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miR-30-5p functions as a tumor suppressor and novel therapeutic tool by targeting 

the oncogenic Wnt/β-catenin/BCL9 pathway Running title: miR-30 as a novel therapeutic tool for multiple myeloma 

 

SUPPLEMENTARY INFORMATION 

 

Supplemental Materials and Methods 

 

MiRs microarray analysis. 

Total RNA was isolated using Trizol reagent (Invitrogen).  MiRs profiling was done by 

using Taqman miRs expression array (Applied Biosystem). Gene expression from dataset 

GSE27306 is normalized by RMA (Robust Multiarray Averaging) method and using 

refseq CDF annotation files. Processed miRs expression was used. Both linear "pearson" 

and non-linear one "spearman" correlation co-efficient were calculated, Correlation Test 

was applied to test the difference between these two independent correlation coefficients.  

All samples were divided based on miR-30 member's expression into 3 equal-size groups 

(low, medium, high), followed by side-by-side boxplots of BCL9 expression, and then an 

ANOVA test of BCL9 expression between the 3 groups. P-value was generated by 

ANOVA test.  

 

Cell proliferation, apoptosis, invasion, and migration assays.  

Cell proliferation was assessed by [3H] thymidine uptake as described (10). For 

apoptosis, cells were stained with Annexin-V-Fluos (Boehringer, Mannheim, Germany). 
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Stained cells were analyzed by flow cytometry, and data were analyzed by use of 

CellQuest (Becton-Dickinson, Sunnyvale, CA). Cell invasion and migration assays were 

done as described (22).  

 

Soft agar colony formation assay.  

Cells were added to 0.35% low-melting-temperature agarose (Seaplaque) containing 

DMEM culture medium as described above, and transferred at a density of 0.5×106 

cells/plate to 6 cm cell culture plates previously lined with 0.5% agar DMEM culture 

medium. After 15 days, the colonies were stained with 0.005% Crystal violet and 

counted. 

 

SP staining and macro sphere formation assays.  

Hoechst 33342 SP staining was performed as described (23).  SP cells (1000 cells/mL) 

were sorted and cultured in serum-free stem cell medium with DMEM-F12 

(BioWhittaker) supplemented with B27 (1:50, Invitrogen), 20 ng/mL EGF (BD 

Biosciences), 0.4% BSA (Sigma), and 4 μg/mL insulin (Sigma). Spheres per well (1000 

sorted SP cells/well) were counted after 3 days of culture.  

 

 

Statistical analysis.   

Statistical significance of differences between groups was analyzed by unpaired Student’s 

t test, and p≤0.05 was considered to be statistically significant. 

 



3 
 

Microarray data processing, GSE analysis and statistical analysis. 

RNA from triplicate samples of H929 treated with sh-BCL9 or miR30mix and 

corresponding controls, scrambled shRNA and miR-67 respectively was isolated for gene 

expression profiling analyses. Total RNA was hybridized to Affymetrix Human U133 

Plus 2.0 arrays. The rma function of the R affy Bioconductor package (24) was used for 

signal summarization and background correction. The R limma Bioconductor package 

(25) was used to identify significantly up- and down-regulated probe sets. Probe sets with 

a > 2-fold change after shBCL9 treatment and an adjusted P-value < 0.05 were used to 

create shBCL9 gene sets. These signatures were then used for GSEA (26) in the log2-

converted miR-30 data set. Microarray data has been deposited to the Gene Expression 

Omnibus (http://www.ncbi.nlm.nih.gov/geo) and comply with MIAME annotation 

standards. GEO accession number: GSE50422. 

Statistical significance of differences observed in miR-30c or miR-30s groups versus 

control V-GFP group was determined using the Student t test, and was achieved when P 

value < 0.05. Survival of V-miR-30c and V-GFP mice survival was evaluated by Kaplan-

Meier Survival Curve Analysis, with the log-rank statistic. All analyses were completed 

by the software SPSS11.0, and p ≤ 0.05 was considered statistically significant.  

 

Mouse xenograft models of tumor burden and metastasis. 

5X106 H929 MM cells stable transduced with V-miR-30 and V-GFP were injected 

subcutaneously (s.c.) or intravenously (i.v.) into hairless SCID Crl: SHO-PrkdcscidHrhr 

mice (STRAIN CODE 474, Charles River), as previously described (9). All experiments 

involving animals were approved by DFCI Institutional Animal Care and Use 
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Committee. For s.c. injected mice, each animal was injected in flanks, one side with V-

GFP H929 cells and the other side with V-GFP H929 cells. Tumor development was 

measured every 3 days from first appearance, and tumor volume was calculated as 

Volume = (Length × Width2 × 3.1415926)/6. Animals were euthanized when tumors 

reached 2 cm3. For i.v. injected mice, survival was evaluated from the first day of tumor 

injection until death. Hind limb paralysis and tumor burden were used as an end point in 

the disseminated disease model, and GFP positive tumor image was captured by LAS-

4000 Luminescent Imager Analyzer (Fujifilm). To assess in vivo cell proliferation, 

apoptosis activity, and expression of downstream target genes of miR-30s, GFP-positive 

tumor samples were excised from the murine xenograft models for IHC analysis, as in 

previous studies (9).   

 

Micro-computed tomography. 

Micro-computed topographic (µCT) imaging was performed on the L4-L6 vertebrae of 

the intact spine of a subset of mice using a high-resolution desktop imaging system 

(µCT40, Scanco Medical AG, Bruttisellen, Switzerland). Scans were acquired using a 

12µm3 isotropic voxel size, 70 kVp peak x-ray tube potential, and 200 ms integration 

time. Cortical and trabecular bone micro architecture was quantified in the 5th lumbar 

vertebral body in a region beginning 120 µm below the cranial growth plate and ending 

120 µm above the caudal growth plate. To assess cortical lesions, we determined the 

cortical bone volume (Ct.BV) and total volume (Ct.TV) of the ventral face of the 

vertebral body. Cortical void fraction (%) was calculated as 1-(Ct.BV/Ct.TV)*100 and 

represents the percent of the ventral face that was void of bone. Trabecular bone volume 
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fraction (Tb.BV/Tb.TV, %) was measured in the region of interest.  In NOD/SCID mice 

not transplanted with myeloma cells, μCT was performed in one mouse treated with 

vehicle and one mouse treated with miR-30c after 10 days of treatment. In NOD/SCID 

mice transplanted with myeloma cells, μCT was performed in two selected mice 

(showing spine involvement by whole body imaging) for each experimental group at day 

21 of treatment.  

 

Supplemental Figure Legend 

 

Figure S1. MiR-30s target BCL9 in MM cells. 

(A) A positive but weak relationship between DNA copy number and BCL9 expression 

was observed (Pearson correlation coefficient = 0.35, nominal P value= 0.0002) in 92 

MM patients in whom both CGH and expression data were available. (B) miR-30s is the 

only common miRNA targeting BCL9 mRNA, as predicted by four different web-based 

softwares including RNA22, DIANA, picTAR, and Targetscan.  (C) 3’UTR of BCL9 

mRNA was found to contain 2 sequence motifs wt-1 (9129 - 9135bp) and wt-2 (9880 - 

9886bp), which perfectly match the “seed” sequence of the miR-30s family members.  

(D) Ectopic expression of miR-30c by V-miR-30c stable infection reduces protein levels 

of BCL9 as compared with control V-GFP cells, when evaluated by western blot analysis 

in OPM1 and MM1S cells. (E) Immunohistochemical analysis of BCL6 expression on 

tissue sections of GFP-labeled tumor isolated from mice injected with V-miR-30c or V-

GFP H929 transduced cells. 
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Figure S2. Knockdown expression of miR-30s enhances BCL9 expression in MM 

cells.   

(A) Q-RT-PCR analysis of expression of miR-30a/b/c/d/e in MM1S cells treated with 

scrambled or 2’O-me anti-pan-miR-30 oligonucleotides.  BCL9, Axin-2 and CD44 

mRNAs (B) and BCL9 protein (C) levels were enhanced in miR-30-knockdown cells, as 

compared with cells treated with scrambled oligonucleotides. * p<0.05. (D) Top activity 

was also increased in miR-30-knockdown cells compared with scrambled cells. Fop 

activity was not changed. * p<0.05.  

 

Figure S3. BMSCs decrease miR-30s levels, and enforced expression of miR-30s 

inhibits CAM-DR in MM cells.   

Co-culture of GFP labeled H929 MM cells (V-GFP) with BMSC HS-5 (dsRed) for 48h 

promotes downregulation of miR-30s (A) and up-regulation of BCL9, Axin2 and CD44 

mRNAs (B).  All experiments were done in triplicate and repeated twice. * p<0.05. 

Enforced overexpression of miR-30c or miR-30mix (C) reverses the chemoprotective 

effect of primary BMSCs to against dexamethasone treatment in H929 cells (D). * 

p<0.05.  

 

Figure S4. MiR-30s treatment does not have a negative impact on bone disease in 

MM1S-Luc-Neo bearing mice.  

The impact of miR-30c and miR-30mix treatment on bone lytic lesion was examined by 

µCT imaging and histologic analysis on the L4-L6 vertebrae of the spine of NOD/SCID 

mice non transplanted (A, B) and transplanted with MM1S-Luc-Neo cells (C, D). There 
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are no major differences in bone lytic lesions (C) trabecular bone volume fraction (D, 

top) and cortical void fraction (D, bottom) between mice treated with vehicle and mice 

treated with miR-30mix.  

 

Table S1. Sequence of oligonucleotides used in this study.  

 


