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Background: NDRG3 is an N-myc downregulated gene (NDRG). The aim of this article was 

to identify the role of NDRG3 in colorectal cancer (CRC) and to determine the mechanism 

underlying its function.

Methods: Using immunohistochemical staining, expression and clinicopathological variables 

of NDRG3 were analyzed in 170 CRC samples. Overexpression of NDRG3 was employed in 

SW1116 cells, downregulation of NDRG3 was achieved in RKO cells, then migration and 

invasion assays were performed in vitro, and a mouse model was constructed in vivo. 

Results: Increased expression of NDRG3 was observed in primary CRC tissues, and this 

expression was correlated with distant metastasis. Consistently, ectopic expression of NDRG3 

in SW1116 cells enhanced cell migration and invasion, while knockdown of NDRG3 in RKO 

cells significantly suppressed CRC cell metastasis. The portal vein injection models suggested 

that NDRG3 overexpression facilitates liver metastasis. These events were associated with the 

phosphorylation of Src (c-Src) at Tyr 419 site. 

Conclusion: Our results showed that NDRG3 facilitates CRC migration and invasion by 

activating Src phosphorylation, suggesting the role of NDRG3 as a candidate oncogene.
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Introduction
Colorectal cancer (CRC), being the third most common cancer and the fourth most 

common cause of oncological death worldwide, is a disease of high morbidity and 

mortality.1 In recent years, with the prevalence of westernized lifestyle, high CRC 

rates have been reported in the developing countries in which the risk was once low.2 

Despite noticeable improvements in early diagnosis and development of novel therapy, 

CRC causes a large number of deaths ascribed to metastatic events.3 Therefore, it is of 

urgent need to elucidate the molecular mechanism that is involved in the progression 

of CRC for early detection and target treatment.

Recently, the N-myc downregulated gene (NDRG) family has been discovered, which 

is involved in cell proliferation and differentiation.4 The NDRG family is composed of four 

members: NDRG1, NDRG2, NDRG3, and NDRG4, and they share a 57%–65% amino acid 

identity to one another.4,5 Phylogenetic analysis showed that NDRG1 and NDRG3 belong 

to one subfamily, whereas NDRG2 and NDRG4 belong to another.5 NDRG1 was first 

discovered and can be activated by various conditions including androgens and hypoxia.5–9 

NDRG1 has been widely found to enhance differentiation, reduce proliferation rate, and 

suppress cancer metastasis of various types of cancer cells, indicating the important role 

of NDRG1 in tumor suppressing.10–12 Interestingly, NDRG1 can upregulate transcrip-

tion factor p53 and is necessary for p53-mediated apoptosis.13 NDRG2 is upregulated in 

Alzheimer’s disease (AD) brains and is associated with AD pathogenesis.14 NDRG2 can 
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markedly reduce cell proliferation of glioblastoma.15 So far, little 

is known about the function of NDRG4 in tumors.

NDRG3 is a critical gene that leads to homologous lethality 

in the early embryo development and regulates the male meiosis 

in mouse.16 NDRG3 can be detected in multiple human tissues, 

with high expression in testis, prostate, and ovary and low 

expression in placenta, lung, liver, skeletal muscle, and so on. 

This expression pattern is very similar to that of NDRG1.16,17 To 

date, however, little is known about the exact role of NDRG3 

involved in tumorigenesis. The aim of this study was to explore the 

expression of NDRG3 in CRC and investigate its role in cell pro-

liferation, migration, and invasion both in vitro and in vivo.

Materials and methods
Tissue specimens and cell lines
Colorectal tumor and adjacent non-tumor tissues of 170 CRC 

patients were obtained from Ruijin Hospital, School of Medi-

cine, Shanghai Jiaotong University. All patients had under-

gone radical surgery at Ruijin Hospital from January 2009 to 

January 2012. The mean age of the patients was 65.6 years 

(range: 30–79 years). None of them had received neoadjuvant 

therapy such as radiotherapy or chemotherapy prior to surgery. 

Clinicopathological data were collected and staged according 

to the UICC TNM classification. This study was approved 

by the ethics committee of Shanghai Ruijin Hospital, and 

written informed consent was obtained from all the patients.

The human CRC cell lines SW1116, CaCo
2
, HT-29, LoVo, 

HCT116, SW480, SW620, and RKO were obtained from 

American Type Culture Collection (Manassas, VA, USA) and 

preserved in the Shanghai Digestive Surgery Institute. SW1116, 

SW480, and SW620 were cultured in Leibovitz’s L-15 medium. 

CaCo
2
 and RKO were cultured in Eagle’s minimum essential 

medium. HT-29 and HCT116 were cultured in McCoy’s 5a 

Medium. LoVo was cultured in F-12K medium. All media were 

supplemented with 10% fetal calf serum, 100 μg/mL streptomy-

cin, 100 U/mL penicillin, and cultured at 37°C in 5% CO
2
.

rna extraction and real-time 
polymerase chain reaction (Pcr)
The total RNA of CRC tissues and cell lines was extracted  

with TRIzol reagent (Thermo Fisher Scientific, Waltham,  

MA, USA) according to the manufacturer’s instructions. The  

isolated RNA was reverse transcribed using reverse tran-

scription kit (Promega Corporation, Fitchburg, WI, USA).  

Primers of NDRG3 were 5′-TCTTTCCCAACAGGGTA 

TCAGT-3′ (forward) and 5′-GCTTAGGTGGGTAAGAA 

CAGGA-3′ (reverse). Primers of glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH) GAPDH were 5′-GGA 

CCTGACCTGCCGTCTAG-3′ (forward) and 5′-GTAGC 

CCAGGATGCCCTTGA-3′ (reverse). Quantitative reverse 

transcription PCR (RT-PCR) analysis was carried out, and 

GAPDH served as a constitutive control.

establishment of nDrg3 knockdown 
and nDrg3 overexpression
cells
The lentivirus particles for CTTN overexpression or 

knockdown were designed and constructed by Shanghai 

GenePharma Co., Ltd. (Shanghai, China) SW1116 cells 

were transduced with Lenti-vector or Lenti-NDRG3 at 

20 multiplicity of infection in the presence of 8 μg/mL poly-

brene (Sigma-Aldrich Co., St Louis, MO, USA). RKO cells 

were transduced with Lenti-control or Lenti-sh NDRG3 at 

20 multiplicity of infection in the presence of 8 μg/mL poly-

brene. Stable cell lines were selected in 2 μg/mL puromycin.

immunohistochemistry (ihc)
IHC was performed as previously described.18 NDRG3 was pur-

chased from Abcam (Cambridge, UK) and diluted as 1:1,000.

Western blotting
Total proteins were extracted using radio immunoprecipitation 

assay buffer containing 1% phenylmethanesulfonyl fluoride 

and quantified by a BCA Protein Assay Kit (Pierce, Rockford, 

IL, USA). Equivalent amounts of protein were loaded onto 10% 

sodium dodecyl sulfate polyacrylamide gel electrophoresis and 

then transferred into polyvinylidene difluoride membranes. 

After blocked by skim milk, membranes were incubated in the 

primary antibodies overnight at 4°C. Primary antibodies were 

as follows: NDRG3 (1:1,000; Abcam), Src (1:500; Cell Signal-

ing Technology, Boston, MA, USA), p-Src (Try419, 1:1,000; 

Santa Cruz Biotechnology Inc., Dallas, TX, USA), and 

GAPDH (1:10,000; Abcam). Membranes were then incubated 

with horseradish peroxidase-conjugated secondary antibody 

for 2 hours at room temperature and were visualized by a Tanon 

detection system with electrochemiluminescence reagent.

cell counting kit-8 (ccK-8) and colony 
formation assay
CCK-8 and colony formation assay were performed as previ-

ously described.19

Wound healing assay
Cells were cultured in serum-free medium and grown to 100% 

confluence in 6-well plates. After scratching the cell monolayer 

with a sterile pipette tip, the cells were washed twice with 1% 

PBS. The wound closing procedure was observed and photo-

graphed at 0, 24, and 48 hours under an inverted phase-contrast 

microscope (Olympus Corporation, Tokyo, Japan).
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Migration and invasion assay
For migration assay, 200 μL of serum-free medium contain-

ing 1×105 cells was added into the upper transwell chamber 

(8 mm, Corning Costar, Corning, NY, USA) and 600 μL of the 

medium with 10% serum was added into the lower transwell 

chamber. The chamber was cultured in 37°C with 5% CO
2
 for 

24 hours and fixed with methanol. After staining with 0.4% 

crystal violet for 30 minutes, cells were photographed under an 

inverted phase-contrast microscope (Olympus Corporation). 

For invasion assay, the insert membranes were precoated 

with Matrigel (BD Biosciences, San Jose, CA, USA) and the 

assay was performed in the same way as migration assay.

Xenograft model
Equal numbers of RKO/NC, RKO/sh-NDRG3 cells (1×106) 

were injected into the portal vein of ten 4-week-old BALB/c 

nude mice. Six weeks after injection, the mice were sacri-

ficed, and the numbers of tumor colonies in the livers were 

measured. Subcutaneous tumor formation experiment was 

performed as previously described.19 The experiment was 

performed according to the Guide for the Care and Use 

Laboratory Animals of Ruijin Hospital, Shanghai Jiaotong 

University School of Medicine. Ethics committee of Ruijin 

Hospital also approved this research for using animals.

statistical analyses
All tests were performed by SPSS 13.0 software. Quantitative 

variables were analyzed by Student’s t-test. Chi-square or 

Fisher’s exact test was used to analyze correlation between 

NDRG3 expression and clinical characteristics. p,0.05 was 

considered to be significant and p,0.01 was considered to 

be highly significant.

Results
nDrg3 expression in crc and its 
correlation with clinicopathological 
parameters
To investigate the NDRG3 expression in CRC tissues, RT-

PCR and IHC staining were performed on 170 tumor and 

matched non-tumor tissues. As shown in Figure 1A, NDRG3 

Figure 1 expression of nDrg3 in the crc tissues. 
Notes: (A) nDrg3 mrna expression in crc tissues and adjacent non-tumor tissues analyzed by qrT-Pcr. Data are 2−ΔΔct. (B) immunohistochemical results of nDrg3 
expression in CRC tissues: classified as positive (a) and negative (b) in normal tissues and positive (c) and negative (d) in tumor tissues. **p,0.01. 400× magnification.
Abbreviations: crc, colorectal cancer; qrT-Pcr, quantitative reverse transcription polymerase chain reaction.
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transcript levels were significantly increased in CRC samples 

compared to normal tissues (p,0.01). Ninety-two (54.1%) of 

the CRC tissues showed NDRG3-positive staining, whereas 

78 of the cancer tissues showed a negative NDRG3 signal 

(Figure 1B). Furthermore, a correlation analysis between 

NDRG3 expression and the clinicopathological features 

revealed that the expression of NDRG3 in the CRC tissues 

was significantly related to invasion depth (p=0.013) and 

TNM stage (p=0.015) but not to other factors (Table 1). 

construction of stable crc cell lines
We explored the NDRG3 expression in a series of CRC cell 

lines and found that RKO exhibited relatively higher levels 

of NDRG3 expression and SW1116 exhibited low levels 

of NDRG3 expression (Figure 2A). In order to explore the 

functions of NDRG3 in CRC cell lines, we generated a 

SW1116 cell line ectopically overexpressing NDRG3 and 

applied lentivirus-mediated shRNA to knockdown NDRG3 

in RKO. The effect of overexpression and knockdown was 

determined by Western blotting (Figure 2B).

nDrg3 promotes crc tumor 
proliferation
To investigate the effect of NDRG3 expression on CRC 

growth, we examined the in vitro cell growth rates by CCK-8 

and colony formation assays. Overexpression of NDRG3 

increased the proliferation rate of the SW1116 cells, while 

depletion of NDRG3 reduced the proliferation rate of the 

RKO cells (Figure 3A–C). Consistently, there was a greater 

increase in both tumor volume and tumor weight in animals 

injected with SW1116/NDRG3 cells than in those injected 

with SW1116/Vector cells (Figure 4A–C). IHC analysis 

revealed that SW1116/NDRG3 tumors displayed a higher 

Ki67 index when compared with SW1116/Vector tumors 

(Figure 4D).

nDrg3 enhances wound healing, 
migration, and invasion of crc cells
Wound healing assay was used to evaluate the influence of 

NDRG3 on cellular migration. After 48 hours of incubation, 

the distance between wound edges of SW1116/NDRG3 

cells was markedly shorter than those of SW1116/Vector 

cells. In contrast, a longer distance was noticed in NDRG3 

knockdown cells RKO compared with the negative control 

cells. The wound areas of the experimental group and controls 

were significantly different (Figure 5A–C).

Figure 2 expression of nDrg3 in crc cell and stable cell construction.
Notes: (A) Western blot result of nDrg3 expression in crc cells. (B) Suppression and overexpression of NDRG3 in CRC cells were confirmed by Western blot. 
Abbreviation: crc, colorectal cancer.

Table 1 association between nDrg3 expression and clinico-
pathologic variables in 170 crc patients

Variables Number 
of cases

NDRG3 
immunostaining

p-value

Positive 
(n=92)

Negative 
(n=78)

gender 0.692
Male 103 57 46
Female 67 35 32

age (years) 0.778
$65 87 48 39
,65 83 44 39

Tumor size (cm) 0.836
$5 69 38 31
,5 101 54 47

T stage 0.013
T1, T2 58 39 19
T3, T4 112 53 59

lymph node metastasis 0.069
negative 94 45 49
Positive 76 47 29

Distant metastasis 0.225
negative 162 86 76
Positive 8 6 2

Differentiation 0.590
Undifferentiated, poor 47 27 20
Moderated, well 123 65 58

TnM stage 0.015
i+ii 94 43 51
iii+iV 76 49 27

Abbreviation: crc, colorectal cancer.
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Transwell assays were performed to further detect the 

influence of NDRG3 on cellular migration and invasion. The 

amount of cells that migrated into the lower chamber was 

significantly increased in SW1116/NDRG3 group compared 

with the vector control (Figure 6A and C). In contrast, the 

RKO/KD group was moderately decreased compared with 

mock group (Figure 6B and D). Similar data were obtained in 

invasion assays with SW1116 and RKO cells (Figure 6A–D). 

Thus, together, these results implicate NDRG3 in the regula-

tion of characteristic cellular behaviors found in CRC.

nDrg3 facilitates tumor metastasis in vivo
To determine the function of NDRG3 in liver metastasis, 

we applied the portal vein injection model. As shown in 

Figure 7, there were significantly more visible liver metasta-

sis nodules in mice injected with the SW1116/NDRG3 cells 

compared with SW1116/Vector control. These data sug-

gested that NDRG3 expression facilitates tumor metastases 

in vivo. In accordance with these observations, we found 

that phosphorylation (Tyr 419) of Src was dramatically 

activated in NDRG3-overexpressing CRC cells compared 

Figure 3 nDrg3 promotes cell proliferation and colony formation. 
Notes: (A) ccK-8 assay revealed that nDrg3 knockdown inhibits the proliferation of rKO cells and that nDrg3 overexpression promoted the proliferation of sW1116 
cells. (B and C) colony formation assay revealed that nDrg3 knockdown inhibits the colony formation of rKO cells and that nDrg3 overexpression promoted the colony 
formation of sW1116 cells. Data are mean ± sD of three independent experiments. *p,0.05, **p,0.01.
Abbreviation: ccK-8, cell counting kit-8.
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with the control groups, implicating the crucial role of Src in 

NDRG3-mediated CRC cell metastasis (Figure 7C).

Discussion
As an essential oncoprotein family member, myc partici-

pates in the transcriptional program driving, including cell 

proliferation20,21 and inhibiting cell differentiation.22 Myc 

regulates cell proliferation and differentiation mainly through 

transcriptional regulation of its target genes.23 Human N-myc 

down-regulated gene (NDRG) family members have been 

found intimately involved in cell proliferation and differ-

entiation. The role of NDRG1 in suppressing metastatic 

progression has been reported in a series of studies.24–26 Liu 

et al found that NDRG1 attenuates the downstream signaling 

of c-Src which involves in the p130Cas-CrkIIRac1 pathway, 

and this leads to suppression of cellular migration.27 Mi et al28 

showed that NDRG reduces cav1 expression by promoting 

its ubiquitylation and degradation via the proteasome in CRC 

cells. In addition, cav1 mediates the suppressive function of 

NDRG1 in epithelial–mesenchymal transition, migration, 

and invasion.28 NDRG3 has been classified in the same 

subfamily as NDRG1 and found to be expressed in multiple 

human tissues. Exogenous NDRG3 expression in PC-3 cells 

enhances tumor growth and increases tumor angiogenesis 
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Figure 4 effects of nDrg3 on tumor growth in vivo. 
Notes: (A) representative photographs of tumors in nude mice (n=5 per group) derived from sW1116/Vector and sW1116/nDrg3 cells. (B) Tumor volume was 
monitored weekly after treatment with sW1116/Vector and sW1116/nDrg3 cells. (C) average tumor weights derived from sW1116/Vector and sW1116/nDrg3 cells. 
(D) representative images of Ki67 expression of tumor xenograft (200× magnification). Data are mean ± sD of three independent experiments. *p,0.05, **p,0.01.
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through upregulating angiogenic chemokines including 

CXCL1 (chemokine ligand 1), CXCL3 (chemokine ligand 3), 

and CXCL5 (chemokine ligand 5).17,29 Pan et al found that 

NDRG3 was tightly associated with meiosis progression in 

testis and NDRG3 was required for the lactate-induced dou-

ble-strand break repair via modulating the ERK1/2 pathway.29 

A recent study demonstrated that NDRG3 is a hypoxia-in-

ducible lactate sensor and plays key roles in the promotion of 

hypoxia responses in hypoxia inducible factor-1-independent 

manner.30 NDRG3 plays a key role in spermatogenesis. 

NDRG3 is upregulated when Raji cells are treated with 

Silurus asotus lectin (SAL), suggesting that NDRG3 was 

regulated by signal transduction through the binding of SAL 

to globotriaosylceramide (Gb3).31 These previous studies 

have led to the current investigation. In the present study, we 

showed that NDRG3 expression is substantially downregu-

lated in CRC tissues compared with adjacent normal tissues. 

This expression is significantly associated with invasion 

depth, indicating poor prognosis. These data suggest that 

NDRG3 may be associated with CRC tumorigenicity and 

metastasis. We performed CCK-8 and colony formation 

assays to further determine the importance of NDRG3 in 

cell proliferation. The results presented in the present study 

showed that ectopic expression of NDRG3 in the SW1116 

cells inhibited cell proliferation and impaired the capability 

of wound healing, migration, and invasion, while knockdown 

Figure 5 nDrg3 promotes wound healing of crc cells. 
Notes: (A and B). representative photographs of wound healing assays (200× magnification). Photographs were taken 0, 24, and 48 hours after scratching. (C and D) 
relative distances of wound edges of crc cells. Data are represented as mean ± sD of three independent experiments. *p,0.05; **p,0.01.
Abbreviation: crc, colorectal cancer.
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of NDRG3 in RKO cells produced the opposite results. 

Xenograft model results supported the experimental out-

comes in vitro. Src is a non-receptor tyrosine kinase whose 

expression and activity are involved in the regulation of 

oncogenic processes including proliferation, angiogenesis, 

differentiation, and survival motility.32,33 Upon dephospho-

rylation of Src at Tyr530 site, the molecular interactions 

are destabilized, thus resulting in the autophosphorylation 

Figure 7 (Continued)

SW1116/VectorA SW1116/NDRG3
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of Tyr419. This event allows the opening of SH2 and SH3 

domains to interact with G-protein-coupled receptors, recep-

tor tyrosine kinases, and focal adhesion kinase.34–36 Evidence 

showed that Src orchestrates tumor progression through 

phosphorylating tyrosine residues mainly acting as the 

downstream of RTKs and integrins.37 The results presented 

in the present study show that ectopic NDRG3 in SW1116 

cells increased the phosphorylation of Src, while silencing of 

NDRG3 in RKO cells produced the opposite result. NDRG3 

enhances CRC metastasis through the activation of c-Src 

at Tyr419. However, how NDRG3 regulates Src remains 

unknown and is worth a next approach.

Conclusion
Our data show that NDRG3 promotes CRC cell proliferation, 

migration, and invasion, suggesting that NDRG3 may be an 

oncogene in CRC. 
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