Dual-targeted hybrid nanoparticles of synergistic drugs for treating lung metastasis of triple negative breast cancer 
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S1. Materials and Methods:
S1.1 Materials 
Myristic acid, poly(ethylene glycol)-100-stearate (Myrj59, PEG100SA), poly(ethylene glycol)-40-stearate (PEG40SA), and all other chemicals, unless otherwise mentioned, were purchased from Sigma-Aldrich Canada (Oakville, ON, Canada). Mitomycin C and doxorubicin HCl were purchased from Polymed Therapeutics (Houston, TX, USA). Hydrolyzed polymers of epoxidized soybean oil (HPESO) were a gift from Drs. Z. Liu and S. Erhan (Food and Drug Administration, Washington, DC, USA). Pluronic F68 (PF68) (non-ionic block copolymer) was a kind gift from BASF Corp. (Florham Park, NJ, USA). cRGDfK was purchased from Peptides International (Louisville, KY, USA) and used without modification. Centrifugal Filter Unit (0.1 µm) was purchased from Millipore (Etobicoke, ON, Canada). All cell culture plastic ware was purchased from Sarstedt (Montreal, QC, Canada). Cell culture medium, Alpha Modified Eagle Medium (αMEM), and phosphate buffered saline (PBS) were obtained from Tissue Culture Media Facility, Ontario Cancer Institute (Toronto, ON, Canada). Fetal bovine serum (FBS) and trypsin were purchased from Invitrogen, Inc. (Burlington, ON, Canada). D-luciferin was purchased from Cayman Chemical (Ann Arbor, MI, USA). Tissue-Tek optimal cutting temperature compound (OCT) was purchased from Sakra Finetek (Torrance, CA, USA). Anti-Mouse CD31 was purchased from BD bioscience (San Jose, CA, USA). Alexa Fluor® 647 conjugated Secondary Antibody was purchased from Thermo Fisher Scientific (Waltham, MA, USA). Hematoxylin was purchased from Leica Biosystems (Concord, ON, Canada). Eosin was purchased from Fisher Scientific (Ottawa, ON, Canada) Human breast cancer MDA-MB 231-luc-D3H2LN cells were purchased from Caliper Life Sciences (Hopkinton, MA, USA) and was confirmed to be pathogen free by the supplier using IMPACT Profile I (PCR). Female SCID mice were purchased from and housed in Ontario Cancer Institute (Toronto, ON, Canada). Irradiated mouse food was from Tecklad LM485 (Harland Tecklad, IN, USA). Ventilated microisolator cages were from Allentown Inc (Allentown, NJ, USA). ImageJ software was obtained from the National Institutes of Health (Washington, DC, USA). All studies in mice were performed in accordance with the guidelines and regulations of the Animal Care Committee at the University Health Network.
S1.2 Preparation and characterization of polymer lipid nanoparticles
To prepare DMPLN, 50 mg of myristic acid, 8 mg of Myrj52 (PEG40SA) and 4 mg Myrj59 (PEG100SA) were melted at 65°C. Under stirring, 4 mg of MMC was added to the molten fatty acid, followed by the addition of 50 μl of a 50 g/l solution of HPESO in DDI, 400 μl of a 12.5 mg/ml solution of DOX in DDI, 50 μl of 100 mg/ml PF68 was added and the emulsion was stirred at 65°C for 20 minutes followed by ultrasonification for 5 min (80% peak amplitude and 5 mm probe depth in the solution) using a Hielscher UP100H probe ultrasonicator (Hielscher USA, Inc. Ringwood NJ, USA). For the preparation of RGD-DMPLN, 100 μl of 0.44, 4.4 or 13.2 mg/ml Myrj59-cRGDfK was also added after the addition of PF68 to formulate NPs with low, medium and high RGD density, respectively. The RGD concentration was chosen based on a previous publication
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. The entire emulsion was immediately transferred into 5 ml of 0.9% saline solution being stirred on ice. Particle size and zeta potential were measured with Malvern Zetasizer Nano ZS (Worcestershire, UK). Immediately after formulation, the DMPLN suspension was centrifuged through a 0.1 µm filter unit (Millipore Ltd, Canada) to remove unencapsulated drugs and the drug in the filtrate was assayed spectrophotometrically at 540 nm for DOX and 364 nm for MMC. 
For the in vivo fluorescence investigation, the near infra-red fluorescent probe indocyanine green (ICG) was loaded into the NPs. 50 mg of myristic acid, 8 mg of Myrj56 (PEG40SA) and 4 mg Myrj59 (PEG100SA) were melted at 65 °C. Twenty-five µl of 0.1 M ICG dye in ethanol was added and stirred for 10 minutes. To prepare NPs with low, medium and high RGD density, 50 μl of 100 mg/ml PF68, 100 μL of 0.44, 4.4 or 13.2 mg/ml Myrj59-cRGDfK and 300 μl of distilled water were added, stirred for 20 min followed by ultrasonification for 5 min (80% peak amplitude and 5 mm probe depth in the solution). The entire emulsion was transferred to 5 ml of saline solution and stirred on ice for 5 min.

S1.3 Determination of drugs release from RGD-DMPLN

Five mL of RGD-DMPLN (Med) suspension or free DOX-MMC solution (1 mg/ml DOX and 0.8 mg/mL MMC) were encased in a dialysis tube with a 12,000 molecular weight cut-off (MWCO) (Spectrum Laboratories, Inc. Rancho Dominguez, California, USA) and then incubated in 300 mL of pH 7.4 phosphate buffer saline (PBS) at 37 (C. At various time points, 0.2 mL of release medium outside the dialysis tube was withdrawn. DOX and MMC concentrations were determined spectrophotometrically at 480 nm and 364 nm, respectively (Molecular Device LLC, Sunnyvale CA, USA), respectively.
S1.4 Quantification of RGD ligand on nanoparticles
To separate the unconjugated RGD peptide from RGD-PLN, 1.2 ml of RGD-PLN suspension were transferred to 0.1 m centrifugal filter units and centrifuged at 2292 g for 10 min. The unfiltered NP suspension was reconstituted to 1.2 ml. One ml of RGD-PLN suspension was added to 3 ml of 7 M [for RGD-PLN (low and med)] or 35 M [for RGD-PLN (High)] 9,10-phenanthrenequinone (Sigma-Aldrich Canada). The reagent 9,10-phenanthrenequinone (PTQ) was used to react with the arginine group in the RGD peptide to generate a highly fluorescent product 
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. To the sample and phenethrenequinone mixture, 0.5 ml of 2 M NaOH was added to start the reaction. After incubation for 1h at 37 degrees, 1 ml of 5 M HCl was added to stop the reaction and increase the fluorecent intensity of the reaction product. After quick vortex, 200 l of mixture was transferred to 96 well microplates. The fluorescence at 390 nm was measured using an excitation wavelength of 305 nm by SpectraMax Geminitm XS (Molecular Devices, Inc., Sunnyvale, CA, USA) fluorescent microtiter plate reader.
The estimated number of RGD-targeting ligands on the surface of each NP was calculated based on

                  NRGD = [image: image2.png]
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×εcoating ×NA        Eq. S1                                  

where NRGD is the number of RGD on each NP surface, mRGD is the total mass of RGD peptide added, MWRGD is the molecular weight of the RGD peptide, ρ is the density of the NP, r is the radius of the NP, mRGD-PLN is the total mass of RGD-PLN, εloading is the RGD coating efficiency determined from the fluorometric method and NA is the Avogadro’s number.
S1.5 Cell culture

Highly metastatic triple negative breast cancer MDA-MB 231-luc-D3H2LN cells were obtained from Caliper and were confirmed to be pathogen free by the supplier using IMPACT Profile I (PCR). These cells were passaged for less than 6 months following resuscitation. Cells were grown in growth medium of pH 7.2 alpha modified minimal essential supplemented with 10% FBS in a 37°C humidified incubator with 5% CO2. Cell doubling times were typically 24 h. Cells were trypsinized and subcultured at 10-fold dilution once they were confluent.
S1.6 In vitro morphology study
Seven thousand and five hundred MDA-MB-231-luc-D3H2LN cells were plated in vitronectin-coated 96-well plates overnight to allow attachment. Images of cells were taken before treatment. Four l of RGD-DMPLN, RGD peptide solution, DMPLN, free DOX and MMC (at equivalent DOX dose) or saline were added to each well. Images of cells were captured using an AMG EVOS FL fluorescence microscope (Thermo Fisher Scientific, Inc., Waltham, MA, USA) under 20X magnification at 37°C every 10 min for 1 h. The morphology of the cells was quantified by a shape factor ( that is calculated by the equation ( = 4πA/P2 where A and P are the area and the perimeter of the cell, respectively. The analysis was aided by ImageJ.
S1.7 MDA-MB-231-luc-D3H2LN bioluminescence standard curve
MDA-MB-231-luc-D3H2LN were trypsinized from the culture flask, and diluted to 400,000 cells/ml and  then serially diluted to 200,000, 100,000, 50,000, 25,000, 12,500, 6,250, 3,125, 1,563 and 782 cells/ml. 100 l of cell suspension was added to 96-well plate at 25 °C. After 15 min, 100 l of 1.5 mg/ml of D-luciferin was added to the cell suspension in each well. The bioluminescence was immediately measured by Xenogen IVIS Imaging System 100 (Caliper Life Sciences, Inc. Hopkinton, MA, USA). The data was fitted with GraphPad Prism software.
S1.8 Assessment of general, cardiac and hepatic toxicity
At day 7 following the treatment, cardiotoxicity was evaluated in metastases-bearing mice that were administered saline (n=3), free drugs (3 mg/kg, n=3), free drugs (10 mg/kg, n=3), DMPLN (10 and 15 mg/kg, n=3) and RGD-DMPLN (10 and 15 mg/kg, n=3). The hearts were resected, formalin fixed and routinely processed for haematoxylin and eosin (H&E) staining. Myocardial vacuolation was assessed for indication of cardiotoxicity. Serum was also sampled and assayed for cardiac troponin I (cTnI) levels using the mouse cardiac troponin I ELISA kit (Life Diagnostics, Inc. West Chester, PA, USA).
Hepatic toxicity was also examined on day 7 post treatment with saline, free drug (3 mg/kg), DMPLN (10 mg/kg) or RGD-DMPLN (10 mg/kg) (n=3/group). Blood was collected and livers were excised, formalin fixed for histological sectioning and sections stained with H&E stain. Liver toxicity was evaluated based on the presence or absence of hepatocellular vacuolation.  Alanine transaminase (ALT) levels in serum were assayed using Infinity ALT (GPT) Liquid Stable Reagent (Thermo Scientific, Waltham, MA, USA).

S1.9 Statistical Analysis

Results are presented as mean ± standard deviation (SD) or standard error of mean (SEM). Statistical comparisons were made using one-way analysis of variance (ANOVA) for the in vitro cytotoxicity, ex vivo biodistribution, lung weight, lung metastases area index, cTnI level and ALT level studies. One-way repeated ANOVA was used for the changes in shape factor and tumor bioluminescence in vivo efficacy studies. The log rank test was used to compare treatment groups in the survival study. All statistical tests were done in IBM SPSS Software. P values <0.05 were considered significant. 
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