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Supplementary Materials and Methods 

Flow cytometry and MTT assay 

For flow cytometry, PIN-SCs were harvested and mechanically dissociated into a 

single cell suspension. Cells were then resuspended in blocking solution (PBS 

supplemented with 5 mg/ml bovine serum albumin and 2 mM EDTA, at pH 8) and 

kept on ice for 20 minutes. The blocking solution was then removed and cells were 

incubated for 30 minutes with anti-mouse CD130 APC (clone KGP130) and anti-

mouse CD126 PE (clone D7715A7) Abs (eBioscience) at a concentration of 0.25 

µg/100 µl. Then, cells were washed with PBS and fixed with 1% paraformaldehyde. 

Acquisition was performed using a Becton Dickinson FACSCanto II instrument. Dead 

cells were excluded by 7AAD staining. Data were analyzed using FlowJo software. 

Experiments were performed in triplicate. 

Cell proliferation was assessed using the CellTiter 96® AQueous One Solution Cell 

Proliferation Assay (Promega), according to manufacturer’s instructions, in the 

following experimental conditions: PIN-SCs untreated or treated with anti-mouse IL-

27p28(IL-30)Abs (R&D) or with rIL-30 (2, 10, 30, 50, 100 and 200 ng/ml); EV-IL-

30PIN-SCs and IL-30PIN-SCs untreated or treated with anti-mouse IL-30Abs; EV-IL-

30shPIN-SCs and IL-30shPIN-SCs. Briefly, cells were seeded on a 96-well plate, at a 

density of 1×104 cells per well in 100 μl of SFM, and then were incubated for 48 

hours. The assay plates were read at 490 nm using a 96-well plate reader 

(SpectraMax 190 microplate reader, Molecular Devices).The proliferation was 

measured using untreated control cells as reference and the results were given as 

mean ± SD of three independent experiments carried out in triplicate. 
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Transfection with IL-30 expressing vector 

To generate the IL-30 lentiviral expression vector, a 728 bp fragment, carrying the 

gene for IL-30, was amplified from cDNA of PIN-SC cells, using the Platinum Taq 

polymerase High Fidelity (Life Technologies) with the following primers: IL-30 F (5′-

gctctagaatgggccaggtgacag -3′) and IL-30 R (5′-ccgctcgagttaggaatcccaggct-3′). 

The amplified fragment was cloned into the XbaI-XhoI unique sites of a Tween 

lentiviral vector, under the control of a CMV promoter. This vector constitutively 

expresses GFP (Green Fluorescent Protein), under the control of a PGK promoter. 

Then, PIN-SC cells, endowed with IL-30R and responsive to IL-30, were transfected 

with the p-TWEEN-mIL-30 or the empty vector p-TWEEN, using Calcium Phosphate 

Transfection Kit (Invitrogen). 

The infected cells were sorted using a FACSAria II Cell Sorter using GFP as marker. 

Expression of IL-30 was confirmed by real-time RT-PCR, Western Blotting (WB) and 

ELISA assay. 

 

IL-30 silencing 

A gene-specific kit of four shRNA constructs in lentiviral GFP vector (Origine) was 

used for long-term silencing of IL-30 in PIN-SCs, and their sequences are listed in 

the Supplementary Table S1. 

 

CRISPR/Cas9-mediated IL-30 gene knockout 

For CRISPR mediated IL-30 gene deletion, we used two guide (g)RNA sequences, 

designed and synthesized by GenScript (gRNA 1 and 2, see Supplementary Table 

S2), which were cloned into the eSpCas9-2A-GFP (PX458) vector (GenScript). Pin-

SCs were transfected with either gRNA 1 or 2, using Safectine RU50 (SydLabs), to 
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derive two independent clonal cell populations. Then, infected cells were sorted with 

a FACSAria II Cell Sorter, using the GFP as marker, and WB and ELISA assay 

showed that the expression of IL-30 protein was abolished in both cell clones 

(Supplementary Figure S3). To exclude off-target effects, we performed genetic 

rescue experiments transfecting both cell clones with IL-30 expressing vector, which 

restored proliferation rates, sphere- and colony-forming potential. 

 

Stat1 and Stat3 knockdown experiments 

For the silencing of Stat1 in PIN-SCs, we used the FlexiTube GeneSolution (Qiagen), 

a gene-specific package of 4 preselected siRNAs designed to target murine Stat1 

gene. Each siRNA was transfected into 2x105 PIN-SC cells, using HiPerFect 

Transfection Reagent (Qiagen), according to the manufacturer’s instructions. To 

evaluate the gene-silencing efficiency, RNA was extracted 24 and 48 hours after cell 

transfection for real-time RT-PCR and the cell pellets were collected for WB. We 

selected the two siRNAs with the highest knockdown efficiency (86% and 91% at 24 

hours) and we used only these two siRNAs in subsequent experiments. For Stat3 

silencing, we used the corresponding FlexiTube GeneSolution (Qiagen) with the 

same experimental procedures described for Stat1, and the selected siRNAs were 

characterized by a knockdown efficiency of 83% and 79% at 24 hours. The AllStars 

Negative Control siRNA (Qiagen) was used as a negative control. To investigate the 

effect of Stat1 or Stat3 silencing on IL-30 signaling pathway, PIN-SC cells were 

seeded on 24-well plates (2x105 cells/well) and transfected with siRNAs which 

targeted Stat1 or Stat3. Twenty-four hours after the transfection, rIL-30 (50 ng/mL) 

was added to the culture medium. RNA (for real-time RT-PCR) and cell pellets (for 

WB) were collected at 24 hours, to evaluate the gene-silencing efficiency, and 72 
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hours after transfection, to evaluate the effect of rIL-30 on target genes. As controls, 

cells silenced but not stimulated with rIL-30 (R&D), cells stimulated with rIL-30 but 

not silenced, and cells not stimulated and not silenced, were used. Since the two 

different siRNAs specific for Stat1 or Stat3 induced similar changes in gene 

expression profiles, only the data from the two siRNAs with the highest silencing 

efficiency were shown. 

 

Western blotting 

Cells were collected following standard procedures. Then, 1.0 mL of ice cold RIPA 

Lysis buffer (Thermo Scientific) was added, supplemented with freshly added 

Protease and Phosphatase Inhibitors Cocktails (Thermo Scientific). Total protein 

extracts were measured by Bradford assay. The whole cell lysates were examined on 

Mini-PROTEAN TGX Gels 4-20% (Bio-Rad). Proteins were transferred from the gels 

on Immun-Blot PVDF Membranes (Bio-Rad) in transfer buffer (glycine, tris [pH 8.4] 

and methanol) using Mini Trans-Blot Cell apparatus (Bio-Rad). Membranes with 

transferred proteins were blocked with 5% milk (Sigma-Aldrich) in TBST and, 

subsequently, probed with primary and horseradish peroxidase conjugated 

secondary Abs following standard procedures. Proteins transferred membranes were 

then washed with TBST and developed with Pierce ECL Western Blotting Substrate 

(Thermo Scientific). 

The following primary anti-mouse Abs were used: goat anti-mouse IL-27p28/IL-30 

(R&D); rabbit anti-STAT1 (clone D1K9Y), mouse anti-STAT3 (clone 124H6), rabbit 

anti-pSTAT1 (clone 58D6) and rabbit anti-pSTAT3 (clone D3A7) (all from Cell 

Signaling Technology). The following secondary Abs were used: goat anti-rabbit IgG 

(H + L)-HRP Conjugate (Bio-Rad), rabbit anti-mouse IgG (whole molecule)-
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Peroxidase and rabbit anti-goat IgG (whole molecule)-Peroxidase (all from Sigma-

Aldrich). 

 

Sphere formation and colony formation assays 

We assessed the sphere-forming potential of PIN-SCs by using the Extreme Limiting 

Dilution Analysis (ELDA) (1). Cells were seeded at concentrations of 1 cell per well, 2 

cells per well, 4 cells per well or 8 cells per well, on 96-well plates, using the following 

experimental conditions: PIN-SCs untreated or treated with anti-mouse IL-30Abs or 

with rIL-30 (30 ng/ml, 50 ng/ml and 100 ng/ml); EV-IL-30PIN-SCs and IL-30PIN-SCs 

untreated or treated with anti-mouse IL-30Abs; EV-IL-30shPIN-SCs, IL-30shPIN-SCs 

and IL-30-/-PIN-SCs. After incubation at 37 °C in a humidified incubator with 5% CO2 

for 7 days, spheres containing ≥3 cells were counted under a Leica light microscope. 

The soft agar assay was performed in 6-well plates containing two layers of Sea 

Plague Agar (Invitrogen), using the following experimental settings: PIN-SCs 

untreated or treated with anti-mouse IL-30Abs or with rIL-30 (30 ng/ml, 50 ng/ml and 

100 ng/ml); EV-IL-30PIN-SCs and IL-30PIN-SCs untreated or treated with anti-

mouse IL-30Abs; EV-IL-30shPIN-SCs, IL-30shPIN-SCs and IL-30-/-PIN-SCs. Single 

cell suspensions (2x104 cells/well) were placed on the top layer of each well, 

containing 0.4% agar in SFM, and covered with 0.5 ml of SFM. Cells were cultured 

for 15 days and the top medium was changed every 2 days. Colonies larger than 100 

µm were visualized by staining with 0.5% crystal violet and counted. The experiment 

was performed in triplicate. 

 

Real-time RT-PCR and PCR arrays  

Real-time RT-PCR and PCR Array were performed on the RNA extracted from cells 
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in the following experimental conditions. PIN-SCs untreated or treated with rIL-30 (50 

ng/ml); untreated EV-IL-30PIN-SCs and IL-30PIN-SCs; untreated EV-IL-30shPIN-

SCs or IL-30shPIN-SCs; PIN-SCs silenced for Stat1, untreated or treated with rIL-30 

(50 ng/ml); PIN-SCs silenced for Stat3, untreated or treated with rIL-30 (50 ng/ml). 

For real-time RT-PCR, the RNA was converted into cDNA with the Quantitect 

Reverse Transcription Kit and the reaction was performed using the QuantiFast 

SYBR Green PCR Kit and primers for mIL-30 (product number QT00143017) and 

Hprt (QT00166768) (all from Qiagen). The PCR reaction was performed using the MJ 

Mini Opticon Real-Time PCR System (Bio-Rad), under the following conditions: 

denaturation at 95°C for 5 minutes, followed by 40 amplification cycles (denaturation 

at 95°C for 10 seconds and annealing/extension at 60°C for 30 seconds). Melting 

curve analysis was done to assess the specificity of PCR products (samples were 

heated from 65°C to 95°C at a ramp rate of 0.3°C every 5 seconds). The efficiency of 

reaction for each target was evaluated by amplifying serial dilutions of cDNA. 

Relative quantification of mRNA was done according to the comparative threshold 

cycle method with Hprt as reference, using the Bio-Rad CFX Manager software. 

Gene expression levels are relative to Mouse XpressRef Universal Total RNA from 

SABiosciences. The samples were processed in triplicate and wells without added 

cDNA served as negative controls. 

For PCR Arrays, total RNA was extracted with the RNeasy Mini Kit (Qiagen) and RNA 

reverse-transcribed with the RT2 First Strand Kit (SABiosciences). Real-Time PCR 

was run on a Rotor-Gene Real-time PCR cycler (Qiagen), using the RT² Profiler™ 

Mouse Cancer Inflammation & Immunity Crosstalk PCR Array and RT2 SYBR Green 

Master mix (SABiosciences). The results from each plate were normalized to the 

median value of a set of housekeeping genes. Changes in the gene expression were 
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calculated using the ΔΔCt method. Results (obtained in triplicate) were pooled and 

analyzed with the manufacturer’s software.  A significant threshold of a 2-fold change 

in gene expression corresponded to a p<0.001. 

 

Chemotaxis and migration assay 

To analyze the effect of IL-30 on the migration capacity towards CXCL2 or CXCL13, 

we used the QCM 3µm Chemotaxis Assay 24-well-Colorimetric kit (Millipore), 

according to manufacturer’s instructions, with the following experimental settings: 

PIN-SCs untreated or treated, for 48 hours, with rIL-30 (50 or 200 ng/ml), in the 

presence or absence of anti-CXCR4 Ab (R&D) or –CXCR5 Ab (Abcam); PIN-SCs 

treated with EV-IL-30PIN-SC sup or with IL-30 PIN-SC sup, in the presence or 

absence of anti-mouse IL-30 Abs. 

Briefly, cells were starved for 48 hours and then seeded at a concentration of 2.5×105 

cells per insert. Subsequently, 300 µl of serum free medium, with or without 100 

ng/ml of rmCXCL2 or rmCXCL13 (both from Peprotech), were added to the lower 

chamber. Cells were incubated for 48 hours and their migration ability was assessed 

by spectrophotometer. 

 

Mouse studies 

Mice subcutaneously injected with PIN-SCs were monitored 2 times per week, and 

tumor masses were measured when the masses were palpable until evidence of 

suffering was observed. At the end of experiments, the mice were euthanized and 

autopsied. Tumor masses and organs were dissected and harvested for 

histopatological examination. 

For orthotopic implantation of PCSLCs, the animals were anesthetized with 3% 
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isoflurane and tumor cell injection was performed under surgically sterile conditions. 

The abdomen was cleaned with iodine solution and a 1 cm midline incision was 

created to expose the prostate gland. A 30 gauge needle and a 1 ml disposable 

syringe were used for the injection of the cell suspension. The needle was inserted 

into the middle portion of the dorsal lobe. The abdominal wound was closed in 2 

layers with 6/0 absorbable surgical suture. When evidence of suffering was 

observed, anyhow, within 4 months, mice were euthanized and autopsied for histo-

pathological analyses of their organs (the genitourinary, GU, tract, pelvic LNs, spleen, 

liver, lungs, spinal column and bone marrow). The GU tract, consisting of the prostate 

lobes, seminal vesicles, ampullary glands, bladder, proximal ductus deferens, 

proximal urethra and pelvic lymph nodes was excised en bloc (2). The GU blocs were 

fixed in formalin and embedded in paraffin. Fifty-six consecutive 4-μm sections of 

each prostate were cut and eight sections (from every 7th section) were H&E stained 

for histopathologic assessment in a blinded fashion according to the Bar Harbor 

Classification (2). 

In all mouse studies, animals were monitored 2 times per week and fifteen mice per 

group were sacrificed at key time points (groups of three) on the basis of the tumor 

growth and progression rate. Thirty mice per group were maintained until evidence of 

suffering was observed, since a one-sided log rank test, with an overall sample size 

of 30 mice per group, achieves an 90% power, at a 0.05 significance level, to detect 

a difference of 30% in tumor growth between two groups. 

 

Histopathology, immunohistochemistry and TUNEL staining 

Half of each tissue sample was fixed in 4% formalin and embedded in paraffin. The 

other was embedded in Killik frozen section medium (Bio-Optica), snap frozen in 
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liquid nitrogen, and preserved at -80°C.  For histology, paraffin-embedded samples 

were sectioned at 4 m and stained with hematoxylin and eosin (H&E). 

Single and double (IL-30/Sca-1, CXCL12/CXCR4, CD133/IL-30) immunostainings 

were performed using the Abs listed in the Supplementary Table S3, as reported (3, 

4). Rodent Block (Biocare Medical) was used to minimize endogenous mouse Ig 

staining when using mouse primary Abs on mouse tissue. 

TUNEL staining was performed using the ApopTag Peroxidase In Situ Apoptosis 

Detection Kit (Merck Millipore) following manufacturer’s instructions. Proliferation 

index, microvessel and cell counts were assessed by light microscopy at ×400 in an 

85431.59 μm2 field, on single immunostained sections, with Qwin image analysis 

software (version 2.7), which has the following highly reproducible steps: 1) image 

acquisition; 2) conversion of RGB image (true colour) to binary image (black and 

white); 3) filtering to remove noise; 4) counting of immunostained cells or 

measurement of positively stained area. Six-eight high-power fields were analysed 

for each section and three sections per sample were evaluated. Results are 

expressed as mean±SD of positive cells per field (CD31, F4/80, CD11b, Foxp3, CD3, 

NKp46,  Ly-6G, CD4, CD8, CK5/6) or mean percentage of positive cells/number of 

total cells (PCNA ,TUNEL, Sca-1, Sca-1/IL-30) evaluated on paraffin embedded 

(PCNA, CD31, TUNEL, F4/80, CD11b, Foxp3, CD3, NKp46, CK5/6, Sca-1/IL-30) or 

frozen (Ly-6G, CD4, CD8) sections by immunohistochemistry, while CXCL13 

expression values are represented as the mean percentage of positively stained 

areas/total area of the examined field. 
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