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SCIRT lncRNA Blocks the Shot of Breast Cancer Cells
Self-Renewal Mechanism
Barbara Pardini1,2 and Mihnea P. Dragomir3

The study by Zagorac and colleagues represents an important
step forward in the field of breast cancer, explaining a novel
molecular mechanism of transition from slowly multiplying
tumor-initiating cells (TIC) into their more differentiated version
characterized by high proliferation. The mechanism involves the
transcription factors SOX2 and EZH2, which directly repress
transcription of cell-cycle genes and activate self-renewal genes in
breast cancer cells. This mechanism is further controlled by a
negative feedback loopmediated by a long noncoding RNA, SCIRT,
not described previously, which is upregulated in tumorspheres and

inhibits SOX2 and EZH2. SCIRT is an atypical tumor suppressor in
breast cancer, being upregulated in cancer cells, but counteracting
their aggressive phenotype. At the molecular level, by direct inter-
action with EZH2, SCIRT inhibits the transcriptional activity of
EZH2 and “blocks the shot” of cancer cells’ self-renewal. From a
translational perspective, activating SCIRT or induction of SCIRT
mimetics in breast cancer cells may lead to the dedifferentiation of
TICs toward a less protumorigenic phenotype and a therapy-fragile
state that could open new therapeutic avenues.

See related article by Zagorac et al., p. 580

A dysregulated long noncoding RNA (lncRNA) expression is
unanimously considered a feature of cancer cells (1). The question
splitting the cancer researcher community when it comes to lncRNAs
is whether this class of transcripts is truly functional. The answer is
somewhere in between: of the several tens of thousands of lncRNAs (2),
many of them probably play functional and important roles in normal,
as well as tumorigenic processes, while others are simple byproducts of
gene duplication events and genomic evolution. To bring definitive
proof that a lncRNA is functional and plays a tumor suppressive or
protumorigenic role, ingenious methods and innovative approaches
are necessary.

In the past years, we have witnessed some exciting studies with
unexpected outcomes that proved the functionality of several lncRNAs
in oncology. A noticeable example of a tumultuous story regarding the
functionality of a lncRNA is the one of colon cancer–associated
transcript 2 (CCAT2). CCAT2 was first discovered to be upregulated
in microsatellite stable colorectal cancers, and it was hypothesized to
play a role in chromosomal instability (CIN; ref. 3). To bring definitive
proof for the oncogenic role ofCCAT2, Shah and colleagues developed
a CCAT2 transgenic mouse model, which surprisingly developed
myelodysplastic/myeloproliferative neoplasms and not colorectal can-
cer as expected (4). Subsequently, Chen and colleagues, showed that
CCAT2 mice, after being treated with azoxymethane/dextran sodium
sulfate, developed more dysplastic and hyperplastic colon polyps
compared with wild-type mice, and organoids from CCAT2 mice
showed more chromosomal abnormalities. Hence, it seems that the
function of CCAT2 in colorectal cancer tumorigenesis is more com-
plex. Mechanistically, CCAT2 directly interacts with the ribosomal

biogenesis factor BOP1, and this complex increases the phosphory-
lation of aurora kinase B, inducing CIN (5). Another dramatic story is
also the one of metastasis associated lung adenocarcinoma transcript 1
(MALAT1) lncRNA, which was initially found to be overexpressed in
early-stage non–small cell lung cancers that later metastasize, being
able to predict overall survival (6). By usingmultiple ingeniousmodels,
Kim and colleagues managed to change our understanding of the
function of MALAT1, at least in breast cancer. Surprisingly, the
inactivation of Malat1 in a mouse model of breast cancer increased
the metastatic potential of the tumors and genetic-add back reversed
the phenotype (7).

Another intriguing story is the one reported in the study by Zagorac
and colleagues (8), who managed to move the novice lncRNA SCIRT
from anonymity to the selective and continuously growing group of
lncRNAs with proven functions in tumorigenesis. By starting from a
fundamental question: what is the mechanism that regulates the
transition from tumor-initiating cells (TIC) that are capable of self-
renewing and proliferate slowly to differentiate into rapidly growing
tumor cells?, and by using a simple, but ingenious model, the com-
parison of gene expression levels between adherent cell culture (2D)
and tumorsphere (3D) culture at 16 hours and 5 days, the authors
identified several genes that play key roles in self-renewal. They
elegantly described how two transcription factors, SOX2 and EZH2,
are directly involved in transcription of cell-cycle genes and self-
renewal activation in TICs. In addition, the authors identified SCIRT,
a lncRNA upregulated during tumorsphere formation, which unex-
pectedly neutralized the effect of SOX2 and EZH2. Similar to other
functional lncRNAs (includingMALAT1 and the regulatory regions of
CCAT2), SCIRT is a conserved transcript across species, proving once
more that conservation is a marker of functionality. Functionally,
SCIRT increases cell cycle and represses self-renewal in a negative
feedback loop that keeps breast cancer cells in an inert state.

Furthermore, the authors suggest that SCIRT is a tumor suppressor
in breast cancer because despite its upregulation in TICs compared
with more differentiated breast cancer cells, in tumor versus normal
tissue and in the more aggressive basal-like breast cancers compared
with luminal breast cancers, SCIRT was associated with prolonged
disease-free survival. Indeed, by injecting into the flank of immuno-
compromised mice, tumorspheres in which SCIRTwas knocked down
versus control tumorspheres, the authors observed that silencing
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SCIRT accelerates tumor progression. Of note, this type of data
underline the fact that upregulation of a transcript in cancer is not
synonymous with a protumorigenic role and only functional studies
can characterize a lncRNA.

According to the current recommendations (9), the authors
started characterizing the mechanistic function of SCIRT by study-
ing its cellular localization. FISH targeting RNA molecules and
subcellular fractionation data showed that SCIRT associates with
chromatin. More in-depth analysis showed that SCIRT interacts
with evolutionary conserved transcriptional start sites, including
promoters and enhancers of more than 7,000 genes, proving that
this lncRNA can control the expression of these genes. Next, the
authors showed that the 50 half of SCIRT, which is predicted to form
G-quadruplex structures, directly interacts with EZH2. This made
the authors hypothesize that SCIRT could antagonize the regulatory
function of EZH2. Indeed, the same genes upregulated after EZH2
knockdown were downregulated by knocking down SCIRT and
vice versa. The mechanism is more complex, involving three
players, the lncRNA SCIRT, FOXM1, and EZH2, that colocalize
in the proximity of GC-rich transcription starting sites of cell-cycle
genes controlled by SCIRT. By using RNA immunoprecipitation
RT-qPCR, RNA immunoprecipitation after UV cross-linking, and
coimmunoprecipitation, the authors demonstrate that SCIRT
directly interacts with EZH2 and indirectly with FOXM1 via EZH2,
and that this interaction is possible only in the presence of SCIRT.
This RNA-protein complex activates cell-cycle genes and induces
differentiation in breast cancer. In addition, SCIRT inhibits the self-
renewal transcriptome in a FOXM1-independent manner, by inter-
acting with EZH2 and SOX2 and blocking their activator function at
the promoter level of stemness genes. Hence, it seems that at the

molecular level, SCIRT “blocks the shot” of EZH2, and the breast
cancer cells’ self-renewal mechanism is inhibited.

The results presented are particularly interesting and the modula-
tion of this negative feedback loop could uncover potential therapeutic
strategies. From a translational perspective, activating SCIRT or
induction of SCIRT mimetics containing G-quadruplex structures in
breast cancer cells may lead to the differentiation of TICs toward a less
tumorigenic and therapy-fragile state that could open new therapeutic
avenues.

This is only the first chapter of a fascinating story and we look
forward to the upcoming twists of the SCIRT tale. SCIRT lncRNA
transgenic mice, SCIRT-knockout and knock-in organoids, as well as
other models will bring more detail about this functional noncoding
transcript. Moreover, we consider that an unexplored field of lncRNA
research is the study of the tertiary structure of these transcripts. In this
article the authors only suggest that the G-quadruplex structures
located at position 214–264 of SCIRT are responsible for interacting
with EZH2, however, further experimental characterization of these
structures is necessary. Only by knowing the precise structure of the
interacting segments of an lncRNA, potent and precise mimetic drugs
for the therapy of patients with cancer can be developed.
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