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SUPPLEMENTARY MATERIALS AND METHODS

Synthesis of Acetalated Dextran (AcDEX). 

AcDEX (Figure S1) was synthesized as described elsewhere.1 Briefly, 1 g of dextran (MW: 9000-

11000 kDa, Sigma-Aldrich USA) was dissolved in 10 mL of dimethylsulfoxide (DMSO, Sigma-

Aldrich USA). Then 15.6 mg of pyridinium p-toluenesulfonate (Fluka, Assay≥99.0%) were added as 

a catalyst, followed by 3.4 mL of 2-methoxypropene(Sigma-Aldrich USA). After 2h the reaction was 

stopped with 1 mL of triethylamine (TEA, Sigma-Aldrich USA), and the product was precipitated 

with Milli-Q water, then centrifuged (35min, 154,324 g, Optima L-100 XP Ultracentrifuge, Beckman 

Coulter). The pellet was washed twice with Milli-Q water and dried by lyophilization (CoolSafe, 

Scanvac) overnight.
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Figure S1. Chemical structures of dextran and AcDEX.

Isolation of Human Tenocytes from Human Extensor Indicis

The tendon sample was taken after surgery on a 58-year-old patient due to the rupture of the extensor 

pollicis longus tendon: the sample is derived from the extensor indicis proprius. The isolation of 

tenocytes was performed using the collagenase method. The tendon was collected in sterile PBS and 

then all the surrounding tissue sheath was removed using scissors and forceps. The tissue was washed 

once with PBS, then minced in small pieces (around 5  4 mm) and digested for 4 h in 20 mL of 

DMEM supplemented with 2 mg/mL of collagenase II at 37 °C.2 Then cells were filtered with a 70 

m cell strainer and centrifuged at 400  g for 10 min. Tenocytes were resuspended in the growth 

medium and attached to a cell culture flask.

Patient’s recruitment, participation, and sample collection were obtained after receipt of a signed 

informed consent, approved by the Helsinki and Uusimaa Hospital District ethics committee 

(HUS/2785/2020) and by the institutional review board (HUS/234/2020).
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Quantitative Uptake on KG-1 Macrophages (M0 and M1 phenotypes)

KG-1 macrophages (M0) were seeded into a 12-well plate (Corning, USA) at a density of 2  105 per 

well and then incubated with 50 g/mL of particles (Drug-Loaded and TA-coated NPs), 1.4 g/mL 

of curcumin and complete medium as a negative control for 3 h. After incubation, cells were 

centrifuged (438g, 5 min), washed twice with PBSEDTA, and collected in 500 L of PBS in flow 

cytometry tubes (Falcon, Corning Brand). The uptake was evaluated by BD Accuri C6 Plus (BD, 

USA) flow cytometer. To quench the external fluorescence of curcumin, 500 L of trypan blue (TB; 

0.005% (v/v), Gibco USA) were added for 5 min and then samples were resuspended in 300 L of 

PBSEDTA after centrifugation (5min, 448g). The results were analyzed with FlowJoTM software 

v.10 (Tree Star, Inc., USA). To activate KG-1 to the phenotype M1, 2  105 cells were seeded into a 

12-wells plate and treated with a solution of lipopolysaccharide (LPS) 100 ng/mL for 24h. Then 

quantitative uptake of NPs was performed as described above. To confirm the switching of phenotype 

in macrophages, from M0 to M1, the expression of the costimulatory marker CD86 was measured 

after the treatment with LPS. The cells were centrifuged and stained with CD86-APC antibody (BD, 

Bioscience, USA - Lot.9179092 ), washed twice with PBS, and analyzed by BD Accuri C6 Plus (BD, 

USA) flow cytometer.
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Supplementary Data

Table S1. Optimization of the flow rates and the speed of stirring used for the preparation of AcDEX 
NPs.

AcDEX curcumin flow rate 

inner 

phase

flow rate 

outer 

phase

speed of 

stirring

size PDI

10 mg/mL / 1 mL/hr 30 mL/hr 500 rpm 436.6 ± 3.4 0.47 ± 0.01

10 mg/mL / 1 mL/hr 70 mL/hr 800 rpm 352.7 ± 

13.5

0.12 ± 0.06

10 mg/mL / 1 mL/hr 60 mL/hr 800 rpm 191.2 ± 

21.9

0.19 ± 0.07

10 mg/mL 0.5 mg/mL 1 mL/hr 60 mL/hr 800 rpm 257.1 ± 

33.7

0.18 ± 0.05

A B

Figure S2. TEM images for the morphological structure of the particles before (A)  and after (B) the 

TA-Coating. Scale bar = 2 µm.  
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Figure S3. Evaluation of drug-release profile in sink conditions of curcumin from Drug-Loaded and 

TA-Coated NPs in synovial-mimicking fluid at (A) pH 5.5 and (B) pH 7.4, kept at 37°C and under 

stirring at 300 rpm up to 2 h. Results are presented as mean ± s.d. (n  3).

Table S2. Loading degree (LD%) and efficiency of encapsulation (EE%) for Drug-Loaded and TA-

Coated NPs.

Formulation LD % EE %

Drug-Loaded NPs 4.3  0.5 56.0  4.4

TA-Coated NPs 2.8  0.2 40.7  5.5
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Figure S4. Cytocompatibility of TA and iron on (A) human tenocytes and on (B) KG-1 (M0) ( after 

24 h of incubation. Cell culture media and Triton-X 100 (1%) represented negative and positive 

control, respectively. The data are represented as the concentration of TA and iron present in 50 g 

(TA: 12.4 g and iron:1.6 g), 100 g (TA: 24.8 g and iron:2.24 g), 250 g (TA: 62 g and iron:5.6 

g) and 500 g (TA: 124 g and iron:11.2 g) of TA-coated NPs. Results are presented as mean ± 

s.d. (n = 3) and the samples were analyzed with Ordinary one-way ANOVA, followed by a Dunnett 

post hoc test, setting the probabilities at **p < 0.01,*** p < 0.001, and ****p < 0.0001. 
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Studies of the mechanism of the quantitative uptake.

Table S3. Compounds used to inhibit the different mechanisms of endocytosis.

Compound Mechanism Inhibited

Nocodazole

( MedChem Express, MCE®)

20 M

Actin polarization/depolarization3

Genistein

(Sigma-Aldrich, USA)

400 M

Caveolin-mediated endocytosis4

Sucrose

(Sigma-Aldrich, USA)

225 mM

Clathrin-mediated endocytosis5

3-methyl--cyclodextrin

(Sigma-Aldrich, USA)

2 mM

Cholesterol-dependent endocytosis6

Sodium azide

(Sigma-Aldrich, USA)

100 mM

Active transport7

Table S4. Different concentrations used to check the cell-cytotoxicity of the uptake inhibitors in 

human tenocytes.

Compound Low concentration Medium 

concentration

High concentration

Nocodazole 10 M 20 M 40 M

Genistein 200 M 400 M 800 m

Sucrose 225 mM 450 mM 900 mM

3-methyl--

cyclodextrin

1 mM 2 mM 4 mM

Sodium azide 50 mM 100 mM 200 mM
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Figure S5. Quantitative cell uptake studies on (A) KG-1 macrophages (M0) and (B) KG-1 

macrophages activated (M1). The cells were incubated for 3 h with curcumin, Drug-Loaded, and TA-

Coated NPs and then the samples were analyzed by flow cytometer. Results are presented as mean ± 

s.d. (n = 3) and the samples were analyzed with Ordinary one-way ANOVA, followed by a Dunnett 

post hoc test, setting the probabilities *p < 0.05 and ****p < 0.0001, comparing all the samples to 

the curcumin.
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Figure S6. Percentage of KG-1 cells presenting CD86 after 24h. The cells were incubated with 100 

ng/mL of LPS and then stained with APC-antihuman CD86 antibody. Results are presented as mean 

± s.d. (n = 3) and the samples were analyzed with Ordinary one-way ANOVA, followed by a Dunnett 

post hoc test, setting the probabilities *p < 0.05, comparing M0 to M1.
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Figure S7. Cytocompatibility of cell-uptake inhibitors after 4 h of incubation on human tenocytes. 

Cell culture media and Triton-X 100 (1%) represented negative and positive control, respectively. 

Results are presented as mean ± s.d. (n = 3) and the samples were analyzed with Ordinary one-way 

ANOVA, followed by a Dunnett post hoc test, setting the probabilities at **p < 0.01. 
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Scheme 1. Gatings for the flow cytometry study of cell-NPs interaction in human tenocytes.

Scheme 2. Gatings for the flow cytometry study of cell-NPs interaction in KG-1.

Scheme 3. Gatings for the flow cytometry study of the expressed marker CD86 in KG-1 after 

treatment with LPS and switching of phenotype from M1 to M2. 
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