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INTRODUCTION
Long non-coding RNAs (lncRNAs), a new class of non-coding RNAs longer than 200 nucleotides, have been
recognized to regulate a wide variety of physiological and pathological processes through diverse mechanisms.
Presently, only a small number of lncRNAs have been characterized functionally, and most of them are shown to
act as regulators at different levels of gene expression (1, 2). Studies have revealed that many lncRNAs are
shown to regulate important cancer hallmarks, including initiation, growth, and metastasis (3). However, whether
lncRNA plays a role in cancer related inflammation is not clear yet. Recently, in Cancer Cell, Liu et al. reported
a novel lncRNA upregulated by NF-κB (nuclear factor kappaB) was involved in cancer related inflammation by
preventing over-activation of NF-κB pathway (4) [Figure].

Figure: LncRNA NKILA acts as an interactor in the negative feedback loop of NF-κB regulation, co-operating in
the breast cancer metastasis. Activating NF-κB signaling by inflammation promote NKILA expression, which in
turn binds to NF-κB /IκB, and directly masks phosphorylation motifs of IκB, thereby inhibiting IKK-induced
IκB phosphorylation and NF-κB activation. Moreover, high NKILA expression represses breast cancer
metastasis by preventing over-activation of NF-κB pathway.In model of NKILA, yellow lines denotes hairpin A,
green lines denotes hairpin B, and blue lines denotes hairpin C.
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Aiming to identify lncRNAs involved in activating NF-κB signaling elicited by inflammation, Liu et al.
profiled lncRNA expression in human breast cancer cells after treatment with inflammatory cytokines TGF-α
(tumor necrosis factor α), IL-1β (interleukin 1β) and NF-κB activator LPS (lipopolysaccharide). The authors
focused on the lncRNAs that could up- or down-regulate by all the above stimuli by more than 10-fold. One such
lncRNA, aptly named NF-κB Interacting LncRNA (NKILA), stood out by virtue of up-regulating about 12-fold.

Furthermore, a constitutively active IkappaB kinase-2 (CA-IΚΚ2), one member of NF-κB
family, induced NF-κB activation and up-regulated NKILA expression in cells, which could
be completely inhibited by Sc-3060 and JSH-23, two inhibitors for NF-κB nuclear
translocation. These findings suggest that NKILA may represent an essential node in the
implement of pro-inflammation functions by NF-κB.
The authors then asked the mechanisms by which NKILA interfere NF-κB activation.
The cytoplasmic localization of NKILA by confocal microscopy implied that the lncRNA
might function by co-locatization with cytoplasmic NF-κB:IκB complex. The binding affinity
between NKILA and p65 was further confirmed by RNA immunoprecipitation (RIP). Two
independent sets of software, Mfold and RNAfold, predicted nt 300–500 of NKILA, named
hairpin A (nt 322–359) and hairpin B (nt 395–418), were essential for NKILA to bind p65 and
contributed to form a stable NKILA:NF-κB:IκB complex. In accord, RNA footprinting assay
identified two different sites within hairpin A and hairpin B. Likewise, a triple-loop hairpin
structure at nt 1121–1216 of NKILA (hairpin C), predicted by Mfold and RNAfold was
further verified by RNA structure probing. The authors showed that NKILA directly interact
with IκBα and mask the phosphorylation motif of IκBα, which consequently inhibit IKKinduced IκB phosphorylation. In addition, mutation assays at each of the hairpins
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indicated that all three hairpins coordinately inhibited NF-κB over-activity by inhibiting IκBα
phosphorylation. These results indicated that NKILA is involved in the negative feedback
loop of NF-κB regulation.
An interesting follow-up question is whether NKILA is degraded by specific microRNAs
(miRNAs) via the 5'-to-3' messenger RNA (mRNA) decay pathway, i. e. after shortening of
the mRNA poly(A) tail, the removal of the 5' cap structure by deadenylation triggers
irreversible decay of the mRNA body (5).To address this issue, Liu and colleagues screened a
comprehensive library of 434 miRNAs predicted to target NKILA by RegRNA in highmetastatic breast cancer cells. Through this analysis, the authors identified two miRNAs,
miR-103 and miR-107 that were responsible for rapid degradation of NKILA. Remarkably,
depletion of either miRNA by antisense oligonucleotides is sufficient to increasing NKILA
expression. This decay effect could be restored by silencing key mediators for miRNAmediated RNA degradation, such as EIF2C2 (argonaute RISC catalytic component 2) and
TRNC6A (Trinucleotide Repeat Containing 6A). miRNA is well-known to interact with
LncRNAs (6) and the authors found a miR-103/107 target site at 1203–1234 nt of NKILA.
Luciferase reporter assay using pMIR-REPORT constructs showed that co-transfection of
miR-103 or miR-107 significantly reduced luciferase activity of the reporter gene. Taken
together, these results demonstrated that miR-103 and miR-107 function to control RNA
degradation, which offset the enhanced transcription of NKILA caused by high NF-κB
activity.
It’s now accepted that abnormal constitutively activation of NF-κB signaling pathway
has a crucial role in inflammation, and further to promote cancer initiation and progression (7,
8). NF-κB inhibition is expected to be beneficial in the treatment of breast cancer (9). Liu et al.
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has demonstrated that NKILA effectively restrained breast cancer metastasis and improve
clinical outcome by dramatically repressing NF-κB activities and cancer-associated
inflammation. In addition, the association of reduced NKILA expression with cancer tissues
across tissue types and the strong clinical significance of NKILA in breast cancer argue its
potential utility as a therapeutic target. However, so far owing to the incomplete
understanding of their function under specific circumstances, it is highly debatable to consider
the application of lncRNAs as potential targets for the design of therapeutic agents currently
(10) In the case of NKILA, it is intriguing that its lower expression is associated with only
invasive rather than non-invasive malignant tissues given the pivotal role of NF-κB in many
facet of cancer-related-inflammation. Furthermore, Liu et al. reported the universal
downregulation of NKILA in malignant prostate, colon and lung. In consideration of these
two points, it is inferable that NKILA may preserve distinct roles in the context of tissue. In
this regard, it may be helpful to investigate whether NKILA is associated with other facet of
carcinogenesis rather than invasion and metastasis. Specifically, NKILA may promote
malignance via other mechanisms involving RNA-protein-DNA or RNA-RNA interactions.
Recent publications have shown lncRNAs regulate important aspects of immunity such
as production of inflammatory mediators, differentiation, and cell migration through
RNA–protein interactions or basepair complement with RNA and DNA in inflammationrelated diseases (11). Despite the rapid development with the technologies associated with
lncRNAs such as RNA-pull down, capture hybridization analysis of RNA targets
(CHART) (12) and massive parallel sequencing, it is still challenging to identify
functionally relevant lncRNAs due to obstacles including poor evolutionary sequence
conservation, lack of animal model conservation across species and complex function of
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lncRNAs themselves involved. Regardless of these limitation, given the comprehensive and
profound role of inflammation in pathology and carcinogenesis, it is reasonable to envisage
that there are many additional inflammation-related lncRNAs to be discovered and further
studies are required to explore the actual regulation mechanisms of lncRNAs, which will
benefit to discover the new target for cancer therapy and accelerate the process of “bench to
bed”.
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