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Abstract

Background Gastric cancer is the fourth most common
cancer and the second leading cause of cancer-related
deaths worldwide. Gastric cancer is characterized by high
levels of invasion and metastasis. Increasing attention is
being focused on discovering molecular markers for the
diagnosis of gastric cancer and for predicting its prognosis.
The objective of the present study was to evaluate Nurrl
expression in gastric cancer and to assess its correlation
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with clinicopathological parameters and prognosis in gas-
tric cancer patients.

Methods Tissue samples were obtained from 120 gastric
cancer patients. We investigated Nurrl expression in hu-
man normal and gastric cancer tissues using real-time re-
verse transcription polymerase chain reaction (QRT-PCR),
western blotting, and immunohistochemistry. We deter-
mined the association between Nurrl and recurrence,
prognosis and patient clinicopathological parameters.
Univariate and multivariate survival analyses with a Cox’s
proportional hazards regression model were used to iden-
tify independent factors related to recurrence and
prognosis.

Results The immunohistochemical, qRT-PCR and west-
ern blot analyses revealed that Nurrl expression was in-
creased in gastric cancer tissues compared with normal
gastric tissue (P < 0.05). Nurrl expression was sig-
nificantly correlated with the tumor size, depth of tumor
invasion, lymph node metastasis, recurrence, and distant
metastasis of gastric cancer (P < 0.05). Moreover, Nurrl-
high patients also exhibited poorer overall survival (OS)
and disease-free survival compared with Nurrl-low pa-
tients (P < 0.01). The univariate and multivariate survival
analyses suggested that Nurrl expression (P = 0.011),
histology (P = 0.018), depth of tumor invasion
(P =0.037), and presence of lymph node metastasis
(P = 0.031) were independent prognostic factors for re-
currence. In addition, Nurrl expression (P = 0.007), depth
of tumor invasion (P = 0.014), lymph node metastasis
(P = 0.044), distant metastasis (P = 0.023), and recur-
rence (P = 0.011) were independent prognostic factors of
OS in gastric cancer patients.

Conclusions The Nurrl protein may be useful as a marker
of recurrence, metastasis, and poor prognosis following
curative resection in patients with gastric cancer.
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Introduction

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer deaths worldwide despite
the fact that its incidence and mortality have been appre-
ciably declining for several decades. East Asian countries,
including China, are among the highest risk areas for
gastric cancer [1-3]. Gastric cancer is one of the three most
common cancers in China. Approximately 300,000 deaths
in China occur annually [4, 5]. Most of the patients are in
advanced stages when diagnosed. Given the high incidence
of recurrence and metastasis, overall survival (OS) remains
poor even after surgical resection and/or systemic che-
motherapy, and some patients exhibit an unfavorable
course despite receiving curative resection [6]. A favorable
prognosis is expected for gastric cancer patients following
curative surgery for early-stage disease. Therefore, de-
tecting gastric cancer early and preventing cancer from
disseminating is very important. In addition to various
critical clinicopathological parameters, the prognosis of
gastric cancer is influenced by several biological variables.
Predicting patient prognosis and providing promising
therapeutic targets is also crucial for decreasing mortality.
Thus, in this context, it is necessary to identify novel
cancer-related factors that can be used as markers for the
diagnosis and treatment of gastric cancer.

Nurrl (NOT/NR4A2) belongs to the NR4A family of
nuclear receptors and is important in a number of biological
processes, including regulation of proliferation, apoptosis,
migration, and differentiation [7]. Recently, the oncogenic
activities of Nurrl have been uncovered. Nurrl may suppress
apoptosis in breast cancer cells [8] and is an independent
prognostic marker for tumor progression and survival in
patients with bladder, prostate, and breast cancer [8—10].
Increased levels of prostaglandin E2 (PGE2) are sig-
nificantly associated with the progression of colorectal
cancer. PGE2 can induce Nurrl expression in colorectal
cancer, further supporting its role in tumor progression [11].

To investigate whether Nurrl is involved in the devel-
opment and progression of gastric cancer, we evaluated its
expression by western blotting and real-time reverse tran-
scription polymerase chain reaction (QRT-PCR) analyses
using normal human gastric mucosa and adenocarcinoma
samples. We also evaluated Nurrl expression in gastric
cancer samples by immunohistochemistry. Finally, we
assessed the association between Nurrl expression and the
clinicopathological parameters and survival of gastric
cancer patients.

Materials and methods
Patient specimens

This retrospective study enrolled a consecutive series of
120 gastric cancer patients. All patients were diagnosed
and treated at the First Affiliated Hospital of Dalian
Medical University (Dalian, China) between September
2004 and September 2014. The exclusion criteria included
previous chemotherapy or radiotherapy; hepatic, renal,
pulmonary, or cardiac dysfunction; severe complications,
such as an anastomotic fistula, during the perioperative
period, which was defined as from 7 days before operation
until postoperative day (POD) 28; less than 15 lymph
nodes retrieved; and loss to follow-up.

In total, 72 men and 48 women enrolled in this study,
and patient age ranged from 24 to 86 years old (mean age,
65.38 = 13.71 years old). Among the 120 patients, 37, 11,
69, and three patients received distal, proximal, total, and
partial gastrectomy, respectively. The numbers of patients
with stage I, II, and III gastric cancers were 24, 32, and 64,
respectively. Histopathologically, 53 cases were differen-
tiated (papillary, well-differentiated, and moderately dif-
ferentiated tubular adenocarcinoma) and 67 were
undifferentiated (poorly differentiated adenocarcinoma,
mucinous adenocarcinoma, and signet-ring cell carcinoma)
carcinomas according to the 7th edition of the tumor node
metastasis (TNM) classification. The main clinicopatho-
logical parameters of all patients are presented in Table 1.
The mean follow-up time was 52.33 months (range,
4-120 months). By the end of this study, 52 of the 120
patients died. The patients received follow-up by direct
evaluation or phone interviews until death or September
2014.

All tissue samples were fixed in formalin and embedded
in paraffin. The clinicopathological parameters examined
included age, gender, tumor size, histological grade, depth
of invasion, lymph node metastasis, distant metastasis,
American Joint Committee on Cancer (AJCC) stage, and
patient survival.

RNA extraction and qRT-PCR

Total RNA was extracted using the TRIzol reagent (TaKaRa,
Dalian, China). cDNA was synthesized with the TransScript
All-in-One First-Strand cDNA Synthesis SuperMix for gPCR
Kit (TransGen Biotech, Beijing, China). Nurrl mRNA levels
were determined by areverse transcription PCR analysis using
the following primers: Nurrl, 5'-CCTGACTTCAGATCAA
GAGACGGTA-3' and 5-CTGATTAAAAATGTCTCCAC
GAACAG-3'; B-actin, 5-GTGGGGCCCCAGGCACCA-3
and 5-CTTCCTTAATGTCACGCACGATTTC-3'. Nurrl
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Table 1 The association between clinicopathological data and Nurrl
expression in gastric cancer

Clinical factors n Nurrl expression x P value
Low High

Tissue type
Normal samples 120 74 46 4517  0.000
Adenocarcinoma 120 39 81

Age
>65 years 67 22 45 0.088  0.930
<65 years 53 17 36

Gender
Male 72 26 46 1.030  0.303
Female 48 13 35

Tumor size
>5 cm 43 17 26 0914  0.339
<5cm 77 22 55

Histology
Differentiated 53 19 34 0481  0.488
Undifferentiated 67 20 47

Depth of tumor invasion
T1-T2 33 6 27 2.054  0.040
T3-T4 87 33 54

Lymph node metastasis
Yes 78 19 59 2.584  0.010
No 42 20 22

Distant metastasis
MO 91 34 57 2.006  0.045
M1 29 5 24

Recurrence
Yes 38 7 31 2232 0.026
No 82 32 50

Bold values are statistically significant (P < 0.05)

and B-actin primers were provided by Invitrogen (Shanghai,
China). Real-time PCR analyses were performed to detect
mRNA expression using a TransStart Top Green qPCR Su-
perMix kit (TransGen Biotech, Beijing, China). Samples were
run in a 7500 Fast Real-time PCR System (Applied Biosys-
tems), and B-actin was used as an internal control.

Western blot analysis

Proteins were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) on 12 % gels
and then transferred to nitrocellulose membranes (Milli-
pore). After blocking with 5 % non-fat milk, the mem-
branes were incubated with rabbit anti-Nurrl monoclonal
antibodies (1:500, Santa Cruz, USA) and mouse anti-p-
actin antibodies (1:1000, TransGen Biotech, Beijing, Chi-
na). The proteins were visualized using ECL reagents
(Beyotime, Jiangsu, China).
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Immunohistochemistry of Nurrl in gastric cancer
tissue

>Samples were fixed with 10 % formaldehyde, embedded
in paraffin, sectioned into 4-pum-thick sections, and
mounted on glass slides. The sections were deparaffinized
in xylene and dehydrated in a series of graded ethanol. For
staining with anti-Nurrl antibodies, the sections were
pretreated with citrate buffer for 10 min at 121 °C in a
microwave oven to retrieve antigens. The sections were
then incubated in 3 % hydrogen peroxide for 10 min at
room temperature and treated with 1 % goat serum albu-
min for 30 min at room temperature to block nonspecific
reactions. The blocked sections were incubated with the
diluted primary anti-Nurrl antibody (1:200, Santa Cruz,
USA) in PBS at 4 °C overnight followed by staining with a
streptavidin—biotin—peroxidase kit (ZSGB-bio, Beijing,
China). The immune complex was visualized by incubating
the sections with diaminobenzidine tetrahydrochloride.
Samples were counterstained with hematoxylin and
mounted using a permanent mounting medium. Nurrl ex-
pression was determined by counting the number of cells
that were positively stained. All slides stained with Nurrl
were reviewed independently by two of the authors with no
knowledge regarding the clinical data. The staining inten-
sity of Nurrl was scored as O (none), 1+ (weak), 2+
(moderate), or 3+ (strong) according to previous studies [8,
10]. When heterogeneity was observed, the evaluation was
performed in the predominant area. Scores of 0 and 1+
were defined as Nurrl-low, and scores of 2+ and 3+ were
defined as Nurrl-high.

Statistical analysis

The statistical analysis was performed using the SPSS
software program (version 15.0; SPSS Inc., Chicago, IL,
USA). The y* and Mann—Whitney U tests were used to
examine the associations between Nurrl expression and
various clinicopathological parameters. Kaplan—-Meier
analysis with a log-rank test was used to calculate the OS
curves. Univariate and multivariate survival analyses with
Cox’s proportional hazard regression model were used to
evaluate the independent prognostic factors. P values
<0.05 were considered significant.

Results

Nurrl expression is frequently increased in human
gastric cancer tissues

First, we analyzed Nurrl expression in twenty-four paired
gastric cancer and adjacent non-tumor tissues by a qRT-



Clin Transl Oncol (2015) 17:788-794

791

PCR analysis and western blotting. Nurrl was sig-
nificantly upregulated in gastric cancer tissues (Fig. la,
b). Additionally, Nurrl expression was evaluated in nor-
mal and gastric cancer tissues by immunohistochemistry
(Fig. 2). We observed increased Nurrl expression in ap-
proximately all gastric cancer samples compared with
normal gastric tissues. Therefore, our results demonstrated
that Nurrl expression is upregulated in gastric cancer
tissues.

Nurrl expression is correlated with metastasis
and recurrence of gastric cancer

A strong correlation between Nurrl expression and the
depth of tumor invasion was noted. Furthermore, Nurrl
expression was more frequently increased in advanced-
stage tumors and tumors with lymph node or distant
metastases compared with early-stage tumors and those
without metastasis. No significant differences were noted
in Nurrl expression based on age, gender, histological
grade, or tumor size (Table 1).

Nurrl overexpression is associated with tumor
recurrence

A univariate analysis was performed to identify the factors
significantly associated with tumor recurrence. As shown
in Table 2, lymph node involvement, TNM stage, and
extent of tumor differentiation were associated with re-
currence. In addition, a high Nurrl level was associated
with a high recurrence rate. The multivariate analysis
indicated that lymph node involvement, TNM stage, tumor
differentiation, and Nurrl expression were independent
prognostic factors for tumor recurrence (Table 2).

Nurrl overexpression is associated with a poor OS
and DFS

Disease-free survival (DFS) was defined as the length of
time from curative surgery to the first tumor recurrence or
distant metastasis. OS was defined as the time from cura-
tive surgery to death from any cause. We next examined
the effects of Nurrl expression on patient survival. As
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Fig. 1 Nurrl expression in gastric carcinoma tissues and normal
tissues. Nurrl protein expression was assayed by a qRT-PCR and
b western blotting. Nurrl mRNA and protein expression levels in

CON GC

gastric cancer tissues were increased compared with normal tissues.
*P < 0.01 compared with the control group. NOR normal gastric
tissue group, GC gastric cancer tissue group

Fig. 2 Nurrl immunohistochemical staining in clinical gastric cancer
tissues, tissues adjacent to gastric cancers, and normal gastric tissue
samples. Representative immunohistochemical staining of Nurrl in

a normal gastric tissue; b tissue adjacent to gastric cancer tissue;
¢ gastric cancer tissue (original magnification, x400; Scale bar
50 pm)
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Table 2 Results of the
univariate and multivariate
analyses of tumor recurrence

Variables Univariate analysis Multivariate analysis
P value Hazard ratio (95 % CI) P value

Age (years)

>65 versus <65 0.485 - -
Gender

Male versus female 0.362 - -
Tumor size (cm)

>5 c¢m versus <5 cm 0.083 - -
Histology

Differentiated versus undifferentiated 0.009 3.137 (1.721-6.068) 0.018
Depth of tumor invasion

T3-T4 versus T1-T2 0.021 1.128 (0.633-2.136) 0.037
Lymph node metastasis

Yes versus no 0.016 2.879 (1.578-5.435) 0.031
Nurrl expression

Positive versus negative 0.006 3.763 (1.933-6.974) 0.011

Bold values are statistically significant (P < 0.05)

CI confidence interval

expected, Nurrl overexpression was significantly correlat-
ed with a poor OS (P = 0.009, log-rank test) (Fig. 3a) and
a poor DES (P = 0.002, log-rank test) (Fig. 3b). Moreover,
Kaplan—-Meier survival curves exhibited a significant dif-
ference in OS and DFS based on Nurrl expression.

Table 3 depicts the results of the univariate and multi-
variate analyses of factors related to prognosis in patients
with gastric cancer. Univariate analysis demonstrated that
the depth of tumor invasion, lymph node metastasis, distant
metastasis, recurrence, and Nurrl expression were sig-
nificantly related to OS (all P < 0.05). The multivariate
analysis also suggested that Nurrl expression (P = 0.007),
depth of tumor invasion (P = 0.014), lymph node metas-
tasis (P = 0.044), distant metastasis (P = 0.023), and re-
currence (P = 0.011) were independent prognostic factors
for the OS of gastric cancer patients.

Discussion

The majority of gastric cancer deaths result from tumor
recurrence and metastases rather than primary tumors [12].
However, the molecular mechanisms regulating the inva-
sion and metastasis of gastric cancer remain incompletely
understood. Previous studies demonstrated that Nurrl ex-
hibits oncogenic activities in a cell type-specific manner
[10, 13]. Our systematic study of the Nurrl protein in
normal and malignant gastric tissues revealed that Nurrl
was expressed in both normal and gastric cancer tissues.
Nurrl expression in many of the benign tissue specimens
was low, whereas high levels of expression were observed
in the gastric cancer tissues. Kaplan—-Meier analyses
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revealed that patients with high Nurrl expression exhibited
poorer prognoses and a shorter OS compared with those
with low Nurrl expression. Nurrl overexpression was fre-
quently detected in our gastric cancer tissue specimens, and
the frequency of Nurrl overexpression increased as TNM
classification and the recurrence of gastric cancer increased.
These findings suggest the possibility that increased Nurrl
expression may provide a selective advantage supporting
the occurrence and progression of gastric cancer.

Increased Nurrl expression in tumors is associated with
unsatisfactory therapeutic outcomes in cancer patients in
previous studies [14]. Supporting the role of Nurrl in
cancer progression, Nurrl knockdown inhibited the pro-
liferation of PC-3 prostate cancer cells [10]. Nurrl-de-
pendent transcription of cell motility-related proteins is a
plausible mechanism underlying the Nurrl-induced cell
proliferation, invasion, and migration, but the exact
mechanism remains uncharacterized [15]. These data sup-
port the hypothesis that Nurrl overexpression correlated
with a poor prognosis and reduced survival in gastric
cancer patients. However, it is likely that the regulatory
mechanisms affecting Nurrl are intricate, complex, and
highly dynamic, varying according to the different genetic
and epigenetic contexts of cells and tissues. In addition, the
retrospective design of the present study, with its inherent
deficiency in the variability of data recording, is an im-
portant limitation of the study. Another limitation of this
investigation involves its small sample size. A larger scale,
multicenter review would allow our conclusions to be
confirmed. These findings warrant further investigations
into the specific functions of Nurrl in various types of
cancers.
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Fig. 3 Postoperative outcomes of the 120 gastric cancer patients
based on Nurrl expression. The OS and DFS rates of 120 patients
with gastric cancer were analyzed by Kaplan—Meier analysis based on
Nurrl expression. Survival curves were constructed for the 120

patients who were divided into Nurrl-high and Nurrl-low groups.
The Nurrl-high group exhibited a significantly poorer outcome
compared with the Nurrl-low group (P = 0.009)

Table 3 Results of the

Variables Univariate analysis Multivariate analysis
univariate and multivariate
analyses of the overall survival P value Hazard ratio (95 % CI) P value

Age (years)

>65 versus <65 0.343 - -
Gender

Male versus female 0.194 - -
Tumor size (cm)

>5 cm versus <5 cm 0.274 - -
Histology

Differentiated versus undifferentiated 0.087 - -
Depth of tumor invasion

T3-T4 versus T1-T2 0.002 3.128 (1.613-6.117) 0.014
Lymph node metastasis

Yes versus no 0.026 1.762 (0.898-3.426) 0.044
Distant metastasis

M1 versus MO 0.014 2.497 (1.314-4.918) 0.023
Recurrence

Yes versus no 0.003 3.572 (1.698-6.235) 0.011
Nurrl expression

Positive versus negative 0.001 3.847 (1.337-5.173) 0.007

Bold values are statistically significant (P < 0.05)

CI confidence interval

In the present study, we found that Nurrl was mainly
present in cancer epithelial cells and that its expression
varied considerably between normal gastric epithelial tis-
sues and gastric cancer tissues. Our investigation revealed
pronounced Nurrl expression in both normal gastric and
cancer tissues, but Nurrl overexpression was correlated
with a larger tumor size, greater depth of tumor invasion,

lymph node metastasis, and/or recurrence. These data
suggest that Nurrl may be involved in tumor progression.
However, we were unable to identify any correlation of
Nurrl expression with age or gender (Table 1).

Nurrl was recently reported to have anti-apoptotic ef-
fects [16]. Nurrl reduces the expression of the pro-apop-
totic protein Bax and interacts with p53 to suppress its
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transcriptional activity [17]. Overexpression of Nurrl also
leads to downregulation of caspase-3 and other apoptotic
factors in neural cells [18]. Knockdown of endogenous
Nurrl expression also attenuates the vascular endothelial
growth factor (VEGF)-induced endothelial cell prolif-
eration, migration, and in vivo angiogenesis in Matrigel,
suggesting its potential importance in mediating VEGF-
induced tumor angiogenesis [19]. PGE2 inhibits apoptosis
by inducing Nurrl expression in colorectal cancer [11].
These studies as well as our present findings support an
oncogenic role for Nurrl, which appears to promote cancer
development and progression.

In conclusion, our study demonstrated that Nurrl may
be a useful molecular marker and an indicator for gastric
cancer progression. In combination with other biomarkers
of gastric cancer, Nurrl would be useful for determining
the prognosis of the disease and may also represent a novel
therapeutic target. Further studies are needed to investigate
the mechanisms and pathways of gastric cancer patho-
genesis mediated by Nurrl.
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