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ABSTRACT
Numerous studies have reported the existence of tumor-promoting cells (TPC) 

with self-renewal potential and a relevant role in drug resistance. However, pathways 
DQG�PRGL¿FDWLRQV�LQYROYHG�LQ�WKH�PDLQWHQDQFH�RI�VXFK�WXPRU�VXESRSXODWLRQV�DUH�VWLOO�
only partially understood. Sequencing-based approaches offer the opportunity for a 
detailed study of TPC including their transcriptome modulation. Using microarrays 
DQG�51$�VHTXHQFLQJ�DSSURDFKHV��ZH�FRPSDUHG�WKH�WUDQVFULSWLRQDO�SUR¿OHV�RI�SDUHQWDO�
MCF7 breast cancer cells with MCF7-derived TPC (i.e. MCFS). Data were explored using 
GLIIHUHQW�ELRLQIRUPDWLF�DSSURDFKHV��DQG�PDMRU�¿QGLQJV�ZHUH�H[SHULPHQWDOO\�YDOLGDWHG��
7KH�GLIIHUHQW�DQDO\WLFDO�SLSHOLQHV��/LIHVFRSH�DQG�&XIÀLQNV�EDVHG��\LHOGHG�VLPLODU�
although not identical results. RNA sequencing data partially overlapped microarray 
results and displayed a higher dynamic range, although overall the two approaches 
FRQFRUGDQWO\�SUHGLFWHG�SDWKZD\�PRGL¿FDWLRQV��6HYHUDO�ELRORJLFDO�IXQFWLRQV�ZHUH�
DOWHUHG�LQ�73&��UDQJLQJ�IURP�SURGXFWLRQ�RI�LQÀDPPDWRU\�F\WRNLQHV��L�H���,/���DQG�
MCP-1) to proliferation and response to steroid hormones. More than 300 non-coding 
51$V�ZHUH�GH¿QHG�DV�GLIIHUHQWLDOO\�H[SUHVVHG��DQG�������SRWHQWLDO�VSOLFLQJ�HYHQWV�
ZHUH�LGHQWL¿HG��$�FRQVHQVXV�VLJQDWXUH�RI�JHQHV�XS�UHJXODWHG�LQ�73&�ZDV�GHULYHG�
DQG�ZDV�IRXQG�WR�EH�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�LQVHQVLWLYLW\�WR�IXOYHVWUDQW�LQ�D�
public breast cancer patient dataset. Overall, we obtained a detailed portrait of the 
transcriptome of a breast cancer TPC line, highlighted the role of non-coding RNAs 
DQG�GLIIHUHQWLDO�VSOLFLQJ��DQG�LGHQWL¿HG�D�JHQH�VLJQDWXUH�ZLWK�D�SRWHQWLDO�DV�D�FRQWH[W�
VSHFL¿F�ELRPDUNHU�LQ�SDWLHQWV�UHFHLYLQJ�HQGRFULQH�WUHDWPHQW�

INTRODUCTION

There is substantial evidence to support the presence 
of a subpopulation of tumor-promoting cells (TPC) in 
both hematologic and solid tumors with self-renewal and 
asymmetric division capabilities. The proposed model 
looks at TPC as responsible for treatment failure due to 
their resistance to anticancer drugs and due to the inability 
RI�WKH�SUHVHQWO\�HPSOR\HG�GUXJV�WR�VSHFL¿FDOO\�WDUJHW�WKH�
TPC subpopulation [1–4].

,GHQWL¿FDWLRQ� DQG� HQXPHUDWLRQ� RI� VXFK� FHOOV� LV�
GLI¿FXOW��WKHLU�SKHQRW\SHV�DUH�SRRUO\�GH¿QHG�DQG�QR�VSHFL¿F�
ELRPDUNHU� DOORZV� D� FOHDU� GLVWLQFWLRQ� RI� 73&�� DOWKRXJK�
several markers have been proposed [5]. The assay largely 
UHFRJQL]HG�DV�WKH�JROG�VWDQGDUG�WR�GH¿QH�D�SRSXODWLRQ�RI�FHOOV�
with tumor-initiating ability consists of xenotransplantation 
of serially diluted number of cells in immunocompromised 
PLFH��L�H���12'�6&,'�RU�12'�scid IL2Rgnull�PLFH��>�@��DQG�
an optimal tool for isolating breast TPC from clinical tumors 
is an in vitro�IXQFWLRQDO�DSSURDFK��L�H���VSKHUH�IRUPDWLRQ��>�@�
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,Q� EUHDVW� DQG� RWKHU� WXPRU� W\SHV�� PXFK� HIIRUW�
has been made to identify the pathways involved in 
maintenance of the TPC phenotype and to tackle possible 
73&�VSHFL¿F� WDUJHWV�ZLWK� WKHUDSHXWLF�SRWHQWLDO��$PRQJ�
RWKHUV��1RWFK�>����@�DQG�+HGJHKRJ�SDWKZD\V�>��@�KDYH�
been suggested as central pathways for TPC maintenance. 
0RUH� UHFHQWO\�� D� UROH� IRU� 1)�ț%� 1)�NDSSD%�UHODWHG�
JHQHV�>������@�DQG�IRU�LQÀDPPDWRU\�F\WRNLQHV�>������@�
KDV�EHHQ�SURSRVHG��DOVR�OLQNLQJ�VWHPQHVV�ZLWK�HSLWKHOLDO�
PHVHQFK\PDO�WUDQVLWLRQ�>������@�

$FFXPXODWLQJ� HYLGHQFH� LQ� RWKHU� PDOLJQDQFLHV�
suggests that also poorly characterized non-coding 
51$V� �QF51$V�� FRXOG�KDYH� D� UROH� LQ� FDQFHU� >��@� DQG�
LQ� WKH� PDLQWHQDQFH� RI� D� VWHP�OLNH� SKHQRW\SH� >��@�� ,Q�
DGGLWLRQ��WKH�LVRIRUP�FRPSRVLWLRQ�RI�WKH�FRGLQJ�WUDQVFULSW�
population has been demonstrated to be important in 
VWHP�FHOO�ELRORJ\�>������@�DQG�FDQFHU�>��@��0DVVLYH�51$�
VHTXHQFLQJ��51$�VHT��DOORZV�DQ�LQ�GHSWK�WUDQVFULSWRPH�
DQDO\VLV��ZKLFK� LQFOXGHV� WKH� DQQRWDWLRQ� DQG� HYDOXDWLRQ�
of differential expression for both the coding and non-
FRGLQJ�WUDQVFULSWV�DQG�WKH�LGHQWL¿FDWLRQ�DQG�TXDQWLWDWLYH�
evaluation of alternative splicing events. This type of 
analysis proved to extend biological knowledge and to 
identify additional biomarkers [22].

We previously reported the isolation and in vitro 
propagation of highly tumorigenic mammospheres 
LVRODWHG�IURP�WKH�0&)��EUHDVW�FDQFHU�FHOO�OLQH��FRPPRQO\�
GH¿QHG�DV�0&)6��>��@��,Q�WKH�SUHVHQW�VWXG\��ZH�REWDLQHG�
JHQH� H[SUHVVLRQ� SUR¿OHV� RI�0&)6� DQG�SDUHQWDO�0&)��
FHOO�OLQHV�XVLQJ�,OOXPLQD�PLFURDUUD\V�DQG�62/L'�51$�
VHT��'LIIHUHQW�DQDO\WLFDO�DSSURDFKHV�IRU�51$�VHT�ZHUH�
XVHG�DQG�WKH�UHVXOWV�FRPSDUHG��'LIIHUHQWLDOO\�H[SUHVVHG�
FRGLQJ�DQG�QRQ�FRGLQJ�51$V��GHUHJXODWHG�SDWKZD\V�DQG�
DOWHUQDWLYH� VSOLFLQJ� HYHQWV� ZHUH� LGHQWL¿HG� E\� VSHFL¿F�
bioinformatic approaches and validated in vitro��)LQDOO\��
WKH�VLJQL¿FDQFH�RI�WKH�73&�JHQH�VLJQDWXUH�GHULYHG�IURP�
RXU�PRGHO�ZDV�FRQ¿UPHG�LQ�D�FRKRUW�RI�HQGRFULQH�WKHUDS\�
treated breast cancer patients.

RESULTS AND DISCUSSION

Comparison of RNA-seq and microarray signals

Transcriptome analysis of tumor-promoting 
PDPPRVSKHUHV��0&)6��DQG�RI�WKH�SDUHQWDO�EUHDVW�FDQFHU�
FHOO�OLQH�0&)��ZDV�UXQ�LQ�WULSOLFDWH�RQ�PLFURDUUD\V�DQG�DV�
D�VLQJOH�H[SHULPHQW�XVLQJ�51$�VHT�DIWHU�OLQHDU�LVRWKHUPDO�
'1$� DPSOL¿FDWLRQ�� ,Q� PLFURDUUD\� GDWD�� ������ SUREHV��
FRUUHVSRQGLQJ�WR�WKH�VDPH�QXPEHU�RI�JHQHV��ZHUH�UHWDLQHG�
DIWHU�QRUPDOL]DWLRQ�DQG�¿OWHULQJ�

6LQFH� XVLQJ� RQO\� RQH�PHWKRG� IRU� WKH� DQDO\VLV� RI�
51$�VHT� GDWDVHWV� FDQ� UHVXOW� LQ� D� VXERSWLPDO� DQDO\VLV��
HVSHFLDOO\�ZKHQ�ZRUNLQJ�ZLWK�D�FDQFHU�WUDQVFULSWRPH��ZH�
decided to apply two different methods for the absolute 
TXDQWL¿FDWLRQ� RI� JHQH� H[SUHVVLRQ� DIWHU� WKH� JHQRPH�
PDSSLQJ�VWHS��L�H���/LIHWHFK�/LIHVFRSH�������SLSHOLQH�DQG�

WKH�7RS+DW�&XIÀLQNV�PHWKRG��YHUVLRQ���������XVLQJ�DV�D�
FRPPRQ� UHIHUHQFH� JHQH� DQQRWDWLRQ� WKH� 8&6&� 5HI6HT�
GDWDVHW��6XSSOHPHQWDU\�7DEOH�6��VXPPDUL]HV�WKH�QXPEHU�
RI� JHQHV� ZLWK� QRQ�]HUR� TXDQWL¿FDWLRQ� IRU� H[SUHVVLRQ�
YDOXHV�SURFHVVHG�DFFRUGLQJ�WR�WKH�WZR�SLSHOLQHV��1LQHW\�
IRXU�SHUFHQW�RI�WKH�JHQHV�GHWHFWHG�E\�&XIÀLQNV�ZDV�DOVR�
LGHQWL¿HG�DV�H[SUHVVHG�E\�/LIHVFRSH��ZKHUHDV�WKH�ODWWHU�
JOREDOO\� LGHQWL¿HG�D�KLJKHU�QXPEHU�RI�JHQHV��)RU�HDFK�
OLEUDU\�� JHQH� H[SUHVVLRQ� OHYHOV��PHDVXUHG� DV�53.0�RU�
)3.0��5HDGV�)UDJPHQWV�3HU�.LOREDVH�RI�H[RQ�SHU�0LOOLRQ�
IUDJPHQWV� PDSSHG�� IRU� HDFK� RI� WKH� WZR� H[SHULPHQWV��
ZHUH�FRUUHODWHG��GLVSOD\LQJ�JRRG�FRUUHODWLRQ�FRHI¿FLHQWV� 
�5� �������������)LJXUH��$��

:H� QH[W� FRUUHODWHG� IROG� FKDQJHV� �)&�� EHWZHHQ�
0&)6�DQG�0&)��FHOOV�REWDLQHG�ZLWK�WKH�WZR�DQDO\WLFDO�
SLSHOLQHV�� $V� IRU� 53.0� DQG� )3.0� YDOXHV�� D� JRRG�
FRUUHODWLRQ� ZDV� IRXQG�� EXW� WKH� FRUUHODWLRQ� FRHI¿FLHQW�
�5� �������ZDV�DIIHFWHG�E\�ODUJH�H[SUHVVLRQ�GLIIHUHQFHV�
SUHVHQW� EHWZHHQ� WKH� WZR� FHOO� OLQHV� �XS� WR� �����IROG�
FKDQJHV���8VXDOO\��IROG�FKDQJHV�KLJKHU�WKDQ���DUH�DOUHDG\�
FRQVLGHUHG�WR�EH�ELRORJLFDOO\�UHOHYDQW��EXW��DV�FDQ�EH�VHHQ�
LQ�)LJXUH��%��VXFK�DQ�H[WHQW�RI�PRGXODWLRQV�VHHPV�WR�EH�
less reproducible when using two different processing 
SURFHGXUHV�� HYHQ� WKRXJK� VWDUWLQJ� IURP� WKH� VDPH� UDZ�
sequence data.

)ROG� FKDQJHV� REWDLQHG� IURP� 51$�VHT� ZHUH� WKHQ�
correlated with the results elaborated from microarray data 
IRU�FRPPRQ�JHQHV��$V�H[SHFWHG��ORZHU�FRUUHODWLRQV�ZHUH�
REWDLQHG�ZLWK�51$�VHT�GDWD��LQGHSHQGHQWO\�RI�WKH�SLSHOLQH�
XVHG��FOHDUO\�VKRZLQJ�D�KLJKHU�G\QDPLF�UDQJH��LQ�IROG�FKDQJH�
WHUPV�� WKDQ�PLFURDUUD\V� �)LJXUH� �&���$� VLPLODU� SODWIRUP�
FRPSDULVRQ��UXQ�RQ�&'��+�&'��– cancer stem isolated from 
primary ER-positive breast cancer cells [24] reported a good 
match between next generation transcriptome sequencing 
DQG�PLFURDUUD\V��EXW�QR�GHWDLOV�ZHUH�JLYHQ�RQ�WKH�DQDO\WLFDO�
SLSHOLQH�XVHG�IRU�51$�VHT�GDWD�

,GHQWL¿FDWLRQ�RI�HQULFKHG�JHQH�VHWV�DQG�
functional validation of data

0LFURDUUD\�DV�ZHOO�DV�51$�VHT�H[SUHVVLRQ�GDWD�ZHUH�
VXEMHFWHG�WR�D�*HQH�6HW�(QULFKPHQW�$QDO\VLV��*6($��LQ�
order to provide a robust way to compare elaborated gene 
expression data sets obtained with different platforms and 
to highlight biologically meaningful pathways modulated 
LQ�0&)6� FRPSDUHG� WR�0&)�� FHOOV�� )RU�51$�VHT� GDWD��
both data analysis procedures were considered in order to 
investigate their reliability by comparison with array data. 
)RU�DOO�GDWD��JHQHV�ZHUH�RUGHUHG�DFFRUGLQJ�WR�IROG�FKDQJHV�
DQG�DUUD\�GDWD�ZHUH�RUGHUHG�DFFRUGLQJ�WR�*6($�VWDWLVWLFV��
'DWD�DQDO\]HG�ZLWK�&XIÀLQNV��EHVLGHV�IROG�FKDQJHV��ZHUH�
ordered according to the ranking suggested by the Cuffdiff 
statistics. Enrichment for functionally related genes was 
WHVWHG�DFURVV�D�FROOHFWLRQ�RI�������FXUDWHG�JHQH�VHWV��&��
FROOHFWLRQ���DQG�D�VXPPDU\�RI�REWDLQHG�UHVXOWV�LV�UHSRUWHG�
LQ�6XSSOHPHQWDU\�7DEOH�6���6LPLODU�UHVXOWV�ZHUH�REWDLQHG�
IRU�DUUD\�GDWD� UDQNHG�XVLQJ�HLWKHU� IROG�FKDQJH�RU�*6($�
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VWDWLVWLFV��*HQH�TXDQWL¿FDWLRQ�XVLQJ�&XIÀLQNV�DQG�UDQNLQJ�
using Cuffdiff statistics slightly outperformed the other 
PHWKRGV�LQ�WHUPV�RI�QXPEHU�RI�VLJQL¿FDQWO\�HQULFKHG�JHQH�
VHWV�DQG�FRQFRUGDQFH�ZLWK�DUUD\�GDWD��&RQVHTXHQWO\��ZH�
IRFXVHG�RQ�*6($�VWDWLVWLFV�UDQNHG�DUUD\�GDWD�DQG�&XIIGLII�
UDQNHG�51$�VHT�GDWD�WR�HODERUDWH�D�ELRORJLFDO�LQWHUSUHWDWLRQ�
RI�WKH�FRGLQJ�JHQHV�PRGXODWHG�LQ�0&)6�73&�

To obtain a meaningful interpretation of the 
¿QGLQJV��RXU�DSSURDFK�ZDV�WR�GLVWULEXWH�WKH�JHQH�VHWV�LQ�
GLIIHUHQW�FDWHJRULHV��OLQNLQJ�WKHP�WR�D�SRVVLEOH�ELRORJLFDO�
IXQFWLRQ�� 6XFK� ELRIXQFWLRQV�� ZKLFK� ZHUH� GLIIHUHQWLDOO\�
PRGXODWHG�LQ�0&)6�FRPSDUHG�ZLWK�0&)��FHOOV�DUH�OLVWHG�
LQ�7DEOH����WRJHWKHU�ZLWK�LQIRUPDWLRQ�RI�WKH�VLQJOH�JHQH�
sets supporting them. The main biofunctions are reported 
EHORZ��WRJHWKHU�ZLWK�UHVXOWV�RI�YDOLGDWLRQ�H[SHULPHQWV�
Proliferation

$V�H[SHFWHG��EDVHG�RQ�WKH�JURZWK�NLQHWLFV�RI�WKH�WZR�
FHOO�W\SHV��JHQHV�DVVRFLDWHG�WR�FHOO�F\FOH�SURJUHVVLRQ��'1$�

replication and proliferation were expressed at lower levels 
LQ�0&)6�FHOOV��:KHUHDV�WKH�ORZ�SUROLIHUDWLYH�SRWHQWLDO�RI�
73&�LV�ZHOO�NQRZQ��QR�HQULFKPHQWV�LQ�SUROLIHUDWLRQ�UHODWHG�
–genes has been reported in other studies comparing gene 
H[SUHVVLRQ�SUR¿OHV�RI�&'��+�&'��– breast cancer stem 
cells with the remaining bulk tumor cells [24] suggesting 
WKDW� WKH� H[SHULPHQWDO� FRQGLWLRQV� FKRVHQ� IRU� 0&)6�
enrichment may play a role.
(QGRFULQH�WKHUDS\�VHQVLWLYLW\

Gene sets up- and down-regulated after treatment 
RI� 0&)�� FHOOV� ZLWK� ����HVWUDGLRO� >���� ��@� ZHUH� IRXQG�
VLJQL¿FDQWO\�HQULFKHG�LQ�WKH�0&)��DQG�0&)6�SKHQRW\SH��
respectively (Table 1). It is noteworthy that despite a distinct 
regulation of genes associated with estrogenic stimulation 
LQ� WKH� SDUHQWDO�0&)�� FHOO� OLQH� DQG� LQ� WKH� GHULYHG�73&�
FHOOV� �)LJXUH� �&��� WKH� HVWURJHQ� UHFHSWRU� �(5�� LWVHOI�ZDV�
H[SUHVVHG� DW� FRPSDUDEOH� OHYHOV� �)LJXUH� �$��� 6XFK� D�
gene expression pattern suggested the acquirement of an 

Figure 1: Comparison of different transcriptomic data. A.�&RUUHODWLRQ�RI�51$�VHT�JHQH�TXDQWL¿FDWLRQ�IURP�0&)6��OHIW��RU�0&)��
�ULJKW��FHOOV�REWDLQHG�ZLWK�WKH�WZR�SLSHOLQHV�XVHG��/LIHVFRSH�RU�&XIÀLQNV���B.�&RUUHODWLRQ�RI�ORJ�IROG�FKDQJHV�EHWZHHQ�0&)6�DQG�0&)��
FHOOV�REWDLQHG�ZLWK�WKH�WZR�SLSHOLQHV�XVHG��/LIHVFRSH�RU�&XIÀLQNV���C.�&RUUHODWLRQ�RI�ORJ�IROG�FKDQJHV�REWDLQHG�XVLQJ�$UUD\V�RU�51$�VHT�
WUDQVFULSWRPLF�GDWD��SURFHVVHG�ZLWK�WKH�/LIHVFRSH�SLSHOLQH��OHIW��RU�&XIÀLQNV�SLSHOLQH��ULJKW��
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HVWURJHQ�LQVHQVLWLYH�SKHQRW\SH�LQ�WKH�0&)6��D�K\SRWKHVLV�
WKDW�ZDV�H[SHULPHQWDOO\�YHUL¿HG��(VWURJHQ�LQVHQVLWLYLW\�KDV�
DOUHDG\�EHHQ�UHSRUWHG� LQ� WKH� OLWHUDWXUH� IRU�&'��+�&'��– 
FHOOV�SXUL¿HG�IURP�KXPDQ�WXPRUV��ZKLFK�ZHUH�GHVFULEHG�DV�
ER-negative also when deriving from ER-positive tumors 
>��@��7UHDWPHQW�ZLWK���í��0�����HVWUDGLRO�IRU���GD\V�FDXVHG�
DOPRVW�D�GRXEOLQJ�LQ�WKH�0&)��FHOO�JURZWK�UDWH�FRPSDUHG�
to untreated cells (P� ���������ZKHUHDV�DV�H[SHFWHG�EDVHG�
RQ�JHQH�H[SUHVVLRQ�GDWD��HVWUDGLRO�KDG�QR�VLJQL¿FDQW�HIIHFW�
RQ�0&)6�FHOO�JURZWK��)LJXUH��%���&RQVLVWHQW�ZLWK�WKH�ORVV�
RI�HVWURJHQ�VHQVLWLYLW\�LQ�WKH�0&)6�FHOOV��DOVR�WUHDWPHQW�

with the pure antiestrogen fulvestrant displayed a higher 
F\WRVWDWLF� HIIHFW� LQ�0&)�� FHOOV� WKDQ� LQ�0&)6� �����YV�
����JURZWK�LQKLELWLRQ��UHVSHFWLYHO\���6XFK�UHVXOWV�VXJJHVW�
DQ�LQVHQVLWLYLW\�RI�0&)6�FHOOV�WR�HVWURJHQLF�VWLPXODWLRQV�
DQG�D�OLPLWHG�UHVSRQVH�WR�WUHDWPHQW�ZLWK�DQWLHVWURJHQ��LQ�
agreement with impairment on estrogenic response in 
0&)6�FHOOV�

,Q� RUGHU� WR� SURYLGH� D� IXUWKHU� FRQ¿UPDWLRQ� RI� WKH�
impairment in ER-mediated response to estrogens in 
0&)6� FHOOV�� ZH� HYDOXDWHG� WKH� H[SUHVVLRQ� OHYHOV� RI�
typically ER-related genes after exposure of the cells to 

7DEOH����(QULFKHG�ELRORJLFDO�IXQFWLRQV
Biofunction Description n° Gene sets 

associated
Gene Sets (QULFKHG�

in:
FDR 

Array
FDR 

&XIÀLQNV

Cell Cycle, 
Proliferation

Gene sets 
involved in 
cells cycle and 
proliferation

�

.21*B(�)�B7$5*(76 0&)� < 1e-4 < 1e-4

,6+,'$B(�)B7$5*(76 0&)� < 1e-4 ���H��

=+28B&(//B&<&/(B*(1(6B,1B
,5B5(63216(B�+5 0&)� < 1e-4 < 1e-2

5267<B&(59,&$/B&$1&(5B
352/,)(5$7,21B&/867(5 0&)� < 1e-4 < 1e-2

02/(1$$5B7$5*(76B2)B
&&1'�B$1'B&'.�B'1 0&)� < 1e-4 < 1e-2

=+28B&(//B&<&/(B*(1(6B,1B
,5B5(63216(B��+5 0&)� < 1e-4 ���H��

=+$1*B7/;B7$5*(76B 
��+5B'1 0&)� ���H�� < 1e-4

Endocrine 
Therapy 
Sensitivity

Gene sets 
involved 
in response 
to various 
endocrine 
therapy 
regimens in 
which many 
tumor cells 
manifest 
UHVLVWDQFH��
either de novo 
or acquired 
during the 
treatment

�

&5(,*+721B(1'2&5,1(B
7+(5$3<B 
5(6,67$1&(B�

0&)6 not 
tested < 1e-2

'2$1(B%5($67B&$1&(5B
&/$66(6B83 0&)6 !����� < 1e-2

)$50(5B%5($67B 
&$1&(5B$32&5,1(B96B
/80,1$/

0&)6 !����� < 1e-2

)$50(5B%5($67B 
&$1&(5B$32&5,1(B 
96B%$6$/

0&)6 !����� < 1e-2

%(&.(5B7$02;,)(1B
5(6,67$1&(B83 0&)6 !����� < 1e-4

)5$625B5(63216(B 
72B(675$',2/B83 0&)� < 1e-2 < 1e-2

'87(575(B(675$',2/B
5(63216(B�+5B'1 0&)6 < 1e-2 !�����

'2$1(B%5($67B&$1&(5B 
(65�B'1 0&)6 < 1e-4 not tested

(Continued )
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Biofunction Description n° Gene sets 
associated

Gene Sets (QULFKHG�
in:

FDR 
Array

FDR 
&XIÀLQNV

Immune 
Response

Gene sets 
involved 
in several 
mechanism 
of immune 
response

22

.(**B&<72.,1(B&<72.,1(B
5(&(3725B,17(5$&7,21 0&)6 < 1e-4 < 1e-2

6$1$B71)B6,*1$/,1*B83 0&)6 < 1e-2 ���H��

=+(1*B,/��B6,*1$/,1*B83 0&)6 ���H�� not tested

:,1=(1B'(*5$'('B 
9,$B.+653 0&)6 < 1e-2 not tested

.(**B&203/(0(17B$1'B
&2$*8/$7,21B&$6&$'(6 0&)6 < 1e-2 not tested

%(11(77B6<67(0,&B/8386B
(5<7+(0$72686 0&)6 < 1e-2 not tested

.,0B*/,6�B7$5*(76B83 0&)6 < 1e-2 not tested

=+$1*B5(63216(B72B,..B
,1+,%,725B$1'B71)B83 0&)6 < 1e-4 !�����

+,1$7$B1).%B7$5*(76B
.(5$7,12&<7(B83 0&)6 < 1e-2 !�����

,&+,%$B*5$)7B9(5686B+267B
',6($6(B��'B83 0&)6 < 1e-2 !�����

/,1'67('7B'(1'5,7,&B&(//B
0$785$7,21B$ 0&)6 < 1e-2 !�����

+,1$7$B1).%B7$5*(76B
),%52%/$67B83 0&)6 < 1e-2 !�����

/,B,1'8&('B7B72B1$785$/B
.,//(5B83 0&)6 < 1e-2 !�����

(,1$9B,17(5)(521B 
6,*1$785(B,1B&$1&(5 0&)6 !����� < 1e-4

6$1$B5(63216(B72B 
,)1*B83 0&)6 !����� < 1e-4

%52:1(B,17(5)(521B
5(63216,9(B*(1(6 0&)6 !����� < 1e-4

'(5B,)1B$/3+$B 
5(63216(B83 0&)6 !����� < 1e-2

*$9,1B)2;3�B7$5*(76B
&/867(5B3� 0&)6 !����� < 1e-2

%26&2B,17(5)(521B 
,1'8&('B$17,9,5$/B 
02'8/(

0&)6 !����� < 1e-2

'$8(5B67$7�B7$5*(76B'1 0&)6 !����� < 1e-4

&522148,67B,/�B 
'(35,9$7,21B'1 0&)� < 1e-4 ���H��

&522148,67B15$6B 
6,*1$/,1*B'1 0&)� < 1e-4 < 1e-2

(Continued )
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Biofunction Description n° Gene sets 
associated

Gene Sets (QULFKHG�
in:

FDR 
Array

FDR 
&XIÀLQNV

Epigenetic 
Control

Gene sets 
involved 
in altered 
PHWK\ODWLRQ��
acetylation 
status as 
a possible 
epigenetic 
mechanism of 
selection during 
tumorigenesis

�

0$57(16B75(7,12,1B
5(63216(B83 0&)6 < 1e-2 < 1e-4

0,66,$*/,$B5(*8/$7('B%<B
0(7+</$7,21B83 0&)6 < 1e-4 < 1e-4

/,$1*B6,/(1&('B%<B
0(7+</$7,21B� 0&)6 < 1e-4 not tested

.,0B/55&�%B7$5*(76 0&)6 !����� < 1e-4

6$72B6,/(1&('B%<B
0(7+</$7,21B,1B3$1&5($7,&B
&$1&(5B�

0&)6 !����� < 1e-2

+(//(5B+'$&B7$5*(76B
6,/(1&('B%<B0(7+</$7,21B'1 0&)6 !����� < 1e-2

0,..(/6(1B13&B+&3B:,7+B
+�.�0(�B$1'B+�.��0(� 0&)6 !����� < 1e-2

0,66,$*/,$B5(*8/$7('B%<B
0(7+</$7,21B'1 0&)� < 1e-4 < 1e-2

=+21*B5(63216(B72B
$=$&,7,',1(B$1'B76$B'1 0&)� < 1e-2 !�����

Cholesterol 
Metabolism

Gene sets 
involved in 
cholesterol 
metabolism  
pathways

6

5($&720(B&+2/(67(52/B
%,26<17+(6,6 0&)6 ���H�� not tested

8=21<,B5(63216(B72B
/(8.275,(1(B$1'B7+520%,1 0&)6 ���H�� not tested

/,$1B/,3$B7$5*(76B�0 0&)6 ���H�� not tested

*$5*$/29,&B5(63216(B72B
2;,',=('B3+263+2/,3,'6B
*5((1B83

0&)6 < 1e-2 not tested

6&+0,'7B325B7$5*(76B,1B
/,0%B%8'B83 0&)6 < 1e-4 !�����

*$5*$/29,&B5(63216(B72B
2;,',=('B3+263+2/,3,'6B
%/$&.B83

0&)6 < 1e-2 !�����

Undifferentiation

Gene sets 
associated 
with cells 
undifferentiation 
status

�

:,(5(1*$B67$7�$B7$5*(76B
*5283� 0&)6 < 1e-2 not tested

/,0B0$00$5<B/80,1$/B
352*(1,725B83 0&)6 < 1e-2 !�����

%85721B$',32*(1(6,6B3($.B
$7B�+5 0&)6 !����� < 1e-2

3/$6$5,B7*)%�B7$5*(76B��+5B83 0&)6 < 1e-2 !�����

%85721B$',32*(1(6,6B�� 0&)6 < 1e-2 !�����

/(1$285B'(1'5,7,&B&(//B
0$785$7,21B'1 0&)6 < 1e-2 !�����

0$+$'(9$1B5(63216(B72B
03���B'1 0&)� < 1e-2 not tested

(Continued )
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estradiol. In agreement with the proliferative behavior of 
WKHVH�FHOOV�LQ�UHVSRQVH�WR�HVWURJHQV��DOVR�LQGXFWLRQ�RI�WKH�
estrogen-regulated genes GREB1��PGR��CSD and TFF1 
ZDV�VWURQJHU�LQ�0&)��FHOOV�WKDQ�LQ�0&)6��ZLWK�D�PRUH�
than two-fold difference depending on the considered gene 
�)LJXUH��&��

In accord with literature data demonstrating 
that TPCs are intrinsically resistant to conventional 
FKHPRWKHUDSHXWLF�DJHQWV�DQG�WR�UDGLRWKHUDS\�>���������@��
we provided evidence that such cells are also less sensitive 
WR�FRPSHWLWLYH�(5�DQWDJRQLVWV��VXFK�DV�VHOHFWLYH�HVWURJHQ�
UHFHSWRU�GRZQ�UHJXODWRUV��VXJJHVWLQJ�WKDW�WKH�RXWJURZWK�RI�
a subpopulation of cells with tumor-promoting properties 
might be responsible for hormone therapy resistance in 
EUHDVW� FDQFHU�� 7KH� SUHVHQFH� RI� (5Į�� WKH� PDLQ� OLJDQG�
mediated transcriptional factor responsible for estrogenic 
HIIHFWV�LQ�EUHDVW�FDQFHU��VWLOO�JXLGHV�WKH�FKRLFH�RI�HQGRFULQH�
WUHDWPHQWV�� DOWKRXJK� LW� LV� NQRZQ� WR� UHSUHVHQW� D� EHWWHU�
predictor for endocrine insensitivity (if negative) than 
DQ�RSWLPDO�VHQVLWLYLW\�ELRPDUNHU�>��@��,Q�IDFW��DFTXLUHG��
but also de novo resistance to endocrine therapy is often 
REVHUYHG�LQ�WXPRUV�GH¿QHG�DV�(5���+HUH�ZH�VKRZ�QHZ�
data suggesting that treatment with fulvestrant might 
fail due to the presence of cells with tumor-promoting 
FKDUDFWHULVWLFV�VXFK�DV�RXU�0&)6�FHOOV�

It is also worth to mention that paradoxically the 
73&� SRSXODWLRQ� �GH¿QHG� DV� HQULFKHG� IRU� H[SUHVVLRQ�
RI� (6$+&'��+&'��low� FHOOV��� LQFUHDVHV� LQ� UHVSRQVH� WR�
estradiol treatment due to paracrine stimulation by non-
73&�(5�SRVLWLYH�FHOOV�PDLQO\�WKURXJK�(*)5�>��@�

Immune response

Genes associated with immune response were 
H[SUHVVHG�DW�KLJKHU�OHYHOV�E\�0&)6�FHOOV��,Q�NHHSLQJ�ZLWK�
SUHYLRXV�UHSRUWV�HYHQ�LQ�GLIIHUHQW�73&�PRGHOV�>������@��
RXU�UHVXOW�VXJJHVWV�D�FHQWUDO�UROH�IRU�1)�ț%�VLJQDOLQJ�LQ�
0&)6�FHOOV��DV�PDQ\�SDWKZD\V�DQG�JHQHV�UHJXODWHG�E\�
WKLV� WUDQVFULSWLRQ� IDFWRU� ZHUH� IRXQG� XS�UHJXODWHG�� 2I�
SDUWLFXODU� QRWH��CXCL8��ZKRVH� H[SUHVVLRQ� LV� UHJXODWHG�
E\� 1)�ț%� DQG� ZKLFK� LV� LQYROYHG� LQ� VHOI�UHQHZDO� RI�
PDPPRVSKHUHV�>��@��VKRZHG�KLJKHU�H[SUHVVLRQ�LQ�0&)6�
WKDQ�LQ�0&)��FHOOV��7KHUHIRUH��XVLQJ�DQ�(/,6$�DVVD\�ZH�
explored at the protein level release of the interleukin in 
the culture medium. We also validated in vitro�� E\� WKH�
(/,6$�DVVD\��WKH�SURGXFWLRQ�RI�RWKHU�F\WRNLQHV��71)�DQG�
0&3�����FRQ¿UPLQJ�WKH�JHQH�H[SUHVVLRQ�GDWD��)LJXUH��'��

2WKHU�ELRORJLFDO�IXQFWLRQV

'LIIHUHQWLDOO\�HQULFKHG�JHQH�VHWV�DOVR�VXJJHVWHG�D�
UROH�RI� HSLJHQHWLF�PHFKDQLVPV�� FKROHVWHURO�PHWDEROLVP�
and growth factor (mainly epidermal growth factor) 
UHVSRQVH� LQ� WKH� PDLQWHQDQFH� RI� ³VWHPQHVV´�� )LQDOO\��
several gene sets supported the undifferentiated state of 
0&)6�FHOOV��7DEOH����

,GHQWL¿FDWLRQ�DQG�YDOLGDWLRQ�RI�GLIIHUHQWLDOO\�
expressed ncRNAs

7R� LGHQWLI\� GLIIHUHQWLDOO\� H[SUHVVHG� ,QF51$V��
ZH� FRPSDUHG� WUDQVFULSWV� GHULYHG� IURP� &XIÀLQNV�
DQDO\VLV� ZLWK� QF51$V� UHSUHVHQWHG� LQ� WKH� 5HI6HT�

Biofunction Description n° Gene sets 
associated

Gene Sets (QULFKHG�
in:

FDR 
Array

FDR 
&XIÀLQNV

Growth factor 
response

Gene sets 
involved in 
respose to 
different growth 
factors

�

60,'B%5($67B&$1&(5B 
(5%%�B83 0&)6 < 1e-4 < 1e-4

1$*$6+,0$B15*�B 
6,*1$/,1*B83 0&)6 ���H�� not tested

1$*$6+,0$B(*)B6,*1$/,1*B83 0&)6 < 1e-2 not tested

3('(56(1B0(7$67$6,6B%<B
(5%%�B,62)250B� 0&)6 < 1e-4 !�����

3$&+(5B7$5*(76B2)B,*)�B
$1'B,*)�B83 0&)6 < 1e-4 < 1e-4

$0,7B(*)B5(63216(B��B0&)��$ 0&)6 < 1e-2 not tested

=:$1*B&/$66B�B75$16,(17/<B
,1'8&('B%<B(*) 0&)6 < 1e-2 not tested

;8B*+�B$872&5,1(B 
7$5*(76B'1 0&)� < 1e-2 < 1e-2

.2%$<$6+,B(*)5B
6,*1$/,1*B��+5B'1 0&)� < 1e-2 !�����
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GDWDEDVH��-XQH������UHOHDVH��DQG�ZLWK�WKRVH�DQQRWDWHG�
LQ� WKH� (1&2'(�*(1&2'(� Y��� OQF51$� FDWDORJ�
�-XQH�������GDWDVHW��7KLV�ZD\�D� WRWDO�RI�����DQG�����
QRQFRGLQJ�WUDQVFULSWV�ZHUH�UHVSHFWLYHO\�LGHQWL¿HG�DQG�
were manually annotated in subclasses (Table 2 and 
6XSSOHPHQWDU\�7DEOH�6���

)LYH� QF51$V� ZHUH� VHOHFWHG� IRU� H[SHULPHQWDO�
YDOLGDWLRQ�� IRXU� RI� WKHP�ZHUH� GRZQ�UHJXODWHG� LQ�0&)6�
FRPSDUHG� WR� 0&)�� FHOOV� �SNHG3�� PVT1�� RMST�� DQG�
LINC00673��� ZKHUHDV� WKH� UHPDLQLQJ� RQH� �LINC01278) 
ZDV� XS�UHJXODWHG�� ,Q� DGGLWLRQ�� ZH� FKRVH� WR� YDOLGDWH� WKH�
GLIIHUHQWLDO� H[SUHVVLRQ� RI� WKH� ORQJ� QF51$� MALAT1��

Figure 2: MCFS cell are less sensitive to E2�DQG� IXOYHVWUDQW�VWLPXODWLRQ�DQG�VHFUHWH�KLJKHU�TXDQWLWLHV�RI� ,/���DQG�
0&3���FRPSDUHG�WR�WKDQ�0&)��FHOOV��A.�:HVWHUQ�EORWWLQJ�DQDO\VLV�IRU�(5Į�H[SUHVVLRQ��(5Į�SURWHLQ�OHYHOV�ZHUH�QRUPDOL]HG�WR�D�
ORDGLQJ�FRQWURO��1XPEHUV�UHSRUWHG�EHORZ�JHO�LPDJHV�ZHUH�REWDLQHG�E\�GHQVLWRPHWULF�DQDO\VLV�DQG�UHSUHVHQW�WKH�UHODWLYH�H[SUHVVLRQ�OHYHO�RI�
(5Į�QRUPDOL]HG�WR�ȕ�DFWLQ�H[SUHVVLRQ�OHYHO��B.�(IIHFW�RI���ȕ�HVWUDGLRO��WRS��DQG�IXOYHVWUDQW��ERWWRP��RQ�FHOO�JURZWK��&HOOV�ZHUH�H[SRVHG�
WR���í��0���ȕ�HVWUDGLRO�RU�IXOYHVWUDQW�IRU���GD\V��DQG�WKHLU�JURZWK�ZDV�HYDOXDWHG�E\�GLUHFW�FHOO�FRXQWLQJ��&HOO�JURZWK�RI�WUHDWHG�FHOOV�ZDV�
H[SUHVVHG�DV�SHUFHQWDJH�RI�WKDW�RI�XQWUHDWHG�FHOOV��%DU�FKDUWV�UHSUHVHQW�D�PHDQ���&9��RI���H[SHULPHQWDO�UHSOLFDWHV��P��������E\�WZR�
WDLOHG�6WXGHQW¶V�t test). C.�5HODWLYH�H[SUHVVLRQ�RI�(5�UHODWHG�JHQHV�LQ�UHVSRQVH�WR���ȕ�HVWUDGLRO�H[SRVXUH��7KH�UHODWLYH�H[SUHVVLRQ�OHYHOV�RI�
(5�UHODWHG�JHQHV�ZHUH�PHDVXUHG�DIWHU����K�RI�H[SRVXUH�WR���í��0���ȕ�HVWUDGLRO�E\�TXDQWLWDWLYH�UHDO�WLPH�3&5�DQDO\VLV�DQG�QRUPDOL]HG�WR�
RPL13A�H[SUHVVLRQ�OHYHO��5HODWLYH�IROG�FKDQJHV�FDOFXODWHG�E\�WKH�ǻǻ&W�PHWKRG�UHIHU�WR�FRQWURO�FHOOV��%DUV�UHSUHVHQW�PHDQ���6'�UHODWLYH�
IROG�FKDQJHV��GHULYHG�IURP���WHFKQLFDO�UHSOLFDWHV��D.�4XDQWL¿FDWLRQ�RI�VHFUHWHG�,/����WRS��DQG�0&3����ERWWRP��LQ�FRQGLWLRQHG�PHGLD��7KH�
DEVROXWH�TXDQWLW\�RI�F\WRNLQHV�VHFUHWHG�LQ�FXOWXUH�PHGLD�ZDV�PHDVXUHG�E\�(/,6$�NLW�DVVD\V�DQG�QRUPDOL]HG�WR�WKH�QXPEHU�RI�YLDEOH�FHOOV��
%DUV�UHSUHVHQW�PHDQ���6'�RI�F\WRNLQH�OHYHOV��SLFRJUDPV�SHU���5�FHOOV��GHULYHG�IURP���WHFKQLFDO�UHSOLFDWHV�
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previously reported to be highly expressed also in breast 
FDQFHU� WLVVXH� >��@�� DV� LW� VKRZHG� D� WZR�IROG� LQFUHDVHG�
H[SUHVVLRQ�LQ�0&)6�FRPSDUHG�WR�0&)��FHOOV�E\�51$�VHT��
EXW�ZLWKRXW� UHDFKLQJ� VWDWLVWLFDO� VLJQL¿FDQFH� �)LJXUH� �$���
5HDO�WLPH�57�3&5�DVVD\V�VXEVWDQWLDOO\�FRQ¿UPHG�WKH�51$�
seq results in all cases except SNHG3��)LJXUH��%���ZKLFK�
GLG�QRW�VKRZ�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQWLDO�H[SUHVVLRQ�
EHWZHHQ�WKH�WZR�FHOO�OLQHV��7KLV�PLJKW�EH�GXH��DW�OHDVW�LQ�SDUW��
WR� WKH�GHVLJQ�RI� WKH�FRUUHVSRQGLQJ�57�3&5�DVVD\��ZKLFK�
VSHFL¿FDOO\�DPSOL¿HG�RQO\�RQH�WUDQVFULSWLRQDO� LVRIRUP�RI�
SNHG3��L�H���15B���������2Q�WKH�FRQWUDU\��WKH�GLIIHUHQWLDO�
expression of MALAT1 was more marked in the real-time 
DVVD\� �DERXW� D� ����IROG� LQFUHDVH� LQ�0&)6� FRPSDUHG� WR�
0&)��FHOOV��WKDQ�LQ�51$�VHT�GDWD�

,GHQWL¿FDWLRQ�DQG�YDOLGDWLRQ�RI�VSOLFLQJ�HYHQWV

$OWHUQDWLYHO\�VSOLFHG�JHQHV�ZHUH�LGHQWL¿HG�XVLQJ�
a reciprocal junction analysis as implemented in the 
$OW$QDO\]H� VRIWZDUH� >��@�� VWDUWLQJ� IURP� WKH� H[RQ�
OHYHO�H[SUHVVLRQ�TXDQWL¿FDWLRQ�DQG�H[RQ� MXQFWLRQ�¿OHV�
JHQHUDWHG� E\� WKH� /LIHVFRSH� SLSHOLQH��$� WRWDO� RI� ������
UHFLSURFDO� MXQFWLRQV� VKRZHG� D� VLJQL¿FDQW� VSOLFLQJ�
VFRUH� �$63,5(� !� ���� RU� �� ������$� ¿OWHULQJ� VWHS� ZDV�
subsequently applied in order to identify the most 
robust and biologically meaningful splicing events 
�6XSSOHPHQWDU\� )LJXUH� 6���� $� FRPSOHWH� OLVW� RI� VXFK�
¿OWHUHG�HYHQWV� LV� UHSRUWHG� LQ�6XSSOHPHQWDU\�7DEOH�6���

$PRQJ� WKH� JHQHV� WKDW� ZHUH� FRQVLVWHQWO\� GHWHFWHG� DV�
GLVSOD\LQJ� VLJQL¿FDQW� GLIIHUHQWLDO� DOWHUQDWLYH� VSOLFLQJ�
HYHQWV��ZH� VHOHFWHG��� IRU� H[SHULPHQWDO�YDOLGDWLRQ�� WKH�
myoferlin (MYOF�� H[RQ� ��� DOWHUQDWLYH� VSOLFLQJ�� WKH�
LQFOXVLRQ�VNLSSLQJ� RI� SRFS10� H[RQ� ��� DQG� D� IXVLRQ�
between the VMP1 and RPS6KB1�JHQHV��,Q�SDUWLFXODU��
$OW$QDO\]H�SUHGLFWLRQV�HYLGHQFHG�D�VLJQL¿FDQW�GHFUHDVH�
of both MYOF�H[RQ����DQG�SRSF10�H[RQ��� LQFOXVLRQ�
HYHQWV�LQ�0&)6�FRPSDUHG�WR�0&)��FHOOV��DV�ZHOO�DV�DQ�
increase in fusion events between multiple RPS6KB1 
exons and VMP1�H[RQ�����6XSSOHPHQWDU\�7DEOH�6���

7R�YHULI\� WKH�SUHGLFWLRQV��D�VSHFL¿F�PHDVXUHPHQW�
of the relative abundance of transcripts including or 
excluding the MYOF/SRSF10 candidate exon was obtained 
E\�ÀXRUHVFHQW�FRPSHWLWLYH�57�3&5��VHH�6XSSOHPHQWDU\�
Methods for details).

:H�FRQ¿UPHG�WKDW�LQFOXVLRQ�RI�WKH�LQ�IUDPH����EDVH�
SDLU��ES��H[RQ����ZDV�UHGXFHG�LQ�0&)6�FRPSDUHG�WR�0&)��
FHOOV� �IURP����� WR������� WKXV�JHQHUDWLQJ� DQ� LPEDODQFH�
in the levels of the two alternatively spliced isoforms 
�10B������� ��P\RIHUOLQ� LVRIRUP�D�� LQFOXGLQJ�H[RQ�����
10B������� ��P\RIHUOLQ� LVRIRUP�E�� H[FOXGLQJ�H[RQ�����
�)LJXUH��$���6WUXFWXUDOO\��P\RIHUOLQ�FRQWDLQV���WDQGHP�&��
GRPDLQV��GHVLJQDWHG�DV��&�$�&�)���D�FHQWUDO�'\V)�GRPDLQ��
and a single C-terminal transmembrane region. Each C2 
GRPDLQ�IROGV�LQWR�DQ���VWUDQGHG�EHWD�VDQGZLFK�DQG�XVXDOO\�
contains a calcium-binding region. The two myoferlin 
LVRIRUPV��D�DQG�E��GLIIHU�IRU����DPLQR�DFLGV�ORFDWHG�ZLWKLQ�

7DEOH����'LIIHUHQWLDOO\�H[SUHVVHG��'(��QF51$V�LGHQWL¿HG�E\�51$�6HT
RefSeq ncRNAs1 GENCODE/ENCODE ncRNAs2

ncRNAs DE UP in MCFS3 DOWN in 
MCFS4

DE UP in MCFS3 DOWN 
in MCFS4

Total DE 
transcripts ��� �� 245 ��� ��� ���

Processed 
transcripts ��� �� 155 6 � �

Expressed 
pseudogenes 26 12 14 � 5 2

lincRNAs �� 16 �� 215 ��� ���

Antisense �� 14 �� ��� �� ��

Sense Intronic � 1 6 � 1 6

Sense overlapping � 1 2 � 1 2

Small RNAs � � � 1 1 �

OLQF51$V��ORQJ�LQWHUJHQLF�QRQFRGLQJ�51$V
1QRQFRGLQJ�51$V�DQQRWDWHG�LQ�5HI6HT��UHOHDVH�-XQH�����
2QRQFRGLQJ�51$V�DQQRWDWHG�LQ�*(1&2'(�(1&2'(�Y����-XQH�����
�ORJ��IROG�FKDQJH�!������p�������
4ORJ��IROG�FKDQJH���±�����p�������
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D�ORRS�UHJLRQ�RI�WKH�&�&�GRPDLQ��,QWHUHVWLQJO\��WKH�&�&�
domain is the most divergent domain between the different 
PHPEHUV� RI� WKH� IHUOLQ� IDPLO\� RI� SURWHLQV�� DQG� LW� ZDV�
VXJJHVWHG�WKDW�WKH�SUHVHQFH�RI�WKH�GRPDLQ�KDV�LQÀXHQFHG�
WKH�IXQFWLRQDO�DGDSWDWLRQ�RI�LWV�QHLJKERULQJ�GRPDLQV�>��@�

:H� DOVR� YDOLGDWHG� D� VLJQL¿FDQW� UHGXFWLRQ� RI�
SRSF10� H[SUHVVLRQ� LQ� 0&)6� DQG� D� FRQFRPLWDQW�

LPEDODQFH� LQ� WKH� LQFOXVLRQ� RI� WKH� LQ�IUDPH� ����ES�
H[RQ����ZKLFK�GHFUHDVHG�IURP�����WR������)LJXUH��%���
6SOLFLQJ� IDFWRU�656)��� LV� DQ� DW\SLFDO�PHPEHU� RI� WKH�
VHULQH�DUJLQLQH�ULFK�IDPLO\�RI�SURWHLQV�WKDW�FDQ�IXQFWLRQ�
DV�D�VHTXHQFH�GHSHQGHQW�VSOLFLQJ�DFWLYDWRU�>��@��7KHVH�
regulatory proteins can modulate both exon activation 
and repression in vivo�� ZKLFK� LV� OLNHO\� GHSHQGHQW� RQ�

Figure 3: Selection and validation of differentially expressed non-coding RNAs. A.�7DEOH�OLVWLQJ�WKH���QF51$V�VHOHFWHG�IRU�
experimental validation. B.�'LIIHUHQWLDO�H[SUHVVLRQ�RI�FDQGLGDWH�QF51$V�E\�VHPL�TXDQWLWDWLYH�UHDO�WLPH�57�3&5��%DUV�UHSUHVHQW�PHDQ���
6'�RI���WHFKQLFDO�UHSOLFDWHV��)ROG�FKDQJH�EHWZHHQ�0&)6�DQG�0&)��FHOOV�ZHUH�FDOFXODWHG�ZLWK�WKH�ǻǻ&W�PHWKRG��VHWWLQJ�WKH�0&)��VDPSOH�
DV����7KH�JOXFXURQLGDVH��*86%��KRXVHNHHSLQJ�JHQH�ZDV�XVHG�DV�LQWHUQDO�FRQWURO�IRU�QRUPDOL]DWLRQ��7KH�UHVXOWV�ZHUH�DQDO\]HG�E\�XQSDLUHG�
t�WHVW��P�����������QV��QRW�VLJQL¿FDQW�
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)LJXUH����9DOLGDWLRQ�RI�GLIIHUHQWLDOO\�H[SUHVVHG�DOWHUQDWLYH�VSOLFLQJ�DW�WKH�MYOF (A) and SRSF10��%��ORFL�E\�ÀXRUHVFHQW�
RT-PCR. A.�6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�MYOF�JHQH�LQ�WKH�UHJLRQ�FRPSULVHG�EHWZHHQ�H[RQV����DQG�����WRS�OHIW��DQG�RI�WKH�WZR�SURGXFWV�
REWDLQHG�E\�ÀXRUHVFHQW�FRPSHWLWLYH�57�3&5��WRS�ULJKW���([RQV�DUH�VKRZQ�E\�JUD\�ER[HV��ZKHUHDV�LQWURQV�DUH�UHSUHVHQWHG�E\�OLQHV��QRW�WR�
VFDOH���$OWHUQDWLYH�VSOLFLQJ�HYHQWV�DUH�VKRZQ�E\�EURNHQ�OLQHV��3ULPHUV�XVHG�IRU�57�3&5V�DUH�LQGLFDWHG�E\�DUURZV��7KH�OHQJWK�RI�WKH�IUDJPHQWV�
LV�DOVR�LQGLFDWHG��*HQH0DSSHU�ZLQGRZV�GLVSOD\LQJ�ÀXRUHVFHQFH�SHDNV��VKDGHG�LQ�JUD\��FRUUHVSRQGLQJ�WR�WKH�GLIIHUHQW�WUDQVFULSWV�DPSOL¿HG�E\�
ÀXRUHVFHQW�57�3&5�RQ�51$�IURP�0&)��FHOOV�DQG�0&)6��ERWWRP���7KH�;�D[LV�UHSUHVHQWV�GDWD�SRLQWV�DQG�WKH�<�D[LV�UHSUHVHQWV�ÀXRUHVFHQFH�
XQLWV��2Q�WKH�ULJKW��KLVWRJUDPV�UHSUHVHQWLQJ�WKH�UHODWLYH�DPRXQW�RI�WUDQVFULSWV�LQFOXGLQJ�RU�VNLSSLQJ�H[RQ�����DV�DVVHVVHG�E\�FDOFXODWLQJ�WKH�UDWLR�
RI�WKH�FRUUHVSRQGLQJ�ÀXRUHVFHQFH�SHDN�DUHDV��VHWWLQJ�WKH�VXP�RI�DOO�SHDNV�DV��������%DUV�UHSUHVHQW�PHDQ���6'�RI���LQGHSHQGHQW�H[SHULPHQWV��
B.�6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�SRSF10�JHQH�LQ�WKH�UHJLRQ�FRPSULVHG�EHWZHHQ�H[RQV���DQG����WRS�OHIW��DQG�RI�WKH�WZR�SURGXFWV�REWDLQHG�
E\�ÀXRUHVFHQW�FRPSHWLWLYH�57�3&5��WRS�ULJKW���*HQH0DSSHU�ZLQGRZV�GLVSOD\LQJ�ÀXRUHVFHQFH�SHDNV��VKDGHG�LQ�JUD\��FRUUHVSRQGLQJ�WR�WKH�
GLIIHUHQW�WUDQVFULSWV�DPSOL¿HG�RQ�51$�IURP�0&)��FHOOV�DQG�0&)6�FHOOV��ERWWRP���2Q�WKH�ULJKW��KLVWRJUDPV�UHSUHVHQWLQJ�WKH�UHODWLYH�DPRXQW�
RI�WUDQVFULSWV�LQFOXGLQJ�RU�VNLSSLQJ�H[RQ����FDOFXODWHG�DV�GHVFULEHG�DERYH��%DUV�UHSUHVHQW�PHDQ���6'�RI���LQGHSHQGHQW�H[SHULPHQWV�
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WKHLU�ELQGLQJ�ORFDWLRQ�ZLWKLQ�WKH�SUH�P51$��8VLQJ�WKLV�
VWUDWHJ\��WKH�51$�ELQGLQJ�SURWHLQ�UHJXODWHV�VSOLFLQJ�LQ�
WKH�FHOO�>������@�

,Q� SDUDOOHO�� WR� EHWWHU� FKDUDFWHUL]H� WKH� SUHGLFWHG�
RPS6KB1-VMP1� IXVLRQ�HYHQWV��ZH�SHUIRUPHG�57�3&5�
using a reverse primer in VMP1 exon 12 and a forward 
primer located either in RPS6KB1 exon 1 or in exon 4. 
Using the forward primer in RPS6KB1�H[RQ����ZH�REWDLQHG�
D�XQLTXH�DPSOL¿FDWLRQ�SURGXFW�RI�DERXW�����ES��ZKHUHDV�
XVLQJ� WKH� IRUZDUG� SULPHU� LQ� H[RQ� �� ZH� DPSOL¿HG� WZR�
GLIIHUHQW�SURGXFWV�RI�DERXW�����DQG�����ES��UHVSHFWLYHO\��
The direct sequencing of individual RT-PCR products 
DOORZHG� XV� WR� LGHQWLI\� WZR� GLIIHUHQW� IXVLRQ� WUDQVFULSWV��
one including RPS6KB1 exons 1 to 4 and VMP1 exon 
����IXVLRQ�$���DQG�WKH�RWKHU�FRQQHFWLQJ�RPS6KB1 exons 
1 and 2 to VMP1�H[RQ�����IXVLRQ�%��)LJXUH��$±�%���7KH�
molecular model structure predictions derived from the 
WZR�RSHQ�UHDGLQJ�IUDPHV�UHFRQVWUXFWHG�IURP�WKH�IXVLRQV��
SHUIRUPHG�ZLWK�WKH�,�7$66(5�VRIWZDUH�>��@��VXJJHVW�WKDW�
WKH�¿UVW�IXVLRQ�FRXOG�PDLQWDLQ�DQ�DFWLYLW\�RI�LQWHUDFWLRQ�
ZLWK�$73�DQG�DQ�$�NLQDVH�DFWLYLW\��ZKHUHDV� WKH�VHFRQG�
fusion could result in a more homogenous multiple alpha-
helix structure which maintains only a generic protein 
DPLQR�DFLG�ELQGLQJ�IXQFWLRQ��DV�LGHQWL¿HG�IURP�*2�WHUP�
DVVRFLDWLRQ��)LJXUH��&±�'��

536�.%��LV�D�VHULQH�WKUHRQLQH�SURWHLQ�NLQDVH��DQ�
LPSRUWDQW�UHJXODWRU�RI�FHOO�VL]H�FRQWURO��SURWHLQ�WUDQVODWLRQ��
DQG� FHOO� SUROLIHUDWLRQ� >��@� DQG� LW� LV� RQH� RI� WKH� EHVW�
FKDUDFWHUL]HG�GRZQVWUHDP�WDUJHWV�RI�P725�

9DFXROH�PHPEUDQH�SURWHLQ����903���LV�D�SODVPD�
membrane protein and an essential component of 
initial cell–cell contacts and tight junction formation. 
It has been described as a cancer-relevant cell cycle 
PRGXODWRU��EXW�WKH�IXQFWLRQ�RI�WKH�SURWHLQ�DQG�LWV�PRGH�
of action in tumor progression are still unknown. Its 
high expression is correlated with noninvasive breast 
cancer cell lines [41].

2XU�57�3&5�GDWD�VXJJHVW�WKDW�WKH�IXVLRQ�WUDQVFULSW�
(RPS6KB1-VMP1��LV�H[SUHVVHG�PRUH�LQ�0&)��FHOOV�WKDQ�
LQ�0&)6��DV�VXJJHVWHG�E\�WKH�$OW$QDO\]H�DQDO\VLV�

,QWHUHVWLQJO\��,QDNL�HW�DO��>��@�IRXQG�WKH�H[SUHVVLRQ�
of transcript fusion between RPS6KB1 and VMP1�LQ����
EUHDVW� SULPDU\� WXPRUV� IURP� 6LQJDSRUHDQ� SDWLHQWV� DQG�
WKH\� IRXQG� WKDW� VXFK� IXVLRQ� ZDV� H[SUHVVHG� LQ� ���� RI�
EUHDVW�FDQFHUV�>��@��7KH\�IRXQG�DGGLWLRQDO�IXVLRQV�SRLQWV��
including the same fusions points we found between 
RPS6KB1 exon 2 and VMP1 exon 11 and RPS6KB1 exon 
4 and VMP1� H[RQ� ���� 6XFK� JHQH� IXVLRQ� LV� FDXVHG� E\�
WDQGHP�GXSOLFDWLRQ�RI���T����,Q�IDFW��LQ�EUHDVW�FDQFHU�WKLV�
FKURPRVRPDO�UHJLRQ�LV�IUHTXHQWO\�DPSOL¿HG�

Genes overexpressed in MCFS are associated 
ZLWK�UHVLVWDQFH�WR�HQGRFULQH�WKHUDS\�LQ�SDWLHQWV

2QH�RI� WKH�K\SRWKHVHV�VXJJHVWHG�E\� WKH� LQWHUSUH�
tation of differentially modulated coding genes was a 

UHGXFHG�VHQVLWLYLW\�WR�HQGRFULQH�WUHDWPHQW�RI�0&)6��7R�
evaluate whether the gene expression modulation observed 
in this model could also be traced in clinical samples of 
EUHDVW�FDQFHU��D�FRQVHQVXV�OLVW�RI����JHQHV��6XSSOHPHQWDU\�
7DEOH�6���RYHUH[SUHVVHG�LQ�0&)6�LQ�ERWK�DUUD\�DQG�51$�
VHT�GDWD�ZDV�GHULYHG��7KH����JHQH�OLVW�ZDV�HYDOXDWHG�LQ�
D�SXEOLF�GDWDVHW��*6(�������RI�JHQH�H[SUHVVLRQ�SUR¿OHV�
RI�EUHDVW�FDQFHUV�IURP�SDWLHQWV�HQUROOHG�LQ�WKH�1(:(67�
�1HRDGMXYDQW� (QGRFULQH� 7KHUDS\� IRU� :RPHQ� ZLWK�
(VWURJHQ�6HQVLWLYH�7XPRXUV��WULDO�FRPSDULQJ�WKH�FOLQLFDO�
DQG�ELRORJLFDO�DFWLYLW\�RI�IXOYHVWUDQW������PJ�YV�����PJ��
LQ�WKH�QHRDGMXYDQW�VHWWLQJ�>��@��,QWHUHVWLQJO\��RXU�VLJQDWXUH�
RI�JHQHV�RYHUH[SUHVVHG�LQ�0&)6�ZDV�HQULFKHG�LQ�UHVLVWDQW�
tumors (stable or progressive disease) compared to 
UHVSRQGHUV��)LJXUH�����6XFK�GDWD��FRPELQHG�ZLWK�RXU�in 
vitro� ¿QGLQJV�� DUH� FOLQLFDOO\� UHOHYDQW� VLQFH� IXOYHVWUDQW�
has been approved as a second-line therapy for patients 
H[SHULHQFLQJ�UHFXUUHQFH�DIWHU�D�WDPR[LIHQ�UHJLPHQ��DV�LW�
ODFNV� FURVV�UHVLVWDQFH� ZLWK� RWKHU� DQWLHVWURJHQV�� KDV� QR�
DJRQLVWLF� DFWLYLW\� DQG� DFFHOHUDWHV� GHJUDGDWLRQ� RI� (5Į��
2XU�UHVXOWV�TXHVWLRQ�WKH�XWLOLW\�RI�IXOYHVWUDQW�DV�VHFRQG�
line endocrine therapy and suggest that treatment with this 
pure antiestrogen might fail due to the outgrowth of TPC 
cell subpopulations.

'LVWLQJXLVKLQJ�EHWZHHQ�FHOO�OLQH�GHSHQGHQW�DQG�
culture-condition dependent differences

)LQDOO\�ZH�DVNHG�ZKHWKHU�WKH�SDUWLFXODU�FRQGLWLRQ�IRU�
0&)6�LVRODWLRQ�FRXOG�KDYH�LQÀXHQFHG�WKH�JHQH�H[SUHVVLRQ�
SDWWHUQ��,Q�IDFW��PRVW�VWXGLHV�WU\LQJ�WR�WDFNOH�WUDQVFULSWRPH�
variations in TPCs compared to parental cells have 
employed enrichments based on the expression of selected 
PDUNHUV�>����������@��ZKHUHDV�ZH�FKRVH�DQRWKHU�ODUJHO\�
used approach that is to enrich for TPC by modifying the 
JURZWK�FRQGLWLRQV��$V�D�FRQVHTXHQFH�0&)6�FHOOV�PLJKW�EH�
UHJDUGHG�DV��'�FXOWXUHV�VLQFH�WKH\�IRUP�PDPPRVSKHUHV�
ZKHUHDV�0&)��FHOOV�DV��'�FXOWXUHV�JURZLQJ�LQ�DGKHVLRQ�
FRQGLWLRQV��7R�HYDOXDWH� WKH�H[WHQW�RI� WKLV�SRVVLEOH�ELDV��
ZH� WRRN� DGYDQWDJH� IURP� .HQQ\� DQG� FROOHDJXHV� VWXG\�
FRUUHODWLQJ� PRUSKRORJLHV� DQG� JHQH� H[SUHVVLRQ� SUR¿OHV�
RI� ��� EUHDVW� FDQFHU� FHOO� OLQHV� JURZQ� LQ� �'� YHUVXV� �'�
FRQGLWLRQV� >��@�� :H� H[WUDSRODWHG� IURP� WKH� VWXG\� �'�
YHUVXV��'�JHQH�H[SUHVVLRQ�SUR¿OHV�IRU�0&)��FHOOV�RQO\�
and 545 unique genes which showed a fold change 
ODUJHU�WKDQ��������XS�UHJXODWHG�DQG�����GRZQ�UHJXODWHG��
6XSSOHPHQWDU\� 7DEOH� 6���� 2I� RXU� ���JHQH� VLJQDWXUH�
�DOO� XS�UHJXODWHG� JHQHV��� ��� JHQHV� ZHUH� XS�UHJXODWHG�
DOVR�LQ�.HQQ\¶V�VWXG\������RYHUODS��DQG���ZHUH�GRZQ�
UHJXODWHG��VXJJHVWLQJ�WKDW��'�FXOWXUH�PLJKW�KDYH�DIIHFWHG�
JHQH�H[SUHVVLRQ��EXW�WKDW�LW�ZDV�QRW�WKH�PDLQ�GULYHU�IRU�
WKH�GLIIHUHQFHV�LGHQWL¿HG�LQ�RXU�VWXG\��0RUHRYHU��QRQH�RI�
the key genes investigated in this study was differentially 
H[SUHVVHG�LQ�.HQQ\¶V�VWXG\��:KHQ�FRQVLGHULQJ�DOO�WKH����
FHOO�OLQHV�LQFOXGHG�LQ�WKHLU�VWXG\��.HQQ\�DQG�FROOHDJXHV�
LGHQWL¿HG����JHQHV�GLIIHUHQWLDOO\�H[SUHVVHG�LQ��'�YHUVXV�
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)LJXUH����,GHQWL¿FDWLRQ�RI�RPS6KB1-VMP1 gene fusion. A.�6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�VMP1 and RPS6KB1 genes in the 
region comprised between exons 1 and 4 (RPS6KB1) or exons 11 and 12 (VMP1���&RGLQJ�H[RQV�DUH�VKRZQ�E\�JUD\�ER[HV��ZKHUHDV�LQWURQV�
DUH�UHSUHVHQWHG�E\�OLQHV��QRW�WR�VFDOH���6SOLFLQJ�HYHQWV�DUH�VKRZQ�E\�EURNHQ�OLQHV��ZKHUHDV�IXVLRQV�DUH�LQGLFDWHG�E\�GDVKHG�OLQHV��3ULPHUV�
used for RT-PCRs are indicated by arrows. B.�(OHFWURSKHURJUDPV�VKRZLQJ�WKH�QXFOHRWLGH�VHTXHQFHV�DURXQG�WKH�LGHQWL¿HG�IXVLRQ�MXQFWLRQV��
C.�0ROHFXODU�PRGHO�RI�IXVLRQ�$��RPS6KB1 exons 1 to 4 fused to VMP1 exon 12). D.�0ROHFXODU�PRGHO�RI�IXVLRQ�%��RPS6KB1 exons 1 and 2 
fused to VMP1 exon 11)



Oncotarget989www.impactjournals.com/oncotarget

�'�FHOOV��DQG�D�VWDWLVWLFDOO\�VLJQL¿FDQW�RYHUH[SUHVVLRQ�RI�
��RXW�RI��� LGHQWL¿HG�*HQH�2QWRORJ\�FODVVHV�� L�H�µVLJQDO�
WUDQVGXFHU� DFWLYLW\¶�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� LQ� �'�
cultures the main differences relate to regulation of signal 
WUDQVGXFWLRQ��ZKHUHDV�ZH�LGHQWL¿HG�PDQ\�PRUH�ELRORJLFDO�
IXQFWLRQV�HQULFKHG� LQ�0&)6�FRPSDUHG� WR�0&)��FHOOV��
,Q�RXU�DQDO\VLV�µ6LJQDO�WUDQVGXFWLRQ¶�LV�QRW�HYHQ�DPRQJ�
the main enriched biological functions and only appears 
WR�EH�OLPLWHG�WR�µJURZWK�IDFWRU�UHVSRQVH¶��7DEOH�����7KLV�
is again an indirect evidence for the fact that the distinct 
0&)6�JHQH� H[SUHVVLRQ�SDWWHUQ� LV� FHOO� OLQH�� UDWKHU� WKDQ�
FXOWXUH�FRQGLWLRQ�GHSHQGHQW��8QIRUWXQDWHO\��QR�H[WHUQDO�
GDWD�DUH�DYDLODEOH�IRU�D�VLPLODU�HYDOXDWLRQ�RI�OQF51$V�DQG�
DOWHUQDWLYH�VSOLFLQJ�¿QGLQJV��DOWKRXJK�D�VLPLODU�SDWWHUQ�LV�
expected.

We also would like to emphasize that the lack of 
JURZWK�RI�0&)6�FHOOV�XSRQ�VWLPXODWLRQ�ZLWK���±��M E2 
is not a simple result of culture conditions since in the 
SUHVHQFH� RI� D� VHUXP� ±IUHH� PHGLXP� VXSSOHPHQW� ����
;HUXP)UHHTM� ;)����� 71&� %LR� %9�� (LQGKRYHQ�� 1/���
HVWUDGLRO�ZDV�VWLOO�VWLPXODWRU\�IRU�0&)���6XSSOHPHQWDU\�
)LJXUH� 6���� 7KLV� LV� D� IXUWKHU� GLUHFW� HYLGHQFH� IRU� WKH�
fact that it is not the culture condition that dictates the 
ELRORJLFDO�IXQFWLRQ��EXW�WKDW�RXU�73&�HQULFKPHQWV�PHWKRG�
does in fact select a different cell subpopulation.

In an interesting paper on primary glioblastoma 
>��@�� VLQJOH�FHOO� 51$�VHT� ZDV� XVHG� WR� FROOHFW� FOXHV� RQ�
LQWUDWXPRUDO�KHWHURJHQHLW\�LQ�FOLQLFDO�WXPRUV��,Q�SDUDOOHO��
VXESRSXODWLRQV�RI� VWHP� OLNH�FHOOV� �*6&V��ZHUH�PRGHOHG� 
in vitro as spherogenic cultures that initiate tumors in 

)LJXUH����73&�VLJQDWXUH�LQ�WKH�1(:(67�FRKRUW��*HQH�VHW�HQULFKPHQW�DQDO\VLV�RI����JHQHV�FRQFRUGDQWO\�RYHUH[SUHVVHG�LQ�ERWK�
PLFURDUUD\�DQG�51$�VHT�GDWD��LQ�0&)6�ZLWK�UHVSHFW�WR�0&)��FHOOV��7KH�JHQH�VHW�ZDV�HYDOXDWHG�LQ�WKH�1(:(67�GDWDVHW��*6(��������
contrasting resistant versus responder cases after treatment with fulvestrant.
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mice and their transcriptomes were compared to more 
differentiated cells expanded as adherent monolayers in 
serum (i.e. exactly our approach). The derived stemness 
consensus signature when applied to the single cell 
WUDQVFULSWLRQDO� SUR¿OHV�� UHYHDOHG� D� JUDGLHQW� RI� VWHPQHVV�
DPRQJ� WKH� VLQJOH� FHOOV�� VXJJHVWLQJ� WKDW� in vitro models 
GR� LQ� IDFW�JLYH� LPSRUWDQW�FOXHV��DOWKRXJK� OLPLWLQJ� WR� WKH�
phenotypic extremes of cellular states. We have not yet 
SURYHQ�VXFK�D�FRQFHSW�LQ�EUHDVW��EXW�UHVXOWV�RQ�EXON�WXPRUV�
go in this direction.

MATERIALS AND METHODS

Cell cultures

7KH�0&)��EUHDVW�FDQFHU�FHOO�OLQH�ZDV�SXUFKDVHG�
IURP� WKH�$PHULFDQ� 7\SH� &XOWXUH� &ROOHFWLRQ� �$7&&��
0DQDVVDV�� 9$�� 86$�� DQG� FXOWXUHG� LQ� '0(0�)����
�/RQ]D��6ORXJK��8.��PHGLXP�VXSSOHPHQWHG�ZLWK�����
IHWDO�ERYLQH�VHUXP��/RQ]D���0&)6�ZHUH�GHULYHG�IURP�
WKH� 0&)�� FHOO� OLQH� >��@� DQG� SURSDJDWHG� DV� ÀRDWLQJ�
mammospheres in mammary epithelial cell growth 
PHGLXP�� DQ� DSSURSULDWH� JURZWK� PHGLXP� FRPSRVHG�
RI� 0(%0� �/RQ]D�� VXSSOHPHQWHG� ZLWK� %��� ZLWKRXW�
YLWDPLQ�$��/LIH�7HFKQRORJLHV��)RVWHU�&LW\��&$��86$���
KHSDULQ�����8�PO��(SDULQD�9LVWHU�������8�PO���KXPDQ�
UHFRPELQDQW� HSLGHUPDO� JURZWK� IDFWRU�� ��� QJ�PO�
�3HSURWHFK�� 1-�� 86$�� DQG� KXPDQ� UHFRPELQDQW� EDVLF�
¿EUREODVW� JURZWK� IDFWRU�� ��� QJ�PO� �3HSURWHFK��� %RWK�
FHOO�OLQHV�ZHUH�FXOWXUHG�DW����&�LQ�KXPLGL¿HG����&22 
atmosphere. Cell vitality was assessed by the trypan 
EOXH�H[FOXVLRQ�DVVD\��DW�OHDVW������EHIRUH�VWDUWLQJ�DQ\�
H[SHULPHQW��$XWKHQWLFDWLRQ�RI�FHOO�OLQHV�E\�VKRUW�WDQGHP�
UHSHDW� '1$� SUR¿OLQJ� DQDO\VLV� ZDV� SHUIRUPHG� DW� WKH�
1LJXDUGD�&D¶�*UDQGD�+RVSLWDO�LQ�0LODQ�

Total RNA extraction

&HOO� SHOOHWV� �a��6 cells) were immediately put on 
ice and homogenized in 1 ml of TRIzol® Reagent (Life 
7HFKQRORJLHV���O\VDWHV�ZHUH�VWRUHG�DW�í���&�IRU�QRW�PRUH�
WKDQ� �� ZHHNV�� 7RWDO� 51$� ZDV� H[WUDFWHG� IROORZLQJ� WKH�
PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� &RQWDPLQDWLQJ� '1$� ZDV�
GLJHVWHG�XVLQJ�UHFRPELQDQW�'1DVH�,��/LIH�7HFKQRORJLHV���
DQG�51$�VDPSOHV�ZHUH�SXUL¿HG�XVLQJ�WKH�51HDV\�0LQ(OXWH�
&OHDQXS�.LW��4LDJHQ��*HUPDQWRZQ��0DU\ODQG��86$���7RWDO�
51$�ZDV�TXDQWL¿HG�E\�D�1DQR'URS�VSHFWURSKRWRPHWHU�
DQG�DVVHVVHG�IRU�TXDOLW\�E\�WKH�$JLOHQW�51$������1DQR�NLW�
�$JLOHQW�7HFKQRORJLHV��6DQWD�&ODUD��&$��86$��XVLQJ�WKH�
$JLOHQW������%LRDQDO\]HU��$JLOHQW�7HFKQRORJLHV��

)RU� 51$�VHT� H[SHULPHQWV�� WRWDO� 51$� IURP�
�����0&)��FHOOV� DQG�0&)6�ZHUH�H[WUDFWHG� IROORZLQJ�
$JHQFRXUW®� 51$GYDQFH®� &HOO� Y�� �%HFNPDQ� &RXOWHU��
'DQYHUV��0$��86$��SURWRFRO�XVLQJ�$JHQFRXUW¶V�SDWHQWHG�
635,®� SDUDPDJQHWLF� EHDG� DYDLODEOH� LQ� WKH� NLW�� $IWHU�

3URWHLQDVH�.�FHOO�O\VLV�DQG�SURWHLQ�GLJHVWLRQV��WRWDO�51$�
was separated from contaminants exploiting its binding 
to the magnetic particles. Manufacturer instructions were 
IROORZHG� ZLWK� WKH� H[FHSWLRQ� RI� WKH� '1DVH� WUHDWPHQW�
VWHS��ZKLFK�ZDV�FDUULHG�RQ�ZLWK� WKH�$PELRQ®�785%2�
'1$�IUHH���/LIH�7HFKQRORJLHV���)LIW\�ȝO�RI�D�VROXWLRQ�
FRQWDLQLQJ���ȝO�RI�785%2�'1DVH����8QLWV�ȝO�����ȝO�RI�
��;�785%2�'1DVH�%XIIHU��DQG����ȝO�RI�QXFOHDVH�IUHH�
ZDWHU� ZDV� SUHSDUHG�� DGGHG� GLUHFWO\� WR� WKH� EHDG�OLQNHG�
51$�DQG�LQFXEDWHG�DW����&�IRU����PLQ��7KH�DGGLWLRQ�RI�
DTXHRXV�'1DVH�UHOHDVHG�'1$�DQG�51$�IURP�WKH�EHDGV��
ZKLOH�'1$�ZDV�GLJHVWHG��51$�ZDV�UH�ERXQG�WR�WKH�EHDGV�
E\�DGGLQJ�����ȝO�RI�$JHQFRXUW�:DVK�%XIIHU��7KHUHDIWHU��
DV�LQ�WKH�RULJLQDO�$JHQFRXUW�SURWRFRO��51$�ZDV�HOXWHG�LQ�
���ȝO�RI�QXFOHDVH�IUHH�ZDWHU�DQG�TXDQWL¿HG�XVLQJ�4XELW��
51$�$VVD\� .LWV� �/LIH� 7HFKQRORJLHV��� LWV� TXDOLW\� ZDV�
FKHFNHG�XVLQJ�WKH�$JLOHQW®�51$������3LFR�NLW��$JLOHQW�
7HFKQRORJLHV��6DQWD�&ODUD��&$��86$��

0LFURDUUD\�K\EULGL]DWLRQ�DQG�DQDO\VLV

$UUD\� H[SHULPHQWV� ZLWK� WKH� ,OOXPLQD� SODWIRUP�
ZHUH� UXQ� E\� WKH�)XQFWLRQDO�*HQRPLFV�&RUH�)DFLOLW\� DW�
WKH� )RQGD]LRQH� ,5&&6� ,VWLWXWR� 1D]LRQDOH� 7XPRUL�� DV�
SUHYLRXVO\� GHVFULEHG� >��@�� %ULHÀ\�� 51$� GHULYHG� IURP�
frozen samples was processed for microarray hybridization 
XVLQJ�WKH�,OOXPLQD�%HDG&KLSV�+XPDQ5HI���9��NLW��7RWDO�
51$������QJ��ZDV�UHYHUVH�WUDQVFULEHG��ODEHOHG�ZLWK�ELRWLQ�
DQG�DPSOL¿HG�RYHUQLJKW�XVLQJ�WKH�,OOXPLQD�51$�7RWDO3UHS�
$PSOL¿FDWLRQ� NLW� �/LIH�7HFKQRORJLHV�� DFFRUGLQJ� WR� WKH�
PDQXIDFWXUHU¶V�SURWRFRO��7KH�ELRWLQ\ODWHG�F51$�VDPSOH�
���ȝJ��ZDV�PL[HG�ZLWK�WKH�+\E�(��K\EULGL]DWLRQ�EXIIHU�
FRQWDLQLQJ��������Z�Z��IRUPDPLGH�DQG�WKHQ�K\EULGL]HG�
DW����&�RYHUQLJKW�WR�WKH�,OOXPLQD�%HDG&KLSV�+XPDQ5HI���
9���,OOXPLQD��6DQ�'LHJR��&$��86$���$UUD\�FKLSV�ZHUH�
ZDVKHG�ZLWK�WKH�PDQXIDFWXUHU¶V�(�%&�VROXWLRQ��VWDLQHG�
ZLWK���ȝJ�PO�&\��VWUHSWDYLGLQH��$PHUVKDP�%LRVFLHQFHV��
%XFNLQJKDPVKLUH��8.���DQG�HYHQWXDOO\�VFDQQHG�ZLWK�WKH�
,OOXPLQD�%HDG$UUD\�5HDGHU�

Three replicates were profiled for both cell 
types. Microarray raw data where generated using the 
,OOXPLQD�%HDG6WXGLR�����VRIWZDUH�DQG�SURFHVVHG�XVLQJ�
the lumi�SDFNDJH�>��@�RI�%LRFRQGXFWRU��$IWHU�TXDOLW\�
FRQWURO��WKH�5REXVW�6SOLQH�1RUPDOL]DWLRQ�ZDV�DSSOLHG��
and probes with a detection P��������LQ�DW�OHDVW���RI���
VDPSOHV�ZHUH�VHOHFWHG��������SUREHV���:KHQ�PXOWLSOH�
SUREHV�SHU�JHQH�ZHUH�SUHVHQW��RQO\�WKH�SUREH�ZLWK�WKH�
highest detection rate or highest interquartile range 
ZDV�UHWDLQHG��������SUREHV���5DZ�DQG�SURFHVVHG�GDWD�
ZHUH�GHSRVLWHG�DW�WKH�*HQH�([SUHVVLRQ�2PQLEXV�GDWD�
UHSRVLWRU\��*6(�������

SOLiD library construction and sequencing

7RWDO� 51$� ���� QJ�� ZDV� DPSOL¿HG�� SULRU� WR�
WUDQVFULSWRPH�VHTXHQFLQJ��XVLQJ�5LER�63,$® technology 
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GHYHORSHG�E\�1X*(1�IROORZLQJ�2YDWLRQ�51$�VHT��������
1X*(1®�7HFKQRORJLHV��6DQ�&DUORV��&$��86$���%ULHÀ\��
¿UVW�VWUDQG� F'1$�ZDV� SUHSDUHG� IURP� WRWDO� 51$� XVLQJ�
XQLTXH�SULPHUV�WKDW�K\EULGL]H�HLWKHU�WR�WKH��ƍ�SRUWLRQ�RI�
WKH�SRO\�$��VHTXHQFH�RU�UDQGRPO\�DFURVV�WKH�WUDQVFULSW��
7KH�UHVXOWLQJ�P51$�ZLWKLQ�WKH�F'1$�P51$�FRPSOH[�
ZDV�IUDJPHQWHG��DQG�'1$�ZDV�DPSOL¿HG�XVLQJ�D�OLQHDU�
LVRWKHUPDO�'1$� SURFHVV� GHYHORSHG� E\�1X*(1� QDPHG�
63,$®�� 7KH� SRVW�63,$�PRGL¿FDWLRQ� SURFHVV� FRPSOHWHG�
WKH� DPSOL¿FDWLRQ� VWHS�� SURGXFLQJ� WDUJHWV� DSSURSULDWH�
IRU� 62/L'� OLEUDU\� SUHSDUDWLRQ�� 7KH� DPSOL¿HG� F'1$�
ZDV� SXUL¿HG� SULRU� WR� VXEVHTXHQW� SURFHVVLQJ� IRU� OLEUDU\�
FRQVWUXFWLRQ�XVLQJ�51$�FOHDQ�SXUL¿FDWLRQ�PDJQHWLF�EHDGV�
�%HFNPDQ�&RXOWHU�*HQRPLFV���DV�VXJJHVWHG�LQ�WKH�SURWRFRO��
'RXEOH�VWUDQGHG�'1$�ZDV�TXDQWL¿HG�ZLWK�4XELW��'1$�
%5�$VVD\�.LWV��/LIH�7HFKQRORJLHV���DQG�LWV�VL]H�GLVWULEXWLRQ�
ZDV�FKHFNHG�XVLQJ�WKH�$JLOHQW®�51$�1DQR�NLW��$JLOHQW��
IROORZLQJ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�

'1$�OLEUDULHV��RQH�IRU�HDFK�VDPSOH��ZHUH�FRQVWUXFWHG�
IROORZLQJ�WKH�62/L'����3OXV�6\VWHP�/LEUDU\�3UHSDUDWLRQ�
*XLGH� �/LIH� 7HFKQRORJLHV�� PDQXIDFWXUHU¶V� LQVWUXFWLRQV��
2QH�ȝJ� RI� F'1$�ZDV� GLOXWHG� LQ� ����ȝO� LQ� �;� ORZ�7(�
EXIIHU�DQG�WUDQVIHUUHG�LQ�D�&RYDULV��PLFUR78%(��'1$�
ZDV� VKHDUHG� XVLQJ� WKH� IROORZLQJ� &RYDULV� 6�� 6\VWHP�
FRQGLWLRQV� �&RYDULV��:REXUQ��0$��86$������F\FOHV����
V�HDFK������GXW\�F\FOH����LQWHQVLW\�DQG�����F\FOHV�EXUVW��
6KHDUHG�VDPSOHV�ZHUH�¿UVW�HQG�UHSDLUHG��FROXPQV�SXUL¿HG�
DQG�OLJDWHG�WR�VSHFL¿F�6ROLG�DGDSWRUV�FRQWDLQLQJ�3��DQG�
3��VHTXHQFHV��'1$�ZDV�VL]H�VHOHFWHG�XVLQJ�D�62/L'��
/LEUDU\� 6L]H� 6HOHFWLRQ� JHO� UXQ� LQ� WKH� (�*HO®� L%DVH��
V\VWHP��WKH����±����ES�UHJLRQ�ZDV�FROOHFWHG�

7KH� QLFN�WUDQVODWHG� DGDSWRU�OLJDWHG� '1$� ZDV�
DPSOL¿HG�XVLQJ�/LEUDU\�3&5�3ULPHU�3��DQG�3��ZLWK���
F\FOHV��DQG�DIWHU�62/L'��/LEUDU\�&ROXPQ�SXUL¿FDWLRQ��
the yield and size distribution of the libraries were checked 
XVLQJ�WKH�$JLOHQW®�'1$������.LW��$JLOHQW�7HFKQRORJLHV���
)RXU�3&5�HPXOVLRQV��WZR�IRU�HDFK�OLEUDU\��ZHUH�PDQXDOO\�
SHUIRUPHG�IROORZLQJ�WKH�$SSOLHG�%LRV\VWHPV�62/L'����
3OXV�6\VWHP�7HPSODWHG�%HDG�3UHSDUDWLRQ�*XLGH��DFFRUGLQJ�
WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��/LIH�7HFKQRORJLHV��

The library and emulsion qualities were checked in 
D�ZRUNÀRZ�DQDO\VLV�UXQ�IROORZLQJ�WKH�62/L'����3OXV�
6\VWHP�,QVWUXPHQW�2SHUDWLRQ�*XLGH��/LIH�7HFKQRORJLHV��

6HTXHQFLQJ� ZDV� GRQH� XVLQJ� VWDQGDUG� IUDJPHQW�
VHWWLQJV�RQ�WKH�62/L'��6\VWHPV�9��SOXV�DFFRUGLQJ�WR�
62/L'�� �� 3OXV� 6\VWHP� ,QVWUXPHQW� 2SHUDWLRQ� *XLGH�
SURWRFRO��/LIH�7HFKQRORJLHV���$W�OHDVW�����0�RI�WDJV�IRU�
HDFK�OLEUDU\�����ES�ORQJ��GLVWULEXWHG�LQ���TXDG�HDFK��ZHUH�
sequenced.

RNA-seq data processing

6HTXHQFH� UHDGV� LQ� 62/L'� &RORU� 6SDFH� IRUPDW�
ZHUH�PDSSHG�WR�WKH�8&6&�UHSHDW�PDVNHG�KJ���UHIHUHQFH�
genome and analyzed for transcript representation in 

53.0� DQG� VSOLFH� VLWH�IXVLRQ� UHSUHVHQWDWLRQ� ZLWK� WKH�
:KROH�7UDQVFULSWRPH�$QDO\VLV�PRGXOH� RI� WKH�/LIHWHFK�
Lifescope 2.5.1 analysis software and ad hoc created perl 
VFULSWV�� 7KH� UHVXOWLQJ� JHQRPH� DOLJQPHQW� ¿OHV� LQ� �EDP�
IRUPDW�ZHUH�XVHG�WR�RULJLQDWH�WKH�IDVWT�¿OHV�FRUUHVSRQGLQJ�
to the aligned sequence reads and for further analysis with 
WKH�7RS+DW�&XIÀLQN�&XIIGLII�ZKROH�WUDQVFULSWRPH�DQDO\VLV�
pipeline.

*HQH�VHW�HQULFKPHQW�DQDO\VLV

(QULFKPHQW�DQDO\VLV�LQ�P51$�H[SUHVVLRQ�GDWD�ZDV�
SHUIRUPHG�XVLQJ�*6($��Y�������>��@��7KH�&��FROOHFWLRQ�
�Y�������FRQWDLQLQJ�������JHQH�VHWV�FROOHFWHG�IURP�YDULRXV�
VRXUFHV�VXFK�DV�RQOLQH�SDWKZD\�GDWDEDVHV��SXEOLFDWLRQV�LQ�
3XE0HG��DQG�NQRZOHGJH�RI�GRPDLQ�H[SHUWV��ZDV�WHVWHG�
IRU� HQULFKPHQW� RQ�ERWK�PLFURDUUD\� DQG�51$�VHT�GDWD��
Microarray data were ranked according to default signal 
WR�QRLVH�*6($�PHWULFV�RU�DFFRUGLQJ�WR�IROG�FKDQJH��51$�
VHT� GDWD�ZHUH� UDQNHG� DFFRUGLQJ� WR� IROG� FKDQJH� RU�� IRU�
WKH�6HTVROYH�SURFHVVHG�GDWD��DFFRUGLQJ�ZLWK�WKH�&XIIGLII�
VWDWLVWLFV��2QO\�JHQH�VHWV�IRU�ZKLFK�D�QXPEHU�RI�JHQHV�!�
���DQG�������ZDV� IRXQG� LQ� WKH�GDWD�ZHUH� WHVWHG��*HQH�
VHWV�ZLWK�D�IDOVH�GLVFRYHU\�UDWH�RI������ZHUH�FRQVLGHUHG�
VLJQL¿FDQWO\�HQULFKHG�

Alternative splicing analysis

7R� LGHQWLI\� VSOLFLQJ� HYHQWV� LQ� 0&)6� FRPSDUHG�
ZLWK�WKH�SDUHQWDO�0&)��FHOOV��$OW$QDO\]H�VRIWZDUH�>��@�
ZDV�XVHG��VWDUWLQJ�IURP�WKH�H[RQ�OHYHO�TXDQWL¿FDWLRQ�DQG�
exon junction tables generated by the Lifescope pipeline. 
$�UHFLSURFDO�MXQFWLRQ�DQDO\VLV��ZKLFK�LGHQWL¿HV�SDLUV�RI�
exon-exon junctions differentially expressed in opposite 
GLUHFWLRQV� LQ� WKH� WZR�FHOO� OLQHV��ZDV�SHUIRUPHG��6XFK�D�
method is reported to be very accurate at detecting true 
DOWHUQDWLYH� VSOLFLQJ� HYHQWV�� 6WDWLVWLFDO� VLJQL¿FDQFH� ZDV�
DVVHVVHG�XVLQJ�WKH�$63,5(�VFRUH��DQG�HYHQWV�ZLWK�$63,5(�
!�����RU�������ZHUH�FRQVLGHUHG�VLJQL¿FDQW��$�FRPELQDWLRQ�
RI� ¿OWHULQJ� FULWHULD�ZDV� DSSOLHG� WR� WKH�PRUH� WKDQ� �����
VLJQL¿FDQW�HYHQWV�LQ�RUGHU�WR�VHOHFW�D�PRUH�OLPLWHG�QXPEHU�
RI�ELRORJLFDOO\�UHOHYDQW�HOHPHQWV��7KH�¿OWHULQJ�SURFHGXUH�
LV�VXPPDUL]HG�LQ�6XSSOHPHQWDU\�)LJXUH�6��

)LUVW� RI� DOO�� ZH� VHOHFWHG� HYHQWV� RFFXUULQJ� LQ�
JHQHV�H[SUHVVHG�DW�UHODWLYHO\�KLJK�OHYHOV��L�H���53.0�
!���LQ�0&)6�DQG�0&)��FHOOV��7KHQ��ZH�GLVWLQJXLVKHG�
EHWZHHQ� HYHQWV� ZLWK� SRVLWLYH� RU� QHJDWLYH� $63,5(�
YDOXHV�� ,Q� H[RQ� MXQFWLRQV�� SRVLWLYH� $63,5(� YDOXHV�
correspond to a down-regulation of junction 1 and up-
UHJXODWLRQ� RI� MXQFWLRQ���� DQG�YLFH� YHUVD� IRU�$63,5(�
negative values. The subsequent criterion was to have 
a value higher than 15 in the sample were the junction 
ZDV� XS�UHJXODWHG�� )RU� HYHQWV� LQ� XQFKDQJLQJ� JHQHV��
we also selected events where fold change value was 
KLJKHU�WKDQ���
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6HH� 6XSSOHPHQWDU\� 0HWKRGV� DQG� 6XSSOHPHQWDU\�
7DEOH�6��IRU�GHVFULSWLRQ�RI�H[SHULPHQWDO�YDOLGDWLRQV�

CONCLUSIONS

We performed a detailed study of TPC transcriptome 
XVLQJ� PLFURDUUD\V� DQG� 51$�VHT�� ,QIRUPDWLYH� 51$�
VHT� GDWD�ZHUH� GHULYHG� VWDUWLQJ� IURP� VPDOO� LQSXW�51$��
making the approach applicable to various scenarios 
ZKHUH� D� OLPLWHG� DPRXQW�RI�PDWHULDO� LV� DYDLODEOH��6RPH�
RI�RXU�¿QGLQJV�ZHUH�DOUHDG\�UHSRUWHG�DV�EHLQJ�FUXFLDO�LQ�
73&��DOWKRXJK�XVLQJ�GLIIHUHQW�DSSURDFKHV�WR�LVRODWH�VXFK�
D�WXPRU�VXESRSXODWLRQ��WKHUHIRUH�VXSSRUWLQJ�WKH�YDOLGLW\�
RI�RXU�PRGHO��2I�QRWH�ZDV�WKH�XS�UHJXODWLRQ�RI�WKH�1)�
ț%� SDWKZD\�� ,/��� DQG� RWKHU� LQÀDPPDWRU\� F\WRNLQHV��
2XU�73&�DOVR�VKRZHG�OHVV�UHVSRQVLYHQHVV�WR�HQGRFULQH�
WUHDWPHQW�� DQG�� LQWHUHVWLQJO\�� JHQHV� RYHU�H[SUHVVHG� LQ�
0&)6�FHOOV�ZHUH�IRXQG�WR�EH�XS�UHJXODWHG�DOVR�LQ�FOLQLFDO�
WXPRUV�UHVLVWDQW�WR�IXOYHVWUDQW�WUHDWPHQW��VXJJHVWLQJ�WKDW�
they might represent a new putative predictive marker 
RI� KRUPRQH�WUHDWPHQW� UHVLVWDQFH�� )LQDOO\�� 51$�VHT�
DQDO\VLV� VXJJHVWHG� DQ� LQYROYHPHQW� RI� VHYHUDO� QF51$V�
and differential splicing events in maintenance of the TPC 
phenotype.

We are aware that it is not yet clear if the putative 
stem cell components derived from established cell lines 
is a valid model for TPC and that experimental conditions 
PLJKW� EH� YHU\� FULWLFDO�� KRZHYHU�� L�� WKH� FRQ¿UPDWLRQ�
RI� VRPH� HDUOLHU� OLWHUDWXUH� GDWD� >���� ��@�� LL�� WKH� in vitro 
validation of the hypothesis generated by the data and 
LLL�� WKH� VXFFHVVIXO� LGHQWL¿FDWLRQ� RI� D� JHQH� VLJQDWXUH�
SUHGLFWLQJ�UHVSRQVH�WR�IXOYHVWUDQW�REWDLQHG�LQ�WKLV�VWXG\��
JLYH�DGGLWLRQDO�VWUHQJWK�WR�RWKHU�VWLOO�WR�YDOLGDWH�¿QGLQJV�
and to the model itself.
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