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Materials and Reagents 
1- Ethyl-3-(3-dimethyllaminopropyl)-carbodiimide (EDC) from TCI Chemical Development Co. Ltd (Shanghai, China); N-hydroxysuccinimide (NHS) was purchased from Tianjin Heowns Biochem Technology Co. Ltd (Tianjin, China); alendronate was purchased from Beijing Better Renkang Health Science and Technology Co. Ltd (Beijing, China); manganese chloride was purchased from Tianjin Heowns Biochem Technology Co. Ltd (Tianjin, China); hyaluronic acid (HA, MW = 780 kDa) was purchased from Shandong Liyang Biotechnology Co. Ltd (Shandong, China); Dulbecco’s Modified Eagle Medium (DMEM) and opti-MEM® I Reduced Serum Medium (opti-MEM) were purchased from ThermoFisher Scientific Inc (Beijing, China); phosphate buffered saline (PBS) was purchased from Service Biotechnology Ltd (Hong Kong, China); 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) was purchased from American Research Products Co. Ltd (Ohio, USA); Hoechst33342 and Lyso-tracker green were purchased from Molecular Probes Inc. (Oregon, USA).
Synthesis of Alendronate-Hyaluronan Graft Polymers (AHA)
Alendronate-hyaluronic acid graft polymers (AHA) are synthesized by covalently combining hyaluronic acid (HA) with sodium alendronate. HA, with a molecular weight of 780 KDa, was dissolved in deionized water (0.8 g, 2.0 mmol in 80 mL) and stirred overnight at room temperature. EDC (767 mg, 3.0 mmol) and NHS (460 mg, 3.0 mmol) were slowly added to the HA solution, and the pH was adjusted to 4~5. After stirring for 40 min, sodium alendronate (650 mg, 2.0 mmol) was introduced and stirred at room temperature for 48 h. Upon completion of the reaction, the mixture was dialyzed using ultrapure water with a molecular weight cut-off (MWCO) of 8 kDa to remove unreacted components. The final product, AHA graft polymer, was obtained by lyophilization of the dialyzed solution.

Preparation of AHA@MnP/QCT NPs

To prepare AHA@MnP/QCT NPs, 100 μL of manganese chloride solution (MnCl2, 100 mM, dissolved in deionized water) and 100 μL of QCT solution (1.0 mg/mL, dissolved in anhydrous ethanol) were mixed and subjected to sonication for 2 min. In parallel, 400 μL of HEPES buffer solution (HBS) (50 mM HEPES, 280 mM NaCl, 1.5 mM disodium phosphate, pH 7.4) was combined with AHA and sonicated for 1 min. The MnCl2/QCT mixture was then added dropwise to the AHA/HEPES mixture, followed by sonication for an additional 3 min. The resulting solution was rotary evaporated to remove any remaining organic solvent. For the preparation of the AHA@MnP as a blank control, the same procedure was followed, with deionized water substituted for QCT in the MnCl2 mixture.

Characterization of AHA@MnP/QCT NPs

The morphologies of AHA@MnP/QCT NPs were observed by scanning electron microscopy (SEM, JSM - 7900F, JEOL Ltd., Japan). while transmission electron microscopy (TEM) images were recorded on a JEM 1400 PLUS (JEOL Ltd., Japan). Elemental mapping was also conducted using the JSM - 7900F SEM for detailed compositional analysis. Particle size was determined through dynamic light scattering (DLS) measurements using a Mastersizer 2000 (Malvern Instruments, UK). X-ray photoelectron spectroscopy (XPS) was performed on an ESCALAB 250Xi (Thermo Fisher, USA), and Fourier-transform infrared (FT-IR) spectra were collected using a Nicolet-6700 (Thermo Fisher, USA)). The ultraviolet-visible (UV-Vis) spectra were recorded by a NanoDrop 2000 spectrophotometer (Thermo Fisher, USA). 
Physical Stability of AHA@MnP/QCT NPs

To assess NPs stability under various conditions, several media were used for dilution: PBS (pH 7.4), a 1:1 (v/v) mixture of PBS (pH 7.4) and fetal bovine serum, PBS (pH 7.4) and DMEM in a 1:1 (v/v) ratio, and opti-MEM at 1:9 (v/v) ratio. Particle size was monitored by dynamic light scattering (DLS) after incubation at 37°C for 5h.

For dilution stability, NPs were progressively diluted in opti-MEM at gradient ratios (8, 16, 32, 64, 128, 256, and 512 times) and particle size and polydispersity index (PDI) were monitored by DLS after 5-h incubation at 37°C.

Storage stability was evaluated by storing NPs suspensions in opti-MEM at 4°C, with DLS measurements of size and zeta potential taken periodically over 25 days.

Encapsulation Efficiency.
To measure the encapsulation efficiency of AHA@MnP/QCT NPs, 2 mL of the AHA@MnP/QCT NPs suspension was dispersed in 2 mL of HBS (pH 7.4) with 800 rpm stirring at room temperature for 1 h. The NPs were then centrifuged, and the concentration of free QCT in the supernatant was quantified using UV-visible absorption at 300 nm. Similarly, another 2 mL of AHA@MnP/QCT NPs suspension was dispersed in 2 mL of HBS buffer solution (pH 5.0), centrifuged, and the total QCT content was measured at 300 nm. The encapsulation efficiency (%) was calculated using the formula:

Encapsulation Efficiency (%) = (Total QCT - Free QCT) / Total QCT *100%
Release Behavior of AHA@MnP/QCT NPs.
To evaluate the release profile of the prepared samples, 2 mL of the NPs suspension were dispersed in 50 mL of HBS at pH 5.0, 6.5 and 7.4, respectively. Subsequently, the solutions were placed in sealed containers and shaken at a constant temperature of 37°C and a constant shaking speed of 160 rpm. At predetermined time intervals (0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, and 12.0 h), aliquots of the buffer were withdrawn and analyzed by a microvolume spectrophotometer. After each sampling, the same volume of fresh HBS was added to maintain the total volume.

Cell Culture

Mouse Lewis lung carcinoma cells and human A549 lung cancer cells were provided by the Institute of Basic Medical Science, Chinese Academy of Medical Sciences (Beijing, China). The cells were cultured in DMEM supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin. Incubation took place at 37 ºC in a humidified atmosphere with 5% CO2, with the culture medium refreshed every 2 days. 
Cellular Uptake Assay
Cellular uptake was quantitatively assessed using flow cytometry. Lewis cells and A549 cells were seeded at a density of 5.0×105 cells per well in 6-well plates. Following 24 h of incubation, the cells were treated with FITC-labeled NPs at a final concentration of 10 μg/mL and incubated at 37°C for 6 h (HA pre-encapsulated group, treated with 10 mg/ml of HA for 30 min before adding FITC-labeled NPs). After completion of the incubation, the cells were harvested, washed three times with pre-cooled PBS solution, and analyzed immediately for cellular uptake by flow cytometry (Beckman, USA) to measure intracellular fluorescence intensity. Meanwhile, the intracellular fluorescence distribution was visualized under a TCS-SP8 STED 3X confocal fluorescence microscope (Leica, Germany).

The pH Responsiveness of AHA@MnP/QCT NPs
AHA@MnP/QCT NPs were mixed with HBS at different pH (7.4, 6.5, 5.0), incubated at 37°C for 30 min, centrifuged and observed for NPs dissolution. AHA@MnP/QCT NPs were mixed with opti-MEM at different pH (5.0, 6.0, 6.3, 6.5, 6.8, 7.0, 7.4) in the ratio of 1:7 (v/v), incubated at 37°C for 30 min, and particle size was detected by DLS. For morphological analysis, the NPs treated at different pH (7.4, 6.5, 5.0) were dropped onto a copper mesh, vacuum-dried overnight, and imaged using a scanning electron microscope (SEM, JSM - 7900F, JEOL Ltd. Japan).

Lysosomal Escape Assay
Lewis cells and A549 cells were seeded in confocal petri dishes at a density of 2.0 × 105 cells per well and incubated for 24 h. Following incubation, Cy5-labeled NPs in opti-MEM were applied to both cell lines for varying durations (2, 4, 6, and 8 h). After specifies time points, cells were stained with LysoTracker Green (100 nM) and Hoechst 33342 (5 μg/mL) for 30 min at 37°C to label nuclei and lysosomes, respectively. The cells were then washed three times with pre-cooled PBS, and the intracellular distribution of Cy5-labeled NPs was observed with a Leica SP8 confocal microscope (Leica, Germany).

Hydroxyl radicals (·OH) Generation by Mn2+-mediated Fenton‑like Reaction 

Methylene blue (MB, 10 µg/mL), hydrogen peroxide (H2O2, 10 mM) and AHA@MnP/QCT NPs (300 μg/mL) were mixed and reacted at 37 °C for 3 h to investigate the Fenton like Reaction. The degradation of MB, driven by ·OH generated during the reaction, was monitored by measuring the UV-Vis absorption spectra of the samples using a NanoDrop 2000 spectrophotometer (Thermo Fisher, USA). 

Consumption of hydrogen peroxide (H2O2)

To evaluate H2O2 consumption, AHA@MnP/QCT NPs were mixed with H2O2 (100 μM) at a ratio of 1:1 (v/v). Samples were collected at different time points (10, 30, 60, 120, 180, and 240 min), and the absorbance at 560 nm was measured using an H2O2 assay kit (Beyotime Biotechnology, China). For cellular analysis, Lewis and A549 cells were seeded in 6 cm dishes at a density of 3 × 106 cells per dish. After 6 h of treatment with AHA@MnP or AHA@MnP/QCT NPs (150 μg/mL), the cells were harvested, and the intracellular H2O2 levels were quantified using the same H2O2 kit, following the manufacturer’s instructions.

Oxidized glutathione (GSSG) Generation Assay
The Lewis and A549 cells were seeded in 6 cm dishes at a density of 3 × 106 cells per dish. Following a 6-h treatment with either AHA@MnP or AHA@MnP/QCT NPs (150 μg/mL), the cells were harvested for analysis. The levels of GSSG were quantified using a GSH-GSSG assay kit (Beyotime Biotechnology, China), following the manufacturer’s protocol.

Intracellular ROS Evaluation
To assess intracellular ROS production, Lewis and A549 cells were seeded in confocal petri dishes and treated with either AHA@MnP or AHA@MnP/QCT NPs (150 μg/mL). For time-dependent analysis, cells were exposed to AHA@MnP/QCT NPs for 2, 4, 6, or 8 h. In another separate experiment, cells were treated with each NPs formulation for 6 h. After being washed three times with PBS, the cells were incubated with DCFH-DA (10 μM) for 30 min to stain for ROS. Fluorescence intensity was measured by flow cytometry (Beckman, USA) to quantify ROS levels. Meanwhile, cells were stained with DCFH-DA (10 μM) and Hoechst33342 (5 μg/mL) for 30 min, and the intracellular ROS was visualized using confocal laser scanning microscopy (CLSM, Leica, Germany) The DCFH-DA fluorescence emission was observed to assess ROS generation.
Cell Viability Assay 
To evaluate the cytotoxic effects of QCT, AHA@MnP, and the AHA@MnP/QCT composite on Lewis and A549 cells, both cell types were seeded in 96-well plates at a density of 8 × 103 cells per well. After a 24-h incubation period. QCT (ranging from 0.5 to 80 μg/mL), AHA@MnP NPs (0.5 to 80 μg/mL), and AHA@MnP/QCT NPs (0.5 to 80 μg/mL) were introduced into the respective wells. Control wells received pure culture medium without any treatment to serve as a blank reference. After 48 h of incubation to allow for drug interaction and cellular response, live cells were subjected to viability assessment using the Cell Counting Kit-8 (CCK-8). Specifically, 10% CCK-8 solution was added to each well. And the plates were subsequently incubated for an additional 2 h under standard conditions (5% CO2, 37 °C). Finally, the optical density of each well was measured at 450 nm using a Multimode Plate Reader (Envision 2105, PerkinElmer, USA). Cell viability was quantitatively determined using the following formula:

Cell viability (%) = [(As − Ab)/ (Ac − Ab)] × 100%

where As represents the absorbance of experimental wells (containing cells, medium, CCK-8 solution and drug solution), Ac is the absorbance of control wells (containing cells, medium and CCK-8 solution without drug), and Ab indicates the absorbance of blank wells (containing medium and CCK-8 solution without cells and drug). Each experimental condition was conducted in triplicate to ensure reproducibility and statistical validity of the results.

Apoptosis of Tumor Cells
Lewis and A549 cells (5.0 × 105 cells per well) were seeded in 6-well plates. After 24 h of incubation, the cells were treated with QCT, AHA@MnP, and AHA@MnP/QCT NPs and incubated at 37°C for 12 h. The cells were collected and stained with PI/Annexin V-FITC Apoptosis Detection Kit (Elabscience Biotechnology Co., Ltd, China) for 30 min. Subsequently, they were washed three times with pre-cooled PBS and immediately detected by flow cytometry and the data were processed using FlowJo software. Meanwhile, Lewis cells were pretreated with NPs prior to observation. The treated cells were then harvested, and the prepared samples were dropped on a copper grid to observe the production of apoptotic vesicles using transmission electron microscopy.
Western Blotting 

Lewis cells were treated with QCT (50 μg/mL), and AHA@MnP/QCT (containing 50 μg/mL QCT) for 12 h. Following treatment, the cells were lysed for 30 min on ice to facilitate protein extraction. The lysates were then centrifuged at 14000 rpm for 30 min at 4 ℃, and the supernatant was collected to determine the protein concentration by the BCA method. After mixing with the loading buffer and boiling, the same number of proteins was added to SDS-polyacrylamide gels, separated by electrophoresis treated at 80 V for 3 h, and then transferred to polyvinylidene difluoride (PVDF) membranes. After washing three times with TBST, 5% skimmed milk containing primary antibody was added and incubated at 4 ℃ overnight. The membrane was then incubated with HRP-coupled secondary antibody for 2 h at room temperature, and the immunoreactive blot was visualized using an Azure C400 (Azure Biosystems, USA).

Bulk RNA Sequencing and Data Analysis
To assess the gene regulatory effects of AHA@MnP and AHA@MnP/QCT complexes on Lewis cells, cells were inoculated in 6-cm dishes at a density of 2 × 106 per dish. After a 24 h incubation period, Lewis cells will be treated with DMEM containing PBS, AHA@MnP NPs and AHA@MnP/QCT NPs. After a 24 h incubation period, Lewis cells will be treated with DMEM containing PBS, AHA@MnP NPs and AHA@MnP/QCT NPs. Discard the medium after 6 h of treatment, wash with pre-cooled PBS and add fresh medium. Incubate again for 24 h and lysed by adding total RNA extractor (TRIZOL®) reagent for 30 min. The lysate was aspirated into an enzyme-free tube and centrifuged at 15000 rpm for 1 h, and the supernatant was taken to detect the gene expression of each group. RNA quality control was performed using the Nanodrop2000 to measure the purity and concentration of the samples, while the integrity of the RNA samples was tested using the Labchip GX touch microfluidic capillary system.
The library was constructed by enriching mRNA with ployA tails by Oligo(dT) magnetic beads. mRNA fragmentation of this eukaryotic mRNA was carried out in Fragmentation Buffer, and then the mRNA was used as a template to synthesize the first strand of cDNA using a six-base random primer. After the synthesis of the first strand, buffer, dNTPs, DNA polymerase I and RNase H were added to synthesize the second strand of cDNA, and the cDNA was purified. The purified double-stranded cDNA was subjected to end repair, A-tailing, sequencing adapter ligation, size selection and PCR enrichment to obtain the cDNA library. Quality control of the libraries was performed by using Qubit 3.0 for initial quantification of concentrations, and an Agilent 2100 system for initial assessment of library fragment size. After meeting expectations, the effective concentration of the library was accurately quantified using the Bio-RAD CFX 96 Fluorescent Quantitative PCR Instrument.
The key steps in Bulk RNA-seq data analysis include: 1) Filtering the raw data by fastq (fqtools/v0.1.12). It mainly includes removing the ones with splice, removing the ones containing N, and removing the low-quality reads, meanwhile, Q30 and GC content calculations were performed on the clean data. 2) Download the reference genome and gene model annotation files from the genome website, use HISAT2 v2.0.5 to construct the index of the reference genome, and use HISAT2 v2.0.5 to compare the paired-end clean reads with the reference genome. 3) Calculate the FPKM for each gene based on the length of the gene and calculate the number of reads mapped to that gene. 4) Differential expression analysis between the two compared combinations was performed using DESeq2 (DESeq2/1.24.0) software, while the resulting P-values were adjusted to control for false discovery rate using the method of Benjamini and Hochberg. Genes with adjusted P-values <=0.05 found by DESeq2 were assigned as differentially expressed. 5) GO (clusterProfile/v3.18.1) enrichment analysis and KEGG (clusterProfile/v3.18.1) pathway enrichment statistics of differentially expressed genes were realized by clusterProfiler software, and GO terms and KEGG pathways with P<0.05 were set as significant enrichment results.
In Vivo Antitumor Efficacy

Male C57 mice (4-5 weeks old, 18-21 g) were purchased from Vital River Laboratory Animal Technology Co. Ltd (Beijing, China) and used in accordance with the Animal Ethics and Welfare Committee of the China Academy of Traditional Chinese Medicine. To establish a subcutaneous Lewis tumor model, 2 × 106 Lewis cells were injected into the left side of each mouse. Once the tumor volume reached ~100 mm3, the mice were randomized into 3 experimental groups (n = 10 per group), including (1) saline control, (2) AHA@MnP NPs (Mn2+, the dose of 10 mg/kg), and (3) AHA@MnP/QCT NPs (QCT, the dose of 2.0 mg/kg and Mn2+, the dose of 10 mg/kg). Treatments were administered every two days for a total of five injections, and tumor volume was measured through the treatment period using the formula: Volume = (length × width2)/2. In addition, body weight was recorded to monitor systemic effects, and survival was tracked following the treatment regimen.

After 12 days of treatment, the mice were euthanized, and tumors along with major organs (heart, liver, spleen, lungs, and kidney) were excised for histological analysis using hematoxylin and eosin (H&E) staining. Meanwhile, to evaluate the biocompatibility and toxicity of AHA@MnP/QCT NPs in vivo, serum samples from tumor-bearing mice were isolated, and changes in blood routine and liver function (AST, ALT) and kidney function (CREA, UREA, UA) were detected.
In order to assess T lymphocyte infiltration and immunocide within the tumor, after the final treatment, tumors were collected and stained with the appropriate antibodies to analyze the percentage of lymphocytes in the tumor tissue. The fluorescence intensity of the lymphocytes was quantified using Image J.
Hemolysis Assay
Whole blood was obtained from rat orbits, centrifuged to isolate red blood cells (RBCs) from plasma, and washed three times with saline to remove residual plasma and other contaminants. Then, 0.5 mL of the purified RBC suspension was mixed with 1.5 mL of AHA@MnP/QCT NPs (800 μg/mL) suspended in saline. The mixture was incubated at 37 °C for 2 hours to allow for potential hemolytic interaction. Following incubation, the samples were centrifuged, and the supernatant was collected to assess hemoglobin release. The absorbance of the supernatant was measured at 540 nm to quantify hemolysis.

In Vivo Distribution
Lewis’s tumor model was established by injecting 2 × 106 cells into the left axilla of male C57 mice. Once the tumor volume reached ~300 mm3, the mice were administered saline, MnP/Cy7 or AHA@MnP/Cy7 (Cy7 dose of 0.5 mg/kg) via tail vein injection. At set time points (6, 12, 24, and 48 h), the in vivo fluorescence distribution was observed by the PerkElmer IVIS Lumina III (PerkinElmer, USA), with excitation and emission wavelength set at 745 nm and 800 nm, respectively. At 24 and 48 h, the tumors, hearts, livers, spleens, lungs, and kidneys, were resected and imaged to evaluate the biodistribution of the fluorescent signals in the tissues.

Magnetic Resonance Imaging 
Using MnCl2 as a positive control, AHA@MnP/QCT NPs was mixed with HEPES buffer solutions of different pH (7.5, 6.5, and 5.0) and incubated at 37°C for 0.5, 1.0, 2.0, and 4.0 h. Similarly, different concentrations (0.25, 0.5, 1.0, and 2.0 mM) of AHA@MnP/QCT were mixed with HEPES buffer solutions of different pH (7.5, 6.5, and 5.0) and incubated at 37°C for 2 h. The T2-weighted intensities were detected using a GE 750 3.0T (GE, USA).

In the in vivo experiments, 150 μL of AHA@MnP/QCT NPs was injected from the tail vein of mice when the tumor volume reached ∼300 mm3. In vivo T2-weighted MRI imaging was performed before and after the injection of AHA@MnP/QCT NPs at the indicated times (0.5, 1.0, 2.0, and 4.0 h). In addition, T2-weighted intensities were detected using a GE 750 3.0T (GE, USA) 1 h after tail vein injection of different concentrations of NPs (0.25, 0.5, 1.0, and 2.0 mM).

Statistical Analysis 

All data are expressed as mean ± standard deviation. Two groups were statistically analyzed using independent samples t-test and multiple groups were statistically analyzed using one-way ANOVA (IBM SPSS Statistics 26 software) followed by LSD and Duncan's multiple comparison test. For all cases, differences were considered statistically significant if p < 0.05 (*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001).
Table S1. Encapsulation efficiency (EE), drug loading (DL), size, polydispersity index (PDI) and zeta potential of different Mn2+ concentration of nanoplexes (n = 3).

	Mn2+ concentration (mM)
	Encapsulation efficiency

EE (%)
	Drug loading

DL (%)
	Particle size

(d, nm)
	Polydispersity

Index (PDI)
	Zeta potential

(mV)

	50
	85.52 ± 0.13
	21.41 ±1.3
	229.9 ±2.54
	0.07 ± 0.04
	-23.4 ± 3.11

	100
	90.02 ± 0.58
	14.09±1.26
	254.6 ± 17.36
	0.21 ± 0.05
	-23.3 ± 0.49

	300
	92.03 ± 2.49
	6.01 ± 0.62
	315.1 ± 29.79
	0.10 ± 0.09
	-18.8 ± 1.47


Table S2. Encapsulation efficiency (EE), drug loading (DL), size, polydispersity index (PDI) and zeta potential of different AHA concentration of nanoplexes (n = 3).

	AHA concentration (mg/mL)
	Encapsulation efficiency

EE(%)
	Drug loading

DL(%)
	Particle size

(d, nm)
	Polydispersity

Index (PDI)
	Zeta potential

(mV)

	1.5
	94.1 ± 0.40
	18.7 ±1.07
	209.9 ±9.74
	0.1 ± 0.03
	-22.2 ± 0.46

	3.0
	93.9 ± 1.54
	16.9 ±0.45
	224.4 ±1.91
	0.2 ± 0.04
	-21.2 ± 0.15

	7.0
	93.9 ± 1.84
	14.5 ±0.34
	228.2 ±4.53
	0.3 ± 0.01
	-20.9 ± 0.57

	10.0
	93.2 ± 1.92
	12.3 ±0.51
	221.6 ±6.91
	0.1 ± 0.04
	-20.8 ± 0.55
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Figure S1. The uptake capacity of A549 cells for various AHA concentration of nanoparticles.
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Figure S2. The picture of MnCl2, MnP and AHA@MnP NPs.
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Figure S3. The SEM pictures of MnP/QCT NPs
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Figure S4. Hydrodynamic size distribution of QCT, MnCl2, MnP, AHA@MnP and AHA@MnP/QCT NPs.
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Figure S5. The XPS analysis of MnCl2 (A), MnP NPs(B) and AHA@MnP NPs (C)
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Figure S6. The peaks of O 1s of AHA@MnP/QCT NPs
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Figure S7. (A) The diluted stability of AHA@MnP/QCT NPs. (B) The changes of particle size in various solvent. (C) The changes of particle size for different time at 4℃. All the data were given as the mean ± SD (n=3).
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Figure S8. (A-B) Quantitative analysis of the A549 cells intracellular fluorescence intensities by flow cytometry (FITC: 10 μg/mL, n=3). (C) The A549 cells intracellular fluorescence intensities detected by confocal microscopy (bar:10μm).

[image: image9.jpg]i

kk*k

ok

o =) =) S
® © < B

(%) @1ey uonezijesojo)

100




Figure S9. Colocalization rate of AHA@MnP/QCT NPs with lysosomes in Lewis cell.
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Figure S10. (A) Confocal imaging of co-localization of AHA@MnP/QCT NPs (Cy5, red) with lysosomes (Lyso Tracker green, green) in A549 cells. Hoechst 33258 (blue) was used for staining the nucleus. (B) Colocalization rate of AHA@MnP/QCT NPs with lysosomes in A549 cells. (C-D) Fluorescence intensity of A549 cells section at 2.0 (C) and 8.0 (D) hours. 
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Figure S11. (A-B) Relative viabilities of A549 cells aftertreatment with different concentrations of QCT and nanoplexes for 48 h (n = 6).
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Figure S12. The picture of autophagic vesicles in Lewis cells (red arrows: autophagic vesicles; green arrows: nanoparticles).
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Figure S13. Flow cytometry analysis of Annexin V-FITC/PI costained A549 cells.
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Figure S14. Quantitative analysis the apoptosis rate of A549 cells.
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Figure S15. Quantitative analysis the protein intensity rate of Lewis cells. Data are presented as the mean ± SD (n=3).
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Figure S16. (A) The expression of ENO1 protein for Lewis cells treated with AHA@MnP or AHA@MnP/QCT NPs; (B) Quantitative analysis the protein intensity rate of Lewis cells. Data are presented as the mean ± SD (n=3)
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Figure S17. UV/vis spectra of MB aqueous solution after degradation by different treatments for 3 h.
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Figure S18. (A) Intracellular H2O2 level for A549 cells treated with AHA@MnP NPs or AHA@MnP/QCT NPs; (B) Intracellular GSSG level for A549 cells treated with AHA@MnP NPs or AHA@MnP/QCT NPs. ****P < 0.001, ***P < 0.001, **P < 0.01, *P < 0.05.
[image: image19.jpg]A B 5000- C D 20000,
oy Z
2 @
:4000_ i e 2
Control £ Control| & 150001
- 23000 ol 8
: g : £ 10000
2 2000+ o
o g
S S 5000-
6.0h i 1000+ 6.0n 2
Lk i = g "8.'0!] 0 I J T T T Ty T T ||8'p!;l 0 T T T T T
0 104 105 106 107 control 2.0h 4.0h 6.0h 8.0h 0 104 105 106 107 control 2.0h 4.0h 6.0h 8.0h
FITC-A FITC-A
Control Rosup AHA@MnP AHA@MnP/QCT
E G R W : - . 8 : -
Control
N
<
[
[
(3]
Rosup 2 1
L
S
(]
]
I
AHA@MnP
<
Q
Ly AR s AR B e T T
0 108 10* 105 108 107 &
FITC-A a
F 15000+
% %k %k k
>
-‘5,‘ * K K K
< *ok ok ok
£ 10000
£
[
(5]
g (4]
o
$ 5000 g
S & = |
3
[T
0 T T T T
AN
O Q 4 A
& & N
¢ ¢ @&
s W
v ©
Q?‘




Figure S19. (A-B) Quantitative analysis of the Lewis cells intracellular fluorescence intensities of DCHF-DA-stained Lewis cells pre-treated with AHA@MnP/QCT NPs with diferent time by flow cytometry; (C-D) Quantitative analysis of the A549 cells intracellular fluorescence intensities of DCHF-DA-stained A549 cells pre-treated with AHA@MnP/QCT NPs with diferent time by flow cytometry; (E-F) Quantitative analysis of the A549 cells intracellular fluorescence intensities after treatment with different nanoplexes by flow cytometry; (G) Confocal images of DCHF-DA-stained A549 cells pre-treated AHA@MnP NPs or AHA@MnP/QCT NPs (Scale bar: 100 μm). 
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Figure S20. (A) and (B) The hemagglutination test. The results are expressed as mean and SD. ***P < 0.001.
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Figure S21. The cell viabilities L929 cells after treatment with different nanoparticles for 48 h (n = 6)
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Figure S22. Average body weight variation of the mice during the treatment.
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