inate cell debris. Cells were counted after an additional 5-7 d using
a Z2 Particle Count and Size Analyzer (Beckman—Coulter) (2).

TGF-p Inhibitor. A total of 2.5 x 10° cells were plated in six-well
plates. After incubation for 24 h, cells were treated with TGF-§
inhibitor LY364947 (Cayman Chemical Company) or SD-208

1. Masutomi K, et al. (2003) Telomerase maintains telomere structure in normal human
cells. Cell 114:241-253.

S

1B: NS (a-NS)

1B: p-actin

(Sigma-Aldrich). After 24 h, cells were lysed with RIPA buffer,
followed by SDS/PAGE and immunoblotting.

Proliferation Assay. To generate proliferation curves, 5 x 10 cells
were plated in six-well plates in triplicate and counted in a Z2
Particle Count and Size Analyzer.

2. Masutomi K, et al. (2005) The telomerase reverse transcriptase regulates chromatin
state and DNA damage responses. Proc Natl Acad Sci USA 102:8222-8227.
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Effects of NS-specific shRNA on short-term proliferation and rescue by exogenous NS. (4) Suppression of endogenous NS measured by immuno-
blotting. MCF7 cells were infected with a GFP-specific shRNA (control shRNA), three independent NS coding sequence-specific shRNAs (shNS1-3), or a NS 3'UTR-
specific shRNA (shNS4). IB, immunoblot. (B) NS levels were measured by immunoblotting using anti-NS antibody. (C) Effects of N5-specific shRNA on short-term
proliferation and rescue by expression of NS in MCF7 cells. Cells expressing a control vector and short hairpin GFP (black), a control vector, and shNS4 (orange),
or exogenous NS and shN54 (blue) are shown. Error bars indicate the mean + SD.

£ 100 BU-hTERT 100 MCF? 100 Hela

§ 80 80 1 80

g 60 1 60 1 60

B 407 407 401

2 207 207

5

20 = 2w s g 2 o8 4 w0 ) 2 @ 4 B
IR dosage (Gy) IR dosage (Gy) IR dosage (Gy)

Fig. S2. Effects of overexpression of N5 or GNL3L on clonogenic growth after y-irradiation. Cells expressing a control vector (black), NS (blue), or GNL3L
(orange) are shown. Three independently generated cell lines are shown. Error bars indicate the mean + SD. IR, irradiation.
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Fig. S3.

Cancer stem cell markers induced by NS/GNL3L expression and enhanced tumorigenicity. (A) Expression of NS/GNL3L in fractionated cells [HeLa (CD44

high) or MDA-MB-157, MDA-MB-231, and MDA-MB-436 (CD44 high/CD24 low)]. CSC indicates CD44 high/CD24 low fraction, and non-CSC indicates CD44 low/
CD24 high fraction. Expression levels of NS/GNL3L mRNA were measured by quantitative RT-PCR. The mean =+ SD for three independent experiments is shown.
*P < 0.05. (B) CD44 high or CD133 high cells show increased tumorigenicity in HeLa-N5 or HA1ER-NS cells. A total of 5 x 10* cells were injected per mouse.
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Fig. 55. Mapping the binding sites of hTERT and NS/GNL3L. (A) Mapping the binding site of NS or GNL3L on hTERT. Conserved telomerase-specific motifs are
represented by boxes. A schematic presentation of full-length FLAG-epitope-tagged hTERT (Full) and truncation mutants (HT1 and EB) is shown. FLAG-tagged
hTERT proteins were transiently expressed in 293T cells, and immune complexes were isolated using anti-FLAG-M2 antibody. Immune complexes were sub-
jected to SDS/PAGE, followed by immunoblotting with the FLAG-M2 antibody (Upper) and with NS-specific or V5-specific antibodies (Lower). IB, immunablot;
IP, immunoprecipitate. The binding site of hTERT was mapped on NS (B) and GNL3L (C). A schematic representation of full-length FLAG epitope-tagged NS/
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Fig. 57. hTERT-NS complex does not influence telomere maintenance. (4) hTERC is dispensable for the hTERT-NS interaction. hTERT complexes were isolated
from Hela cells stably expressing either a control vector or two independent hTERC-specific shRNAs. NS was assessed by immunoblotting with an anti-NS
antibody. 1B, immuncblot. (B) Effects of overexpressing NS or GNL3L on telomerase activity. IC, internal control. Dilutions of extract are shown with triangles
(serial dilution was performed by 1/4 from 1 to 0.016 pg). In this assay, the internal control competes with telomerase substrates, and therefore increases with
the dilution of the extract. (C) Effects of suppressing NS or GNL3L on telomerase activity in Hela cells. (D) Effects of overexpressing NS or GNL3L on telomere
length in MCF7 cells. Telomere length was measured by telomere restriction fragment Southern blotting. (E) hTERC is dispensable for NS/GNL3L-induced
increase in CD44 expression levels. BJ-hTERT-NS cells or BJ-hTERT-GNL3L cells stably expressing either a control vector or two independent hTERC-specific
shRNAs were immunoblotted for CD44.
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Table 51. Primers used in this study for RT-PCR
Target Primer sequence No. cycles
hTERC F: 5-TCTAACCCTAACTGAGAAGGGCGT-3' 25
R: 5-TGCTCTAGAATGAACGGTGGAAGG-3'
c-MYC F: 5'-TACCCTCTCAACGACAGCAGCTCGCCCAAGTCCT-3 25
‘ R: 5'-TCTTGACATTCTCCTCGGTGTCCGAGGACCT-3'
‘. 0OCT3/4 F: 5'-GACAGGGGGAGGGGAGGAGCTAGG-3' 28
- R: 5-CTTCCCTCCAACCAGTTGCCCCAAAC-3'
" KLF4 F: 5-ACGATCGTGGCCCCGGAAAAGGACC-3' 25
R: 5-TGATTGTAGTGCTTTCTGGCTGGGCTCC-3'
a SOX2 F: 5-AATGTTTTAATATTTGCAAGCAACTTITGT-3' 28
R: 5-ACAGCTACGGAAAATAAAGGGGGAAAACCT-3
TWIST F: 5'-CGGGTCATGGCTAACGTG-3' 28 or 35
R: 5'-CAGCTTGCCATCTTGGAGTC-3
hTERT F: 5'-CGGAAGAGTGTCTGGAGCAA-3’ 30
R: 5-GGATGAAGCGGAGTCTGGA-3'
p-actin F: 5'-CAAGAGATGGCCACGGCTGCT-3' 25
R: 5'-TCCTTCTGCATCCTGTCGGCA-3'

F, forward; R, reverse.

Table 52. Primers used in this study for quantitative RT-PCR
Target Primer sequence

NS

m

1 5-TATCCATGGGGCTTACAAGG-3’

R: 5-CTGGACTTCGCAGAGCAAG-3’
GNL3L F: 5-CGACTTTTGGTGGTTTGATGT-3'

R: 5-CCCATCATAAGTAGAGGTGCATT-3’
MY C F: 5'-CACCAGCAGCGACTCTGA-3'

R: 5-GATCCAGACTCTGACCTTTTGC-3'
OCT3/4 F: 5-GACAGGGGGAGGGGAGGAGCTAGG-3'

R: 5-CTTCCCTCCAACCAGTTGCCCCAAAC-3
KLF4 F: 5'-CCATCTTTCTCCACGTTCG-3"

R: 5-AGTCGCTTCATGTGGGAGAG-3'
SOX2 F: 5-TGGGTTCGGTGGTCAAGT-3’

R: 5-TGATCATGTCCCGGAGGT-3'
GAPDH F: 5-GAAGGTGAAGGTCGGAGTCA-3’

-

: 5-GAAGATGGTGATGGGATTTC-3'

F, forward; R, reverse.

Table S3. Sequences used for shRNAs in this study

shRNA Sequence
shNS1 5'-CCGGGCACTGTCTGAGGAGACTACACtcgagTGTAGTCTCCTCAGACAGTGCtttttg-3
5'-aattcaaaaaGCACTGTCTGAGGAGACTACActcgagTGTAGTCTCCTCAGACAGTGC-3'
shNS2 5'-CCGGGCATGCAGATTGTCCCTTTAGctcgagCTAAAGGGACAATCTGCATGCCttttg-3”
5'-aattcaaaaaGCATGCAGATTGTCCCTTTAGCctcgagCTAAAGGGACAATCTGCATGC-3'
shiNS3 5'-CCGGGGAGGCTCTTCTTAGGGAAGCctcgagGCTTCCCTAAGAAGAGCCTCCtttttg-3
5'-aattcaaaaaGGAGGCTCTTCTTAGGGAAGCctcgagGCTTCCCTAAGAAGAGCCTCC-3'
shNS4 5'-CCGGGCTAAACTGTTCTCTGTATAACtcgagTTATACAGAGAACAGTTTAGCtttttg-3
5'-aattcaaaaaGCTAAACTGTTCTCTGTATAACtcgagTTATACAGAGAACAGTTTAGC-3'
shGNL3L1 5'-CCGGGCCAATCGAGAGGCTGAATTActcgagTAATTCAGCCTCTCGATTGGCtttttg-3”
5'-aattcaaaaaGCCAATCGAGAGGCTGAATTACctcgagTAATTCAGCCTCTCGATTGGC-3
shGNL3L2 5'-CCGGCCAAACCCAATACCCTCTATTctcgag AATAGAGGGTATTGGGTTTGGtt tttg-3"
5'-aattcaaaaaCCAAACCCAATACCCTCTATTctcgagAATAGAGGGTATTGGGTTTGG-3'
shBRG11 5'-CCGGCCCGTGGACTTCAAGAAGATACtcgagTATCTTCTTGAAGTCCACGGGtttttg-3”
5'-aattcaaaaaCCCGTGGACTTCAAGAAGATActcgagTATCTTCTTGAAGTCCACGGG-3'
shBRG12 5'-CCGGCGGCAGACACTGTGATCATTTctegagAAATGATCACAGTGTCTGCCGtttttg-3”
5'-aattcaaaaaCGGCAGACACTGTGATCATT TctcgagAAATGATCACAGTGTCTGCCG-3'
shhTERC1 5'-TTGTCTAACCCTAACTGAGAACtcgagTTCTCAGTTAGGGTTAGACAALtttttg-3'
5'-aattcaaaaaTTGTCTAACCCTAACTGAGAACtcgagTTCTCAGTTAGGGTTAGACAA-3'
shhTERC2 (1

1. Li 5, et al. (2004) Rapid inhibition of cancer cell growth induced by lentiviral delivery and expression of mutant-template telomerase RNA and anti-telomerase short-interfering RNA,
Cancer Res 64:4833-4840.
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Abstract

Background The criteria for classifying hormone receptor
(HR)-positive/HER2-negative breast cancers into low-risk
and high-risk subgroups remain undetermined. Supportive
data for optimal criteria to identify tumors in the high-risk
subgroup are necessary for Japanese patients with HR-
positive/HER2-negative breast cancers.
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Methods Using immunohistochemistry and fluorescence
in situ hybridization, we identified 369 consecutive patients
with HR-positive/HER2-negative, node-negative invasive
breast cancers. We examined the prognostic impact of the
Ki-67 labeling index (LI) based on 3 cutoff values, 10, 14, and
20 %, along with that of histological grade (HG) and nuclear
grade (NG) by Cox’s univariate and multivariate analyses.
Results The univariate analyses clearly showed that
Ki-67 LI with any cutoff value divided the patients into
distinct high-risk and low-risk groups, and that HG and NG
were also powerful prognostic indicators. High Ki-67 LI
with any cutoff value was strongly correlated with HG and
NG, and when these parameters were included in the
multivariate analyses, the impact of HG/NG was stronger
than Ki-67 LIs. When the 10 % cutoff value was adopted,
discordance between Ki-67 LI and grades was frequent in
papillotubular-type invasive ductal carcinoma, predomi-
nantly intraductal carcinoma, and mucinous carcinoma.
Conclusions Any of the Ki-67 LI values, regardless of
cutoff value, could be applicable for the classification of
high-risk and low-risk HR-positive/HER2-negative, node-
negative invasive breast cancers. Luminal A/B subtyping
according to Ki-67 LI, or HG/NG, in combination with
histological type, appeared to be able to create an optimum
risk estimation system for patients with HR-positive/HER2-
negative, node-negative invasive breast cancers in Japan.

Keywords Node-negative - Invasive breast cancer -
Luminal subtype - Ki-67 - Histological/nuclear grade
Introduction

Breast cancer is the most common cancer in women. The
mortality in Western countries is decreasing owing to early
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