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Abstract
Emerging evidence suggested that long non-coding RNAs (lncRNAs) play pivotal roles in tumorigenesis. LINC01133 is a newly
identified lncRNA first discovered as an oncogene in lung squamous cell carcinoma. Subsequent studies further demonstrated
this lncRNA was deregulated in a wide spectrum of tumors, including colorectal, gastric, lung, and pancreatic ductal adenocar-
cinoma as well as osteosarcoma and hepatocellular carcinoma. Intriguingly, this lncRNA exerted oncogenic or tumor-
suppressive action in a tissue-dependent manner. This review sought to summarize our current understanding concerning the
deregulation of LINC01133 in human tumors in relation to its molecular mechanisms and cellular functions. The clinical
utilization of LINC01133 as a potential prognostic biomarker and a treatment target is also discussed.
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Introduction

Data from the Human Genome Project and the Encyclopaedia
of DNA Elements (ENCODE) Project revealed that only
about 2% of the human genome codes for protein-coding
genes with the remaining transcripts from the genome as
mainly non-coding RNAs with little or no protein-coding
potential(Johnsson et al. 2014, Lin & Yang 2018, Zhang &
Jeang 2013). Long (> 200 nucleotides in the length) and small

(< 200 nucleotides in length) non-coding RNAs represent two
crucial groups of regulatory RNAs that were transcribed from
this so called genomic dark matter (Li et al. 2018, Li et al.
2019, Yang et al. 2018a, Zhao et al. 2018, Zhou et al. 2017).
An increasing number of studies suggested that long non-
coding RNAs (lncRNAs) play critical roles in diverse
cancer-related cellular processes (e.g., apoptosis, cell prolifer-
ation, differentiation, migration, invasion, drug resistance)
through multiple mechanisms of action, such as transcription-
al regulation via recruitment of chromatin modifiers, modula-
tion of RNA splicing, sponging of microRNAs (miRNAs),
regulating mRNA translation and degradation as well as direct
interactions with target proteins(Wei et al. 2017, Wu et al.
2017, Ye et al. 2017, Zhang et al. 2017b, Zhang et al.
2017c, Zheng et al. 2017). In this connection, lncRNAs were
found to be differentially expressed in most, if not all, types of
cancer, including colorectal cancer, gastric cancer, hepatocel-
lular carcinoma, breast cancer, gallbladder cancer, endometri-
al carcinoma, and osteosarcoma (Chen et al. 2017, Guo et al.
2016, Li et al. 2016a, Liu & Lin 2016, Liu et al. 2017, Ma
et al. 2015, Zhang et al. 2016). Pertinent to clinical utilization,
lncRNA has emerged as new biomarkers for tumor diagnosis
and prognostication as well as therapeutic aims for the devel-
opment of novel anti-cancer agents (Chak et al. 2016, Li et al.
2016c, Yang et al. 2018a, Zhu et al. 2015).

LINC01133, located in chromosome 1q23.2, is a newly dis-
covered lncRNA originally identified as a potential oncogene in

Zheng Li, Derong Xu, and Xin Chen are co-first authors.

Responsible editor: Lotfi Aleya

* Shugang Li
lishugangpumc@163.com

1 Department of Orthopaedic, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing, China

2 Department of Orthopedics, The Affiliated Hospital of Qingdao
University, Qingdao 266003, China

3 Department of Anaesthesia and Intensive Care and Peter Hung Pain
Research Institute, The University of Hong Kong, Pok Fu
Lam, Hong Kong

4 State Laboratory of Digestive Diseases, Centre for Gut Microbiota
Research, Institute of Digestive Diseases and LKS Institute of Health
Sciences, The Chinese University of Hong Kong, Hong Kong, Hong
Kong

https://doi.org/10.1007/s11356-020-09631-1

/ Published online: 19 June 2020

Environmental Science and Pollution Research (2020) 27:32467–32473

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-09631-1&domain=pdf
mailto:lishugangpumc@163.com


lung squamous cell carcinoma (LSCC)(Zhang et al. 2015). A
growing number of studies subsequently revealed its deregula-
tion in multitude of human cancers (Foroughi et al. 2018, Huang
et al. 2018, Kong et al. 2018, Zang et al. 2016, Zhang et al.
2017a). Intriguingly, the function of LINC01133 seems to be
tissue-specific, in which LINC01133 acts as an oncogene or
tumor-suppressing gene in a context-dependent manner (Kong
et al. 2016, Weng et al. 2019, Zeng et al. 2018, Zhang et al.
2019). This review sought to summarize our current knowledge
about the aberrant expression of LINC01133 in human cancers
(Table 1) with respect to its molecular mechanisms and cellular
functions (Fig. 1). We also discuss the potential clinical utility of
LINC01133 as a prognostic biomarker and a therapeutic target.

LINC01133 as an oncogenic lncRNA

Non-small cell lung cancer

The cancer-related function of LINC01133 was first reported
by Zhang and colleagues in 2015 (Zhang et al. 2015). The
investigators performed data mining of published microarray
datasets to identify lncRNAs that could differentiate LSCC
from lung adenocarcinoma (LAD), both of which are the two
major histological types of non-small cell lung cancer
(NSCLC). A total of 1646 lncRNAs were found be differen-
tially abundant, among which LINC01133 showed the larg-
est fold-change between the two cancer types. The authors
further confirmed their results using reverse transcription-
quantitative PCR (RT-qPCR) to demonstrate that the expres-
sion of LINC01133 was highly upregulated in LSCC (~ 6
fold) but not in LAD tissues. In LSCC patients, higher ex-
pression of LINC01133 was associated with shorter survival
time (Zhang et al. 2015). Functionally, small interfering
RNA (siRNA)-mediated repression of LINC01133 impaired
the migration and invasion abilities of LSCC cell line, sug-
gesting the oncogenic function of this lncRNA. These data

provided the first glimpse into the potential function of
LINC01133 in human cancers.

In an independent study, another group of investigators found
that LINC01133 was significantly overexpressed in NSCLC
samples and was positively correlated with tumor size, lymph
node metastasis, and more advanced tumor-node-metastasis
(TNM) staging as well as shorter survival time(Zang et al.
2016). Functional characterization revealed that knockdown of
INC01133 suppressed the proliferation, migration, and invasion
together with the induction of apoptosis and cell cycle arrest at
G0/G1 phase in NSCLC cells in vitro and impaired the growth of
NSCLC xenografts in vivo. Mechanistically, LINC01133 was
found to interact with LSD1 (lysine specific demethylase 1, an
important H3K4 demethylase of the CoREST repressor com-
plex) and EZH2 (enhancer of zeste homolog 2, an essential
H3K27 methyltransferase of the polycomb repressive complex
2) and recruit them to the promoters of CDH1 (encoding E-
cadherin), CDKN1A (encoding the cyclin-dependent kinase in-
hibitor p21), and KLF2 (a zinc finger transcription factor) to
silence their expression. RT-qPCR analysis confirmed the neg-
ative correlation ofCDH1,CDKN1A, andKLF2 expressionwith
LINC01133 levels in NSCLC tissues. In this regard, knockdown
of Klf2 partially weakened the inhibitory effect of LINC01133
siRNA on NSCLC cell viability, suggesting that repression of
Klf2 was functionally involved in the oncogenic action of this
lncRNA (Zang et al. 2016). These findings collectively depicted
the molecular pathway by which LINC01133 promotes NSCLC
development.

Osteosarcoma

Osteosarcoma is the most common type of primary malignant
tumor of the bone in children and young adults (Li et al. 2017,
Li et al. 2016b). Zeng and colleagues investigated the role of
LINC01133 in the development of osteosarcoma, in which
LINC01133 expression was shown to be upregulated in the
osteosarcoma cell lines and tissues as compared with a normal

Table 1 Functional characterization of LINC01133 in cancers

Cancer types Expression Functional role Related gene

Lung cancer Upregulated Cell migration and proliferation CDH1, CDKN1A, KLF2

Osteosarcoma Upregulated Cell proliferation, migration, and invasion miR-442a

Pancreatic Upregulated Cell growth C/EBPβ, CCNG1

Hepatocellular carcinoma Upregulated Proliferation, colony formation, apoptosis, and cycle PI3K/AKT

Cervical Upregulated Proliferation, migration, and EMT miR-4784/AHDC1

Colorectal cancer Downregulated EMT, metastasis TGF-β, SRSF6

Gastric cancer Downregulated Proliferation, EMT Wnt/β-catenin

Esophageal Downregulated – –

Oral Downregulated Migration and invasion GDF15

Breast cancer Downregulated Metastasis and invasion EZH2/SOX4

Ovarian tumor Downregulated Invasion, growth, and migtation miR-205/LRRK2

32468 Environ Sci Pollut Res (2020) 27:32467–32473



osteoplastic cell line and non-cancerous tissues (Zeng et al.
2018). Knockdown of LINC01133 significantly inhibited the
proliferation, migration, and invasion of cultured osteosarco-
ma cells. Using bioinformatic prediction and dual-luciferase
reporter assay, the investigators further demonstrated that
miR-442a is the direct target of LINC01133 in osteosarcoma,
where miR-442a functioned as a tumor-suppressing miRNA
and reversed the oncogenic action of LINC01133(Zeng et al.
2018). These findings suggested that LINC01133 promoted
the malignant phenotypes of osteosarcoma cells through
targeting miR-442a.

Pancreatic ductal adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) is a leading cause of
cancer-related mortality, with a 5-year survival of less than 8%
(Frampton et al. 2012, Szafranska-Schwarzbach et al. 2011).
Huang and colleagues reported that LINC01133 was
overexpressed in PDAC samples as compared with non-
tumor samples and such upregulation was positively correlated
with poorer prognosis (Huang et al. 2018). The oncogenic func-
tion of LINC01133 was demonstrated by the observation that
LINC01133 knockdown suppressed the proliferation of cul-
tured PDAC cells and the growth of PDAC xenografts. The
transcription factor C/EBPβ was found to upregulate
LINC01133 via binding to its response element within

LINC01133 promoter. Consistently, C/EBPβ expression was
upregulated in PDAC and its higher expression was correlated
with poorer survival. Through analysis of The Cancer Genome
Atlas (TCGA) dataset, the authors demonstrated a positive re-
lationship between LINC01133 and CCNG1 (encoding cyclin
G1) expression in PDAC. Concordantly, enforced expression
of CCNG1 attenuated the impairment of cell proliferation in-
duced by LINC01133 silencing (Huang et al. 2018). These
findings indicated that the C/EBPβ-LINC01133-cyclin G1 axis
plays a clinically relevant, oncogenic role in PDAC.

The upregulation of LINC01133 in PDAC was confirmed
by another study in which the authors applied a systems biol-
ogy approach known as the weighted gene co-expression net-
work analysis (WGCNA) on published lncRNA expression
data (Weng et al. 2019). Interestingly, the authors found that
the gene encoding LINC01133 was frequently amplified and
LINC01133 expression was significantly correlated with its
copy number in PDAC. This study suggested that, in addition
to the upstream regulator C/EBPβ, gene amplification is an-
other mechanism that drives LINC01133 overexpression
(Weng et al. 2019). Concerning the downstream effector path-
way, Weng and colleagues reported that LINC01133 overex-
pression was associated with methylation and silencing of
DKK1 (encoding the Wnt signaling inhibitor Dkk1), resulting
in higher expression of genes in the Wnt signaling pathway in
PDAC (Weng et al. 2019). Gene reporter assays revealed that

Fig. 1 Upstream regulatory and downstream molecular mechanisms underlying LINC01133 upregulation in human cancers
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LINC01133 bound to DKK1 promoter, resulting in H3K27
trimethylation and DKK1 gene silencing and increased ex-
pression of β-catenin, MMP-7, and Wnt-5a. Functionally,
LINC01133 enhanced the proliferation, migration, and inva-
sion of PDAC cells.

Hepatocellular carcinoma

Zheng and colleagues investigated the role of LINC01133 in
the progression of hepatocellular carcinoma (HCC)(Zheng
et al. 2019). They observed that LINC01133 expression was
higher in a panel of HCC cell lines (HepG2, MHCC-97 L,
Hep3B, MHCC-97H and SK-Hep-1) as compared with the
normal human liver cell line HL-7702. Knockdown of
LINC01133 inhibited HCC cell proliferation and colony for-
mation together with the induction of apoptosis and cell cycle
arrest at G0/G1 phase in vitro and delayed xenografts growth
in vivo. Anti-tumorigenic effects of LINC01133 knockdown
were paralleled by the inhibition of the phosphoinositide 3-
kinase (PI3K)/AKT pathway (Zheng et al. 2019). These re-
sults showed that LINC01133 plays a pro-tumorigenic role in
HCC through promoting the oncogenic PI3K/AKT signaling.

Cervical squamous cell carcinoma

Mao and colleagues developed and validated a prognostic
lncRNA signature for cervical squamous cell carcinoma
(CSCC), in which 15 lncRNAs of prognostic significance
were identified from TCGA dataset (Mao et al. 2018).
Among these lncRNAs, higher expression of LINC01133
was found to be significantly associated with shorter survival
time of CSCC patients (Mao et al. 2018). Nevertheless, no
experiment has been carried out so far to characterize the
cellular function and molecular mechanism of LINC01133
in CSCC. Recently, Feng et al. (2019) illustrated that
LINC01133 was overexpressed in the cervical tumor samples
and LINC01133 induced cell proliferation, migration and
EMT partly via regulating miR-4784/AHDC1.

LINC01133 as a tumor-suppressing lncRNA

Oral squamous cell carcinoma

Unlike its reported oncogenic function in other cancer types,
LINC01133 functions as a tumor suppressor in oral squamous
cell carcinoma (OSCC) (Kong et al. 2018). LINC01133 ex-
pression was reduced in OSCC samples as compared with
paired normal tissues. OSCC patients with low tumoral ex-
pression of LINC01133 were also associated with metastasis
and poorer survival. Concordantly, enforced expression of
LINC01133 inhibited OSCC cell migration and invasion
whereas LINC01133 knockdown produced the opposite

effects. Transcriptome analysis revealed that GDF15 (a secret-
ed ligand of the transforming growth factor (TGF)-β super-
family) was inhibited by LINC01133 in OSCC, in which
GDF15 was upregulated. In this connection, enforced expres-
sion of GDF15 rescued LINC01133-induced inhibition of
OSCC cell invasion and migration. Interestingly GDF15 was
found to repress the expression of LINC01133, indicating a
reciprocal regulation between LINC01133 and GDF15. In
paired tissue analysis, there existed a significant negative cor-
relation between these two factors (Kong et al. 2018). These
findings suggested that LINC01133 functions as a tumor-
suppressive lncRNA via targeting GDF15.

Esophageal squamous cell carcinoma

LINC01133 expression was lower in esophageal squamous cell
carcinoma (ESCC) tissues and cell lines and such downregula-
tion was positively correlated with ESCC progression (i.e.,
larger tumor size, greater depth of tumor invasion, lymph node
metastasis, and more advanced TNM stage) and exposure to
risk factors (i.e., smoking and alcohol drinking). LINC01133
downregulation was also found to be an independent prognos-
tic factor predicting poorer overall survival and progression-
free survival of ESCC patients (Yang et al. 2018c).

Gastric cancer

Yang and colleagues demonstrated that LINC01133 expres-
sion was decreased in gastric cancer (GC) cell lines and clin-
ical samples and such downregulation was associated with
metastasis and GC progression (Yang et al. 2018b).
Functionally, knockdown of LINC01133 induced cell prolif-
eration and epithelial-mesenchymal transition (EMT) whereas
overexpression exerted opposite effects. LINC01133 directly
targeted miR-106a-3p to derepress the expression of APC for
inhibition of the oncogenic Wnt signaling. In this regard,
LINC01133 inhibited EMT and metastasis by suppressing
the Wnt/β-catenin signaling in an APC-dependent manner
(Yang et al. 2018b). The downregulation of LINC01133 in
GC was confirmed by an independent study which identified
LINC01133 as a GC-related lncRNA in Gene Expression
Omnibus (GEO) datasets followed by validation with both
internal samples and external datasets. Pathway analyses indi-
cated that genes co-expressed with LINC01133 were mostly
involved in metabolic pathways as well as gastrointestinal
disease and function (Yang et al. 2018b).

Colorectal cancer

LINC01133 expression was decreased in CRC samples as
compared with non-tumor tissues. Importantly, downregula-
tion of LINC0113was associatedwith lymph nodemetastasis,
distant metastasis, and advanced TNM stage as well as poorer
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overall survival. Further multivariate analysis indicated that
LINC01133 was associated with CRC patients’ survival inde-
pendent of other clinicopathological parameters (Zhang et al.
2017a). Consistently, another study found that LINC01133
was downregulated by TGF-β whereas enforced expression
of LINC01133 suppressed EMT and/or metastasis of CRC
cells in vitro and in vivo. LINC01133 was found to physically
interact with SRSF6, of which its overexpression promoted
EMT and metastasis, indicating that LINC01133-regulated
EMT was mediated, at least in part, via inhibiting SRSF6.
Consistent with its anti-EMT function, clinical sample analy-
sis revealed that LINC01133 expression was negatively asso-
ciated with vimentin (a mesenchymal marker) and positively
associated with E-cadherin (an epithelial marker). Low tumor
expression of LINC01133 was correlated with poor survival
of CRC patients (Zhang et al. 2017a). These two studies indi-
cated that LINC01133 downregulation contributes functional-
ly to CRC progression where this lncRNA could serve as a
prognostic factor.

Breast cancer

Song et al. (2019) illustrated that LINC01133 was decreased
in breast tumor specimens and was correlated with poor prog-
nosis and progression of breast tumor. Ectopic expression of
LINC01133 suppressed metastasis and invasion in breast tu-
mor both in vivo and vitro. Mechanistic studies noted that
LINC01133 suppressed SOX4 expression through recruiting
the EZH2 to promoter of SOX4. This study noted that
LINC01133 acted as one new therapeutic target and prognos-
tic biomarker for breast tumor.

Ovarian tumor

Liu et al. (2019) clarified that LINC01133 was downregulated
in ovarian tumor cells and specimens and overexpression of
LINC01133 decreased cell invasion, growth, and migtation
both in vivo and in vitro. LINC01133 was noted to act as
one miR-205 sponge to suppress cell invasion, growth, and
migtation via enhancing LRRK2.

Future perspectives

LINC01133 is a newly identified cancer-related lncRNA with
oncogenic functions in NSCLC, osteosarcoma, PDAC, HCC,
and CSCC but tumor-suppressive actions in luminal cancers
of the gastrointestinal tract, namely, OSCC, ESCC, GC, and
ESCC (Table 1). As an oncogenic lncRNA, the high expres-
sion of LINC01133 is driven by the transcription factor C/
EBPβ and gene amplification in tissues where LINC01133
promotes tumorigenesis through targeting tumor-suppressive
miRNA (i.e., miR-442a) or proteins (i.e., Klf2, E-cadherin,

p21, Dkk1) or upregulation of oncogenic mediators (Cyclin
G1 and phosphorylated PI3K/AKT). As a tumor-suppressor,
there is a reciprocal inhibition between LINC01133 and the
pro-EMT TGF-β signaling. LINC01133 also inhibited the
oncogenic Wnt/β-catenin signaling via targeting miR-106a-
3p (Fig. 1).

Despite its paradoxical role in tumorigenesis, deregulation
of LINC01133 has been shown to be associated with clinico-
pathological parameters and patients’ survival in multiple can-
cer types, suggesting the prognostic value of this lncRNA.
However, next study of its performance in cohorts of more
specimen sizes is still needed to promote the clinical use of
LINC01133. Moreover, the tissue-specific function of
LINC01133 might preclude its systemic inhibition or reacti-
vation for cancer therapy. Development of methods for tissue-
specific modulation of LINC01133 is therefore warranted.

Taken together, LINC01133 is a crucial tumor-related
lncRNA with the clinical potentials. Indeed, more research is
needed to accelerate the translation of LINC01133 from basic
research into clinical use.
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