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Purpose: It is important to identify a potential tumor marker
that is associated with pathophysiologic processes of breast
cancer. N-Myc downstream regulated genes (NDRG) are
composed of four subtypes (NDRG 1-4) and NDRG2 gene
has been reported as a specifically expressed gene in the
human solid tumor including breast cancer. Although NDRG2
inhibits cell proliferation and promote differentiation, the mo-
lecular basis of the tumor-suppressor activity of NDRG2 in
breast cancer is unknown. Herein, we tried to reveal the co-
rrelations between the expression of NDRG2 and the various
clinicopathologic prognostic factors and evaluate its func-
tional and pathophysiological roles in tumorigenesis of breast
cancer.

Methods: We were obtained the 67 breast cancers and
paired normal tissue samples from patients who operated
for breast cancer between June 2002 and June 2004. The
expression of NDRG2 were measured with immunohisto-
chemistry using monoclonal antibody and it was used eu-
karyotic transfection to manipulate the expression in MDA-
MB-231 breast cancer cell line. Cell proliferation analysis
were evaluated with trypan blue stain and status of differen-
tially-expressed genes by NDRG2 overexpression were

investigated with oligo microarray chip analysis.

Results: Significant difference of NDRG2 mRNA expression
between breast cancer and normal tissue was not detected.
However, NDRG2 was significantly down-regulated in breast
cancer tissue, compared to normal tissue (p<0.0001). It was
a inverse-correlation between the NDRG2 expression and
tumor size, histologic grade although other clinicopatholo-
gical parameters such as axillary lymph node metastasis
were not correlated. Overexpression of NDRG2 in MDA-MB-
231 cell showed a decrease of cell proliferation compared
with Mock control. Of the 24,000 genes, 64 genes were in-
creased in expression while 256 genes including cyclin D1
were repressed by NDRG2 overexpression.

Conclusion: Our results suggest that NDRG2 can function
as a regulator of cell differentiation and cell cycle (as a tumor
suppressor gene) in the early stage of breast cancer. In ad-
dition, NDRG2 protein indicates a prognostic tumor marker
for breast cancer.
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INTRODUCTION

Breast carcinoma is one of the most common malig—
nancies affecting women worldwide. Recent research
for tumor biology has resulted in new insights in the

regulation of cell kinetics, invasion and metastasis. (1—
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3) But, the pathogenic mechanism underlying develop—
ment and progression of breast carcinoma is still largely
unknown. The most important prognostic factor is the
stage of tumor at diagnosis as classified in TNM tumor
staging, including the involvement of axillary regional
lymph nodes and metastases of distant organs. (4, 5) Un—
til now, we have used a few immunohistochemically de—
tectable markers relevant for the pathologic process and
the prognosis of breast cancer, although it has not been
satisfactory. Therefore, it is important to identify a po—
tential tumor marker that is associated with pathophys—

iologic processes of breast carcinoma.
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The genes N—-Myc downstream regulated gene 1-4
(NDRG1-4), which comprises the family of proteins ho—
mologous to N—Myc downstream—regulated protein 1,
have been implicated in stress responses, putative roles
in neural differentiation, synapse formation, and axon
survival. NDRG1, also called Drgl, Cap43, rit42, TDDS5,
and Ndrl, which is the most widely expressed and best
characterized member, is mutated in hereditary motor
and sensory neuropathy—Lom, a form of Charcot—Marie
Tooth disease. (6) The expression of NDRGI is inhibited
by N—-Myec, (7) and the protein is repressed in transformed
cells and up—regulated in growth—arrested differentiat—
ing cells. (8 Although NDRG2 is in fact N-Myc—indepen—
dent, (9) it appears to inhibit cell proliferation and pro—
mote differentiation. (10, 11) NDRG2 is highly expressed
in the adult brain, heart, salivary gland and skeletal mus—
cle but is undetectable in proliferative tissues such as
the colon and bone marrow. It is expressed during the
differentiation of human monocyte—derived dendritic
cells and its gene expression is differentially regulated
by maturation—inducing stimuli, (1) NDRG 3 and NDRG
4 expression are restricted to the brain and heart,(12)
suggesting that it might display different specific func—
tions in distinct tissues. However, the molecular basis of
the tumor—suppressor activity of human NDRG2 (hND—
RG2) is unknown in a series of human breast carcinoma
at the present time. Herein, the authors tried to reveal
the correlations between the expression of hNDRGZ2 and
the various clinicopathologic prognostic factors such as
age, lymph node metastases, estrogen receptor (ER), and
progesterone receptor (PR), in invasive ductal carcinoma
of the breast.

To investigate the functional and clinicopathologic
roles of the hNDRGZ2 protein in tumorigenesis of human
breast carcinoma, the authors used eukaryotic trans—
fection to manipulate the expression of hNDRG2 in MDA—
MB-231 human breast cancer cell line and examined an
intracellular biological role in regulation of hNDRG2
overexpression, together with the possible correlation
between the expression of hNDRGZ protein in associa—
tion with the various clinocopathologic prognostic para—

meters in 67 human breast carcinomas.

METHODS

1. Cell culture and Western blot analysis

The cells used in our studies were the human breast
cancer cell lines; MDA-MB-231, MCF-7 and colon ade—
nocarcinoma cell lines; HCT116, Colo205, HT29, SW620
and KM12 (ATCC, Rockville, USA). The cells were cultured
in appropriate media, as follows: RPMI 1640 medium
(Sigma Chemical Co., St. Louis, USA); each was supple—
mented with 10% fetal bovine serum (Life Technologies
Inc., Grand Island, USA) and 1% antibiotic—antimycotic
solution (Life Technologies Inc., Grand Island, USA). The
cells were kept at 37°C in a humidified incubator which

was maintained with 5% COx,

2. Patients and specimens

The breast carcinoma samples were obtained from
patients who underwent routine surgery for breast can—
cer at the Department of Surgery, Chonbuk National
University Hospital in 2002—-2004. Patients included in
the study had an axillary dissection that sampled at
least five lymph nodes. The cancerous breast and paired
normal breast tissues taken from a site distant from
the tumorous lesion were snap frozen and stored in liquid
nitrogen till further use. For the immunohistochemical
study, some of these tissue specimens were fixed in 10%
neutralized buffered formalin solution for 24 hr. Each
patient’s clinical status was classified according to the
pathological grade of the tumor size, lymph node, and

metastasis (pTNM) classification system. (13)

3. Reverse transcription—polymerase chain reaction

(RT-PCR) analysis

Total RNA was extracted from 10 breast carcinoma
tissues and non—tumorous tissues of the patients using
the AGPC method. (14) Reverse transcription reactions
were done with a ¢cDNA synthesis kit (Stratagene, La
Jolla, USA) following the instruction manual. The cDNA
was synthesized with 7 ug of total RNA and oligo (dT)
primer in 50 ¢L of a solution containing reverse trans—
criptase. The reverse—transcribed samples were used as
templates for amplification of hNDRG2 and G3APDH
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gene, which was used as an internal quantitative control.
For the PCR reactions, the following primers were used:
sense primer of hNDRG2 5 —~CGGGATCCATGGCGTGC—
CCTCTGGAG-3  and antisense primer 5 ~COCGCTCGA—
GTCATTTCTTCCTGGGCTG-3 . With respect to G3AP-
DH, the primer sequences were as follows: sense primer
5 ~CCOCTGGCCAAGGTCATCCATGACAACTTT-3 and
antisense primer 5 ~GGCCATGAGGTCCACCACCCTGT-
TGCTGTA-3 . The PCR reactions were performed follow—
ing the cycling parameters on a Minicycler™ PCR sys—
tem (MJ Research Inc., Watertown, USA): 10 min at 94°C
followed by 25 cycles of 1 min at 94°C, 1 min at 55°C, 1
min at 72°C, and a final cycle at 72°C for 10 min, Quan—
titation of the PCR products was scanned and performed
using a Quantity One program (Bio—Rad, Hercules, USA).
Increased expression of the hNDRG2 mRNA in tumor
tissue was defined as more than about 2—3 times higher

than that seen in normal breast tissue.

4, Western blot analysis

Protein isolation and Western blotting analysis were
performed as described. (15) Immunostaining and protein
band visualization with the ECL system was carried out
according to the manufacturer's protocol. MDA-MB-231
breast cancer cells were grown to 60—70% confluence
and rinsed 2 times with phosphate—buffered saline (PBS).
And then lysed in RIPA buffer (IX PBS, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS) with a protease inhibi—
tor cocktail added. Total proteins were normalized, Nu—
Page sample buffer (Invitrogen, Carlsbad, USA) was add—
ed and 30 ug of protein were electrophoresed on 4—12%
Bis/Tris NuPage gradient gels (Invitrogen, Carlsbad,
USA). Proteins were transferred onto nitrocellulose mem—
brane (Invitrogen, Carlsbad, USA). The membranes were
blocked overnight in 10% Tris—buffered saline/0.05%
Tween—20 (TBS-T) at 4C and then probed with the ap—
propriate antibody in 2% skim milk in TBS—T. The anti—
bodies used were hNDRG2 and beta—actin. After wash—
ing, the blots were treated with the appropriate secon—
dary horseradish peroxidase—conjugated antibody and
washed. Proteins were detected using enhanced chemi—

luminescence system (Amersham, Arlington Heights,
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USA) and exposed to Hyperfilm—MP (Amersham, Arling—
ton Heights, USA).

5. Immunohistochemical analysis

Immunohistochemistry was performed to study altered
protein expression in 67 human breast carcinoma tissues.
Mouse monoclonal antibody against hNDRG2 was used
as primary antibody. Also, commercially available mouse
monoclonal antibodies against p53 DO—7 (Dako, Glost—
rup, Denmark, dilution: 1:100), c—erbB2 (Dako, Kyoto,
Japan, dilution: 1:100) Estrogen Receptor (Dako, Kyoto,
Japan, dilution: 1:50), and Progesterone Receptor (Dako,
Kyoto, Japan, dilution: 1:10) were used as primary anti—
bodies. A paraffin section of the breast carcinoma tissue
was deparaffinized and rehydrated in graded alcohol.
Antigenic enhancement was performed by submerging
in 1x citrate buffer (pH 6.0) and microwaving. The sec—
tions were then treated with 3% hydrogen peroxide in
methanol to quench the endogenous peroxidase activity,
followed by incubation with 1% BSA to block the non—
specific binding, respectively. The primary polyclonal
anti—Bmi—1 antibody was incubated for 90 min at room
temperature. After washing, the tissue section was then
reacted with the biotinylated anti—goat secondary anti—
body, followed by incubation with streptavidin—horse—
radish—peroxidase complex. The tissue section was im—
mersed in 3—amino—9—ethyl carbazole as a substrate.
In negative controls, non—immune goat IgG of the same
isotype or antibody dilution solution replaced the primary
antibody.

Each section was evaluated by at least two indepen—
dent observers, and moderate to strong cell membrane or
cytoplasmic staining was considered as a positive reac—
tion. The distribution of hNDRGZ2 was scored on a semi—
quantitative scale, as follows: negative (<10% of tumor
positive), focally positive (10-50% of tumor positive), and
diffusely positive (>50% of tumor positive). For Estrogen
Receptor, a nuclear staining in >25% of the cells was
considered Estrogen Receptor positive, and similarly for
Progesterone Receptor. A nuclear staining in >10% of

the cells were considered positive for pd3.
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6. Transfection and selection of ANDRG2 over—expres—

sing stable cells

MDA-MB—-231 breast cancer cells were transfected
with appropriate plasmids using the Fugene 6 reagent
(Boehringer Mannheim, Mannheim, Germany) as recom—
mended by the manufacturer. Expression plasmids en—
coding the nucleotide sequence corresponding to the full
open reading frame (ORF) for hNDRG2 were subcloned
as 5 BamHI/3 Xhol fragment into pcDNAS3.1 (+) (Invit—
rogen, Carlsbad, USA) for transfection. MDA-MB-231
cells were plated at 1X10° cells/well in a 10 cm plate,
One days later, the cells were transfected with wild type
hNDRG2 (5 tg) or pcDNA3.1 (+) empty vector using the
Fugene 6 reagent (Boehringer Mannheim, Mannheim,
Germany). For the selection of transfected cells, cells
were treated with G418 after transfection for 48 hr, The
selected cells were collected and confirmed by western

blot analysis.

7. Growth study

MDA-MB-231 breast cancer cells which transfected
hNDRGZ and Mock control cells were seed at a density
of 2X10° per well in 6—well plates and cultured for five
days. Cells were then trypsinized, stained with 0.4% try—
pan blue (Invitrogen, Carlsbad, USA), and counted daily
using a hemocytometer (Fisher Scientific, Allentown,

USA). Only unstained, live cells were counted.

8. Preparation of cDNA probe and microarray

hybridization

The oligo microarray containing a set of 22,746 human
oligo (Illumina, Inc., San Diego, USA) was provided by
GenomicTree, Inc (Daejon, Korea). The synthesis of tar—
get ¢cDNA probes and hybridization were performed ac—
cording to previously described. (16) Each 5 ug total RNA
was reverse transcribed in the presence of Cy3 or Cy5—
dUTP (NEN Life Sciences, Boston, USA) at 42°C for 2 hr.
Control RNA was labeled with fluorescent Cy3—dUTP
and Test condition RNA was labeled with fluorescent
Cy5—dUTP. Both the Cy3 and Cy5—labeled cDNA were
purified using PCR purification kit (Qiagen, Valencia,

USA) as recommended by manufacturer. The purified

cDNA was resuspended in 100 uL of hybridization solu—
tion containing 5X SSC, 0.1% SDS, 30% formamide, 20 ug
of Human Cot—1 DNA, 20 ug of poly A RNA and 20 ug
of Yeast tRNA (Invitrogen, Carlsbad, USA). The hybri—
dization mixtures were heated at 100°C for 2-3 min and
directly pipetted onto microarrays. The arrays hybridized
at 42°C for 12-16 hr in the humidified hybridization cha—
mber (GenomicTree Inc., Daejon, Korea). The hybridized
miroarrays were washed with 2XSSC/0.1% SDS for 5
min, 0.1X SSC/0.1% SDS for 10 min, and 0.1 X SSC for 2
min two times. The washed microarrays were immedia—
tely dried using the microarray centrifuge (GenomicTree
Inc., Korea). After hybridization, microarray slides were
imaged using laser scanner (Axon 4000B, Axon Instru—
ments Inc., Foster, USA). The signal and background
fluorescence intensities were calculated for each probe
spot by averaging the intensities of every pixel inside
the target region using GenePix Pro 4.0 software (Axon
Instruments Inc,, Foster, USA). Spots were excluded from
analysis due to obvious abnormalities. All data normali—
zation, statistical analysis and cluster analysis were per—
formed using GeneSpring 7.2 (Agilent, Palo Alto, USA).
The fold change was calculated by dividing the median
of normalized red channel intensity by the median of

normalized green channel intensity.

9. DNA methylation analysis of the hNDRG2 gene

For the evaluation of DNA methylation state, the hN—
DRG2 promoter was analyzed for CpG site methylation
using sodium bisulfite modified genomic DNA. Sodium
bisulfite treatment of genomic DNA was carried out as
described by Herman et al. (14)

In brief, 1 ug DNA was denatured with 0.2 M NaOH
in a total volume of 50 uL. After the addition of 350 uL
of 3.6 M sodium bisulfite containing 1 mM hydroquinone
at pH 5, the samples were incubated for 16 hr at 55°C in
dark. The modified DNA was recovered with 5 uL glass—
milk (BIO 101, Irvine, USA) and 800 uL of 6 M NaCl. The
glassmilk catching modified DNA was washed three tines
with 70% ethanol at room temperature, treated with 0.3
M NaOH/90% ethanol, and washed twice with 90% etha—
nol. The DNA was finally eluted from the dried pellet
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with 30 #L 1 mM Tris—HCI (pH 8.0) for 15 min at 55C.
The bisulfite-modified DNA (5 ul) were subjected to
methylation specific PCR (MSP) using two sets of primer
specific for methylated and unmethylated DNA., Two
overlapping fragments from the hNDRG2 promoter re—
gion were PCR—amplified from sodium bisulfite—modifi—
ed DNA using the following primers, as described by
Herman et al. (17): Pl-sense, 5 — TTTTCGAGGGGTAT-
AAGGAGAGTTTATTTT-3 and Pl-antisense, 5 ~CCAA—
AAACTCTAACTCCTAAATAAACA-3" (320 bp product):
P2-sense, 5 ~“TTAAGGATATTGCGTTTTTTTTAAGTTT-
TTATTTT-3 and P2-antisense, 5 ~AAAATTCCGACTC—
CCTCGTACCCAAAA-3" (335 bp product). PCR amplifi—
cation was carried out for 43 cycles and controls without
DNA were performed for each set of PCRs. The PCR pro—
duction (10 pL) was directly loaded onto 2% agarose gels
containing ethidium bromide, and directly visualized

under UV illumination,

10. Statistical analysis

The relationship between the results of the immuno—
histochemical study and the clinicopathologic parameters
was performed using the SAS® software package (version
8.01; SAS Institute, Cary, USA). Univariate and multi—
variate analyses were carried out using the proc logistic
module. In all cases, the exact mid—p adjusted p—values
were reported and a p—value <0.05 was considered to be

statistically significant.
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RESULTS

1. h(NDRG2 expression in human invasive ductal breast
cancer

The expressed patterns of the hANDRG2 in human nor—
mal breast tissue and carcinomatous tissue were ex—
amined through immunohistochemical staining. Immu-—
nohistochemical examination of the tumor tissues using
monoclonal antibody specific to hNDRG2 showed that
15 of 67 (22%) breast tumorous tissues samples expressed
hNDRG2 gene, and that hNDRG2 was largely distributed
in the cell membrane, but some cytoplasmic areas of
tumor cells (Fig 1A). Normal breast tissue including the
ductal and lobular epithelial cells and ductal carcinoma
in situ tissue from patients showed strong hNDRG2 ex—
pression in cytoplasm and plasma membrane of the cells
(Fig 1B). Interestingly, hNDRG2 protein was significantly
decreased in 52 cases (78%) of 67 breast carcinomas, com—
pared with that in normal mucosal tissue from cancer
patients (Fig 2). The expression patterns of hNDRG2
proteins in 67 human breast tumors examined as nega—
tive/focal, moderately and diffuse positive immunoreac—
tivities in each case, respectively.

The relative levels of expression of the NDRG2 mRNA
in the human breast carcinoma tissues were compared
with those of non—tumorous tissues. The author ex—
amined the level of hNDRG2 gene products using RT-
PCR analysis in 10 matched breast cancer and adjacent

normal breast samples. The results showed that a signi—

»
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Fig 1. Immunohistochemical staining of ANDRG2 protein in human breast tissue. ANDRG2 is localized in the plasma membrane and cyto-
plasm of the tumor cells of invasive ductal carcinoma, x 400 (A). hNDRG2 is strongly expressed in the normal breast tissue, x 200 (B).
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Fig 2. Immunohistochemical staining of ANDRG2 protein in human breast carcinoma. hNDRG2 protein is downregulated in the tumor cells
of breast invasive ductal carcinoma tissue, x 200 (A). The normal breast tissue expressing hNDRG2 is shown within the tumorous breast

tissue, x40 (B).
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Fig 3. h(NDRG2 and E-cadherin expression in human breast and
colon cancer cell lines. Western blot analysis showed that hND-
RG2 and E-cadherin were detected as a single band of about
48 kDa and 124 kDa, respectively. Of these tumor cell lines, MDA-
MB-231 breast cells showed low basal level of (NDRG2 protein
and was selected for eukaryotic transfection.

ficant difference at mRNA levels was not detected be—
tween cancerous tissue and normal breast tissue,
although mRNA level of hNDRG2 were increased in

some breast cancers (data not shown).

2. Establishment of stable hNDRG2 over—expressing
cell line and hNDRG2 over—expression leads to a
decrease in cell proliferation
To elucidate the role of hNDRGZ2 in human breast car—

cinoma, we performed a eukaryotic transfection to ma—

nipulate the expression of hNDRG2 in MDA-MB-231
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Fig 4. Cell proliferation assay by cell counts. The figure showed
a continuous decrease in the absolute cell numbers in ANDRG2
over-expressing MDA-MB-231 cells, compared with Mock-MDA-
MB-231 control.

breast cancer cell line. Prior to eukaryotic transfection,
we performed western blot analysis for the evaluation
of hNDRGZ2 expression level in two breast tumor cell lines
and five colon tumor cell lines (Fig 3). Of these tumor cell
lines, MDA-MB-231 cells and SW620 cells showed low
basal levels of hNDRG2 protein and MDA-MB-231 cells
was selected for eukaryotic transfection. Ectopic over—
expression of hNDRG2 showed a decrease in cell prolife—
ration, But, the other pathologic findings such as a change
in the morphologic phenotype were not feasible. On con—
tinuous cell culture, we found that hNDRG2—transfected
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Fig 6. The status of differentially-expressed genes between Mock
control and hNDRG2-overexpressed MDA-MB231 cells by oligo
microarrary. Of the 24,000 genes, 320 genes showed a net di-
fference of more than 4-fold in expression intensity between Mock
control-arrary and hNDRG2-array (left).

cells showed decrease in cell number compared with Mock
control (Fig 4). Under the serum—dependent manner and
cell density culture conditions, hNDRG2 protein was ex—
pressed as two different molecular weights in western
blot analysis. Especially, hNDRG2 protein was phospho—
rylated in a 48-kDa sized band (Fig 5).

3. Oligo microarray data acquisition and analysis

We investigated the status of differentially—expressed
genes between Mock control and hNDRG2 over—expres—
sing MDA—MB—-231 cells. Of the 24,000 genes, 320 genes

showed a net difference by more than 4—fold in expres—
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1.25x10°

Fig 5. Structural modulation of hNDRG2 protein.
In human tumor cell lines, ANDRG2 was expre-
ssed as two different molecular weights (36 &
48-kDa) in western blot analysis (A). Under the
serum-dependent manner and cell density cul-
ture conditions, hANDRG2 was phosphorylated
in a 48-kDa sized band in 5 x 10° MDA-MB-231
cell density (B, C).

sion intensity between Mock control—array and hNDRG2—
array (Fig 6). Genes whose expression was altered by
more than 4—fold are listed in Table 1, 2. Sixty four genes
showed increase in expression while 256 genes were
repressed by hNDRG2 overexpression. The genes whose
expression was altered by hNDRG2 overexpression may
be grouped into four categories: cell surface protein,

signaling protein, nuclear protein, and others.

4. DNA methylation analysis of the hNDRG2 gene

The author examined the promoter hypermethylation of
the hNDRG2 gene using two sets of primers specific for
methylation specific PCR on bisulfite modified DNA. In
human tumor cell lines, MDA—-MB-231 breast cancer cell
line and SW620 colon cancer cell line showed both meth—
ylated and unmethylated DNA PCR products (Fig 7A).
In corresponding normal breast tissues, unmethylated
DNA of the NDRG2 gene was amplified in all 11 samples
but methylated DNA was not amplified in any cases.
Also, hypermethylation was not found in all 11 tumorous
samples examined, although unmethylated DNA of the
NDRG2 gene was amplified in all samples (Fig 7B).

5. Relationship between hNDRG2 expression and
clinicopathological parameters in invasive ductal
breast cancer

Relationship of hNDRGZ2 expression between human
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Fig 7. DNA methylation analysis of the hNDRG2 genes. In human tumor cell lines, MDA-MB-231, MCF-7 breast cancer cell lines and SW620
colon cancer cell line showed both methylated and unmethylated DNA PCR products (A). However, hypermethylation was not found in
all 11 tumorous samples examined, although unmethylated DNA of the NDRG2 gene was amplified in all samples (B).

Table 1. The genes were increased by hNDRG2 overexpression

Systematic Common Description
XM_035527 FLJ10980 Homo sapiens hypothetical protein FLJ10980, mRNA
NM_152841 HPS4 Hermansky-Pudlak syndrome 4
NM_145039 MGC16385 Hypothetical protein MGC16385
NM_079420 MYLA1 Myosin, light polypeptide 1, alkali; skeletal,fast
NM_052936 APG4A APG4 autophagy 4 homolog A (S. cerevisiae)
NM_032763 Homo sapiens hypothetical protein MGC161
NM_032553 GPR174 G protein-coupled receptor 174
NM_032514 MAP1LC3A Microtubule-associated protein 1 light chain 3 alpha
NM_032276 DKFZp547E052 Hypothetical protein DKFZp547E052
NM_030930 UNC93B1 Unc-93 homolog B1 (C. elegans)
NM_024609 Homo sapiens hypothetical protein FLJ218
NM_024607 PPP1R3B Protein phosphatase 1, regulatory (inhibitor) subunit 3B
NM_024073 Homo sapiens hypothetical protein MGC287
NM_022834 WARP Von Willebrand factor A domain-related protein
NM_018916 PCDHGCS3 Protocadherin gamma subfamily C, 3
NM_017686 GDAP2 Ganglioside induced differentiation associated protein 2
NM_007036 ESM1 Endothelial cell-specific molecule 1
NM_007028 TRIM31 Tripartite motif-containing 31
NM_005117 FGF19 Fibroblast growth factor 19
NM_004171 SLC1A2 Solute carrier family 1 (glial high affinity glutamate transporter), member 2
NM_003896 SIAT9 Sialyltransferase 9

(CMP-NeuAc:lactosylceramide alpha-2,3-sialyltransferase; GM3 synthase)
NM_003480 MFAP5 Microfibrillar associated protein 5
NM_003178 SYN2 Synapsin |l
NM_002510 GPNMB Glycoprotein (transmembrane) nmb
NM_002476 MYL4 Myosin, light polypeptide 4, alkali; atrial, embryonic
NM_002049 GATA1 GATA binding protein 1 (globin transcription factor 1)
NM_001927 DES Desmin
NM_001888 CRYM Crystallin, mu

normal breast tissue and invasive breast cancer tissue
was analyzed (Table 3). hNDRG2 was significantly down—
regulated in the invasive ductal carcinomatous tissue,
compared to the normal ductal and lobular tissues (p<
0.0001). The author investigated the hNDRG2 expression
and various clinicopathological parameters to elucidate
the roles of the NDRG2 gene in tumorigenesis of the
breast cancer. As the data summarized in Table 4, our
study showed that there was a correlation between the
hNDRG2 positivity and tumor size, and histologic grade.
But clinicopathological parameters such as axillary lymph

node metastases, age, and pd3 positive status were not
correlated in univariate and multivariate analysis. These
findings suggested the possibility that hNDRG2 protein
might play a role in the development and progression of

human invasive ductal breast cancer.

DISCUSSION

Human breast cancer has been increasing steadily and
many patients with this malignancy have suffered during

the last several decades. Available clinicopathologic pro—
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Table 2. The genes were repressed by hNDRG2 overexpression

Kui Sun Park, et al.

Systematic Common Description
XM_085179 Homo sapiens cyclin K (CCNK), mRNA
NM_153649 TPM3 Tropomyosin 3

NM_147162 IL11RA Interleukin 11 receptor, alpha

NM_145040 PRKCDBP Protein kinase C, delta binding protein
NM_053056 CCNDf1 Cyclin D1 (PRAD1: parathyroid adenomatosis 1)
NM_033531 CDcC2L2 Cell division cycle 2-like 2 (PITSLRE proteins)
NM_033375 MYO1C Myosin IC

NM_033306 CASP4 Caspase 4, apoptosis-related cysteine protease
NM_032456 PCDH7 BH-protocadherin (brain-heart)

NM_021953 FOXM1 Forkhead box M1

NM_018054 ARHGAP17 Rho GTPase activating protein 17

NM_016292 TRAP1 TNF receptor-associated protein 1

NM_015914 TXNDC11 Thioredoxin domain containing 11

NM_015675 GADD45B Growth arrest and DNA-damage-inducible, beta
NM_015556 SIPA1L1 Signal-induced proliferation-associated 1 like 1
NM_015399 BRMS1 Breast cancer metastasis suppressor 1
NM_014599 MAGED2 Melanoma antigen family D, 2

NM_014597 ERBP Estrogen receptor binding protein

NM_014453 BC-2 Putative breast adenocarcinoma marker (32 kD)
NM_012334 MYO10 Myosin X

NM_007300 BRCA1 Breast cancer 1, early onset

NM_006247 PPP5C Protein phosphatase 5, catalytic subunit
NM_006244 PPP2R5B Protein phosphatase 2, regulatory subunit B
NM_005556 KRT7 Keratin 7

NM_005529 HSPG2 Heparan sulfate proteoglycan 2 (perlecan)
NM_005036 PPARA Peroxisome proliferative activated receptor, alpha
NM_004998 MYO1E Myosin IE

NM_004560 ROR2 Receptor tyrosine kinase-like orphan receptor 2
NM_004192 ASMTL Acetylserotonin O-methyltransferase-like
NM_003792 EDF1 Endothelial differentiation-related factor 1
NM_003380 VIM Vimentin

NM_003377 VEGFB Vascular endothelial growth factor B
NM_002845 PTPRM Protein tyrosine phosphatase, receptor type, M
NM_002840 PTPRF Protein tyrosine phosphatase, receptor type, F
NM_002754 MAPK13 Mitogen-activated protein kinase 13
NM_002714 PPP1R10 Protein phosphatase 1, regulatory subunit 10
NM_002712 PPP1R7 Protein phosphatase 1, regulatory subunit 7
NM_002589 PCDH7 BH-protocadherin (brain-heart)

NM_002342 LTBR Lymphotoxin beta receptor (TNFR superfamily, member 3)
NM_002291 LAMB1 Laminin, beta 1

NM_002189 IL15RA Interleukin 15 receptor, alpha

NM_001855 COL15A1 Collagen, type XV, alpha 1

NM_001846 COL4A2 Collagen, type IV, alpha 2

NM_001553 IGFBP7 Insulin-like growth factor binding protein 7
NM_001225 CASP4 Caspase 4, apoptosis-related cysteine protease
NM_000594 TNF Tumor necrosis factor (TNF superfamily, member 2)
NM_000425 L1CAM L1 cell adhesion molecule

NM_000366 TPM1 Tropomyosin 1 (alpha)

NM_000088 COL1A1 Collagen, type |, alpha 1

gnostic indicators are not accurate; despite axillary nodal
status being the most important factor that determines
the overall survival in patients with breast cancer, ap—
proximately 25—30% of node—negative cases eventually

relapse. (5) Thus, it is important to identify a biological

genetic molecular marker that is associated with patho—
physiologic processes of human breast cancer.

The author have identified a significant decreased novel
protein, designated hNDRGZ2, by using an immunohis—

tochemical technique in human solid tumor. The results
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Table 3. Relationship of ANDRG2 expression between human
normal breast tissue and invasive breast cancer tissue

Table 4. Relationship between hNDRG2 expression and clini-
copathological parameters in human invasive breast cancer

. Negative  Positive . Negative Positive
Variable value Variable value
%) % (%) (%) P
Breast tissue <0.0001 Age (yr) 0.6264
Normal breast tissue 0(25)  67(100) <50 28 (42) 7 (10)
Invasive breast cancer tissue 52(78) 15(22) >50 24 (36) 8(12)
Lymph node metastasis 0.6264
No 28(42) 7(10)
presented here are significant in two respects. First, the Ns 24 (36) 8(12)
down-regulation of hNDRG2 expression is a common Turr210r size (cm) 108 0 (13) 0.0705
<
histopathologic feature in the human solid tumor studi— 2.5 28 (42) 6(9)
ed, especially invasive breast carcinoma, Second, the >5 5(8) 0(0)
. o Histologic grade 0.0835
over—expression of hNDRG2 protein in MDA-MB-231 | 17 (25) 2(3)
breast carcinoma cell line induced a decrease of cell pro— I 29 (43) 13(20)
) . L ) i 6(9) 0(0)
liferation. These findings strongly imply that hNDRG2 Estrogen receptor 03988
protein has functions closely associated with the tumor Negative 18 (27) 7(10)
development and progression in human breast cancer. Positive 34(51) 8(12)
Progesteron receptor 0.2850
The NDRGZ protein belongs to a family of highly con— Negative 23 (34) 9(13)
served and four closely related proteins, whose intra— Positive 29(43) 6(9)
. c-erbB-2 0.4814
cellular functions are currently unknown. (18, 19) Two Negative 33 (50) 11(16)
isoforms of NDRG2 have been described. (20) The inser— Positive 19(28) 4(6)
53 0.8026
tion of 42 base pairs into the mRNA by alternative pNegative 40 (60) 12(18)
splicing resulted in a protein containing 14 additional Positive 12(18) 3(4)

amino acids, which was described as NDRGZ2ins. Struc—
turally, it has been noted to harbor a central alpha/beta—
hydrolase fold domain. (12, 18) However, the catalytic
triad residues in the NDRG family members do not
conform to the consensus for alpha/beta—hydrolase. The
genes NDRG1—-4, which comprises the family of proteins
homologous to N—Myc downstream—regulated protein
1, have been implicated in stress responses, putative
roles in neural differentiation, synapse formation, and
axon survival, hNDRGI, also called Drgl, Cap43, rit42,
TDDS5, and Ndrl, which is the most widely expressed
and best characterized member, is mutated in hereditary
motor and sensory neuropathy—Lom, a form of Charcot—
Marie Tooth disease.(6) The expression of hNDRGI is
inhibited by N—Myec,(7) and the protein is repressed in
transformed cells and up—regulated in growth—arrested
differentiating cells.(8) Although hNDRG2 is in fact N—
Myc—independent, (9) it appears to inhibit cell prolifera—
tion. (10) Recently, it is also expressed during the differ—

entiation of human monocyte—derived dendritic cells

and its gene expression is differentially regulated by
maturation—inducing stimuli.(11)) NDRG2 is highly ex—
pressed in the adult brain, heart, salivary gland and
skeletal muscle but is undetectable in proliferative tissues
such as the colon and bone marrow. NDRG3 and NDRG4
expressions are restricted to the brain and heart, (12)
suggesting that it might display different specific func—
tions in distinct tissues. But, the molecular basis of the
tumor—suppressor and differentiation activity of hNDRG2
is unknown in the human epithelial tumor at the present
time,

NDRG2 gene has been reported as a gene specifically
expressed in murine and human cells. Expression of
hNDRGZ2 protein in human cancer was reported in only
some papers and little is known about the intracellular
role of hNDRG2 protein in the pathophysiologic process
of tumorigenesis in human breast cancer. Human breast
adenocarcinoma is one of the major causes of morbidity

and mortality worldwide, its tumorigenic mechanism is
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a multi—step process related to the genetic instability
associated with genetic alterations. Currently, the most
important prognostic factor is the stage of tumor at di—
agnosis as classified in pPTNM tumor staging, including
involvement of regional lymph nodes and infiltration of
distant internal organs. Until now, we have used a few
immunohistochemically detectable markers relevant for
the pathologic process and the prognosis of breast can—
cer, although it has not been satisfactory. Therefore, it
is important to identify a potential tumor marker that
is associated with pathophysiologic processes of colorec—
tal carcinoma. In the present study, hNDRG2 was ubi—
quitously expressed and found in specific cell types such
as epithelial and dendritic cells in human breast tumor—
ous specimen. The author examined the level of hNDRG2
gene products using RT-PCR analysis in 10 matched
breast cancerous and adjacent normal breast samples.
The results showed that a significant difference at mRNA
levels was not detected between cancerous tissue and
normal mucosal tissue, although mRNA level of hNDRG2
were increased in some colorectal cancers (data not
shown). I think that this result might be caused by the
superficial sampling in the breast cancer specimen. On
immunohistochemical staining, the proportion of hNDRG2
over—expression was only 32% at protein levels. It was
largely detected in cytoplasm of the normal mucosal
epithelial cells but detected in cytoplasm and cell mem—
brane in the tumor cells of breast cancer. In addition,
the author analyzed the possible correlation for the ex—
pression of hNDRGZ2 protein in association with the var—
ious clinocopathologic prognostic parameters in 67 hu—
man breast adenocarcinomas. As a result, the increased
level of expression of hNDRGZ2 protein significantly cor—
related with tumor differentiation but inversely corre—
lated with TNM stage in univariate and multivariate ana—
lyses, respectively. hNDRG2 expression was not correlated
with the other clinicopathologic parameters tested in
the human breast cancer. Therefore, hNDRG2 protein
indicates a biologic tumor suppressor and one of the use—
ful prognostic tumor markers for human breast cancer.
To investigate the functional and patholophysiologic

roles of the hNDRG2 protein in tumorigenesis of human

Kui Sun Park, et al.

breast carcinoma, the author used eukaryotic transfec—
tion system to manipulate the expression of hNDRG2 in
MDA-MB-231 human breast cancer cell line, which
showed the basal level of endogenous hNDRG2, and
examined an intracellular biological role in regulation
of hNDRG2 expression. Ectopic overexpression of the
hNDRG2 showed a decrease of cell proliferation compared
with mock—MDA-MB-231 control. However, other path—
ologic findings such as morphologic phenotypic change
were not found. In addition, it was confirmed that cyclin
D level was decreased in oligo—microarray analysis,
suggesting the possibility of its transcriptional down—
regulation. Eukaryotic cell cycle progression is promoted
by the activity of phase—specific kinase complexes com—
posed of cyclins and cyclin—dependent kinases.

hNDRGZ2 has been identified as a new component of
the insulin signaling cascade in skeletal muscle, most
likely directly phosphorylated by Akt.(21) The protein is
also a specific substrate for protein kinase C (PKC) and
a site of cross—talk between the two signaling pathways,
and hence of relevance to the development of PKC—med—
iated insulin resistance in this tissue. The protein kinase
Akt mediates several metabolic and mitogenic effects of
insulin, whereas activation of PKC isoforms has been im—
plicated in the inhibition of insulin action. (22-24) hNDRG2
expressed two different molecular weights in western
blot analysis. Especially, hNDRG2 was phosphorylated
in a 48—kDa sized protein. hNDRG2 protein was changed
at its molecular size level under the several culture con—
ditions, such as serum—dependent manner or cell den—
sity. Indeed, it is most likely that phosphorylation of
hNDRGZ may be affected by serum or cell density. This
phenomenon was also reported as having physiological
relevance in kidney cells, in which both serum— and
glucocorticoid—inducible kinase and NDRG2 were induced
rapidly by aldosterone treatment. (25, 26)

In immunohistochemical study, hNDRG protein was
abundantly expressed in the normal breast tissue but
abruptly down—regulated in invasive breast cancer. Re—
cently, it was reported that hNDRG2 expression in hu—
man meningeal tumor was regulated by hypermethyla—

tion. (27) Hypermethylation is a regional event that occurs
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frequently in GC—rich sequence, called CpG islands and
often located within the 5 regulatory nontranscribed
regions of genes. It has been recognized that aberrant
hypermethylation of CpG islands in the promoters of
certain tumor suppressor genes is known to be associated
with transcriptional inactivation and loss of function
and that promoter hypermethylation is often an early
event in multistep carcinogenesis.(28) The author per—
formed DNA methylation analysis of the hNDRGZ2 gene.
In human tumor cell lines, MDA-MB—-231 breast cancer
cell line and SW620 colon cancer cell line showed both
methylated and unmethylated DNA PCR products. How—
ever, unmethylated DNA of the NDRGZ gene was am-—
plified in all 11 samples but methylated DNA was not am—
plified in any cases of the corresponding normal breast
tissues. Also, hypermethylation was not found in all 11
tumorous samples examined. These findings suggest
that hNDRG2 transcriptional gene regulation by hyper—
methylation may be tissue or organ specific event in in
vivo tumorigenesis.

With the aid of univariate logistic analysis, hNDRG2
was significantly down—regulated in the invasive ductal
carcinomatous tissue, compared to the normal ductal
and lobular tissues. We propose that level of hNDRG2
protein may negatively contribute to conversion of the
malignant phenotype in the tumorigenic process of the
human invasive breast cancer. However, further inves—
tigation is needed to reveal the pathologic role and its
importance of hNDRGZ2 protein in human breast carci—

noma.

CONCLUSION

Our study showed that hNDRG2 was significantly
down-regulated in the invasive ductal cancer tissue,
and it was a correlation between overexpression of
hNDRG2 and tumor size, histologic grade. Also hNDRG2
overexpression resulted in decrease of cell proliferation
and regulation of genes (including cell signaling and cell
cycle related genes) in MDA-MB-231 cell line.

These findings suggested that hNDRG2 can function,

at least in part, as a regulator of cell cycle and tumor

suppressor in the human invasive breast carcinoma. In
addition, hNDRG2 protein indicates a prognostic tumor

marker for human breast cancer,
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