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Materials and methods 
Materials
2-(Diethylamino)ethyl methacrylate (DEA), glycidyl methacrylate (GMA), 2,2'-Bipyridyl (bpy), cuprous chloride (CuCl), 4-Dimethylaminopyridine (DMAP), HBTU, N,N-Diisopropylethylamine (DIPEA), Cur, ginsenoside Rg3, genistein, 5-(N,N-Hexamethylene)-amiloride, ethyl α-bromoisobutyrate, 5-Hexynoic acid (5-HA) were purchased from Aladdin Chemistry Co, Ltd. (Shanghai, China). HOBt and wortmannin were ordered from Macklin Biochemical Technology Co, Ltd. (Shanghai, China). 30% hydrogen peroxide and chlorpromazine were ordered from Kaiyuan, China and J&K Chemical. (Beijing, China), respectively. Mouse High-Mobility Group Box 1 (HMGB1) ELISA Kit, Mouse Adenosine Triphosphate (ATP) ELISA Kit, Calreticulin Polyclonal Antibody, HMGB1 Polyclonal Antibody, CD44 Antibody, and PD-L1 Antibody were sourced from Mitaka Biotechnology Co, Ltd. (Wuhan, China). PE Anti-Mouse CD86 Antibody, APC Anti-Mouse CD11C Antibody, PerCP Anti-Mouse CD4 Antibody, FITC Anti-Mouse CD8a Antibody and PE anti-mouse CD274/PD-L1 antibody were purchased from Elabscience. (Wuhan, China).
Synthesis of the PDEA-PGMA
PDEA-PGMA was prepared by atom ATRP [1]. Briefly, 10 mL of DMF was added to a 50 mL branched round-bottom flask containing 0.064 g CuCl and 0.064 g bpy. Then 12 mL DEA, 6mL GMA, and 270 μL 2-bromoisobutyrate ethyl ester were added to the above solution under degassing conditions. And added dichloromethane for quenching reaction after the reaction was carried out at 55 °C in argon atmosphere for 5 h. The catalyst was removed from the alumina column and the solvent was removed by vacuum distillation, then the crude product was recrystallized with cold n-hexane and vacuum-dried to obtain 22 g of PDEA-PGMA. The synthetic route is shown in Fig. S1.
Synthesis of the PDEA-PGED
PDEA-PGED was synthesized based on previous literature with some modifications [1]. Firstly, the obtained PDEA-PGMA (16 g) was dissolved in 100 mL of DMSO and added excess EDA and the reaction was carried out at 80 °C for 4 h in a nitrogen atmosphere. Then the reaction was dialysed in deionized water (MWCO: 1000 Da) for 48 h to remove excess EDA. Finally, the final product PDEA-PGED (12.5 g, pale yellow powder) was obtained by lyophilization. The synthetic route is shown in Fig. S1.
Synthesis of the OPDEA-PGED
PDEA-PGED was oxidized with reference to previous literature [2]. Firstly, PDEA-PGED (9 g) was dissolved in 100 mL of 30% H2O2 with stirring for 4 h at room temperature, then dialysed with deionized water (MWCO: 3500 Da) to remove excess H2O2. Finally, the polymer OPDEA-PGED (8.2 g, pale yellow powder) was obtained by lyophilization. The synthetic route is shown in Fig. S1.
Synthesis of the OPDEA-PGED-5HA
OPDEA-PGED-5HA was synthesized based on previous literature with some modifications [3]. Firstly, 5-hexynic acid (10 g, 89 mmol), HBTU (15 g, 40 mmol), DIPEA (22 g, 172 mmol), and HOBt (6 g, 44.0 mmol) were dissolved in anhydrous DMF (20 mL) and stirred 30 min at 0 °C in a nitrogen atmosphere. Followed by the addition of OPDEA-PGED (6 g) and the reaction continued for 12 h at 25 °C. Then dialyzed with deionized water (MWCO: 3500 Da) to remove the catalyst and excess 5-HA. Finally, the polymer OPDEA-PGED-5HA (8.73 g, brown powder) was obtained by lyophilization. The synthetic route is shown in Fig. S1.
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Fig. S1 Synthesis route of OPDEA-PGED-5HA
Preparation of empty micelles PPH and drug-loaded micelles
Blank micelles OPDA-PGED-5HA (PPH) were prepared according to the solvent exchange method. Firstly, 10.0 mg of OPDA-PGED-5HA was dissolved in 2.0 mL of tetrahydrofuran (THF) and dropwise added to 8.0 mL of distilled water at 25 °C. Then the resulting mixture was dialysed with deionized water (MWCO: 1000 Da) for 24 h to obtain empty micelles PPH.
Preparation of Cur-loaded micelles OPDEA-PGED-5HA@Cur (PPH@C) [4]. 10.0 mg of OPDA-PGED-5HA, 3.7 mg of Cur and 0.5 mg of DMAP were dissolved in 2.0 mL THF as shown in Fig. S2 and stired for 24 h at 37 °C. The mixed solution was added dropwise to 8.0 mL of stirred distilled water at 25 °C and dialyzed with deionized water (MWCO: 1000 Da) to remove THF, catalyst, and finally centrifugation to remove unbound curcumin to obtain drug-loaded micelles PPH@C.
Micellars OPDEA-PGED-5HA@Cur@Rg3 (PPH@CR) loaded with both Cur and ginsenoside Rg3 were prepared by a similar method. 10.0 mg of OPDA-PGED-5HA, 3.7 mg of Cur, 3.0 mg of Rg3, and 0.5 mg of DMAP were dissolved in 2.0 mL THF as shown in Fig. S2 and stirred for 24 h at 37 °C. Then the mixed solution was added dropwise to 8.0 mL of distilled water and dialyzed with deionized water (MWCO: 1000 Da) to remove THF, catalyst, unbound Cur and Rg3, and finally centrifugation to remove unbound Cur and Rg3 to obtain drug-loaded micelles PPH@CR.
[image: D:\投稿\文章里的图\Fig.S2.tif]
Fig. S2 Synthetic routes of drug-loaded micelles PPH@C and PPH@CR
Characterization of material
The chemical structures of PDEA-PGMA, PDEA-PGED, OPDEA-PGED, and OPDEA-PGED-5HA were characterized using 1H-NMR spectroscopy (300 MHz, CDCl3) and Fourier transform infrared spectroscopy (FT-IR), respectively.
Characterization of micelles
The particle size and zeta potential of empty micelles PPH as well as drug-loaded micelles PPH@C and PPH@CR in distilled water were determined using dynamic light scattering instrument (DLS) at 25 °C. The morphology and size of micelles were investigated by high-resolution transmission electron microscopy (TEM, JEOL-JEM-2100F). Briefly, placed the copper mesh on a stable plane and aspirated 10 μL of PPH, PPH@C, and PPH@CR with a syringe and dropped on a 300-mesh copper mesh, respectively, to form water droplets and let them dry naturally before taking TEM photos [6]. In order to test the stability of PPH, PPH@C, and PPH@CR, the synthesized empty micelles and drug-loaded micelles were exposed to saline and stored at 4 °C, and particle size and zeta potentials were detected on days 1, 5, 10, 20, and 30, respectively.
Drug loading of PPH@C and PPH@CR
The ultraviolet peaks of Cur and Rg3 in micelles were detected by ultraviolet spectrophotometer (UV) at 25 °C after placing PPH@C and PPH@CR in deionized water for 30 minutes at pH 5.5 (The UV absorption peak of curcumin was 425 nm and the UV absorption of Rg3 was 203 nm) [7]. and the drug loading was calculated according to the established standard curve. All data were presented as averages and the trial was repeated three times. Drug loading (DL%) and encapsulation rate (EE%) were calculated using equations (1) and (2), respectively [8]： 


Drug releasing of PPH@CR
The PPH@CR can respond to low pH due to the presence of vinyl ether bonds. So we prepared saline dialysate of different pH values (7.4, 6.5, 5.5) containing 0.1% (v/v) tween 80 to simulate the normal physiological environment, tumor microenvironment and lysosomal internal environment [9, 10]. Then immersed dialysis tubing (MWCO: 3500 Da) containing equal amounts of PPH@CR solution to 50 mL of dialysate of different pH values (pH = 7.4 or pH = 5.5) [11] and slowly stired them in a dark environment at 37 ℃. Then removed 3 mL of the solution on the outside of the dialysis bag at different time points, and added the same volume of fresh dialysate corresponding to the pH value to keep the volume of the solution outside the dialysis bag constant. The emission of Cur and Rg3 were determined with UV and calculated from the established standard curve (Fig. S1). All data were presented as averages and the trial was repeated three times. The cumulative release (CA) was calculated according to the following equation [11].
 

In this equation, Mt represents the amount of drug released from the nanoparticles at different times, and Mtotal represents the total amount of drug in the nanoparticles.
[bookmark: _GoBack]We also observed the morphology, size, and zeta potential of two drug-loaded nanoparticles at different pH environments. Briefly, PPH@C and PPH@CR were placed in saline at pH 7.4 and pH 5.5, respectively. And the morphological changes of micelles were observed using TEM, and the changes in particle size and zeta potential of PPH@C and PPH@CR at different pH were measured using DLS and zeta potentiometers.
Cells and animals 
The triple-negative breast cancer cell line 4T1 was donated by Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, and cultured in RPMI 1640 medium containing 10% fetal bovine serum and 1% penicillin-streptomycin in a cell culture incubator containing 5% CO2 at 37 °C [12]. Female BALB/c mice (6-8 weeks old) were purchased from Beijing Weitong Lihua Company, and were raised at 20 °C without specific pathogens (SPF) and allowed to acclimatize in a rearing facility for at least 7 days, and had free access to water and food before the experiment. All animal experimental protocols were approved by the Animal Ethics and Experiment Committee of Jilin University (approval number：2024 extension No. 3).
Cytotoxicity of PPH@C and PPH@CR
The effects on tumor cell proliferation of empty micelles PPH and drug-loaded micelles PPH@C and PPH@CR were evaluated by CCK-8 kit. Briefly, the experiment was divided into 5 groups (PPH, Cur, PPH@C, Cur + Rg3 and PPH@CR group), and 4T1 cells (3 × 103 cells/well) were inoculated and cultured in 96 well plate for 24 h, then incubated with different concentrations of PPH (0 μg/mL, 25 μg/mL, 50 μg/mL, 75 μg/mL, 100 μg/mL, 200 μg/mL), Cur, PPH@C, Cur + Rg3, and PPH@CR (the last 4 groups contained the same amount of Cur or Rg3, where Cur concentrations were 0 μg/mL, 5 μg/mL, 10 μg/mL, 20 μg/mL, 50 μg/mL and 100 μg/ mL, the concentrations of Rg3 were calculated according to the drug load of Rg3 in the PPH@CR, respectively: 0 μg/mL, 0.7 μg/mL, 1.4 μg/mL, 2.8 μg/mL, 5.6 μg/mL, 7.1 μg/mL, 14.3 μg/mL). Subsequently, 10 μL of CCK-8 reagent was added to each well and incubated for 1 h. Then the absorbance at 450 nm was determined using microplate reader and IC50 values were calculated using CompuSyn.
The effect of each group of drugs on cell viability was evaluated with the following cell survival formula [13]:

Among them, ODs and ODCare the absorbance values of the test sample and the untreated sample, respectively. ODb is the absorbance of RPMI1640 culture medium without cells.
In vitro cell uptake
The entry of drugs into cells is crucial for achieving therapeutic effects. We observed the uptake of Cur, PPH@C, and PPH@CR by 4T1 cells using the intrinsic fluorescence spectrum of Cur, and the amount of Cur in the cells was proportional to the fluorescence intensity. Briefly, 4T1 cells were inoculated in 6-well plates (5.0 × 105 cells/well) and cultured with RPMI 1640 at 37 ℃, then Cur, PPH@C and PPH@CR were added after the cells were attached (the concentration of Cur in each group was 50 μg/mL) and co-cultured for 0.5h, 2h and 6h. Then washed off unbound drugs and nanoparticles with PBS and fixed cells with 4% paraformaldehyde (PFA) for 30 min. Nuclei were stained with DAPI for 5 min in a dark environment, then the dye was washed off and the cells were imaged by fluorescence microscopy under excitation at 425 nm [14, 15], and the fluorescence intensity of Cur was quantified using ImageJ (Bethesda, MD).
Mechanism of uptake of PPH@C and PPH@CR
We further investigated the uptake mechanism of Cur, drug-loaded micelles PPH@C and PPH@CR. 4T1 cells were seeded in 6-well plates (5.0 × 105 cells/well) and incubated for 24 h, and pretreated with the endocytic inhibitors chlorpromazine (8.5 μg/mL), genistein (56.75 μg/mL), 5-(N,N-Hexamethylene)-amiloride (133 μg/mL), and wortmannin penicillin (5 μmol) for 1 h [2, 16]，followed by Cur, PPH@C, or PPH@CR (the concentration of Cur was 50 μg/mL) for 2 h. Finally, the uptake of drugs by 4T1 cells in each group was analyzed by flow cytometry.
Exposure of CRT in 4T1 cells
In this experiment, we assessed the ICD condition induced by PPH@C and PPH@CR in tumor cells by detecting exposure to calreticulin (CRT) in tumor cells. Briefly, 4T1 cells (5.0 × 104 cells/well) were seeded in pre-treated 24-well plates containing coverslips for 24 h, and drugs (the concentrations of Cur and Rg3 were 50 μg/mL and 7.1 μg/mL, respectively) were added to each group (PBS, Cur, PPH@C, Cur + Rg3, and PPH@CR group) to continue cultured 24 h. Then CRT primary antibodies were added and incubated overnight at 4 °C, followed by fluorescence-coupled secondary antibodies for 1 h, and finally DAPI was added for 10 min, glycerol mounted, and CRT expression was observed by fluorescence microscopy.
In vitro detection of ATP and HMGB1
ATP and HMGB-1 in 4T1 cells induced by PPH@C and PPH@CR. The experiment was also divided into 5 groups (PBS, Cur, PPH@C, Cur + Rg3 and PPH@CR group). 4T1 cells were seeded in 6-well plates at a density of 5 × 105 cells/well for 24 h, administered (Cur and Rg3 were administered at concentrations of 50 μg/mL and 7.1 μg/mL, respectively) and continue incubated for 24 h. Then the levels of ATP and HMGB1 released by cells in each group were measured using mouse ATP ELISA kit and HMGB-1 ELISA kit, respectively. 
Effects of PPH@C and PPH@CR on DCs maturation and PD-L1 in 4T1 cells
4T1 cells were seeded on the basolateral side of the transwell plate (5.0 × 105 cells/well) and incubated for 24 h, and the experiment was divided into 5 groups, including PBS, Cur, PPH@C, Cur + Rg3 and PPH@CR groups, and the drugs in each group were added (the administration concentration of Cur was 50 μg/mL, and the administration concentration of Rg3 was 7.1 μg/ mL), then DCs were seeded at the apex after 24 h, and continue to culture for 48 hours before collecting DCs, and APC-labeled anti-mouse CD11c antibody (0.5 μg/106 cells, Elabscience), PE-labeled anti-mouse CD86 antibody (0.5 μg/106 cells, Elabscience) were added, and the expression of CD11c and CD86 on DCs were analyzed by flow cytometry (FCM, China, Lamina), and the obtained data were analyzed using V3.0.1.4609 software (Strata Biotech, China).
4T1 cells were seeded in 6-well plates (5.0 × 105 cells/well) and incubated for 24 h, and the experiment was also divided into 5 groups,, including PBS, Cur, PPH@C, Cur + Rg3 and PPH@CR groups, and the drugs in each group were added (the administration concentration of Cur was 50 μg/mL, and the administration concentration of Rg3 was 7.1 μg/mL) and continue to culture for 48 hours, then the cells were washed with PBS for three times. PE Anti-Mouse CD274/PD-L1 Antibody (0.5 μg/106 cells, Elabscience) was added, finally PD-L1+ 4T1 cells were analyzed by flow cytometry, and the obtained data were analyzed using V3.0.1.4609 software.
Scratch experiment
Cancer cells have the ability to migrate and invade. In this study, we evaluated the migration effects of PPH@C and PPH@CR on tumor cells using scratch assays. The experiments were divided into 5 groups: PBS, Cur, PPH@C, Cur + Rg3 and PPH@CR group (Cur and Rg3 were administered at concentrations of 50 μg/mL and 7.1 μg/mL, respectively). First, 4T1 cells were seeded in 6-well plates (5 × 105/well) and incubated for 24 h at 37 °C, 5% CO2, then scratched in cell monolayers using a 200 μLpipette tip and images of the scratches were taken and measured with a microscope at 0 h, and each group of drugs was added and incubated for 24 h and 48 h, respectively, and the cell-free regions after incubation were imaged and measured using microscope [17].
In vivo antitumor efficacy of PPH@C and PPH@CR
Animal models of tumor-bearing mice were established. First, 4T1 cells (1 × 106) were suspended in 100 μL of PBS and injected subcutaneously into the right axillary region of healthy BALB/c mice to develop solid tumors. And the tumor-bearing mice were randomly divided into 5 groups (n = 5) when the tumor volume reached about 100 mm3, which were saline, Cur, PPH@C, Cur + Rg3, PPH@CR, respectively. Each group was injected through the tail vein for a total of 6 times, which were administered on days 1, 3, 5, 7, 9 and 11, and the administered dose of Cur was 20 mg/kg and the administered dose of Rg3 was 2.8 mg/kg (calculated based on the drug load of Rg3 in the PPH@CR). The length and width of tumors were measured daily using vernier calipers while monitoring the body weight of the mice. And the mice were sacrificed on the 12th day after initiation of treatment, then the tumor tissues of the mice in each group were collected and fixed with 4% formaldehyde, then hematoxylin-eosin staining (H&E staining) was performed and the cell morphology of the tumor tissues were observed using light microscopy. The tumor volume and the tumor inhibition rate (TIR) in mice were calculated according to the following formula, respectively [18]：



In this formula, V represents the tumor volume, L represents the tumor length, and W represents the tumor width. 

In this formula, TIR represents the tumor inhibition rate, WC represents the average tumor weight of the control group, and WT represents the average tumor weight of the treatment group.
Detection of Ki67, CD44 and PD-L1 in tumor tissues
The tumor tissues of mice treated with each group of drugs (saline, Cur, PPH@C, Cur + Rg3 and PPH@CR) were collected on the 12th day after treatment，and fixed them with 4% formaldehyde, embedded in paraffin and made into sections. Then the diluted Ki67 (1:600), CD44 (1:800) and PD-L1 (1:1000) antibodies were added dropwise to the sections and incubated overnight at 4 °C. Subsequently, secondary antibodies were added dropwise on the sections and incubated for 50 min at room temperature in the dark, and DAB chromogenic agent was added dropwise, the sections were counterstained with hematoxylin after the color was completed, then dehydrated and sealed. Finally, the expressions of Ki67, CD44 and PD-L1 in tumor tissues of tumor-bearing mice were analyzed by microscopy.
Detection of CRT and HMGB1 in tumor tissues
We further examined the expression of CRT and HMGB1 in tumor tissues using immunofluorescence staining to evaluate the induction of ICD in tumor cells by PPH@C and PPH@CR in vivo [19]. Briefly, tumor tissues from mice in each group were collected on day 12 after treatment and fixed with 4% paraformaldehyde. The anti-CRT primary antibody (diluted 1:200) or HMGB1-antibody (diluted 1:200) was added dropwise to the sections and placed in a 4 °C freezer overnight. Then the secondary antibody was added dropwise and the nuclei was counterstained with DAPI for 50 minutes. Finally, observed and took images using fluorescence microscopy.
Detection of dendritic cells in vivo
Cells undergoing ICD can promote the transformation of DCs to mature phenotype by releasing DAMPs, and mature DCs are the main antigen-presenting cells in the human body and have the characteristics of MHCII and CD86 [20]. We detected mature DCs in tumor tissue by flow cytometry in this study, briefly, the collected tumor tissues from each group of mice were placed in culture dishes containing medium and cut into small pieces, then digested using medium containing type IV collagenase (100 U/mL) to obtain a single-cell suspension of tumor tissue, and APC-labeled anti-mouse CD11c antibody (0.5 μg/106 cells, Elabscience), PE-labeled anti-mouse CD86 antibody (0.5 μg/106 cells, Elabscience) were added to the cell suspension and incubated on ice for 40 min in the dark. Finally, the expression of CD11c and CD86 on DCs were analyzed by flow cytometry.
We further examined mature DCs in mouse spleen tissue. First, the collected mice spleens were minced and sieved, and the cells were resuspended using pre-chilled erythrocyte lysate and incubated on ice for 5 min. Centrifuged the cells again and discarded the supernatant and added APC-labeled anti-mouse CD11c antibody (0.5 μg/106 cells, Elabscience), PE-labeled anti-mouse CD86 antibody (0.5 μg/106 cells, Elabscience), and incubated on ice for 40 min in the dark. Finally, the expression of CD11c and CD86 on DCs were analyzed by flow cytometry and the obtained data were analyzed using V3.0.1.4609 software (Stratus Biotech, China).
Detection of CD8+ T cells and CD4+ T cells in vivo
ICD induces DCs maturation and further activates adaptive immune responses, including the proliferation of cytotoxic T lymphocytes (CD8+ T lymphocytes) and helper T lymphocytes (CD4+ T lymphocytes) [21]. In this study, we examined the ratio of CD8+ T cells and CD4+ T cells in tumor tissues as well as spleen tissues using flow cytometry [22]. First, the tumor tissues and spleens of mice were isolated and prepared into cell suspension (Look at the " Detection of dendritic cells in vivo" section) on the 12th day after the start of treatment. Then PITC-labeled anti-CD8 antibody (0.2 μg/106 cells, Elabscience) and PerCP-labeled anti-CD4 antibody (0.25 μg/106 cells, Elabscience) were added to the prepared single-cell suspension to distinguish between CD8+ T lymphocytes and CD4+ T lymphocytes and incubated on ice for 40 min in the dark. Finally, the test was performed by flow cytometry and the obtained data was analyzed.
In vivo safety
Venous blood was collected from mice for biochemical and complete blood count testing before the end of treatment. And the main organs of mice (heart, liver, spleen, lung and kidney) were collected at the end of treatment, and fixed with 4% paraformaldehyde and stained with H&E to evaluate the histomorphological changes of the main organs of mice after treatment.
Statistical analysis 
Statistical analysis was performed using GraphPad Prism software, and all data were expressed as mean ± standard deviation. The t-test was used to analyze the statistical differences between the groups, and *p<0.05 was considered statistical difference, **p<0.01 was considered significant difference, and ***p<0.001 was considered extremely significant difference.
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Fig. S3 Characterization of polymers. (a) The 1H-NMR spectrum of PDEA-PGMA in CDCl3. (b) The 1H-NMR spectrum of PDEA-PGED in CDCl3. (c) The 1H-NMR spectrum of OPDEA-PGED in CDCl3. (d) The 1H-NMR spectrum of OPDEA-PGED-5HA in CDCl3. (e) The IR spectra of PDEA-PGED and OPDEA-PGED. (f) The IR spectrum of OPDEA-PGED-5HA.
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Fig. S4 Stability of PPH, PPH@C and PPH@CR under saline and 4 °C within 30 days. (a) The particle size change of empty micelle PPH. (b) The zeta potential change of empty micelle PPH. (c) The particle size change of drug-loaded micelle PPH@C. (d) The zeta potential change of drug-loaded micelle PPH@C. (e) The particle size change of drug-loaded micelle PPH@CR. (f) The zeta potential change of drug-loaded micelle PPH@CR.

Table S1. The drug loading and encapsulation rate of PPH@C and PPH@CR
	Sample
	DL (%)
	EE (%)

	PPH@C
	14.47 ± 2.66
	62.70 ± 11.55

	PPH@CR
	14.15 ± 2.33 (Cur)
	61.4 ± 5.11 (Cur)

	
	2.26 ± 1.42 (Rg3)
	12.29 ± 2.64 (Rg3)



Table S2. The particle size changes of PPH, PPH@C and PPH@CR under saline and 4 °C within 30 days
	Time (day)
	PPH (nm)
	PPH@C (nm)
	PPH@CR (nm)

	1
	103.46 ± 8.88
	117.15 ± 2.55
	82.66 ± 4.27

	5
	96.98 ± 2.49
	114.81 ± 10.89
	56.06 ± 5.42

	10
	84.37 ± 2.54
	111.96 ± 10.68
	73.56 ± 5.08

	20
	95.66 ± 2.66
	130.42 ± 8.58
	64.41 ± 4.53

	30
	95.80 ± 2.53
	120.06 ± 13.88
	73.24 ± 4.17


The data are presented as means ± SD (n = 3).

Table S3. The zeta potential changes of PPH, PPH@C and PPH@CR under saline and 4 °C within 30 days
	Time (day)
	PPH (mV)
	PPH@C (mV)
	PPH@CR (mV)

	1
	-6.45 ± 1.17
	-2.35 ± 1.45
	-8.24 ± 1.72

	5
	-19.92 ± 2.32
	-7.19 ± 1.59
	-10.93 ± 1.71

	10
	-19.55 ± 2.24
	-2.65 ± 1.18
	-2.65 ± 1.58

	20
	-7.10 ± 1.60
	-9.34 ± 1.42
	-5.85 ± 1.61

	30
	-14.06 ± 1.65
	-8.39 ± 1.80
	-10.41 ± 1.91


The data are presented as means ± standard deviation (n = 3).

Table S4 The particle size and zeta potential changes of PPH@C and PPH@CR in different pH environments
	Sample
	Size (nm)
	Zeta Potential (mV)

	PPH@C (pH=7.4)
PPH@C (pH=5.5)
	117.15 ± 2.55
105.31 ± 3.20
	-2.35 ± 1.45
-25.34 ± 2.35

	PPH@CR (pH=7.4)
	82.66 ± 4.27
	-8.04 ± 1.72

	PPH@CR (pH=5.5)
	55.21 ± 3.01
	-25.26 ± 3.20


The data are presented as means ± standard deviation (n = 3).
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