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Abstract

AIM

To investigate if the down-regulation of N-myc Down-
stream Regulated Gene 2 (NDRGZ2) expression in
colorectal carcinoma (CRC) is due to loss of the NDRGZ2
allele(s).

METHODS

The following were investigated in the human colorectal
cancer cell lines DLD-1, LoVo and SW-480: NDRG2 mRNA
expression levels using quantitative reverse transcription-
polymerase chain reaction (QRT-PCR); interaction of the
MYC gene-regulatory protein with the NDRGZ promoter
using chromatin immunoprecipitation; and NDRGZ2
promoter methylation using bisulfite sequencing. Further-
more, we performed gPCR to analyse the copy numbers
of NDRG2 and MYC genes in the above three cell lines,
8 normal colorectal tissue samples and 40 CRC tissue
samples.

RESULTS

As expected, NDRG2 mRNA levels were low in the three
colorectal cancer cell lines, compared to normal colon.
Endogenous MYC protein interacted with the NDRGZ
core promoter in all three cell lines. In addition, the
NDRGZ2 promoter was heavily methylated in these cell
lines, suggesting an epigenetic regulatory mechanism.
Unaltered gene copy numbers of NDRGZ2 were observed
in the three cell lines. In the colorectal tissues, one
normal and three CRC samples showed partial or
complete loss of one NDRGZ allele. In contrast, the MYC
gene was amplified in one cell line and in more than
40% of the CRC cases.
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CONCLUSION

Our study suggests that the reduction in NDRGZ2 expres-
sion observed in CRC is due to transcriptional repression
by MYC and promoter methylation, and is not due to
allelic loss.

Key words: N-myc downstream-regulated gene 2;
Colorectal carcinoma; MYC; Tumor suppressor; Allelic
loss; Gene amplification; Copy humber

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: NDRGZ is a putative tumor suppressor gene
whose expression is reduced in many cancer forms,
including colorectal carcinoma (CRC). We set out
therefore to investigate if down-regulation of NDRGZ2
expression was due to loss of one or both alleles and/or
to other mechanisms. In our paper, we show that allelic
loss of NDRGZ is a rare event in CRC. To our knowledge,
this is the first study that has specifically investigated
gene copy humber of NDRGZ in CRC. Furthermore, our
results suggest that MYC is amplified in more than 40%
of CRC cases. MYC is known to repress transcription
of MDRGZ. Our results lead us to suggest that it is the
transcriptional control of NDRGZ2 expression, including
repression by MYC and epigenetic regulation, that
results in decreased NDRG2 mRNA levels in CRC, rather
than allelic loss of NDRGZ.

Lorentzen A, Mitchelmore C. NDRG2 gene copy number
is not altered in colorectal carcinoma. World J Clin Oncol
2017; 8(1): 67-74 Available from: URL: http://www.wjgnet.
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INTRODUCTION

N-myc downstream regulated gene 2 (NDRG2)
is one of four genes belonging to the NDRG gene
family. Common for these genes is an NDR domain,
a protein motif covering almost the entire protein,
but the cellular functions of these genes are currently
unclear’™?. NDRG2 expression has been found to be
down-regulated in several human cancers including
colorectal carcinoma (CRC), hepatocellular carcinoma,
glioblastoma and thyroid cancer®”). NDRG2 is a candi-
date tumor suppressor gene, with a better overall
survival for CRC, hepatocellular carcinoma and glioma
patients displaying expression of the gene compared
to low or no expression®*?. Further evidence of the
tumor suppressor function of NDRG2 comes from the
observation that NDRG2-lacking mice develop various
types of tumors, and from xenograft studies showing
that NDRG2-expressing tumor cells implanted in nude
mice form smaller tumors and fewer metastases than
control cells™™!, NDRG2 has a number of downstream
targets, including activation of phosphatase and tensin
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homolog, a known tumor suppressor in the PI3K-AKT
pathway™¢,

Several mechanisms have been suggested as
possible regulators of NDRGZ2 expression, of which epig-
enetic silencing, due to promoter hypermethylation, is
the most widely observed™*®®*>'*'1_ However, other
regulatory mechanisms may also play a role. One
example could be the transcription factor MYC, which
is characterised as a proto-oncogene often altered in
human cancers™®. The biological function of MYC seems
to be to either activate or repress the transcription of
target genes!®?’., Zhang et al*!! have previously shown
that ectopically expressed MYC is able, via Miz-1, to
interact with and to repress transcription from the
NDRG2 promoter. Moreover, correlation of high MYC
with reduced NDRGZ2 expression has been observed in
different cancers and cancer cell lines!™>#?*, However,
an inverse relation between MYC levels and NDRGZ2
expression seems not to apply to all cancer types™’,

CRC is, like most other cancers, a malignant disease
with a combination of both genetic and epigenetic
changes. One of these changes is chromosome instabi-
lity, which affects one or several chromosomal regions.
Many groups have analysed changes in gene copy
numbers in CRC by different approaches and found
numerous chromosomal gains and losses®®?®*, In the
study by Lagerstedt et af*®, the status of CRC samples
classified as Dukes stages A-D was analysed, showing
an increasing frequency of allelic losses at more severe
stages (Dukes C and D). According to their data, allelic
deletions in chromosome 14, containing the NDRGZ2
gene, is already found at earlier stages (Dukes A and
B) and becomes more frequent at the later stages.
Although chromosome 14 is not considered one of the
deletion hot spot regions, such as chromosome 8p or
18q™"*%%* e hypothesised that deletions in chromo-
some 14 could lead to loss of one or both of the NDRG2
alleles. On the other hand, the MYC gene is found on
chromosome 8q, and gains of this large chromosome
arm are frequently found in CRC*****? Analysing the
gene copy number of MYC is therefore of interest with
regards to its possible regulatory effect on NDRG2.

In this study, we demonstrate a frequent increase
in the gene copy number of MYC in CRC. In contrast,
we find that changes in the copy number of the NDRG2
locus are rare in CRC, and we suggest that reduced
expression of NDRG2 in CRC is due to epigenetic and
MYC-related transcriptional repression.

MATERIALS AND METHODS

Cell lines and genomic DNA

The DLD-1, LoVo and SW-480 colorectal cancer cell lines
were a gift from Associate Professor Ole Vang, Roskilde
University. Cells lines were incubated and maintained
at 37 °C in an environment of humidified air with 5%
CO:2 in McCoy’s 5A + GlutaMaxTM-1 media with 10%
Fetal Bovine Serum and 1% Penicillin-Streptomycin
(Invitrogen). RNA from cell lines was purified with
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the SV total RNA isolation kit (Promega) and genomic
DNA was purified by ethanol precipitation after an
overnight Proteinase K treatment. Reference human
genomic DNA, purified from blood lymphocytes, was
obtained from Roche Diagnostics, United States (Cat.
N0.11691112001). As a normal colonic control we used
commercially available DNA (BioChain Institute Inc.,
D4234090). Human colon genomic DNA from tissue
classified as either normal or tumorigenic was obtained
from BioChain Inc, United States (Cat. no. D8235090-1;
Supplementary Table S1). The commercial supplier
confirms that tissue and data collection were ethically
approved by their Institutional Regulatory Board and
that informed consent was obtained from all human
subjects.

Chromatin immunoprecipitation

The chromatin immunoprecipitation (ChIP) kit from
Abcam (Ab500) was used according to the instructions,
with inclusion of a final ethanol precipitation to
increase the DNA concentration. Antibody against MYC
(Abcam, ab56-100) was used at a concentration of
5 Hg per reaction. The primers used in the PCR step
were designed to cover the core promoter region in
NDRGZ2 (-80 to +93, Figure 1A) and their sequences
were (5’-3"): CTTGAGGCATTGACCCCAGAG and
CTCTTTGCTGCGTCCCGAC.

Bisulfite treatment and sequencing

Bisulfite treatment of genomic DNA was performed
as previously described™, using glycogen as carrier,
and the precipitated DNA was redissolved in TE buffer,
amplified by PCR and sequenced directly. The primers
were designed to cover 16 CpG sites in the promoter
region in NDRGZ2 (Figure 1A) and their sequences
were (5-3'): TTTTCGAGGGGTATAAGGAGAGTTTATTTT
and CCAAAAACTCTAACTCCTAAATAAACAPY, A
positive control with in vitro methylated (IVM) DNA
was prepared by mixing 2 uL NEB2 buffer, 1 uL 20
x S-adenosylmethionine (New England Biolabs,
B9003S), 200 ng reference human genomic DNA and
1 pL SssI methyltransferase (New England BiolLabs,
M0226S) in a total of 20 uL. Samples were incubated
at 37 °C overnight with occasional addition of 2 uL 20
x S-adenosylmethionine to ensure sufficient methyl-
donor substrate. The following description was used for
each CpG site: Unmethylated (no methylation signal);
weakly methylated (methylation signal was less than
or approximately equal to unmethylated signal); and
strongly methylated (methylation signal was greater
than unmethylated signal).

Quantitative real-time PCR

Determination of gene copy number was based
on the LightCycler technology using SYBR Green.
The sequences of the primers were (5’-3"): NDRG2
(5" end): CCCCTTGCCTTCTAACTTCCCA and ACA-
GCCCCTCCTCCCACCTT; NDRG2 (3' end): GGGG-
TGAACGAAGAACAAAACAAAG and CGAGGGAGAC-
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GGTGAGATGAGG; MYC: CCAGAGGAGGAACGAGCTAA
and TTGGACGGACAGGATGTATG; GFAP: TGACCC-
TCTCCACCCCATAGTGAC and CAGCAGCAGTGC-
CCTGAAGATTAG; and MECP2: TCAGAGGGTGTG-
CAGGTGAA and TTGAAAAGGCATCTTGACAAGGA. In a
validation experiment using a control sample, a dilution
series was produced and assayed for NDRG2, MYC,
GFAP and MECP2. When C: values were plotted against
log dilution it was shown that the assays are quantitative
over a range of 625-fold dilution for NDRG2 (5’ end),
NDRG2 (3’ end), MYC, MECP2 and 125 for GFAP. All
samples were quantified in triplicates and mean C: values
were normalised to GFAP and used to calculate delta
delta C: (ddCt) relative to the reference human genomic
DNA™®!, Copy number was defined as a loss for ddCt <
0.75 and as a gain for ddCt > 1.25. Quantification of
NDRG2 mRNA expression levels in colorectal cancer cell
lines, using gqRT-PCR and normalisation to p-actin, was
carried out as previously described®.

Statistical analysis

All statistical tests were carried out using GraphPad
Prism 4 software and P values of < 0.05 were
considered significant. An unpaired two-tailed t-test
was used to compare the means of normal-distributed
data for the two groups (normal vs tumor). The null
hypothesis is that there is no difference between the
two groups. When data of the two groups did not have
equal variance, by F test analysis, we used a Mann-
Whitney test.

RESULTS

NDRG2 expression is down-regulated in colorectal
cancer cell lines

In order to examine how NDRGZ2 expression is regulated
in colorectal cancer, we chose to work with three cell
lines. First of all, we quantified NDRG2 mRNA levels in
the three colorectal cancer cell lines DLD-1, LoVo and
SW-480 and observed no or very low expression of
NDRGZ2, when normalised to B-actin and compared to
human colon mRNA from healthy controls (Table 1).

MYC binds to the NDRG2 gene promoter in colorectal
cancer cell lines

We were interested in seeing whether endogenous MYC
was bound to the NDRG2 promoter in these cell lines,
since ectopically expressed MYC is a transcriptional
repressor of NDRG2'*!!, A ChIP experiment did indeed
show binding of endogenous MYC protein to the core
promoter region of NDRGZ in all three colorectal cancer
cell lines (Figure 1B).

The NDRG2 promoter is heavily methylated in colorectal
cancer cell lines

In silico analysis of the NDRG2 promoter predicted a
CpG island between -380 and +1471 relative to the
transcriptional start site (%GC = 66.3, observed/
expected CpG = 0.673, cpgislands.usc.edu/cpg.aspx).
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AACTAACTCATTCCAGGCAGCCTTCCTCCGAGGGGCACAAGGAGAGCTCA 401
1 2
TTCCAGGGTGTGTGTGTGTGTGTGCGTGTGCGTGTGTGTGTARAGTCTAC -351
3 4 5 6
AGTGGCRAARACCCACTCGGGCACOGAGAGGGACGCGGCAGACCCTGAGACC 301
7 8 9 Blsulphlt.e
ATCCCCOGGGCATTGCGATTCAGCGGGCCTGAGCTGGTCTCCTATTCTGS 251 sequencing
analysis
10 11 12
GOCGGACTGGGAGGGGTTAGOGGCGAAGCCACAGGGTCTCTTGGGETCCCA 201
13 14
GCCCAGGACACTGCGTCCTCCCCAAGCCCCTACTCCACCCCOGCAGGGTT -151
15 16
AACTCCGCOCCTGCGCCTGTTTACCCAGGAGTCAGAGCCTCTGGEGGETCC -101
N OGGOC O T O GG O OTTGAGGCATT GACCCCAGAGTCOCTETTG 51 —
GCCATCCTCTCCCCACCCCCCGCCTGCCCGCGATCGCCCTCTATTTATAG 1 Chromatin
immunoprecipitation
KO sCATI CCCOCACCTCOCCGCCTTGTTGTCCARCTTC +50 analysis

B SW480 LoVo DLD-1 Genomic DNA
& N, QL IS QL IS O ® & & O
%o@“@o « @@“@o < 6%“@0 < e Q& ©
Cc
Sample CpG site
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
HEEEEEEEEEEEENN
Colon DNA l
Reference DNA

SW-480

D Unmethylated D Weakly methylated - Strongly methylated Not analysed

Figure 1 Epigenetic and chromatin immunoprecipitation analysis of the NORGZ2 promoter in three colorectal cancer cell lines. A: The NDRG2 gene
sequence around the transcriptional start site at +1. Primer-binding regions for PCR are underlined and CpG sites subjected to methylation analysis are numbered
1 to 16; B: Endogenous MYC interacts with the NDRG2 core promoter. ChIP analysis was carried out on SW-480, LoVo and DLD-1 cell extracts using antibody
against the transcription factor MYC. “No antibody” was without antibody and “input” served as a positive control. Genomic DNA was used as positive control for the
PCR reaction; C: The NDRG2 promoter is hypermethylated in three colorectal cancer cell lines. Bisulfite sequencing was carried out on human genomic DNA from
LoVo, DLD-1 and SW-480 cell lines, normal colonic DNA, reference DNA and in vitro Sssl-methylated (IVM) DNA. Each CpG site was rated as unmethylated, weakly
methylated (< 50% methylated), or strongly methylated (> 50% methylated).
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Table 1 Mean values of normalised levels of NDRGZ2 mRNA
in colorectal cancer cell lines and healthy colonic tissue

Sample mRNA level
DLD-1 cell line 0
LoVo cell line 0.005
SW-480 cell line 0.001
Control human colon® 0.034 + 0.009

All samples were analysed in technical triplicates and normalised to
B-actin mRNA levels. “Previously published data for the mean + standard
deviation for 15 individuals®.

To establish the methylation status of the NDRG2
proximal promoter in all three cell lines, we carried
out bisulfite treatment and sequencing of the region
from -426 to -107, which contains 16 CpG sequences.
Bisulfite treatment converts all unmethylated cytosines
into uracils, while cytosines with a methyl group
attached remain unaltered. As controls, we compared
our results with healthy colon genomic DNA, reference
genomic DNA from normal blood lymphocytes, and IVM
genomic DNA. As presented in Figure 1C, the normal
colon genomic DNA and reference genomic DNA sample
were predominantly weakly methylated, whereas the in
vitro methylated control was completely methylated at
all cytosines. The three colorectal cancer cell lines, LoVo,
DLD-1 and SW-480, displayed strong methylation at
the majority of CpG sites (Figure 1C).

NDRG2 gene copy number is not altered in colorectal
cancer

We wished to determine the allelic copy numbers of
both NDRG2 and MYC in human colorectal carcinoma.
By combining gPCR with the mathematical delta delta
C: equation (ddCt), we were able to quantify both
losses and gains of these genes. Our experimental
setup was validated by analysing the copy numbers of
the X-chromosome linked MECP2 gene in males and
females - with the expected one and two X-chromo-
somes, respectively. As visualised in Figure 2, DNA from
3 females were scored with a ddCt value close to 1.00,
which means that the same gene copy ratio between
MeCP2 and GFAP was present in both the analysed
samples and the reference female genomic sample. A
ddCt value of 1.00 therefore represents the normal two
alleles. On the contrary, males displayed a ddCt value of
approximately 0.50, which represents one allele. Finally,
we tested our setup on an unknown sample clearly
showing the pattern for male DNA. The conclusion was,
therefore, that our setup clearly could differentiate
between females and male, i.e., one and two alleles,
and has the potential to analyse the copy numbers of
NDRG2 and MYC.

We have previously published data showing a
statistically significant down-regulation of NDRG2 mRNA
in CRC™!, and the main aim in the present study has
therefore been to analyse if allelic loss of NDRGZ2 could
explain cases of decreased NDRG2 mRNA levels. For
a thorough investigation of NDRG2, we selected two
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regions of the genomic sequence of NDRGZ2, one lying
in the 5’ part of the sequence and the other lying in the
3’ end. We first analysed the three colorectal cancer cell
lines for both NDRG2 and MYC and found no changes
in the copy number of NDRG2, in contrast to MYC, for
which we observed copy number loss in the LoVo cell
line, the normal two alleles in DLD-1 cells and a clear
copy number gain in SW-480 (Table 2). This latter
result is in agreement with a previous study showing a
5 to 10-fold genomic amplification of MYC in SW-480
cells®®.

We next analysed 8 normal and 40 CRC tissue
samples. In one case out of the eight normal samples,
our data indicated copy number loss at the 5’ end of the
NDRG2 gene; otherwise, none of the samples showed
any copy humber alterations for NDRGZ2 (Table 3). As
summarised in Table 3, 29 out of the 40 CRC samples
(72%) had an unaltered copy number, 2 samples
showed loss at either the 5’ or the 3’ end of NDRG2,
and only in one case did we observe loss at both ends
of the gene. In contrast, we found complete copy
number gain of NDRG2 in 3 cases and partial gain in 9
cases (Supplementary Table S2).

Finally, we determined the copy numbers of MYC in
the same 8 normal and 40 CRC samples, and observed
one case of genomic amplification in the normal
samples. Otherwise, we did not find any allelic changes
in the normal samples (Table 3). For the 40 CRC
samples, we observed copy number loss in 4 cases,
the normal two copies in nearly half the cases (19 out
of 40), and copy number gains of the MYC gene in the
remaining 17 samples (42.5%) (Supplementary Table
S1). However, the observed differences in copy number
between normal and CRC tissue did not reach statistical
significance (Mann-Whitney test, Table 3).

DISCUSSION

We and others have previously published data showing a
statistically significant reduction in NDRG2 mRNA levels in
CRC compared to normal colorectal tissue samplest®*%%,
Similar findings have been observed in other cancers
including gliomas, hepatocellular carcinoma, breast
cancer, thyroid cancer and meningioma®’***"), Exactly
how and why NDRG2 expression is reduced is not fully
understood, but repression by the MYC transcription
factor is likely to be involved in some cases, just as
promoter hypermethylation seems to play an important
role!***'** Here, we show that 16 potential methylation
sites in the proximal promoter of NDRGZ2 are heavily
methylated in all three colorectal cancer cell lines tested.
Methylation of the analysed region from -426 to -107
could reduce accessibility to the transcription factors WT1
and HIF1a, which have binding sites in this region®***
and/or result in transcriptional silencing. In support
of this, previous studies have shown that reversal of
methylation by 5-aza-2'-deoxycytidine treatment leads
to increased NDRG2 mRNA levels in the colorectal cancer
cell lines CaCo2, HCT116 and SW4801*. Furthermore,
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Table 2 ddCt values and corresponding copy numbers for the NDRGZ2 and MYC genes in colorectal cancer cell lines

Cell line NDRG2 - 5’ end NDRG2 - 3’ end MYC

ddCt + SD Copy number ddCt + SD Copy number ddCt + SD Copy number
LoVo 1.23 £0.47 2 1.12+0.51 2 0.91 £0.31 2
DLD-1 1.04 £0.23 2 1.08 £ 0.50 2 0.74 £0.22 Loss
SW-480 1.04 £0.26 2 0.94 £ 0.44 2 4.88 +0.30 Gain

Copy number loss is defined as ddCt < 0.75 and a gain is defined as ddCt > 1.25. ddCt: Delta delta Ct; SD: Standard deviation.

Table 3 Alteration in copy numbers for the NDRGZ2 and

MYC genes in colorectal tissue

Colorectal Number of  Loss Unaltered Gain Normal vs
tissue samples ddCt < ddCt ddCt > CRC
0.75 0.75-1.25 1.25

NDRG2 -5 end

Normal 8 1 7 0

CRC 40 29 9 P=0.194"
NDRG2 - 3" end

Normal 8 0 8 0

CRC 40 2 32 6 P=0470°
MYC

Normal 8 0 7 1

CRC 40 4 19 17 P=0.135

°P value for comparison of ddCt values (supplementary table S2) in
normal and CRC samples using an unpaired two-tailed ¢ test; °P value for
comparison of ddCt values (supplementary table S2) in normal and CRC
samples using a Mann-Whitney test. ddCt: Delta delta Ct.

DNA methylation at the NDRG2 promoter was shown to
be significantly higher in CRC tissue compared to normal
colonic tissue from the same patientst**",

Our ChIP experiments on three colorectal cancer
cell lines showed that endogenous MYC interacts with
the NDRGZ2 core promoter. Although MYC is considered
a classical transcription factor, it is also involved in the
maintenance of chromatin structure>*", For example,
MYC has been shown to recruit DNA methyltransferase
3a to the promoter region of a gene to exert its repres-
sive activity™®”. Thus, we suggest that MYC could be
involved in the regulation of NDRG2 by recruitment
of other proteins to produce an epigenetic silencing of
NDRG2.

However, the suggested regulatory mechanisms
cannot explain all cases of down-regulation of NDRG2
expression, and we were therefore interested in looking
at allelic loss to see if this genetic event could contribute
to the decreased NDRG2 mRNA levels observed in
CRC. To investigate this question, we designed an
experimental setup making it possible to quantify the
copy numbers of any gene. In a validation experiment,
we could easily differentiate between one or two copies
of the X-chromosome linked gene MECP2. Our data
indicate that allelic loss at the NDRGZ2 locus is not very
frequent in CRC. On the contrary, a subset of CRC cases
showed gains of one or both ends of the NDRG2 gene,
which might lead to elevated levels of NDRG2 mRNA.
These findings were unexpected, since allelic losses in
chromosome 14 are more frequently observed than
gains”?, Although we have only looked at copy number
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Figure 2 Validation of the gene copy number experimental setup. Bar
diagram showing the calculated delta delta Ct values (ddCt) of the X-linked
MeCP2 gene normalised to GFAP, giving the expected result (one copy in
males and two copies in females). A ddCt value of 1.00 in the reference female
genomic sample represents the normal two alleles. Data are presented as
mean (filled bars) and SD (whiskers).

changes in CRC, our results might be applied to other
cancers and could explain why we observed an increase
in NDRG2 levels in approximately 8% of 154 paired
normal and tumor samples analysed from 19 different
tumor types™.

The proto-oncogene MYC is located on chromosome
8 at the g24.12 region, and several groups have shown
amplification of chromosome 8g™"***], Indeed, we
observed an increase in MYC gene copy numbers in
nearly every second CRC sample, confirming a frequent
gain at this particular gene locus. However, we did not
detect the same high percentage of MYC amplification
as a previous study focusing on the 8g24 region, which
revealed that nearly 80% of the cases analysed had
some kind of gene amplification™?. Since MYC has the
potential to repress NDRG2 transcription®!], increased
copy numbers of the MYC gene could lead to higher
levels of MYC protein and thereby a reduced level of
NDRG2 mRNA.

Finally, copy number loss of the 5’ end of NDRGZ2
and a gain of MYC were observed in separate normal
samples and might indicate a rare, but real, genomic
alteration in healthy tissue. An alternative explanation
is that since all normal samples were obtained from
patients diagnosed with CRC and classified as normal,
the tissue might be at an early pre-malignant stage with
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no visual changes, but where genetic abnormalities had
already occurred.

In conclusion, we observed NDRGZ2 promoter hyper-
methylation and interaction of endogenous MYC with
the core promoter in three colorectal cancer cell lines,
together with absent or low NDRG2 mRNA expression.
Frequent allelic loss was not found at the NDRG2 locus
in the colorectal cancer cell lines and tissue samples
from either normal or tumor tissues. In contrast, we
observed partial or complete NDRG2 copy number
gains in more than 25% of the CRC cases, compared to
none in the normal samples. We also found that more
than 40% of CRC cases displayed MYC amplification,
which indicates that the level of MYC mRNA is elevated
in CRC. We conclude that epigenetic silencing and tran-
scriptional repression by MYC are likely to be more
important than copy number loss for the reduced levels
of NDRG2 mRNA observed in CRC.

COMMENTS

Background

A frequent change observed in colorectal carcinoma (CRC) is chromosomal
instability, in which gain or loss of chromosomal regions affects levels of
gene expression. Thus, loss of one or both alleles could explain the reduced
expression of tumor suppressor genes, such as NDRG2, that is observed in
CRC. Alternatively, NDRG2 down-regulation could be due to transcriptional and
epigenetic mechanisms.

Research frontiers

In order to understand the origin of CRC, it is important to investigate changes
at the epigenetic, genetic and transcriptional level. This study investigated
regulation of NDRG2 gene expression using bisulfite-sequencing to study
gene methylation, quantitative polymerase chain reaction to study gene copy
number as well as chromatin immunoprecipitation to study DNA-binding of the
endogenous gene-regulatory protein MYC.

Innovations and breakthroughs
This study shows for the first time that gene copy number for NDRG2 is
unaltered in CRC cell lines and clinical samples.

Applications

The authors describe a validated approach to determine gene copy number,
relative to a control gene, using the comparative (ddCt) approach. Future
approaches could focus on re-activating expression of NDRG2 in CRC.

Terminology

NDRG2 is a newly described tumor suppressor gene that is down-regulated in
a large range of cancers, including CRC. Interest in NDRG2 as a therapeutic
target is supported by studies showing a better prognosis in patients having
higher NDRG2 expression in tumor tissues.

Peer-review
The paper is very good.

REFERENCES

1 Melotte V, Qu X, Ongenaert M, van Criekinge W, de Bruine AP,
Baldwin HS, van Engeland M. The N-myc downstream regulated
gene (NDRG) family: diverse functions, multiple applications.
FASEB J 2010; 24: 4153-4166 [PMID: 20667976 DOI: 10.1096/
1j.09-151464]

JRaishideng®

WJCO | www.wjgnet.com

73

10

11

12

13

14

15

16

17

Lorentzen A et a/. NDRGZ in colorectal carcinoma

Lorentzen A, Mitchelmore C. NDRG2: A candidate tumor
suppressor gene in search of a function. Cancer Reports 2012; 2: 9-17
Lorentzen A, Vogel LK, Lewinsky RH, Saecbe M, Skjelbred CF,
Godiksen S, Hoff G, Tveit KM, Lothe IM, Ikdahl T, Kure EH,
Mitchelmore C. Expression of NDRG2 is down-regulated in high-
risk adenomas and colorectal carcinoma. BMC Cancer 2007; 7: 192
[PMID: 17935612 DOLI: 10.1186/1471-2407-7-192]

Shen L, Qu X, Ma Y, Zheng J, Chu D, Liu B, Li X, Wang M,
Xu C, Liu N, Yao L, Zhang J. Tumor suppressor NDRG?2 tips
the balance of oncogenic TGF-B via EMT inhibition in colorectal
cancer. Oncogenesis 2014; 3: 86 [PMID: 24492480 DOI: 10.1038/
oncsis.2013.48]

Zheng J, Li Y, Yang J, Liu Q, Shi M, Zhang R, Shi H, Ren Q, Ma
J, Guo H, Tao Y, Xue Y, Jiang N, Yao L, Liu W. NDRG2 inhibits
hepatocellular carcinoma adhesion, migration and invasion by
regulating CD24 expression. BMC Cancer 2011; 11: 251: 1-251: 9
[PMID: 21676268 DOI: 10.1186/1471-2407-11-251]

Mordalska A, Latek J, Ferenc T, Pomorski L, Gatecka E, Zygmunt
A, Lewinski A. Evaluation of NDRG2 gene expression in primary
papillary thyroid carcinoma and in metastases of this neoplasm to
regional lymph nodes. Thyroid Res 2010; 3: 6 [PMID: 20804549
DOI: 10.1186/1756-6614-3-6]

Zhou B, Tang Z, Deng Y, Hou S, Liu N, Lin W, Liu X, Yao L.
Tumor suppressor candidate gene, NDRG2 is frequently inactivated
in human glioblastoma multiforme. Mol Med Rep 2014; 10:
891-896 [PMID: 24840052 DOI: 10.3892/mmr.2014.2237]

Lee DC, Kang YK, Kim WH, Jang YJ, Kim DJ, Park I'Y, Sohn BH,
Sohn HA, Lee HG, Lim JS, Kim JW, Song EY, Kim DM, Lee MN,
Oh GT, Kim SJ, Park KC, Yoo HS, Choi JY, Yeom YI. Functional
and clinical evidence for NDRG2 as a candidate suppressor of
liver cancer metastasis. Cancer Res 2008; 68: 4210-4220 [PMID:
18519680 DOI: 10.1158/0008-5472.CAN-07-5040]

Skiriuté D, Steponaitis G, Vaitkiené¢ P, Mikucitnas M, Skauminas
K, Tamasauskas A, Kazlauskas A. Glioma Malignancy-Dependent
NDRG2 Gene Methylation and Downregulation Correlates
with Poor Patient Outcome. J Cancer 2014; 5: 446-456 [PMID:
24847385 DOLI: 10.7150/jca.9140]

Hu W, Yang Y, Fan C, Ma Z, Deng C, Li T, Lv J, Yao W, Gao J.
Clinical and pathological significance of N-Myc downstream-regul-
ated gene 2 (NDRG?2) in diverse human cancers. Apoptosis 2016; 21:
675-682 [PMID: 27113371 DOI: 10.1007/510495-016-1244-3]

Kim YJ, Kang HB, Yim HS, Kim JH, Kim JW. NDRG2 positively
regulates E-cadherin expression and prolongs overall survival in
colon cancer patients. Oncol Rep 2013; 30: 1890-1898 [PMID:
23900729 DOI: 10.3892/0r.2013.2642]

Chu D, Zhang Z, Li Y, Wu L, Zhang J, Wang W, Zhang J.
Prediction of colorectal cancer relapse and prognosis by tissue
mRNA levels of NDRG2. Mol Cancer Ther 2011; 10: 47-56 [PMID:
21220491 DOI: 10.1158/1535-7163.MCT-10-0614]

Nakahata S, Ichikawa T, Maneesaay P, Saito Y, Nagai K, Tamura
T, Manachai N, Yamakawa N, Hamasaki M, Kitabayashi I, Arai
Y, Kanai Y, Taki T, Abe T, Kiyonari H, Shimoda K, Ohshima K,
Horii A, Shima H, Taniwaki M, Yamaguchi R, Morishita K. Loss
of NDRG?2 expression activates PI3K-AKT signalling via PTEN
phosphorylation in ATLL and other cancers. Nat Commun 2014; S:
3393 [PMID: 24569712 DOL: 10.1038/ncomms4393]

Hong SN, Kim SJ, Kim ER, Chang DK, Kim YH. Epigenetic
silencing of NDRG2 promotes colorectal cancer proliferation and
invasion. J Gastroenterol Hepatol 2016; 31: 164-171 [PMID:
26250123 DOI: 10.1111/jgh.13068]

Li R, Yu C, Jiang F, Gao L, Li J, Wang Y, Beckwith N, Yao L,
Zhang J, Wu G. Overexpression of N-Myc downstream-regulated
gene 2 (NDRG?2) regulates the proliferation and invasion of bladder
cancer cells in vitro and in vivo. PLoS One 2013; 8: €76689 [PMID:
24146910 DOI: 10.1371/journal.pone.0076689]

Hu W, Fan C, Jiang P, Ma Z, Yan X, Di S, Jiang S, Li T, Cheng
Y, Yang Y. Emerging role of N-myc downstream-regulated gene
2 (NDRG2) in cancer. Oncotarget 2016; 7: 209-223 [PMID:
26506239 DOI: 10.18632/oncotarget.6228]

Chang X, Li Z, Ma J, Deng P, Zhang S, Zhi Y, Chen J, Dai D.

February 10, 2017 | Volume 8 | Issuel |



18

19

20

21

22

23

24

25

26

27

28

29

30

31

JRaishideng®

Lorentzen A et a/. NDRGZ in colorectal carcinoma

DNA methylation of NDRG2 in gastric cancer and its clinical
significance. Dig Dis Sci 2013; 58: 715-723 [PMID: 23010743
DOI: 10.1007/s10620-012-2393-z]

Dang CV. MYC on the path to cancer. Cell 2012; 149: 22-35
[PMID: 22464321 DOI: 10.1016/j.cell.2012.03.003]

Herkert B, Eilers M. Transcriptional repression: the dark side of
myc. Genes Cancer 2010; 1: 580-586 [PMID: 21779459 DOI:
10.1177/1947601910379012]

Liischer B, Vervoorts J. Regulation of gene transcription by the
oncoprotein MYC. Gene 2012; 494: 145-160 [PMID: 22227497
DOI: 10.1016/j.gene.2011.12.027]

Zhang J, Li F, Liu X, Shen L, Liu J, SuJ, Zhang W, Deng Y, Wang L,
Liu N, Han W, Zhang J, Ji S, Yang A, Han H, Yao L. The repression
of human differentiation-related gene NDRG2 expression by Myc
via Miz-1-dependent interaction with the NDRG2 core promoter.
J Biol Chem 2006; 281: 39159-39168 [PMID: 17050536 DOI:
10.1074/jbc.M605820200]

Zhao H, Zhang J, Lu J, He X, Chen C, Li X, Gong L, Bao G, Fu
Q, Chen S, Lin W, Shi H, Ma J, Liu X, Ma Q, Yao L. Reduced
expression of N-Myc downstream-regulated gene 2 in human
thyroid cancer. BMC Cancer 2008; 8: 303 [PMID: 18940011 DOI:
10.1186/1471-2407-8-303]

Shi H, Jin H, Chu D, Wang W, Zhang J, Chen C, Xu C, Fan D, Yao L.
Suppression of N-myc downstream-regulated gene 2 is associated
with induction of Myc in colorectal cancer and correlates closely
with differentiation. Biol Pharm Bull 2009; 32: 968-975 [PMID:
19483300 DOI: 10.1248/bpb.32.968]

Yu C, Wu G, Dang N, Zhang W, Zhang R, Yan W, Zhao Y, Gao
L, Wang Y, Beckwith N, Yuan J, Yao L. Inhibition of N-myc
downstream-regulated gene 2 in prostatic carcinoma. Cancer
Biol Ther 2011; 12: 304-313 [PMID: 21623166 DOI: 10.4161/
cbt.12.4.16382]

Lorentzen A, Lewinsky RH, Bornholdt J, Vogel LK, Mitchelmore
C. Expression profile of the N-myc Downstream Regulated Gene 2
(NDRG?2) in human cancers with focus on breast cancer. BMC Cancer
2011; 11: 14 [PMID: 21226903 DOI: 10.1186/1471-2407-11-14]
Postma C, Koopman M, Buffart TE, Eijk PP, Carvalho B, Peters
GJ, Ylstra B, van Krieken JH, Punt CJ, Meijer GA. DNA copy
number profiles of primary tumors as predictors of response to
chemotherapy in advanced colorectal cancer. Ann Oncol 2009; 20:
1048-1056 [PMID: 19150955 DOI: 10.1093/annonc/mdn738]
Poulogiannis G, Ichimura K, Hamoudi RA, Luo F, Leung SY,
Yuen ST, Harrison DJ, Wyllie AH, Arends MJ. Prognostic relevance
of DNA copy number changes in colorectal cancer. J Pathol 2010;
220: 338-347 [PMID: 19911421 DOI: 10.1002/path.2640]

Nakao M, Kawauchi S, Furuya T, Uchiyama T, Adachi J, Okada T,
Ikemoto K, Oga A, Sasaki K. Identification of DNA copy number
aberrations associated with metastases of colorectal cancer using
array CGH profiles. Cancer Genet Cytogenet 2009; 188: 70-76
[PMID: 19100508 DOI: 10.1016/j.cancergencyto.2008.09.013]
Lagerstedt KK, Kristiansson E, Lonnroth C, Andersson M, Iresjo
BM, Gustafsson A, Hansson E, Kressner U, Nordgren S, Enlund F,
Lundholm K. Genes with relevance for early to late progression of
colon carcinoma based on combined genomic and transcriptomic
information from the same patients. Cancer Inform 2010; 9: 79-91
[PMID: 20467480]

Ogino S, Nosho K, Irahara N, Shima K, Baba Y, Kirkner GJ,
Meyerhardt JA, Fuchs CS. Prognostic significance and molecular
associations of 18q loss of heterozygosity: a cohort study of
microsatellite stable colorectal cancers. J Clin Oncol 2009; 27:
4591-4598 [PMID: 19704056 DOI: 10.1200/JC0.2009.22.8858]
Watanabe T, Wu TT, Catalano PJ, Ueki T, Satriano R, Haller

WJCO | www.wjgnet.com

32

33

34

35

36

37

38

39

40

41

4

43

74

DG, Benson AB, Hamilton SR. Molecular predictors of sur-
vival after adjuvant chemotherapy for colon cancer. N Engl J
Med 2001; 344: 1196-1206 [PMID: 11309634 DOI: 10.1056/
NEJM200104193441603]

Cicek MS, Slager SL, Achenbach SJ, French AJ, Blair HE, Fink
SR, Foster NR, Kabat BF, Halling KC, Cunningham JM, Cerhan
JR, Jenkins RB, Boardman LA, Petersen GM, Sargent DJ, Alberts
SR, Limburg PJ, Thibodeau SN. Functional and clinical significance
of variants localized to 8q24 in colon cancer. Cancer Epidemiol
Biomarkers Prev 2009; 18: 2492-2500 [PMID: 19690179 DOI:
10.1158/1055-9965.EPI-09-0362]

Herman JG, Graff JR, Myohdnen S, Nelkin BD, Baylin SB.
Methylation-specific PCR: a novel PCR assay for methylation status
of CpG islands. Proc Natl Acad Sci USA 1996; 93: 9821-9826
[PMID: 8790415]

Piepoli A, Cotugno R, Merla G, Gentile A, Augello B, Quitadamo
M, Merla A, Panza A, Carella M, Maglietta R, D’Addabbo A,
Ancona N, Fusilli S, Perri F, Andriulli A. Promoter methylation
correlates with reduced NDRG2 expression in advanced colon
tumour. BMC Med Genomics 2009; 2: 11 [PMID: 19257893 DOI:
10.1186/1755-8794-2-11]

Johnson MR, Wang K, Smith JB, Heslin MJ, Diasio RB.
Quantitation of dihydropyrimidine dehydrogenase expression by
real-time reverse transcription polymerase chain reaction. Anal
Biochem 2000; 278: 175-184 [PMID: 10660460 DOI: 10.1006/
abi0.1999.4461]

Suarez HG, Nardeux PC, Andéol Y, Sarasin A. Multiple activated
oncogenes in human tumors. Oncogene Res 1987; 1: 201-207
[PMID: 3329715]

Skiriute D, Tamasauskas S, Asmoniene V, Saferis V, Skauminas
K, Deltuva V, Tamasauskas A. Tumor grade-related NDRG2 gene
expression in primary and recurrent intracranial meningiomas. J
Neurooncol 2011; 102: 89-94 [PMID: 20607352 DOI: 10.1007/
$11060-010-0291-9]

Svensson E, Vidovic K, Olofsson T, Vallon-Christersson J, Borg A,
Gullberg U. The Wilms’ tumor gene 1 (WT1) induces expression of
the N-myc downstream regulated gene 2 (NDRG2). DNA Cell Biol
2007; 26: 589-597 [PMID: 17688410 DOI: 10.1089/dna.2007.0586]
Wang L, Liu N, Yao L, Li F, Zhang J, Deng Y, Liu J, Ji S, Yang A,
Han H, Zhang Y, Zhang J, Han W, Liu X. NDRG2 is a new HIF-1
target gene necessary for hypoxia-induced apoptosis in A549 cells.
Cell Physiol Biochem 2008; 21: 239-250 [PMID: 18209490 DOI:
10.1159/000113765]

Knoepfler PS, Zhang XY, Cheng PF, Gatken PR, McMahon
SB, Eisenman RN. Myc influences global chromatin structure.
EMBO J 2006; 25: 2723-2734 [PMID: 16724113 DOI: 10.1038/
sj.emboj.7601152]

Varlakhanova NV, Knoepfler PS. Acting locally and globally: Myc’s
ever-expanding roles on chromatin. Cancer Res 2009; 69: 7487-7490
[PMID: 19773445 DOI: 10.1158/0008-5472.CAN-08-4832]
Brenner C, Deplus R, Didelot C, Loriot A, Viré E, De Smet C,
Gutierrez A, Danovi D, Bernard D, Boon T, Pelicci PG, Amati B,
Kouzarides T, de Launoit Y, Di Croce L, Fuks F. Myc represses
transcription through recruitment of DNA methyltransferase
corepressor. EMBO J 2005; 24: 336-346 [PMID: 15616584 DOI:
10.1038/sj.emboj.7600509]

Kurashina K, Yamashita Y, Ueno T, Koinuma K, Ohashi J, Horie
H, Miyakura Y, Hamada T, Haruta H, Hatanaka H, Soda M, Choi
YL, Takada S, Yasuda Y, Nagai H, Mano H. Chromosome copy
number analysis in screening for prognosis-related genomic regions
in colorectal carcinoma. Cancer Sci 2008; 99: 1835-1840 [PMID:
18564138 DOI: 10.1111/j.1349-7006.2008.00881.x]

P- Reviewer: Kopljar M, Kozovska Z, Tomuleasa C
S- Editor: Kong JX L- Editor: A E- Editor: Wu HL

February 10, 2017 | Volume 8 | Issuel |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2017 Baishideng Publishing Group Inc. All rights reserved.



	67
	封底

