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A B S T R A C T

Long noncoding RNAs (lncRNAs) have been shown to play key roles in various human tumors. Ectopic ex-
pression of the lncRNA FEZ finger zinc 1 antisense 1 (FEZF1-AS1) have been reported in different cancers,
including colorectal cancer, gastric neoplasia, hepatocellular carcinoma and so on. Summarizing all literature
correlated with FEZF1-AS1, it is obvious that FEZF1-AS1 is mainly involved in tumorigenesis and progression
through competing endogenous RNA (ceRNA) which sponges tumor-suppressive microRNA (miRNA) and re-
cruiting mechanism. Moreover, the aberrant expression of FEZF1-AS1 is related to clinical features of patients
with cancers, and regulates cellular proliferation, anti-apoptosis, invasion and metastasis through diverse un-
derlying mechanisms. The role of FEZF1-AS1 in carcinogenesis and progression suggests that it may be a po-
tential diagnostic biomarker or a novel therapeutic target for cancers.

1. Introduction

A number of reports on global current situation of cancer from the
past few years suggest that cancer is still the problem demanding
prompt solution [1–3]. The potential molecular mechanisms of cancer
have been extensively studied in the last few decades. Accumulating
evidence indicates that noncoding RNAs (ncRNAs) have no or limited
protein-coding ability on account of lacking open reading frames, but
play crucial roles in molecular biology of tumors involving transcrip-
tion, translation, epigenetic processes and so forth [4–9]. The ncRNAs
are divided into different types according to their length, including
microRNAs (miRNAs), small nucleolar RNAs (snRNAs), long noncoding
RNAs (lncRNAs), and circular RNAs (circRNAs) [10–12].

LncRNAs are mainly transcribed by RNA polymerase II and longer
than 200 nucleotides in length [13,14]. Increasing evidence shows that
lncRNAs regulate molecular processes of tumors at transcription,
translation, epigenetic levels generally via gene imprinting, histone

modification, chromatin remodeling, transcriptional interference, al-
ternative splicing and cell cycle control. Furthermore, certain lncRNAs
show cell and tissue specific expression patterns which are critical for
their functional analysis and exploring the potential of lncRNAs as di-
agnostic, prognostic, and therapeutic targets in cancer [15–22]. Al-
though a mass of lncRNAs have been discovered in the past few years,
many lncRNAs and its functions or mechanisms have been unknown.
The role of potential thousands of lncRNAs has aroused intense scien-
tific interest.

FEZ family zinc finger antisense 1 (FEZF1-AS1) is a novel lncRNA
which is dysregulated in various human cancers and related to a lot of
aspects of carcinogenesis. Recent researches have demonstrated that
FEZF1-AS1 expression is upregulated in multiple types of tumors
compared to matched normal tissues and knockdown of FEZF1-AS1 can
suppress cellular proliferation, migration and invasion, suggesting that
FEZF1-AS1 may also act as an oncogenic lncRNA in cancers. The pre-
sent review summarizes current studies regarding the expression,
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function, mechanism and clinical significance of FEZF1-AS1 in tumor-
igenesis and progression (Tables 1 and 2).

2. Characterization of FEZF1-AS1

FEZF1-AS1 is a conserved 2653 nt RNA transcribed from the plus
strand of chromosome 7, on the opposite strand of its cognate gene
coding Fez family zinc finger protein 1 (FEZF1), which is located on
chromosome 7q31.32 and contains seven exons. There are 611 com-
plementary nucleotides between FEZF1-AS1 first exon and FEZF1 first
exon [23]. Three splice variants of FEZF-AS1 has been discovered so far,
FEZF1-AS1–201 (679 bp, one exon), FEZF1-AS1-202 (2653 bp, three
exons), FEZF1-AS1-203 (768 bp, one exon), respectively [24]. Re-
searches indicate that FEZF1-AS1 is distributed in both the cytoplasm
and the nucleus and plays important roles in both. The results of Human
Protein Atlas project (HPA) RNA-seq normal tissues suggest that FEZF1-
AS1 is higher expression in testis and brain compared with other
normal human tissues [25]. Importantly, a growing body of evidence
shows that FEZF1-AS1 exerts powerful functions in tumors and further
studies of FEZF1-AS1 and other ncRNAs are expected to elucidate tu-
morigenesis and progression. Moreover, the result of a recent meta-
analysis shows that increased expression of FEZF1-AS1 was sig-
nificantly correlated with shorter overall survival and disease-free
survival in cancer patients. FEZF1-AS1 may serve as a valuable prog-
nostic biomarker for clinical outcomes in various solid tumors [26].

3. FEZF1-AS1 deregulation in human cancers

3.1. FEZF1-AS1 in colorectal carcinoma

FEZF1-AS1 expression was significantly elevated in 34 CRC tissues
compared with adjacent non-neoplastic mucosa tissues, and upregu-
lated expression of FEZF1-AS1 was also identified in HCT116, M5 and
LOVO cell lines. Moreover, high FEZF1-AS1 expression was associated
with T-stage, lymph-node invasion and distant metastasis in patient
with CRC to a significant extent. Functionally, knockdown of FEZF1-
AS1 inhibited cell proliferation, migration and invasion, promoted G1
arrest but did not cause apoptosis in vitro. Meanwhile, silence of FEZF1-
AS1 repressed tumor growth and metastasis in vivo. Kaplan-Meier
analysis suggested that the high expression of FEZF1-AS1 was sig-
nificantly correlated with overall survival and disease-free survival of
CRC patients. Univariate and multivariate analyses indicated that high
expression of FEZF1-AS1 was considered as an independent prognostic
factor for CRC patient. In addition, FEZF1-AS1 knockdown reduced its
sense-cognate gene FEZF1 expression, and downregulation of FEZF1
also significantly suppressed CRC cell proliferation, migration and in-
vasion, which showed that FEZF1-AS1 participated in CRC genesis and
development through FEZF1 induction at least in part [23]. Bian et al.
[27] identified FEZF1-AS1 is one of the most overexpressed lncRNAs in
CRC through using lncRNA microarrays and further work confirmed
this result. Mechanistically, pyruvate kinase 2 (PKM2) catalyzes the last
step within glycolysis and is responsible for net ATP production.
Meanwhile, energy regeneration by pyruvate kinase is independent
from oxygen supply and allows survival of the organs under hypoxic
conditions often found in solid tumors [28–30]. FEZF1-AS1 could bind
with pyruvate kinase 2 (PKM2) and maintain its stability, resulting in
increased cytoplasmic and nuclear PKM2. Increased cytoplasmic PKM2
enhanced pyruvate kinase activity and increased lactate production
(aerobic glycolysis), whereas nuclear PKM2 upregulation further acti-
vated signal transducer and activator of transcription 3 (STAT3) which
mediates the expression of a variety of genes in response to cell stimuli
[31–33], and thus plays a key role in many cellular processes such as
cell growth and apoptosis.
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3.2. FEZF1-AS1 in gastric tumor

Liu et al. [24] observed that the expression of FEZF1-AS1 was up-
regulated in 82 gastric cancer samples, SGC-7901 and AGS cells com-
pared with adjacent histologically normal tissues and normal gastric
epithelium cells. Upregulated FEZF1-AS1 expression indicated larger
tumor size, advanced clinical stage and poor prognosis. Moreover,
knockdown FEZF1-AS1 significantly depressed cells proliferation by
inducing G1 arrest and apoptosis, whereas increased FEZF1-AS1 ex-
pression promoted cell growth. Mechanically, FEZF1-AS1 could epi-
genetically repress the expression of tumor-suppressing p21 gene via
binding with lysine-specific histone demethylase 1A (LSD1), which is
the first of several protein lysine demethylases discovered and through
a FAD-dependent oxidative reaction, LSD1 specifically removes histone
H3K4me2 to H3K4me1 or H3K4me0 [34]. Gu et al. [35] constructed
the lncRNA and mRNA expression profile of three stomach adeno-
carcinoma (STAD) tissues and matched adjacent non-tumor tissues
through high-throughput RNA-sequencing. They found that FEZF1-AS1
expression was elevated in STAD tissues and FEZF1-AS1 had the po-
tential diagnosis value for STAD by Hierarchical clustering analysis of
expression profile. Wu et al. [36] discovered that FEZF1-AS1 was
overexpressed in 104 GC tissues and MGC-803, MKN-49P cells, and
related to advanced stage and higher grade to a significant extent.
Suppression of FEZF1-AS1 inhibited the proliferation of GC cells and
the cell cycle was arrested at a G0/G1 stage. Furthermore, down-
regulation of FEZF1-AS1 could suppress β-catenin, c-Myc and cyclin D1
expression, but it could promote E-cadherin expression, resulting in the
silence of the Wnt/β-catenin signaling pathway.

3.3. FEZF1-AS1 in pancreatic carcinoma

Pancreatic carcinoma (PC) remains to be one of the most malignant
human cancers all over the world [37]. Therefore, exploring the un-
derlying molecular mechanisms of pancreatic carcinoma is essential for
the identification of novel biomarkers and valid therapeutic targets.
FEZF1-AS1 and its cognate-gene ZNF312B expression were significantly
upregulated in 94 pancreatic ductal adenocarcinoma (PDAC) tissues
and 5 cell lines. Both were dramatically connected with poor differ-
entiation, advanced American Joint Committee on Cancer (AJCC) stage,
and neural invasion, resulting in poorer survival in PDAD patients.
Functionally, knockdown of FEZF1-AS1 suppressed tumor cells pro-
liferation, invasion and migration. Moreover, FEZF1-AS1 primarily lo-
calized in the cytoplasm and its expression was positively related to
ZNF312B expression. Furthermore, FEZF1-AS1 not its mutations acted
as the competing endogenous RNA by directly binding to miR-107 in a
sequence-specific manner. Meanwhile, ZNF312B was also a target gene

of miR-107 and was regulated by FEZF1-AS1. In other words, FEZF1-
AS1 functioned as an endogenous sponge by sequestering miR-107 and
thus abolishing the miRNA-induced repressing effect on the ZNF312B.
Furthermore, the Warburg effect is also known as aerobic glycolysis,
which is a key point in cancer research, including pancreatic carci-
noma. FEZF1-AS1/miR-107/ZNF312B pathway was able to maintain
Warburg effect of PDAC cells [38,39]. Qu et al. [40] discovered that
FEZF1-AS1 could promote PC cells proliferation and invasion through
miR-142/HIF-1α (hypoxia-inducible factor 1α) axis under hypoxic
condition and exert its oncogenic effect on PC cells through miR-133a/
EGFR (epidermal growth factor receptor) axis under the normoxic
condition. As mentioned above, FEZF1-AS1 as a tumor-promoting
factor, may be a potential prognostic biomarker and therapeutic target
for PC patients.

3.4. FEZF1-AS1 in hepatocellular carcinoma

Hepatocellular carcinoma (HCC), which leads to nearly 600,000
deaths yearly, is one of the common diagnosed cancers and one of the
leading etiologies of cancer-related deaths worldwide [41]. Wang et al.
[42] observed remarkable upregulation of FEZF1-AS1 expression in 139
HCC tissues and HepG2 and Huh7 cells. Meanwhile, its overexpression
was significantly correlated with tumor size, TNM stage and venous
invasion. Kaplan-Meier analysis revealed that high expression of FEZF1-
AS1 was also associated with poor overall survival of HCC patients.
Functionally, suppression of FEZF1-AS1 hindered HCC cell prolifera-
tion, cycle progression, migration and invasion in vitro, and tumor
growth in vivo. Mechanically, FEZF1-AS1 knockdown in HCC cells
suppressed the expression of N-cadherin and Vimentin, but upregulated
the E-cadherin expression, resulting in repression of epithelial-me-
senchymal transition (EMT) process. In terms of cellular signal
pathway, obstruction of FEZF1-AS1 reduced the expression of Janus
kinase 2 (JAK2) and phosphorylated STAT3. Nevertheless, JAK2 over-
expression obviously restored the attenuated EMT process, migration
and invasion of HepG2 and Huh7 cells following FEZF1-AS1 knock-
down. In another word, FEZF1-AS1 exerted tumor-promoting action by
regulating JAK/STAT3 signaling pathway. These results demonstrated
that FEZF1-AS1 acts as an oncogenic lncRNA in HCC which may serve
as a novel independent prognostic biomarker for patients.

3.5. FEZF1-AS1 in lung cancer

Jin et al. [43] demonstrated that FEZF1-AS1 was substantially
overexpressed in 80 lung adenocarcinoma (LAD) samples compared
with those in paired adjacent normal samples. Moreover, FEZF1-AS1
aberrantly overexpressed in human LAD 5 cell lines compared with the

Table 2
Clinical significance of FEZF1-AS1 in diverse cancers.

Cancer types Overexpression of FEZF1-AS1 and clinical features Refs

Colorectal cancer Advanced T stage, lymph-node metastasis, distant metastasis and poor overall survival [23,27]
Gastric cancer Tumor size, higher grade, advanced TNM stage and poor overall survival [24,35,36]
Pancreatic carcinoma Tumor size, lymph node metastasis, poor differentiation, advanced TNM stage, neural invasion and poor overall survival [38,40]
Hepatocellular cancer Tumor size, advanced TNM stage, venous invasion and poor overall survival [42]
Lung cancer Tumor size, lymph node metastasis, poor differentiation grade, advanced TNM stage, histological degree, tumor family

history and poor overall survival
[43,47,48,49]

Breast cancer ER+, HER+, distant metastases, lymphatic metastasis, advanced TNM stage and poor overall survival [55]
Multiple myeloma – [58]
Nasopharyngeal carcinoma Distant metastasis and poor overall survival [59]
Cervical cancer Histological grade, distant metastasis, FIGO stage and poor overall survival [61]
Ovarian cancer Poor overall survival [62]
Osteosarcoma Tumor size, metastasis, advanced clinical stage and poor overall survival [63]
Esophageal squamous cell carcinoma Lymphatic metastasis [64]
Retinoblastoma Present choroidal invasion, optic nerve invasion and unfavorable prognosis [65]

Abbreviations: FEZF1-AS1, Fez finger zinc 1 antisense 1; ER, estrogen receptor; HER, human epidermal growth factor receptor; FIGO, international federation of
gynecology and obstetrics.
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normal lung epithelial cells BEAS-2B, and high level of FEZF1-AS1 ex-
pression was associated with poor prognosis of LAD patients. Functional
experiments and mechanistic investigations showed that down-
regulation of FEZF1-AS1 could inhibit cell proliferation through
causing cell cycle arrest at G1 and inducing cell apoptosis. Enhancer of
zeste homolog 2 (EZH2) is the functional enzymatic component of the
polycomb repressive complex 2 (PRC2). Meanwhile, EZH2 is re-
sponsible for embryonic healthy development through the epigenetic
maintenance of genes in charge of regulating development and differ-
entiation [44–46]. FEZF1-AS1 could epigenetically suppress p57 gene
expression by recruiting EZH2 and LSD1 to the promoter region of p57
gene, thus impeded the cell cycle and proliferation. Moreover, further
studies revealed that deletion of FEZF1-AS1 reduced mRNA and protein
expression of its sense-cognate gene FEZF1 in LAD cells, and vice versa.
Correlation analysis suggested that there was a positive correlation
between FEZF1-AS1 expression and FEZF1 expression in LAD samples.
Rescue assay confirmed that the functions of FEZF1-AS1 in LAD were
mediated by FEZF1 [47]. He et al. [48] observed FEZF1-AS1 expression
was significantly increased in 86 NSCLC tissues and 4 NSCLC cell lines
compared with adjacent normal tissues and normal lung cell 16HBE. In
addition, higher FEZF1-AS1 expression was associated with lymph node
metastasis, poor differentiation and advanced TNM stage. In vitro, re-
pression of FEZF1-AS1 inhibited cell proliferation and cell invasion
capacities in NSCLC. Furthermore, lncRNA FEZF1-AS1 knockdown
suppressed EMT process by increasing the expression of E-cadherin and
zonula occludens-1 (ZO-1), whereas, decreasing the expression of snail
family transcriptional repressor 2 (SNAI2 also known as Slug), Twist
and Vimentin in NSCLC cells. Mechanically, FEZF1-AS1 could epigen-
etically repress the expression of E-cadherin via binding with LSD1 and
EZH2 in NSCLC cells to its promoter region. As we all known, the Wnt/
β-catenin signaling activity is significantly associated with tumor in-
vasion and metastasis and He et al. found that knockdown of FEZF1-
AS1 suppressed Wnt/β-catenin signaling in NSCLC. Gong et al. [49]
also showed elevated FEZF1-AS1 expression in 160 NSCLC tissues
compared with their adjacent non-tumor tissues, and FEZF1-AS1 high
expression was correlated with advanced stages and tumor family his-
tory. Moreover, they also discovered that the expression of FEZF-AS1
was positively associated with FEZF1 expression.

3.6. FEZF1-AS1 in breast cancer

Breast cancer is a malignant tumor predominately originating from
luminal epithelial cells and one of the most common cancers with in-
creasing morbidity and mortality in women worldwide [50]. The first
study focusing on FEZF1-AS1 in breast cancer was published in 2018.
The authors reported that FEZF1-AS1 expression was upregulated in 30
breast cancer tissues compared with adjacent non-tumor tissue and
indicated poor prognosis of breast cancer patients. Moreover, FEZF1-
AS1 was significantly over-expressed in breast cancer-stem like cells
(BCSC) (MDA-MB-231 CSC, MCF-7 CSC), which could generate tumors
through the stem cell processes of self-renewal and differentiation into
multiple cell types. Meanwhile, these cells can persist in tumors as a
distinct population and cause relapse and metastasis by giving rise to
new tumors [51–53]. In addition, FEZF1-AS1 expression knockdown
reduced the CD44+/CD24− rate, the mammosphere-forming ability,
stem factors (Nanog, Oct4, SOX2), and inhibited the proliferation, mi-
gration and invasion in vitro, implying impaired BCSC properties. In
vivo, FEZF1-AS1 expression knockdown suppressed the breast cancer
cells growth. Mechanically, Nanog as a stem factor, helps embryonic
stem cells maintain pluripotency by suppressing cell determination
factors [54]. FEZF1-AS1 modulated Nanog expression in BCSC through
sponging miR-30a which shared seven complementary binding sites
with FEZF1-AS1 3’-UTR (untranslated regions), suggesting the regula-
tion of FEZF1-AS1/miR-30a/Nanog [55]. Thus, FEZF1-AS1, a potential
oncogenic lncRNA in breast cancer, may offer a hopeful diagnostic and
therapeutic choice for the treatment of breast cancer.

3.7. FEZF1-AS1 in multiple myeloma

FEZF1-AS1 expression was significantly increased in 27 multiple
myeloma (MM) samples and 5 MM cells compared with 11 healthy
donors' tissues and normal plasma cells. Biologically, suppression of
FEZF1-AS1 significantly promoted MM cells apoptosis and arrested cell
cycle transition from G1 to S phase. Moreover, bioinformatics analysis
and dual luciferase reporter assay confirmed that miR-610 could di-
rectly combine with FEZF1-AS1 3′-UTR. Subsequently, Protein kinase
B3 (PKB3, also known as Akt3) which is a serine/threonine-specific
protein kinase, which plays a key role in multiple cellular processes
such as glucose metabolism, apoptosis, cell proliferation, transcription
and cell migration. In this research, it was verified as a target of miR-
610 and positively related to FEZF1-AS1 in MM [56,57]. FEZF1-AS1
knockdown reduced Akt3 expression both in mRNA and protein,
whereas miR-610 inhibitors reversed the effects of FEZF1-AS1 repres-
sion on Akt3. In conclusion, these results indicated that FEZF1-AS1
served as an oncogenic lncRNA by regulating FEZF1-AS1/miR-610/
Akt3 axis in MM oncogenesis [58].

3.8. FEZF1-AS1 in nasopharyngeal carcinoma

Nasopharyngeal carcinoma (NPC), which occurs at the top and side
of the nasopharyngeal cavity, is one of the most common head and neck
malignant tumor in southern China and Southeast Asia [59]. But the
exact molecular mechanism for the development and progression of
NPC is not fully clear yet. Cheng et al. [60] reported that FEZF1-AS1
expression was remarkably raised in 71 NPC samples and 5 NPC cell
lines compared with 10 normal nasopharyngeal epithelium tissues from
healthy people and immortalized normal nasopharyngeal epithelial cell
line NP69. On the other hand, high FEZF1-AS1 expression was closely
correlated with distant metastasis, poor overall survival and disease-
free survival of NPC patients. Functionally, FEZF1-AS1 deletion re-
pressed NPC cell proliferation, migration and invasion, induced G0/G1
cell arrest in NPC cells. Mechanically, p21 gene expression was in-
creased, whereas Cyclin D1 expression was decreased after FEZF1-AS1
knockdown in NPC cells. Moreover, deletion of FEZF1-AS1 inhibited
tumors' growth in vivo. In mechanism, E-cadherin expression was sig-
nificantly increased while the expression levels of N-cadherin and Vi-
mentin were obviously decreased in NPC cells following FEZF1-AS1
knockdown. In other words, FEZF1-AS1 induced EMT process in NPC
cells. FEZF1-AS1 suppression decreased, whereas FEZF1-AS1 over-
expression increased β-catenin accumulation in NPC cells, and FEZF1-
AS1 could activate Wnt/β-catenin signaling in NPC cells.

3.9. FEZF1-AS1 in other cancers

FEZF1-AS1 expression was significantly upregulated in 196 cervical
cancer (CC) tissues compared with their paired normal cervical tissues
and greatly associated with histological grade, distant metastasis and
International Federation of Gynecology and Obstetrics (FIGO) stage. A
cohort of CC patients was followed up for 5 years and Kaplan-Meier
curve with long-rank analysis showed that patients with high expres-
sion of FEZF1-AS1 had poorer overall survival compared with those
with low expression of FEZF1-AS1 group. Besides these, univariate and
multivariate analysis confirmed that FEZF1-AS1 expression was an in-
dependent prognostic factor for overall survival [61]. Zhao et al. [62]
found that the expression of FEZF1-AS1 markedly elevated in 45
ovarian cancer tissues and 5 cell lines compared with adjacent normal
tissues and fallopian tube epithelial FTE187. Moreover, increased
FEZF1-AS1 expression was significantly correlated with poor prognosis
in ovarian cancer patients. Functionally, FEZF1-AS1 knockdown sup-
pressed ovarian cancer cell proliferation and induced apoptosis. Me-
chanically, FEZF1-AS1 expression was positively correlated with STAT3
expression in ovarian cancer cell and FEZF1-AS1 inhibited ovarian
cancer proliferation and apoptosis through JAK-STAT3 signaling
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pathway. Zhou et al. [63] verified that FEZF1-AS1 expression was ob-
viously increased in 58 osteosarcoma (OS) tissues and 4 OS cells com-
pared with that in adjacent normal tissues and fetal osteoblastic cell line
hFOB. Kaplan-Meier analysis indicated that the down-regulated FEZF1-
AS1 expression means poor survival of patients and advanced pheno-
type of OS. Gain and loss of function analyses demonstrated that FEZF1-
AS1 depletion significantly reduced the proliferation, migration and
invasion in OS cells. In vivo, FEZF1-AS1 knockdown inhibited tumor
growth in lung and metastasis. In mechanism, FEZF1-AS1 sponged miR-
4443 to enhance nuclear protein 1 (NUPR1) expression in OS cells and
the formation and development of OS. Recently, Yang et al. [64] re-
ported that FEZF1-AS1 was remarkably upregulated in esophageal
squamous cell carcinoma (ESCC) tissues and cell lines. Silencing of
FEZF1-AS1 significantly inhibited the migration and invasion of ESCC
cells by decreasing the mRNA and protein expression of β-catenin,
while FEZF1-AS1 had no effect on ESCC cell proliferation and cell cycle.
In addition, FEZF1-AS1 was discovered that it functioned as an onco-
genic lncRNA in retinoblastoma. FEZF1-AS1 expression was elevated in
retinoblastoma tissue specimens and cell lines and significantly corre-
lated with present choroidal invasion and optic nerve invasion. Mean-
while, and high FEZF1-AS1 expression was an independent unfavorable
prognostic factor for disease-free survival in retinoblastoma patients.
Moreover, silencing FEZF1-AS1 expression could inhibit retinoblastoma
cell proliferation, invasion and migration [65].

4. Conclusion and future perspectives

Accumulating data have identified dysregulated lncRNAs as poten-
tial oncogenes or tumor suppressor that play crucial regulatory roles in
tumorigenesis and tumor progression. LncRNAs will have a potential
application prospect as tumor biomarkers or therapeutic targets in di-
agnosis and treatment of cancers by understanding these underlying
mechanisms. There has been a great deal of studies on lncRNAs so far,
such as PCAT-1, GAPLINC and SNHG15 which have been firstly dis-
covered in prostate cancer and gastric carcinoma, respectively. FEZF1-
AS1 as a novel lncRNA, its expression is upregulated in CRC, GC, PDAC,
HCC, lung cancer, breast cancer, CC, ovarian cancer, OS, MM, NPC,
ESCC and retinoblastoma, which is associated with clinical and pa-
thological characteristics, including tumor stage, lymph node metas-
tasis, and survival of cancer patients. As a tumor promoter, FEZF1-AS1
is involved in regulating cellular biological functions, such as cell
proliferation, migration, invasion, and anti-apoptosis by complicated
regulatory mechanisms. FEZF1-AS1 could competitively binds with
endogenous miRNAs (such as miR-107 and miR-4443), resulting in the
ectopic expression of their downstream target gene (such as ZNF312B
and NUPR1), or modulation of some classical signaling pathways
(Fig. 1). The above studies indicate that FEZF1-AS1 exerts significant
regulatory functions in tumor development. Hence, FEZF1-AS1 may be
considered as a novel diagnostic/prognostic biomarker or a promising
therapeutic target for cancers. Although the role of FEZF1-AS1 has been

Fig. 1. Overview of the regulatory mechanisms of FEZF1-AS1 in tumorigenesis and progression. FEZF1-AS1 interacts with different types of molecules to exert
multiple biological effects on proliferation, invasion, metastasis, cell cycle and apoptosis. FEZF1-AS1 can promote PKM2 expression to activate JAK/STAT3 signaling
pathway and increase Warburg effect. FEZF1-AS1 can bind with EZH2 and LSD1 to repress expression of tumor suppressors p21 and p57. EZF1-AS1 also facilitates
tumor progression by acting as a ceRNA. FEZF1-AS1 promotes migration and invasion by inducing the EMT through reduced expression of epithelial markers and
increasing levels of mesenchymal markers. FFEZF1-AS1 functions as an oncogene via activating Wnt/β-catenin signaling pathway.
Abbreviations: FEZF1-AS1, Fez finger zinc 1 antisense 1; FEZF1/ZNF312B, Fez family zinc finger protein 1; PKM2, pyruvate kinase 2; JAK, Janus kinase; STAT3,
signal transducer and activator of transcription 3; EZH2, Enhancer of zeste homolog 2; LSD1, Lysine-specific histone demethylase 1A; HIF-1α, hypoxia-inducible
factor 1α; EGFR, epidermal growth factor receptor; EMT, epithelial-mesenchymal transition.
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studied in many cancers, it has not been reported in some of the more
common cancers, such as esophageal cancer and bladder carcinoma.
Furthermore, the detailed molecular mechanisms upstream and down-
stream of FEZF1-AS1 remain in the early stages. Further research
should be focused on investigating the precise molecular regulatory
mechanisms of FEZF1-AS1, and a larger cohort of cancer samples also
should be included in the study to facilitate the clinical application of
FEZF1-S1 as early as possible.
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