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NDRG3 protein expression is associated with aggressive 
biologic phenotype and unfavorable outcome in  
patients with invasive breast cancer
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Abstract: The N-myc downstream regulated gene (NDRG) protein family consists of 4 members (NDRG1, NDRG2, 
NDRG3, and NDRG4), that have been reported to be aberrantly expressed in human cancers. Furthermore, NDRG3 
protein expression is known to promote tumor angiogenesis and cell growth. The aim of this study was to investigate 
the clinical significance of NDRG3 expression in invasive breast cancer (IBC). NDRG3 expression was evaluated im-
munohistochemically in tissue microarrays of 1339 IBC samples, and associations between NDRG3 expression and 
clinicopathologic parameters, including prognosis, were examined. NDRG3 protein expression was observed in 194 
(14.5%) cases, and found to be associated with an age of ≥ 50 yrs (P=0.043), a high histologic grade (P < 0.001), 
high Ki-67 index (P < 0.001), negatively for estrogen or progesterone receptor (both P < 0.001), and positive HER2 
status (P < 0.001). No significant association was found between NDRG3 expression and tumor size, lymph node 
status, lymphovascular invasion, or androgen receptor status. NDRG3-positive tumors were found to be associated 
with poorer overall survival (OS, P=0.035), and multivariate analyses showed NDRG3 expression independently 
predicted OS (P=0.011) and disease-free survival (P=0.051). This study shows NDRG3 protein expression is a 
promising prognostic marker in IBC.
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Introduction

Breast cancer (BC) is the leading cause of 
death in women worldwide. According to the 
statistics of the Korea Central Cancer Registry, 
breast cancer was the second-most common 
cancer in women after thyroid cancer, and 
22,550 patients were newly diagnosed and 
2353 succumbed to the disease in 2015 [1]. 
The identification of biologic markers predictive 
of prognosis or therapeutic response in cancer 
patients is essential in this era of tailored 
therapy.

The N-myc downstream regulated gene (NDRG) 
protein family consists of NDRG1, NDRG2, 
NDRG3, and NDRG4, which have genes located 
at 8q24.3, 14q11.2, 20q11.21-11.23, and 
16q21-q22.1, respectively [2]. NDRG proteins 
are differentiated based on sequence homolo-
gy, as NDRG1 and NDRG3 or NDRG2 and 
NDRG4, which have homologies of 67% and 
58% respectively [3]. Although the functions of 

NDRG family proteins have not been clearly elu-
cidated, emerging evidence suggests they con-
tribute to cell proliferation, differentiation, 
development, and stress response [2]. However, 
it is known their tissue distributions differ. That 
is, NDRG1 is expressed ubiquitously, NDRG2 is 
expressed predominantly in brain, liver, and kid-
neys, NDRG3 is highly expressed in prostate, 
ovaries, and testes, and NDRG4 is expressed 
almost exclusively in brain and heart [4-6]. 
Aberrant expressions of NDRG proteins have 
been reported in several human cancers. In 
prostatic, colorectal, breast, esophageal, and 
pancreatic cancer and brain glioma, NDRG1 
expression in tumor cells has been associated 
with good prognosis [7-14], whereas high 
NDRG1 expression has been reported to be 
associated with poor prognosis in hepatic and 
cervical cancers [15-18]. NDRG2 has also been 
reported to act as a tumor suppressor gene, 
and its downregulation has been observed in 
various human cancers. In particular, loss of 
NDRG2 expression has been associated with 
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poor prognosis in glioma, and in colorectal, 
gastric, pancreatic, and renal cancer [19-25].

Few reports have been issued on the expres-
sions of NDRG3 and NDRG4 in cancer. Recently, 
Lee et al. reported NDRG3 protein expression 
is induced under oxygen-limited conditions in 
diverse cell types [26]. NDRG3 protein was 
found to be degraded in normoxia but to be pro-
tected from proteolytic destruction by binding 
to lactate, and thus, to accumulate in hypoxia. 
It was also observed NDRG3 mediated activa-
tion of the Raf-ERK pathway promoted angio-
genesis and cell growth during prolonged 
hypoxia. Lactate is produced in large quantities 
by glycolysis under hypoxic conditions, which 
are common in cancer cells with high prolifera-
tive activity. Furthermore, intratumoral hypoxia 
has been correlated with poor prognosis and 
poor treatment outcome in different cancers 
[27, 28]. In an in vitro study, NDRG3 expression 
was induced at the mRNA and protein levels by 
synthetic androgen in prostate cancer cells 
[29], and elevated NDRG3 expression has been 
reported to be associated with aggressive bio-
logic behavior and unfavorable prognosis in 
prostatic, laryngeal, lung, and hepatic cancer 
[30-33]. However, no study has yet addressed 
the prognostic significance of NDRG3 protein 
expression in breast cancer.

Accordingly, we investigated the expression of 
NDRG3 protein immunohistochemically in a 
large invasive breast cancer (IBC) cohort to 
clarify its prognostic significance.

Materials and methods

Case selection and collection of clinicopatho-
logical data

A total of 1518 surgical specimens of IBC that 
had been routinely processed in the Department 
of Pathology, Yeungnam University Hospital, 
Daegu, South Korea between December 1996 
and December 2007 for pathologic diagnosis 
were considered for the study. Patients receiv- 
ed standard radiotherapy or adjuvant systemic 
therapy (hormone therapy or chemotherapy) 
after surgery. Those that received neoadjuvant 
chemotherapy and those with inadequate 
immunohistochemical results or clinicopatho-
logic information were excluded. Accordingly, 
the study was conducted using 1339 speci- 
mens. 

Clinicopathologic characteristics, including 
age, tumor size, lymph node (LN) status, histo-

logic subtype, lymphovascular invasion, histo-
logic grade, Ki-67 labelling index (LI) (percent-
age of positive cells among at least 500 tumor 
cells), and the presence of recurrence or metas-
tasis, were retrospectively collected by review-
ing pathology reports and medical records. 
Information on cause of death was obtained 
from medical records and the microdata ser-
vice system provided by Statistics Korea 
(http://mdis.kostat.go.kr). Overall survival (OS) 
was defined as time from surgical resection to 
date of death or last follow-up. Disease-free 
survival (DFS) was defined as time from surgi-
cal resection to locoregional recurrence, dis-
tant metastasis, death or last follow-up. This 
study was approved by the Institutional Review 
Board of Yeungnam University Hospital (YUMC 
2017-09-038), which waived the requirement 
for informed consent.

Tissue microarray construction and immuno-
histochemical evaluation

Tissue microarray (TMA) blocks were construct-
ed using a Quick-Ray® Manual Tissue 
Microarrayer (Unitma, Seoul, Korea) and Quick-
Ray® recipient blocks of 1.5 mm cores 
(Unitma). A pair of 1.5-mm-diameter tissue 
cores was retrieved from a representative 
tumor block in each case and transferred to a 
recipient block. Thirty-eight TMA blocks were 
created from the tumor samples of the initially 
considered 1518 cases. Immunohistochemical 
stainings for NDRG3, estrogen receptor (ER), 
progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) were per-
formed using the automated Benchmark® plat-
form (Ventana Medical Systems, Tucson, AZ, 
USA) using 4 μm tissue sections obtained from 
the TMA blocks. Staining for androgen receptor 
(AR) was performed manually, as described 
previously [34]. A summary of the antibodies 
and staining conditions used is provided in 
Table 1. 

ER, PR, and AR were considered positive if 
there was nuclear immunoreactivity in at least 
1% of tumor cells [35]. HER2 positivity was 
defined as the presence of protein overexpres-
sion (3+); however, in equivocal cases (2+), sil-
ver in situ hybridization using an INFORM® 
HER2 DNA probe (Ventana Medical Systems) 
was performed and results were interpreted 
according to ASCO/CAP guidelines [36]. Two 
pathologists (YKB and MCK) unaware of patient 
details, interpreted tumor cell NDRG3 staining 
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results under a multi-headed microscope by 
assessing intensities and extents of staining. 
Staining intensity was assessed using a 0-3 
scale (negative, 0; weakly positive, 1; moder-
ately positive, 2; strongly positive, 3), and 
extent of staining was graded using proportions 
of positive tumor cells (0%, 0; 1-25%, 1; 
26-50%, 2; 51-75%, 3; > 75%, 4). Final immuno-
reactivity scores (IRSs) were determined by 
multiplying intensity and extent scores (range 0 
to 12). For statistical analyses, cases were 

dichotomized into positive (IRS ≥ 6) and nega-
tive (IRS < 6) expression groups; the cutoff was 
determined with respect to outcomes as deter-
mined using the Kaplan-Meier method and the 
log-rank test.

Statistical analysis

Statistical analysis was performed using IBM 
SPSS version 23.0 for Windows (IBM Co., 
Armonk, NY, USA). The Chi-squared test was 

Table 1. Antibodies and staining conditions used in this study

Antibody Source Clone Dilution Antigen retrieval Incubation 
time Detection kit

NDRG3 Sigma-Aldrich Polyclonal 1:70 Standard* 40 min OptiView™ DAB 
ER Ventana SP1 Predilution Standard* 16 min UltraView™ DAB
PR Ventana 1E2 Predilution Standard* 16 min UltraView™ DAB
HER2 Ventana 4B5 Predilution Mild† 16 min OptiView™ DAB 
AR Epitomics ER179 (2) 1:200 Autoclave (citrate buffer, pH 6.0) 60 min EnVision™ (Dako)
NDRG3, N-myc downstream regulated gene 3; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth factor receptor 2; AR, androgen receptor. *The standard antigen retrieval condition used was 60 min at 100°C in cell 
conditioning solution 1 or 2, and the †mild condition was 30 min at 100°C in either cell conditioning solution.

Figure 1. Representative immunohistochemical staining results for NDRG3 in invasive breast cancer. NDRG3 ex-
pression in tumor cells were rated as negative (A), weak (B), moderate (C) or strong (D) intensity. 
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used to evaluate associations between NDRG3 
expression and clinicopathologic characteris-
tics. Survival curves were plotted using the 

Kaplan-Meier method and the 
log-rank test was used to 
determine the significances of 
survival differences. Variables 
significant by univariate analy-
ses were subjected to Cox 
regression proportional haz-
ard analysis. Adjusted hazard 
ratio (HR) and associated 95% 
confidence intervals (CIs) were 
calculated for variables. All 
tests were two-sided, and p 
values of < 0.05 were consid-
ered significant.

Results

Patient demographics

Mean patient age at diagnosis 
was 48 years (range, 20-86 
years). Tumor sizes ranged 
from 0.5 to 11 cm (mean, 2.3 
cm). Six hundred and ninety-
three (51.8%) patients had an 
invasive tumor of ≤ 2 cm (pT1), 
and the other 646 (48.2%) 
had a tumor of > 2 cm (pT2 in 
595; pT3 in 46; pT4 in 5). 
Axillary LN metastasis was 
found in 625 (46.8%) patients, 
and lymphovascular invasion 
in 688 (51.4%). Sentinel LN 
biopsy or axillary LN di- 
ssection was not performed  
in three patients. Histologic 
grades were 1 in 232 (17.3%), 
2 in 379 (28.3%), and 3 in 728 
(54.4%). 809 (60.4%) patients 
underwent mastectomy and 
530 (39.6%) breast-conserv-
ing surgery. 

931 (69.5%) patients receiv- 
ed anthracycline-based adju-
vant chemotherapy, and 230 
(17.2%) received non-anthra-
cycline chemotherapeutic reg-
imens. The remaining 178 
(13.3%) patients did not 
receive chemotherapy. No 
patient with HER2-positive BC 
received adjuvant trastuzum-
ab because its routine use 

was approved in Korea in 2010. Hormone ther-
apy using tamoxifen or aromatase inhibitors 
was performed in 919 (68.6%) and radiation 

Table 2. Relations between NDRG3 protein expression and patient 
characteristics

Characteristics Cases  
(N=1339)

NDRG3 expression, N (%)
P value

Negative Positive
Age 0.043
    < 50 866 753 (65.8) 113 (58.2)
    ≥ 50 473 392 (34.2) 81 (41.8)
Tumor size   0.827
    ≤ 2 cm 693 594 (51.9) 99 (51)
    > 2 cm 646 551 (48.1) 95 (49)
Lymph node metastasis* 0.459
    Absent 711 603 (52.8) 108 (55.7)
    Present 625 539 (47.2) 86 (44.3)
Histologic subtype 0.589
    Invasive, NST 1192 1012 (88.4) 180 (92.8)
    Lobular 38 35 (3.1) 3 (1.5)
    Micropapillary 28 25 (2.2) 3 (1.5)
    Mucinous 24 22 (1.9) 2 (1)
    Tubular 10 10 (100) 0 (0)
    Medullary 7 7 (100) 0 (0)
    Metaplastic 7 6 (0.5) 1 (0.5)
    Papillary 3 2 (0.2) 1 (0.5)
    Mixed 30 26 (2.3) 4 (2.1)
Lymphovascular invasion 0.916
    Absent 651 556 (48.6) 95 (49)
    Present 688 589 (51.4) 99 (51)
Histologic grade < 0.001
    1 & 2 611 553 (48.3) 58 (29.9)
    3 728 592 (51.7) 136 (70.1)
Estrogen receptor < 0.001
    Negative 434 349 (30.5) 85 (43.8)
    Positive 905 796 (69.5) 109 (56.2)
Progesterone receptor < 0.001
    Negative 566 460 (40.2) 106 (54.6)
    Positive 773 685 (59.8) 88 (45.4)
Androgen receptor† 0.853
    Negative 620 533 (47.5) 87 (46.8)
    Positive 688 589 (52.5) 99 (53.2)
HER2 status 0.003
    Negative 1072 932 (81.4) 140 (72.2)
    Positive 267 213 (18.6) 54 (27.8)
Ki-67 labeling index‡ < 0.001
    ≤ 20% 548 493 (43.1) 55 (28.4)
    > 20% 790 651 (56.9) 139 (71.6)
*Three patients did not undergo sentinel lymph node biopsy or axillary lymph 
node dissection. †Androgen receptor status was not available in 31 patients. ‡One 
patient did not have Ki-67 labeling index in her pathology report.
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therapy in 641 (47.9%). During follow-up (mean, 
117 months; range, 1-238 months), recurrence 
occurred in 211 (15.8%) patients, and at last 
follow-up, 174 (13%) deaths had occurred.

Correlations between NDRG3 expression and 
clinicopathologic variables

Non-neoplastic epithelial cells, stromal fibro-
blasts, and immune cells within tumor cores 
were all negative for NDRG3 expression. 
Immunoreactivity for NDRG3 in tumor cells var-
ied from case to case (Figure 1). The distribu-
tion of NDRG3 IRSs was as follows; 0 in 630 
(47.1%) cases, 1 in 16 (1.2%), 2 in 89 (6.6%), 3 
in 54 (4%), 4 in 356 (26.6%), 6 in 24 (1.8%), 8 in 
124 (9.3%), 9 in 1 (0.1%), and 12 in 45 (3.4%) 
cases. Positive NDRG3 expression (IRS ≥ 6) 
was observed in 194 (14.5%) cases. 

NDRG3 expression was significantly associat-
ed with an age of ≥ 50 yrs (P=0.043), histologic 
grade 3 (P < 0.001), a negative ER (P < 0.001) 
or PR status (P < 0.001), HER2 positivity 
(P=0.003), and a high Ki-67 LI (P < 0.001). 
However, no significant correlation was ob- 
served between NDRG3 expression and other 
clinicopathologic variables including tumor 
size, LN metastasis, histologic subtype, lym-
phovascular invasion, and AR (Table 2).

Prognostic significance of NDRG3 expression

Patients with NDRG3 expression had shorter 
OSs than those negative for NDRG3 expression 

(P=0.035, Figure 2). Patients with an NDRG3 
expressing tumor showed a tendency to have 
poorer DFSs than those with a non-NDRG3 
expressing tumor, but the difference was not 
statistically significant (P=0.132). Because 
NDRG3 expression was found to be associated 
with ER, PR, and HER2 statuses, survival analy-
sis was performed in subgroups defined by 
molecular subtypes. However, no survival dif-
ferences were observed (data not shown). 

Multivariate analyses showed NDRG3 expres-
sion independently predicted OS (HR, 1.656; 
CI, 1.125-2.437; P=0.011), along with tumor 
size, LN status, histologic grade, and lympho-
vascular invasion (Table 3).

Discussion 

In the present study, NDRG3 protein was 
observed to be differentially expressed in 
tumor cells of IBC, and its expression was found 
to be significantly associated with clinicopatho-
logic features of aggressive behavior, that is, 
high histologic grade, negative ER and PR  
statuses, HER2 positivity, and high Ki-67 LI. 
Furthermore, NDRG3 expression was associat-
ed with unfavorable outcomes and observed to 
be an independent prognostic marker of OS in 
IBC. This is the first study to address the prog-
nostic value of NDRG3 protein expression in 
IBC tumor samples.

Several studies support our results. Wang et al. 
reported NDRG3 expression in prostate cancer 
cell lines (LNCaP, CL-1, DU145 and PC-3) and in 
the stromal cell line (WPMY-1) at the mRNA and 
protein levels [29]. Overexpression of NDRG3 
was observed to increase the growth rate and 
migration of PC-3 prostatic cancer cells trans-
fected with an NDRG3 expression construct in 
vitro, and to promote xenograft tumor growth in 
a nude mouse model. It was also reported 
NDRG3 overexpression upregulated the expres-
sion of angiogenic chemokines (i.e., chemokine 
ligand (CXCL)1, CXCL3, and CXCL5) in prostatic 
cancer cells, which could increase tumor angio-
genesis and growth. Furthermore, Lee et al. 
reported NDRG3 knockdown suppressed 
angiogenic activity and tumor growth in BALB/
c-nu mice xenografted with human hepatoma 
cells [26]. In this previous study, the expres-
sions of markers of angiogenesis (IL8 and 
CD31) and cell proliferation (Ki-67) were  
effectively downregulated in NDRG3-depleted 
tumors, whereas, the ectopic expression of 
NDRG3 enhanced colony formation by human 

Figure 2. Kaplan-Meier survival curves for overall 
survival according to NDRG3 expression in breast 
cancer patients.
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hepatoma cells in vitro, and their tumorigenic 
activities in BALB/c-nu mice. Li et al. also 
reported NDRG3 overexpression increased the 
proliferation, migration, and invasion of colorec-
tal cancer (CRC) cells (SW1116), and that its 
depletion reduced the proliferation rate of CRC 
cells in vitro [37]. The same authors observed 
tumor xenografts were larger and heavier in 
BALB/c nude mice injected with SW1116/
NDRG3 (SW1116 cells exogenously expressing 
NDRG3), and that there were more visible met-
astatic nodules in livers in these mice than in 
those transfected with SW1116/Vector. 
Furthermore, SW11-16/NDRG3 tumors had 
higher Ki-67 indices than SW1116/Vector 
tumors. The authors concluded NDRG3 pro-
motes CRC proliferation, migration, invasion, 
and metastasis, and suggested that NDRG3 
acts as an oncogene in CRC by activating Src 
phosphorylation.

Recently, several studies have demonstrated 
the prognostic value of the immunohistochemi-
cal detection of NDRG3 protein in several 
human cancers. In prostatic cancer, NDRG3 
expression was significantly correlated with 
advanced stage, LN metastasis, distant metas-
tasis and poor clinical outcome [32], and in 
laryngeal squamous cell carcinoma, high 
NDRG3 expression was associated with LN 
metastasis and poor OS [33]. In non-small cell 
lung cancer, NDRG3 expression was signifi-
cantly associated with high grade, positive LN 
status, advanced stage, and unfavourable OS 
[31]; and in hepatocellular carcinoma, it was 
significantly associated with larger tumor size, 
high grade, and poor prognosis [30]. In the 
present study, NDRG3 expression was signifi-
cantly associated with high histologic grade, 
high Ki-67 LI, and poor OS, but no significant 
association was observed between its expres-
sion and tumor size or LN metastasis. NDRG3 

is an androgen-regulated gene [29], but in the 
present study, no relationship was evident 
between the expression of AR and NDRG3. 
These results are consistent with the notion 
that oncogenic functions of NDRG3 protein dif-
fer between tumor types, and indicate that 
NDRG3 might be a novel biomarker of progno-
sis in selected human cancers. In a previous 
study, NDRG3 was found to play a tumor-sup-
pressive role in BC. Estiar et al. showed NDRG3 
mRNA expression was downregulated in BC 
patients, especially in advanced stage and tri-
ple-negative BC patients [38]. In this study, low 
NDRG3 expression showed poorer event-free 
survival than normal or high NDRG3 expres-
sion. However, this is the only study to date to 
have evaluated NDRG3 expression in IBC, the 
study population was relatively small (n=88), 
and nature of the relation between the mRNA 
and protein levels of NDRG3 was not explored.

In the present study, we found NDRG3 protein 
expression was significantly associated with 
poor survival and other unfavourable clinico-
pathologic factors in patients with IBC. We sug-
gest additional studies be conducted to deter-
mine the functional consequences of NDRG3 
protein expression in BC.
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