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Recently, it has become apparent that in addition to gene
transcription, much of the genome is transcribed into
non-coding RNAs (ncRNAs). These ncRNAs have been organized into classes based on length and/or function [1,2].
The most recently established class includes ncRNAs that
are more than 200 nucleotides in length (lncRNAs), and
deep-sequencing studies have revealed that the human
genome encodes similar numbers of lncRNAs and coding
RNAs. Furthermore, some of these lncRNAs have proven vital for a variety of biological processes, including the epigenetic control of chromatin, promoter-specific gene regulation,
X-chromosome inactivation, imprinting, nuclear import, and
the structural maintenance of nuclear bodies [3-8].
Several lncRNAs have also been functionally implicated in
non-hematological cancers. For example, overexpression
of UCA1 has been detected in bladder cancer, expression of
MALAT1 has been associated with metastasis in lung cancer,
and overexpression of HOTAIR is linked to poor prognosis in
colon and pancreatic cancers [9-11]. Fewer advances have
been made in elucidating the function and dysregulation of
lncRNA(s) in acute lymphoblastic leukemia (ALL) [12,13].
However, advances in high-throughput sequencing and
transcriptome profiling have identified lncRNAs that are expressed in ALL samples [14-22].
In 2013, Zhang and colleagues performed a deep sequencing of the transcriptome of human Jurkat cells, a T-cell ALL
(T-ALL) cell line [14]. Of the more than 200 novel lncRNAs
discovered, T-ALL-R-lncR1 was found to be markedly overexpressed in T-ALL samples, and only barely detectable in
most healthy tissues [14]. They further demonstrated that

expression of this lncRNA blocks the formation of the Par4/THAP1 protein complex, which eventually resulted in the
negative regulation of TNF-α-induced apoptosis [14,15].
Thus, T-ALL-R-LncR1 appears to be a valid therapeutic target for ALL.

MLL-rearranged (MLL-r) ALL is one of the most aggressive
subtypes of ALL, and its incidence is as high as 80% in infants
with ALL [16-18]. Recently, Fang and colleagues performed
lncRNA expression studies for a series of MLL-r cases, and
also for non-MLL-r ALL cases and healthy subjects [19]. In
addition to finding MLL-r-specific lncRNAs, the authors also
demonstrated that each MLL-r form can be distinguished by
a unique expression profile. To examine the possible functions of these lncRNAs, a lncRNA/mRNA co-expression analysis (also termed a guilt-by-association analysis) was performed and the following functions and protein classes were
identified: apoptosis, chromatin assembly, transcription, cell
secretion, zinc finger proteins, and cytoplasmic vesicle or
plasma membrane components. Co-expression of lncRNAs
with mRNAs coding for plasma membrane components allowed for the development of flow cytometry panels for diagnosis and follow-up. Another intriguing finding of their
study was the association between lncRNAs and expression
of the corresponding MLL target genes. In particular, a set
of lncRNAs were found to be epigenetically regulated by
H3K79 methylation, which is a well-established hallmark of
activated oncogene expression in MLL-r [16].
Recently, two research teams have undertaken an effort to
fully characterize the Notch-driven lncRNA-ome of pediatric
T-ALL patients using ultra-deep RNA sequencing of prima-
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ry T-ALL samples, normal T-cell counterparts, T-ALL cell lines,
and Notch-inhibitor treated lines [20,21]. The latter included
the use of gamma secretase inhibitors (GSIs) that block the
cleavage of Notch, which is necessary for release of the intracellular domain. Both publications clearly illustrate that Notch
positively regulates a limited set of lncRNAs in both T-ALL and
normal T-cell development, although not all of them are directly bound by the intracellular domain of Notch (ICN1), which
upon activation of Notch acts as a transcriptional activator.
Trimarchi and colleagues further determined which lncRNAs
significantly enhance the expression of nearby genes through
cis-regulation in an attempt to functionally annotate some of
these lncRNAs [21]. To their surprise, only one lncRNA, which
they termed, leukemia-induced noncoding activator RNA (LUNAR1), showed a strong correlation with its neighboring coding gene, insulin-like growth factor receptor 1 (IGF1R), which
has been suggested to play a role in T-ALL [22].

In conclusion, research on the role of lncRNAs in ALL is in its
early stages, and a fundamental understanding of the involvement and function of lncRNAs in ALL, and in hematological
malignancies in general, remains to be elucidated. It is anticipated that these insights will also be applicable to the general field of cancer biology, and will provide opportunities for
the identification of novel diagnostic/prognostic markers and
drug targets.
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