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The expression of a specific gene is epigenetically 
regulated at multiple steps at the transcriptional and post-
transcriptional levels under physiological conditions. At 
the transcriptional level, an “open” or “closed” chromatin 
structure of the promoter region of a gene is an important 
factor for inducing or repressing transcription (1). 
Epigenetic hallmarks such as DNA methylation and histone 
modification (for example, methylation, acetylation, and 
ubiquitination) levels are closely related to the chromatin 
environment (2). In pathological conditions such as cancer, 
epigenetic hallmarks at the promoters of tumor-suppressor 
genes or oncogenes are dysregulated, leading to abnormal 
gene expression patterns. 

DNA methylation, in particular methylation at 
cytosine residues (5-Methylcytosine, 5 mC) in CpG 
(5'-C-phosphate-G-3') sequences, is essential for epigenetic 
regulation and for maintaining genomic stability (2). CpG 
methylation induced by DNA methyltransferases (DNMTs) 
leads to the recruitment of various methyl-CpG-binding 
proteins to alter the chromatin structure and therefore 
repress transcription (2). DNA methylation patterns across 
the human genome are dramatically changed in various 
disorders. We have previously reported that infection 
with Helicobacter pylori, which is thought to be involved in 
gastric cancer risk, induces aberrant DNA methylation in 
gastric epithelial cells, contributing to genome-wide gene 
expression changes (3). 

Regarding DNA demethylation, ten-eleven-translocation-1 
(TET-1)  was identif ied as a DNA demethylase in  

mammals (4), and shown to catalyze the successive oxidation 
of 5 mC to 5-hmC (5-hydroxymethylcytosine), 5-fC 
(5-formylcytosine), and 5-caC (5-carboxylcytosine). These 
oxidative products could be excised by TDG (thymine DNA 
glycosylase) and repaired to produce demethylated cytosine. 
Several members of the TET family of proteins (TET-1, 
-2, and -3) play important roles in carcinogenesis and tumor 
progression in a variety of human malignancies (5). Global 
decreases in TET protein expression cause low levels of 
5-hmC and thereby enhance promoter hypermethylation 
and promote tumorigenesis; these results imply that TET 
proteins are tumor suppressors (6,7). However, TET1 is 
overexpressed in MLL-rearranged leukemia and plays a 
critical oncogenic role (8). The TET family of proteins has 
diverse and complex biological effects at the transcriptional 
level, and serve as tumor-suppressor genes or oncogenes in 
a context-dependent manner. 

After transcription, mRNA (messenger RNA) is 
regulated at the post-transcriptional level until the initiation 
of translation and during translation. The 3'-untranslated 
region (3'UTR) located after the stop codon of mRNA 
contains many elements for gene regulation (9). microRNA 
(miRNA), an endogenous small non-coding RNA molecule, 
represents a typical example of 3'UTR-mediated gene 
regulation. It is currently well known that miRNAs 
complementarily bind to the 3'UTR of target mRNA 
and repress its expression at the post-transcriptional level. 
This process occurs in development, differentiation, and 
diseases. While mRNA is actively being transcribed, protein 
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expression could be strongly repressed by miRNA, leading 
to a discrepancy of a high mRNA level but low protein 
level (10). Accumulating evidence has shown that changes 
in miRNA expression dysregulate target gene expression, 
and is involved in cancer development and progression. For 
example, we have shown that Brm (SMARCA2), a catalytic 
subunit of the SWI/SNF chromatin remodeling complex, is 
actively transcribed but repressed at the post-transcriptional 
level by miR-199a in several human cancer cell lines (11). 
This post-transcriptional dysregulation of Brm mRNA 
by miR-199a is related to anchorage-independent tumor 
growth (12). 

It is estimated that each miRNA has more than 100 target  
genes; therefore, miRNAs are considered to be global gene 
regulators. Consequently, miRNAs play a “leading part” 
in the regulatory system, whereas the target genes are 
passively repressed. However, a novel concept, “competing 
endogenous RNA (ceRNA)” has recently emerged, whereby 
the target genes regulate miRNA activity and therefore play 
the “leading part” (13). Figure 1A and B shows a simplified 
model of this concept, showing one miRNA and its target 
mRNAs, X and Y. If the expression of both X and Y are at 
the same level, then the miRNA should have equal access to 
and repress the expression of these two mRNAs (Figure 1A).  
If the expression of only X is increased for some reason 
(for example, because of transcriptional activation), the 
miRNA gains increased access to the abundant X mRNA 
(Figure 1B). As a result, Y escapes the inhibitory effect of 
the miRNA and is efficiently translated into Y protein. X is 
called the ceRNA because it is titrating miRNA away from Y. 

Some mRNAs, such as PTEN, have already been reported 
to have this protein-coding-independent function, and play 
important biological roles in cancer (14).

In this Editorial, we introduce the finding that TET also 
has a ceRNA function; this finding was recently published 
in Cancer Research in an article entitled “TET-Mediated 
Sequestration of miR-26 Drives EZH2 Expression and Gastric 
Carcinogenesis” (15). The authors demonstrated that several 
members of the TET family (that is, TET-1, -2, and -3) of 
mRNAs act as oncogenic ceRNA for the tumor-suppressor 
miR-26 in gastric cancer. To elucidate the function of TET, 
they first showed by RT-qPCR that TET mRNA expression 
is increased in gastric cancer compared with normal tissue 
(Figure 2). Moreover, high levels of TET family mRNAs 
were associated with tumor invasion depth, clinical stage, 
lymph node metastasis, and poor overall survival in gastric 
cancer. In vitro and vivo experiments, knockdown using 
lentiviral short-hairpin RNA (shRNA) against each TET 
family member inhibited gastric cancer cell proliferation 
and tumor growth, implicating their oncogenic functions. 
Interestingly, the overexpression of shRNA-resistant TET 
cDNAs (which lack 3'UTR regions) failed to rescue the 
inhibition of tumor proliferation induced by the shRNA 
(which targets the 3'UTRs). This result indicates that the 
oncogenic function of TET members is independent of their 
protein-coding potential. In experiments using several TET 
truncated-cDNA constructs, the 3'UTR region of each TET 
member was indispensable for their oncogenic role, and 
the authors hypothesized that the 3'UTRs act as a ceRNA 
for the miRNA. Moreover, immunohistochemical staining 

Figure 1 ceRNA (competing endogenous RNA) concept. (A) When the expression levels of the mRNAs X and Y are comparable, a miRNA 
has equal access to them; (B) if the expression of X is up-regulated, then the miRNA is sequestered by X and Y escapes its repressive effect 
and consequently translated into Y protein.
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experiments revealed that the protein expression levels 
of TET family members were almost the same between 
normal tissues and gastric cancer tissues despite the higher 
mRNA levels in the tumor tissues, as mentioned above. The 
discrepancy between mRNA and protein expression levels 
implies that the TET family of mRNAs are transcribed but 
might be repressed by miRNAs at the post-transcriptional 
level. 

In their previous report, a tumor-suppressive microRNA, 
miR-26, was shown to be down-regulated in gastric cancer 
compared with normal tissues, and the target mRNA 
FGF9 is induced in cancer tissue (16). In the current 
study, the authors showed that the 3'UTRs of the TET 
family of mRNAs are directly targeted by miR-26. That 

is, the 3'UTRs sequestered miR-26 in gastric cancer cells  
(Figure 2). Overexpression of wild-type TET1/2/3 3'UTRs 
induced gastric tumorigenesis in vitro and in vivo, whereas 
mutations in the miR-26 binding sites in TET 3'UTRs 
abrogated this oncogenic phenotype. Among the previously 
reported target genes of miR-26 target, they focused on 
EZH2, which is a potent oncogene in a wide range of human 
malignancies. Overexpression of TET 3'UTRs sequestered 
miR-26, and EZH2 was released from miR-26-mediated 
repression. This effect induced EZH2 overexpression and 
gastric tumorigenesis (Figure 2). 

Given that TET was originally identified as a DNA 
demethylase, this study is interesting because it reveals the 
non-coding oncogenic function of TET mRNA in gastric 

Figure 2 TET-mediated sequestration of miR-26 in gastric cancer. In normal cells (upper), miR-26 negatively regulates both TET and 
EZH2 mRNAs by interacting with the 3'UTR of each mRNA. In contrast, in gastric cancer cells (lower), miR-26 is down-regulated and 
sequestered by up-regulated TET family members due to transcriptional activation, leading to the accumulation of EZH2 protein, which 
induces gastric tumor progression. TET, ten-eleven-translocation.

3'UTRDNA

DNA

DNA

DNA

DNA

DNA

TET1 mRNA

EZH2 mRNA

EZH2 mRNA

Normal cell 

Transcriptional 
activation

EZH2 protein 
overexpression

Tumor 
progression 

mRNA up-regulation miR-26 down-regulation

miR-26 sequestration

Gastric 
cancer cell 

TET1 gene

TET1 gene

TET2 gene

TET2 gene

TET3 gene

TET3 gene

TET2 mRNA

miR-26

miR-26

TET3 mRNA

3'UTR

3'UTR

3'UTR
EZH2

EZH2

EZH2

EZH2

EZH2

3'UTR
3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

3'UTR

Translation



Non-coding RNA Investigation, 2018Page 4 of 5

© Non-coding RNA Investigation. All rights reserved. Non-coding RNA Investig 2018;2:17ncri.amegroups.com

cancer. The authors demonstrated that TET1 mRNA acts 
as a tumor-promoting ceRNA. Importantly, TET1 protein 
inhibited gastric cancer growth in their experiments. The 
opposing roles that TET1 mRNA and TET1 protein 
play in gastric cancer should help further elucidate the 
diverse molecular functions. However, it is notable that 
these results contradict other reports. An analysis of two 
different cohorts in that study showed that all TET family 
mRNAs were up-regulated in gastric cancer compared with 
normal tissue. Conversely, Yang and colleagues showed a 
decreased expression of TET1 mRNA in gastric cancer (17).  
Considering that the development and progression of 
gastric cancer are related to various factors, as summarized 
previously in our review (18), this contradictory result 
might stem from differences in clinical and pathological 
backgrounds, such as a Helicobacter pylori infection. 
Larger cohort analyses in cooperation with surgeons 
and pathologists are needed to gain a comprehensive 
understanding of the expression and the molecular 
mechanisms of the TET family of mRNAs in gastric cancer.

Through advances in high-throughput sequencing 
technologies, many novel classes of non-coding RNAs 
other than miRNAs have been discovered during the last 
few years; for example, long non-coding RNAs (lncRNAs). 
lncRNAs are more than 200 nt in length and have no 
protein-coding potential but exhibit various biological 
functions (19,20). Some lncRNAs are known to associate 
with transcriptional and chromatin remodeling factors in 
the nucleus to recruit them to a specific gene promoter 
region (19). Meanwhile, other lncRNAs could act as a 
ceRNA for miRNA in the cytoplasm (21). Yang et al. 
reported that a lncRNA, SNHG6, which is localized in 
both the nucleus and the cytoplasm, is overexpressed in 
gastric cancer cells and induces epithelial-mesenchymal 
transition (EMT) (22). In addition, a nuclear-localized 
SNHG6 associates with EZH2 to recruit it to its target 
promoter region. Meanwhile, Cao and colleagues showed 
that cytoplasmic-localized SNHG6 sequesters miR-26 to 
promote hepatocellular carcinoma progression (23). It is 
interesting to determine whether and how the TET/miR-
26/EZH2 axis overlaps with other ceRNA (including coding 
and non-coding RNA)-related pathways. 

Gastric cancer is the fourth most prevalent cancer 
and the second leading cause of cancer-related death. 
Considering that many miRNAs are dysregulated in gastric 
cancer, ceRNA might play an important role in gastric 
cancer development and progression (24,25). Although 
further studies are needed to reveal the detail molecular 

mechanisms, controlling miRNA activity through ceRNA 
will be a promising therapeutic strategy for gastric cancer 
and other malignancies.
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