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The role of long noncoding RNA FOXF1-AS1 as a tumor
suppressor in non-small cell lung cancer
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Non-small cell lung cancer (NSCLC) accounts for
approximately 80% of lung cancer cases and is the leading
cause of cancer-related death in the United States (1). A
significant challenge associated with NSCLC treatment
is the lack of early diagnostic tools, as more than 70%
of NSCLC patients are diagnosed at advanced stages,
rendering them ineligible for surgical resection (2).
Advanced-stage NSCLCs are generally treated by
platinum-based chemotherapy or radiation therapy, but
both treatments are highly invasive with low specificity and
high recurrence rate (3-5). It is therefore critical to better
understand the molecular basis of NSCLC, to be able to
define early genetic changes so as to diagnose early stage
NSCLC and formulate treatment targeting these early
changes. Since the groundbreaking discovery that long
noncoding RNAs (IncRNAs) are not merely transcriptional
noise but possess important functions, they have been
implicated in various cancers (6). In lung cancer, IncRNAs
such as MALATI1, ANRIL, and HOTAIR were reported to
be significantly associated with NSCLC metastasis and
highly correlated with patient survival (7). In particular,
many IncRNAs have been found to act as direct and indirect
regulators of the epigenome, mediating both epigenetic
silencing and chromatin remodeling (8). Although it has
become increasingly clear that understanding IncRNAs is
critical to elucidating the molecular basis of lung cancer, the
current knowledge of IncRINAs in NSCLC is limited.

In a recent study, Liyun Miao and colleagues screened
paired NSCLC samples using GeneChip® Human Gene
2.0 ST Array (9). They identified IncRNA FOXF1-ASI to

exhibit significant downregulation in lung cancer vs. normal
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tissue, and further validated this downregulation on 30
adenocarcinomas (AD) and 20 squamous cell carcinomas
(SCCQC) tissues by qRT-PCR. Loss of FOXF1-AS1 was
observed to occur consistently in both histologic subtypes
(AD and SCC) and in all stages of NSCLC. Previous studies
have identified FOXF1-AS1, also known as FENDRR, to be
downregulated in gastric cancer, where decreased expression
was associated with poor prognosis (10). In lung cancer,
FOXF1-AS1 was also named in a panel of 111 dysregulated
IncRNAs using RNA-seq data from The Cancer Genome
Atlas (TCGA) (11). Another group reported that increased
FOXF1-AS1 expression significantly reduced the number
of metastatic lung nodules iz vivo (10). These studies
affirm the findings of Miao et a/. that FOXF1-AS1
potentially functions as a tumor suppressor, underscoring
the importance of further assessing this gene to better
understand its role in carcinogenesis.

To explore the functional significance of FOXF1-ASI in
NSCLC, the authors stably overexpressed the IncRNA in
two lung cancer cell lines (CALU1 and NCIH1975). They
observed that overexpression of FOXF1-ASI significantly
inhibited cell migration, invasion, and tumor sphere
formation, further corroborating the role of FOXF1-AS1
as a tumor suppressor. Moreover, the fact that lung cancer
cells, which display numerous genetic and epigenetic
alterations, were able to exhibit a less malignant phenotype
with overexpression of FOXF1-AS1 suggests that this gene
plays a relatively significant role in mediating NSCLC
progression. Previously in gastric cancer, FOXF1-AS1 has
also been shown to repress cell migration and invasion
in vitro (10). Interestingly, FOXF1-AS1 was found to
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not affect gastric cancer cell proliferation, a phenotype
unexplored in the study by Miao et 4/. and one which would
be valuable to evaluate in the context of lung cancer cells.

The authors also reported FOXF1-AS1 to be a regulator
of epithelial-mesenchymal transition (EMT) in NSCLC
cells. In cancer, EMT is known to lead to increased tumor
cell motility and promotes metastasis by inducing self-
renewal, the defining trait of cancer stem cells (12). When
stably transfected with FOXF1-AS1 plasmids, lung cancer
cell lines CALU1 and NCIH1975 displayed morphological
change from a fibroblastoid appearance to cobblestone
shape, a phenotype indicative of MET (mesenchymal-
epithelial transition), a reverse process of EMT.
Overexpression of FOXF1-AS1 also decreased expression of
vimentin and induced expression of E-cadherin. The loss of
E-cadherin, a metastatic suppressor of tumor progression,
and upregulation of vimentin, an intermediate filament
protein, are hallmarks of EMT occurrence (13). The data
from Miao et al. suggest that FOXF1-AS1 expression
reverses EMT and thereby may functionally inhibit
NSCLC. To the best of our knowledge, Miao et al. are the
first to investigate an EM'T phenotype caused by FOXF1-
AS1 in any malignancy.

The authors then mechanistically explored FOXF1-
AS1 to identify potential pathways by which the gene
executes its functionality. First, they investigated the
likelihood of interactions between IncRNA FOXFI1-AS1
and enhancer of zeste homolog 2 (EZH2) mRNA. EZH?2
is the catalytic component of the polycomb repressive
complex 2 (PRC2), which is responsible for the epigenetic
maintenance of genes during embryonic development (14).
EZH2 has been found to promote breast cancer motility
and metastasis, prostate cancer metastasis via suppression
of tumor suppressor DAB2IP, and melanoma progression
(15,16). Recent research suggests that many IncRNAs,
including HOTAIR and ANRIL, physically interact with
EZH2 in targeting PRC2 to specific genomic sites (17).
To evaluate the interaction between FOXF1-AS1 and
EZH2, the authors verified that EZH2 was upregulated
in lung tumor vs. normal tissues, and identified an inverse
correlation between EZH?2 and FOXF1-AS1 expression. An
RNA immunoprecipitation assay confirmed a likely physical
interaction between FOXF1-AS1 and EZH2. Next, the
authors knocked down FOXF1-AS1 using shFOXF1-ASI,
which significantly promotes cell migration and sphere
formation ability. The effect of FOXF1-AS1 knockdown
was negated when EZH?2 was blocked using DZNep. Taken
together, the results suggested that FOXF1-AS1 physically
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interacts with EZH2, and EZH2 is required for cell
migration and stem-like properties triggered by FOXF1-
AS1 loss.

Finally, Miao et al. (9) explored FOXF1, a target
gene of the p53 family and a regulator of migration and
invasion, as a target of IncRNA FOXF1-AS1 (18). Existing
literature reveals IncRNA FOXF1-AS1 to be transcribed
bidirectionally with FOXF1, suggesting a likely interaction
between the two (19). The authors found FOXF1 to be
more highly expressed not only in cell lines with high
expression of FOXF1-AS1, but also to be more lowly
expressed in tumor vs. normal tissues which demonstrate
lower expression of FOXF1-AS1. This was verified
computationally in datasets from TCGA, with FOXF1
more lowly expressed in lung AD and SCC, in accord with
FOXF1 dysregulation in other carcinomas (10,20). Future
studies could investigate whether FOXF-AS1 also correlates
with FOXF1 expression in the TCGA lung cancer samples,
as well as samples deposited in other cancer genomics
databases. Binding assays involving FOXF-AS1 and FOX1
mRNA/protein could also be performed to further verify
the physical interaction between the two.

While the findings provided by Miao et 4/. indicate
promise for FOXF1-AS1 as a diagnostic or prognostic
biomarker of NSCLC, deeper understanding of both
FOXF1-AS1 and the large-scale mechanistic foundations
of NSCLC pathogenesis remain to be explored. Studies
suggest that FOXF1-AS1 targets FN1 and MMP2/
MMP9 in gastric cancer, thereby posing the question of
whether similar alterations are exhibited by FOXF1-AS1
dysregulation in lung cancer as well, as well as what other
molecular interactions are induced by FOXF1-AS1 (10).
Meanwhile, analysis of TCGA data on lung cancer revealed
a panel of 111 dysregulated IncRNAs between tumor and
normal tissues, most of which represent novel transcripts
that remain to be evaluated (11). Beyond IncRNAs, other
non-coding transcripts including microRNAs (miRNAs),
PIWI-interacting RNAs (piRNAs), and small nucleolar
RNAs (snoRNAs) remain relatively unexplored beyond
reports of their dysregulation in lung cancer. Nevertheless,
Miao et al. successfully present the significant potential of
IncRNA FOXF1-AS1 to both genetically and phenotypically
regulate NSCLC pathogenesis, and serve as a diagnostic or
therapeutic candidate.
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