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1. Experimental Section
1.1. Materials
Dexamethasone (DEX), 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC), N-hydroxysuccinimide (NHS), hyaluronic acid (HA, 30,000 - 50,000), lipopolysaccharide (LPS), and complete Freund's adjuvant (CFA) were purchased from Sigma-Aldrich Co. Ltd (St Louis, MO, USA). NHS-PEG10-maleimide (NHS-PEG10-MAL) was obtained from Biomatrik Inc. (Zhejiang China). Mono(6-deoxy-6-mercapto)-β-cyclodextrin (SH-β-CD) was purchased from Innochem Co. Ltd (Beijing, China). Polyethyleneimine (PEI, MW = 1800), citric acid, and IR780 iodide were obtained from Aladdin Co. Ltd (Shanghai, China). Raw 264.7 macrophages and Caco-2 colon cancer cells are kindly provided by Stem Cell Bank, Chinese Academy of Sciences (Shanghai, China). C28/I2 human normal chondrocytes were provided by the First Affiliated Hospital of Xi’an Jiaotong University (Shaanxi, China). The cell experiment protocols were performed in strict accordance with the Guidelines for Care and Use of Laboratory cells of Xi’an Jiaotong University and were approved by the Ethics Committee of Xi’an Jiaotong University.
Male Sprague-Dawley (SD) rats (200-240 g) were obtained from the Laboratory Animal Center of Xi’an Jiaotong University, SCXK 2018-001 (Shaanxi, China). Animals were housed under a 12 h light-dark cycle at a constant ambient temperature (22-25 °C), with normal chow and water ad libitum. They were allowed to acclimatize for one week before the experiments were started. All animal care and experimental protocols were in strict accordance with the Guidelines of the Laboratory Animal Center of Xi’an Jiaotong University and approved by the Institutional Animal Care and Use Committee of Xi’an Jiaotong University (No. XJTULAC2016-004).
1.2 Preparation of CDs
The synthesis method of CDs is consistent with the previous literature. According to previous studies, 1.0 g of citric acid and 0.5 g of PEI were dissolved in 10 mL deionized water and transferred into a stainless steel autoclave, and heated in a muffle furnace at 300°C for 6 h. After cooling down to room temperature, the product was centrifuged at 12000 rpm and the supernatant solution was purified via dialysis (molecular weight cut-off 500-1000 Da) against deionized water for 24 h and lyophilized to obtain CDs. 
1.3 Synthesis of CDs-PEG-MAL (CP)
The synthesis method of CP is shown in Figure S1, 200 mg of NHS-PEG10-MAL was dissolved in 10 mL PBS (pH 7.4) to form a solution. 100 mg of CDs was dissolved in 10 mL PBS (pH 7.4), and the solution was transferred into a round-bottomed flask. Then NHS-PEG10-MAL solution was added dropwise with stirring into the round-bottomed flask. The mixture was stirred for 6 h in dark, dialyzed (molecular weight cut-off 1000 Da), and lyophilized to obtain CP.
1.4 Synthesis of CDs-PEG-β-CD (CPC)
The synthesis method of CPC is shown in Figure S2, 200 mg of SH-β-CD was dissolved in 10 mL PBS (pH 6.8) to form a solution. 200 mg of CP was dissolved in 20 mL PBS (pH 6.8), and the solution was transferred into a three-necked flask. Then SH-β-CD solution was added dropwise under a nitrogen atmosphere into the three-necked flask. The mixture was stirred for 6 h in dark, dialyzed (molecular weight cut-off 2000 Da), and lyophilized to obtain CPC.
1.5 Preparation of CPC/DEX
40 mg of DEX was dissolved in absolute alcohol to form a solution. A certain amount of CPC (mass ratios of CPC and DEX are 5:1, 10:1, and 20:1) was dissolved in 10 mL of deionized water, and the solution was transferred into a round-bottomed flask. Then DEX solution was added dropwise under 40°C into the three-necked flask. The reaction was allowed under 40°C for 4 h in dark, and the solution was refrigerated overnight at 4°C. After that, the mixture was filtered and the supernatant was lyophilized to obtain CPC/DEX inclusion complex. Replace DEX with IR780 to prepare CPC/IR780 in the same way.
1.6 Preparation of HA-CDs-PEG-β-CD (HCPC)
The synthesis method of HCPC is shown in Figure S3, 50 mg of HA was dissolved in 10 mL PBS (pH 7.4), and the pH of the solution was adjusted to 5.0 by adding 0.1 mol/L HCl. Then 300 mg of EDC and 300 mg of NHS were added to the solution and stirred for 1 h to activate carboxyl groups. After that, 50 mg of CPC was added to the mixture and continued to stir for 12 h. The reaction was finished by adjusting the pH to 7.0 with 1.0 mol/L NaOH. The mixture was dialyzed (molecular weight cut-off 8000 Da) until there is no fluorescence in the outer dialysate, and lyophilized to obtain HCPC. Replace CPC with CPC/DEX or CPC/IR780 to prepare HCPC/DEX or HCPC/IR780 in the same way.
1.7 Characterizations of CDs and HCPC
Proton nuclear magnetic resonance (1H NMR, Avance III HD 600 MHz spectrometer) and Fourier transform infrared spectroscopy (FTIR, Nicolet 6700 infrared spectrophotometer) were applied to confirm the special surface functional groups of products. A transmission electron microscope (TEM, JEM-F200 field emission transmission electron microscope) was used to examine the morphology and particle sizes of products. The particle sizes and zeta potential were further identified via Malvern Zetasizer Nano ZS90. And the photoluminescence (PL) properties were determined via F-2700 Spectrofluorophotometer.
1.8 Establishment of HPLC DEX detection method
The linearity of the HPLC method for the analysis of DEX was evaluated by a calibration curve, which was obtained by plotting the peak area of each analyte versus DEX concentration. The UV absorption curve of DEX was determined by a UV-1200 spectrophotometer, and the detection wavelength was 240 nm. The chromatographic column was Thermo BDS Hypersil C18, and the composition of the mobile phase was acetonitrile/water (35/65). The operation was conducted under the condition of column temperature 30 °C, flow rate 1 ml/min, and sample injection volume 20 μL.
HCPC was dispersed in absolute ethanol, a small amount of concentrated hydrochloric acid was added, and the mixture was stirred at 50°C for 4 h. After that, it was ultrasonic for 30 min to disintegrate the nanoparticles (NPs) structure, the mixture was centrifuged and the supernatant was diluted with the mobile phase. HCPC/DEX dissociation was prepared in the same way. The specificity of the HPLC method was investigated by detecting DEX solution and NPs dissociation diluent.
For the evaluation of precision, DEX samples of three different concentrations (1, 10, and 100 μg/ml) were processed and injected five times within a day (intra-day) and within five days (inter-day) for calculating RSD, respectively.
The average recoveries of DEX were determined at different standard concentrations (1, 10, and 100 μg/ml) by adding a certain amount of sample. The recoveries at three standard concentration levels of DEX were examined at least five times. The recoveries were calculated using the following equation:

where Mt is the detected content, M0 is the content without sample addition, and Ma is the additional content.
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]1.9 Drug loading and entrapment efficiency
10 mg HCPC/DEX were dispersed in 9.9 mL ethanol, 0.1 mL of HCl was added, and the mixture was stirred at 50°C for 4 h. After that, it was ultrasonic for 30 min, the mixture was centrifuged and the supernatant was measured by HPLC. Drug loading (DL) and entrapment efficiency (EE) of NPs were calculated using the following equations:


where Mdd is the detected content of DEX, Md is the content of DEX added in the system, and Mn is the total dry mass of the prepared NPs.
1.10 In vitro drug release study
The in vitro drug release study was investigated in PBS (pH 7.4, with 0.5 % Tween-80) to simulate synovial fluid in normal joint cavities by using a dialysis method. In this study, a known amount of DEX, CPC/DEX, and HCPC/DEX (equivalent to 100 μg of DEX) were placed in dialysis bags (molecular weight cut-off 2000 Da) and immersed in 30 mL of release medium for 72 h. During the process, the dialysis bags were incubated in an air bath shaker at 100 rpm and a constant temperature of 37 °C. At designated time points (0, 0.5, 1, 2, 4, 6, 12, 18, 24, 36, 48, and 72 h), 1 mL of release medium was sampled and replaced with an equivalent volume of fresh medium. Samples were detected by HPLC, the cumulative drug release (%) was calculated as follows:

where Mt is the cumulative release amount of the drug at time t, M0 is the initial amount of loaded drug.
In addition, drug release from HCPC/DEX in the presence of 1 mmol/L H2O2 or acidic condition was also carried out to study the responsive drug release in activated macrophages.
1.11 Stability study
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The stability study of HCPC/DEX was conducted by detecting particle sizes or polydispersity index (PDI): (1) 50 mL of HCPC/DEX solution was incubated at 4°C or 37°C for 7 d, at designated time points (1, 2, 3, 4, 5, 6, and 7 d), 2 mL of solution was sampled and detected by Zetasizer Nano ZS90 to study the in vitro stability of HCPC/DEX; (2) 500 mg of HCPC/DEX sample was stored at room temperature or 37°C for 90 d, at designated time points (0, 15, 30, 45, 60, 75, and 90 d), 50 mg of HCPC/DEX was sampled and dispersed in deionized water to study the storage stability of HCPC/DEX; (3) A known concentration of HCPC/DEX solution was diluted with deionized water for different times. The particle sizes of the diluted solutions were detected to study the effects of dilution on the stability of HCPC/DEX; (4) A known concentration of HCPC/DEX solution was diluted with PBS (pH 7.4) containing 10% fetal bovine serum (FBS) for 10 times. The diluted solution was incubated at 37°C for 72 h, at designated time points (0, 6, 12, 24, 48, and 72 h) particle sizes of the solutions were detected to study the effects of protein adsorption on the stability of HCPC/DEX.
1.12 Cytotoxicity evaluation and hemolysis test
RAW 264.7, Caco-2 and C28/I2 cells were cultured in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin and maintained under a humidified atmosphere containing 5% CO2 at 37°C. Cytotoxicity of HCPC was evaluated by MTT assay, typically, RAW 264.7 cells were seeded into 96-well plates at 2 × 104 per well and cultured overnight. The medium was removed, and fresh medium with different concentrations of HCPC was added to each well. After 48 h, the medium was replaced with 200 μL of MTT containing medium and incubated for 6 h. 150 μL of DMSO was added and the absorbance at 490 nm was measured. The relative cell viability (%) was calculated as follows:

where ODt is the absorbance of HCPC treated group, ODb is the absorbance of blank group, ODc is the absorbance of the control group.
Blood was collected in heparinized tubes from SD rats and centrifuged at 12000 g for 15 min under 4°C. The supernatant was discarded and the pellet was washed 5 times with cold physiological saline to obtain rat red blood cells (RBCs). Saline with different concentrations of HCPC was added to the RBCs and incubated at 37°C for 2 h in a shaking water bath. After centrifuging at 1000 g for 10 min, the supernatant was collected and the absorbance at 541 nm was determined by UV-vis spectrophotometer. 0.2% Triton X-100 was used as a positive control. And saline without HCPC was served as a negative control. The hemolytic ratio (%) was calculated as follows:

where ODs is the absorbance of sample, ODn is the absorbance of negative control, ODp is the absorbance of positive control.
1.13 Cellular uptake study and effects on the expression of proinflammatory cytokines
Caco-2, RAW 264.7 and C28/I2 cells were induced by 1 μg/mL of LPS for 24 h to simulate cells at inflammatory sites. After culturing overnight, a medium with 200 μg/mL of HCPC was incubated with RAW 264.7, Caco-2, or C28/I2 cells for 12 h. Then the medium was removed and the cells were washed 3 times with cold PBS, fluorescence images of cells under different excitation wavelengths were observed by a confocal laser scanning microscope (CLSM).
To observe the activated macrophage targeting of HCPC, normal macrophages, activated macrophages, and CD44 receptor blocked macrophages were cultured. The activated macrophages were induced by 1 μg/mL of LPS for 24 h, and 5 μg/mL of anti-CD44 monoclonal antibody (CD44 mAb) was incubated with activated macrophages to obtain CD44 receptor blocked macrophages. Then 100 μg/mL of HCPC or CPC were incubated with cells for 2 h, after washing the cells with PBS 3 times, the fluorescence images were observed by fluorescence microscope.
To study the distribution of HCPC after cellular uptake, 200 μg/mL of HCPC was incubated with Caco-2 cells for 12 h, after washing with PBS 3 times, the cells were fixed with 4% paraformaldehyde. The nuclei of fixed cells were stained with 4'-6-Diamidino-2-phenylindole (DAPI), after that, the fluorescence images were observed by CLSM.
The process of intracellular drug release from NPs could be simulated by treating LPS induced C28/I2 cells with HCPC/IR780. 100 μg/mL of HCPC/IR780 was incubated with LPS induced C28/I2 cells for different times, after washing the cells with PBS 3 times, the fluorescence images were observed by CLSM.
The effects of HCPC/DEX on the expression of main proinflammatory cytokines in the supernatant of activated macrophages were evaluated by using an enzyme-linked immunosorbent assay (ELISA) method. Typically, RAW 264.7 cells were seeded into 12-well plates at 3 × 105 per well and cultured overnight. The activated macrophages were induced by 1 μg/mL of LPS and treated with HCPC/DEX (equivalent to 5 μg/mL of DEX). After that, the cytokine concentrations in the cell culture supernatant were determined according to ELISA kit instructions.
1.14 Establishment of the adjuvant-induced arthritis rat model
The SD rats were injected intradermally at the tail base with 100 μL of CFA (M. tuberculosis H-37Ra 1 mg/mL) on Day 0. On Day 7, rats were given booster immunization of 100 μg CFA. Then the therapeutic agents were given via tail vein injection every three days from Day 15. The progress of the joint inflammation and swelling was monitored every other day.
1.15 Biodistribution
Normal or AA rats were injected intravenously with free IR780, CPC/IR780, or HCPC/IR780 solutions (equivalent to 200 μg/kg of IR780, n = 3). Meanwhile, saline was injected to control rats. At 2, 6, and 24 h after administration, rats were anesthetized and the biodistribution of IR780 was observed using an IVIS Spectrum living imaging system. Then the rats were sacrificed immediately and the major organs were collected, including heart, liver, spleen, lung, kidney, and hind paws, for ex vivo imaging.
1.16 Therapeutic efficacy evaluation in AA rats
AA rats were randomly divided into four groups (n=6), which were injected intravenously with saline, free DEX, CPC/DEX, and HCPC/DEX (equivalent to 1 mg/kg of DEX) via the tail vein on Day 15, 18, 21, 24, and 27 after the first immunization, respectively. And six untreated normal rats were served as a control group. Subsequently, the paw thickness, arthritis index (AI), and photographs of hind paws were measured every other day from Day 15. The paw thickness was measured using a vernier caliper and the measurement site was kept consistent in each rat.  For the AI evaluation, the AI score is the sum of the four paws (the maximum score is 16). The evaluated paws were scored from 0 as the lowest to 4 as the highest according to the following scale: score 0 as normal with no erythema and swelling, score 1 as erythema and mild swelling, score 2 as mild swelling and erythema extending from the ankle to the tarsals, score 3 as moderate swelling and erythema extending from the ankle to the metatarsophalangeal joints, and score 4 as severe swelling extending from the ankle to the digits and resulting in ankylosis and loss of joint movement. All data were measured and recorded by two independent experimenters. In addition, the body weight of the rats was recorded every other day from Day 0.
On Day 30 after the first immunization, animals were sacrificed and the hind paw ankle joints were dissected from rats. After fixing in 4% paraformaldehyde for 48 h, the ankle joints were scanned using a Zeiss Xradia520 Versa micro-CT system (Germany). The visual 3D images were reconstructed using VGStudio MAX 3.0 software. To obtain quantitative results of different groups, choosing a 1.2 × 1.2 × 1.2 mm trabecular region of the distal end of tibia as the region of interest for micro-CT analysis. The morphometric parameters including bone volume fraction (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), and bone mineral density (BMD) were calculated by Mimics and ABAQUS software.
For histological analysis, dissected hind paws were fixed in 4% paraformaldehyde for 48 h and decalcified completely by incubation in 10% neutral EDTA solution for 40 days at 25°C. Decalcified hind paws were embedded in paraffin. Sections (4 μm) were stained with hematoxylin-eosin (H&E) and SafraninO-Fast Green (SOFG) according to standard methods. The images of sections were obtained with an optical microscope.
On Day 30 after the first immunization, animals were sacrificed, and blood and synovium were collected from rats in each group. Serum and synovial tissue homogenate were prepared to determine the proinflammatory cytokine levels of TNF-α, IL-1β, and IL-6 using ELISA-specific quantification kits (Beyotime Biotechnology, Shanghai, China) according to the manufacturer's instructions.
1.17 Safety evaluation
Normal rats were injected intravenously with HCPC/DEX according to the method described above (intravenously inject HCPC/DEX including 1 mg/kg of DEX every 3 days for 5 times) for safety evaluation, and normal rats injected intravenously with saline were used as a control group. Animals were sacrificed and the major organs and serum were collected on the third day after the last administration. The alanine aminotransferase (ALT), aspartate transaminase (AST) creatinine (Cr), and blood urea nitrogen (BUN) in serum were measured according to ELISA kit instructions (Nanjing Jiancheng Bioengineering Institute, China). The major organs were washed with saline, weighed dry weight, and compared with body weight to calculate organ indexes. After that, the major organs were fixed with 4% paraformaldehyde and subjected to H&E staining. The safety of HCPC/DEX was evaluated by comparing the results of the HCPC/DEX group and the control group.
1.18 Statistical analysis
Statistical analyses are performed with SPSS Version 20.0 (IBM Corporation, USA). Experiments have at least three replications and all data with normal distribution are presented as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) followed by the Fisher’s least significant difference test is performed. P < 0.05 is considered to be statistically significant.
2. Supporting Figures
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Figure S1. Synthetic process of CP
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Figure S2. Synthetic process of CPC
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Figure S3. Synthetic process of HCPC
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Figure S4. Zeta potential of (a) CDs, (b) CP, (c) CPC, and (d) HCPC measured by Malvern Nano Zetasizer ZS 90.
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Figure S5. UV-vis absorption spectrum of DEX.
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Figure S6. Standard curve and regression equation of DEX analysis by HPLC methods. Data are shown as mean ± SD, n = 5.
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Figure S7. Specificity of HPLC method for DEX analysis. HPLC chromatograms of (a) blank HCPC NPs, (b) DEX, (c) blank HCPC NPs + DEX, and (d) HCPC/DEX NPs solution.
Table S1. The precision of HPLC method for DEX analysis. Data are shown as mean ± SD, n = 5.
	Concentration
	Intra-day precision
	Inter-day precision

	(μg/mL)
	Mean ± SD
	RSD (%)
	Mean ± SD
	RSD (%)

	1
	1.01 ± 0.02
	2.35
	1.02 ± 0.03
	3.24

	10
	10.17 ± 0.16
	1.58
	10.30 ± 0.25
	2.45

	100
	100.52 ± 0.41
	0.42
	101.29 ± 0.83
	0.82


Table S2. The average recovery of HPLC method for DEX analysis. Data are shown as mean ± SD, n = 5.
	Concentration
	Adding sample
	Mean ± SD
	Recovery
	RSD

	(μg/mL)
	(%)
	(μg/mL)
	(%)
	(%)

	1
	80
	1.83 ± 0.03
	103.75 ± 3.75
	3.62

	
	100
	1.99 ± 0.04
	99.06 ± 3.96
	4.02

	
	120
	2.22 ± 0.04
	101.67 ± 3.32
	3.28

	10
	80
	18.03 ± 0.19
	100.38 ± 2.38
	2.37

	
	100
	20.10 ±0.22
	101.01 ± 2.20
	2.18

	
	120
	22.06 ± 0.23
	100.48 ± 1.92
	1.91

	100
	80
	179.89 ± 1.89
	99.86 ± 2.36
	2.37

	
	100
	200.56 ± 1.78
	100.56 ± 1.78
	1.77

	
	120
	220.64 ± 1.66
	100.53 ± 1.38
	1.37
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Figure S8. Storage stability of HCPC/DEX NPs. (a) Particle size and (b) PDI of HCPC/DEX NPs stored under 4°C or room temperature environment for different times. Data are shown as mean ± SD, n = 3.
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Figure S9. Dilution stability of HCPC/DEX NPs in saline. Data are shown as mean ± SD, n = 3.
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Figure S10. Protein adsorption of HCPC/DEX NPs in 10% FBS. Data are shown as mean ± SD, n = 3.
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Figure S11. Enhanced in vivo biodistribution of HCPC/IR780 NPs in normal rats at 2 h after administration.
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Figure S12. The expression levels of proinflammatory cytokines in serum, including (a) TNF-α, (b) IL-1β, and (c) IL-6. Data are shown as mean ± SD, n = 6, *P < 0.05，**P < 0.01 vs. AA group.
Table S3. Effects of HCPC/DEX NPs on the blood biochemical indexes of normal rats at Day 30. Data are shown as mean ± SD, n = 6.
	Groups
	ALT (U/L)
	AST (U/L)
	Cr (μM)
	BUN (mM)

	Control
	43.2 ± 7.3
	93.5 ± 11.8
	66.8 ± 8.9
	6.31 ± 0.96

	HCPC/DEX
	45.8 ± 8.7
	88.2 ± 15.5
	68.3 ± 10.3
	6.58 ± 1.19
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