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Abstract: MicroRNAs (miRNAs) regulate gene expression by binding to mRNA, and can function as oncogenes or 
tumor suppressors depending on the target. TET1 acts as tumor-suppressor, which is downregulated in colorectal 
cancers (CRC) and inhibits cell growth. However, it has not been studied as to whether miRNAs, suppressing target 
expression by binding to the 3’UTR, regulate TET1 expression in colorectal cancers. Here, our study found that miR-
21 has matching sites on TET1. In the tumor tissue samples from 50 patients with CRC, the expression of miR-21 
was upregulated compared with that in adjacent tissue samples while the expression of TET1 showed a significant 
decrease. In addition, miR-21 expression was negatively correlated with the expression of TET1. Moreover, low 
expression of miR-21 by the transfection of colorectal cancer cell lines with miR-21 inhibitors, the effect on TET1 
expression was opposite to the change of miR-21 expression. Furthermore, our results indicated that miR-21 pro-
moted proliferation of colorectal cancer cells by targeting TET1. These findings may provide a theoretical basis for 
clarifying the physiological and pathological role of miR-21 in colorectal cancer.
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Introduction

Colorectal cancer (CRC) remains an important 
global health problem and may lead to more 
than 1.2 million new cancer cases and over 
600000 cancer-related deaths in 2008 world-
wide [1]. So far, the prognosis of CRC patients 
has improved significantly due to advances in 
surgical techniques and the integration of 
radiotherapy and chemotherapy and targeted 
therapy [2, 3]. However, in advanced CRC 
patients and those with local recurrence or dis-
tant metastasis, the prognosis is still very poor 
[4, 5]. Therefore, it is necessary to investigate 
the molecular mechanisms and key regulatory 
factors of CRC progression and metastasis to 
provide biomarkers to predict the risk of local 
recurrence and distant metastasis [6], so that 
we can best choose treatment strategies and 
ultimately improve patient prognosis.

Ten eleven translocation enzymes (TET1, TET2 
and TET3) are a family of dioxygenase, which 
convert 5-methylcytosine (5-mC) to 5-hydroxy-

methylcytosine (5-hmC) and lead to CpG islands 
demethylation [7-9]. The deficiency or mutation 
of TET proteins and subsequent down-regula-
tion of 5-hmC content is common in various 
kinds of human cancers. Indeed, TET1 is often 
absent in breast, hepatic, pancreatic and pros-
tate cancer [10-13]. Moreover, it has been 
reported that TET1 was down-regulated in colon 
tumors from the initial stage and down-regula-
tion of TET1 during colon cancer initiation led to 
repression of the promoters of WNT pathway 
inhibitors and resulted in a constitutive activa-
tion of the WNT pathway [14]. However, further 
mechanisms leading to downregulation of this 
important tumor suppressor in CRC need to be 
elucidated.

MicroRNA (miRNA), an endogenous non-coding 
single-stranded small RNA, exists extensively in 
the biological genome. It is able to pair with and 
bind to 3’ untranslated regions (3’UTRs) of the 
targeted mRNA incompletely to degrade mRNA 
or repress the translation of mRNA, and is 
involved in regulating more than half of all gene 
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expression [15]. In addition, miRNA is an impor-
tant post-transcriptional regulatory factor and 
plays an extensive and important role in cell 
proliferation, differentiation, apoptosis, tissues 
development, oncogenesis and other physio-
logical processes [16]. Given the previous study 
that TET1 was involved in inhibiting CRC cells 
growth, we hypothesized that TET1 is regulated 
by miRNA at the post-transcriptional level. In 
our study, we found that the expression of miR-
21 was upregulated in the CRC patient’s tissue 
samples compared with CRC patient’s adja-
cent-tissue samples, while the expression of 
TET1 showed a significant decrease. Further- 
more, our findings demonstrated that miR-21 
promoted proliferation of colorectal cancer 
cells by targeting the TET1.

Materials and methods

Patient tissues and cell culture

Tissue specimens (tumor, adjacent samples) of 
50 patients with colorectal cancer were col-
lected after informed consent and verification 
by a pathologist, and immediately frozen in liq-
uid nitrogen. Fresh-frozen and/or formalin-fixed 
paraffin embedded samples were used for miR-
21 and TET1 expression analysis. Human 
colorectal cancer cell lines HCT15 and HT29 
were cultured in DMEM medium (Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% 
FBS (Invitrogen, Carlsbad, CA, USA) and antibi-
otics. All the cells were incubated in a humidi-
fied atmosphere of 5% CO2 in air at 37°C. These 
cell lines were obtained from the American 
Type Culture Collection (Shanghai, China).

Transient transfection

The cells were cultured in a 6-well plate for 24 
h and then were transfected with hsa-miR-21 
mimics (miR-21), NC (miR-control), hsa-miR-21 
inhibitors (anti-miR-21), inhibitor NC (anti-miR-
control), which were purchased from Gene- 
Pharma (Shanghai, PR China). All transfections 
were performed using Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. Transfection 
efficiency was monitored by qRT-PCR.

Plasmid construction and cell transduction 

3’-UTR sequence of TET1 which was predicted 
to interact with miR-21 or a mutant sequence 
with the predicted target sites was inserted 
into pmirGLO vector (Promega, USA). They were 

named pmirGLO-TET1-wt and pmirGLO-TET1-
mut. TET1 siRNA oligonucleotides and a non-
specific scrambled control (si-Ctrl) were synthe-
sized by RiboBio (Guangzhou, China). The cells 
were plated onto 6-well plates and were trans-
fected with 100 ng of pmirGLO-TET1-wt or pmir-
GLO-TET1-mut, and miR-21 mimics (miR-21, 50 
nM) by using Lipofectamine 2000 (Invitrogen 
Corp, CA, USA).  

Luciferase reporter gene assays

HCT15 and HT29 Cells were plated into 24-well 
plates (3 × 104 cells/well) and co-transfected 
with the hsa-miR-21 mimics (miR-21), NC (miR-
control) and various constructs containing the 
seed sequence or mutant seed sequence of 
TET1 3’UTR. Twenty-four hours after transfec-
tion, firefly and Renilla luciferase activities were 
measured using a Luc-Pair™ miR Luciferase 
Assay Kit (GeneCopoeia, Maryland, USA). All 
experiments were performed at least three 
times.

Isolation of total RNA and quantitative RT-PCR

Total RNA was extracted from human clinical 
CRC tissues (or Human colorectal cancer cell 
lines HCT15 and HT29) using the TRIzol meth-
od (Invitrogen, Shanghai, China) and Reverse 
transcription was performed using poly (A)- 
tailed total RNA and reverse transcription prim-
er using reverse transcriptase kit (TAKARA, 
Japan) according to the manufacturers’ proto-
col. RT-PCR analysis was performed to detect 
the expression of TET1 mRNA in the cells treat-
ed with miR-21 or anti-miR-21. The qRT-PCR 
analysis was explored to test the expression of 
miR-21 and TET1 in human clinical CRC tis- 
sues using Fast Start Universal SYBR Green  
Master (Roche Diagnostics GmbH Mannheim, 
Germany). The expression of specific genes or 
miRNAs was tested by the comparative Ct 
method using 2-ΔΔCt. The primers used were as 
follows: TET1 forward, 5’-GATGACAGAGGTTC- 
TTGCACAT-3’, reverse, 5’-AGGTTGCACGGTCTC- 
AGTGT-3’; GAPDH forward, 5’-CATCACCATCTTC- 
CAGGAGCG-3’, reverse, 5’-TGACCTTGCCCACA- 
GCCTTG-3’.

Western blot

Total protein was extracted cultured cells using 
the RIPA lysis buffer, and protein concentration 
was measured by the BCA assay. The proteins 
were separated according to size by electro- 
phoresis, transferred to PVDF membrane, and 
incubated with the following antibodies: TET1 
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Figure 1. MiR-21 directly inhibited the expression of TET1 through targeting 
its 3’UTR. A. The binding site of miR-21 in 3’UTR of TET1 mRNA is shown 
in a model. Mutant was generated at the TET1 3’UTR as indicated. A TET1 
3’UTR fragment containing wild type or mutant (wt or mut) of the miR-
21-binding sequence was cloned into the downstream of the pmirGLO-con-
trol luciferase reporter gene vector. B, C. The effect of miR-21 on reporters 
of pmirGLO-TET1-wt and pmirGLO-TET1-mut in HCT15 and HT29 cells was 
measured by luciferase reporter gene assays, respectively. Statistically sig-
nificant differences are indicated: *P < 0.05; NS, no difference; Student’s t 
test. The experiment was repeated at least three times.

antibody, rabbit polyclonal (Santa Cruz, USA); 
β-Actin: mouse polyclonal (CST technology, 
USA); All results were visualized through a che-
miluminescent detection system (Pierce ECL, 
Thermo, USA) and then exposed in Molecular 
Imager ChemiDoc XRS System (Bio-Rad, USA). 
The integrated density of the band was quanti-
fied by Image software.

CCK-8 assay

Cell proliferation was performed with Cell 
Counting Kit-8 (CCK-8) (Dojindo, Tokyo, Japan). 
According to the instructions, Cell Counting 
Kit-8 reagent was added at 0, 24, 48, and 72 h 
respectively after seeding 4 × 103 cells per well 
in into 96-well plates and transfected with miR-
21 inhibitor or control, and incubated at 37°C 
for 2 h. The OD (optical density) 450 nm value 
was detected by using a microplate reader (Bio-
Rad, CA, USA).

EdU assay

Cells (2 × 103 cells/well) were seeded in tripli-
cate in 96-well plates and incubated overni- 

ght. Cells were starved in DM- 
EM without FBS for 24 hours 
and then incubated in DMEM 
containing 5% FBS. Then the 
EdU (5’-ethynyl-2’-de-oxyurid- 
ine) incorporation assay was 
performed to quantify cell pro-
liferation using the Cell-LightTM 
EdU DNA Cell Proliferation Kit 
(Guangzhou Ribobio Co., Ltd, 
Guangzhou, China) according 
to the manufacturer’s instruc-
tions. More than five random 
fields per well were captured, 
and IPP 6.0 was used to calcu-
late the percentage of EdU-
positive cells in total cells. 

Statistical analyses

Data were analyzed by SPSS 
11.0 and presented as mean 
± SD from at least three se- 
parate experiments. The ex- 
pression levels of miR-21 and 
TET1 in the tissues were eval-
uated using chi-square tests. 
Differences were considered 
statistically significant with P 
< 0.05.

Results

TET1 3’-UTR is a target for miR-21

Asangani et al. has reported that miR-21 down-
regulates PDCD4 protein and upregulates 
tumor cell invasion in cultured colon cancer 
cells [17], to better explore the role of miR-21 in 
the development of CRC, we used bioinformat-
ics method to predict the potential targeting 
genes of miR-21. As the results shown in 
microRNA.org (http://www.targetscan.org/ and 
http://www.microrna.org), TET1 was the candi-
date gene that we picked up. We identified the 
binding site of miR-21 in the 3’UTR of TET1 
mRNA (Figure 1A) and cloned the 3’UTR of 
TET1 mRNA and its mutants into downstream 
of pmirGLO-control luciferase reporter gene 
vector (named pmirGLO-TET1-wt or pmirGLO-
TET1-mut), respectively. The luciferase reporter 
gene assays demonstrated that miR-21 signifi-
cantly suppressed the firefly luciferase activi-
ties of pmirGLO-TET1-wt in a dose-dependent 
manner, whereas it failed to work when the tar-
get site was mutated in HCT15 and HT29 cells 
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Figure 2. MiR-21 was negatively associated with TET1 in clinical CRC tis-
sues. A. TET1 mRNA levels was examined by qRT-PCR in 50 cases of clinical 
CRC tissues and paired adjacent tissues. B. Correlation of MiR-21 levels 
with TET1 mRNA levels was examined by qRT-PCR in 50 cases of clinical 
CRC tissues (Pearson’s correlation coefficient, r = -0.409). Statistically sig-
nificant differences are indicated: *P < 0.05; Student’s t test. 

an endogenous control (GAP- 
DH). TET1 expression was 
highly expressed in 50 CRC 
patient’s tissues compared 
with corresponding adjacent 
tissues (Figure 2A). Then we 
assessed the correlation be- 
tween miR-21 and TET1. As 
expected, we found that the 
levels of miR-21 exhibited a 
significant negative correla-
tion with the levels of TET1 
mRNA (Figure 2B). Overall, our 
finding indicated that the lev-
els of miR-21 negatively asso-
ciated with those of TET1 
mRNA in CRC tissues.

MiR-21 inhibited the expres-
sion of TET1 in CRC cells

To further investigate the 
effect of miR-21 on TET1,  
we performed the transient  
transfection of anti-miR-21 in 
HCT15 and HT29 cells. Our 
data showed that miR-21 
downregulation with transfec-
tion of anti-miR-21 led to the 
level of TET1 mRNA obviously 
increasing when compared 
with miR-control in HCT15 and 
HT29 cells (Figure 3A). At the 
same time, we detected the 
expression of TET1 protein the 
transient transfection of anti-
miR-21 in HCT15 and HT29 
cells. Our results showed that 
the level of TET1 protein was 
substantially increased when 
the expression of miR-21 of 
was inhibited in two kinds of 
CRC cells (Figure 3B). Collec- 
tively, we concluded that miR-
21 was able to down-regulate 
TET1 in CRC cells.

miR-21 promoted cell proliferation by targeting 
TET1

It has been reported that TET1 is implicated in 
tumor growth [14]. Therefore, we are interested 
in whether miR-21 inhibits proliferation of CRC 
cells through TET1. The EdU assay manifested 
that cell proliferation was decreased when the 
cells were treated with anti-miR-21, but TET1 
downexpression could rescue inhibition of cell 

(Figure 1B and 1C). Thus, these data suggest-
ed that TET1 was one of the target genes of 
miR-21 in CRC cells.

MiR-21 and TET1 inversely expressed in clini-
cal CRC tissues

Then, we analyzed the expression of TET1 in 50 
paired clinical CRC and adjacent noncancerous 
tissues using qRT-PCR and normalized against 

Figure 3. MiR-21 was 
able to down-regulate 
TET1 in CRC cells. A, B. 
The mRNA and protein 
levels of TET1 were ex-
amined in HCT15 and 
HT29 cells transfected 
with anti-miR-21 by 
qRT-PCR and Western 
blotting, respectively. 
Statistically significant 
differences are indi-
cated: *P < 0.05; Stu-
dent’s t test. The ex-
periment was repeated 
at least three times.
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Figure 4. MiR-21 promoted the proliferation of CRC cells via targeting TET1. A. The CRC cells with bright cyan are 
the EdU positive cells. EdU assay showed that miR-21 downregulation decreased the EdU positive cells percentage 
compared to control in HCT15 and HT29 cells, and the effect of anti-miR-21 on the EdU positive cells was rescued by 
siTET1. Statistically significant differences are indicated: *P < 0.05; Student’s t test. The experiment was repeated 
at least three times. B. The CCK-8 assay showed that low-expression of miR-21 inhibited the growth of HCT15 and 
HT29 cells. In contrast, the decreasing HCT15 and HT29 cells growth induced by anti-miR-21 could be blocked by 
TET1 siRNA. Absorbance at 450 nm was measured. Statistically significant differences are indicated: *P < 0.05; 
Student’s t test. The experiment was repeated at least three times.

proliferation mediated by anti-miR-21 in HCT15 
and HT29 cells treated with both anti-miR-21 
and si-TET1 (Figure 4A). Results suggested that 
miR-21 modulated the proliferation of CRC cells 
relying on TET1 in part. To verify our conclusion, 
we also performed the CCK-8 assays. When 
treated with anti-miR-21 in HCT15 and HT29 
cells, the proliferation capacity of CRC cells was 
significantly reduced other than treated with 
control groups or treated with both anti-miR-21 
and si-TET1 (Figure 4B). Taken together, we 
concluded that miR-21 was able to promote cell 
proliferation through targeting TET1 in CRC 
cells.

Discussion

As is well known, microRNAs (miRNAs), which 
modulate the expression of their target genes 

at post-transcriptional level, have been identi-
fied to play critical regulatory roles in cancer 
proliferation, invasion and prognosis. They 
directly bind to the corresponding complemen-
tary sequences of their target genes mRNAs so 
that lead to target protein expression downreg-
ulation [18]. For example, miR-130a promoted 
gastric cancer tumorigenesis by targeting 
RUNX3 [19]. MicroRNA-217 functions as a prog-
nosis predictor and inhibits colorectal cancer 
cell proliferation and invasion via an AEG-1 
dependent mechanism [20]. In this study, we 
focused on exploring that the mechanism of 
miR-21 could promote proliferation in patients 
with CRC.

Methylcytosine dioxygenase TET1 as one  
member of TET family of enzymes (TET1/2/3) 
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participates in DNA demethylation by catalyz-
ing the conversion of 5-methylcytosine to 
5-hydroxymethylcytosine (5 hmC), resulting in 
active or passive DNA demethylation [7, 21]. 
Recently, TET1 is found to be over-expressed in 
diffuse intrinsic pontine glioma, which is a 
malignant pediatric brain tumor with dismal 
outcome [22]. It has been shown that TET1 
silencing reduces 5-hmC levels and decrease 
cell proliferation in leiomyoma [23]. Never- 
theless, another report has shown that miR- 
29 family decreases protein levels of TET1 
through directly targeting its 3’UTR. Moreover, 
Neri et al. also revealed that in colorectal can-
cer cell, TET1 induced expression of DKK3 and 
DKK4, which inhibited Wnt pathway, eventually 
inhibited cell growth [14]. TET1 also exerts 
tumor suppressor function in lung, prostate, 
breast and gastric cancer [12, 24, 25]. The con-
troversial function remains unclear, which may 
be partially explained by multifactorial etiology 
of cancer and the complexity of clinical tis- 
sues.

Here, we first found that TET1 is negatively reg-
ulated by miR-21 via targeting its 3’UTR. Then, 
we observed that high levels of miR-21 corre-
lated with low levels of TET1 in clinical CRC 
samples. Additionally, we further investigated 
the effect of miR-21 on TET1 expression in CRC 
cells. RT-PCR and Western blotting analysis 
showed that low expression of miR-21 by the 
transfection of colorectal cancer cell lines with 
miR-21 inhibitors, respectively, the effect on 
TET1 expression was opposite to the change of 
miR-21 expression. Furthermore, our results 
indicated that miR-21 promoted proliferation of 
colorectal cancer cells by inhibiting TET1 
expression. Together, the results suggested 
that miR-21 promoted cell proliferation of co- 
lorectal cancer cells by targeting tumor sup-
pressor TET1.

Acknowledgements

This work was supported by a grant from  
the National Natural Science Foundation of 
China (No. 81572355) and Natural Science 
Foundation of Shandong Province (No. ZR- 
2011HM076).

Disclosure of conflict of interest

None.

Address correspondence to: Chengkun Qin, Depart- 
ment of Gastrointestinal Surgery, Shandong Pro- 
vincial Hospital Affiliated to Shandong University, 
324 Jingwuweiqi Road, Jinan 250021, Shandong 
Province, China. Tel: +86 531 68777198; Fax: +86 
531 68776388; E-mail: ckqinshangdong@163.com

References

[1]	 Jemal A, Bray F, Center MM, Ferlay J, Ward E, 
Forman D. Global cancer statistics. CA Cancer 
J Clin 2011; 61: 69-90.

[2]	 Ishihara S, Hayama T, Yamada H, Nozawa K, 
Matsuda K, Miyata H, Yoneyama S, Tanaka T, 
Tanaka J, Kiyomatsu T, Kawai K, Nozawa H, 
Kanazawa T, Kazama S, Yamaguchi H, Sunami 
E, Kitayama J, Hashiguchi Y, Sugihara K, Wata-
nabe T. Prognostic impact of primary tumor 
resection and lymph node dissection in stage 
IV colorectal cancer with unresectable metas-
tasis: a propensity score analysis in a multi-
center retrospective study. Ann Surg Oncol 
2014; 21: 2949-2955.

[3]	 Lou X, Kang B, Zhang J, Hao C, Tian X, Li W, Xu 
N, Lu Y, Liu S. MFAP3L activation promotes 
colorectal cancer cell invasion and metastasis. 
Biochim Biophys Acta 2014; 1842: 1423-
1432.

[4]	 Wang Y, Duan B, Shen C, Wu B, Luo J, Zhao G. 
Treatment and multivariate analysis of colorec-
tal cancer with liver metastasis. Hepatogastro-
enterology 2014; 61: 1568-1573.

[5]	 Ji D, Chen Z, Li M, Zhan T, Yao Y, Zhang Z, Xi J, 
Yan L, Gu J. MicroRNA-181a promotes tumor 
growth and liver metastasis in colorectal can-
cer by targeting the tumor suppressor WIF-1. 
Mol Cancer 2014; 13: 86.

[6]	 Zhou Y, Rideout WM 3rd, Bressel A, Yalavarthi 
S, Zi T, Potz D, Farlow S, Brodeur J, Monti A, 
Reddipalli S, Xiao Q, Bottega S, Feng B, Chiu 
MI, Bosenberg M, Heyer J. Spontaneous ge-
nomic alterations in a chimeric model of 
colorectal cancer enable metastasis and guide 
effective combinatorial therapy. PLoS One 
2014; 9: e105886.

[7]	 Zhang H, Zhang X, Clark E, Mulcahey M, Huang 
S, Shi YG. TET1 is a DNA-binding protein that 
modulates DNA methylation and gene tran-
scription via hydroxylation of 5-methylcytosine. 
Cell Res 2010; 20: 1390-1393.

[8]	 Yang H, Liu Y, Bai F, Zhang JY, Ma SH, Liu J, Xu 
ZD, Zhu HG, Ling ZQ, Ye D, Guan KL, Xiong Y. 
Tumor development is associated with de-
crease of TET gene expression and 5-methylcy-
tosine hydroxylation. Oncogene 2013; 32: 
663-669.

[9]	 Tahiliani M, Koh KP, Shen Y, Pastor WA, Ban-
dukwala H, Brudno Y, Agarwal S, Iyer LM, Liu 
DR, Aravind L, Rao A. Conversion of 5-methyl-

mailto:ckqinshangdong@163.com


miR-21 targeted TET1 in CRC

1445	 Int J Clin Exp Pathol 2018;11(3):1439-1445

cytosine to 5-hydroxymethylcytosine in mam-
malian DNA by MLL partner TET1. Science 
2009; 324: 930-935.

[10]	 Wu MZ, Chen SF, Nieh S, Benner C, Ger LP, Jan 
CI, Ma L, Chen CH, Hishida T, Chang HT, Lin YS, 
Montserrat N, Gascon P, Sancho-Martinez I, 
Izpisua Belmonte JC. Hypoxia drives breast tu-
mor malignancy through a TET-TNFalpha-p38-
MAPK signaling axis. Cancer Res 2015; 75: 
3912-3924.

[11]	 Chuang KH, Whitney-Miller CL, Chu CY, Zhou Z, 
Dokus MK, Schmit S, Barry CT. MicroRNA-494 
is a master epigenetic regulator of multiple in-
vasion-suppressor microRNAs by targeting ten 
eleven translocation 1 in invasive human he-
patocellular carcinoma tumors. Hepatology 
2015; 62: 466-480.

[12]	 Hsu CH, Peng KL, Kang ML, Chen YR, Yang YC, 
Tsai CH, Chu CS, Jeng YM, Chen YT, Lin FM, 
Huang HD, Lu YY, Teng YC, Lin ST, Lin RK, Tang 
FM, Lee SB, Hsu HM, Yu JC, Hsiao PW, Juan LJ. 
TET1 suppresses cancer invasion by activating 
the tissue inhibitors of metalloproteinases. 
Cell Rep 2012; 2: 568-579.

[13]	 Sun M, Song CX, Huang H, Frankenberger CA, 
Sankarasharma D, Gomes S, Chen P, Chen J, 
Chada KK, He C, Rosner MR. HMGA2/TET1/
HOXA9 signaling pathway regulates breast 
cancer growth and metastasis. Proc Natl Acad 
Sci U S A 2013; 110: 9920-9925.

[14]	 Neri F, Dettori D, Incarnato D, Krepelova A, Ra-
pelli S, Maldotti M, Parlato C, Paliogiannis P, 
Oliviero S. TET1 is a tumour suppressor that 
inhibits colon cancer growth by derepressing 
inhibitors of the WNT pathway. Oncogene 
2015; 34: 4168-4176.

[15]	 Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-297.

[16]	 Ambros V. The functions of animal microRNAs. 
Nature 2004; 431: 350-355.

[17]	 Asangani IA, Rasheed SA, Nikolova DA, Le-
upold JH, Colburn NH, Post S, Allgayer H. Mi-
croRNA-21 (miR-21) post-transcriptionally 
downregulates tumor suppressor Pdcd4 and 
stimulates invasion, intravasation and metas-
tasis in colorectal cancer. Oncogene 2008; 27: 
2128-2136.

[18]	 Pfeffer SR, Yang CH, Pfeffer LM. The role of 
miR-21 in cancer. Drug Dev Res 2015; 76: 
270-277.

[19]	 Jiang H, Yu WW, Wang LL, Peng Y. miR-130a 
acts as a potential diagnostic biomarker and 
promotes gastric cancer migration, invasion 
and proliferation by targeting RUNX3. Oncol 
Rep 2015; 34: 1153-1161.

[20]	 Wang B, Shen ZL, Jiang KW, Zhao G, Wang CY, 
Yan YC, Yang Y, Zhang JZ, Shen C, Gao ZD, Ye 
YJ, Wang S. MicroRNA-217 functions as a prog-
nosis predictor and inhibits colorectal cancer 
cell proliferation and invasion via an AEG-1 de-
pendent mechanism. BMC Cancer 2015; 15: 
437.

[21]	 Guo JU, Su Y, Zhong C, Ming GL, Song H. Hy-
droxylation of 5-methylcytosine by TET1 pro-
motes active DNA demethylation in the adult 
brain. Cell 2011; 145: 423-434.

[22]	 Ahsan S, Raabe EH, Haffner MC, Vaghasia A, 
Warren KE, Quezado M, Ballester LY, Nazarian 
J, Eberhart CG, Rodriguez FJ. Increased 5-hy-
droxymethylcytosine and decreased 5-methyl-
cytosine are indicators of global epigenetic 
dysregulation in diffuse intrinsic pontine glio-
ma. Acta Neuropathol Commun 2014; 2: 59.

[23]	 Navarro A, Yin P, Ono M, Monsivais D, Moravek 
MB, Coon JS 5th, Dyson MT, Wei JJ, Bulun SE. 
5-Hydroxymethylcytosine promotes prolifera-
tion of human uterine leiomyoma: a biological 
link to a new epigenetic modification in benign 
tumors. J Clin Endocrinol Metab 2014; 99: 
E2437-2445.

[24]	 Wu BK, Brenner C. Suppression of TET1-de-
pendent DNA demethylation is essential for 
KRAS-mediated transformation. Cell Rep 
2014; 9: 1827-1840.

[25]	 Fu HL, Ma Y, Lu LG, Hou P, Li BJ, Jin WL, Cui DX. 
TET1 exerts its tumor suppressor function by 
interacting with p53-EZH2 pathway in gastric 
cancer. J Biomed Nanotechnol 2014; 10: 
1217-1230.


