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Epigenetic silencing of miR-296 and miR-512 ensures hTERT
dependent apoptosis protection and telomere maintenance in

basal-type breast cancer cells

SUPPLEMENTARY MATERIALS

Plasmids

p-Babe-hygro-hTERT pBabe-hTERT and
pMKO.1-puro hTERT shRNA were purchased from
Addgene (plasmids 1773 and 10688). miR-296 vector
was obtained from a published miRNA-expression
vector library [7]. A miR-512 mini-gene vector was
generated by amplifying the genomic region if miR-512
using  GC-GGATCCCCAAAGTGCTGGGATTACAG;
GCGAATTC- AAGAGGCAACCAATCCAGAC.
PCR products were cloned into pMESV [7]. hTERT
luciferase reporter vectors were generated by PCR
amplication of the hTERT 3’UTR using the following
oligonucleotides: TERT-3’-UTR-Fw: GCCGCGGC
CGCTGGCCACCCGCCCACAGCCAG, TERT-3’-
UTR-Rv: GCCGCGGCCGCCAAAACTGAAAAAC
TCATATATTCAG. Notl digested PCR products were
cloned into psiCHECK2 (Promega).

Transfection of siRNA and RNA-oligonucleotides

Cells were transfected with ON-TARGETplus
smartpool hTERT siRNAs (Dharmacon), ON-
TARGETplus non-targeting siRNA#1 (Dharmacon),
hsa-miR-296-5p or has-miR-512-5p mimic siRNAs
(Dharmacon), miRIDIAN microRNA hsa-miR-296-
5p or hsa-miR-512-5p haripin inhibitor (Dharmacon)
or miRIDIAN microRNA mimic negative control
siRNA (Dharmacon), using RNAIMAX Lipofectamine
(Invitrogen) at a final concentration of 30nM according to
the manufacturer’s suggestions.

Quantitative RT-PCR

Total RNA was prepared using TRIzol reagent
(Gibco/BRL) according to the manufacturer’s protocol.
For miRNA analysis 10 ng of RNA were reverse
transcribed using the hsa-miR-296-5p, hsa-miR-512-
S5p and RNU49 TagMan™ MicroRNA Assay systems
(Applied Biosystems). The stem loop real-time PCR
was performed by using Tagman Fast PCR Master mix
(Life Technologies), according to the manufacturer’s
suggestions. Quantitative miRNA expression data was

analyzed using a Bio-Rad CFX96 C1000 Touch Real-
time PCR Detection System. For quantitative mRNA
expression analysis 500 ng of total RNA were reverse
transcripted using the QuantiTect Reverse Transcription kit
(QIAGEN) according to the manufacturer’s suggestions.
Quantitative PCR was performed using the SYBR
Green Master Mix (Applied Biosystem) and analyzed
with a StepOnePlus real time PCR machine (Applied
Biosystem). mRNA levels were normalized to actin. PCR
primers used for quantitative real-time PCR: hTERT FW:
5’-AACAAGCTGTTTGCGGGGAT-3’; hTERT REV:
5’-CCAGGGTCCTGAGGAAGGTTT-3’; B-ACTIN _FW:
5’-AGCACTGTGTTGGCGTACAG-3’; B-ACTIN RV:
5’-TCCCTGGAGAAGAGCTACGA-3’; HDAC1 FW
5’-AGAATGCTGCCGCACGCACC-3’; HDAC1 RV
5’-CGGGGCCTTGGTTTCTGTCCC-3’; HDAC2 FW
5’-CTTCCCCGCGGGACTATCGC-3’; HDAC2 RV
5’-TCGGCAGTGGCTTTATGGGGC-3’; HDAC3 FW
5'-CCTGGCATTGACCCATAGCC-3'; HDAC3 RV
5'-CTCTTGGTGAAGCCTTGCATA-3’; HDAC4 FW
5'-AATCTGAACCACTGCATTTCCA-3'; HDAC4 RV
5'-GGTGGTTATAGGAGGTCGACACT-3"; HDACS5 FW
5-TTGGAGACGTGGAGTACCTTACAG-3'; HDACS
RV 5-GACTAGGACCACATCAGGTGAGAAC-3';
HDAC6 FW 5-TGGCTATTGCATGTTCAACCA-3';
HDAC6 RV 5'-GTCGAAGGTGAACTGTGTTCCT-3';
HDAC7 FW 5'-CTGCATTGGAGGAATGAAGCT-3';
HDAC7 RV 5'-CTGGCACAGCGGATGTTTG-3";
HDACS8 FW 5-TCCCGAGTATGTCAGTATATATGA-3";
HDAC8 RV 5'-GCTTCAATCAAAGAATGCACCAT-3";
HDAC9 FW 5-GAATCCTCAGTCAGTAGCAGTTC-3";
HDAC9 RV 5-GGGGCAAAACCGAAGTCTCAT-3";
HDAC10 FW 5-TGGGAAGCTCCTGTACCTCTT-3";
HDAC10 RV 5'-GGCTGGAGTGGCTGCTATAC-3';
MNI1 FW 5-TGTGTTCTTTGAGAGGTTCAGTG-3';
MNI1 RV 5-GCTGCATTAACGGGTGCCT-3"; DBF4
FW 5-ATGAACTCCGGAGCCATGAG-3'; DBF4 RV
5'-CTCGCCCTCCCAGATCCTTA-3’; LZTR1 FW
5-GTGCTGGTTGTGTGCGAGAG-3"; LZTR1 RV
5'-GCAGTGCTCCTTGAGTTGGC-3'; MAPKAPK3 FW
5'-AGATAATGCGGGATATTGGCAC-3'; MAPKAPK3
RV 5-TGTGTAGAGTAGGTTTTCAGGCT-3";
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COPZ1_FW 5-GATGGAGATCGACTTTTTGCCA-3';
COPZ1_RV  5-TCAGTCCGATGGGTCTTGTTG-3'
; MCLI_FW 5-ATGCTTCGGAAACTGGACAT-3';
MCL1 RV 5S'-TCCTGATGCCACCTTCTAGG-3'
CD44_FW 5°-GGTCCTATAAGGACACCCCAAAT-3’;
CD44 RV 5’-AATCAAAGCCAAGGCCAAGA-3’;
IKBKE FW 5'-ACTCTGGAAGTGGCAAGGACAT-3";
IKBKE RV 5'-TACCTGATCCCGGCTCTTCACCA-3';
WNK4 FW  5-GTGAAGGCTGCGGAAGACTC-3';
WNK4 RV 5-CTGGGTCTCCATGTCCTCCTT-3" ;

HGS FW  5-CTCCTGTTGGAGACAGATTGGG-3';
HGS_RV 5'-GTGTGGGTTCTTGTCGTTGAC-3';
PUMA_FW 5’-ATGGCGGACGACCTCAAC-3’;

PUMA RV 5-AGTCCCATGAAGAGATTGTACATG
AC-3°

Statistical analysis

Unless otherwise indicated in figure legends,
statistical analysis of experiments with 3-5 replicas was
performed using a non-parametric Man Whitney test. In
figures with replica numbers >5 an unpaired students t-test
was used. Information on statistical methods for analysis of
patient data is mentioned in the respective figure legends.
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A.

1. 2. 3.
miRNA target %- Dual luminometry
prediction for RRRRARAMAARL © 11120000000 ) in 96 well format;
the 3'UTR of T HTR calculation of
hTERT - hTERT renilla/firefly
u renilla luciferase activity
transient co-transfection of
miRNA mimics and
hTERT-3'UTR luc-reporter
Experiment 1 Experiment 2
average
renilla/firefly renilla/firefly | renilla/firefly average
B miRNA Rank ratio Rank ratio ratio SD ranking |
-
hsa-miR-541 1 0,16 1 0,16 0,16 0,00 1,0
hsa-miR-637 2 0,36 2 0,19 0,27 0,12 2,0
hsa-miR-1207-5p 9 0,55 4 0,30 0,43 0,18 6,5
hsa-miR-16-1-3p 3 0,37 7 0,53 0,45 0,11 5,0
hsa-miR-661 4 0,39 8 0,57 0,48 0,13 6,0
hsa-miR-608 6 0,44 9 0,57 0,50 0,09 75
hsa-miR-296-5p 7 0,45 10 0,58 0,51 0,09 85
hsa-miR-512-5p 11 0,66 6 0,42 0,54 0,17 85
hsa-miR-1234 5 0,42 1 0,70 0,56 0,20 8,0
hsa-miR-491-5p 21 1,00 3 0,25 0,62 0,53 12,0
hsa-miR-296-3p 10 0,56 18 1,05 0,81 0,34 140
hsa-miR-423-5p 12 0,75 15 0,94 0,84 0,13 135
hsa-miR-299-3p 13 0,82 13 0,89 0,85 0,05 13,0
hsa-miR-532-3p 16 0,88 12 0,83 0,86 0,04 140
hsa-miR-1323 8 0,51 23 1,26 0,88 0,53 15,5
hsa-miR-1275 26 1,43 5 0,35 0,89 0,76 15,5
hsa-miR-138 14 0,85 16 1,00 0,93 0,11 15,0
hsa-miR-760 19 0,99 14 0,90 0,95 0,06 16,5
hsa-miR-663 17 0,90 17 1,01 0,96 0,08 17,0
hsa-miR-548a-3p 15 0,87 19 1,11 0,99 0,17 17,0
hsa-miR-548f 18 0,93 20 1,12 1,02 0,14 19,0
hsa-miR-1249 23 1,18 22 1,24 1,21 0,04 22,5
hsa-miR-548e 25 1,37 21 1,16 1,26 0,15 23,0
hso-miR-1182 20 0,99 25 1,57 1,28 0,41 22,5
hsa-miR-1266 22 1,17 24 1,48 1,32 0,22 23,0
hsa-miR-5480 24 1,35 26 1,66 1,51 0,22 25,0
hsa-miR-1307 28 2,61 28 1,98 2,29 0,44 28,0
hsa-miR-632 27 2,56 29 2,14 2,35 0,30 28,0
hsa-miR-1268 29 3,29 27 1,98 2,63 0,92 28,0

italic: miRNAs previously reported to target hTERT

Supplementary Figure 1: (A) Strategy of the luciferase reporter assay to identify miRNAs that target the 3’UTR of hTERT. (B) Results
of the high-throughput hTERT luciferase reporter assay. Experiments were carried out in duplicate. Renilla to firefly ratios <1 indicate
target specificity for individual candidate miRNAs for the hTERT 3°’UTR.
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Supplementary Figure 2: (A) Box blots show expression levels of candidate miRNAs in normal breast tissue and human breast cancer
subtypes using the METABRIC-dataset [1]. Expression values are shown in box blots at a log2 scale; box extremes indicate first and third
quartile, whiskers extend to the extreme values included in the interval calculated as +/-1.58 IQR/sqrt(n) where IQR (interquartile range)
is calculated as the third quartile minus the first quartile; p-values are calculated comparing normal breast against all cancer samples
expression levels (Wilcox test). (B) Sequence alignment of miR-296-5p and miR-512-5p to the hTERT 3°UTR of the indicated species.
(C, D) Luciferase reporter assays using Hela cells transfected with wild-type hTERT 3’UTR luciferase reporter or the indicated hTERT
3’UTR luciferase reporters carrying mutations for miR-296-5p target sites (C) or miR-512-5p target sites (D). Mutations in the hTERT
3’UTR increase luciferase reporter activity. n, number of independent experiments; error bars show standard deviation, E-M.: p values were
calculated using a Mann Whitney test.
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Supplementary Figure 3: (A, B) miR-296-5p (A) and miR-512-5p (B) expression in HMEC, Hela, basal type MDA-MB-231 and
luminal type MCF7 cells, as determined by quantitative TagMan RT-PCR. miR-296-5p and miR512-5p levels were quantified against
RNU49. Expression of HMEC was set “1” (C-F) Luciferase reporter assays in Hela cells using a wild-type hTERT 3’UTR (C) or hTERT
3’UTR constructs that contain mutations of the respective miR-296-5p target sites (D-F). Mutations of miR-296-5p target sites result
in increased luciferase reporter activity, when compared to control miRNA transfected cells. (G-H) Luciferase reporter assays in Hela
cells using a wild-type hTERT 3’UTR (G) or a hTERT 3’UTR construct that contains a mutation of the miR-512-5p target site (H).
Mutations of miR-512-5p target sites result in increased luciferase reporter activity, when compared to control miRNA transfected cells. (I)
hTERT 3’UTR luciferase reporter assay after transient transfection of the indicated miRNA inhibitors in MDA-MB-231 cells. n, number
of independent experiments; error bars show standard deviation, p values were calculated using a Mann Whitney test; n.s., non significant

- p-value >0,05.
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Supplementary Figure 4: (A) miR-296-5p expression in MDA-MB-231 transduced with a retroviral vector containing a miR-296
mini-gene, as determined by quantitative TagMan RT-PCR; Expression values were quantified against RNU49. (B) miR-512-5p expression
in MDA-MB-231 transduced with a retroviral vector containing a miR-512 mini-gene, as determined by quantitative TagMan RT-PCR;
Expression values were quantified against RNU49. (C) hTERT expression in MDA-MB-231 transduced with a retroviral vector containing
a miR-296 or a miR-512 mini-gene, as determined by quantitative RT-PCR; Expression values were quantified against actin. (D) Ectopic
miR-296-5p and miR-512-5p cause an increase in the short-telomere fraction (a.u.f. <5.000) and a decrease of the long-telomere fraction
(a.u.f. >10.000. (E) hTERT expression in MDA-MB-231 transduced with a retroviral vector containing a shTERT construct [2], as
determined by quantitative RT-PCR; Expression values were quantified against actin. (F) Representative images of telomere DNA-FISH
on MDA-MB-231 cells transduced with retroviral vectors encoding an shTERT construct. Genomic DNA was stained using DAPI. (G)
Quantification of telomere length of cells described in (G) [4]. (H) Telomere length categories of cells analyzed by telomere DNA FISH in
(F, G).; n= number of nuclei analyzed; N, number of telomeres analyzed; average telomere length is indicated by a red bar; numeric average
telomere length and standard variation are indicated; a.u.f, arbitrary fluorescence units; an unpaired student’s t-test was used to calculate
statistical significance.
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Supplementary Figure 5: (A-B) Kaplan—Meier survival curve of time considering both distant metastasis free survival and relapse
free survival (DMSF_mixed) of all subtypes of breast cancer (all tumors) and basal type breast cancer (basal type). Patient samples were
grouped according to hTERT (Material and methods section). The GOBO tool was used [3]. Red line: high hTERT mRNA expression; grey
line: low expression of hTERT. n, number of patients. P-value was calculated by Mantel-Haenszel test. (C) Multivariate analysis showing
that low hTERT expression behaves as independent predictor of poor clinical outcome in basal type breast cancer in the GOBO dataset
[4]. In the panel for each clinical variable and hTERT expression, hazard ratios and corresponding p-value, calculated by cox-regression
analysis, are shown. (D-I) Kaplan—Meier survival curve of time considering both distant metastasis free survival and relapse free survival
(DMSF_mixed) of the indicated breast cancer categories. The GOBO tool was used [3]. Patient samples were grouped according to hTERT
(Material and methods section). Red line: high hTERT mRNA expression; grey line: low expression of hTERT. n, number of patients.
P-value was calculated by Mantel-Haenszel test. HU is an intrinsic gene expression classifier consisting of a list of genes and a cell
proliferation signature that defines breast subtypes [5].



www.impactjournals.com/oncotarget/ Oncotarget, Supplementary Materials 2017

A. B.
miR-296-5p target targeting by miR-296-5p in
gene target specificity MDA-MB-231 cells - 2
WTERT this study yes, this study % 3
HMGAL validated [8] yes [8] =8 15
MMPL validated [9] yes [98] £% 1
MAP2K3 validated [9] yes [3] EE 05
SCRIB validated [9] yes [9] S22 g
PUMA (BBC3) validated [10] wyes, this study = T 2
IKBKE validated [11] wes, this study E E
WK validated [12] na, this study E &
HGS validated [13] na this study E E
c- D- E- F‘ all tumors
100
55 2 se 5§ %0
H §1,5 E 3 3 £ % i
g = g = == §
g2 1 =y £X 2 50 =
= E0,5 G E® E 504 wriPL
== = E E o 40 - e el 00001 MAPIKD
= 2 = E B
=S 0 =2 = a < = & z 047 U
g & £ 2 B & 20 EE
®© g q |5 & 10 [~1.8884,-0.0248) e B34
E g L o ‘3 . o o — [-00248,1.7184] me 885
< £ pé 5 £ Pé T T T T
1] 2 4 & 8 10
Time (Years)
G. H.
PAM basal HU basal
100 100
20 “\ a0 —\
- B0 = 80~
§L 70 M 2 70 M
60 h B 60
£ 50 Tt £ 504 Tt
; :
i g : = 00245 :::;‘! o 40 e 010613 m’“
a e g X7 Fonn
20 [ 20 4 IBE
10 [-1.0694,-0.0248) =43 10 = [-1.9894,-0.0248) :n= 42
o -| — 100248, 17184 = 253 o - — (00288, 1.7184] = 301
T T T T T T T T

o

2 4 & 8 10 [v] 2 4 [ -] 10

Time (Years) Time (Years)

Supplementary Figure 6: (A) List of cancer relevant and experimentally validated miR-296-5p target genes. Candidate target genes
that were experimentally confirmed in MDA-MB-231 cells are indicated. (B-E) Validation of candidate miR-296-5p target genes in MDA-
MB-231 cells. MDA-MB-231 cells were transiently transfected with control or mimic-miR-296-5p; target gene expression was determined
by quantitative real-time PCR, 3 days post-transfection. Gene expression was normalized to actin. (F-H) Kaplan—Meier survival curve of
time considering both distant metastasis free survival and relapse free survival (DMSF_mixed) of the indicated breast cancer categories
(GOBO datasets). Patient samples were grouped according to the expression levels of miR-296-5p target genes that were experimentally
validated (A, see panels F-H); (Material and methods). Red line: high miR-296-5p target gene expression; grey line: low miR-296-5p target
gene expression. HU is a list of genes and a cell proliferation signature that divides breast cancer samples different subtypes [5]; PAMSO0 is
a 50-gene breast cancer subtype predictor [6]. Survival curves: n, number of patients. P-value was calculated using the Mantel-Haenszel
test. Quantitative RT-PCR experiments: n, number of independent experiments; error bars show standard deviation, p values in B-E were
calculated using a Mann Whitney test; n.s., non significant - p-value >0,05.
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Supplementary Figure 7: (A) List of validated and predicted mir-512-5p target genes that have relevance for human cancer. miRWalk2.0
was used to identify predicted miR-512-5p target gene. Genes were included into the target gene list when 7 out of 9 computational prediction
programs suggested miR-512-5p targeting specificity (www.zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/index.htmlA). miR-512-5p
target genes that were experimentally validated in MDA-MB-231 cells are indicated. (B-H) Validation of candidate miR-512-5p target
genes in MDA-MB-231 cells. MDA-MB-231 cells were transiently transfected with control or mimic-miR-512-5p ; target gene expression
was determined by quantitative real-time PCR, 3 days post-transfection. Gene expression was normalized to actin. (I-K) Kaplan—-Meier
survival curve of time considering both distant metastasis free survival and relapse free survival (DMSF mixed) of the indicated breast
cancer categories (GOBO dataset). Patient samples were grouped according to the expression levels of miR-512-5p target genes validated
in MDA-MB-231 cells, listed in (A); (see also Material and methods section). Red line: high miR-512-5p target gene expression; grey line:
low miR-512-5p target gene expression; HU is a list of genes and a cell proliferation signature that divides breast cancer samples different
subtypes [5]; PAMS0 is a 50-gene breast cancer subtype predictor [6]. (L, M) miR-296-5p (L) and miR-512-5p (M) expression in human
mammary epithelial cells, basal type MDA-MB-231 and luminal type MCF7 cells, as determined by quantitative TagMan RT-PCR. miRNA
levels were quantified against RNU49. ACt values (Ct miRNA — Ct RNU49) are indicated. Survival curves: n, number of patients. P-value
was calculated using the Mantel-Haenszel test. [5—12]; RT-PCR analysis: n, number of independent experiments; error bars show standard
deviation, p values in B-I were calculated using a Mann Whitney test; n.s., non significant - p-value >0,05.
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Supplementary Figure 8: (A) B-galactosidase assay of MDA-MB-231 cells transfected with the indicated miRNA mimics. Transfection
was carried out twice during the 6 day experimental time window. Treatment of cells with Adriamycin was used as positive control
experiment. Bottom panel: quantification of B-galactodisase positive cells. (B) FACS analysis of annexin V staining MDA-MB-231 cells
transiently transfected with the indicated mimic-miRNA siRNAs. Cells were harvested for detection of Annexin V (apoptotic cells) and
PI staining of DNA (necrotic cells). Undamaged live cells resulted as unstained (BL quadrant). Early apoptotic cells, positive to Annexin
V only, are shown in the BR quadrant. Late apoptotic cells, positive for both Annexin and PI are shown in the UR quadrant. Necrotic
cells, positive to PI only is shown in the UL quadrant. Ectopic miR-296-5p does not show a significant increase in apoptosis rate. (C)
[-galactosidase assay of MCF-7 cells transfected with the indicated miRNA mimics. Transfection was carried out twice during the 6 day
experimental time window. Treatment of cells with Adriamycin was used as positive control experiment. Right panel: quantification of
[-galactodisase positive cells. (D) Representative images of western blotting experiments using MCF-7 cells transfected with the indicated
mimic-miRNAs. Actin was used as a loading control. (E) Impact of miR-296-5p and miR-512-5p on MCF-7 breast cancer cell proliferation.
Cumulative cell numbers were determined 6 days post-transfection. Cells were transfected with the indicated miRNA mimic or antagomiRs
at day 0 and day 3 of the experiment. (F) hTERT expression of MDA-MB-231 cells transduced with a retroviral expression vector encoding
hTERT, as determined by quantitative RT-PCR. Expression was quantified against actin. A TERT expression of pBabe-control was set 1; n=
number of independent experiments; error bars show standard deviation, a Mann Whitney test was used to calculate statistical significance.
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Supplementary Figure 9: (A-J) Gene expression analysis of HDAC1-10. MDA-MB-231 cells were treated with the indicated HDAC
inhibitors and expression of HDAC1 (D), HDAC2 (E), HDAC3 (F), HDAC4 (G), HDACS (H), HDAC6 (I), HDAC7 (J), HDACS (K),
HDAC9 (I) or HDAC10 (M) was determined by quantitative real-time PCR. HDAC expression was normalized to actin. RT-PCR analysis:
n, number of independent experiments; error bars show standard deviation, p values were calculated using a Mann Whitney test; n.s., non
significant - p-value >0,05.
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Supplementary Figure 10: (A) hTERT expression of MDA-MB-231 cells with TSA (I uM) or SAHA (5 uM), as determined by
quantitative RT-PCR. hTERT expression was normalized against Actin. (B) hTERT and miR-296-5p and miR-512-5p expression after
treatment of MDA-MB-231 cells with the indicated concentrations of 5-aza-2’-deoxycytidine (for 4 days), as measured by quantitative
RT-PCR. Expression values were quantified against actin (nTERT) or RNU49 (miR-296-5p and miR-512-5p). n= number of independent
experiments; error bars show standard deviation; a Mann Whitney test was used to calculate statistical significance.



