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MiR-188-3p and miR-133b Suppress Cell
Proliferation in Human Hepatocellular
Carcinoma via Post-Transcriptional
Suppression of NDRG1
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Zhonghuan Ding1, Ying Li3, and Liqing Wei1

Abstract
Background: Previous studies reported that N-myc downstream-regulated gene 1 (NDRG1) was upregulated in various cancer
tissues and decreased expression of miR-188-3p and miR-133b could suppress cell proliferation, metastasis, and invasion and
induce apoptosis of cancer cells. However, the molecular mechanism of NRDG1 involved in hepatocellular carcinoma (HCC)
tumorigenesis is still unknown. Methods: The expressions of miR-188-3p, miR-133b, and NRDG1 in HCC tissues and cells were
quantified by qRT-PCR and Western blot. MTT assay and transwell invasion assay were performed to evaluate cell growth and cell
migration, respectively. Luciferase reporter assay were performed to determine whether miR-188-3p and miR-133b could
directly bind to NRDG1 in HCC cells. Results: The results showed that NRDG1 was upregulated and these 2 microRNAs were
downregulated in HCC tissues. NRDG1 was negatively correlated with miR-188-3p and miR-133b in HCC tissues. MiR-188-3p
and miR-133b were demonstrated to directly bind to 30UTR of NRDG1 and inhibit its expression. Upregulation of miR-188-3p
and miR-133b reduced NRDG1 expression in hepatocellular carcinoma cell lines, which consequently inhibited cell growth and
cell migration. Conclusions: Our finding suggested that miR-188-3p and miR-133b exert a suppressive effect on hepatocellular
carcinoma proliferation, invasion, and migration through downregulation of NDRG1.
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Introduction

At present, hepatocellular carcinoma (HCC) remains one of the

deadliest forms of cancer in the world, and yet no curative

therapies exist for individuals with advanced forms of this

disease.1 HCC tumors exhibit high rates of genomic instability

that can lead them to become highly aggressive and metastatic,

resulting in their being the 4th most common cause of cancer-

associated death globally. Despite the serious nature of this

disease, the molecular mechanisms governing HCC develop-

ment and progression are incompletely understood. In particu-

lar, the identification of the genes that serve as a molecular

switch governing uncontrolled HCC cell growth is essential

in order to guide efforts to disrupt HCC progression, and at

present, the identity of such master regulators of HCC progres-

sion remains uncertain.
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N-myc downstream-regulated gene 1 (NDRG1) is an NDRG

family gene that has been shown to play key roles in cellular

growth, differentiation, responses to stress, and hormone

responses.2 Previous reports have highlighted the overexpres-

sion of NDRG1 in gastric cancer, cervical cancer, renal cancer,

and squamous cell carcinoma, suggesting it may play a role in

driving the development or progression of these cancers.3-5

Indeed, altered NDRG1 expression levels have been detected

in liver cancer, with the degree of NDRG1 expression being

positively correlated with carcinogenesis and suggesting that

NDRG1 targeting may be an ideal means of treating and curing

these cancers.6,7 For example, in past studies reductions in the

expression of NDRG1 have been linked with increases in over-

all survival (OS),8-11 whereas increases in the expression of this

gene have been found to correlate with the poorer OS.4,6,12,13

Still, other researchers have highlighted the potential relevance

of NDRG1 as a potentially valuable prognostic biomarker in

cancer patients in addition to its role in the context of

tumorigenesis.3,14,15

MicroRNAs (miRNAs) are small RNA molecules (*22

nucleotides) that lack coding potential and yet can regulate a

wide variety of target genes at the post-transcriptional level via

directly interacting with mRNA molecules and inhibiting their

translation or even mediating their degradation.10 Countless

studies have documented the roles for specific miRNAs in

regulating key processes including apoptosis, metabolic activ-

ities, cellular differentiation, and tumor invasion and metasta-

sis.16 Given their close association with specific pathways

linked to oncogenesis, certain miRNAs may thus represent

ideal biomarkers of carcinogenesis and/or viable therapeutic

targets in cancer. Of particular note, both miR188-3p and

miR-133b have been identified as putative tumor suppressor

miRNAs in gastric, lung, and cervical cancer owing to their

abilities to specifically target certain oncogenes.17-19 Many

tumor suppressor miRNAs, which normally constrain proto-

oncogene expression, are downregulated in cancer, and as such

the introduction of synthetic miRNA mimics of such tumor

suppressor miRNAs may be an ideal means of treating patients

suffering from both solid and hematological cancers. The role

of such tumor suppressor miRNAs in HCC, however, remains

poorly studied and warrants further investigation.

In the present study, we therefore assessed NDRG1 expres-

sion in HCC and assessed the relationship between the expres-

sion of this gene and that of miR188-3p and miR-133b. We

observed significant increases in NDRG1 expression in human

HCC clinical samples, with the expression of this gene being

inversely correlated with that of miR188-3p and miR-133b,

which are known to suppress NDRG1 expression. When HCC

cells were treated so as to increase miR188-3p and miR-133b

expression, this led to a marked reduction in NDRG1 expres-

sion and substantial inhibition of the migratory and prolifera-

tive activity of these tumor cells. Together, these results

suggest that miR-188-3p and miR-133b can regulate NDRG1

at the post-transcriptional level in HCC, indicating that the

therapeutic use of mimics of these miRNAs may be a

promising means of targeting NDRG1 and constraining tumor

growth in affected patients.

Materials and Methods

Patient Sample Collection

In total, we collected 43 HCC patient tumor samples and

matched paracancerous tissue samples (from the marginal zone

>5 cm from the tumor) from the Central Hospital of Wuhan,

Tongji Medical College, Huazhong University of Science and

Technology (Wuhan, China). Samples were only collected

from patients who had not undergone any specific tumor treat-

ments prior to surgical biopsy or resection. A pathologist con-

firmed the diagnosis of HCC for all tumor samples. All

experiments involved in human specimens were approved by

The Research Ethics Committee of Wuhan Central Hospital

(approval NO.19M031). All patients provided written informed

consent prior to enrollment in this study.

Cell Culture

The HepG2 HCC cell line was from the Cell Bank of the

Chinese Academy of Sciences and was grown in DMEM con-

taining 10% FBS in a 5% CO2 incubator at 37oC.

Western Blotting

RIPA buffer supplemented with protease inhibitors, PMSF (1

mM), Na3VO4 (1 mM), and NaF (1 mM) was used for cell

lysis, after which a BCA assay (Rockford, IL, USA) was used

to assess protein levels in samples. Equal protein contents were

then separated via SDS-PAGE and transferred onto a polyvi-

nylidene fluoride (PVDF) membranes (#ISEQ00010, Milli-

pore, MA, USA) that were then blocked in 5% skim milk

prepared in TBST. Blots were then incubated overnight with

primary antibodies specific for GAPDH (#5174, CST, USA) or

NDRG1 (10893-1-AP, Proteintech, Wuhan, China) at 4oC.

After washing in TBST, the membranes were visualized by

enhanced chemiluminescence kit (#RPN2232, Amersham,

GE Health, UK) and photographed.

qRT-PCR

Primers specific for genes of interest and GAPDH were synthe-

sized by Sangon (Shanghai, China) Table 1, while appropriate

sequence-specific primers corresponding to miRNAs of inter-

est and the control U6 snRNA were also generated (Table 1).

M-MLV (Promega, USA) or a miRNA reverse transcription kit

(Qiagen, USA) were used based on provided directions in order

to mediate RNA reverse transcription, after which qRT-PCR

(BioRad, CFX96, USA) was conducted with the isolated

cDNA. Thermocycler settings were as follows: 95oC for 10

min; 40 cycles of 95oC for 15 s, 65oC for 5 s, and 72oC for

45 s. Gene expression for mRNAs and miRNAs of interest was

determined based upon the Ct values for each gene following
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normalization to GAPDH and U6 controls, respectively, with

triplicate samples analyzed in all analyses.

Transfection

Cells were plated at 50% confluence for 16 h, after which they

were transfected using 20 ul Opti-MEM (Invitrogen, USA)

containing appropriate miRNA or RNAi constructs, after

which downstream assays were performed as indicated.

miRNA mimics and miR-NC were all obtained from Sangon

Biotech (Shanghai, China).

Luciferase Assays

The 30-UTR of the NDRG1 mRNA was amplified and was then

cloned into the pGL3 vector using the primers shown in Table

2, with Xba1 digestion and CIP treatment used to remove 50

phosphates from the vector prior to ligation to prevent self-

assembly. Sequencing was used to confirm the identity and

orientation of the pGL3-NDRG1 30UTR vector _ HepG2 cells

were then co-transfected with this vector together with the

control TK vector and appropriate miRNAs or other constructs

as in past studies.20 After 24 h, luciferase activity was assessed

based on provided directions. Dual-Luciferase Assay System

from Promega (Madison, WI, USA) was used to measure the

activities of firefly luciferase and Renilla luciferase in the cell

lysates.

MTT Assay

Cell proliferation was analyzed via an MTT assay. Briefly,

treated cells were added to 96-well plates (1000/well), after

which 100 mg/well MTT (3-(4,5-methylthiazol-2-yl)-2, 5-

diphenyl-tetrazolium bromide) (Servicebio, Wuhan, China)

was added per well for 4 h. After this time, DMSO was used

to solubilize formazan products in cells, and absorbance at 490

nm was assessed. Samples were analyzed in triplicate.

Cell Migration Assay

Cells were first collected and were then resuspended in serum-

free media, after which they were added to the upper chamber

of a transwell insert (BD, Biosciences, San Jose, CA, USA, 8

mm pore size; 5 � 104 cells/chamber). Media that contained

10% FBS was added to the lower chamber as a chemoattractant

for these cells. Cells were then incubated for 6 h, after which

3.7% formaldehyde was used to achieve cell fixation followed

by staining of cells with crystal violet. Non-migratory cells

were then carefully removed using a cotton swab, whereas cells

that had migrated into the lower chamber were quantified via

microscopic analysis.

Data Analysis

Prism 6.0 (Graphpad Software, CA, USA) was used for statis-

tical testing. Data are means + SD and were compared via

Student’s t-tests, 2-way ANOVAs, or repeated measures ANO-

VAs as appropriate, with P < 0.05 as the significance threshold.

Results

The Demographic, Clinical Characteristics of the Study
Population

The age of the 43 patients ranged from 43 to 76 years with a

mean of 56.3 (+11.3) years. The ratio of men to women was

4.38 (35/8), and 26 of 43 patients had a family history of HCC,

31 patients had chronic HBV infection, 1 patient was positive

Table 1. Primers Used in This Study.

Primer name Forward Reverse

miR-188-3p CTCCCACATGCAGGGTTTG CTCAACTGGTGTCGTGGAGTC

miR-133 b CCTGGTCCCCTTCAACCAG CTCAACTGGTGTCGTGGAGTC

NDRG1 TCATCAATGCCTACAACAGCC GTCCAATTTTGAGTTGCACTCC

GAPDH CATCATCCCTGCCTCTACTGG GTGGGTGTCGCTGTTGAAGTC

U6 CTCGCTTCGGCAGCACAT AACGCTTCACGAATTTGCGT

30UTR of NDRG1 AGGTCTATTACGTGGGTGCCC CTTGGCTTTGTGAAGTGTGTGC

Table 2. miRNA Mimics and Antago-miRNA.

Name Sense Antisense

Si-NDRG1 GGGAUUCCUUGUUGUUGUGUU UUCCCUAAGGAACAACAACAC

Si-NC UGUGACGUCGUUGUGUUUGUU AACAAACACAACGACGUCACA

miR-188-3p CTCCCACATGCAGGGTTTGCA TGCAAACCCTGCATGTGGGAG

miR-133b TTTGGTCCCCTTCAACCAGCTA TAGCTGGTTGAAGGGGACCAAA

NC CAACCCGCTAGGCTTTGCGTA TACGCAAAGCCTAGCGGGTTG

Antago-miR-188-3p CTCCCACATGCAGGGTTTGCA No

Antago-miR-133 b TTTGGTCCCCTTCAACCAGCTA No

Antago-NC CAACCCGCTAGGCTTTGCGTA No
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for hepatitis C virus RNA, and 19 patients had cirrhosis of the

liver. The median tumor size was 45 mm (IQR 25-68). The

number of diagnosed cases of AJCC stage T1, T2, T3, and T4

disease was 25, 7, 6, and 5, respectively.

HCC Patient Samples Exhibit Increased NDRG1 mRNA
and Protein Levels

While previous studies have highlighted increased NDRG1

expression in HCC and other cancer types,14,21 further studies

of its baseline expression in HCC are still needed. To that end,

we obtained HCC tumor tissue and paracancerous normal tis-

sue samples and analyzed NDRG1 expression therein. We

found that there was relatively limited NDRG1 expression in

healthy normal tissue, whereas its expression was markedly

enhanced in cancerous tissue samples (Figure 1A). To further

explore the basis for this increased NDRG1 expression, we

analyzed NDRG1 mRNA expression in these samples, again

revealing increased expression of this gene in cancerous tissues

relative to normal control samples (Figure 1B). The magnitude

of this difference, however, was less pronounced than at the

protein level suggesting that post-transcriptional regulatory

mechanisms may further lead to enhanced protein level

increases in NDRG1 expression in HCC.

miR188-3p and miR-133b Expression Is Negatively
Correlated With That of NDRG1

Given this possibility of post-transcriptional NDRG1 regula-

tion, we next sought to identify potential miRNA regulators of

the NDRG1 30-URT using the miRbase platform, which high-

lighted miR188-3p and miR-133b as potential regulators of this

mRNA (Figure 2A). To confirm this possibility, we therefore

next assessed miR188-3p and miR-133b expression in the

abovementioned tumor and adjacent control samples. We

observed striking reductions in the expression levels of both

of these miRNAs in cancerous tissue samples relative to para-

cancerous controls, with a clear negative correlation between

their expression and that of NDRG1 in tumor tissues (Figure 2B

and C). We therefore next examined whether miR188-3p and

miR-133b were able to directly target the NDRG1 mRNA in

HCC as predicted via screening available HCC cell lines for

expression of these miRNAs and NDRG1. Of the tested cells,

we found the HepG2 line to exhibit moderate expression levels

of all of these genes (data not shown), making this cell line

ideal for genetic manipulation to explore the interactions

between NDRG1 and miR188-3p/miR-133b. We therefore

transfected HepG2 cells with either mimics or antagonists of

miR188-3p and miR-133b and then assessed NDRG1 in trans-

fected cells, confirming transfection efficiency via qRT-PCR

(Figure 3A and B). Consistent with the bioinformatic predic-

tions, we found that transfecting these HCC cells with mimics

of miR188-3p or miR-133b resulted in a clear reduction in the

expression of NDRG1 (Figure 2D and E). In contrast, when

endogenous levels of miR188-3p or miR-133b were repressed

using antagonistic constructs, NDRG1 expression levels rose in

treated cells (Figure 2D and E). A luciferase reporter assay

further confirmed that miR188-3p and miR-133b were both

able to bind to the 30UTR of NDRG1 and thereby repress its

transcription, whereas reducing levels of these miRNAs

resulted in increased NDRG1 reporter activity (Figure 2F).

miR188-3p and miR-133b Mediate the NDRG1-
Dependent Inhibition of HCC Growth and Migration

Given that our results thus far suggested the possibility that

miR188-3p and miR-133b may be linked with NDRG1 dysre-

gulation in HCC, we next explore the direct functional impact

Figure 1. HCC patient samples exhibit increased NDRG1 expression. A, Western blotting was used to assess NDRG1 protein levels in 43 paired

patient HCC samples and paracancerous control samples, with GAPDH as a loading control. B, Expression of NDRG1 at the mRNA level was

assessed in the 43 indicated patient samples via qRT-PCR, with GAPDH as a normalization control. Expression was normalized to that in

normal tissues. Data are means + SD (**P < 0.01).
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of this regulatory relationship in HepG2 cells. RNAi-mediated

NDRG1 knockdown led to reduced expression of NDRG1 in

these HepG2 cells as expected (Figure 3C), and this in turn

markedly reduced the migratory activity of these cells (Figure

3D and E). Similarly, transfecting these cells with a miR188-3p

mimic impaired both the growth (Figure 4A) and migratory

activity of these cells (Figure 4B and C). When miR188-3p

was instead antagonized, the opposite impact on cellular

Figure 2. NDRG1 expression is negatively correlated with that of miR188-3p and miR-133b. A, The Targetscan tool was used to assess the 30-
UTR of the NDRG1 mRNA to identify potential sites for miR188-3p and miR-133b binding. B, Expression of miR188-3p was assessed in

patient samples from Figure 1 via qRT-PCR, normalizing expression to that of the U6 snRNA (**P < 0.01). C, Expression of miR-133b was

assessed in patient samples from Figure 1 via qRT-PCR, normalizing expression to that of the U6 snRNA (**P < 0.01). D, HepG2 cells were

transfected using a miR-188-3p mimic, antagonist, or appropriate control constructs, and then NDRG1 expression was assessed via Western

blotting. E, HepG2 cells were transfected using a miR-133b mimic, antagonist, or appropriate control constructs, and then NDRG1 expression

was assessed via Western blotting. F, HepG2 were co-transfected using a control TK-Renilla reporter, an NDRG1 30-UTR luciferase reporter,

and appropriate miRNA mimics or antagonists. After 24 h, luciferase activity was measured and normalized to Renilla activity (*P < 0.05). Data

are means + SD of triplicate analyses.
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growth and migration was observed. In contrast, when miR188-

3p activity was antagonized in cells in which NDRG1 had first

been knocked down, no significant changes in cellular prolif-

eration or migration were observed (Figure 4A-C). This thus

suggested that NDRG1 is a primary target of miR188-3p, med-

iating its tumor suppressor-like role in HCC. Consistent with

this, comparable findings were observed upon knockdown of

NDRG1 and miR-133b in HepG2 cells, suggesting that this

miRNA is similarly important for HCC cell proliferation and

migration (Figure 4D-F).

Discussion

At present, HCC remains the 4th deadliest cancer globally,1

with conventional treatment strategies including hepatic resec-

tion and transplantation being unsatisfactory for many patients

with more advanced disease. As such, a better understanding of

the molecular mechanisms governing HCC cell growth and

metastasis are vital in order to improve clinical understanding

and treatment options for HCC patients. In this study, we pro-

vided novel evidence shown that miR188-3p and miR-133b

can suppress NDRG1 expression in HCC, leading to suppres-

sion of cellular growth and migration. When these miRNAs

became dysregulated, this resulted in enhanced NDRG1

expression and activity. Dysregulated NDRG1 activity has

been detected in many cancer types, and the therapeutic target-

ing of NDRG1 has thus been highlighted as a potentially ideal

strategy for treating patients with HCC and other forms of

malignancies.14,21 While these early results are promising,

additional work is needed to understand the specific mechan-

isms governing NDRG1 upregulation in HCC in order to high-

light potential strategies for therapeutic inhibition of this gene.

Recent work has clearly shown that miRNAs are often dys-

regulated in cancers and that this dysregulation can have a

profound impact on oncogenesis in HCC and other tumor

types.22 The specific mechanisms governing oncogenesis in

particular contexts, however, remains to be fully clarified. In

this report, we demonstrated that both miR188-3p and miR-

133b are downregulated in HCC relative to normal tissue con-

trols. When overexpressed, both of these miRNAs were able to

inhibit HCC tumor cell growth and migratory activity and to

reduce NDRG1 expression, suggesting that both miR188-3p

and miR-133b exhibit tumor-suppressive activities in HCC.

In line with our findings, previous studies have observed

downregulation of both miR188-3p and miR-133b in many

cancer types consistent with their tumor-suppressive roles.

Indeed, our results suggest that miR188-3p and miR-133b sup-

press tumor growth at least in part via targeting NDRG1, poten-

tially in parallel as individual antagonism of either of these

miRNAs alone failed to recapitulate the phenotype observed

Figure 3. NDRG1 knockdown impairs cellular migration. A, Transfection efficiency of miR188-3p and its antagonist. B, Transfection

efficiency of miR-133b and its antagonist. C, NDRG1 knockdown efficiency at 48 h post-transfection of HepG2 cells with appropriate RNAi or

control constructs in a 6-well plate, as assessed via Western blotting. D, After transfecting HepG2 cells with appropriate siRNA or control

constructs for 24 h (a, no treatment; b, siNC; c, si-NDRG1), transwell migration assays were performed revealing a significant impairment in

cellular migration upon NDRG1 knockdown. Assays were repeated in triplicate. E, Statistical analysis of results from (B) (*P < 0.05).
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Figure 4. miR188-3p and miR-133b-mediated inhibition of HCC proliferation and migration is NDRG1-dependent. A, At 12 h post-transfection

with the indicated combinations of NDRG1 siRNA and miR188-3p mimics or antagonists, HepG2 cells were plated in 96-well plates and assessed

via MTT assay at the indicated time points, revealing that miR-188-3p impaired cell growth whereas antagonizing it had the opposite effect, while

antagonism of this miRNA had no impact on proliferation when NDRG1 was also knocked down. B, Cells treated as in (A) were used for transwell

migration analyses. C, Statistical analysis of data from (B). D, After being transfected with the indicated combinations of NDRG1 siRNA and miR-

133b mimics or antagonists, HepG2 cells were analyzed via MTT assays at the indicated time points. E, Cells treated as in (D) were used for

transwell migration analysis. F, Statistical analysis of data from (E). Data are means + SD of triplicate analyses (*P < 0.05).

Luo et al 7



upon NDRG1 knockdown. It is important to consider that miR-

NAs are able to regulate myriad distinct target mRNAs, and as

such both miR188-3p and miR-133b likely regulate many other

target genes beyond NDRG1. While our results thus show that

miR188-3p and miR-133b regulation of NDRG1 is a key

mechanism governing HCC cell growth and proliferation, we

cannot exclude the possibility that other targets of these miR-

NAs contribute to our observed phenotypes.

However, there still existed several limitations in our study.

The sample size of our study is small and the relationship

between these miRNAs needs to be further explored, the inhibi-

tory effect of miR-188-3p transfection alone on NDRG1 was not

significantly different compared with miR-133b transfection

alone. Our current study has not clarified whether miR-188-3p

and miR-133b can both act to inhibit NDRG1 expression, and

which of them is more dominant and critical needs to be further

elucidated in our future studies, such as cotransfecting them to

observe their effects on NDRG1 expression.

We assume that these miRNAs have other target mRNAs

which are tumor promoters and overexpression of these miR-

NAs hinders the expression of these mRNAs driving to a much

better antitumor effect. Be that as it may, its potential compo-

nent remains to be assist explored, and affirmed. Since numer-

ous previous studies report the involvement of NDRG1 in

ERK/MMP-9 pathway,23 further investigation is warranted to

study the pathways regulated by NDRG1 in HCC and to deline-

ate its relationship with miR-188-3p and miR-133b.

Post-transcriptional regulation often serves as a negative or

positive feedback mechanism in the context of cancer

growth,24 and as such the targeting of the mechanisms under-

lying this feedback circuit is vital to prevent tumor propagation.

As they are very small, miRNAs may represent ideal therapeu-

tic mechanisms for disrupting such regulatory circuitry given

that they can be delivered to cells more easily than can larger

proteins or nucleic acid constructs, mediating their regulatory

activity immediately upon cellular entry.

Authors’ Note

Zhenzhao Luo, Yue Fan, and Xianchang Liu contributed equally to

this work. The data are available upon reasonable request. All

experiments involved in human specimens were approved by The

Research Ethics Committee of Wuhan Central Hospital (approval no.

19M031). All patients provided written informed consent prior to

enrollment in this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This

research was supported by the Health Commission of Hubei Province

scientific research project (WJ2019M031) and Excellent Youth Foun-

dation of Health and Family Planning Commission of Wuhan Muni-

cipality (WX17Q10).

ORCID iD

Liqing Wei https://orcid.org/0000-0001-9882-5307

Supplemental Material

Supplemental material for this article is available online.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.

Global cancer statistics 2018: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries.

CA Cancer J Clin. 2018;68(6):394-424.

2. Fang BA, Kovacevic Z, Park KC, et al. Molecular functions of the

iron-regulated metastasis suppressor, NDRG1, and its potential as

a molecular target for cancer therapy. Biochim Biophys Acta.

2014;1845(1):1-19.

3. Nishio S, Ushijima K, Tsuda N, et al. Cap43/NDRG1/Drg-1 is a

molecular target for angiogenesis and a prognostic indicator in

cervical adenocarcinoma. Cancer Lett. 2008;264(1):36-43.

4. Xu X, Liu Z, Wang J, et al. Global proteomic profiling in multi-

step hepatocarcinogenesis and identification of PARP1 as a novel

molecular marker in hepatocellular carcinoma. Oncotarget. 2016;

7(12):13730-13741.

5. Wang Y, Zhou Y, Tao F, et al. N-myc downstream regulated gene

1 (NDRG1) promotes the stem-like properties of lung cancer cells

through stabilized c-Myc. Cancer Lett. 2017;401:53-62.

6. Cheng J, Xie HY, Xu X, et al. NDRG1 as a biomarker for metas-

tasis, recurrence and of poor prognosis in hepatocellular carci-

noma. Cancer Lett. 2011;310(1):35-45.

7. Yan X, Chua MS, Sun H, So S. N-myc down-regulated gene 1

mediates proliferation, invasion, and apoptosis of hepatocellular

carcinoma cells. Cancer Lett. 2008;262(1):133-142.

8. Ma J, Gao Q, Zeng S, Shen H. Knockdown of NDRG1 promote

epithelial-mesenchymal transition of colorectal cancer via NF-

kappaB signaling. J Surg Oncol. 2016;114(4):520-527.

9. Ando T, Ishiguro H, Kimura M, et al. Decreased expression of

NDRG1 is correlated with tumor progression and poor prognosis

in patients with esophageal squamous cell carcinoma. Dis Eso-

phagus. 2006;19(6):454-458.

10. Jiang F, Yu Q, Chu Y, et al. MicroRNA-98-5p inhibits prolifera-

tion and metastasis in non-small cell lung cancer by targeting

TGFBR1. Int J Oncol. 2019;54(1):128-138.

11. Mao Z, Sun J, Feng B, et al. The metastasis suppressor, N-myc

downregulated gene 1 (NDRG1), is a prognostic biomarker for

human colorectal cancer. PLoS One. 2013;8(7):e68206.

12. Kawahara A, Akiba J, Hattori S, et al. Nuclear expression of N-

myc downstream regulated gene 1/Ca(2þ)-associated protein 43

is closely correlated with tumor angiogenesis and poor survival in

patients with gastric cancer. Exp Ther Med. 2011;2(3):471-479.

13. Chua MS, Sun H, Cheung ST, et al. Overexpression of NDRG1 is

an indicator of poor prognosis in hepatocellular carcinoma. Mod

Pathol. 2007;20(1):76-83.

14. Dickinson A, Saraswat M, Makitie A, et al. Label-free tissue

proteomics can classify oral squamous cell carcinoma from

healthy tissue in a stage-specific manner. Oral Oncol. 2018;86:

206-215.

8 Technology in Cancer Research & Treatment

https://orcid.org/0000-0001-9882-5307
https://orcid.org/0000-0001-9882-5307
https://orcid.org/0000-0001-9882-5307


15. Azuma K, Kawahara A, Hattori S, et al. NDRG1/Cap43/Drg-1

may predict tumor angiogenesis and poor outcome in patients

with lung cancer. J Thorac Oncol. 2012;7(5):779-789.

16. Pradhan AK, Emdad L, Das SK, Sarkar D, Fisher PB. The

enigma of miRNA regulation in cancer. Adv Cancer Res.

2017;135:25-52.

17. Peng Y, Shen X, Jiang H, et al. miR-188-5p suppresses gastric

cancer cell proliferation and invasion via targeting zfp91. Oncol

Res. 2018;27(1):65-71.

18. Pan JY, Sun CC, Bi ZY, et al. MiR-206/133b cluster: a weapon

against lung cancer? Mol Ther Nucleic Acids. 2017;8:442-449.

19. Servin-Gonzalez LS, Granados-Lopez AJ, Lopez JA.

Families of microRNAs expressed in clusters regulate cell

signaling in cervical cancer. Int J Mol Sci. 2015;16(6):

12773-12790.

20. Oukka M, Wein MN, Glimcher LH. Schnurri-3 (KRC) interacts

with c-Jun to regulate the IL-2 gene in T cells. J Exp Med. 2004;

199(1):15-24.

21. Chang X, Xu X, Ma J, et al. NDRG1 expression is related to the

progression and prognosis of gastric cancer patients through mod-

ulating proliferation, invasion and cell cycle of gastric cancer

cells. Mol Biol Rep. 2014;41(9):6215-6223.

22. Hayes CN, Chayama K. MicroRNAs as biomarkers for liver dis-

ease and hepatocellular carcinoma. Int J Mol Sci. 2016;17(3):280.

23. Fu Y, Wei J, Dai X, Ye Y. Increased NDRG1 expression attenuate

trophoblast invasion through ERK/MMP-9 pathway in pree-

clampsia. Placenta. 2017;51:76-81.

24. Dai J, Wu H, Zhang Y, et al. Negative feedback between TAp63

and Mir-133b mediates colorectal cancer suppression. Oncotar-

get. 2016;7(52):87147-87160.

Luo et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


