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Orphan noncoding RNAs: novel regulators and cancer biomarkers
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The transformation of normal tissue to malignant tumours
is driven by the widespread reprogramming of gene
expression. Historically, the majority of research efforts have
focused on the alternations of protein-coding genes as they
were thought to be the only biologically functional feature
in the human genome. Consequently, transcripts from the
noncoding regions were viewed as transcriptional noise and
overlooked despite reports of their aberrant expression in
various cancers (1,2). In the past decade through emerging
technologies, studies began to reveal that noncoding RNAs
(ncRNAs) can also have important biological functions
and are implicated in diverse cellular processes and disease
progressions (3-5). Ever since, ncRNAs have gained
significant research interest and a large number of studies
have been conducted to elucidate their functions and roles.
ncRNAs can be grouped into two classes based on
transcript size: small ncRNAs (smRNAs) and long ncRNAs
(lncRNAs). smRNAs are generally 18 to 200 nucleotides in
length while lncRNAs are greater than 200 nucleotides (6).
smRNAs have diverse cellular functions and consist of
several subclasses such as transfer RNA (tRNA), microRNA
(miRNA) and piwi interacting RNA (piRNA). They have
been extensively studied, especially miRNAs, which are
one of the first post-transcriptional regulators implicated
in many cancer progressions, such as breast and prostate
cancer (7,8). miRNAs are suppressors of gene expression
and indispensable components of the gene regulatory
network. The functional importance of miRNAs led to
the investigation of other classes of regulatory ncRNAs.
However, despite the number of studies, the function of
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many ncRNAs remains unknown and unclear.
A recent article in Nature Medicine by Fish et al. (9)
characterized a previous unknown class of smRNAs, which
they termed ‘orphan’ noncoding RNAs (oncRNAs), and
explored how they may play a role in cancer progression.
These oncRNAs are novel as they are specifically expressed
in cancer cells and do not fall into any existing classes of
smRNAs. Cancer cells are capable of utilizing various
strategies to alter gene expression patterns, including
somatic mutations, gene amplifications and deletions,
and epigenetic changes (10,11). However, the majority
of current studies has been focused on how regulatory
molecules in normal cells are altered as cells go through
oncogenic transformation. Fish et al. (9) hypothesized that
cancer cells may engineer novel regulators absent in normal
cells as an additional strategy to achieve malignancy and
these oncRNAs may be such regulators. They proposed
that two steps are necessary for the emergence of such neoregulators. First is the existence of a large pool of diverse
macromolecules with regulatory potential. Second is the
exploitation of these molecules for novel function by cancer
cells. smRNAs are good candidates for neo-regulators since
they are sufficiently abundant in cancer cells and many have
been shown to possess regulatory abilities (12). The goal of
the study (9) was to screen for cancer-specific oncRNAs and
explore their potential functions.
Fish et al. (9) performed a systematic screen for smRNAs
that exist in breast cancer but are absent from healthy
normal. Through the screening of breast cancer cell lines,
The Cancer Genome Atlas (TCGA) dataset of breast
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Figure 1 Schematic illustration of the identification and functional characterization of oncRNAs. (A) Cancer specific oncRNAs in breast
cancer. oncRNAs are only expressed in cancer cells but not normal cells. Breast cancer oncRNAs were discovered by screening for smRNAs
expressed in breast cancer but not mammary epithelial cell lines. The oncRNAs were further annotated in TCGA smRNA expression
profiles of breast cancer biopsies and adjacent normal tissues and validated in breast cancer PDX models. (B) Characterization of oncRNA
T3p. T3p is formed from TERC RNA nucleolytic activity in interaction with TARBP2 and DROSHA. It inhibits the activity of the RISCcomplex by competing with miR-10b and miR-378c targets for binding. As a result, T3p expression elicits broad gene expression changes,
and specifically the elevation of NUPR1 and PANX2 levels, leading to the promotion of metastasis.

cancer biopsies and patient-derived xenograft (PDX) mouse
models, the authors identified a pool of 201 smRNAs
that are strongly associated with breast cancer but mostly
undetectable in normal cells (Figure 1A). These smRNAs
fit the definition of oncRNAs proposed by the authors as
they are cancer-associated but functionally unknown. Their
existence supported the hypothesis that tumours may have a
novel repertoire of molecules with regulatory potential. Out
of the 201 oncRNAs, one was found to have significantly
higher expression in the metastatic breast cancer cells
compared to the metastatic ones. The authors named it T3p
as it maps to the 3’ end of the TERC gene which encodes
for the RNA component of telomerase. Clinically, T3p
level correlated with poor patient survival in breast cancer.
The downregulation or overexpression of T3p resulted in
significant changes in gene expression landscapes which
were comparable to those caused by miRNA modulations,
suggesting that T3p may be a broad gene expression
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regulator as well. Interestingly, the knockdown of fulllength TERC transcript did not alter gene expression to the
same extent. This finding is significant as it revealed the
functional divergence of T3p from its parental gene. When
tumour cells with T3p knockdown were injected into mice,
reduced metastatic capacity was observed, confirming that
T3p functions as a metastatic promoter.
Fish et al. (9) next investigated the mechanisms of T3p,
specifically how it is produced and how it regulates gene
expression. They showed that T3p is a by-product of TERC
RNA digestion by the RNA binding protein TARBP2
and RNA-specific endoribonuclease DROSHA, which
both had elevated levels in breast cancer. The finding
suggests that cancer cells can hijack existing machineries to
generate a repertoire of RNAs that may be consequently
adopted for function. T3p was found to be an inhibitor
of the miRNA-RISC interference pathway by competing
with miRNAs for target gene binding. T3p could directly
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Figure 2 oncRNAs in liquid biopsy for diagnosis. oncRNAs are released specifically by tumour cells into the bloodstream directly or in
extracellular vesicles. Models trained using oncRNA expression levels can be used to classify individuals as healthy or with cancer, enabling
diagnosis through liquid biopsy.

interact with miRNA-10b and miRNA-378c through partial
complementary base pairing. Interestingly, full length TERC
RNA had no such interactions, again demonstrating the
novel function of T3p. It is known that ncRNAs especially
lncRNAs can act as molecular sponge to sequester miRNAs
from binding to target mRNAs (13). However, very limited
smRNAs have been reported with miRNA decoy functions
(13,14). The article by Fish et al. (9) is one of the first to
show that smRNAs such as T3p can inhibit miRNAs by
forming stable duplexes. This also reveals an additional
strategy engineered by cancer cells to reprogram gene
expression. In highly metastatic breast cancer cells, T3p was
upregulated and led to suppressed activity of miRNA-10b
and miRNA-378c. As a consequence, downstream target
genes NUPR1 and PANX2 were upregulated and high
expression levels of these two genes were associated with
metastasis and worse patient outcome (Figure 1B).
Since T3p and other oncRNAs are cancer-specific and
mostly absent in normal tissues, they have the potential
to be good biomarkers for cancer detection. Importantly,
Fish et al. (9) found that nearly half of the oncRNAs
screened in the study, including T3p, can be detected in the
extracellular vesicles isolated from the conditioned medium
of breast cancer cell lines as well as in patient serum. This
reveals the potential of oncRNAs for liquid biopsy (Figure 2).
Traditionally, cancer diagnosis is done through biopsy
sampling of tumor tissue. However, tissue biopsy is invasive
as it requires a needle incision or surgery, which can lead
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to procedural complications and sampling bias (15). Since
cancer-specific molecules such as DNA and RNA are
present in blood and other body fluids, the concept of
liquid biopsy emerges (16). In comparison to traditional
biopsy, the sampling of blood or other body fluids to
analyze tumour materials is minimally invasive and may
allow for earlier diagnosis. Moreover, it can allow for realtime monitoring of disease progression, treatment response
and relapse. The challenge in the field is to identify suitable
biomarkers for robust cancer diagnosis. Current strategies
include detecting tumour DNA with specific genetic or
epigenetic mutations, tumour-specific mRNAs, miRNA
and other ncRNA expression patterns (16-18). The study
by Fish et al. (9) is the first to show that cancer-specific
oncRNAs have clinical diagnostic potential and they may
be superior biomarkers. The authors utilized a machinelearning approach, specifically a gradient-boosted classifier
(GBC), to assess how well oncRNAs can be used to classify
breast cancer patients from healthy individuals. The GBC is
a popular and powerful ensemble technique where a series
of weak predictors, regression trees as used in the paper,
is trained on the error residuals of previous predictors
and is combined to make a final prediction. Thus, GBCs
offer the advantage of being able to learn complex nonlinear boundaries for classification and is very applicable to
unbalanced biological datasets almost right off the shelf (19).
Although the model built by Fish et al. (9) was trained on
expression levels of oncRNAs in tumour biopsies, it was
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directly transferable to patient classification using serum
oncRNA expression levels and achieved a high performance.
More importantly, the GBC model trained on oncRNA
levels was notably superior to a GBC model trained on
the expression levels of miRNAs previously proposed as
biomarkers, highlighting how serum oncRNA levels reflect
that of the underlying tumour tissue, but not miRNAs. The
application of GBCs to assess biomarker validity in liquid
biopsy by Fish et al. (9) represents a promising direction
in the inter-disciplinary union of machine learning and
biomedical sciences, though there is still a long journey
ahead in interpretability and clinical utilization.
Fish et al. (9) focused on breast cancer, however, it
is unknown whether oncRNAs are universal regulators
utilized by other cancers. The question can be answered
by applying similar screening strategies to other tumour
types. Heterogeneity is a common characteristic of cancer.
It is unclear how much oncRNA expression varies within
a heterogenous tumour. This raises the question of which
oncRNAs and how many different oncRNA species are
needed for accurate and robust cancer diagnosis through
liquid biopsy. A strategy for oncRNA detection through
liquid biopsy may help overcome the inherent biases in
sequencing studies of tumours with high heterogeneity,
which is typically underestimated due to sampling. Fish
et al. (9) screened for oncRNAs that only exist in cancer.
However, some were shown to be detectable in low levels
in healthy normal, including T3p. This weakens the claim
that oncRNAs are ‘binary’—they are found in cancer cells
exclusively. As a result, the use of oncRNAs for cancer
diagnosis may necessarily extend beyond a simple measure
of absence or presence. It may be necessary to determine
at what expression levels oncRNAs can be considered
indicative of cancer. However, it may be difficult to establish
such cut-offs as the levels may vary in individuals due to
heterogeneity of the disease, though luckily this process will
be aided with further adoption of machine learning and ever
growing publicly available genomic datasets. The concept
of truly cancer-specific oncRNAs is certainly not without
possibility, and with further discoveries and validations they
may one day move into the clinic.
The study by Fish et al. (9) explored a class of
previously unknown smRNAs and proposed novel views
of tumourigenesis. Instead of analyzing alternations of
existing gene expression regulators, the authors explored
the possibility of cancer cells engineering new players to
promote malignancy. They established the novel concept of
‘orphan’ RNAs and hypothesized that these cancer-specific
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smRNAs with unknown function may be neo-regulators
of gene expression. As exemplified in T3p, this smRNA
adopted functions drastically different from its parental
gene. It was shown to be a broad gene expression regulator
by inhibiting the activity of the RISC complex. The findings
revealed novel functions of smRNAs, specifically how they
can act as miRNA decoys and this knowledge may help in
understanding other ncRNAs. Clinically, oncRNAs present
an advantage for liquid biopsy over other biomarkers
such as miRNA or DNA since they predominantly exist
in cancer cells. As studies continue, these ‘orphan’ RNAs
may no longer be orphans with unknown functions as their
biological roles are further revealed and identified.
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