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Supplemental Results:  

 

Additional evidence that MSLN-mediated NF-kB activation represses the miR-198 

promoter through OCT-2 induction 

In order to rule out any cell-line specific effects, we confirmed our findings that MSLN 

overexpression represses miR-198 by overexpressing MSLN in HPDE control cells and found 

that this resulted in a similar 10-fold reduction in miR-198 expression p<.05 (Supplemental 

Figure 1A).  

In addition, we examined miR-198 expression Compared to HPDE cells and normal 

tissues, miR-198 expression is downregulated in all PC cell lines (Supplemental Figure 1B). 

However, cell lines with low MSLN levels, such as MIA-PaCa2 and Panc-28, had the highest 

miR-198 levels among the PC cells, ranging from 100 - 700 fold greater miR-198 expression 

than AsPC-1 cells (which have the highest MSLN levels). Conversely, cell lines with relatively 

high MSLN mRNA levels (>50-fold higher expression than HPDE), had the lowest levels of 

miR-198 (Supplemental Figure 1B).  

FSTL1 expression was also closely correlated with miR-198 expression (p<.005) in our 

cell line panel (Supplemental Figure 1C). In addition, FSTL1 mRNA levels reduced by ~80% 

in MIA-MSLN cells compared to MIA-V cells (p<.005) (Supplemental Figure 1D).  These 

results show that expression of miR-198 and its host gene FSTL1 are in fact linked, and that 

MSLN overexpression leads to a concomitant reduction in expression of both.  

 

Additional evidence that MiR-198 is the central link between upstream regulatory factors 

MSLN and OCT-2 and downstream targets, PBX-1 and VCP  
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To confirm that miR-198 was directly targeting PBX-1 and VCP, we used site-directed 

mutagenesis to either delete the entire miR-198 binding site or to insert three point mutations 

within the miR-198 seed region of both PBX-1 and VCP (Supplemental Figure 4E and F). 

Dual-luciferase assays showed a 65% reduction in PBX-1 luciferase expression following miR-

198 transfection, which was abolished when the target site for miR-198 was either deleted or 

mutated (Supplemental Figure 4G), indicating a direct targeting of miR-198 to the 3’UTR of 

PBX-1. In the case of VCP, a ~70% decrease in luciferase activity (p<.05) was partially 

restored when the seed region was mutated (Supplemental Figure 4H).  

 

Reconstitution of miR-198 reduces tumorigenic functions of MSLN-overexpressing cells in 

vitro and in vivo 

 We performed functional assays to examine the effects of miR-198 expression on the 

tumorigenicity of MSLN-overexpressing PC cells.  Transient transfection of miR-198 

precursors in MIA-MSLN cells led to a significant (p<.05) decrease in proliferation, and 

migration of MIA-MSLN cells (Supplemental Figure 6A-C).  We confirmed these results by 

examining the tumorigenic potential of our two lines of miR-198 overexpressing stable cells 

(MIA-MSLN and AsPC1). After 48 h, migration was reduced by ~40% in MIA-MSLN cells 

(p<.05) (Supplemental Figure 6D), and by 33% (p<.05) in AsPC1 cells (Supplemental Figure 

6E). AsPC1-miR-198 cells had significantly lower proliferation rates than AsPC1-miR-Ctrl 

cells (Supplemental Figure 6F), as did MIA-V and MIA-MSLN-miR-198 cells, which both had 

approximately 3 fold lower proliferation rates than MIA-MSLN and MIA-MSLN-miR-Ctrl 

cells after 5 days (p<.05) (Supplemental Figure 6G). We also measured cell invasion across a 
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Matrigel matrix, and observed a similar reduction in migration capacity following miR-198 

overexpression (Supplemental Figure 6H, and I). 

 Monolayer wound healing assays on both MIA-MSLN and AsPC1 cells (Supplemental 

Figure 6J) show a reduced wound closure rate when miR-198 was overexpressed in all the 

different serum conditions tested.  

One of the additional hallmarks of MSLN overexpression is that it can confer onto cells 

the ability for anchorage independent growth in soft agar (1).  We found that miR-198 

overexpression resulted in a loss of this characteristic. MIA-MSLN cells were able to 

effectively establish colonies in soft agar after 15 days, while MIA-MSLN-miR-198 plates had 

very few colonies. ImageJ software was used to analyze the density of colonies appearing on 

plates, and showed a reduction in mean threshold intensity of almost 20 fold (p<.05) 

(Supplemental Figure 6K and L).  

An important aspect to mention is that the heterogeneic nature of tumor cell lines makes 

it impossible to ascribe all aspects of a more aggressive or less aggressive phenotype to one 

molecule. As we report in this and previous studies (2), forced MSLN expression in cells with 

low endogenous MSLN makes these cells more aggressive, and the converse is true in cells 

where endogenously high levels of MSLN expression are blocked using either siRNA or miR-

198. However, cell lines such as MIA-PaCa2 may be inherently more aggressive than other cell 

lines, independent of MSLN expression levels, and the MSLN/miR-198 interaction is not solely 

responsible for the entirety of the aggressive phenotype. However, the modulation of the 

MSLN/miR-198 axis does have strong effects on the overall increase in tumorigenesis that 

MSLN can confer on a particular cell type. 
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We further examined the role of miR-198 in vitro using an antisense inhibitor of miR-

198 (Zip-198) (Supplemental Figure 6M-O). Blocking miR-198 in MIA-V cells (MIA-V-Zip-

198) led to a significant increase in both proliferation (Supplemental Figure 6M) and migration 

(p<.05) (Supplemental Figure 6N), a result which we confirmed in HPDE cells (Supplemental 

Figure 6O).  

To corroborate these results in vivo, we injected PC cells subcutaneously into nude mice. Mice 

injected with AsPC-1-miR-Ctrl cell cells all developed tumors, while no tumor can be seen in 

any of the AsPC-1-miR-198 cell injected mice (Supplemental Figure 6P).  We observed similar 

results using MIA-MSLN-miR-Ctrl and MIA-MSLN-miR-198 cells. Nude mice injected s.c. with MIA-MSLN-miR-Ctrl cells develop tumors by 7 d.p.i., which reached an average volume of 2000 mm3 by 25 d.p.i.. Only 3/9 mice injected with MIA-MSLN-miR-198 cells developed tumors, with an average volume of 36 mm3 by 45 d.p.i.. (Supplemental Figure 6Q and R).  
Additional evidence an interactome of tumorigenic factors interconnected through miR-

198 serves as a prognostic indicator of PC 

In the main body of this report we show the results of linear regression analysis for the 

fold changes in expression of all these factors between the tumor and normal matched samples 

in relation to miR-198 (Figure 6D). From this analysis, we determine that FSTL1 correlates 

with miR-198 (p < .0005, R2 = 0.95), while there is a negative correlation between miR-198 

and OCT-2 (p < .0005, R2 = 0.79), MSLN (p < .0005, R2 = 0.92), PBX-1 (p < .0005, R2 = 0.63), 

and VCP (p < .05, R2 = 0.14). All these factors also correlate positively with each other and 

negatively with miR-198 and FSTL1 indicating that the changes in their expression may be 

dependent on each other as members of this network. We continue this analysis with a focus on 
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each of the individual variables in our network, to determine their relative contribution to the 

tumor makeup and relationship to one another.  

We examined the FSTL1 mRNA levels in our matched tissues, and found a close 

correlation with miR-198 expression (p < .05, R2=0.95). The miR-198-Low group had an 

average relative FSTL1 mRNA level (normalized to β-actin) of .01, while it was ten-fold higher 

in the miR-198-High group, at 0.10 (Supplemental Figure 7A).  

While OCT-2 expression had never been studied in PC, we found that OCT-2 was 

expressed in the pancreas, and was upregulated in ~81% of patient tumors (Supplemental 

Figure 8A). OCT-2 mRNA expression, while low in normal tissues, was upregulated ~6 fold on 

average in matched patient tumors (Supplemental Table 3).  When we examined the OCT-2 

expression in the two cohorts of patients segregated by miR-198 levels, we found a clear 

distinction between the two groups with respect to OCT-2 levels (Supplemental Figure 7A). 

The average OCT-2 tumor expression level was 3.2*10-5 in the miR-198-High group (relative 

to β-actin), while this was upregulated to an average 4.4*10-3 in the miR-198-Low group, a 

>100-fold change in relative expression of OCT-2 in the tumor tissues between the two groups.  

MSLN was upregulated in 77% of patient tumors, with an average of 8.6 fold increase 

in expression in tumors over normal tissues (Supplemental Table 3).  There was a significant 

difference in the average relative MSLN levels in patient tumors between the miR-198-Low 

(1.8x10-2) and miR-198-High groups (8.5x10-4) (p < .05) (Supplemental Figure 7A).  

 Both PBX-1 and VCP were upregulated in a majority of patient tumors (81.3% and 

87.1%, respectively), with an average upregulation of ~9 and ~6 fold, respectively. A clear 

distinction was observed between the miR-198-Low and High groups, with an average relative 

PBX-1 and VCP level ~10 fold higher in the miR-198-Low group compared to the miR-198-
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High group (PBX-1: .04 and .003, p < .05, and VCP: 0.12 and .013, respectively. p < .05) 

(Supplemental Table 3, Supplemental Figure 7A).  

 

Supplemental Experimental Procedures 
 
 
Immunoblotting 

Western blots were performed as previously described7. Membranes were probed with: 

anti-MSLN monoclonal antibody (1:1000) (Abcam); PBX-1 polyclonal antibody (1:1000) and 

Caspase 3 antibody (1:1000) (Cell Signaling); OCT-2 polyclonal antibody (1:400), and VCP 

polyclonal antibody (1:200) (Santa Cruz Biotechnology); or anti–β-actin, Tubulin, LaminA or 

GAPDH antibodies (1:10,000) (Sigma Aldrich). Secondary incubation was performed with 

horseradish peroxidase–linked secondary antibody (1:2,000) (anti-mouse, anti-goat or anti-

rabbit) (Cell Signaling). 

Cells were lysed in RIPA buffer (Invitogen) and protease inhibitor cocktail for 30 min in 

ice. Cell lysates were then collected after centrifugation at 12,000 rpm for 5 min at 4°C. Total 

protein concentration was quantified using BCA Protein Assay Reagent system (Thermo 

Scientific).  Sixty micrograms of lysate protein was loaded on a 10% SDS-PAGE gel, and total 

cellular protein was separated and then transblotted overnight at 4°C onto Hybond-P PVDF 

membrane (Amersham Biosciences). The membranes were probed with anti-MSLN 

monoclonal antibody (Abcam) (1:1,000), PBX-1 polyclonal antibody (Cell Signaling) 

(1:1,000), ZEB1 polyclonal antibody (1:1,000), cyclin T1 antibody (a generous gift from Dr. 

Andrew Rice, Baylor College of Medicine), Caspase 3 antibody (1:1000) (Cell Signaling), VCP 

polyclonal antibody (1:200) (Santa Cruz Biotechnology) or anti–β-actin (1:10,000) or GAPDH 

antibodies (Sigma Aldrich) at 4°C overnight; washed three times with 0.1% Tween 20–TBS; 
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and incubated in a horseradish peroxidase–linked secondary antibody (1:2,000) (Cell Signaling) 

for 1 h at room temperature. The membrane was washed three times with 0.1% Tween 20–TBS, 

and the immunoreactive bands were detected by using enhanced chemiluminescent (ECL) plus 

reagent kit (Thermo Scientific). Western blots were quantified using ImageJ software (NIH, 

Bethesda) by comparing the expression of the protein in question to the expression of the 

loading control.  

 

In silico analyses 

FSTL1 promoter analyses were performed using CONFAC (3) software and confirmed 

using TRANSFAC analysis software (4). MiR-198 3’UTR target prediction was performed 

using TargetScan software as previously described (5), and confirmed using PicTar and 

miRBase software. Conservation of miR-198 binding sites in the PBX-1 and VCP 3’UTRs 

across species was determined using TargetScan (6). RNA22 (7) was used to predict full-length 

target sites for miR-198 within the coding region of the MSLN gene. ImageJ software (NIH) (8) 

was used to quantify western blot and anchorage independent growth assay images.  

The promoter region of FSTL1 was analyzed as follows: FSTL1 accessions/RefSeq ID 

was used by the web-based computer program (http://morenolab.whitehead.emory.edu/cgi-

bin/confac/login.pl) Conserved Transcription Factor Binding Site Finder (CONFAC) to get the 

Mouse orthologs from ENSEMBL Mart databases and the Genomic sequences from the UCSC 

Genome database. A pairwise BLAST on the Human - Mouse orthologous genes was then 

conducted to get the conserved parts which were then submitted to the MATCH program. The 

output from MATCH was consolidated into a set of reports which show the various Conserved 
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Transcription Factor Binding Sites in the promoter regions of the genes, revealing several 

putative transcription factor binding sites in the sequence analyzed (Supplemental Table 2).   

 

Transient transfection and stable cell line selection 

Transfections were performed with Lipofectamine 2000 (Invitrogen) according to the 

manufacturer’s instruction. For shRNA transfection experiments, a plasmid encoding MSLN 

shRNA (TR311377, Origene), OCT-2 shRNA (TF310276) or PBX-1 shRNA (TG310592) and 

a control plasmid encoding GPF shRNA (TR30003) were used. Transfections with miRNA 

precursors were performed using siPORT Transfection reagent and either miR-198 or 

scrambled control precursors (Ambion) according to the manufacturer’s instruction.  

MSLN-overexpressing stable cells (or empty vector controls) were selected in MIA 

PaCa-2 cells or HPDE cells (MIA-MSLN, HPDE-MSLN) or vector (MIA-V, HPDE-V) using 

retrovirus vectors expressing puromycin resistance (Origene) with 0.5 μg/mL of puromycin 

added into the medium as previously described7. Stable cells overexpressing miR-198 or vector 

control were generated in AsPC-1 (AsPC-1-miR-198, AsPC-1-miR-Ctrl), MIA-MSLN (MIA-

MSLN-miR-198, MIA-MSLN-miR-Ctrl), MIA-V (MIA-V-miR-198, MIA-V-miR-Ctrl), and 

HPDE cells (HPDE-miR-198, HPDE-miR-Ctrl) using the Lenti-miR miRNA Precursor Clone 

Collection (SBI). The miRZip Lentivector collection from SBI was used to stably knock down 

miR-198 in MIA-PaCa2 (MIA-V-Zip-198, MIA-V-Zip-Ctrl) and HPDE (HPDE-Zip-198, 

HPDE-Zip-Ctrl) cells.  

 

miRNA and mRNA extraction and reverse-transcription 
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Total miRNAs of tissues and cultured cells were extracted and purified using mirVana 

miRNA Isolation kit (Applied Biosystems/Ambion) following the manufacturer’s instructions. 

Five microliters of RNA were directly converted to cDNA with the QuantiMir™ RT System 

(SBI System Biosciences, Mountain View, CA). Total mRNA was extracted using the 

RNAqueous RNA Isolation kit (Applied Biosystems/Ambion). Two micrograms of RNA were 

converted to cDNA using the iQ SYBR Green supermix and iScript cDNA synthesis kits 

purchased from Bio-Rad. 

 

Real-time RT-PCR 

Differential expression of 95 miRNAs chosen for their potential roles in cancer, cell 

development, and apoptosis was analyzed by RT-PCR using the QuantiMir System from SBI 

System Biosciences in both MIA-V and MIA-MSLN cells. The array plate also included the U6 

transcript as a normalization signal. cDNAs from different cell lines and tissue samples were 

mixed with SYBR® Green Mastermix (Bio-Rad Laboratories) plus the universal reverse 

primer. Specific primers (1 μl) were added to each well of the qPCR plate. The miRNA 

sequences and primer sequences used in RT-PCR are listed in Supplemental Figure 1. 

Expression levels of each mature miRNA were evaluated using comparative threshold cycle 

(Ct) method as normalized to that of U6 (2 − ΔCt). The expression level of miR-198 was 

measured in all subsequent experiments using the same method. Real-time RT PCR was 

performed as previously described for FSTL1, MSLN, OCT-2, PBX-1, and VCP (9). The 

primer sequences used are as follows:  

for human MSLN (s=sense, a=antisense):  

5′-CTCAACCCAGATGCGTTCTCG-3′ (s) and 5′-AGGTCCACATTGGCCTTCGT-3′ (a);   
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for FSTL1:  

5’-TCAGCATGACAGACCTCCAG-3 (s) and 5’-TCCCAGAAACTCCATCCAAG-3’ (a);  

for PBX-1:  

5’-TGAGCGTGCAGTCACTCAATG-3’(s)and5’-CGAGTCCATCACTGTATCCTCC-3’ (a);  

for OCT-2:  

5’-GAGGAGCCCAGTGATCTGGA-3’ (s) and 5’-GAAGCGGGAAATGGTCGTC-3’ (a); 

for VCP: 

5’-GTTGTCGCCCATATTAGCTCG-3’(s)and5’-AGTAAGGCGCAATCGAACAGT-3’ (a). 

 

NF-κB inhibitor assays 

MIA-MSLN and MIA-V control cells were treated with 0, 12.5 or 25 μM of the IKK 

inhibitor Wedelolactone (Calbiochem). The cells were collected after 72 h and protein, RNA, 

and miRNA extracts were prepared and assayed accordingly.  

 

Apoptosis Assay Apoptosis induction was determined using western blotting for Caspase 3 cleavage and confirmed by labeling DNA breaks using a terminal deoxynucleotidyltransferase dUTP nick end labeling (TUNEL) assay with the APO-DIRECT Kit (BD Biosciences) following 96 h of treatment (24 h serum starvation followed by 72 h of treatment with 20 ng/ml of TNF-α). Briefly, cells were plated in either 10% FBS media or serum-starved for 96 h, at which time 1 x 106 cells were harvested using trypsin-EDTA. After centrifugation, the pellets were washed twice with PBS, then resuspended in 1% paraformaldehyde in PBS and incubated on ice for 45 minutes. After several washes, the cell pellet again was 
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resuspended in PBS/ ethanol, incubated on ice for 30 minutes, and stored at -20°C. Cell samples were then pelleted, washed, and resuspended in 50 μL of DNA labeling solution containing a reaction buffer, terminal deoxynucleotidyl transferase enzyme, FITC-labeled deoxyuridine triphosphate nucleotides, and distilled water. After a 60-minute incubation at 37°C, cells were again washed, pelleted, and resuspended in 500 μl of propidium iodine/RNase staining buffer. Samples were then analyzed by flow cytometry (fluorescence-activated cell sorting) using a FACSCalibur (Becton Dickinson, Franklin Lakes, NJ). Data was further analyzed using the software FLOWJOW ver. 6.1.1 (Tree Star Inc.).  
 

Anchorage independent growth assay 

A soft agar assay for colony formation was performed by coating 35mm dishes with a 

combination of 0.5% base agar and 0.7% top agar. Base agar preparation: 1% LMP Agarose 

(DNA grade) (a generous gift from Dr. Mary K. Estes, Baylor College of Medicine) was melted 

in 1x incomplete DMEM, microwaved, and cooled to 40°C in a water bath. Equal volumes of 

20% FBS DMEM pre-warmed to 40°C in water bath were mixed to give 0.5% Agar + 10% 

DMEM, of which 1.5ml/ 35 m Petri dish was added and allowed to set at room temperature.  

Top agar preparation:  0.7% LMP Agarose (DNA grade) in 1x DMEM was prepared in the 

same manner as above. Cells were trypsinized and diluted to 0.1 x 106 cells/ml, in the 20%FBS 

DMEM; 5,000 cells/dish were plated in duplicate. The plates were then incubated at 37°C in a 

humidified incubator for 15 days. Following incubation, the plates were stained with 0.5ml of 

1% MTT for 2 h, and colonies were photographed using a dissecting microscope. Images were 

analyzed using IMAGEJ software.  
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Cell Proliferation Assay 

Cells were seeded in 96-well plates (2 × 103 cells per well) and serum starved for 24 h 

prior to differential FBS additions. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) was used to measure cell proliferation as previously described (10).  

Cell growth was assessed using MTT at 2, 3, 4, 5 and 6 days after releasing from 

starvation (not all data shown). Briefly, twenty microliters of MTT reagent mixed with 100 μL 

of growth medium were added to each well and incubated at 37°C for 2 h. Cells were then lysed 

overnight using 100 μl of lysis buffer consisting of 20% SDS in 1:1 dimethyl formamide;H20 

solution. Absorbance was recorded at 520 nm with an EL-800 universal microplate reader (Bio-

Tek Instruments). Relative proliferation was calculated by dividing the reading by a Day 0 

reading taken prior to serum starvation. 

 

Migration, invasion, and wound healing assays 

Cell migration was determined with a modified Boyden chamber assay as described 

previously (9).  For invasion assays, we used a Matrigel basement membrane matrix (BD 

Biosciences) by adding 100ul of 1mg/ml Matrigel to the migration chamber inserts prior to 

plating of the cells (9). 

An invasion assay was performed as described for the migration assay. For invasion, we 

used a Matrigel basement membrane matrix (BD Biosciences) by adding 100 μl of 1 mg/ml 

Matrigel to the migration chamber inserts prior to plating of the cells. 

For wound healing assay, wounds were created in confluent monolayer of cells with a 

sterile pipette tip in either 0%, 0.2%, 2%, or 5% FBS media, and wound healing was observed 
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within the scrape line at different time points; representative fields for each cell line were 

photographed (9) . 

 

Luciferase reporter constructs 

For MSLN, six constructs were generated: 400 or 600 bp segments containing the WT 

sequence or specific 3-nucleotide mutations in the seed region of each miR-198 binding site 

were synthesized by GenScript and subcloned into the pEZX-MT01 3’UTR construct from 

Genecopoeia at Xba1 and BamH1 restriction sites such that they were inserted after the 

luciferase gene (Supplemental Figure 5). The same process was used for the VCP reporter 

constructs containing the full-length VCP 3’UTR (Supplemental Figure 5). 

A luciferase construct containing the first 491 bases of the PBX-1 3’UTR was 

purchased from Switchgear Genomics. Two mutant PBX-1 3’UTR reporters were subsequently 

generated using the Stratagene Quickchange Site-directed Mutagenesis kit, with the WT miR-

198 binding site seed region either altered from TCTGGA to AAGCTT (a HindIII restriction 

site) or deleted entirely (Supplemental Figure 5).  

 

Dual-luciferase assays 

Dual luciferase assays were performed according to the manufacturer’s instruction. 

Luciferase expression analysis was performed at 24 h using the Dual-luciferase kit (Promega) 

and Sirius Luminometer (Berthold Detection System). Results are presented as the ratio of 

firefly to Renilla luciferase activities, normalized to controls. 
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PBX-1 Luciferase Reporters 

The PBX-1 3’UTR region was cloned into the pSGG-3UTR vector (based on pGL4.11 

vector with a MCS added after luciferase) after the reporter gene, firefly luciferase, whose 

expression is regulated by the SV40 promoter. A separate reporter for renilla luciferase under 

the control of the CMV promoter was utilized to normalize for transfection efficiency, and was 

kindly donated by Dr. Brian Cullen (Duke University). The identity of the 3’UTR sequence 

including the predicted miR-198 binding site was confirmed using the following primers: Fwd: 

CGTGAATTCTCACGGCTTCC, Rev: GCATCACAAATTTCACAAATAAAGC. 

The mutagenesis reactions were performed using the Stratagene Quickchange Site-directed 

Mutagenesis kit from Agilent Technologies, according to the manufacturer’s instructions. 

Briefly, Stratagene software was used to generate the following primers introducing the desired 

mutation or deletion, respectively:  

5'-GGGATGCTATTTCAGCCAAAAGCTTCACTTCTTTATACTCTCTTCC-3’ (sense), 5’-

CCTACGATAAAGTCGGTTTTCGAAGTGAAGAAATATGAGAGAAGGG-3’, (antisense), 

and 5’-CTTCTTTGGGATGCTATTTCAGCCAATACTTCTTTATACTCTC-3’ (sense), and  

5’-GAGAGTATAAAGAAGTATTGGCTGAAATAGCATCCCAAAGAAG-3’ (antisense). 

PCR amplification of the mutated plasmids was performed according to manufacturer 

specifications and followed by DpnI digestion of the parental methylated vectors. The plasmids 

were then transformed into XL-10 Gold ultracompetent cells and plated on LB-Amp plates. 

Individual colonies were then grown overnight and plasmids were isolated using the QIAPrep 

Spin Miniprep Kit (QIAGEN) according to the manufacturer’s instructions. The plasmids were 

sequenced to confirm the identity of the nucleotide sequence using the following primers, 
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specific for the 3’UTR cloned sequence in the vector: 5’-CGTGAATTCTCACGGCTTCC-3’ 

(sense), and 5’-GCATCACAAATTTCACAAATAAAGC-3’ (antisense). 

 

MSLN CDS mutant constructs and assay 

A MSLN ORF clone was purchased from Origene (RC202532). Site-directed 

mutagenesis was used to generate constructs containing silent mutations in each of the three 

predicted miR-198 binding sites within the CDS of the MSLN gene (Supplemental Figure 6). 

MiR-198 precursors or a scrambled miRNA control were co-transfected into COS-7 cells along 

with either the WT MSLN ORF construct or each of the single, double, or triple mutants. Cell 

lysates were collected for western blot analysis. RNA and miRNA were collected for real-time 

RT-PCR analysis. 

The primers used to generate mutations in each of the three predicted binding sites for 

miR-198 within the MSLN CDS were as follows: 

Site 1: 5’-CCTGGACGCCCTCCCACTAGATCTGCTGCTATTCTCA-3’ (s) and 3’-

GGACCTGCGGGAGGGTGATCTAGACGACGATAAGGAGT-5’ (a),   

Site 2: 5’-GCCTGCTGCCCGTGGTAGGACAGCCCATCATCCG-3’ (s) and 3’-

CGGACGACGGGCACCATCCTGTCGGGTAGTAGGC-5’ (a); 

Site 3: 5’-CGAGTCTGTGATCCAGCACTTAGGATACCTCTTCCTCAAGATGA-3’ (s) and 

3’-GCTCAGACACTAGGTCGTGAATCCTATGGAGAAGGAGTTCTACT-5’ (a); and 

corresponded to the regions of the MSLN CDS depicted in Supplemental  Figure 6. The PCR 

conditions and transformations were performed as described above.  Double and triple mutants 

were generated serially, and all mutations were verified by sequencing. 
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Supplemental Table 1: Primers for 95 cancer-associated miRNAs and U6 snRNA control 
included in miRNA array shown in Figure 2. 
 
miRNA miRBASE# miRNA sequence miRNA miRBASE# miRNA sequence 
let-7-family MIMAT0000062, 

MIMAT0000064, 
MIMAT0000065, 
MIMAT0000067 

ugagguaguagguuguauaguu, 
ugagguaguagguuguaugguu, 
agagguaguagguugcauagu, 
ugagguaguagauuguauaguu  

miR-186  MIMAT0000456 caaagaauucuccuuuugggcuu 

miR-7 MIMAT0000252 uggaagacuagugauuuuguug miR-188  MIMAT0000457 caucccuugcaugguggagggu 
miR-92 MIMAT0000092 uauugcacuugucccggccug miR-18a MIMAT0000072 uaaggugcaucuagugcagaua 
miR-93 MIMAT0000093 aaagugcuguucgugcagguag miR-190  MIMAT0000458 ugauauguuugauauauuaggu 
miR-9-1 MIMAT0000441 ucuuugguuaucuagcuguauga miR-191  MIMAT0000440 caacggaaucccaaaagcagcu 
miR-101-1 MIMAT0000099 uacaguacugugauaacugaag miR-192  MIMAT0000222 cugaccuaugaauugacagcc 
miR-103 MIMAT0000101 agcagcauuguacagggcuauga miR-194  MIMAT0000460 uguaacagcaacuccaugugga 
miR-106a  MIMAT0000103 aaaagugcuuacagugcagguagc miR-195  MIMAT0000461 uagcagcacagaaauauuggc 
miR-106b MIMAT0000680 uaaagugcugacagugcagau miR-196a MIMAT0000226 uagguaguuucauguuguugg 
miR-107  MIMAT0000104 agcagcauuguacagggcuauca miR-197  MIMAT0000227 uucaccaccuucuccacccagc 
miR-10b MIMAT0000254 uacccuguagaaccgaauuugu miR-198  MIMAT0000228 gguccagaggggagauagg 
miR-1-1 MIMAT0000416 uggaauguaaagaaguaugua miR-

199a+b 
MIMAT0000231, 
MIMAT0000263 

cccaguguucagacuaccuguuc, 
cccaguguuuagacuaucuguuc 

miR-122a  MIMAT0000421 uggagugugacaaugguguuugu miR-30b MIMAT0000420 uguaaacauccuacacucagcu 
miR-125a MIMAT0000443 ucccugagacccuuuaaccugug miR-

19a+b 
MIMAT0000073, 
MIMAT0000074 

ugugcaaaucuaugcaaaacuga, 
ugugcaaauccaugcaaaacuga 

miR-125b MIMAT0000423 ucccugagacccuaacuuguga miR-95  MIMAT0000094 uucaacggguauuuauugagca 
miR-126  MIMAT0000444 cauuauuacuuuugguacgcg miR-20a MIMAT0000075 uaaagugcuuauagugcagguag 
miR-128b  MIMAT0000676 ucacagugaaccggucucuuuc miR-200a MIMAT0000682 uaacacugucugguaacgaugu 
miR-132 MIMAT0000426 uaacagucuacagccauggucg miR-200b MIMAT0000318 uaauacugccugguaaugaugac 
miR-133a MIMAT0000427 uugguccccuucaaccagcugu miR-200c MIMAT0000617 uaauacugccggguaaugaugg 
miR-134  MIMAT0000447 ugugacugguugaccagaggg miR-202 MIMAT0002811 agagguauagggcaugggaaaa 
miR-135b MIMAT0000758 uauggcuuuucauuccuaugug miR-203  MIMAT0000264 gugaaauguuuaggaccacuag 
miR-136  MIMAT0000448 acuccauuuguuuugaugaugga miR-204  MIMAT0000265 uucccuuugucauccuaugccu 
miR-137  MIMAT0000429 uauugcuuaagaauacgcguag miR-205  MIMAT0000266 uccuucauuccaccggagucug 
miR-140  MIMAT0000431 agugguuuuacccuaugguag miR-206  MIMAT0000462 uggaauguaaggaagugugugg 
miR-141 MIMAT0000432 uaacacugucugguaaagaugg miR-21  MIMAT0000076 uagcuuaucagacugauguuga 
miR-142-
3p 

MIMAT0000434 uguaguguuuccuacuuuaugga miR-210  MIMAT0000267 cugugcgugugacagcggcuga 

miR-143  MIMAT0000435 ugagaugaagcacuguagcuca miR-214  MIMAT0000271 acagcaggcacagacaggcag 
miR-145 MIMAT0000437 guccaguuuucccaggaaucccuu miR-215 MIMAT0000272 augaccuaugaauugacagac 
miR-146a MIMAT0000449 ugagaacugaauuccauggguu miR-372 MIMAT0000724 aaagugcugcgacauuugagcgu 
miR-149  MIMAT0000450 ucuggcuccgugucuucacucc miR-373 MIMAT0000726 gaagugcuucgauuuuggggugu 
miR-150  MIMAT0000451 ucucccaacccuuguaccagug miR-22  MIMAT0000077 aagcugccaguugaagaacugu 
miR-151 MIMAT0000757 acuagacugaagcuccuugagg miR-488 MIMAT0002804 cccagauaauggcacucucaa 
miR-153 MIMAT0000439 uugcauagucacaaaaguga miR-221  MIMAT0000278 agcuacauugucugcuggguuuc 
miR-154  MIMAT0000452 uagguuauccguguugccuucg miR-222 MIMAT0000279 agcuacaucuggcuacugggucuc 
miR-155  MIMAT0000646 uuaaugcuaaucgugauagggg miR-223  MIMAT0000280 ugucaguuugucaaauacccc 
miR-15a MIMAT0000068 uagcagcacauaaugguuugug miR-224  MIMAT0000281 caagucacuagugguuccguuua 
miR-15b  MIMAT0000417 uagcagcacaucaugguuuaca miR-23a MIMAT0000078 aucacauugccagggauuucc 
miR-16 MIMAT0000069 uagcagcacguaaauauuggcg miR-24  MIMAT0000080 uggcucaguucagcaggaacag 
miR-17-3p  MIMAT0000071 acugcagugaaggcacuugu miR-25 MIMAT0000081 cauugcacuugucucggucuga 
miR-17-5p  MIMAT0000070 caaagugcuuacagugcagguagu miR-26a MIMAT0000082 uucaaguaauccaggauaggc 
miR-181a  MIMAT0000256 aacauucaacgcugucggugagu miR-26b  MIMAT0000083 uucaaguaauucaggauagguu 
miR-181b MIMAT0000257 aacauucauugcugucgguggg miR-

27a+b 
MIMAT0000084, 
MIMAT0000419 

uucacaguggcuaaguuccgc, 
uucacaguggcuaaguucugc 

miR-181c MIMAT0000258 aacauucaaccugucggugagu miR-30c  MIMAT0000244 uguaaacauccuacacucucagc 
miR-181d MIMAT0002821 aacauucauuguugucgguggguu miR-

29a+b+c 
MIMAT0000086, 
MIMAT0000100, 
MIMAT0000681 

uagcaccaucugaaaucgguu, 
uagcaccauuugaaaucaguguu, 
uagcaccauuugaaaucggu 

miR-183 MIMAT0000261 uauggcacugguagaauucacug miR-30a-
3p 

MIMAT0000088 cuuucagucggauguuugcagc 

miR-185  MIMAT0000455 uggagagaaaggcaguuc miR-30a-
5p 

MIMAT0000087 uguaaacauccucgacuggaag 

miR-296 MIMAT0000690 agggcccccccucaauccugu U6 snRNA NCBI: X07425.1 caccacguuuauacgccggug 
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Supplemental Table 2: Conserved Transcription Factor Binding Sites in FSTL1/miR-198 
promoter region. Number of OCT-2 binding sites in bold. 
 
                                           

Transcription 
Factor Name 

Number of 
Sites in 

miR-198 
promoter 

Transcription 
Factor Name 

Number of 
Sites in 

miR-198 
promoter 

AIRE 1 HFH8 1 
AREB6 2 HNF3ALPHA 1 
BACH2 1 HNF3B  1 
BARBIE   1 IK3     1 
CETS16B 1 KLF4    6 
CP2   1 LDSPOLYA 1 
CREB 2 MAZR 1 
CREBATF  1 MMEF2 1 
CREL 1 MTATA   1 
DR3 1 MYOD     2 
E12 1 NFKAPPAB65  1 
E2F    1 NKX25 1 
E2F1 1 NRF2      1 
E2F1DP1   1 OCT1/OCT2 3 
E2F1DP2 1 OSF2    2 
E2F4DP2  1 PBX-1 1 
E47 2 POUF1 1 
ELF1    2 RFX1    2 
EVI1 1 TAL1 1 
FOXJ2   1 TATA      1 
FREAC3 1 TCF1P 3 
GABP   1 TITF1 2 
GCM 1 USF    1 
HAND1E47  2 XFD1 1 
HEB 1 XFD2     1 
HES1   1 XFD3 1 
HFH3   1 ZEB1   17 
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Supplemental Table 3: Fold changes of network factors in tumor tissues compared to matched 
normal tissues for PC patients.  
  Patient # OCT-2 VCP PBX-1 MSLN MIR-198 FSTL1 

m
iR

-1
98

-L
o

w
 

1 13.90 4.42 2.91 1.87 -4.44 -1.43 
2 5.15 5.75 6.08 7.61 -2.98 -1.39 
3 6.96 7.46 3.32 6.25 -6.80 -3.86 
4 41.44 17.76 51.51 30.12 -42.44 -45.95 
5     -5.88  
6     -2.23  
7 2.20 10.44 8.46 1.92 -4.71 -4.17 
8 15.93 43.67 56.49 30.55 -24.03 -10.26 
9 7.02 11.91 28.21 13.71 -10.16 -7.82 
10 4.66 7.08 7.94 1.54 -4.13 -1.25 
11 5.86 3.74 18.95 10.56 -17.91 -10.57 
12 4.08 17.74 12.33 6.08 -2.38 -2.94 
13 5.69 4.45 9.92 2.13 -3.21 -1.29 
14 5.40 12.91 1.72 3.25 -10.79 -20.52 
15 5.60 2.77 6.01 6.32 -1.99 -7.91 
16 52.06 13.49 81.28 100.88 -142.38 -146.64 
17 12.85 4.35 18.20 36.06 -33.73 -12.00 
18 2.99 2.46 1.19 8.58 -7.19 -4.24 
19 14.25 3.61 1.99 6.87 -8.79 -6.66 
20 1.78 1.10 1.78 1.19 -1.19 0.59 
21 1.96 1.36 7.26 3.21 -6.36 -1.54 
22 3.47 7.50 2.76 2.49 -5.06 -2.35 
23 2.70 4.09 45.69 3.72 -1.42 -6.10 
24 2.94 2.89 6.68 16.31 -1.28 -2.13 
25 -1.95 1.45 -1.78 -1.24 3.32 1.43 
26 -5.22 1.65 -1.04 -2.51 2.47 1.24         

m
iR

-1
98

-H
ig

h
 27 1.43 -1.36 -9.16 4.44 -2.40 -2.73 

28    1.15 1.55  
29 1.07  2.51 -6.48 -1.07 -1.47 
30    13.93 -5.88  
31    -1.23 1.48  
32 2.70 1.07 2.30 2.90 1.66 -2.07 
33 -17.85 -8.82 1.39 -6.88 -2.01 -2.24 
34 -3.39 -1.15 -79.22 -2.39 12.33 2.97 
35 1.71 3.37 -1.15 1.60 -4.21 -1.96 
36 -8.76 -1.36 -1.19 -1.46 3.38 1.82 
37 -1.07 1.21 1.92 -1.07 2.16 1.11     

AVG 
FOLD 

CHANGE 
 5.86 6.03 9.23 8.63 -9.15 -9.45 

 
 

       

COLOR 
KEY 

 Opposite/
No 

change 

1.01-2-
fold 

2-10 
fold 

10-100  
fold 

100+ 
fold 
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Supplemental Table 4. Biostatistical analysis of interactome human tissue expression. 
Tissue mRNA level values were log2 transformed.  Cox proportional hazards model was used 
to examine the association between the variables and the overall survival.  P-values and 95% 
confidence intervals are two-sided.  A p-value less than .05 was considered statistically 
significant.  SAS 9.3(SAS institute Inc., Cary, NC) was used for statistical analysis.  
 
Univariate 
Analysis 

Variable p-value HR(95% CI) 
log2OCT-2 .0009 1.36(1.14,1.64)
log2VCP .0027 1.59(1.17,2.15)
log2PBX-1 .0652 1.18(0.99,1.42)
log2MSLN .0012 1.30(1.11,1.52)
log2FSTL1 .0217 0.83(0.72,0.97)
Log2mIR-198 .0008 0.11(.03,0.40)
Age 0.9391 1.00(0.95,1.05)
TumorSize .0187 1.59(1.08,2.33)

       
Multivariate 
Analysis 

mIR-198 .0014 0.11(.03,0.42)
TumorSize 0.3898 1.19(0.80,1.78)
Age 0.2552 1.04(0.97,1.12)

 
   
 

 

 


