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Supplemental Methods 
 
Cell lines cultures 
In the cell lines that represented the core research tool, we evaluated the TP53 

mutational status by direct sequencing. The NCI-H929 and MM1S cell lines have a wild-

type TP53 gene sequence, while RPMI-8226 showed a homozygous nucleotide 

substitution at codon 285 (exon 8) which results in glutamic acid → lysine change 

leading to inactive mutant. SKMM1 cell line is hemizygous for TP53 gene with 

nucleotide substitution at codon 273 (exon 8) resulting in arginine → histidine change, 

and OPM1 harbors exon 5 mutation. 

Cells were grown in RPMI medium containing L-glutamine (Gibco®, Life Technologies, 

Carlsbad, CA) with the addition of 10% fetal bovine serum (Lonza Group Ltd., 

Switzerland), 100 U/ml penicillin, and 100 mg/ml streptomycin (Gibco®, Life 

Technologies) at 37°C in a 5% CO2 atmosphere (1, 2). The IL-6 dependent INA-6 cell 

line was cultured in the presence of 2.5 ng/ml of human recombinant IL-6 (Sigma-

Aldrich). Methylcellulose colony assays  were performed in RPMI-1640 medium 

containing 1.1% methyl-cellulose (Stem Cell Technologies) and 20% FBS. Colony 

formation was scored at day 14  after plating 2000 cells (SKMM1) or 1000 cells (RPMI-

8226) in 18 well plates containing 1 ml of methylcellulose medium.  
 
Cell proliferation assays 
For cell proliferation analysis, 1.5x105 MM cells were plated in 6 well plates, 

electroporated with miR-34 or miR-NC, and then harvested and counted at 24-hour 

intervals using a Trypan Blue-excluding viable cells assay. Each sample was run in 

triplicate. The MTS assay was performed using the CellTiter 96 assay (Promega, 

Madison, Wis). 1x105 of transduced SKMM1 cells were plated in 96-well plates. 20 μl of 

the tetrazolium dye was then added to each well and incubated for a further 4 hours. 
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Optical density (OD) was read directly at 540 nm using the automated plate reader x-

Mark™ Microplate Absorbance Spectrophotometer (BioRad).  

 
miR-34a lentivirus infection of MM cells 
To obtain cells stably expressing miR-34a, we used a feline immunodeficiency 

lentivirus-based construct (System Biosciences). This construct consists of the stem 

loop structure of miR-34a and 200 bp of upstream and downstream flanking genomic 

sequence cloned into the pMIF-cGFPZeo-miR plasmid. Packaging of the miR-34a 

constructs in pseudoviral particles was performed in 293 Ta cells using the Lenti-Pac 

FIV Expression Packaging Kit (FPK-LvTR-20), according to the manufacturer’s 

instructions (Genecopoeia). After transfection of 293 Ta cells, supernatants containing 

miR-34a lentivirus were collected at 8-hour intervals, filtered, and used for two rounds of 

transduction of MM cells (1x106) in the presence of 8 μg/ml of polybrene (Sigma-

Aldrich). The transduction efficiency was approximately 70%, as determined by green 

fluorescence protein (GFP) measurement by flow cytometry; selection with 200 μg/ml 

Zeocin for 3 days was then performed to select transduced cells. Empty lentivirus was 

used as a control. 
 
Western blotting 

SDS-PAGE and Western Blotting (WB) were performed according to standard 

protocols. Briefly, cells were lysed in lysis buffer containing 15mM Tris/HCl pH 7.5, 

120mM NaCl, 25mM KCl, 1mM EDTA, 0.5% Triton 100, Halt Protease Inhibitor Single-

Use cocktail (100X, Thermo Scientific). Whole cells lysates (50 mg per line) were 

separated using 4-12% Novex Bis-Tris SDS-acrylamide gels (Invitrogen), electro-

transferred on Nitrocellulose membranes (Bio-Rad), and immunoblotted with the mouse 

anti-CDK6 (Cell Signaling), anti-Bcl-2, anti-GAPDH or γ-tubulin antibodies (Santa Cruz 

Biotechnology),  the rat anti-NOTCH1 antibody (Abcam), and the rabbit anti-TP53 

antibody (Santa Cruz Biotechnology). 

 
In vivo models of human MM 
Xenograft of miR-34a-transduced MM cells in SCID mice: for this model, 5 x 106 cells 

transduced by lentivirus-based miR-34a construct, the pMIF-miR-34a plasmid, or empty 

vector (pMIF) as control, were injected sc into the flank (right flank=pMIF-miR-34a; left 

flank=pMIF) of 10 SCID mice. Tumor sizes were measured weekly in 2 dimensions 
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using a caliper, and volume was calculated using the formula: V = 0.5 x a x b2, where a 

and b are the long and short diameter of the tumor, respectively, until the tumor was 

palpable. In this model, tumors were palpable approximately 2 weeks after injection. 

Then, tumor sizes were measured every two days until the day of first mouse sacrifice. 

Tumors were retrieved from animals and placed in 10% formalin for histology or in 

RNAlater for RNA isolation.  

Xenograft of MM cell lines in SCID mice: for this model, mice were sc inoculated in the 

interscapular area with 5 x 106 SKMM1 or RPMI-8226 MM cells  in 100 µL RPMI-1640 

medium. Treatment was initiated after the detection of palpable tumors (approx. 30 

mm3), about 3 weeks following injection of MM cells. The tumor sizes were measured 

as above described. The survival time was defined as the time interval between the 

start of the experiment and either death or the day of mouse sacrifice. Mice were 

randomized into 4 groups and treated with synthetic miR-34a mimics, miR-NC (Ambion) 

or vehicle alone or PBS. Each dose contained 20 μg synthetic oligo, which equals 

1mg/kg per mouse with an average weight of 20 g. Administration of miRNAs mimics 

was performed by the use of the novel formulation of neutral lipid emulsion (NLE) 

(MaxSuppressor in vivo RNA LANCEr II, BIOO Scientific, Austin, TX) according to the 

manufacturer’s instructions. Treatments were first performed intratumorally (i.t.) every 

three days for a total of four injections. In a subsequent series of experiments, 

treatments were performed systemically via tail vein using the same formulation and 

dosage/schedule as for intratumoral injections. Tumors were then collected and placed 

in either 10% formalin for histology or in RNAlater for RNA isolation. 

The SCID-synth-hu model: this model is obtained through implantation into a SCID 

mouse of a three-dimensional (3D) bone-like poly-ε-caprolactone polymeric scaffold 

(PCLS). PCLS cylinders (7mm in length and 3mm in diameter at scanning electron 

microscope SEM), demonstrated interconnected large (100–300 mm) and small pores 

(1–10 mm) resembling the micro-architecture of a normal human adult bone, as 

described (3). Dynamic seeding of BMSCs into PCLSs was performed as previously 

reported (4). Briefly using a suspension of 8x105 cells in 500 ml of growth medium, a 

22-gauge needle on a 2.5 ml syringe was threaded into two ending faces of the 

cylindrical scaffold. A medium flow rate of 500 ml/min and three drawing cycles were 

carried out on both scaffold ends. Before implantation, PCLSs were incubated in 

complete medium at 37°C in 5% CO2 for 24 h to allow cell adhesion on 3D surfaces. 

Then, the PCLS was surgically implanted sc into a SCID mouse flank as previously 
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described for the SCID-hu model(5). Chloralium hydrate anesthesia (400 mg/kg, 0,15 

ml) was used during all surgical procedures. Three weeks thereafter, 8x105 MM cells 

were injected in vivo into previously implanted PCLSs coated ex vivo with human MM 

patient-derived BMSCs.  

 

 
Histology and immunohistochemistry 
Retrieved tumors from animals were immediately fixed by immersion in 4% buffered 

formaldehyde for 24 h at 4 °C, washed, dehydrated, and embedded in paraffin. For the 

light microscopy analysis, sections were cut (4 μm), mounted on poly-lysine slides, and 

stained with H&E. For immunohistochemistry staining, 2μm thick sections were dried in 

a 60°C oven overnight. The sections were placed in Bond Max Automated 

Immunohistochemistry, according to the following protocol. First, tissues were 

deparaffinized and pre-treated with the Epitope Retrieval Solution 2 (EDTA-buffer 

pH8.8) at 98°C for 20 min. After washing steps, peroxidase blocking was carried out for 

10 min using the Bond Polymer Refine. Tissues were again washed and then incubated 

with the primary antibody directed against Ki-67 (Dako, clone: MIB-1; 1:150) or capase-

3 (NOVOCASTRA, clone: JHM62; 1:500). Subsequently, tissues were incubated with 

polymer for 10 min and developed with DAB-Chromogen for 10 min. Slides were 

counterstained with hematoxylin. 
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