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NDRGT1 suppresses vasculogenic mimicry and
tumor aggressiveness in gastric carcinoma
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Abstract. N-myc downstream regulated gene 1 (NDRGI)
has been well characterized as a suppressor of metastasis in
numerous types of carcinoma. NDRGI inhibits the metastatic
progression of cancer cells via its inhibitory effects on a wide
variety of cellular signaling pathways. Vasculogenic mimicry
(VM) refers to the unique ability of aggressive tumor cells
to mimic the pattern of embryonic vasculogenic networks,
and is the main reason for the poor prognosis and failure of
antivascular therapy in gastric carcinoma (GC). Tumor cells
can mimic the function of endothelial cells to exhibit VM
through epithelial-mesenchymal transition (EMT). However,
the potential function of NDRGI1 in metastatic GC progres-
sion in patients has not yet been fully elucidated. To date, data
regarding the function of NDRGI in VM formation in GC
have not been reported. The aim of the present study was to
elucidate these unknown areas. To this end, 228 samples of
human GC were used to identify the protein expression levels
of NDRGI, VM-associated proteins and EMT-associated
proteins via immunohistochemistry, and their clinical signifi-
cance was assessed. In addition, the data of 415 patients with
GC were collected from The Cancer Genome Atlas database.
A functional enrichment analysis concerning NDRGI1 was
performed using Metascape and the Gene Set Enrichment
Analysis (GSEA). In conclusion, the results of the present
study indicate that NDRGI is negatively correlated with
poor prognosis through suppression of VM formation in GC.
The results of the present study demonstrated that NDRG1
decreases EMT-associated protein expression and that HER2
expression may serve a significant role in this process. The
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Metascape and GSEA results also indirectly support this
conclusion. The present study discusses the status NDRGI as
a prognostic and selective biomarker in GC, as well as current
and future NDRGI-targeted therapies.

Introduction

Gastric carcinoma (GC) is the fifth most common malignant
tumor and the second most common cause of cancer-associated
mortality worldwide (1). Diagnosis and treatment methods for
GC have improved each year, but the prognosis for patients
remains poor. GC recurrence and metastasis remain the most
prevalent causes of poor long-term survival (2).

The growth and metastasis of tumors requires an adequate
blood supply. However, antivascular therapies have failed
to improve the survival time of patients with late-stage GC.
Additionally, it has been hypothesized that anti-angiogenesis
therapy may induce vasculogenic mimicry (VM) forma-
tion (3,4), a bloody supply pattern formed without the
participation of endothelial cells. Therefore, VM may serve an
important role in the development of GC, and may be the main
cause of anti-angiogenic treatment failure.

VM was first described by Maniotis et al (5). Currently,
VM has been demonstrated in numerous types of malignant
solid tumor (6-9). VM provides a blood supply to tumors at the
early stages of tumorigenesis, as well as a pathway for tumor
metastasis. Furthermore, preliminary research has demon-
strated that patients with GC with VM have shorter survival
times and higher rates of metastasis than patients with GC
without VM (9).

N-myc downstream regulated gene 1 (NDRGI) serves
an inhibitory role in the migration, invasion and metas-
tasis of numerous different types of tumor by regulating
epithelial-mesenchymal transition (EMT) or downregulating
the erythroblastic leukemia viral oncogene homolog (ErbB)
family of receptors (10,11). However, whether the inhibitory
effect of NDRGI involves EMT and human epidermal growth
factor 2 (HER?2) in GC has not yet been fully elucidated.
Furthermore, EMT has been confirmed to serve a key role
in VM formation in a previous, preliminary study (12). At
the same time, the NDRGI protein inhibits angiogenesis in
a number of solid tumors by inhibiting vascular endothelial



3004

growth factor (13). However, to the best of our knowledge, no
studies have reported the inhibition of angiogenesis by NDRG1
or the function of NDRG1 in VM formation in GC.

The present study, therefore, investigated the role of
NDRGI in VM formation in patients with GC. The results of
the present study may reveal a new functional role of NDRG1
in GC and may provide insights into the development of
anti-angiogenic GC drugs.

Materials and methods

Patient samples. In total, 228 human GC tissue specimens
were collected from patients who underwent surgical resec-
tion between January 2002 and December 2012 at the Tianjin
Medical University Cancer Institute and Hospital (Tianjin,
China). The age range of patients was 28-82 years. GC tumor
tissue samples were collected from patients who had not
received chemotherapy, radiotherapy or surgical treatment
of prior to surgery. All GC specimens were formalin fixed
and paraffin embedded. The histopathological diagnosis was
confirmed by trained pathologists according to the World
Health Organization histological classification of stomach
tumors. Detailed pathological and clinical data, such as age,
sex, tumor size, histological differentiation, pathological
stage, Lauren type, and metastasis and recurrence, were
collected for all samples. Ethical approval was obtained
from the Ethics Committee of Tianjin Medical University
(Tianjin, China). Written informed consent was obtained
from each patient. The privacy rights of human subjects were
maintained.

Immunohistochemical and histochemical double-staining
methods. All GC tissues were fixed in 10% neutral formalin for
24 h at room temperature, and paraffin embedded. Specimens
were sectioned into 4 ym sections. Sections were deparaf-
finized with xylene, rehydrated with a decreasing gradient of
ethanol (100-80%), and endogenous peroxidase activity was
blocked with 3% hydrogen peroxide in 100% methanol for
30 min at room temperature. The sections were rehydrated and
washed with PBS and pretreated with 0.01 M citrate buffer
(pH 6.0) or EDTA buffer (pH 9.0) for 15 min at 100°C in a
microwave oven. Following blocking of non-specific binding
sites using normal goat serum (cat. no. ZLI-9022; OriGene
Technologies, Inc.) for 30 min at room temperature, the
sections were incubated overnight at 4°C with rabbit polyclonal
anti-NDRG1 (1:400; ab124689; Abcam), mouse monoclonal
anti-cluster of differentiation (CD) 34 (1:550; Zm-0046;
OriGene Technologies, Inc.), rabbit polyclonal anti-vascular
endothelial (VE)-cadherin (1:400 dilution, ab33168, Abcam),
mouse polyclonal anti-HER2 (1:200 dilution, ZA-0023,
OriGene Technologies, Inc.), rabbit polyclonal anti-Snail
(1:200; ab180714; Abcam), rabbit polyclonal anti-Twistl
(1:100; Sc-15393; Santa Cruz Biotechnology, Inc.), rabbit
polyclonal anti-epithelial (E)-cadherin (1:100; Sc-7870; Santa
Cruz Biotechnology, Inc.) and rabbit polyclonal anti-vimentin
(1:100; ab92547; Abcam). The sections were then rinsed with
PBS, and super-sensitivity S-P IHC secondary antibodies kit
(cat. no PV6001, anti-Rabbit; cat. no. PV6002, anti-Mouse;
OriGene Technologies, Inc.) was applied to the sections at
room temperature for 1 h. The sections were stained with
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Table I. Clinical data of patients with gastric cancer.

Alive Deceased Total

Characteristic (n=92) (n=131) (n=228% (%)
Sex

Female 27 44 74 (32.5)

Male 65 87 154 (67.6)
Age, years

<60 50 53 105 (46.1)

=60 42 78 123 (54.0)
Tumor size, cm®

<3 50 41 96 (42.1)

>3 42 90 132 (58.0)
Histological differentiation

I/ 56 59 117 (51.3)

/v 36 72 111 (48.7)
TNM stage

/11 56 41 99 (43.4)

/v 36 90 129 (56.6)
Lymphatic metastasis

Positive 46 102 152 (66.7)

Negative 46 29 76 (33.3)
Distant metastasis

Positive 11 72 85(37.3)

Negative 81 59 143 (62.7)
Lauren type

Intestinal 56 65 123 (54.0)

Diffuse 36 66 105 (46.1)
Metastasis and recurrence

Positive 8 95 105 (46.1)

Negative 84 36 123 (54.0)

In total, 5 patients were lost during follow-up because they were
unreachable. TNM, Tumor-Node-Metastasis.

3,3'-diaminobenzidine chromogen for 10-15 min at room
temperature and washed with distilled water.

Following immunohistochemical staining for CD34, the
sections were washed with distilled water for 5 min and incu-
bated with periodic acid for 10 min and with Schiff reagent for
15 min. Finally, all sections were counterstained with hema-
toxylin at 37°C for 2 min, dehydrated by increasing gradient of
ethanol (80-100%) and mounted on coverslisps with Neutral
gum (OriGene Technologies, Inc.).

Gastric mucosa membrane adjacent to the GC tissues
was used as a positive control for PBS staining. PBS was
used in place of the primary antibodies as a negative control.
Normal tissue sections were used as a positive control
according to the manufacturer's protocol for each antibody
supplier. All sections were observed and analyzed under
light microscope (magnification, x400) by two pathologists.
The expression of each marker was assessed semi-quantita-
tively according to the number of cells that stained positive
and the intensity of immunostaining in individual tumor
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Figure 1. Associations between NDRGI expression, HER2 expression and VM in GC specimens. (A/left panel) Identification of VM (black arrow,
CD34-negative and PAS-positive cells) and EDV (yellow arrow, CD34-positive and PAS-positive cells) in GC specimens. Scale bar, 10 ym. Magnification,
x400. (A/right panel) IHC staining of NDRGI expression. Brown particles were present in the cytoplasm and membranes of GC cells (black arrow). Scale bar,
20 pm. Magnification, x200. (B) Gene dendrogram obtained by average linkage hierarchical clustering. Different gene modules were obtained according to
the segmentation results of the set standard, which were represented by branches of the Dynamic Tree Cut and different colors. A weighted correlation network
analysis revealed that overall gene expression data corresponded to an overview of aggregation in the patients with GC. (C) IHC staining of NDRG! and HER2
expression in VM-positive (left images) and VM-negative samples (right images) expression. Scale bar, 10 zm. Magnification, x400. (D) Rate of VM formation
in different NDRGI expression groups. (E) Median value of the VM count in different NDRGI expression groups. (F) Correlation between NDRGI expression
and VM count using Pearson's correlation. (G) Correlation between NDRGI expression and VE-cadherin expression using Pearson's correlation. (H) IHC
staining of HER2 expression. Brown particles were present in the membrane of GC cells (black arrow). Scale bar, 20 gzm. Magnification, x200. (I) Rate of VM
formation in different HER2 expression groups. (J) Median value of VM count in different HER2 expression groups. "P<0.05. EDV Endothelium-dependent
blood vessels; GC, gastric carcinoma; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; NDRGI, N-myc downstream regulated

gene 1; PAS, periodic acid-Schiff; VM, vasculogenic mimicry.

cells (14). For HER2, only immunoreactivity in the GC cell =~ with distilled water and then incubated for 10 min with Alcian
blue buffer at room temperature. The sections were then washed
with distilled water for 5 min, incubated with periodic acid for
Periodic acid-Schiff (PAS)-Alcian blue staining protocol. 10 min at room temperature and washed with distilled water
Tissue sections were deparaffinized as aforementioned, washed  again. Sections were incubated with Schiff reagent for 15 min at

membrane was evaluated (15).
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Table II. Association between NDRG1 or VM and the clinicopathological parameters with gastric carcinoma.

Tissue samples

Tissue samples

NDRGI1 Non-NDRG1 VM Non-VM

Variable (n=125) (n=103) P-value (n=65) (n=163) $ P-value

Age, years 0.469 0.507 3.050 0.105
<60 55 50 24 81
=60 70 53 41 82

Sex 0.534 0.465 0.941 0.352
Male 87 67 47 107
Female 38 36 18 56

Tumor size, cm?® 0.408 0.523 0.165 0.767
<3 55 41 26 70
>3 70 62 39 93

Histological differentiation 8.353 0.005 4.660 0.040
I/ 75 42 26 91
/v 50 61 39 72

TNM stage 8.289 0.005 15317 <0.0001
I/ 65 34 15 84
/v 60 69 50 79

Lauren type 4.080 0.046 5.635 0.018
Intestinal 75 48 27 96
Diffuse 50 55 38 67

Lymphatic metastasis 26.784  <0.0001 11.018 0.001
Positive 65 87 54 98
Negative 60 16 11 65

Distant metastasis 6.981 0.008 5.553 0018
Positive 37 48 32 53
Negative 88 55 33 110

Metastasis and recurrence 11.255 0.001 17.137  <0.0001
Positive 45 60 44 61
Negative 80 43 21 102

HER2 6.826 0.032 10.320 0.005
0/1+ 110 77 45 142
2+ 9 17 12 14
3+ 6 9 8 7

NDRG1, N-myc downstream regulated gene 1; VM, vasculogenic mimicry; TNM, Tumor-Node-Metastasis; HER2, human epidermal growth

factor 2.

37°C. Finally, all sections were counterstained with hematoxylin
in 37°C for 2 min, dehydrated by increasing gradient of ethanol
(80-100%) and mounted on coverslisps with Neutral gum. All
GC sections were classified as intestinal type or diffuse type
using the Alcian blue-periodic acid-Schiff method (16).

VM channel quantification. The characteristics of VM were
assessed according to whether: The wall of VM vessels was
lined with GC cells; red cells could be observed in the VM
tube; or the GC cells in the VM wall were CD34- and PAS*
based on CD34/PAS double staining (17). VM channels in
immunohistochemistry stained sections were counted under

light microscope (magnification, x400). In total, 5 fields were
randomly selected, and the average channel was defined as the
number of VM vessels in one section.

Database and analysis. The data of 442 patients with GC were
collected from The Cancer Genome Atlas (TCGA) (cancerge-
nome.nih.gov). The overall gene expression in patients with
GC was analyzed using weighted gene co-expression network
analysis (WGCNA) (18). A functional enrichment analysis of
NDRGI was performed using Metascape ((http://metascape.
org/) and the Gene Set Enrichment Analysis (GSEA) (software.
broadinstitute.org/gsea/login.jsp) on the data from 415 patients
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Table ITI. Association between NDRG1 and the EMT-associated
proteins.

NDRG1 Non-NDRG1
Variable (n=125) (n=103) a P-value
VM 8.068  0.005
Positive 26 39
Negative 99 64
VE-cadherin 4.803 0.036
Positive 36 44
Negative 89 59
Twistl 6.739 0011
Positive 43 53
Negative 82 50
Snail 8419  0.004
Positive 65 73
Negative 60 30
E-cadherin 5.080 0.029
Positive 85 55
Negative 40 48
Vimentin 4.485 0.042
Positive 30 38
Negative 95 65
HER2 6.826 0.032
0/1+ 110 77
2+ 9 17
3+ 6 9
NDRG1, N-myc downstream regulated gene 1; EMT,

epithelial-mesenchymal transition; VE-cadherin, vascular endo-
thelial-cadherin; E-cadherin, epithelial-cadherin, HER2, human
epidermal growth factor 2.

with GC (19). GraphPad Prism version 6 (GraphPad Software,
Inc.) was used to present the data. The function of NDRG1 was
analyzed using the ClueGO plug-in application in Cytoscape
2.8.3 (https://cytoscape.org). Kyoto Encyclopedia of Genes
and Genomes (https://www.genome.jp/kegg/) pathway enrich-
ment analysis was carried out and visualized using ClueGO
and CluePedia with P<0.05 as the cut-off value.

Statistical analysis. The data were analyzed using SPSS
(version 16.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.
Two-tailed Student's test was used for comparison of ‘“VM
count’ in two independent groups. ‘VM count’ in different
HER?2 group was analyzed using ANOVA test followed
by Student-Newman-Keuls post-hoc test. The association
between two proteins expression or VM formation and the
clinicopathologic parameters was analyzed using two-tailed %
test. The correlation analysis was performed using Pearson's
correlation or Spearman's correlation. Hazard and survival
analysis were calculated using the Kaplan-Meier method, the
log-rank method and multivariate Cox regression analysis.
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Results

Correlation between NDRGI, VM and clinicopathological
factors. To identify any correlations between NDRGI1 and VM
in patients with GC, a total of 228 GC specimens from the
Tianjin Medical University Cancer Institute and Hospital were
studied via immunohistochemistry and CD34/PAS double
staining. Furthermore, NDRGI1, VM and clinicopathological
parameters were analyzed to identify any associations. The
clinicopathological parameters of GC specimens are presented
in Table I. In the GC specimens, tube cavities lined with PAS*,
CD34" GC cells and red blood cells within the cavities were
confirmed as VM channels (Fig. 1A). In total, 65 (28.51%)
samples with VM were identified among the 228 GC speci-
mens. Channels positive for PAS and CD34 were defined as
endothelium-dependent blood vessels (EDVs) (Fig. 1A). The
clinicopathological data of patients with GC with NDRGI1
or VM were compared with data of those without NDRG1
or VM formation (Table II). Notably, the results from the
present study demonstrated that NDRGI expression and
VM were correlated with tumor histological differentiation,
Tumor-Node-Metastasis (TNM) stage (20), Lauren type,
lymph node metastasis, distant metastasis, recurrence and
metastasis, and HER2 expression in GC (P<0.05; Table II).

Among the GC specimens, 125 (54.82%) samples were
positive for NDRGI1 expression (Table II and Fig. 1A).
In NDRGI-positive cases, 26 patients were identified as
VM-positive, and the VM formation rate was 20.80% (26/125).
In the NDRGI-negative cases, 39 patients were identified as
VM-positive, and the VM-positive rate was 37.86% (39/103).
The overall correlation patterns of genes across GC samples
within TCGA was analyzed using WGCNA (Fig. 1B). The
VM formation rates in NDRGI-negative and NDRGI-positive
patients were significantly different (x*=8.068; P=0.005;
Fig. 1C and D and Table III). The median value of the VM
count in NDRGI-negative and NDRGI-positive samples
was significantly different (Fig. 1E). The formation rate of
VM in NDRGI1-negative patients was higher than that in
NDRGI-positive patients. Furthermore, NDRG1 expression
and VM quantification were negatively correlated based on
Pearson's correlation (r=-0.141; P<0.05, Fig. 1F). NDRGI
expression and VE-cadherin expression were negatively
correlated based on Pearson's correlation (r=-0.131; P<0.05,
Fig. 1G).

HER?2 expression was rated 0/1+ in 187 (83.77%) patients,
2+ in 26 (10.09%) patients and 3+ in 15 (6.14%) patients
(Table II). The expressions of HER?2 are presented in Fig. 1H.
In the HER2 0/1+ group, VM-positivity was identified in
45 cases (24.1%); in the HER2 2+ group, VM-positivity was
identified in 12 cases (46.2%); and in the HER2 3+ group,
VM-positivity was identified in 8 cases (53.3%). There were
considerable differences among the HER2 0/1+, HER2 2+
and HER2 3+ groups (%*=10.320; P=0.005, Table IT and
Fig. 11). The HER2 2+ and HER2 3+ groups demonstrated
greater VM-positive rates than the HER2 0/1+ group
(P=0.017, ¥*=5.683 and P=0.013, ¥*=6.147, respectively). The
combination HER2 2+ and HER?2 3+ cases demonstrated a
greater VM-positive rate than the HER2 0/1+ cases (P=0.002,
%?=10.079). The median VM counts in the HER2 0/1+,
HER?2 2+ and HER2 3+ groups were significantly different
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Table I'V. Univariate and multivariate Cox regression analysis of variables associated with gastric cancer mortality.

Univariate analysis

Mutlivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
Age, years 1.008 0.992-1.024 0.306

Sex, male =1 0.837 0.582-1.203 0.336

VM, positive =1 1.672 1.170-2.389 0.005

NDRG1, positive=1 0.659 0.467-0.929 0.017 0.660 0.462-0.941 0.022
HER?2, positive=1 1.516 1.138-2.021 0.004 1.365 1.017-1.832 0.038
Tumor size, 23 cm’=1 1.967 1.357-2.852 <0.001

Lauren type, diffuse=1 1.396 0.990-1.969 0.057

TNM stage, III/IV=1 2.600 1.786-3.784 <0.001

Histological differentiation, I/II=1 0.599 0.423-0.846 0.004

Lymphatic metastasis, positive=1 2.750 1.814-4.171 <0.001

Distant metastasis, positive=1 2.980 2.095-4.240 <0.001

Metastasis and recurrence, positive=1 5.326 3.568-7.949 <0.001 4.186 2.421-7.238 <0.001

HR, hazard ratio; CI, confidence interval; VM, vasculogenic mimicry; NDRG1, N-myc downstream regulated gene 1; HER2, human epidermal

growth factor 2; TNM, Tumor-Node-Metastasis.

(Fig. 1]J). Furthermore, HER2 expression and VM quantifica-
tion was positively correlated based on Spearman's correlation
(r=0.153; P=0.021). Taken together, these results of the present
study indicate that NDRG1 expression may weaken VM
formation and that HER2 may promote VM formation.

Expression of NDRGI is an indicator of good prognosis in
patients with GC. To evaluate the association between hazard
ratio and survival rate, Kaplan-Meier and multivariate Cox
regression analyses were performed. Using univariate Cox
proportional hazards regression analysis, pathological vari-
ables with VM, HER2, tumor size, TNM stage, lymphatic
metastasis, distant metastasis and metastasis and recurrence
were all identified to be significant predictors of prognosis in
patients with GC. When using the multivariate Cox analysis
only, HER2 and metastasis and recurrence were significant
independent risk factors in patients with GC, with hazard
ratios of 1.365 and 4.186, respectively. NDRGI was the most
favorable factor in patients with GC with a hazard ratio of 0.66
(Table IV).

A univariate survival analysis was performed using a
Kaplan-Meier survival analysis and the log-rank method. The
correlations between VM, NDRGI protein expression, HER2
expression and the survival rate of patients with GC following
surgical procedures [rate of follow-up, 97.81% (223/228)] were
investigated. Follow up was performed for all patients by clinic
interview or phone call. By the end of the follow-up time in
January 2014, 5 patients or their family could not be contacted
and were therefore lost. Overall, 5 patients were lost during
follow-up. The cumulative survival function in patients with
GC is presented in Fig. 2A. Patients without VM had a signifi-
cantly longer survival time compared with those with VM
(log-rank test, *=8.413; P=0.004; Fig. 2B). Patients with high
NDRGTI expression levels had significantly longer survival
time compared with those with low NDRGI expression levels
(log-rank test, ¥*=5.925; P=0.015; Fig. 2C). Patients with HER2

3+ expression levels had a significantly shorter survival time
compared with those with HER2 2+ and HER?2 0/1+ expres-
sion levels (log-rank test, ¥*=14.656; P=0.001; Fig. 2D). The
results of the present study revealed that the overall survival
time was significantly lower in patients with HER2 3+ and
NDRGI-negative tumors compared with those with HER?2
0/1+ and NDRGI-positive tumors (log-rank test, x*=25.96;
P<0.0001; Fig. 2E). The overall survival time was significantly
lower in patients with VM-positive and NDRG1-negative
samples compared with those with VM-negative and
NDRGI-positive samples (log rank test, x*=14.058; P=0.001;
Fig. 2F). Therefore, the results from the present study indicate
that NDRGI has a negative association with the prognosis of
patients with GC and HER?2 has a positive association with the
prognosis of patients with GC.

NDRGI protein may weaken VM formation in patients with
GC bydecreasing EMT-associated markers and HER?2 expres-
sion. To further clarify the role of NDRGI in the decrease
in VM formation, the expression levels of VM-associated
markers (VE-cadherin), EMT-associated markers (Twistl,
Snail, E-cadherin and vimentin) and HER2 were detected via
immunohistochemistry.

In the NDRGI1-positive group, VE-cadherin expression
was positive in 45.00% (36/80), Twistl expression was positive
in 44.79% (43/96), Snail expression was positive in 47.10%
(65/138), E-cadherin expression was positive in 60.71% (85/140)
and vimentin expression was positive in 44.12% (30/68) of
cases. In the NDRGlI-negative group, VE-cadherin expression
was positive in 55% (44/80), Twistl expression was positive
in 55.21% (53/96), Snail expression was positive in 52.90%
(73/138), E-cadherin expression was positive in 39.29% (55/140)
and vimentin expression was positive in 55.88% (38/68) of
cases. The expression of VE-cadherin and EMT-associated
markers in the NDRGI1-negative and NDRGI1-positive groups
was significantly different (Table III; Fig. 3B). These results



ONCOLOGY LETTERS 18: 3003-3016, 2019

3009

A Survival function at mean of covariates B 1.0/ VM
1.04 ' -1 VM (=)
= VM (+)
0.84 =~ {-)}-Censored
: —+ (+1+Censored
E 0.8 4
z g 06
2 :
5 3
O 061 £ |
a 0.4
0.4 0.2
T T 0.0 1
0.00 o 30.00 T r T v T T
Survival time (months) 0 25 50 75 100 125
Survival time (months)
C ] NDRGH D, HER2
’ -~ NDRG(-) ' M HER (-)1+
_ NDRG1(+) - HER2 2+
4 NDRG1(-)-Censored ~m HER2 3+
081 - NDRG1(+)-Cersored 0.8 1 ~+ HER (-)(1+-Censored
~ HER2 2+-Censored
-+ HERZ2 3+-Censored
S 05 S 06
g 3
=] =3
w w
§ 0.4 4 é 0.4 4
0.2 4 0.2
0.0 4 0.0 4
v ' L v T y T T T T T T
4] 25 50 75 100 125 0 25 50 75 100 125
Survival time (months) Survival time (months)
E 1.0 HER2 and NDRG1 F1 0 VM and NDRG1
' | HER2 3+ and NDRG1(-) ' .~ VM(+) and NDRG1(-)
HER (-)/1+ and NDRG1
- (=) or HER2 3+ and L~ VM(-) and NDRG1(+)
0.8 NDRG1(+)-Censored 08 -
| HER2 (~)/1+ and NDRG1(+) B m{*.];i".%"ﬁ%i%'ff.’;
_ HER2 3+ and NDRG1(- — VM(+) and NDRG1(-)-
g 064 +Censcu=::la e g 0.6 ™ Censored
s . . HER2 (-}/1+ and NDRG1 5 ™ .. VM{=} and NDRG1{+)-
: P [TREEESE, § coees
+-Gens VM(+) and NDRG1(+)/
E i HER2 (-)1+ and NORG1 E e T
3 %41 (+)-Censorred 504- * VM) and NORGI(}
0.2 4 0.2 4
0.0 4 0.0 1
T T T T r T T T T T T T
0.00 25.00 50.00 75.00 100.00 125.00 0 25 50 75 100 125

Survival time (months)

Survival time (months)

Figure 2. Cumulative survival function and Kaplan-Meier survival curve. (A) The cumulative survival function in patients with GC. (B) VM expression is
associated with a poor prognosis. (C) NDRGI expression is associated with a good prognosis. (D) HER2 expression is associated with a poor prognosis. (E) A
combination of NDRGI- and HER?2 3+ expression is associated with a poor prognosis. (F) A combination of NDRGI-positive and VM-negative expression was
associated with a good prognosis. GC, gastric carcinoma; HER2, human epidermal growth factor receptor 2; NDRG1, N-myc downstream regulated gene 1;

VM, vasculogenic mimicry.

suggest that NDRG1 suppresses the expression of Twistl,
Snail, VE-cadherin and vimentin, whereas NDRGI1 enhances
the expression of E-cadherin (P<0.05).

In addition, the functional enrichment analysis of NDRGI1
in 415 cases of GC from TCGA database was performed using
Metascape and GSEA. All 442 cases of GC within TCGA
database are presented in Table V.

The Metascape analysis revealed that 242 genes exhibited
significantly increased expression (P<0.05; Fig. 4A), and 239

genes exhibited significantly decreased expression in the 211
samples with high NDRGI expression (P<0.05; Fig. 4B). The
GSEA analysis indicated that 47 pathways were significantly
upregulated (P<0.05; Fig. 4C) and 46 pathways were signifi-
cantly downregulated in the 211 samples with high NDRG1
expression (P<0.05; Fig. 4D). P-values were automatically
generated by the Cytoscape software.

Compared with the two groups with high and low NDRGI
expression, the differentially expressed genes were focused
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Figure 3. IHC staining of VE-cadherin, EMT-associated markers (Twistl, Snail, E-cadherin and vimentin) and HER2 in GC samples. (A) IHC staining of
VE-cadherin, Twistl, Snail, E-cadherin and vimentin in GC samples. The brown particles were present in the cytoplasm (VE-cadherin, Twistl, Snail and
vimentin) or membrane (VE-cadherin, E-cadherin and HER?2) or nucleus (Snail) of GC cells (black arrow). Scale bar, 20 xm. Magnification, x200. (B) IHC
staining of VE-cadherin, Twistl, Snail, E-cadherin, Vimentin and HER2 expression in NDRGI-positive (left images) and NDRGI-negative (right images)
samples. The positive rate of VE-cadherin, Twistl, Snail, vimentin and HER2 in NDRGI-positive were lower than that in NDRGI-negative. The positive rate
of E-cadherin in NDRGI-positive were higher than that in NDRGI-negative. Scale bar, 10 gm. Magnification, x400. "P<0.05. IHC, immunohistochemistry;
VE-cadherin, vascular endothelial-cadherin; E-cadherin, epithelial-cadherin; EMT, epithelial mesenchymal transition; HER2, human epidermal growth

factor 2; GC, gastric carcinoma; NDRGI1, N-myc downstream regulated gene 1.

primarily on the pathways of development and differentiation
of epithelial cells. The results of the present study indicate that
NDRGI serves an important role in maintaining the epithelial
phenotype of GC, and VM occurs more easily in GC with low
NDRGI expression.

In addition, correlations between NDRGI and
EMT-associated factors were investigated from two aspects. On
the one hand, in cases of GC from TCGA database, the results
indicated that NDRGI1 and CDHI1 (E-cadherin) were positively
correlated in HER2-normal and HER2-amplified samples, and
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Table V. Clinical data of gastric carcinoma in The Cancer Genome Atlas.

Characteristic Alive, (n=369) Deceased, tumor present, (n=58) Deceased, no tumor, (n=15) Total, (n=442)
Sex, n (%)
Female 138 (37.4) 16 (27.6) 4.(27.0) 158 (36.0)
Male 231 (63.0) 42 (72.4) 11 (73.3) 284 (64.3)
Age, years
Mean (= SD) 65.4 (10.8) 64.6 (10.1) 73.3(9.5) 65.3 (10.5)
Median (range) 67 (30-90) 66 (41-86) 73 (47-90) 66 (34-90)
Stage, n (%)
I 3(0.8) 3(0.7)
IA 13 (3.5) 2 (13.3) 14 (3.2)
IB 35 (9.5%) 5(8.6) 3(20.0) 38 (8.6)
II 32 (8.7) 2(3.4) 29 (6.6)
ITA 38 (10.3) 1(1.7) 1(6.7) 38 (8.6)
IIB 55 (15.0) 1(1.7) 1(6.7) 55(12.4)
III 2(0.5) 1(1.7) 2(0.5)
ITA 63 (17.1) 11 (19.0) 3(20.0) 68 (15.4)
111B 49 (13.3) 11 (19.0) 3(20.0) 62 (14.0)
IIcC 32 (8.7) 6 (10.3) 1(6.7) 38 (8.6)
v 24 (6.5) 17 (29.3) 38 (8.6)
Grade, n (%)
Gl 12 (3.3) 1(1.7) 10 (2.3)
G2 129 (35.0) 24 (41.4) 6 (40.0) 138 (31.2)
G3 221 (59.9) 31(53.4) 9 (60.0) 240 (54.3)
GX 7(1.9) 234 7 (1.6)

SD, standard deviation.

that NDRG1 and vimentin, and NDRGI and fibronectin 1 were
negatively correlated in HER2-amplified samples at the RNA
level (Fig. 5A and B). On the other hand, correlations among
NDRGI and EMT-associated markers were determined using
Pearson's correlation in patients with GC. The results revealed
that NDRGI has a negative correlation with Twistl, Snail and
vimentin (Fig. 5C, D and E, respectively) and a positive correla-
tion with E-cadherin at the protein level (Fig. 5F). These results
suggest that NDRGI may hinder EMT.

The results from IHC staining of VE-cadherin and
EMT-associated factors (Twistl, Snail, E-cadherin and
vimentin) in GC samples are presented in Fig. 3A. In the
NDRGI-positive group, HER?2 0/1+ expression was identified in
58.82% (110/187), HER2 2+ expression was identified in 34.62%
(9/26) and HER?2 3+ expression was identified in 40.00% (6/15)
of cases. In the NDRGI-negative group, HER2 0/1+ expres-
sion was identified in 41.18% (77/187), HER2 2+ expression
was identified in 65.38% (17/26) and HER2 3+ expression
was identified in 60% (9/15) of cases. There were significant
differences in expression among the HER2 0/+, HER2 2+
and HER?2 3+ groups (¥*=6.826; P=0.032; Table II, Fig. 3B).
NDRGI and HER?2 expression was negatively correlated based
on Spearman's correlation analysis (r=-0.149; P=0.025). At
the same time, the analytical data from TCGA indicated that
NDRGI expression was higher in HER2-amplified samples

compared with HER2-normal samples at the RNA level. The
results of the present study suggest that NDRGI may decrease
the expression of HER2 (P<0.05); the molecular mechanisms
underlying this process require validation in the future.

Overall, the results of the present study indicate that
NDRGI may weaken VM formation through EMT- and
HER2-mediated mechanisms.

Discussion

GC is characterized by a high growth rate, high malignancy, and
high rates of recurrence and metastasis (21,22). In the present
study, the metastasis rate of 228 cases of GC was 46.05%. The
S5-year survival rate of 228 patients with GC was 30.71%. It is
critical to investigate the novel molecules and molecular mecha-
nisms that are involved in the development of GC. It has been
indicated that VM serves an important role in regulating the
development of GC (4). In the present study, 28.5% of patients
with GC were VM-positive. Patients with VM had a signifi-
cantly poorer prognosis than those patients without VM.
NDRGTI has been revealed to serve a key role in physiological
conditions, such as cellular differentiation and the cell cycle, and
pathophysiological conditions, such as cancer pathology. NDRGI
inhibits tumor progression in the majority of cancer types;
however, the inhibitory effect of NDRGI is tissue specific, and the
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Figure 4. Continued. Functional enrichment analysis of NDRGI. (C) The genes differentially expressed in the high NDRGI expression group were focused
primarily on the pathways of development and differentiation of epithelial cells. (D) The genes differentially expressed between the low NDRGI expression
groups were mainly focused on the pathways of development and differentiation of epithelial cells. NDRG1, N-myc downstream regulated gene 1.

effects between tissues may be completely different. For example,
NDRGTI has been identified as a metastasis suppressor gene in
colon and prostate cancer, but the opposite results were demon-
strated in hepatocellular carcinoma and breast cancer (23,24).
Results of the present study indicated that NDRGI possesses
inhibitory effects within patients with GC, which is consistent
with the results of a previous study (2). Another study reported
that NDRGI promotes the metastasis of human scirrhous GC
cells through EMT (25). Therefore, the inhibitory effects of
NDRGI in GC require verification in future studies.

Across the cohort of patients included in the present study,
54.8% of the patients with GC exhibited high NDRGI protein
expression. NDRG1 expression had a significant negative
correlation with TNM stage, lymph node metastasis, distant
metastasis, and recurrence and metastasis in GC. Furthermore,
patients with high NDRG1 expression levels had a significantly
lower VM-positive rate and longer survival. VM-positivity was
present in 37.8% of GC cases negative for NDRGI1 expression.
The expression of NDRGI had a negative correlation with VM
formation. VE-cadherin has been identified as a key marker
for indicating the presence of VM, and tumor cells lacking
VE-cadherin are incapable of forming VM tubes (26). The
results from the present study revealed that the presence of

NDRGTI resulted in decreased expression of VE-cadherin,
and that NDRGI was negatively correlated with VE-cadherin.
Therefore, NDRG1-mediated suppression of tumor metastasis
in GC may occur through decreased VM formation.

To further clarify the suppressive effects of NDRG1 on VM
formation, the levels of EMT-associated factors (Twistl, Snail,
E-cadherin and vimentin) and HER2 were assessed. EMT has
been proposed as a key process in cancer progression, whereby
epithelial cells acquire mesenchymal properties and exhibit
decreased cell-matrix adhesion. Notably, tumor cells may gain
dedifferentiated phenotypes to convert onto endothelial cells
via EMT, as revealed in our previous study (6). Twistl and Snail
are transcription factors that serve an important role in the EMT
process, a process associated with cancer progression and VM
formation (6,27). The results of present study and the previous
study (6), indicated that NDRGI significantly enhanced the
expression of the epithelial marker E-cadherin and decreased
the expression of the mesenchymal marker vimentin in GC
specimens. In addition, the results of the present study that
were derived from Metascape and GSEA were consistent with
the analysis of patients with GC. Furthermore, NDRGI1 may
decrease the expression of the transcription factors Twistl and
Snail in GC specimens. A similar conclusion was made by
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Lee et al (27); thus, NDRGI may suppress VM formation and
metastasis in GC by inhibiting EMT.

The HER?2 protein is a member of the epidermal growth
factor receptor family. It has been demonstrated that HER2
overexpression is associated with a poor prognosis in patients
with GC (28). In the present study, patients with GC with
HER?2 3+ expression had a worse prognosis compared with
those with HER2 2+ and HER2 0/1+ expression, which is
consistent with the results of a previous study (29). Currently,
HER?2 is regarded as an important and promising target in
the treatment of HER2-positive patients with GC (30,31).
NDRGI may downregulate the ErbB family of receptors to
inhibit oncogenic signaling pathways in other types of tumor
in humans (11). Preliminary research has indicated that HER2
overexpression induces VM formation through upregula-
tion of VE-cadherin in invasive breast carcinoma (32). The
results from the present study revealed that patients with GC
with HER2 3+ expression had a higher VM formation rate
compared with those with HER2 2+ and HER2 0/1+ expres-
sion. Furthermore, samples with higher expression of HER2
presented with a higher VM count, and NDRGI decreased
the HER2 expression levels. These results demonstrate that
NDRGI may suppress VM formation and metastasis in GC by
decreasing HER?2 expression.

It is reasonable to assume that NDRGI1 may act as a
protective agent against GC progression. The results of the
present study indicate that NDRGI1 may be a potentially
important predictive biomarker of recurrence, metastasis and
poor outcome for patients with GC, and may provide a basis
for the development of targeted treatments for patients with

GC. However, the results of the present study were limited in
human specimens and, as such, further studies are required in
order to confirm these conclusions using mechanistic experi-
ments in vitro.
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