Genome-wide pharmacologic unmasking identifies

tumor suppressive microRNAs in multiple myeloma

Supplementary Material

MiRNA Expression Profiling and Data Processing

MicroRNA expression was profiled using Agilent Human MiRNA Microarray
(V16). Each array contained 60-mer probes representing 1205 human and
144 human viral miRNAs from the miRBase (Version 16.0). Array experiment
was carried out using Agilent miRNA system protocol v2.4 as per
manufacturer’s instructions. Briefly, each RNA sample were labeled with
Cyanine3-pCp and hybridized to the Agilent human miRNA microarray using
the miRNA Complete Labeling and Hyb Kit (Agilent p/n 5190-0456). The slide
was washed using Gene Expression Wash Buffer Kit (Agilent p/n 5188-5327),
and then scanned using an Agilent DNA microarray scanner (G2565CA).
Array QC was examined using two parameters, namely #FeatureNonUnif
and %CV for replicated probes. Higher value of #FeatureUnonUnif indicates
less uniformity of the distribution of signals, and higher value of %CV for
replicated probes indicates lower reproducibility of signal across the array and
lower signal-to-noise ratio. All samples passed the QC matrix and showed
good data quality (#FeatureNonUnif <0.1% and %CV of replicated probes
<15). The array QC reports, as well as miRNA expression data was extracted
from the scanned image using Agilent Feature Extraction Software 10.7.3.1.
Background subtracted, outlier rejected expression data was imported into
GeneSpring GX12 and normalized using quantile method. Filtering on flag
and expression was then carried out to exclude non detected miRNAs.
Volcano plot was then used to calculate fold change. P-value was calcuated
using the software default moderated T-Test with multiple testing correction
(Benjamini-Hochberg method). Complete raw and normalized microarray data
and their MIAME compliant metadata have been deposited at GEO
(www.ncbi.nlm.nih.gov/geo) under the accession number GSE53850.

Methylation-Specifc PCR (MSP)

DNA extraction and bisulfite conversion were performed using Qiagen
DNeasy Kit and EpiTect Bisulfite Kit respectively (Qiagen, Valencia, CA).
Methylation-Specific PCR (MSP) primers were designed using Methyl Primer
Express (Applied Biosystems, Foster City, CA) and the PCR reactions with
final reaction volume of 25ul each were assembled with Invitrogen Platinum
PCR Supermix (Thermo Fisher Scientific, Waltham, Massachusetts, USA),
forward and reverse primers at a final concentration of 0.2uM each, and 50ng
bisulfite-converted DNA. The PCR reactions were performed in a
thermocycler under the following conditions: 94°C for 2 minutes; 36 cycles of:
94°C for 30 seconds, (primer annealing temperature) for 30 seconds, 72°C for



1 minute; and finally a final extension for 5 minutes at 72°C. Equal volume of
PCR product for each sample was run on 2% w/v agarose gel and the image
was obtained using biorad GelDoc XR+ imaging system. The intensity is
qguantified using ImageJ.[1l] The primer sequences and annealing
temperatures are listed in Supplementary Table 9.

MiRNA Localization and CpG Island Identification

The genomic localization of miRNAs were investigated using UCSC genome
browser under Genome Reference Consortium Human Build 37
(GRCh37/hg19). CpG islands were predicted by the CpG island track in
UCSC or by Methyl Primer Express software using DNA sequences 10
kilobase upstream and downstream of the pre-miRNA sequence, using the
following three criteria: 1. GC content of 50% or higher; 2. Length greater than
200bp; 3. Ratio greater than 0.6 of observed number of CG dinucleotides to
the expected number on the basis of the number of Gs and Cs in the
segment.[2]



TagMan MIRNA Assay
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Supplementary Figure S1. Validation of upregulation after 5’azacytidine

treatment for six miRNAs by Tagman miRNA assay
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Supplementary Figure S2. Methylation-Specific PCR of representative leading
candidate TS-miRNAs. The intensity of bands were quantified using ImageJ
as per user manual of the software.



Supplementary Table S1. Result of miIRNA microarray: 74 miRNAs commonly
upregulated by 5’aza, sorted by chromosomal location

Supplementary Table S2. Methylation status of miRNA-associated CpG sites
in MM patients and healthy controls. P-value was calculated using T-Test
comparing beta value of patients and normal controls.

Supplementary Table S3. 215 Predicted miRNA targets that are also
overexpressed in Myeloma patients compared with normal plasma cells
(UAMS dataset GSE2658, cutoff g-value 0.005)

Supplementary Table S4. Upregulated genes in MM that are predicted to be
the target of leading candidate TS-miRNAs, and their relevance in cancer in

current literature

Supplementary Table S5. GSEA analysis, using the 215 predicted miRNA
targets that are also upregulated in MM patients

Supplementary Table S6. KEGG Pathway Analysis of the predicted targets of
leading candidate TS-miRNAs

Supplementary Table S7. 33 genes independently associated with survival in
UAMS dataset are predicted to be targeted by leading candidate TS-miRNAs

Supplementary Table S8. Fold change after 5'aza treatment for known TS-
mMiRNAs silenced by DNA methylation

Supplementary Table S9. Details of Methylation Specific PCR primers.
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Supplementary Table S1. Result of miRNA microarray: 74 miRNAs commonly upregulated by 5’aza, sorted by chromosomal location.
P-value was calculated by T-Test comparing the control group and 5'aza treated group in all four cell lines. Multiple Testing
Correction was applied using Benjamini-Hochberg method. MiRNAs 29b,192,194 and 215 were previously reported tumor

suppressors in MM (highlighted in hold and italic font); miRNAs within each orange box resided in the same miRNA cluster; miRNAs
135a*, 198, 200c, 125a-3p, 188-5p, and 155 were previously reported to be downregulated in myeloma patients whereas miRNAs mir-
630, 663 and 483-5p were reported to have tumor suppressor properties in other cancers. (highlighted in green)

n.d.: not detected

H929 MM1S OPM2 8226
. fold regul |fold regul |fold regul |fold regul p-.value Chro . . str
systematic_name h h h h with moso |start stop mirbase accessidan
change |ation [change |ation |change |ation [change [ation

FDR me d
hsa-miR-1290 1.64 up | 141.58 up 241 up 2.07 up 0.235|chr1 19223635  19223619|MIMAT0005880 |+
hsa-miR-30e* 7.28 up 58.11 [down| 1.64 up 1.57 down| 0.777|chr1 40992676|  40992693|[MIMAT0000693 |-
hsa-miR-4257 46.41 up 8.98 up 14.63 up 9.21 up 0.014|chr1 150524468 | 150524480 [MIMAT0016878 |-
hsa-miR-765 9.47 up 42.69 up 7.42 up 90.07 up 0.014|chr1 156906011| 156905995(MIMAT0003945 |+
hsa-miR-215 4.66 up n.d. 1.75 up n.d. 0.746|chr1 220291241| 220291222|MIMAT0000272 [+
hsa-miR-194 15.97 up n.d. 2.50 up 1.81 up 0.569|chr1 220291534| 220291519|MIMAT0000460 |+
hsa-miR-1471 8.45 up | 171.20 up | 73.87 up 44.76 up 0.014[chr2 | 232756973 | 232756960 |MIMAT0007349 |+
hsa-miR-1246 3.27 up 15.83 up 6.25 up 15.86 up 0.138|chr2 177465736| 177465722|MIMAT0005898 |+
hsa-miR-3679-5p 1.70 up 7.00 up 1.66 up 5.55 up 0.016|chr2 134884711| 134884723|MIMAT0018104 |-
up 5.36 up 10.97 up 37.37 up 0.022|chr3 52328311|  52328300|MIMAT0004595 |+
up | 100.81 | up | 15.27 up [ 75.61 up | 0.008|chr3 49311595]  49311609|MIMAT0016901 |-
13.22 up n.d. 14.41 up 0.156|chr3 120114541] 120114527|MIMAT0000228 |+
hsa-miR-4270 146.39 | up [ 344.51 up 2.09 [ up 5.51 up 0.042|chr3 15537775 15537764|MIMAT0016900 |+
hsa-miR-1224-5p n.d. 47.42 up n.d. 8.21 up 0.182[chr3 183959202| 183959211[MIMAT0005458 |-
hsa-miR-1973 n.d. 3.85 up n.d. 1.90 up 0.374|chr4 117220909| 117220924|MIMAT0009448 |-
hsa-miR-572 n.d. 6.28 up n.d. 242 up 0.069|chr4 11370519|  11370530[MIMAT0003237 |-
hsa-miR-575 1.66 up 6.31 up n.d. 3.52 up 0.071|chr4 83674568|  83674552|MIMAT0003240 |+
hsa-miR-1305 49.46 up n.d. 55.62 [ up 50.77 up 0.040{chr4 183090500| 183090517[MIMAT0005893 |-
hsa-miR-4274 47.35 up 45.79 up n.d. n.d. 0.150|chr4 7461824 7461835|MIMAT0016906 |-
hsa-miR-3945 n.d. 48.81 up n.d. 8.15 up 0.183|chr4 185772211] 185772193[MIMAT0018361 [+
hsa-miR-3141 51.95 up | 120.07 up | 6553 [ up | 100.53 up 0.000{chr5 153975599| 153975587[MIMAT0015010 [+
hsa-miR-4281 2.65 up 9.16 up 187 | up 4.13 up 0.014chr5 176056491| 176056481|MIMAT0016907 [+
hsa-miR-874 1.97 up 1.51 up n.d. 95.04 up 0.260|chr5 136983328| 136983317|MIMAT0004911 |+
hsa-miR-1275 1.55 up 4.16 up 171 | up 3.69 up 0.014[chr6 33967782|  33967770|MIMAT0005929 |+
hsa-miR-219-5p 13.82 up n.d. 885 | up n.d. 0.520{chr6 33175632| 33175652|MIMAT0000276 |-
hsa-miR-1202 n.d. 2.65 up n.d. 1.75 [ up 0.213|chr6 156267952| 156267963|MIMAT0005865 |-
hsa-miR-877* 4.49 down | 37.48 up 3.67 |down| 33.94 I up 0.352(chr6 30552182| 30552194|MIMAT0004950 |-
hsa-miR-29b 1.90 up 1.68 up 1.66 up n.d. 0.183|chr1 207975861| 207975841|MIMAT0000100 |+
hsa-miR-29a 2.20 up 2.63 up 1.61 up n.d. 0.113chr7 130561568| 130561550{MIMAT0000086 |+




hsa-miR-29a* 320 [ wp nd. 222 | wp nd. 0.202[chr7 | 130561530 130561510[MIMAT0004503 [+
hsa-miR-3610 nd. 60.98 | up nd. 770 | up | 0.190[chr8 | 117887027| 117887017|MIMAT0017987 [+
hsa-miR-1207-5p 205 | up | 869 | up | 2.38 | up | 441 up | 0.014[chr8 | 129061414 129061425MIMAT0005871 |-
hsa-miR-151-5p 39.18 | up nd. 1484 | up nd. 0.161[chr8 | 141742693 141742678[MIMAT0004697 |+
hsa-miR-3911 nd. 6144 | up | 509 | up | 4939 | up | 0.111[chr@ | 130452998 130452986|MIMAT0018185 |+
hsa-miR-2861 nd. 713 | up nd. 320 | up | 0.058[chr9 | 130548259 130548268|MIMAT0013802 |-
hsa-miR-3621 nd. 790 | up | 490 | up nd. 0.169[chr9 | 140063672| 140063661|MIMAT0018002 |+
hsa-miR-3663-3p 326 | up 32624 | up | 7.00 | up | 344 | up | 0.054[chri0 | 118927268] 118927259MIMAT0018085 |+
hsa-miR-1915 219 | up | 527 | up | 156 | up | 2.36 | up | 0.018[chri0 | 21785556] 21785547|MIMAT0007892 |+
hsa-miR-4298 233 | up [130.88 | up | 7.80 | up | 12087 | up | 0.014|chr11 1880725  1880713|MIMAT0016852 |+
hsa-miR-192 nd. 316 | up | 156 [ up nd. 0.775[chr11 | 64658652 64658635|MIMAT0000222 |+
260 | up [297.01 | up [ 131.91 | up | 34355 | up | 0.014[chr11 2155392] 2155379 MIMAT0004761 |+
hsa-miR-3656 n.d. 189 | up n.d. 171 | up | 0.091[chri1 | 118889708| 118889718[MIMAT0018076 |-
nd. 3626 | up nd. 5571 | up | 0.151[chri2 |  7072914]  7072927|MIMAT0000617 |-
hsa-miR-141 nd. 230 | up nd. 20034 | up | 0.483[chr12 | 7073324] _ 7073339[MIMAT0000432 |-
hsa-miR-3652 3875 | up | 12274 | up | 865 | up nd. 0.045[chr12 | 104324206] 104324220]MIMAT0018072 |-
hsa-miR-3665 178 | up | 370 | up nd. 161 | up | 0.039[chr13 | 78272188 78272180|MIMAT0018087 |+
hsa-miR-134 119617 | up | 20521 | up | 108.34 | up | 148.14 | up | 0.000[chr14 | 101521041 101521052|MIMAT0000447 |-
hsa-miR-345 nd. 206 | up | 3.84 [down| 455 | up | 0.759[chr14 | 100774222 100774234[MIMAT0000772 |-
[ASETmiR680 " | 263 | up | 5031 | up | 272 | up | 714 | up | 0.014|chr15 | 72879624 72879639|MIMAT0003299 |-
hsa-miR-1268 155 | up | 395 | up | 173 | up | 183 | up | 0.022[chri5 | 22513250] 22513239 MIMAT0005922 |+
hsa-miR-762 275 | up | 740 [ up | 158 | up | 343 | up | 0.020[chr16 | 30905283 30905293[MIMAT0010313 |-
hsa-miR-1225-5p 166 | up | 386 | up nd. 365 | up | 0.017[chri6 |  2140217]  2140208|MIMAT0005572 |+
hsa-miR-320c nd. 337 | up | 183 [ up | 331 | up | 0.014[chr18 | 19263525] 19263539|MIMAT0005793
[hsamiR-125a8p | 3519 | up | 12642 | up | 54.71 | up | 10225 | up | 0.001|chr19 | 52196565 52196580 MIMAT0004602 |-
hsa-miR-150* 11054 | up | 6550 | up nd. 688 | up | 0.032[chr19 | 50004113] 50004102[MIMAT0004610 |+
hsa-miR-371-5p 153.60 | up | 13256 | up | 5141 | up | 47.70 | up | 0.001|chr19 | 54290942] 54290953|MIMAT0004687 |-
hsa-miR-642b 214 | up | 605 | up | 212 | up | 392 | up | 0.0714|chr19 | 46178257 46178245|MIMAT0018444 |+
hsa-miR-1181 17507 | up | 13555 | up nd. 7492 | up | 0.025[chr19 | 10514167| 10514157|MIMAT0005826 |+
hsa-miR-638 nd. 801 | up nd. 347 | up | 0.062[chr19 | 10829107| 10829119|MIMAT0003308 |-
hsa-miR-3195 nd. 269 | up nd. 244 | up | 0.029[chr20 | 60639874] 60639884|MIMAT0015079 |-
[hSa-miR=668 | 107.25 | up | 44596 | up | 201 | up | 290 | up | 0.036[chr20 | 26188857| 26188846|MIMAT0003326 |+
hsa-miR-3196 nd. 417 | up | 161 | up | 175 | up | 0.034[chr20 | 61870146 61870157|MIMAT0015080 |-
hsa-miR-1914* n.d. 46.65 up n.d. 7.87 up 0.183(chr20 62572888 62572877[MIMAT0007890 |+
hsa-miR-3648 10601 | up [253.03 | up | 818 | up | 183.05 | up | 0.014|chr21 9825868] _ 9825879|MIMAT0018068 |-
hsa-miR-4327 63.05 | up | 68.73 | up nd. nd. 0.149[chr21 | 31747640 _31747628[MIMAT0016889 |+
[RSETmiR=156 | 852 | up | 260 | up nd. nd. 0.673[chr21 | 26946302 26946317 MIMAT0000646 |-
hsa-miR-3198 5776 | up | 218 | up | 5825 | up | 7018 | up | 0.014[chr22 | 18247015 18247002[MIMAT0015083 |+
hsa-miR-3667-5p nd. 15066 | up | 3.39 | up | 162.98 | up | 0.078|chr22 | 49937070 49937055[MIMAT0018089 |+
hsa-miR-718 5264 | up | 14856 | up | 8148 | up | 4257 | up | 0.001[chrX | 153285432 153285423[MIMAT0012735 |+
hsa-miR-424" 174 | up |571.60 | up nd. 109.89 | up | 0.056[chrX | 133680711] 133680699[MIMATO0004749 |+
hsa-miR-513a-5p 167 | up | 1.83 | up nd. 157 | up | 0.459[chrX | 146295034] 146295019|MIMAT0002877 |+
hsa-miR-513c 321 | up | 294 | up nd. nd. 0.180[chrX_| 146271256 146271239|MIMAT0005789 |+




hsa-miR-513b 276 | up | 246 | up | 282 [down| 5.04 [down| 0.857[chrX | 146280596] 146280579]MIMAT0005788 [+ |
267 | up | 61870 [ up | 284 [ up | 617 | up | 0.067[chrX | 49768132] 49768143[MIMAT0000457 |- |




Supplementary Table S2. Methylation status of miRNA-associated CpG sites in MM patients and healthy controls. P-value was calculated
using T-Test comparing beta value of patients and normal controls.

No.of MM
patients with
Abeta more Average AV:;TS; (i))feta Abeta
Pre-miRNA CpG ID Position than 0.1 of beta value p-value Position_Comment
) normal value
average beta | of patients
control
value of normal
controls
mir-125a cg19818998 Downstream 6 0.358 0.046 0.312 0.004 S_Shore of CpG island
Upstream of . .
mir-155 | cg00565412 | host gene 4 0.780 0496 | 0284 | 0055 |N-ShoreofCpG istand;near
; TSS of host gene
(mir155hg)
Enriched in H3K27Ac mark
mir-135a-1 €g22626659 Upstream 11 0.573 0.304 0.270 0.004 (marker for active
transcription)
mir-135a-2 cg03782861 Upstream 5 0.599 0.256 0.343 0.038 near TSS of host gene
mir-188 903662899 Upstream 6 0.853 0.621 0.233 0.004 near TSS of mir-188
mir-198 904865442 Upstream 7 0.854 053 |0319| 0000 |N-ShoreofCpGisland; near
TSS of host gene
mir-200c | cg00366413 | Upstream 10 0.752 0514 |o0238| 0000 |CPC ”Chjf;‘i‘f;ggc"ear TS
mir-483 €g23905216 Upstream 8 0.617 0.355 0.262 0.010 CpG island
mir-630 cg15188939 Upstream 10 0.691 0.388 0.303 0.014 Intergenic of host gene
mir-663 cg01521987 Upstream 13 0.729 0.227 0.502 0.000 CpG island




Supplementary Table S3. Predicted miRNA targets that are also

overexpressed in Myeloma patients compared with normal plasma cells

(UAMS dataset GSE2658, cutoff g-value 0.005)

miRNA ID
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-630
hsa-miR-200c
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-198
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-155
hsa-miR-630
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-630
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-198
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-155
hsa-miR-135a*
hsa-miR-155
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-200c
hsa-miR-200c
hsa-miR-135a*
hsa-miR-155
hsa-miR-188-5p
hsa-miR-125a-3p

Predicted Target
ATXN1
ATXN1
ESRRG
ESRRG
KLF13
KLF13
PTEN
PTEN
PTEN
AKAP10
AKAP10
BACE1
CYCS
DCUN1D1
DCUN1D1
DOCKS8
FAM126B
FAM126B
FAM55C
FBXO0O33
FBXO33
GLCcCH
GLCCH
KIAA0323
KIAA1267
KIAA1267
LARP4
MAP2
MAP2
MATRS3
MATRS3
MBNL1
MBNL1
MRPS25
MXD4
NR3C1
NUFIP2
NUFIP2
PCDH9
PCDH9
PGPEP1

1.554
1.554
2.689
2.689
1.784
1.784
1.832
1.832
1.832
1.602
1.602
1.840
1.920
1.644
1.644
1.690
1.578
1.578
1.614
1.865
1.865
2.879
2.879
1.635
1.867
1.867
1.519
2.262
2.262
1.838
1.838
1.666
1.666
1.606
1.575
1.978
1.524
1.524
2.184
2.184
1.980

Fold increase in MM  Adjusted P-value

1.934E-05
1.934E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.470E-05
6.360E-06
6.360E-06
2.594E-05
0.000E+00
0.000E+00
6.568E-06
6.568E-06
1.969E-05
1.470E-05
1.470E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.483E-06
9.459E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00



hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-188-5p
hsa-miR-155
hsa-miR-200c
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-198
hsa-miR-200c
hsa-miR-155
hsa-miR-630
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-188-5p
hsa-miR-483-5p
hsa-miR-135a*
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-630
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-135a*
hsa-miR-200c
hsa-miR-135a*
hsa-miR-198
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-200c
hsa-miR-200c
hsa-miR-630
hsa-miR-200c
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-630
hsa-miR-630
hsa-miR-663

PKD2
PML
RICTOR
RICTOR
SCAMP1
SCAMP1
SERBP1
SNX1
TSGA14
TSGA14
UPF1
VGLL4
ZFP3
ZNF197
ABCF2
ABI3BP
ACVR1C
ACVR2A
AGPAT3
AGTPBP1
AlIG1
ALS2
AMACR
ANKIB1
ANKRD10
ANKRD28
ANKRD50
ARHGAP19
ARHGDIA
ARID2
ARID4B
ARIH2
ASXLA1
ATG12
BAP1
BAZ2B
BCL9
BICD2
BMPR2
BRCA1
BRCC3
C10orf6
C160rf72
C1orf25
C1orf96
C2orf37
C7orf26

1.596
1.518
1.581
1.581
2.031
2.031
1.585
2.296
1.672
1.672
2.082
1.554
1.737
1.611
2.618
2.134
1.635
1.547
1.808
1.603
1.908
1.709
1.534
1.972
1.515
2.470
1.545
1.805
1.883
1.708
1.521
1.555
2.245
1.573
1.666
1.774
2.321
1.731
1.697
1.908
1.730
1.743
1.552
1.847
1.512
1.523
2.565

0.000E+00
0.000E+00
4.087E-06
4.087E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
3.227E-05
6.568E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.453E-06
0.000E+00
0.000E+00
0.000E+00
1.635E-05
4.760E-04
0.000E+00
2.003E-05
0.000E+00
1.969E-05
6.568E-06
6.360E-06
0.000E+00
0.000E+00
1.292E-06
3.032E-05
0.000E+00
0.000E+00
6.688E-07
0.000E+00
0.000E+00
0.000E+00
1.547E-05
1.129E-05
0.000E+00
5.137E-05
0.000E+00
0.000E+00



hsa-miR-188-5p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-198
hsa-miR-155
hsa-miR-188-5p
hsa-miR-630
hsa-miR-155
hsa-miR-135a*
hsa-miR-155
hsa-miR-630
hsa-miR-663
hsa-miR-135a*
hsa-miR-630
hsa-miR-188-5p
hsa-miR-155
hsa-miR-155
hsa-miR-188-5p
hsa-miR-630
hsa-miR-135a*
hsa-miR-200c
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-198
hsa-miR-198
hsa-miR-200c
hsa-miR-663
hsa-miR-200c
hsa-miR-200c
hsa-miR-125a-3p
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-125a-3p
hsa-miR-155
hsa-miR-630
hsa-miR-188-5p
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-200c
hsa-miR-135a*
hsa-miR-200c

C7orf38
CAMSAP1L1
CASC3
CASD1
CBS
CCND1
CCNT2
CD200
CD47
CDC42SE1
CHD7
CLIC2
CNN2
CPEB2
CPEB4
CREB3L2
CSNK1A1
CSNK1G2
CuL4B
CYP51A1
DDX11
E2F3
EIF5
EIF5B
ELOVL4
ENAH
FAHD1
FANCF
FANCL
FBX022
FHLA1
FKBP8
FLI1
FNDC3B
FUT6
FXR1
GABPA
GLIS3
GMCL1
GNAS
GNB1
H3F3B
HDAC9
HGF
HIC2
HLA-A
HRB

1.614
2.285
1.557
1.550
1.720
2.803
1.598
1.891
1.520
2.021
2.593
1.786
1.568
1.718
2.048
1.710
1.537
1.658
1.666
1.554
1.803
1.722
1.590
1.591
2.199
1.741
1.553
1.718
1.529
1.722
1.616
2.015
1.916
1.844
1.671
1.659
1.872
1.546
1.507
1.589
1.730
2.027
1.524
3.129
1.599
1.825
1.577

5.453E-06
0.000E+00
1.635E-05
2.594E-05
4.087E-06
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
9.209E-05
1.272E-05
0.000E+00
0.000E+00
2.604E-04
2.523E-06
0.000E+00
6.688E-07
4.087E-06
0.000E+00
2.991E-04
0.000E+00
4.123E-05
0.000E+00
0.000E+00
3.073E-06
2.003E-05
4.087E-06
0.000E+00
4.123E-05
7.839E-06
4.483E-06
3.032E-05
0.000E+00
6.568E-06
0.000E+00
6.568E-06
6.568E-06
3.351E-05
0.000E+00
1.995E-04
1.295E-04
0.000E+00
1.153E-04
0.000E+00
4.087E-06



hsa-miR-198
hsa-miR-188-5p
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-155
hsa-miR-155
hsa-miR-155
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-155
hsa-miR-188-5p
hsa-miR-630
hsa-miR-198
hsa-miR-125a-3p
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-198
hsa-miR-200c
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-200c
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-200c
hsa-miR-630
hsa-miR-155
hsa-miR-630
hsa-miR-200c
hsa-miR-198
hsa-miR-200c
hsa-miR-200c
hsa-miR-200c
hsa-miR-125a-3p
hsa-miR-630
hsa-miR-200c
hsa-miR-135a*
hsa-miR-198
hsa-miR-188-5p
hsa-miR-155

IDS
IL13RA1
ILF3
IQGAP1
ISG20L1
KBTBD2
KIAA1274
KPNA1
LAMC1
LAPTM4B
LEPR
LSM12
LYPLALA1
MAP3K3
MAP4K3
MAT2A
MECP2
MEF2C
MEF2D
METTL9
MTAP
MTERFD2
MTUS1
MYBLA1
NAP1L5
NBEA
NDRG3
NIPBL
NLK
NPTN
NR2C2
NUDT4
NUP160
OAS3
ORMDL3
OXR1
PARP16
PCMTD1
PDE5A
PELI
PHF17
PIGK
PIN1
POM121
PPP1R10
PPP2CA
PRDM1
PRDMS
PRKCI
PTPRZ1
PURA
RAPGEF4
RBM8A
RCN2

2.041
1.656
1.718
1.539
2.287
1.521
1.616
1.502
2.146
1.553
1.583
1.719
1.595
1.822
1.622
1.589
1.831
1.646
1.752
1.559
1.551
1.713
2.008
1.828
1.915
2.766
1.673
2.126
1.691
1.638
1.532
1.744
1.758
1.983
1.883
1.671
2.380
1.756
1.586
3.173
1.530
1.563
2.207
1.656
1.759
1.511
2.158
2.691
1.562
1.536
1.858
1.593
1.973
1.694

0.000E+00
6.568E-06
0.000E+00
9.241E-05
0.000E+00
0.000E+00
0.000E+00
2.913E-04
0.000E+00
2.792E-04
0.000E+00
0.000E+00
5.941E-06
0.000E+00
1.111E-05
8.899E-05
0.000E+00
0.000E+00
3.170E-05
0.000E+00
0.000E+00
4.087E-06
0.000E+00
6.688E-07
0.000E+00
0.000E+00
6.030E-04
0.000E+00
1.292E-06
0.000E+00
3.227E-05
1.726E-04
0.000E+00
4.087E-06
2.054E-05
2.162E-05
0.000E+00
0.000E+00
4.483E-06
0.000E+00
1.166E-04
1.090E-04
0.000E+00
0.000E+00
0.000E+00
6.427E-05
8.634E-05
0.000E+00
3.327E-05
4.016E-04
0.000E+00
4.087E-06
0.000E+00
0.000E+00



hsa-miR-200c
hsa-miR-135a*
hsa-miR-155
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-135a*
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-630
hsa-miR-188-5p
hsa-miR-125a-3p
hsa-miR-155
hsa-miR-200c
hsa-miR-630
hsa-miR-630
hsa-miR-135a*
hsa-miR-200c
hsa-miR-630
hsa-miR-155
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-200c
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-630
hsa-miR-200c
hsa-miR-200c
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-188-5p
hsa-miR-198
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-155
hsa-miR-188-5p
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-630
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-630
hsa-miR-630

RFXDC2
RHOBTB3
RNF123
SAPS3
SATB1
SBF1
SENP2
SF3A3
SLC12A2
SLC30A5
SLC35A5
SMARCA2
SMARCA4
SMARCAD1
SOCS2
ST3GAL6
SUzZ12
TBC1D22B
TDO2
TERF1
TEX261
TIMM22
TMCCA1
TMEFF2
TMEM128
TOB1
TP53RK
TRIM33
TSC22D2
TTC14
TUBB3
USP47
VBP1
VISA
WDR42A
WEE1
WHSC1
ZBTB38
ZC3HAV1
ZDHHC21
ZFANDG6
ZMYM2
ZNF532
ZNF605
ZNF770

1.602
1.722
1.633
2.056
1.569
2.266
1.964
1.507
1.571
1.615
1.501
2.009
2.916
1.556
1.615
3.289
1.686
1.627
1.577
1.701
1.827
2.238
1.867
1.643
1.546
1.664
1.599
1.678
1.535
2.327
1.569
1.751
1.549
1.549
1.594
1.504
2.320
2.230
1.642
1.560
1.915
1.545
1.980
1.634
1.654

6.568E-06
0.000E+00
0.000E+00
0.000E+00
1.470E-05
0.000E+00
5.453E-06
0.000E+00
0.000E+00
0.000E+00
6.568E-06
0.000E+00
0.000E+00
4.854E-04
6.688E-07
0.000E+00
3.073E-06
2.693E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
2.945E-05
3.630E-06
1.470E-05
0.000E+00
1.015E-05
3.073E-06
0.000E+00
4.087E-06
7.221E-05
0.000E+00
6.688E-07
5.429E-04
1.015E-05
0.000E+00
0.000E+00
0.000E+00
3.032E-05
0.000E+00
0.000E+00
3.733E-04
0.000E+00
0.000E+00
1.111E-05



Supplementary Table S4. Upregulated genes in MM that are predicted to
be the target of leading candidate TS-miRNAs, and their relevance in

cancer in current literature

Fold

miRNA ID Predicted increase Adjusted P- Relevance in cancer
Target in MM value

hsa-miR-125a-3p | AGPAT3 1.81 | 0.000E+00

hsa-miR-125a-3p | AMACR 1.53 | 0.000E+00 | OVerexpressed in prostate
cancer[1]

hsa-miR-125a-3p | BRCAl 1.91 | 0.000E+00

hsa-miR-125a-3p | CASD1 1.55 2.594E-05

hsa-miR-125a-3p | CYCS 1.92 | 0.000E+00

hsa-miR-125a-3p | EIF5 1.59 | 0.000E+00

hsa-miR-125a-3p | FAHD1 1.55 | 3.073E-06
highly expressed in metastatic

hsa-miR-125a-3p | FUT6 1.67 | 0.000E+00 | colorectal cancer; involved in cell
adhesion and migration[2]

hsa-miR-125a-3p | FXR1 1.66 | 6.568E-06

hsa-miR-125a-3p | GMCL1 1.51 | 6.568E-06

hsa-miR-125a-3p | LARP4 1.52 | 0.000E+00

hsa-miR-125a-3p | MRPS25 1.61 4.483E-06

hsa-miR-125a-3p | MTAP 1.55 | 0.000E+00

hsa-miR-125a-3p | MTERFD2 1.71 4.087E-06
elevated expression correlates with
metastasis of liver cancer[3];

hsa-miR-125a-3p | NPTN 1.64 | 0.000E+00 | overexpressed in breast cancer
and promote growth and
metastasis of cancer cells[4]

hsa-miR-125a-3p | PGPEP1 1.98 | 0.000E+00

hsa-miR-125a-3p | PRDM5 2.69 | 0.000E+00

hsa-miR-125a-3p | SMARCA2 2.01 | 0.000E+00 mgg g;ﬁgfr’[ss"]’” Is associated with

hsa-miR-125a-3p | TEX261 1.83 | 0.000E+00

hsa-miR-125a-3p | TTC14 2.33 4.087E-06

hsa-miR-125a-3p | VISA 1.55 5.429E-04

hsa-miR-125a-3p | ZFP3 1.74 | 3.227E-05

hsa-miR-135a* ABI3BP 2.13 | 0.000E+00

hsa-miR-135a* ACVR1C 1.64 | 0.000E+00

hsa-miR-135a* AGTPBP1 1.60 5.453E-06

hsa-miR-135a* ALS2 1.71 | 0.000E+00

hsa-miR-135a* ANKIB1 1.97 1.635E-05

hsa-miR-135a* ANKRD10 151 | 4.760E-04

hsa-miR-135a* ANKRD50 1.54 | 2.003E-05

hsa-miR-135a* BACE1 1.84 | 0.000E+00

hsa-miR-135a* BMPR2 1.70 | 0.000E+00

hsa-miR-135a* CASC3 156 | 1.635E-05

hsa-miR-135a* CDC42SE1 2.02 | 0.000E+00

hsa-miR-135a* CPEB2 1.72 | 0.000E+00

hsa-miR-135a* | DDX11 1.80 | 0.000E+00 g;’;gg{;s;if an O‘;:}'g;g]r yand

hsa-miR-135a* | ENAH 1.74 | 0.000E+00 | 3sSociated with progression and
metastasis in breast cancer[7, 8]

hsa-miR-135a* FANCF 1.72 | 2.003E-05 | silencing of FANCF potentiates




mitroxantrone-mediated apoptosis
in breast cancer cells[9]

Promotes viability and migration of

hsa-miR-135a* HGF 3.13 | 0.000E+00
myeloma cells[10, 11]

hsa-miR-135a* HLA-A 1.83 | 0.000E+00
regulates cell migration[12, 13];

hsa-miR-135a* | IQGAP1 154 | 9.241E-05 2;‘32‘3{’{2]?5;2‘;L?ré’é‘?gﬁeé‘}\";_
driven tumorigenesis[15]

hsa-miR-135a* KIAA0323 1.64 | 1.969E-05

hsa-miR-135a* LYPLAL1 1.60 5.941E-06

hsa-miR-135a* MAT2A 1.59 | 8.899E-05 | upregulated in HCC[16]
key regulator of proliferation and
migration in gallbladder carcinoma

. cells[17];

hsa-miR-135a* NLK 1.69 | 1.292E-06 upreE_:qu]ated in HCC and Inhibition
of NLK reduced HCC tumor cell
growth[18]

hsa-miR-135a* NUP160 1.76 | 0.000E+00

hsa-miR-135a* PKD2 1.60 | 0.000E+00

hsa-miR-135a* PURA 1.86 | 0.000E+00

hsa-miR-135a* RHOBTB3 1.72 | 0.000E+00

hsa-miR-135a* SENP2 1.96 5.453E-06

hsa-miR-135a* SF3A3 1.51 | 0.000E+00

hsa-miR-135a* SUZ12 169 | 3.073E-06 promotes proliferation of epithelial
ovarian cancer cells[19]

hsa-miR-135a* TIMM22 2.24 | 0.000E+00

hsa-miR-135a* | VGLL4 155 | 0.000E+00 | 2ssociated with poor patient
survival in pancreatic cancer[20]

hsa-miR-135a* WDRA42A 1.59 1.015E-05

hsa-miR-135a* ZBTB38 2.23 | 0.000E+00

hsa-miR-155 ARID2 1.71 6.568E-06

hsa-miR-155 CCND1 2.80 | 0.000E+00 | Overexpressed in MM and other
cancers[21, 22]
activates migration in B-cells[23];
regulates tumor metastasis in MM

hsa-miR-155 CDh47 1.52 | 0.000E+00 | to bone[24]; anti-CD47 antibody
treatment inhibits MM cells
growth[25]

hsa-miR-155 CHD7 2.59 | 0.000E+00

hsa-miR-155 CSNK1A1 1.54 | 2523E-06 Blt?:r D o | r?ﬁggfée[gé’}”th

hsa-miR-155 CSNK1G2 1.66 | 0.000E+00
amplification confers unfavorable

hsa-miR-155 GNAS 1.59 | 3.351E-05 | PFSin epithelial ovarian
cancer[27]

hsa-miR-155 KBTBD2 1.52 | 0.000E+00

hsa-miR-155 KIAA1274 1.62 | 0.000E+00

hsa-miR-155 KPNA1 1.50 2.913E-04

. promotes cell proliferation in

hsa-miR-155 MECP2 1.83 | 0.000E+00 HCC[28]

hsa-miR-155 MYBL1 1.83 6.688E-07

hsa-miR-155 PHF17 1.53 1.166E-04

hsa-miR-155 RCN2 1.69 | 0.000E+00

hsa-miR-155 RNF123 1.63 | 0.000E+00 e

hsa-miR-155 SATB1 1.57 1.470E-05 | associated with NPC




progression[29]; Prostate cancer
progression[30]

prognostic marker and potential

hsa-miR-155 SMARCA4 2.92 | 0.000E+00 | therapeutic target in breast
cancer[31]

hsa-miR-155 TERF1 1.70 | 0.000E+00
high expression is associated with

hsa-miR-155 WEE1 1.50 | 0.000E+00 | poor disease-free survival in
malignant melanoma[32]

hsa-miR-155 ZMYM2 1.55 | 3.733g-04 | fuSion partner of FGFR1, fusion
gene is oncogenic[33]

. higher expression in colorectal
Esa—m!R-155, AKAP10 1.60 | 0.000E+00 ce?ncer anpd correlated with
as-miR-630 .

aggressiveness[34]

hsa-miR-155,

hsa-miR-135a* KIAA1267 187 | 1.470E-05

hsa-miR-155,

hsa-miR-188-5p PCDH9 2.18 | 0.000E+00

hsa-miR-188-5p ACVR2A 1.55 | 0.000E+00
promotes tumor progression by

hsa-miR-188-5p BCL9 232 | 0.000E+00 conferring enhanceql proli_ferative,
metastatic, and angiogenic
properties to cancer cells[35, 36]

hsa-miR-188-5p BRCC3 1.73 | 0.000E+00

hsa-miR-188-5p Clorf25 1.85 | 0.000E+00

hsa-miR-188-5p C70rf38 1.61 | 5.453E-06

hsa-miR-188-5p CCNT2 1.60 | 0.000E+00

hsa-miR-188-5p CREB3L2 1.71 | 2.604E-04
high expression associated with
poor prognosis in colon cancer[37];
promotes cell proliferation,

hsa-miR-188-5p CuL4B 1.67 6.688E-07 | invasion, and tumorigenesis in vitro
and in vivo; expression is markedly
upregulated in various human
cancers[38]

hsa-miR-188-5p ELOVL4 2.20 | 0.000E+00
increased in glioblastoma[39];

hsa-miR-188-5p | GLIS3 155 | 6.568E-06 | OVerexpressed in ependymomas
and associated with a poor
outcome[40]

hsa-miR-188-5p H3F3B 2.03 | 1.995E-04
higher expression associates with

hsa-miR-188-5p HDAC9 1.52 | 1.295E-04 | a lower 5-yr survival in paediatric
ALL[41]

hsa-miR-188-5p ILI3RAL 1.66 | 6.568E-06
promotes breast tumor progression

hsa-miR-188-5p | ILF3 1.72 | 0.000E+00 E/’;);eggg‘mg OZ%S;‘:{QSS a‘fg‘r’k'”ase
expression[42]

hsa-miR-188-5p ISG20L1 2.29 | 0.000E+00
upregulated in various human
tumors and is oncogene[43] that

hsa-miR-188-5p | LAPTM4B 155 | 2.792€-04 | Predicts clinical outcome[44];
amplification contributes to chemo-
resistance and recurrence of
breast cancer[43]

hsa-miR-188-5p LSM12 1.72 | 0.000E+00

hsa-miR-188-5p MAP3K3 1.82 | 0.000E+00 | amplified in breast cancer,




promotes formation and survival of
breast cancer cells[45]

upregulated in CML[46]; potential
oncogene in T-ALL[47];
upregulated in AML with MLL

hsa-miR-188-5p MEF2C 1.65 | 0.000E+00 gene disruptions and associates
with homing and invasiveness of
MLL/ENL leukemic cells[48]
fusion partner of PVT1 genes that
hsa-miR-188-5p NBEA 2.77 | 0.000E+00 | highly expressed in subgroup of
MM[49]
hsa-miR-188-5p OAS3 1.98 | 4.087E-06
hsa-miR-188-5p PARP16 2.38 | 0.000E+00
hsa-miR-188-5p PML 1.52 | 0.000E+00
hsa-miR-188-5p | RBM8A 1.97 | 0.000E+00 | UPregulated in lymph metastasis of
cervical cancer[50]
overexpressed in epithelial ovarian
hsa-miR-188-5p SERBP1 1.59 | 0.000E+00 | cancer cells and correlates with
tumor stage[51]
hsa-miR-188-5p | SLC12A2 157 | 0.000E+00 | r€gulates glioma cell migration[52];
meningionma invasion[53]
hsa-miR-188-5p | SLC35A5 1.50 | 6.568E-06 wﬁﬁesjggkgﬁwfgf'si‘gggggE_;'L'f]y
hsa-miR-188-5p TMEM128 1.55 1.470E-05
hsa-miR-188-5p USP47 175 | 0.000E+00 regula?es cell growth and survival,
potential oncogene[55]
hsa-miR-188-5p | WHSC1 2.32 | 0.000E+00 g;%ma‘gﬁzsﬁg'r: g’{cl\;eMpg‘;%rsTgZ"oé‘?]
hsa-miR-188-5p ZC3HAV1 1.64 3.032E-05
hsa-miR-188-5p ZNF197 1.61 6.568E-06
hsa-miR-188-5p,
hsa-miR-135a* FAM126B 1.58 | 6.360E-06
. romotes cell migration[58];
Esa—m!R-188-5p, RICTOR 1.58 | 4.087E-06 Eontribute to cispﬁatin re[sis]tance in
sa-miR-155 -
ovarian cancer[59]
hsa-miR-198 ARHGAP1 180 | 0.000E+00 | COntribute to EMT and aggressive
9 behavior in cancer cells[60]
hsa-miR-198 CBS 1.72 4.087E-06
hsa-miR-198 FAMS55C 1.61 2.594E-05
hsa-miR-198 FANCL 1.53 4.087E-06
hsa-miR-198 FBX0O22 1.72 | 0.000E+00
hsa-miR-198 IDS 2.04 | 0.000E+00
hsa-miR-198 METTL9 1.56 | 0.000E+00
upregulated in prostate cancer[61];
hsa-miR-198 NDRG3 1.67 6.030E-04 | promotes prostate cancer cell
growth[62]
hsa-miR-198 POM121 1.66 | 0.000E+00
plays an important role in
pancreatic cancer cell migration
hsa-miR-198 RAPGEF4 1.59 | 4.087E-06 | and invasion[63]; potential target
for the suppression of melanoma
cell migration[64]
hsa-miR-198 SNX1 2.30 | 0.000E+00
hsa-miR-198 VBP1 1.55 6.688E-07
hsa-miR-198,
hsa-miR-188-5p, | PTEN 1.83 | 0.000E+00

hsa-miR-135a*




promotes cell migration by

hsa-miR-200c ANKRD28 2.47 | 0.000E+00 | regulating focal adhesion
formation[65]
associated with metastasis in colon
and prostate cancer[66];

hsa-miR-200c | ARHGDIA 188 | 1.969€-05 | downregulation of RhoGDla was
associated with significantly
increased apoptosis and repressed
cell viability in lung cancer cells[67]

hsa-miR-200c ARID4B 152 | 6.360E-06

hsa-miR-200c ARIH2 1.55 | 0.000E+00

hsa-miR-200c ASXL1 2.25 | 0.000E+00

hsa-miR-200c BAP1 1.67 3.032E-05

hsa-miR-200c BAZ2B 1.77 | 0.000E+00

hsa-miR-200c BICD2 1.73 | 6.688E-07

hsa-miR-200c C10orf6 1.74 | 1.547E-05

hsa-miR-200c Cl6orf72 1.55| 1.129E-05

hsa-miR-200c | “HMSAPL 229 | 0.000E+00

hsa-miR-200c E2F3 172 | 2.991E-04 | ONCOgeNic properties in breast and
lung cancer[68, 69]

hsa-miR-200c EIF5B 1.59 4.123E-05

hsa-miR-200c FHL1 1.62 | 4.123E-05

hsa-miR-200c | FLI1 1.92 | 4.483E-06 E"L”ér('fl’_‘f?%]to pathogenesis of

hsa-miR-200c FNDC3B 1.84 | 3.032E-05 ‘E’rlt/‘f?[g?ir]"c in liver cancer; induces
required for development of

. CML[72], maintenance and

hsa-miR-200c GABPA 1.87/| 0.000E+00 differ[ent]iation of HSC/progenitor
cells[73]

hsa-miR-200c HIC2 1.60 1.153E-04

hsa-miR-200c HRB 1.58 4.087E-06
associated with meningioma

hsa-miR-200c LAMC1 2.15 | 0.000E+00 | grades and could play a role in
enhancing tumor invasion[74]

hsa-miR-200c LEPR 1.58 | 0.000E+00

hsa-miR-200c MAP4K3 1.62 1.111E-05 | involved in NSCLC metastasis[75]

hsa-miR-200c MTUS1 2.01 | 0.000E+00

hsa-miR-200c MXD4 1.57 9.459E-06

hsa-miR-200c NAP1LS 1.92 | 0.000E+00

hsa-miR-200c NIPBL 2.13 | 0.000E+00

hsa-miR-200c NR2C2 153 | 3.227E-05
mediates glucocorticoids treatment

hsa-miR-200c | NR3C1 1.98 | 0.000E+00 | M MMI76]; highlevelsis -
associated with poor prognosis in
ER- breast cancer[77]

hsa-miR-200c NUDT4 1.74 1.726E-04

hsa-miR-200c ORMDL3 1.88 2.054E-05

hsa-miR-200c OXR1 1.67 | 2.162E-05

hsa-miR-200c PCMTD1 1.76 | 0.000E+00

hsa-miR-200c PDESA 1.59 4.483E-06

hsa-miR-200c PIN1 2.21 | 0.000E+00

hsa-miR-200c PPP1R10 1.76 | 0.000E+00 ;‘égcjfsqiﬁs gﬁé‘?\tl‘[’;g?coge”e by

hsa-miR-200c PPP2CA 1.51 6.427E-05




mediates Ras/raf/AP-1 signaling

hsa-miR-200c PRDM1 2.16 | 8.634E-05 | that promotes cell migration in lung
cancer[79]

o i an oncogenic tyrosine
hsa-miR-200c PTPRZ1 1.54 | 4.016E-04 ohosphatase in SCLC[80]
hsa-miR-200c RFXDC?2 1.60 | 6.568E-06
hsa-miR-200c SAPS3 2.06 | 0.000E+00

forced expression of Sbfl induced
hsa-miR-200c SBF1 2.27 | 0.000E+00 | oncogenic transformation of NIH
3T3 fibroblasts[81]
hsa-miR-200c fMARCAD 1.56 4.854E-04
hsa-miR-200c TBC1D22B 1.63 | 2.693E-05
hsa-miR-200c TMCC1 1.87 2.945E-05
hsa-miR-200c | TMEFF2 1.64 | 3.630E-06 | OVerexpressed in prostate
cancer[82]
hsa-miR-200c TOB1 1.66 | 0.000E+00
hsa-miR-200c TRIM33 1.68 3.073E-06
hsa-miR-200c TSC22D2 1.54 | 0.000E+00
hsa-miR-200c | TUBB3 157 | 7.221E-05 | Prognostic marker and predictive
marker in tumors[83, 84]
hsa-miR-200c ZFANDG 1.91 | 0.000E+00
hsa-miR-200c ZNF532 1.98 | 0.000E+00 | amplified in glioma[85]
hsa—m!R-ZOOC, DCUN1DL 164 | 0.000E+00 amplified, and oncogenic in
hsa-miR-135a* squamous cell carcinomas[86]
hsa-miR-200c, MAP2A promotes migration of oral
hsa-miR-135a* MAP?2 2.26 | 0.000E+00 squamous carcinoma cells[87]
hsa-miR-200c,
hsa-miR-135a* NUFIP2 1.52 | 0.000E+00

i overexpression is associated with
hsa-miR-200¢, | g Avpy 2.03 | 0.000E+00 | LN metastasis in
hsa-miR-135a* - .

pancreatic cancer patients[88]
hsa-miR-200c, | rpy33 1.86 | 0.000E+00
hsa-miR-155 ) '
hsa-miR-200c,
hsa-miR-155 GLCCI1 2.88 | 6.568E-06
hsa-miR-200c,
hsa-miR-155 MATR3 1.84 | 0.000E+00
hsa-miR-200c,
hsa-miR-155 TSGA14 1.67 | 0.000E+00
hsa-miR-200c,
hsa-miR-188-5p | ATXNI 1.55 | 1.934E-05
hsa-miR-200c, overexpressed in oral cancer
hsa-miR-188-8p | KLF13 178 | 0.000E+00 | oo\ oraey
hsa-miR-200c,
hsa-miR-188-6p | MBNLL 1.67 | 0.000E+00
higher expression associates with
hsa-miR-483-5p | ABCF2 2.62 | 0.000E+00 | Shorter OS in cervical cancer(90]
Overexpressed in clear cell
ovarian adenocarcinoma[91]
hsa-miR-630 AlG1 1.91 | 0.000E+00
hsa-miR-630 ATG12 1.57 1.292E-06
hsa-miR-630 C1lorf96 1.51 | 5.137E-05
hsa-miR-630 C20rf37 1.52 | 0.000E+00
high expression associated with B-
hsa-miR-630 CD200 1.89 | 0.000E+00 | cell lymphoproliferative

disorders[92]




hsa-miR-630 CLIC2 1.79 | 9.209E-05
expression is heightened in
glioblastomas and pancreatic

hsa-miR-630 CPEB4 2.05 | 0.000E+00 | ductal carcinomas, and promote
tumor proliferation, invasion and
vascularization[93]

hsa-miR-630 CYP51A1 1.55 4.087E-06

hsa-miR-630 DOCKS8 1.69 1.470E-05

hsa-miR-630 GNB1 1.73 | 0.000E+00 | NiGher expression in breast
cancer[94]

hsa-miR-630 MEF2D 1.75 3.170E-05

hsa-miR-630 PELI1 3.17 | 0.000E+00

hsa-miR-630 PIGK 1.56 | 1.090E-04

hsa-miR-630 PRKCI 156 | 3.327E-05 | ONcogene in lung and other
cancers[95-98]

hsa-miR-630 SLC30A5 1.61 | 0.000E+00
correlates with malignancy and

hsa-miR-630 SOCS2 1.61 | 6.688E-07 | exerts growth promoting effects in
prostate cancer[99]

hsa-miR-630 ST3GALG6 3.29 | 0.000E+00

hsa-miR-630 TDO2 1.58 | 0.000E+00

hsa-miR-630 TP53RK 160 | 1.015E-05 inhibition sensitize cancers to
taxanes[100]

hsa-miR-630 UPF1 2.08 | 0.000E+00

hsa-miR-630 ZDHHC21 1.56 | 0.000E+00

hsa-miR-630 ZNF605 1.63 | 0.000E+00

hsa-miR-630 ZNF770 1.65 1.111E-05

; negatively regulates BMP2-
noa-miR-030, ESRRG 269 | 0.000E+00 | induced osteoblast differentiation
sa-miR-200c .

and bone formation[101]

hsa-miR-663 C70rf26 2.57 | 0.000E+00

hsa-miR-663 CNN2 1.57 1.272E-05

hsa-miR-663 FKBPS 201 | 7.839E-06 | Protects BCL-2 from caspase-

dependent degradation[102]
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Supplementary Table S5. GSEA analysis, using the 215 predicted miRNA
targets that are also upregulated in MM patients

NAME SIZ NES NOM | FDR
E p-val g-val

ZHENG BOUND BY FOXP3[1] 15 |2.07 0.003 |0.249

HELLER HDAC TARGETS DN[2] 10 1.91 0.004 |0.382

SMID BREAST CANCER BASAL DN[3] |10 |1.89 |0.008 |0.303
HELLER_HDAC_TARGETS_SILENCED _
BY METHYLATION DNI[2] 13 |1.88 0018 10.243
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Supplementary Table S6. KEGG Pathway Analysis of the predicted targets of leading candidate TS-miRNAs

Database Name Pathway Name

KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG

Small cell lung cancer
Melanoma

TGF-beta signaling pathway
Prostate cancer

Pathways in cancer

Whnt signaling pathway
Glioma

p53 signaling pathway
Pancreatic cancer

Chronic myeloid leukemia
Adherens junction

Ubiquitin mediated proteolysis
Colorectal cancer

p-value Unique Pathway-id
1.049E-03 1:05222
3.762E-03 1:05218
7.719E-03 1:04350
8.680E-03 1:05215
9.876E-03 1:05200
1.190E-02 1:04310
2.043E-02 1:05214
2.389E-02 1:04115
2.667E-02 1:05212
2.962E-02 1:05220
3.273E-02 1:04520
3.623E-02 1:04120
3.945E-02 1:05210



Supplementary Table S7. 33 genes independently associated with survival in UAMS

dataset are predicted to be targeted by leading candidate TS-miRNAs.

miRNA ID
hsa-miR-125a-3p
hsa-miR-200c
hsa-miR-135a*
hsa-miR-198
hsa-miR-135a*
hsa-miR-483-5p
hsa-miR-135a*
hsa-miR-198
hsa-miR-630
hsa-miR-135a*
hsa-miR-125a-3p
hsa-miR-198
hsa-miR-125a-3p
hsa-miR-135a*
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-200c
hsa-miR-198
hsa-miR-155
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-125a-3p
hsa-miR-188-5p
hsa-miR-200c
hsa-miR-155
hsa-miR-200c
hsa-miR-200c
hsa-miR-200c
hsa-miR-200c
hsa-miR-135a*
hsa-miR-200¢c
hsa-miR-200¢c
hsa-miR-125a-3p
hsa-miR-155

No.of leading miRNAs Fold increase Adjusted P-

Predicted Target predicted to target it
CYCS
DCUN1D1
DCUN1D1
FAM55C
VGLL4
ABCF2
ALS2
ARHGAP19
C1orf96
DDX11
FAHD1
FANCL
GMCLA1
NUP160
RBMS8A
RFXDC2
TUBB3
VBP1
WEE1
WHSC1
NR3C1
ZFP3
ZNF197
BAZ2B
CCND1
LEPR
MAP4K3
MTUS1
NAP1L5
NLK
ORMDL3
PCMTD1
SMARCA2
ZMYM2

A A A A aaaaA Aa NS A A A A A A a A NN

in MM

1.92
1.64
1.64
1.61
1.55
2.62
1.71

1.8
1.51

1.8
1.55
1.53
1.51
1.76
1.97

1.6
1.57
1.55

1.5
2.32
1.98
1.74
1.61
1.77

2.8
1.58
1.62
2.01
1.92
1.69
1.88
1.76
2.01
1.55

value
0.000E+00
0.000E+00
0.000E+00
2.594E-05
0.000E+00
0.000E+00
0.000E+00
0.000E+00
5.137E-05
0.000E+00
3.073E-06
4.087E-06
6.568E-06
0.000E+00
0.000E+00
6.568E-06
7.221E-05
6.688E-07
0.000E+00
0.000E+00
0.000E+00
3.227E-05
6.568E-06
0.000E+00
0.000E+00
0.000E+00
1.111E-05
0.000E+00
0.000E+00
1.292E-06
2.054E-05
0.000E+00
0.000E+00
3.733E-04



Supplementary Table S8. Fold change after 5'aza treatment for known TS-miRNAs silenced by DNA methylation

H929 MM1S OPM2 8226
miR-194 15.97 nd 250 1.81
miR-192 1.42 3.16 1.55 1.14
miR-215 4.66 n.d 1.75 1.42
miR-29b 190 168 166 1.06
miR-34a 1.05 090 6.63 0.48
miR-34b nd nd n.d nd
miR-34b* 0.86 1.70 nd n.d
miR-34c nd nd n.d n.d
miR-203 nd nd n.d n.d

n.d = not detected



Supplementary Table S9. MSP primer sequences and annealing temperatures used in the PCR
reactions, and product size.

Name of mir
mir-155M-F
mir-155M-R
mir-155U-F
mir-155U-R
mir-198M-F
mir-198M-R
mir-198U-F
mir-198U-R
mir-200M-F
mir-200M-R
mir-200U-F
mir-200U-R
mir-663M-F
mir-663M-R
mir-663U-F
mir-663U-R

Sequence
GTCGAGTTCGGGTTTAGC
GCGAAACTAAAATCGACGTAC
GTTGAGTTTGGGTTTAGT
ACAAAACTAAAATCAACATAC
CGTTTTACGTTTAGGGGGTC
TACTACAACGACCCCCGC
TTTTGTTTTATGTTTAGGGGGTT
TCTACTACAACAACCCCCACA
GTTTTTCGTTTTGAGTTGAGAGC
CTAAATCCACCAAATAACAAATCG
TTTTTGTTTTGAGTTGAGAGTGT
CTAAATCCACCAAATAACAAATCAC
CGTTCGTTTTTTTGTCGAGTC
ACCACATCGCTCGTAATTCTC
TGTTTGTTTTTTTGTTGAGTT
ACCACATCACTCATAATTCTC

Annealing Temperature (°C)
54
54
54
54
54
54
54
54
60
60
60
60
60
60
60
60

Product Size (bp)
134
134
134
134
142
142
142
142
125
125
125
125
161
161
161
161



