Supplementary materials

Experimental part:
S1. Synthesis of surface modified SPIONs 
SPIONs stabilized with cationic derivative of chitosan, CCh, (SPION/CCh) were obtained by co-precipitation of iron (II) and iron (III) oxides in the presence of ammonia under anaerobic conditions (1). CCh was dissolved in 0.1 M sodium chloride solution (3 g/L). 0.324 g of iron (III) chloride hexahydrate and 0.118 g of iron (II) chloride tetrahydrate (weight ratio 2:1) were then added to the 100 ml of prepared polymer solution. The mixture was sonicated in an ultrasonic bath (Sonic-3, POLSONIC; pulse every 5 seconds, ultrasonic power 160 W, frequency 40 Hz), while constantly purged with argon for 10 min 10 ml of 5 M ammonium solution was then added dropwise. The resulting mixture was then kept in the ice bath in order to maintain the temperature below 25 oC for 30 min. The precipitated nanoparticles were then purified on a magnetic separator column using deionized water and stored at room temperature. 

S2. Preparation of tosylated SPION/CCh  
[bookmark: _Hlk68964378]The surface of SPION/CCh was further modified by introducing tosyl groups (2). 10 ml of the obtained aqueous suspension of the nanoparticles was sonicated for 5 min and then the larger, aggregated particles were eliminated using syringe filter (pores 0.45 m, PES). 0.66 g of p-toluenesulfonyl chloride was dissolved in 20 ml of pyridine. SPION/CCh were placed in an ice bath and purged with argon for 10 min under stirring. After this time, the previously prepared solution of p-toluenesulfonyl chloride was added dropwise, the gas supply was cut off and the mixture (water: pyridine 1:2 v/v) was left first in an ice bath for 2 h and then at room temperature for another 2 h. The obtained, surface-modified nanoparticles (SPION/CCh/Ts) were purified on a magnetic separator column first with 0.1 M hydrochloric acid and then with deionized water and stored at room temperature.

S3. Determination of iron concentration in SPION/CCh/Ts and SPION/CCh/N-cad samples
The concentration of iron in all SPION samples studied was determined using colorimetric method. 0.1 mL of 3 M hydrochloric acid was added to 0.5 mL of SPION sample, and the suspension was left for 24 h to allow all the nanoparticles to dissolve. 4.2 mg of ascorbic acid was then added, and the sample was left for another 24 h to allow for a complete reduction of Fe3+ to Fe2+. The resulting solution was diluted 100 times. 2 ml of this solution was next mixed with 1 mL of 0.1 M 1,10- phenanthroline solution and the sample was left for 1 h in the dark to allow the complex between Fe2+ and 1,10-phenantroline to be formed. The absorbance of the solution was then measured at 512 nm. The concentration of iron was calculated based on the previously obtained calibration curve. 

S4. Determination of the amount of anti N-cadherin antibody attached to the surface of SPION/CCh
The amount of attached N-cadherin antibody was determined by immunostaining with the secondary antibody labelled with fluorescent probe (Northern Lights NL557®). 0.25 mL of SPION/CCh/N-cad was suspended in 1 mL of filtered borate buffer and 10 L of the secondary antibody solution (c = 1 mg/mL) was added. The sample was incubated at 37 oC for 1 hour with a continuous agitation (100 rpm). After that time, the sample was centrifuged (20 min, 10000 rpm, 25 oC), and the supernatant was exchanged with the fresh borate buffer. The centrifugation and supernatant exchange steps were repeated three times to remove completely the unbound secondary antibody (the removal was controlled by measuring fluorescence). A fluorescence spectrum of the suspension was then measured. The amount of anti N-cadherin antibody was determined based on the previously obtained calibration curve, shown in Figure S2A. 

S5. Modification of SPION/CCh/Ts with FITC for flow cytometry measurements
The purified SPION/CCh/Ts were fluorescently labeled by attaching fluorescein isothiocyanate (FITC) to their polymeric surface (3). 1 mL of the FITC solution in methanol (2 mg/mL) was added to 4 mL of the colloid. The mixture was then protected from the light and left for 6 h at room temperature. After the allotted time, the mixture was transferred to a dialysis tubing (cellulose membrane,14 kDa, Sigma Aldrich) and dialyzed against a water: ethanol mixture (1: 1 v/v) for two days. Purified, labeled nanoparticles were then stored at room temperature.

S6. Magnetic properties of SPION/CCh/N-cad 
The research was carried out on dried SPION/CCh/N-cad obtained by lyophilization of 2 mL of the colloid. 57Fe Mössbauer measurements have been carried out in the transmission mode with a constant acceleration spectrometer (manufactured by “Elektronika Jądrowa” Kraków), at room temperature. A source of 10 mCi 57Co in a rhodium matrix has been used. The measurements of magnetic susceptibility have been performed with the Vibrating Sample Magnetometer option of the Quantum Design Physical Property Measurement System. The measurements were done in the Zero Field Cooling – Field Cooling (ZFC-FC) mode at the temperature range from 300 K down to 4 K.  Also, magnetization loops have been taken at selected temperatures in the magnetic field range from -90 to 90 kOe.

S7. Cell cultures and protein analysis
Human prostate cell lines (American Type Culture Collection—ATCC, Manassas, Virginia, USA)— LNCaP (androgen-dependent cell line derived from lymph nodes metastasis), PC-3 (androgen independent cell line derived from bone metastasis) and DU 145 (androgen-independent cell line derived from brain metastasis). Cells were cultured in supplemented RPMI 1640 medium with 10 % (v/v) of FBS in the incubator (37 ºC, 90 % humidity with 5 % CO2) according to previously described procedure (4). All cell lines are tested for mycoplasma infection by PCR.
In order to verify the level of N-cadherin and E-cadherin in the three cell lines used in our studies the protein expression analysis was performed. Prostate cancer cells: PC-3, DU 145 and LNCaP were seeded in 6-well plate at 950000 cells/ well and incubated for 24 h in RPMI-1640 medium with addition of 10% FBS. After that, cells were lysed using solubilizer. Cell lysates were heated to 95oC for 5 minutes, sonicated with a homogenizer (pulse sonication for 10 seconds) and purified using centrifugation. Total amount of proteins was calculated using QubitTM fluorometer and protocol. Protein analysis was performed using Western Blot method. Lysates from each cell line were measured in triplicate. The first step was electrophoresis of 20 μg of lysates placed on 10% Tris-Glycine gel. Next, probes were transferred on PVDF membranes. After that, membranes were blocked with 5% milk in TBS/Tween for 1 hour at room temperature and then incubated with primary antibodies overnight at 4oC. Next day, membranes were purified, incubated with HRP-conjugated secondary antibodies, and visualized using Bio-Rad ChemiDocTM. Images were prepared using Image Lab program.

S8. Cytotoxicity of SPION/CCh/N-cad system toward PC-3 cell line
PC-3 cells were seeded into 96-well cell culture plates at 45000 cell/well. After 24 h the medium was replaced with 100 L of the fresh one containing SPION/CCh/N-cad at various concentrations. The MTT assay was performed after 1 hour of incubation with nanoparticles. 5 L of MTT solution (5 mg/mL in PBS) was added into each well. Cell culture plate was incubated for 3 h under culture conditions. After that time, 50 L of lysis buffer (10 % SDS in 0.01 M HCl) was added, and plates were further incubated overnight. The absorbance was then measured for each well at 570 nm using ELISA plate reader (Synergy HT, BIO-TEK, USA). The Alamar Blue test was also performed after incubating the cells with nanoparticles for 1 hour. 10 µL of Alamar Blue solution (0.015 % solution in PBS) was added to each well and the plate was stored in culture conditions for 3 h. The supernatant solution was next transferred to a new cell culture plate and the absorbance was measured at 570 nm using ELISA plate reader. The data were analyzed using KC4 Software.

Results
S9. ATR-FTIR studies of SPION/CCh/Ts and SPION/CCh/N-cad systems
FTIR spectra of SPION/CCh/Ts and SPION/CCh/N-cad are presented in Figure S1. The bands characteristic for the tosyl group were identified in the spectrum of SPION/CCh/Tos: the band at 1328 cm-1 corresponding to the –SO2 asymmetric stretching vibrations and the band at 1208 cm-1 characteristic for symmetrical SO2 stretching vibrations. The strong band at 1033 cm-1 corresponds to the pyranose unit of chitosan, the bands at 1403 cm-1 and 1453 cm-1 can be assigned to C-H asymmetric deformation vibrations of acetyl and backbone groups of chitosan, respectively; the band at 844 cm-1 originates from the C-H deformation vibration of pyranose ring characteristic for carbohydrates. The band with maximum at 3250 cm-1 corresponds to the N-H and O-H groups stretching and the band at 2929 cm-1 corresponds to C-H bonds symmetric stretching in chitosan structure. The band at 1631 cm-1 could be identified as the deformation vibrations of the -OH groups of chitosan. Thus, the successful modification of the surface of SPION/CCh with tosyl groups was confirmed.  

[image: ]
Figure S1. The ATR-FTIR spectra of A - SPION/CCh/Ts, B - SPION/CCh/N-cad

The ATR-FTIR spectrum of lyophilized SPION/CCh/N-cad colloid (Figure S1B) shows significant differences in comparison with SPION/CCh/Ts. The bands of the moderate intensity, characteristic for tosyl groups at 1328 cm-1 and 1208 cm-1 disappeared. The bands previously ascribed to chitosan are less visible, as the spectrum is dominated by the bands from the attached antibodies: 1325 cm-1 (C-N stretching vibrations of primary and secondary aromatic amines), 1578 cm-1 (amide II), 1656 cm-1 (amide I) and a very broad, strong band with maximum at 3274 cm-1 (a superposition of amide A and B and N-H and O-H groups vibrations). 

S10. Determination of the amount of antibody attached to the surface of SPION/CCh
The amount of attached antibody was determined based on the fluorescence spectrum of the labeled secondary antibody used to immunostaining (Figure S2B). To calculate the amount of antibody, a calibration curve was made for a secondary antibody suspended in borate buffer over a concentration range of 0.5 to 5 µg/mL. The excitation wavelength was 520 nm while the maximum fluorescence was observed at 565 nm. The sample of SPION/CCh/N-cad (200 µL) was five-fold diluted with borate buffer and then incubated with addition of 5 µL of secondary antibody for 1 h at 37 oC.

[image: ]
Figure S2. A) Calibration curve used to determine the amount of anti N-cadherin antibody; B) Emission spectrum of SPION/CCh/N-cad with attached secondary antibody



S11.  Magnetic characterization of SPION/CCh/N-cad
The Mössbauer spectrum of dried SPION/CCh/N-cad sample presented in Figure S3, consists of a sextet of broad lines and shows a characteristic broadening of the lines towards the center of the spectrum. This effect is a signature of the relaxational character of the magnetically split spectrum (5), which proves clearly superparamagnetic character of the SPION/CCh/N-cad nanoparticles studied, unperturbed by the modification.
[image: ]
[bookmark: _Hlk68721866]Figure S3. 57Fe Moessbauer spectrum of SPION/CCh/N-cad at room temperature

The ZFC and FC temperature dependencies of the magnetic susceptibility of dried SPION/CCh/N-cad sample are presented in Figure S4.  The curves overlap in the temperature range between 200 and 300 K and depart below 200 K, which indicates, that the blocking temperature of the superparamagnetic fluctuations is of 200 K.
[image: ]
Figure S4. Temperature dependencies of the magnetic susceptibility of SPION/CCh/N-cad taken in the ZFC mode (blue squares) and FC mode (wine triangles)

The dependencies of the specific magnetization on the applied magnetic field of dried SPION/CCh/N-cad sample are shown in Figure S5 for selected temperatures.  
[image: ]
Figure S5. Magnetic field dependencies of the magnetization of SPION/CCh/N-cad at selected temperatures. The inset shows a zoom along the horizontal axis at the origin.
The curves for the temperatures below 200 K show a hysteresis (see insert in Fig.S5) and their coercive field increases on decreasing temperature. This confirms the observation made for the ZFC-FC magnetic susceptibility dependencies, that the superparamagnetic blocking temperature is about 200 K.  At all the temperatures the curves show saturation, which is achieved at the fields of some kOe.  The saturation values slightly exceed 1 emu/g and increase on decreasing temperature, as expected.  The magnitude of the magnetic field acting on the suspensions of SPION/CCh/N-cad in the cuvette of the magnetic separator system was spatially varying from 3 kOe to 20 kOe.  This produces more than a half of the saturation magnetization of the nanoparticles (see Figure S5) and, thus, provides a suitable magnetic force enabling their effective capture. 

S12. Verification of N-cadherin and E-cadherin levels for the cancer cell lines studied.
The results of the studies on the level of N-cadherin and E-cadherin present on the three cell lines are presented in Figure S6.
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Figure S6. Results of the N-cadherin and E-cadherin expression in the studied cell lines

[bookmark: _Hlk80380437]The obtained results have confirmed that the level of N-cadherin is highest for the PC-3 cells, lower for DU 145 and no N-cadherin was observed for LNCaP cell line. For E-cadherin the tendency was reversed.
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