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Elevated N-Myc downstream-regulated gene 3 
expression indicates poor survival in epithelial 
ovarian cancer
Chuanbing Shi, MD, PhDa, Ling Sha, BScb, Zhe Zhang, MMedc, Xuefeng Gu, MD, PhDd,e,*

Abstract 
N-Myc downstream-regulated gene 3 (NDRG3), a member of the NDRG family, plays an important role in the development, 
progression, invasiveness, and metastasis of multiple tumor types. This study focuses on NDRG3 expression in epithelial ovarian 
cancer (EOC) and the correlation between NDRG3 expression and prognostic indicators. First, the LinkedOmics database was 
used to analyze the expression of genes associated with NDRG3, and then gene ontology and Kyoto encyclopedia of genes 
and genomes (KEGG) functional enrichment analyses and methylation analysis of NDRG3-related genes were performed to 
identify co-expressed genes. A protein–protein interaction network was constructed using the STRING database. Subsequently, 
quantitative polymerase chain reaction was performed to determine the mRNA expression level of NDRG3 in 22 fresh EOC tissue 
samples. In addition, immunohistochemistry was performed to detect the expression of NDRG3 protein in 110 EOC microarray 
samples. Cox regression and Kaplan–Meier survival analyses were performed to assess the prognostic value of NDRG3. 
Bioinformatics analysis showed that NDRG3 had a broad impact on the transcriptome and that genes that were co-expressed with 
NDRG3 were primarily involved in organ- or tissue-specific immune response, response to chemokine, interleukin-1 production, 
and other related pathways. The KEGG pathway analysis suggested that genes co-expressed with NDRG3 were also enriched 
in signaling pathways, including the interleukin-17 signaling pathway. The mRNA expression levels of NDRG3 were significantly 
higher in EOC tissues than in paracancerous nontumor tissues (P < .01). NDRG3 expression in EOC was correlated with distant 
metastasis (P = .02), tumor–node–metastasis stage (P = .03), and patient prognosis (P = .01). Moreover, the disease-free survival 
and overall survival times of EOC patients decreased with increasing NDRG3 expression. High NDRG3 expression and lymph 
node metastasis were identified as independent prognostic factors in 110 EOC patients. NDRG3 plays a key role in ovarian cancer 
progression. High NDRG3 expression is correlated with multiple clinicopathologic features of EOC and may be an indicator of a 
poor prognosis in EOC.

Abbreviations: 95% CI = 95% confidence interval, AJCC = the American Joint Committee on Cancer, CA125 = cancer antigen 
125, DFS = disease-free survival, EOC = epithelial ovarian cancer, GAPDH = glyceraldehyde 3-phosphate dehydrogenase, GO = 
gene ontology, GSEA = gene-set enrichment analysis, HCC = hepatocellular carcinoma, HR = hazard ratio, IL-17 = interleukin-
17IHC = immunohistochemistry, KEGG = Kyoto encyclopedia of genes and genomes, LSCC = laryngeal squamous cell carcinoma, 
NADH = nicotinamide adenine dinucleotide hydrideNDRG3 = N-Myc downstream-regulated gene 3, OC = ovarian cancer, OS = 
overall survival, PPI = protein–protein interaction, qPCR = quantitative polymerase chain reaction, TCGA = the cancer genome 
atlas, TMA = tissue microarray, TNM = tumor node metastasis.
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1. Introduction
Ovarian cancer is a prevalent gynecological malignancy, 
accounting for 3.4% and 4.7% of gynecological malignan-
cies and related deaths, respectively.[1] In China, as elsewhere, 
OC seriously endangers women’s health, and its morbidity 
and mortality rank in the top 10 of all gynecological malig-
nancies.[2] Compared with other tumors, OC has complex 
histopathological types, including epithelial ovarian cancer 
(EOC), germ cell malignancies, sex cord stromal tumors, and 
others. EOC, which is the predominant type of OC, accounts 
for approximately 90% of cases and has various histopatho-
logical subtypes, and of these, high-grade serous carcinoma is 
the most common in clinical practice.[3] EOC is characterized 
by late detection and high mortality, and most patients are 
diagnosed at an advanced stage. The average 5-year survival 
rate of EOC patients is approximately 45.6%, that of patients 
who are diagnosed early can exceed 70%, and that of patients 
diagnosed late is only 35%.[4] Although surgical treatment, 
chemotherapy, radiotherapy, targeted therapy, and immuno-
therapy have improved substantially in recent years, the ther-
apeutic effect in patients with advanced cancer is still poor, 
and no good prevention or treatment measures have been 
established for tumor recurrence and metastasis.[5–7] In the 
diagnosis and treatment of EOC, tumor markers such as can-
cer antigen 125 (CA125) have been widely used for clinical 
diagnosis and tumor burden assessment. Clinically, however, 
the discovery of new tumor markers for early diagnosis, preci-
sion treatment, and prognostic evaluation remains an urgent 
task.[8,9]

The N-Myc downstream-regulated gene (NDRG) family 
is a subset of the α/β-hydrolase superfamily and is repressed 
by Myc expression.[10–12] The NDRG family includes NDRG1, 
NDRG2, NDRG3, and NDRG4, and of these, NDRG3 is a 
crucial member that is associated with important physiologi-
cal functions, including cell proliferation, differentiation, and 
embryonic development.[13,14] NDRG3 is also associated with 
the pathogenesis of several diseases. NDRG3 also mediates 
lactate signaling during hypoxia. Studies have shown that 
under hypoxia, stabilized NDRG3 can promote angiogenesis 
and cell growth through the Raf-ERK pathway.[15,16] Yao et 
al[17] found that the let-7f/NDRG3 pathway might be a tar-
get for the treatment of ischemic stroke. Recent studies have 
indicated that NDRG3 not only participates in tumor pro-
gression but is also related to tumor metastasis. Liu et al[18] 
found that abnormal NDRG3 expression was correlated with 
the histological grade of prostate cancer and was an import-
ant factor for the poor prognosis of gastric cancer and that 
decreased NDRG3 protein expression can contribute to an 
improved prognosis. Yin et al[19] found that high expression 
of NDRG3 was associated with poor survival outcomes in 
hepatocellular carcinoma (HCC). Ma et al[20] found that high 
NDRG3 protein expression was correlated with a poor prog-
nosis in laryngeal squamous cell carcinoma (LSCC) patients 
and that high NDRG3 expression was associated with lymph 
node metastasis in LSCC. Jing et al[21] also reached a similar 
conclusion in HCC and reported that high NDRG3 expres-
sion was an important tumor marker for a poor prognosis in 
HCC patients.

The above results suggest that as an important oncogene, 
NDRG3 is a tumor marker correlated with the clinicopatholog-
ical features and prognosis of multiple malignancies. However, 
the roles of NDRG3 in EOC, a common malignant tumor seen 
in obstetrics and gynecology, have not been reported. In this 
study, we investigated NDRG3 mRNA and protein expres-
sion in EOC cells and paracancerous tissue, the relationships 
between NDRG3 expression and the clinicopathological fea-
tures of EOC, and the value of NDRG3 expression in the prog-
nostic prediction of EOC patients. In addition, the possible 
mechanisms were explored through a bioinformatics analysis.

2. Materials and methods

2.1. Tissue specimens of EOC patients

The data of 110 EOC patients treated at Jiangsu Cancer Hospital 
from 2005 to 2015 were collected. All cases were reviewed by 
2 senior pathologists. We also collected the clinical and patho-
logical data, including age, tumor size, histological type, degree 
of differentiation, and lymph node and distant metastases. 
Tumor stage was determined according to the 7th edition of 
the American Joint Committee on Cancer staging manual. This 
study was approved by the relevant ethics committees of the 
Nanjing Pukou People’s Hospital, and informed consent was 
obtained from all patients.

2.2. LinkedOmics database analysis

The LinkedOmics database[22] is a web-based database plat-
form that contains data on 32 cancer types. In this study, 
the LinkedOmics ovarian cancer dataset was used to analyze 
the correlation and functional enrichment of NDRG3. The 
RNAseq data type and HiSeq RNA platform containing 303 
cases of ovarian cancer were selected, and the LinkedOmics 
LinkFinder module was used to investigate differentially 
expressed genes associated with NDRG3 in the Cancer 
Genome Atlas. Pearson correlation coefficients were used for 
statistical analysis. Subsequently, we performed Gene ontol-
ogy (GO) and Kyoto encyclopedia of genes and genomes 
(KEGG) functional enrichment analyses on the differentially 
expressed mRNAs according to NDRG3 expression using the 
LinkInterpreter module in the LinkedOmics bioinformatics 
database. GO enrichment analysis results were divided into 
3 separate sub-ontologies: biological processes, cellular com-
ponents, and molecular functions. Next, genes associated 
with NDRG3 methylation were screened (false discovery rate 
[FDR] < .01) and were also subjected to GO and KEGG anal-
yses. The significance threshold was FDR < .05, and 500 sim-
ulations were performed.

2.3. Protein–protein interactions network construction

The STRING database (version 11.0, https://string-db.org/) is 
a public data resource. In this study, the STRING database 
was used to construct a PPI network to predict the poten-
tial relationship of protein–protein interactions (PPIs). The 
10 interacting proteins most closely related to NDRG3 were 
predicted, and the constructed PPIs were visualized using the 
website.

2.4. One-step reverse transcription–quantitative 
polymerase chain reaction detection

We collected fresh tumor tissues and paracancerous tissues 
from 22 of the EOC patients referenced above. The operat-
ing procedures for quantitative polymerase chain reaction 
(qPCR), including RNA extraction, amplification, and data 
analysis, were similar to those described in the literature.[23,24] 
The glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
mRNA level was measured to standardize the measurements 
of the target genes. The NDRG3 primers used were as follows: 
forward primer: 5’-CCA GGA CTT TGACTG TCA GGA-3’; 
reverse primer: 5’- AGT GCTGGG TGA. TCT CTT GC-3’. 
The GAPDH primers used were as follows: forward primer: 
5’-TGC ACC ACC AAC TGC TTA GC-3’; reverse primer: 
3’-GGC ATG GAC TGT1 GGT CAT GAG-5’.[21] The 1-step 
reverse transcription–qPCR procedure was as follows: reverse 
transcription at 42 °C for 30 minutes, double-stranded DNA 
predenaturation at 94 °C for 2 minutes, and 35 PCR cycles at 
95 °C for 20 seconds, 56 °C for 20 seconds, and 72 °C for 30 
seconds.

https://string-db.org/
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2.5. Tissue microarray preparation and 
immunohistochemistry analysis

The tumor tissues and paracancerous tissues of 110 EOC 
patients were used to generate TMAs. All specimens were fixed 
in 10% neutral-buffered formalin and then paraffin-embedded. 
Round tissue blocks 1.5 mm in diameter were obtained from 
each patient’s paraffin tissue block. The round tissue blocks of 
several patients were used to construct 1 large paraffin tissue 
block. Then, 4-μm-thick slices were prepared from the large tis-
sue block constructed for the TMA. The NDRG3 monoclonal 
antibody was purchased from Abcam (Cambridge) (NDRG3, 
1:200), and the secondary antibody was purchased from Dako 
Cytomation (Carpinteria). Immunohistochemistry (IHC) scor-
ing consisted of 2 parts and included the positivity level and 
the percentage of positive cells. Tumor cell positivity levels were 
scored as follows: negative, 0; weakly positive, 1; moderately 
positive, 2; and strongly positive, 3. The percentages of positive 
cells were scored as follows: 0% to 20%, 1; 21% to 50%, 2; 
51% to 75%, 3; and 76% to 100%, 4. IHC scoring was per-
formed by 2 pathologists. A sum of 2 scores greater than or 
equal to 5 indicated high expression, while a sum <5 indicated 
low expression.

2.6. Statistical analysis

STATA 14.0 (Stata Corporation, College Station) was used 
for statistical analysis. The Wilcoxon test was used to analyze 
NDRG3 protein expression. The chi-squared test was used to 
analyze correlations between NDRG3 protein expression and 
the clinicopathological features of EOC. Kaplan–Meier analy-
sis (log-rank test) was used to explore the relationship between 
NDRG3 and the prognosis of EOC patients. The Cox propor-
tional hazard model was adopted for univariate and multivariate 
survival analyses. P < .05 was considered statistically significant.

3. Results

3.1. Correlation and functional enrichment analyses of 
differentially expressed genes associated with NDRG3 
expression in EOC

The results of mRNA sequencing data of 303 EOC patients 
were analyzed using the LinkedOmics functional module. As 
shown in the volcano plot (Fig. 1A), 11,220 genes were pos-
itively correlated and 8812 genes were negatively correlated 
with NDRG3 expression. The heat maps (Fig. 1B and C) 

Figure 1.  Differentially expressed genes associated with NDRG3 in EOC according to LinkedOmics analysis. (A) The correlation of NDRG3 with differentially 
expressed genes in EOC was analyzed using the Pearson correlation test. (B and C) Heat map showing the top 50 genes that were positively or negatively 
correlated with NDRG3 in EOC. Red represents positively correlated genes, and green represents negatively correlated genes. EOC = epithelial ovarian cancer, 
NDRG3 = N-Myc downstream-regulated gene 3.



4

Shi et al.  •  Medicine (2025) 104:20� Medicine

showed the top 50 genes that were most significantly posi-
tively or negatively correlated with NDRG3, and the results 
suggested that NDRG3 exerted a broad influence on the 
transcriptome. In the LinkInterPreter module, we utilized the 
Select Tool for gene-set enrichment analysis. The Enrichment 
Analysis encompassed biological processes, cellular compo-
nents, and molecular functions, as well as KEGG pathway 
analysis. Figure 2A–C illustrates the number of genes encom-
passed within various significant biological pathway cate-
gories, specifically biological regulation, metabolic process, 
response to stimulus, multicellular organismal process, and 

localization across biological processes, cellular components, 
and molecular functions. More specifically, as detailed in 
Table 1, genes associated with NDRG3 are primarily enriched 
in biological process terms such as organ-or tissue-specific 
immune response (GO:0002251), response to chemokine 
(GO:1990868), interleukin-1 production (GO:0032612), 
myeloid dendritic cell activation (GO:0001773), and response 
to interleukin-12 (GO:0070671). In terms of cellular com-
ponents, these genes are predominantly enriched within the 
MHC protein complex (GO:0042611), transcriptionally active 
chromatin (GO:0035327), autophagosome (GO:0005776), 

Figure 2.  Gene ontology term analysis of NDRG3 expression-related genes in EOC. In terms of (A) biological process, (B) cell composition, and (C) molecular 
function. EOC = epithelial ovarian cancer, NDRG3 = N-Myc downstream-regulated gene 3.

Table 1 

Enriched GO and KEGG items.

Enriched category Description Count NES P-value FDR

Biological process
 � GO:0002251 Organ-or tissue-specific immune response 25 −2.047 <.001 0.01
 � GO:1990868 Response to chemokine 86 −2.175 <.001 0.01
 � GO:0032612 Interleukin-1 production 86 −1.864 <.001 <0.05
 � GO:0001773 Myeloid dendritic cell activation 27 −1.842 <.001 <0.05
 � GO:0070671 Response to interleukin-12 48 −1.863 <.001 <0.05
Cellular components
 � GO:0042611 MHC protein complex 19 −2.247 <.001 <0.01
 � GO:0035327 Transcriptionally active chromatin 20 1.660 .01 0.05
 � GO:0005776 Autophagosome 84 1.809 <.001 0.05
 � GO:0044450 Microtubule organizing center part 150 1.671 <.001 0.05
 � GO:0030990 Intraciliary transport particle 26 1.682 <.05 0.06
Molecular function
 � GO:0003823 Antigen binding 52 −2.111 <.001 <0.001
 � GO:0042287 MHC protein binding 24 −1.920 <.001 0.02
 � GO:0003735 Structural constituent of ribosome 153 −1.866 <.001 0.02
 � GO:0016684 Oxidoreductase activity, acting on peroxide as acceptor 54 −1.770 <.001 0.04
 � GO:0016209 Antioxidant activity 76 −1.595 <.001 0.08
KEGG pathway
 � hsa04657 IL-17 signaling pathway 89 −2.042 <.001 <0.001
 � hsa03010 Ribosome 130 −2.119 <.001 <0.001
 � hsa05320 Autoimmune thyroid disease 47 −2.157 <.001 <0.001
 � hsa05322 Systemic lupus erythematosus 122 −2.173 <.001 <0.001
 � hsa05133 Pertussis 74 −2.191 <.001 <0.001

FDR = false discovery rate, IL-17 = interleukin-17, GO = gene ontology, KEGG = kyoto encyclopedia of genes and genomes, NES = normalized enrichment score.
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microtubule organizing center part (GO:0044450), and intra-
ciliary transport particle (GO:0030990). Regarding molecular 
functions, NDRG3-related genes show enrichment in antigen 
binding (GO:0003823), MHC protein binding (GO:0042287), 
structural constituent of ribosome (GO:0003735), oxidore-
ductase activity acting on peroxide as acceptor (GO:0016684), 
and antioxidant activity (GO:0016209). KEGG path-
way enrichment analysis (Fig. 3A and Table 1) reveals that 

NDRG3-related genes are prominently enriched in biolog-
ical pathways including interleukin-17 (IL-17) signaling 
pathway (hsa04657), ribosome (hsa03010), autoimmune 
thyroid disease (hsa05320), systemic lupus erythematosus 
(hsa05322), and pertussis (hsa05133). The detailed map of 
the key IL-17 signaling pathway is presented in Figure 3B, 
while the major KEGG pathway enrichment plot is shown in  
Figure 4.

Figure 3.  Kyoto encyclopedia of genes and genomes pathway enrichment analysis revealed enrichment of the IL-17 signaling pathway. (a) KEGG pathway 
analysis of NDRG3-related genes. (b) IL-17 signaling pathway map. IL-17 = interleukin-17, KEGG = Kyoto encyclopedia of genes and genomes, NDRG3 = 
N-Myc downstream-regulated gene 3.
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3.2. Correlation analysis of NDRG3 methylation

To elucidate the biological significance of NDRG3 methylation 
in EOC, 183 genes associated with NDRG3 methylation were 
screened (FDR < .01).

Gene ontology enrichment analysis indicates (Fig. 5A–C and 
Table 2) that in biological process terms, co-expressed genes 
related to NDRG3 methylation are primarily engaged in mito-
chondrial respiratory chain complex assembly (GO:0033108), 
nicotinamide adenine dinucleotide hydride dehydrogenase 
complex assembly (GO:0010257), translational elongation 
(GO:0006414), mitochondrial gene expression (GO:0140053), 
and protein localization to the endoplasmic reticulum 
(GO:0070972). Regarding cellular components, the co-expressed 
genes are mainly involved in mitochondrial protein complex 
(GO:0098798), respiratory chain (GO:0070469), mitochon-
drial inner membrane (GO:0005743), nicotinamide adenine 
dinucleotide hydride dehydrogenase complex (GO:0030964), 
and ribosome (GO:0005840). In terms of molecular func-
tions, these genes primarily participate in structural constitu-
ent of ribosome (GO:0003735), oxidoreductase activity acting 
on NAD(P)H (GO:0016651), rRNA binding (GO:0019843), 
electron transfer activity (GO:0009055), and phosphotransfer-
ase activity with phosphate group as acceptor (GO:0016776). 
Further KEGG pathway Enrichment Analysis demonstrates 
that pathways such as ribosome (hsa03010), Parkinson disease 
(hsa05012), oxidative phosphorylation (hsa00190), Alzheimer 
disease (hsa05010), and proteasome (hsa03050) are closely 
associated with NDRG3 methylation (Fig. 5D and Table 2).

3.3. NDRG3 protein–protein interaction network analysis

A possible NDRG3 PPI network map was constructed using the 
STRING database (Fig. 6). The results showed that the top 10 

proteins that interacted with NDRG3 were TARDBP, CSTF1, 
NPEPL1, HDHD3, EDEM2, TRPC4AP, PHF20, SLA2, and 
SULF2.

3.4. High NDRG3 expression in EOC

NDRG3 mRNA expression in the 22 EOC patients was deter-
mined by qPCR. The results showed that the NDRG3 expres-
sion level in EOC tumor tissues and in paracancerous tissues 
were 5.15 ± 4.21 and 1.49 ± 1.38 times that of the internal con-
trol GAPDH (P = .01, Fig. 7A), respectively. The expression level 
in EOC tumor tissue was approximately 3.5 times higher than 
that in paracancerous tissues. IHC revealed that 71 of 110 EOC 
cases exhibited high NDRG3 protein expression, whereas only 
14 paraneoplastic tissues exhibited high expression (χ2 = 62.29, 
P < .001, Fig. 7B). Therefore, NDRG3 can be used as a potential 
diagnostic indicator for EOC. Typical IHC-stained images of 
EOC tumors are shown in Figure 8, and according to the images, 
the positively stained areas were primarily localized in the cell 
membrane and cytoplasm. Our findings show that NDRG3 was 
highly expressed in the tumor tissues of EOC patients.

3.5. High NDRG3 expression is correlated with the 
clinicopathological features of EOC

Our statistical analysis showed that high NDRG3 expression 
was related to the clinicopathological features of EOC (Table 3). 
High NDRG3 expression was correlated with distant metastasis 
(P = .02), tumor–node–metastasis (TNM) stage (P = .03), and 
prognosis (P = .01) in EOC patients. Other major clinical indi-
cators such as age, tumor size, histological type, pathological 
grade, and lymph node metastasis were not significantly related 
to NDRG3 expression.

Figure 4.  Gene-set enrichment analysis analysis of genes related to NDRG3. (A) IL-17 signaling pathway, (B) ribosome, (C) autoimmune thyroid disease, (D) sys-
temic lupus erythematosus, (E) pertussis, and (F) antigen processing and presentation. IL-17 = interleukin-17, NDRG3 = N-Myc downstream-regulated gene 3.
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3.6. High NDRG3 expression is correlated with the survival 
of EOC patients

We examined the Kaplan–Meier curve and found that high 
NDRG3 expression (P = .001), a high pathological grade 
(P < .01), lymph node metastasis (P < .001), distant metastasis 
(P < .001), and a high TNM stage (P < .001) were associated 
with short overall survival (OS) of EOC patients. In addition, 
high NDRG3 expression (P < .001) and lymph node metastasis 
(P < .001) were correlated with shortened disease-free survival 
(DFS) of EOC patients in this study (Fig. 9). The univariate 
analysis results in Table 4 show that high NDRG3 expression 
(P < .001), high pathological grade (P < .05), lymph node metas-
tasis (P < .001), and TNM stage (P = .02) were associated with 
DFS in EOC patients in this study; similar statistical results in 

Table 5 suggest that high NDRG3 expression (P < .01), tumor 
pathological grade (P < .01), lymph node metastasis (P < .001), 
distant metastasis (P < .001), and TNM stage (P < .001) were 
associated with OS. In contrast, the multivariate analysis results 
in Tables 4 and 5 show that high NDRG3 expression was an 
independent prognostic factor for DFS and OS in EOC patients 
(P = .01, P < .05, respectively) and that lymph node metastasis 
was an independent prognostic indicator for both DFS and OS 
(P = .01, P = .02, respectively).

4. Discussion
The NDRG family includes the 4 homologs NDRG1, NDRG2, 
NDRG3, and NDRG4. Among them, NDRG3 has many 

Figure 5.  Gene ontology biological process enrichment analysis of NDRG3 methylation-related genes in EOC. (A) Biological processes, (B) cellular composition, 
(C) molecular functions, and (D) KEGG pathways. EOC = epithelial ovarian cancer, KEGG = Kyoto encyclopedia of genes and genomes, NDRG3 = N-Myc 
downstream-regulated gene 3.
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Table 2 

Enriched GO and KEGG items.

Enriched category Description Count NES P-value FDR

Biological process
 � GO:0033108 Mitochondrial respiratory chain complex assembly 68 3.011 <.001 <0.001
 � GO:0010257 NADH dehydrogenase complex assembly 49 2.918 <.001 <0.001
 � GO:0006414 Translational elongation 123 2.789 <.001 <0.001
 � GO:0140053 Mitochondrial gene expression 142 2.481 <.001 <0.001
 � GO:0070972 Protein localization to endoplasmic reticulum 135 2.441 <.001 <0.001
Cellular components
 � GO:0098798 Mitochondrial protein complex 213 3.280 <.001 <0.001
 � GO:0070469 Respiratory chain 84 2.965 <.001 <0.001
 � GO:0005743 Mitochondrial inner membrane 369 2.951 <.001 <0.001
 � GO:0030964 NADH dehydrogenase complex 43 2.875 <.001 <0.001
 � GO:0005840 Ribosome 216 2.862 <.001 <0.001
Molecular function
 � GO:0003735 Structural constituent of ribosome 152 3.156 <.001 <0.001
 � GO:0016651 Oxidoreductase activity, acting on NAD(P)H 96 2.398 <.001 <0.001
 � GO:0019843 rRNA binding 58 2.055 <.001 0.001
 � GO:0009055 Electron transfer activity 105 2.193 <.001 0.001
 � GO:0016776 Phosphotransferase activity, phosphate group as acceptor 33 2.042 <.001 0.001
KEGG pathway
 � hsa03010 Ribosome 129 3.137 <.001 <0.001
 � hsa05012 Parkinson disease 115 2.899 <.001 <0.001
 � hsa00190 Oxidative phosphorylation 104 2.847 <.001 <0.001
 � hsa05010 Alzheimer disease 152 2.416 <.001 <0.001
 � hsa03050 Proteasome 44 2.386 <.001 <0.001

FDR = false discovery rate, GO = gene ontology, KEGG = kyoto encyclopedia of genes and genomes, NADH = nicotinamide adenine dinucleotide hydride, NES = normalized enrichment score.

Figure 6.  Protein–protein interaction network map.
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important physiological functions, including in embryonic 
development, cell differentiation, and cell proliferation.[13,14] 
Cui et al[25] found that NDRG3 was involved in the regula-
tion of cell apoptosis. NDRG3 also has a specific relationship 
with hypoxia and ischemic stroke.[15–17] NDRG3 is associated 
with the invasion, metastasis, and prognosis of tumors. For 
example, in laryngeal cancer,[20] HCC,[19,21] lung cancer,[26] col-
orectal cancer,[27] gastric cancer,[18,28] breast cancer,[29] and oth-
ers, high NDRG3 expression has been found to be associated 
with a poor prognosis. Du et al[30] found that a microRNA31–
NDRG3 regulatory axis was essential for HCC survival and 
drug resistance. Shi et al[31] reported that high NDRG3 expres-
sion could regulate HCC metastasis by regulating β-catenin 
turnover. Thus, NDRG3 can serve as a potential target in 
targeted therapy for HCC, which warrants further in-depth 
study. Li et al[27] found that NDRG3, a tumor-promoting gene 
in colorectal cancer, could promote the migration and inva-
siveness of colorectal cancer cells by activating Src phosphory-
lation. NDRG3 might be an oncogene that can promote tumor 
growth and is associated with tumor prognosis. However, no 
studies of NDRG3 in EOC have been reported. Therefore, this 
study focuses on the clinicopathological associations between 
NDRG3 expression and EOC, particularly the relationship 
between high NDRG3 expression and the prognosis of EOC 
patients.

In this study, NDRG3 mRNA and protein expression lev-
els in EOC tumor tissues were determined by qPCR and 
IHC, respectively. The findings suggested that NDRG3 
was highly expressed in EOC tumor tissues. High NDRG3 
expression was correlated with important clinicopatholog-
ical features, such as TNM stage, lymph node metastasis, 
and prognosis. Statistical methods including univariate 
analysis, multivariate analysis, and Kaplan–Meier curves 
revealed not only that high NDRG3 expression correlated 
with the DFS and OS of EOC patients but that NDRG3 
could also serve as an independent prognostic indicator in 
EOC. Therefore, NDRG3 can be considered an oncogene in 
EOC that is correlated with the clinicopathological features 
and prognosis of EOC.

In our PPI network analysis of NDRG3 in EOC, we iden-
tified 10 key proteins exhibiting the closest interaction with 
NDRG3: TARDBP, CSTF1, NPEPL1, HDHD3, EDEM2, 
TRPC4AP, PHF20, SLA2, and SULF2. This suggests the exis-
tence of potential mechanistic pathways and biological inter-
actions between NDRG3 and these critical genes, interactions 
that may influence the progression of EOC. The interrelations, 
roles, and possible impacts of these proteins in conjunction 
with NDRG3 remain largely unexplored and warrant further 
investigation through a series of foundational experimental 
studies.

Finally, to further explore the regulatory network and signal-
ing pathways of NDRG3, we performed a pearson correlation 
analysis of NDRG3 co-expressed genes using the LinkedOmics 
database. The analysis of differentially expressed genes asso-
ciated with NDRG3 in EOC showed that NDRG3 exerted a 
broad impact on the transcriptome. In our study, the GO and 
pathway enrichment analyses revealed that NDRG3 is intri-
cately involved in various biological processes and pathways. 
Key findings suggest that NDRG3 plays a significant role in the 
organ- or tissue-specific immune response, notably influencing 
the response to chemokines and interleukin-1 production. These 
processes are crucial for myeloid dendritic cell activation and 
influence responses to interleukin-12, highlighting NDRG3’s 
potential impact on immune regulation. Additionally, NDRG3’s 
association with the MHC protein complex and antigen bind-
ing suggests a role in antigen presentation. Structurally, NDRG3 
is linked to transcriptionally active chromatin, autophagosome 
formation, and the microtubule organizing center, indicating its 
involvement in cellular architecture and intracellular transport. 
Functionally, its participation in oxidoreductase and antioxidant 
activities may contribute to cellular protection mechanisms. 
Pathway analysis identifies the IL-17 signaling pathway and sys-
temic pathways, such as autoimmune thyroid disease and sys-
temic lupus erythematosus, indicating broader implications in 
inflammatory and autoimmune conditions. These results align 
with the study’s aim to elucidate NDRG3’s multifaceted role in 
disease pathology, potentially offering new insights into thera-
peutic targets.

Figure 7.  NDRG3 mRNA expression in EOC tissues and matched noncancerous tissues. (A) 1-step qPCR and IHC were performed to evaluate NDRG3 mRNA 
and protein expression in EOC tissues and matched noncancerous tissues. NDRG3 mRNA expression in EOC tissues was significantly higher than that in corre-
sponding tumor-adjacent noncancerous tissues (P = .01) when normalized to that of the internal control GAPDH. (B) NDRG3 protein expression in EOC tissues 
was higher than that in matched tumor-adjacent noncancerous tissues according to IHC. IHC scoring data showed that NDRG3 protein expression in EOC 
tissues was significantly higher than that in matched tumor-adjacent noncancerous tissues (P < .001). EOC = epithelial ovarian cancer, GAPDH = glyceraldehyde 
3-phosphate dehydrogenase, IHC = immunohistochemistry, NDRG3 = N-Myc downstream-regulated gene 3, qPCR = quantitative polymerase chain reaction.
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Some studies on NDRG3 have reported opposite conclusions. 
Estiar et al[32] reported that high NDRG3 expression could 
inhibit tumor proliferation in breast cancer and can therefore 
be exploited as a suppressor in breast cancer. Lee et al[33] found 
that NDRG3 expression could inhibit the metastatic capacity 
of prostate cancer cells. Consequently, we believe that further 
research on NDRG3 in tumors is needed. Many experimental 
factors can affect NDRG3 expression in different tumor types, 
such as limitations related to sample collection, histological 
type, and TNM stage, the source of the antibody used, and the 
quality control of the experiment.

The present study acknowledges several limitations that 
warrant further exploration. First, 1 significant limitation of 
our study is the relatively small sample size, comprising 110 
EOC patients. This constraint may impact the generalisability 
of our results to a broader population. Future research should 
aim to replicate these findings in larger, more heterogeneous 
cohorts to strengthen the statistical power and credibility of 
our conclusions. Secondly, the data was gathered from a single 
institution, which might introduce selection bias. Conducting 
multicentre studies would enhance the robustness and applica-
bility of our outcomes. Lastly, while our study offers valuable 
insights into the association of NDRG3 with EOC progres-
sion and prognosis, it falls short of elucidating the underlying 
molecular mechanisms in detail. Supplementary experimental 
investigations, including in vivo and in vitro studies, are essen-
tial to unravel the precise pathways through which NDRG3 
affects tumor biology.

Future research should aim to dissect these specific pathways 
and investigate the possibility of NDRG3’s involvement in other 
cancer-associated pathways. Given its prognostic potential, it 
becomes imperative to assess the viability of NDRG3 as a ther-
apeutic target in subsequent studies. Investigating how NDRG3 
interacts with other key proteins may unveil novel targets for 
drug development, potentially advancing therapeutic strategies. 
There is also a need for continuous research efforts to evalu-
ate the applicability of NDRG3 as a biomarker for early detec-
tion and the development of personalized treatment regimens 
in EOC, which could significantly enhance patient management 
and clinical outcomes. Furthermore, long-term cohort studies 
that track patient outcomes in relation to NDRG3 expression 
levels are essential to provide a comprehensive understanding of 
its role and prognostic utility in a clinical setting.

5. Conclusions
In summary, in this study, the relationships between high 
NDRG3 expression and the clinicopathological characteristics 
of EOC were explored for the first time, especially the relation-
ship between NDRG3 expression and prognosis. In this study, 
the role of NDRG3 methylation was studied in EOC, and pro-
teins that possibly interact with NDRG3 were assessed using a 
bioinformatics analysis. We found that NDRG3 is a very valu-
able and promising tumor marker for EOC, which warrants 
further in-depth investigation. Studies with large sample sizes 

Figure 8.  Representative images of NDRG3 protein expression in EOC tissues and corresponding noncancerous tissues. Representative images of NDRG3 
protein expression in EOC tissues and corresponding noncancerous tissues. Positive staining was observed in the cytoplasm and membranes of cancer cells. 
EOC = epithelial ovarian cancer, NDRG3 = N-Myc downstream-regulated gene 3.
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Table 3 

Relationship between NDRG3 overexpression and the clinicopathological characteristics of 110 cases of epithelial ovarian cancer.

Groups  No.

NDRG3

χ2 P-value+ %

Total 110 73 66.4
Age (yr)
 � ≥60 35 20 57.1 1.69 .19
 � <60 76 53 69.7
Tumor size (cm)
 � >5 93 64 68.9 1.62 .20
 � ≤5 17 9 52.9
Histological type
 � Serous 79 52 65.8 2.95 .40
 � Mucinous 13 11 84.6
 � Endometroid 13 7 53.8
 � Clear cell 5 3 60.0
Pathological grade
 � Grade 1 19 9 47.4 3.85 .15
 � Grade 2 18 12 66.7
 � Grade 3 73 52 71.2
Lymph node metastasis
 � Positive 24 19 79.2 2.25 .13
 � Negative 86 54 62.8
Distant metastasis
 � Positive  27 23 85.2 5.68 .02*
 � Negative  83 50 60.2
TNM stage
 � Stage I  4 2 50.0 9.19 .03*
 � Stage II 12 5 41.7
 � Stage III 65 41 63.1
 � Stage IV 29 25 86.2
Survival
 � Yes 49 26 53.1 7.00 .01*
 � No 61 47 77.0

NDRG3 = N-Myc downstream-regulated gene 3.
*P < .05.

Figure 9.  The prognostic value of NDRG3 expression for the OS and DFS of EOC patients. The Kaplan–Meier method was used to analyze the survival of 
EOC patients. Patients with high NDRG3 protein expression (A), advanced pathological grade (B), lymph node metastasis (N) (C), distant metastasis (M) (D), 
or advanced TNM stage (E) exhibited worse OS rates. Patients with high NDRG3 protein expression (F) or lymph node metastasis (N) (G) exhibited worse 
DFS rates. The P-value was determined using the log-rank test. DFS = disease-free survival, EOC = epithelial ovarian cancer, NDRG3 = N-Myc downstream- 
regulated gene 3, OS = overall survival, TNM = tumor node metastasis.
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and mechanistic experiments to determine the effect of NDRG3 
expression on the biological behaviors of EOC cells in vitro and 
in vivo are currently underway.
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