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Figure S1. Step-by-step scheme summarizing the procedure of the present study.
Each step is described in greater detail in the Methods section.
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Figure S2. miRNAs associated with metastatic behavior.

(A) Volcano plot analysis of miRNAs in the different series. The x-axis shows the log, fold change of miRNA expression, whereas the y-axis shows
the —log,, (FDR) or —log,, (P) for each miRNA. MiRNAs with P<0.05 are colored to indicate whether they are up-regulated (red) or down-regulated
(green) in tumors of patients with mPPGL. miRNAs selected for validation are indicated.

(B) Expression of miRNAs selected for validation in the different series. Log,-normalized expression from the different series is displayed as a
transformed z-score (centered at the mean of the non-metastatic group for each series). miRNA expression in primary tumors of patients with non-
mPPGL is shown in green, in primary tumors of patients with mPPGL in orange, and in metastatic tissues in red (metastatic tissues were only
available from 8 patients, whose paired primary tumors are included in the orange group and the expression was only evaluated for the validated
miRNAs). Data are shown as mean + SD. * FDR<0.05 for the discovery series obtained during the differential expression analysis, and P<0.05
from a nonparametric Mann-Whitney test in the validation series.
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Figure S3. Sequence of the 3’-UTRs of selected potential target genes of miR-21-3p and miR-183-5p. The close-ups show miRNA
annealed to the target sequence (in bold). Binding sites are shown for miR-21-3p in (A) CREBL2, (B) SGPL1, (C) CALM1 and (D) TSC2; and
for miR-183-5p in (E) SMAD7 and (F) RAI2.
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Figure S4. Bubble plot indicating Spearman's correlations (rho) between
pAKT and miR-21-3p expression. TCGA RPPA data of p-AKT S473 and
T308 was correlated with miR-21-3p expression in PPGL and LGG TCGA
samples (highest mTOR pathway activity reported by Zhang et al. [25]), as
well as in KICH and PAAD samples (lowest levels of mTOR pathway activity).
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Figure S5. Scatter plots showing the correlation between miR-21-3p
expression and PISK/AKT/mMTOR drug sensitivity signature (from
Zhang et al.[25]) in KICH (n=65) and PAAD (n=177) tumors from the

miR-21-3p expression

TCGA project. Spearman's correlation coefficient (p) and P are shown.

Figure S6

Figure S6. Levels of miRNAs in conditioned medium of wild type (WT) and Sdhb-/-
chromaffin cells (imCCs). Plots show levels of the indicated miRNAs determined by ddPCR in conditioned
medium preparations (cells incubated for 24h in serum-free media) equivalent to 60,000 cells. Levels of miR-
202-5p and miR-551b-3p were undetectable. Error bars indicate standard error of the mean from three
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Table S1. Clinical data of patients included in the validation series and patients with primary-metastatic paired samples
available

METASTATIC BENIGN (>4 yr. follow-up) PRIMARY-METASTATIC
PAIRED SAMPLES
— 25 cases — — 24 cases — — 8 cases —
SDHB 7 (28%) 2 (8%) 6
SDHD 3 - -
NF1 2 1 1
VHL 2 3 -
RET 2 5 -
3 SDHA 1 1 -
‘g’ HRAS 1 2 -
g EPAS1 1 1 -
MAX - 1 -
ATRX 1 - -
MDH2 1 - -
GOT2 1 -
WT 3 8 1
S PGL 12 4 6
'g PCC 8 15 2
S| PGL& PCC 5 5 -

For the validation series, twenty-four cases were classified as non-metastatic, as patients were disease free at the time of the last
clinical follow-up (2 4 years follow-up, median=8.5 years). The remaining twenty-five samples were classified as metastatic since the
patients presented tumor cells at non-chromaffin sites. The proportion of SDHB cases per group (28% in the metastatic and 8% in
the non-metastatic group) was similar to that observed in the discovery series (average in the three sub-series of 24.3% and 4.4%
in metastatic and non-metastatic groups, respectively). WT: wild type; PGL: Paraganglioma; PCC: Pheochromocytoma.



Table S2. Clinical data of patients included in the exploratory series of serum samples

PPGL patients (n)
Male 23
Female 13

Mean age at diagnosis (range) 37.2 years (13-64)

Pheochromocytoma 21
Paraganglioma 15
SDHA 2
SDHB 6
SDHD 3
VHL 11
NF1 3
RET 2
HRAS 2
MAX 1
Sporadic 6
Metastatic 10
Non-metastatic 26
Healthy individuals (n)
Male 6
Female 4

Mean age (range) 32.8 years (23-43)



Table S3. Differentially expressed miRNAs in metastatic vs. non-metastatic tumors in at least one sub-series of the Discovery

cohort
Discovery series Validation series
Sub-series 1 Sub-series 2 Sub-series 3
log2FC FDR log2FC FDR log2FC FDR log2FC| p-value
hsa-miR-20a-5p| 1.02 4.11E-03 0.23 4.07E-01 -0.05 9.47E-01 - -
hsa-miR-21-3p| 1.05 9.65E-03 0.70 3.42E-02 0.96 2.16E-02 1.14 4.45E-02
hsa-miR-503-5p| 0.75 1.26E-02 1.32 3.55E-06 0.70 1.98E-01 0.26 1.59E-01
hsa-miR-17-5p| 1.02 1.36E-02 0.17 4.93E-01 0.00 9.90E-01 - -
hsa-miR-154-5p| -1.10 2.01E-02 0.61 3.49E-02 0.22 8.01E-01 - -
hsa-miR-409-3p| -1.33 | 2.19E-02 0.17 6.23E-01 | -0.13 | 9.18E-01 - -
hsa-miR-551b-3p| 1.36 2.87E-02 1.52 3.84E-03 1.98 6.75E-03
hsa-miR-149-5p| -1.32 | 3.50E-02 | -0.45 | 3.01E-01 | -0.78 | 3.57E-01 - -
hsa-miR-96-5p| 1.20 3.69E-02 3.51 6.51E-19 3.76 2.63E-15 2.26 1.74E-02
hsa-miR-369-3p| -1.00 | 4.23E-02 0.45 1.85E-01 | -0.16 | 9.15E-01 - -
hsa-miR-183-5p| 0.97 4.39E-02 3.21 2.64E-13 4.06 2.00E-18 4.64 7.85E-03
hsa-miR-7-5p| -1.91 4.46E-02 -1.07 7.01E-04 -0.46 5.20E-01 -0.13 1.42E-01
hsa-miR-663a| 1.02 4.46E-02 NA NA NA NA - -
hsa-miR-542-3p| 0.46 8.46E-02 0.91 2.34E-03 1.13 2.74E-02 - -
hsa-miR-31-5p| 0.69 8.95E-02 1.37 1.56E-03 NA NA - -
hsa-miR-182-5p| 0.57 1.43E-01 2.49 3.04E-09 3.59 1.99E-17 2.61 2.16E-02
hsa-miR-337-3p| -0.72 1.54E-01 1.05 1.02E-03 0.36 6.34E-01 - -
hsa-miR-509-3-5p| 0.33 2.45E-01 -2.80 1.13E-02 - -
hsa-miR-514a-3p| 0.45 2.45E-01 -2.79 1.42E-02 -2.10 2.67E-01 - -
hsa-miR-935| 0.08 2.55E-01 NA NA 2.25 2.42E-03 - -
hsa-miR-199b-5p| 0.60 3.16E-01 1.34 4.44E-05 0.72 3.49E-01 - -
hsa-miR-129-5p| -0.58 3.29E-01 -1.18 4.69E-02 -0.39 8.33E-01 - -
hsa-miR-383-5p| 0.27 3.29E-01 NA NA 2.80 4.93E-02 - -
hsa-miR-301b| 0.23 3.76E-01 1.13 1.10E-05 NA NA - -
hsa-miR-767-5p| 0.11 4.19E-01 2.82 6.75E-04 - -
hsa-miR-489-3p| 0.21 4.31E-01 -4.13 9.94E-05 NA NA - -
hsa-miR-200c-3p| 0.23 4.32E-01 6.39 | 2.09E-148 - -
hsa-miR-507| 0.25 4.55E-01 -2.36 3.71E-02 NA NA - -
hsa-miR-212-3p| 0.37 4.86E-01 -2.34 1.24E-05 -0.72 5.20E-01 - -
hsa-miR-132-3p| -0.46 4.88E-01 -2.18 1.58E-05 -0.75 4.88E-01 - -
hsa-miR-653-5p| 0.18 495E-01 | -3.73 | 2.28E-04 | -1.94 | 7.83E-02 - -
hsa-miR-675-5p| 0.17 4.95E-01 -1.77 2.02E-02 NA NA - -
hsa-miR-132-5p| -0.21 5.46E-01 -1.85 2.32E-04 - -
hsa-miR-508-3p| 0.19 5.60E-01 -2.62 1.72E-02 -1.64 3.75E-01 - -
hsa-miR-183-3p| 0.21 6.55E-01 2.63 7.95E-07 NA NA - -
hsa-miR-202-5p| 0.19 6.66E-01 -6.07 3.55E-06 -7.22 2.42E-03 -1.40 4.95E-03
hsa-miR-450b-5p| 0.20 6.78E-01 1.23 1.59E-05 -
hsa-miR-217| -0.07 6.78E-01 3.94 2.43E-26 - -
hsa-miR-204-5p| 0.36 7.10E-01 1.59 5.06E-05 0.13 9.16E-01 - -
hsa-miR-506-3p| 0.17 7.42E-01 -2.64 2.97E-02 - -
hsa-miR-196b-5p| 0.23 7.51E-01 1.51 1.14E-02 0.03 9.47E-01 - -
hsa-miR-216a-5p| -0.12 7.53E-01 3.81 1.31E-20 - -
hsa-miR-216b-5p| 0.13 7.53E-01 4.95 4.07E-21 - -
hsa-miR-122-5p| -0.13 7.91E-01 -3.16 2.97E-03 - -
hsa-miR-1269a] NA NA NA NA 5.22 7.97E-13 - -
hsa-miR-653-3p| NA NA -3.95 8.86E-05 NA NA - -
hsa-miR-513c-3p| NA NA -2.85 1.61E-02 NA NA - -
hsa-miR-208a-3p| NA NA -1.71 4.14E-02 NA NA - -
hsa-miR-3929| NA NA 1.74 8.86E-05 NA NA - -

miRNAs in bold are the miRNAs that fulfill the selection criteria. Cells in log, fold change (FC) columns are colored if log,FC >0.75

(in red) or <-0.75 (in green). False discovery rates (FDR) <0.05 are shown in red.




Table S4. Literature review of miRNAs that fulfill the selection criteria

. . . Potential role Status in PPGL | Selected for
miR studied Literature references . . , , -
according to literature | Discovery series | validation
miR-21-3 Potential oncomiR in renal, endometrial, ovarian, colorectal, oral, cervical, non-small Oncogene U Yes
P cell lung cancers, and laryngeal carcinomall, 2, 11, 3-10] g P
. Potential oncomiR in papillary thyroid carcinoma and ovarian cancer[12, 13]
miR-551b-3p . . Mostly oncogene Up Yes
Downregulated in gastric cancer[14]
miR-202-5p | Potential tumor suppressor in colorectal cancer, osteosarcoma[15-17] Tumor suppressor Down Yes
Potential tumor suppressor in melanoma, glioblastoma, papillary thyroid and Mostly tumor
miR-7-5p adrenocortical carcinoma, breast, bladder and prostate cancer[18, 19, 28, 20-27] y Down Yes
. . . . suppressor
Upregulated in neuroendocrine neoplasms of the small intestine[29]
Potential tumor suppressor in osteosarcoma, hepatocellular and oral squamous cell
miR-542-3p | carcinomas, colorectal, non-small cell lung, esophageal, gastric and bladder cancers, Tumor suppressor Up No
neuroblastoma, melanoma, astrocytomal30, 31, 40-47, 32—-39]
Potential tumor suppressor in breast, colorectal, esophageal, gastric and non-small cell
. lung cancers, glioblastoma, glioma, hepatocellular carcinoma and osteosarcoma [48,
R-503-5 ? u Y
m P 1 49,58, 59, 50-57] P es
Potential oncomiR in colorectal and oesophageal cancers, glioblastoma[60—-63]
miR-96-5p
miR-183-5p | Already reported to be upregulated in PPGLs[64-67] Oncogene Up Yes
miR-182-5p

Information obtained by quick reviewing abstracts from references obtained after performing the following advanced search of the PubMed database: “(miRNA
name(Title/Abstract] AND cancer|[Title/Abstract])”. Last literature review: 28/August/2018.
Only miRNAs whose “potential role according to literature” was not in disagreement with “status in PPGL Discovery series” were selected for validation.



Table S5. Spearman’s correlation (rho) between miR-21-3p and the expression of selected potential target genes in the
Discovery and Validation series

miR-21-3p Discovery series Validation series
Sub-series 1 Sub-series 2 Sub-series 3
vs. rho p-value probe rho p-value probe rho p-value rho p-value
-0.32 | 2.33E-03 | A 23 P163178 2.00E-08 200653_s_at
CALM1 = == -0.16 3.02E-02 0.06 6.71E-01
-0.18 | 9.07E-02 | A 24 p313186 4.41E-08 213688_at
-0.09 4.07E-01 | A 24 P270235 1.37E-09 200952 s at
CCND2 === == -0.39 | 7.53E-08
-0.01 | 8.97E-01 | a_23_p139s881 1.15E-07 | 200953_s_at
-0.09 4.21E-01 | A 24 ps6194 1.19E-08 201989 s at
CREBL2 E— == -0.24 1.51E-03 -0.07 6.26E-01
-0.03 | 8.08E-01 | A_23 p14026 3.63E-08 | 201988 s at
-0.07 5.21E-01 | A 23 P392435 7.12E-08 226479 at
KBTBD6 === = -0.35 | 1.57E-06
_ - -0.32 1.83E-05 | 1553111 a_ at
-0.07 | 4.98E-01 | A 32 p193322 | -0.32 | 2.24E-05 226310_at
RICTOR == = 2.42E-09
0.10 | 3.59E-01 | A 32 p1s017 | -0.26 | 5.55E-04 226312_at -
7SC2 0.02 8.45E-01 | A_23 pe6110 5.94E-08 | 215735 s at 023 | 2.29-03 | -0.32 | 2.29E-02
- - 6.05E-03 215624 _at
CETN3 -0.26 | 1.60E-02 A_23_P7732 6.92E-10 209662_at .0.35 | 1.85E-06
-0.29 | 6.74E-03 | A 23 P156568 7.80E-09 214383_x_at
KLHDC3 == == -0.28 | 1.25E-04
-0.28 | 9.77E-03 | A_24_p343255 1.61E-08 | 208784_s_at
PEX12 ! 2.10E-05 | A 24 psaies11 | -0.23 | 3.05E-03 205094 _at 024 | 1.20E-03
-0.27 1.23E-02 | A 23 p75325 | -0.28 1.88E-04 212321 at
SGPL1 === = 1.50E-08 | -0.03 | 8.59E-01
-0.18 | 9.69E-02 | a_24 pososis | -0.28 | 1.96E-04 | 208381 s_at -

For each gene in sub-series 1 and 2, we only show the two probes, when available, with the most significant correlation.

Table S6. Spearman’s correlation (rho) between miR-183-5p and the expression of selected potential target genes in the
Discovery and Validation series.

miR-183-5p Discovery series Validation series
vs Sub-series 1 Sub-series 2 Sub-series 3
) rho p-value probe rho p-value probe rho p-value rho p-value
.08E- A_23_P254165 | -0. .26E- 219440_at
RAI2 1.08E02 | A5 0.367) 2.26E-06 = 1 022 | 3.65603 | NA NA
-0.37 | 3.10E-03 | A_23_P55518 2.70E-10 204790 at
SMAD7 0.3 — = -0.25 | 6.99E-04 | -0.17 2.3E-01
-0.19 3.65E-01 A_23_P28898 9.34E-10 203895_at
PLCB4 s . 5.85E:07 | 203896 s at -0.26 | 3.73E-04
-0.22 4.66E-02 | A_23_P342600 4.62E-09 225649_s_at
STK35 0.14 | 3.60E-02 | A_24_P940s537 1.13E-07 | 225648 at -0.14 | 6.08E-02

For each gene in sub-series 1 and 2, we only show the two probes, when available, with the most significant correlation.




Table S7. Literature review of potential miRNA target genes selected for validation

Potential role

Selected for

G bol, . . s 2 of ref. i . .
ne symbos, Protein-related function n* ot re |An Cancer-connected comments* accordingto | further study in
full gene name PubMed .
literature PPGL
?
CALM1, . - . Regulation of neuronal functions: neuronal . .
Cal - t 1 t Ived YE
calmodulin 1 alcium-binding protein 6 differentiation, migration[68—70] but involved in >
neuronal roles
RAI2 function has not been characterized, but its
RAI2, expression is induced by retinoic acid that plays 3 Tumor suppressor reported in breast and colorectal Tumor YES
retinoic acid induced 2 a critical role in development, cell growth, and cancer[71-73] suppressor
differentiation
Dual role in the regulation of cancer progression[74,
SMAD?7, . . 75], mostly reported to be a negative regulator of the| Mostly tumor
SMAD family member 7 Involved in regulation of the TGF-B pathway 310 pathway involved in epithelial-to-mesenchymal| suppressor YES
transition and metastasis[76]
Catalyzes the formation of inositol trisphosphate Gain-of function alterations reported in cancer[77—-
PLCB4, . . )
. and diacylglycerol from PIP2: involved in the 6 81] Oncogene NO
phospholipase C beta 4 . . . .
transduction of signals in the retina
TK35, Regul f acti fi i - I . . .
. 5 ?5 . egulator of actin stress fibers in non-muscle 3 Might have an oncogenic role in osteosarcoma[82] ? NO
serine/threonine kinase 35 |cells
CETA,B' CaIcn.um b|nd|ng-prote|n.; It .plays 2 fundamfental 5 Loss of CETN3 connected to elevated EGFR[83] ? NO
centrin 3 role in centrosome duplication and separation
KLHDC3, Involved in V(D)J and meiotic recombination,
. - oo . . 0 - ? NO
kelch domain containing 3 specifically expressed in testis
PEX12, Essential for the assembly of functional 1 i 5 NO
peroxisomal biogenesis factor 12 |peroxisomes )
Sphingosine 1-phosphate (S1P) is a lipid with
important roles in growth, survival and migration. It
SGPL1, s . T
Sphinzosine-1-Phosohate Lvase 1| 13 has been largely studied in cancer and SGPL1 is the U ur:;:gor YES
phing P ¥ phosphatase that irreversibly cleaves S1P and is the PP
only exit point from sphingolipid pathways[84, 85]
th CD D -
CCND2, Forms a complex Wlth.c K4/CDK6 and functions Overexpression of cyclin D1 results in dysregulated
. as a regulatory subunit of the complex, whose 398 L Oncogene NO
cyclin D2 s . - CDK activity and cancer([86, 87]
activity is required for cell cycle G1/S transition
CREBL2, .
. - - Likely tumor
cAMP responsive element DNA binding capabilities 2 Suggested as a tumor suppressor[88] YES
- s suppressor
binding protein like 2
KBTBDE6,
kelch repeat and BTB domain |- 0 - ? NO
containing 6
RICTOR, Protein complex that integrates nutrient- and Critical for mTORC2 activity and involved in
RPTOR independent companion (growth factor-derived signals to regulate cell 200 tumorigenesis and metastasis[89] Oncogene NO
of MTOR complex 2 growth into mTOR pathway
TSC2, Tumor suppressor gene involved in mTOR Together with TSC1 inhibits mTORC1 signalling[89, Tumor
. . . 357 YES
TSC complex subunit 2 signaling 90] suppressor




Last literature review: 30/August/2018

* Retrieved from Gene database from NCBI ( https://www.ncbi.nlm.nih.gov/gene/)
2 Number of reference results that appeared after performing the following advanced search of the PubMed database: “(gene symbol[Title/Abstract]) OR ("full gene

name"[Title/Abstract]) AND cancer|[Title/Abstract]”. By doing this search we aimed to identify those genes that have been largely reported to be involved in cancer.
* Information obtained by quick reviewing abstracts from references obtained in 2, which might be useful to establish a potential role of the gene in cancer.
Only those miRs whose “potential role according to literature” was in agreement with a potential involvement in the disease were selected for further study.
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Table S8. List of mPPGL patients included in the exploratory analysis of circulating miRNAs

Sample . - Clinical status at the moment Metastatic
Mutation Clinical data . 3
ID of sample collection burden (cm?)

Bone metastases with spinal compression and elevated catecholamines. Clinical progression

0014 SDHB after treatment with evidence of new lesions. MIBG therapy, sunitinib, temozolamide, Progressive 12.192
sandostatin, radiotherapy. Three bone metastases in July 2009. Last follow-up August 2016.

0031 Sporadic Mgdlastlnal PGL andi two interaortocaval PGLs (2 Fm). Sample collected before surgery. No Stable 4578
evidence of progression afterwards. Last follow-up in 2013)

0046 Sporadic Dlagr.105|s of PCC in 20(?8; relapse and nephrectomy in 2010. Sunitinib treatment 2012-2015. Progressive 17 1685
Multiple nodal and peritoneal metastases in 2016.

0103 Sporadic .Pulmonary IeS|.on in 2005 treated with surgery and chemotherapy. Diagnosis of PGL (3.7 cm) Stable 0
in 2008. No evidence of metastases.

0256 Sporadic Dlagn95|s of metastatic PCC (bone). No evidence of progression at the moment of sample Stable 30
collection.
Diagnosis of H&N PGL in 1990, treated with surgery and radiotherapy. Relapse with bone, liver

0309 Sporadic | and pulmonary lesions in 2001, treated with chemotherapy and radiotherapy. Cementoplasty Progressive 434.487
of bone metastases in July 2014.

0345 Sporadic Diagnosis of PCC (9 cm); no metastases detected before surgery. Pulmonary metastases Stable 0
appeared afterwards.
Diagnosis of metastatic PGL in 2003 (node, bone, liver and pulmonary lesions). Treatment with
surgery and chemotherapy. Ablation of liver lesions in 2006. Sunitinib treatment 2015-2016

DHB I 7.7

0566 S with decrease of pulmonary and node lesions according to FDG PET scan. Clinically stable by Stable 87.789
2017.
Diagnosis of PGL in 2010 treated with surgery. Diaphragmatic lesions appeared in 2013 treated

0638 SDHA with surgery and chemotherapy. Three abdominal masses appeared in 2015. Last follow-up in Progressive 19.6105
2017.

0653 SDHB Metastatic PGL (bone and nodes). Laminectomy in march 2016; no progression afterwards. Stable N.A.

Two subgroups of mPPGL patients (progressive or stable) were defined according to the clinical condition of the patient at the moment of blood draw as judged by the
treating physician. Metastatic burden (total volume of the metastatic lesions) was determined on the basis of radiological evaluation by two experts (C.L.L and A.B.). The
corresponding genotype and relevant clinical information for each patient with regard to the treatment received are also indicated. N.A: not analyzed.
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SUPPLEMENTARY METHODS

Data availability
- ()
Su_b miRNA profiling platform N° of Repository Reference
series samples
Agilent-019118 Human miRNA
1 Microarray 2.0 G4470B 93 GEO (GSE29742) De Cubas et al. [1]
2 RNA-seq (lllumina HiSeq2000 171 ArrayExpress (E-MTAB-2833) Castro-Vega et al. [2]
sequencer)
3 RNA-seq (lllumina HiSeq2000 179 _TCGA Data Portal Fishbein et al. [3]
sequencer) (https://portal.gdc.cancer.gov/)
mRNA profiling platform
Agilent-014850 Whole Human . L o
1 Genome Microarray 4x44K G4112F 109 GEO (GSE19422, GSE51081) Lopez-Jiménez et al. [4]; Qin et al. [5]
Affymetrix (GeneChip Human ) R K
2 Genome U133 Plus 2.0) 177 ArrayExpress (E-MTAB-733) Castro-Vega et al. [2]
3 RNA-seq (lllumina HiSeq2000 179 TCGA Data Portal Fishbein et al. [3]

sequencer) (https://portal.gdc.cancer.gov/)

Discovery of differentially expressed miRNAs

Merging the three datasets was not possible since different platforms had been used, and therefore they were
treated as three sub-series of a larger discovery series as specified bellow:

Sub-series 1: Microarray image acquisition and analysis was done using a G2505C microarray scanner
(Agilent). The text files with the data of the processed images were analyzed with limma R package (version
3.26.9). Background correction was done using the “normexp” method. Normalization between arrays was
done applying the “quantile” method. Values for within-array replicate probes were replaced with their average
by using the avereps function of limma.

After estimating the fold changes and standard errors by fitting a linear model for each probe and applying the
empirical Bayes to smooth the standard errors, a list of probes was obtained that were differentially expressed
between metastatic and non-metastatic samples. The miRNA names corresponding to the probes were
converted to those of release 20 of miRBase [6] by using an in-house Perl script that processed the conversion
files downloaded from miRBase Tracker [7].

Sub-series 2: The miRNA read files of the samples in FastQ format were aligned to release 20 of miRBase [6]
using bowtie [8] (version 0.12.7) with seed length equal to 17; no mismatches were allowed in the seed and at
most one alignment per read was allowed. Htseq-count [9] (version 0.5.3p9) was used to generate the read
count data for each miRNA.

Only miRNAs having a minimum of 15 counts in at least 7.3 % of the samples in both the subset of metastatic
samples and the subset of non-metastatic samples were selected for further the analysis.

The edgeR package (version 3.12.1) [10] was then used to normalize the matrix using the trimmed mean of

M-values (TMM) [11] and extract the list of differentially expressed genes by using the exactTest function.


https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/

Only miRNAs with an average count >100 in any of the groups were considered further.

Sub-series 3: An in-house Perl script was used to a) sum all the read counts corresponding to all isoforms of
each mature miRNA accession number; b) convert the mature miRNA sequence names into the names in
release 20 of miRBase; and c) generate a matrix containing the counts of all miRNAs in all input TCGA
samples.

Only miRNAs having a minimum of 15 counts in at least 5.4 % of the samples in both subsets of metastatic
and non-metastatic samples were selected for further analysis.

The R package edgeR was then used to normalize the matrix using the TMM and obtain the genes differentially
expressed between non-metastatic and metastatic samples by using the exactTest function.

Only miRNAs with an average count >100 in any of the groups were considered further, as they were deemed

easily detectable markers.

Filtering criteria for selecting miRNAs for validation: A list of significantly differentially expressed miRNAs was

obtained by considering only those miRNAs with an FDR<0.05 and a |logz fold change| = 0.75. Only miRNAs
shared by at least two sub-series were selected for further consideration. In addition to the above criteria, we
perfformed an  exhaustive literature review,  which included two  mining resources

(http://mircancer.ecu.edu/index.jsp and http://lifeome.net/database/oncomirdb/) as well as a search of

PubMed abstracts (https://www.ncbi.nim.nih.gov/pubmed/) using keywords. A relation between the miRNAs

and cancer reported in the literature was required for the final selection of candidates for validation.

Confirmation of differentially expressed miRNAs in a validation series

RNA was extracted from formalin-fixed paraffin-embedded (FFPE) sections of the tumor tissue samples using
the RNeasy FFPE kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. cDNA was
synthesized by reverse transcription (RT) of total RNA using the miRCURY LNA™ Universal RT miR PCR kit
(Exigon, Vedbaek, Denmark) according to manufacturer’s instructions. The resulting cDNA was diluted 1:40
and PCR reactions were carried out using the ExILENT SYBR® Green Master Mix kit (Exigon, Vedbaek,
Denmark) and microRNALNA™ PCR primer sets (Exigon, Vedbaek, Denmark). Stably expressed endogenous
control 5S rRNA (CV of all samples=11%) was used for data normalization. The limit of detection of the
instrument (Ct=40) was assigned to the samples with no detectable expression.

All gPCR reactions were performed on a QuantStudio™ 6-7 Flex Real-Time PCR System (Applied Biosystems,
Foster City, California). Blanks and controls were included in all PCR series and reactions were carried out in
triplicate. Expression of each miRNA was calculated with the AACt method using the Ct value of the

endogenous control to normalize the data[12].


http://mircancer.ecu.edu/index.jsp
http://lifeome.net/database/oncomirdb/
https://www.ncbi.nlm.nih.gov/pubmed/

Integration of miRNA and mRNA expression profiles of the discovery series

Step 2. Generation of normalized mRNA expression matrices including only step 1 genes (Targetome) for each
sub-series was performed as specified below.

Sub-series 1: Microarray image acquisition and analysis was done with GenePix™ Pro (Axon Instruments Inc).
The produced .gpr files were read and analyzed with limma R package [13] (version 3.26.9). Background
correction was done using the “normexp” method. Normalization within arrays was performed using the “loess”
method. Normalization between arrays was done applying the “quantile” method.

Sub-series 2: We downloaded the Affymetrix (GeneChip Human Genome U133 Plus 2.0) intensity (.CEL) files

of 177 samples from ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) experiment ID E-MTAB-733. We read

and processed these .CEL files using the affy and limma packages of R (versions 1.48.0 and 3.26.9,
respectively). Background correction was done using the “rma” method, and the normalization method used
was “quantiles”.

Sub-series 3: An in-house Perl script collapsed these files into a unique matrix containing the raw counts for
all samples. R package edgeR (version 3.12.1) was then used to normalize the matrix using the TMM.
Generation of targetome matrices: For each series, miRNA and mRNA expression submatrices were obtained
from the miRNA and mRNA expression matrices previously generated. These submatrices contained the
expression values for the sample codes shared by the miRNA expression matrix and the mRNA expression
matrix. The number of sample codes shared by miRNA expression and mRNA expression matrices in each
series was 87 for sub-series 1, 168 for sub-series 2, and 179 for sub-series 3.

Next, a third submatrix was generated from these submatrices for each series, containing only those genes
that were included in the lists generated in Step 1 (potential gene targets for either miR-21-3p or miR-183-5p),

which we designated targetome of miR-21-3p and targetome of miR-183-5p.

gPCR

Regarding the cell model, 100,000 cells of each cell line were seeded in duplicate in 6 well-plates. One of the
duplicates was seeded using complete medium, and the other using complete medium plus 1ug/ml doxycycline
(Sigma#D9891). RNA was extracted using TRI Reagent® (MRC#TR 118) following the vendor’s instructions
at different time points (0, 24, 48, 84, 144 and 168 h after plating). Medium was changed after 84h. In the
validation series we used the RNA that had been extracted for miRNA quantification and validation in this
series.

In all cases, cDNAs were prepared from 500ng of RNA using the gScript™ cDNA Synthesis Kit (#95047-100,

Quanta Biosciences, Gaithersburg, MD) and mRNA levels were quantified by real-time PCR using the


https://www.ebi.ac.uk/arrayexpress/

Universal ProbelLibrary set (Roche), as described by the vendor, on a QuantStudio 6 Flex Real-Time PCR
System (Applied Biosystems). Normalization was carried out with the B-actin housekeeping gene and relative

mRNA levels were estimated by the AACt method [12].

Detection of circulating miRNA

Droplet Digital PCR. Two pl of input RNA were used for universal reverse transcription reactions (TagMan®

Advanced miRNA cDNA Synthesis Kit, Thermo Fisher Scientific), and pre-amplified following the
manufacturer’s recommendations. For ddPCR, a reaction mix of 5 pl cDNAs (diluted 1:10 or 1:50), 10 ul ddPCR
master mix (2X), 1 pl specific TagMan® Advanced miRNA Assays (20X) and 4 pl RNase-free water was mixed
with 70 pl of QX100 Droplet Generation oil and placed into the QX100™ Droplet Generator (Bio-Rad). In total,
40 pl of droplets were transferred to a 96-well PCR plate and PCR amplifications were carried out in a Bio-
Rad C1000 thermal cycler using the following cycling conditions: enzyme activation at 95°C, 10 min; 40 cycles
of denaturation at 95°C for 3 sec, annealing / extension at 60°C for 30 sec, and a final step of inactivation at
98°C for 10 min. After PCR, 96-well plates were loaded onto a QX200 Droplet Reader, which counts the
positive droplets containing amplification products and negative droplets without amplification products, to
calculate target concentration (copies/ul PCR reaction) using Poisson statistics. Fluorescence amplitude
thresholds were determined manually using the 2D amplitude chart. All TagMan® assays were tested for
linearity in serial dilutions (1:4) of RT products generated from a pool of RNAs. Spike-in cel-miR-39-3p (Thermo
Fisher Scientific) was added as internal reference to adjust for differences of miRNA recovery between

samples.
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