPs in tumors increased over time with the accumulation of 125I-SN-38-FA-NPs
rapidly increasing at 3 h postinjection, and reaching 9.2 ± 0.6%ID/g at 24 h postinjection. In contrast, the accumulation of
125I-SN-38-NPs slowly increased to only 3.3 ± 0.6%ID/g at 24 h postinjection (Figure 4B), demonstrating that SN-38-
FA-NPs exhibit highly efficient tumor accumulation in vivo.

In vivo Therapy Using Nanoparticles in MKN7 Tumor-Bearing Mice
MKN7 tumor-bearing mice were randomly divided into 5 treatment groups: PBS group, NP group, FA-NP group, SN-38-
NP group, and SN-38-FA-NP group. PBS, NPs, FA-NPs, SN-38-NPs, and SN-38-FA-NPs were intravenously injected
into mice via the tail vein with a dose of 100 mg/kg nanoparticles on Days 0, 5, 10, 15, and 20. Tumor volume was
measured every 5 days by a Vernier caliper, and the mice body weights were examined. Tumors growth in the NP and
FA-NP groups was comparable with the PBS group, indicating that they did not exhibit tumor inhibition. Tumor growth
was slightly inhibited in the SN-38-NP group and significantly inhibited in the SN-38-FA-NP group. The tumor growth
inhibition (TGI) was calculated according to the tumor volume. The TGIs of SN-38-FA-NPs and SN-38-NPs were 73%
and 34%, respectively (Figure S3), demonstrating that SN-38-FA-NPs can effectively kill tumor cells (Figure 5A). After
20 days treatment and 20 days recovery, the mice were sacrificed, and tumors collected. Figure 5B shows a photo of the
tumors in all 5 groups. No obvious body weight loss was found during the treatment (Figure 5C). TUNEL-stained images
showed the SN-38-FA-NP group exhibited more apoptosis than the other groups (Figure 5D), no obvious damage to
healthy organs was found in the H&E-stained images (Figure 6). These results demonstrate that SN-38-FA-NPs can
effectively kill tumor cells without damaging healthy tissue, giving promise as a treatment for patients with gastric
carcinoma.

Conclusion
In this study, we show that 125I-radiolabelled SN-38 PLGA nanoparticles with folate surface modification are novel
nanoplatforms for targeted gastric carcinoma theranostics. In vitro studies reveal the folate modification could enhance
the uptake of nanoparticles in MKN7 cells. The quantification of microSPECT images showed that 125I-SN-38-FA-NPs
had higher tumor accumulation than 125I-SN-38-NPs at 24 h postinjection, and antitumor studies demonstrated that SN-
38-FA-NPs effectively inhibit tumor growth without causing obvious side effect. 125I-SN-38-FA-NPs also enable SPECT
imaging and chemotherapy, providing a novel nanoplatform for gastric carcinoma theranostics.

Figure 4 (A) microSPECT/CT images of 125I-SN-38-NPs and 125I-SN-38-FA-NPs in MKN7 tumor-bearing mice following intravenous injection. (B) SPECT images of tumor
uptake over time. ***p < 0.001 were considered highly significant.
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Figure 6 Microscopy images of H&E-stained major organs excised on Day 21. The scale bar corresponds to 50 μm.

Figure 5 In vivo therapy. (A) Tumor growth rate. (B) Photograph of tumors after 40 days treatment. (C) Body weight changes in mice. (D) Microscopic images showing
TUNNEL of tumors excised on Day 21. The scale bar corresponds to 50 μm. **p < 0.01 and ***p < 0.001 were considered highly significant.
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