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NOD-like receptor X1, tumor necrosis factor
receptor-associated factor 6 and NF-kB are associated with
clinicopathological characteristics in gastric cancer
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Abstract. Gastric cancer (GC) is a common cancer world-
wide and its precise mechanism is largely unknown. The
aim of the present study was to evaluate the expression levels
of NOD-like receptor X1 (NLRX1), tumor necrosis factor
receptor-associated factor 6 (TRAF6) and NF-«kB in GC and
normal gastric tissue samples to determine the association
with the clinicopathological features of GC. GC and adjacent
normal gastric tissues from 60 patients with GC were analyzed
using immunohistochemistry and western blotting analysis. In
addition, the association between NLRX1, TRAF6 and NF-«B
expression levels were investigated by Spearman's correlation
analysis. The results revealed that NLRX1 protein expression
levels were downregulated in the GC tissues compared with
the normal gastric tissues (P<0.05). Conversely, TRAF6 and
NF-«B protein expression levels were upregulated in the GC
tissues compared with the normal gastric tissues (P<0.05).
A significant difference was identified between GC patients
with high and low expression levels of each protein in the
tumor size, vascular invasion, neural invasion, lymph node
metastasis, differentiation, gross stage and clinical stage. In
addition, a negative correlation was observed between NLRX1
and TRAF6, and NLRX1 and NF-«kB expression levels, while
a positive correlation was observed between TRAF6 and
NF-«B expression levels. In conclusion, NLRX1 expression
levels were discovered to be downregulated in GC tissues. The
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expression levels of NLRX1, TRAF6 and NF-«B were also
significantly associated with the clinicopathological charac-
teristics of GC, and the aforementioned results indicated that
NLRX1 may be a biomarker in assessing GC.

Introduction

Gastric cancer (GC) is a challenging disease for general
surgeons to manage and is one of the most common types
of cancer worldwide, and GC has the third leading mortality
rate worldwide, causing 723,000 deaths every year (1,2). In
developing countries, 70% of deaths result from GC compared
with 40% in China (3). Changes in lifestyle and eating habits,
for example unhealthy diet, may increase the possibility of the
incidence of GC (4). GC is more prevalent in East Asia than
other geographic areas (5). Surgery, including open surgery
and minimally invasive surgery, is the main treatment option
for GC; however, as <10% patients with GC in developing
countries are diagnosed early, there is a poor survival rate (6,7).
Thus, the mechanisms underlying GC require further investi-
gation.

Previous studies have demonstrated that NF-xB served
a crucial role during the progression of GC (8,9). The
NF-xB complex is activated in the cytoplasm following the
degradation of inhibitor (I)xB, and is then involved in the
nuclear physiologic response (10). Tumor necrosis factor
receptor-associated factor 6 (TRAF6), which belongs to the
TRAF family (11), is an adaptor protein that has important
roles in innate immune responses and is a participator in
the activatory process of the NF-kB signaling pathway (12).
In addition, Han et al (11) reported that TRAF6 promoted
the invasion and metastasis of GC and was an index for GC
prognosis; Sun et al (13) concluded that the expression levels
of TRAF6 in the skeletal muscle of patients with GC were
significantly upregulated; and Maeda et al (14) suggested that
Helicobacter pylori (H. pylori) may lead to NF-xB activation
through a TRAFG6 intracellular signaling pathway, which to
the authors' best knowledge, is the only report of a relationship
between NF-kB and TRAF6 in GC.

The NOD-like receptor (NLR) family serves a crucial role
in immune defense and inflammation (15,16). A new member
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of the NLR family member, NLRX1, has been identified as a
protein localized to the membrane of the mitochondria (16,17).
Previous studies have revealed that NLRX1 suppressed
tumorigenesis by inhibiting NF-«xB signaling (18,19); however,
the role of NLRX1, the correlation between NLRX1, TRAF6
and NF-«kB expression levels, and the relationship between
NLRXI1 and the clinicopathological characteristics of GC
have not been established.

In the present study, the expression levels of NLRX1,
TRAF6 and NF-«B in GC tissues were determined and the
association between these three proteins and the clinicopatho-
logical characteristics of gastric adenocarcinoma (GA) were
examined. The present research may offer insight into novel
molecular mechanisms underlying GC, specifically GA.

Materials and methods

Patients studies. The present study included 60 patients
(age range, 34-83 years; 51 males and 9 females), who were
diagnosed with GA based on post-operative pathologic
evaluations at The Third People's Hospital of Dalian (Dalian,
China) between October 2017 and April 2019. All patient
demographic and clinicopathological data were recorded
(Table I). The patients were diagnosed with GA by gastros-
copy. Patients that received pre-operative chemotherapy
or radiotherapy were excluded from the present study. The
tissues were obtained at the time of surgery and immediately
stored at -80°C. GA and adjacent normal gastric tissues
(>5 cm from the tumor) were collected. Written informed
consent regarding information and tissue samples were
acquired from the patients. The present study was approved
by the Ethics Committee of The Third People's Hospital of
Dalian (approval no. 2017-K'Y-004).

The histologic grade was evaluated using the World Health
Organization tumor classification: i) grade well if gland tissue
is present, possibly including metaplasia; ii) grade poorly if
highly irregular glands are indistinguishable; and iii) grade
moderately if the condition is between the grade well and
grade poorly classifications (20).

Immunohistochemistry (IHC). THC staining was performed to
analyze the expression levels of NLRX1, TRAF6 and NF-«xB
in GC and normal gastric tissues. The tissues were fixed in
10% formalin for 24 h at room temperature, Subsequently,
the tissues were embedded in paraffin and cut into 4-ym
thick sections. Paraffin sections were placed in an incubator
at 60°C for 120 min. Xylene was used for deparaffinization
and ethanol was used for rehydration at room temperature.
Then the sections were subsequently incubated at 37°C with
3% H,0, for 10 min to block endogenous peroxidase activity.
Antigen retrieval was performed by boiling the sections with
0.01 M citric acid buffer (pH 6.0) at 95°C for 20 min and the
sections were then blocked using goat serum (cat. no. SP-9000;
OriGene Technologies, Inc.) at 37°C for 15 min. Subsequent
incubation was performed with primary antibodies against
NLRXT1 (1:100; cat. no. ABP57527; Abbkine Scientific Co.,
Ltd.), TRAF6 (1:100; cat. no. ABP52637; Abbkine Scientific
Co., Ltd.) and NF-xB (1:100; cat. no. ABP51957; Abbkine
Scientific Co., Ltd.) overnight in a humidified chamber at
4°C. Negative controls were performed using PBS. Following

the primary antibody incubation, the samples were then
incubated with HRP-conjugated anti-rabbit secondary
antibody (cat. no. SP-9000; OriGene Technologies, Inc.) at
37°C for 15 min. Finally, DAB (cat. no. ZLI-9018; OriGene
Technologies, Inc.) was added for 5 min and the tissue sections
were counterstained with hematoxylin for 20 sec (both at room
temperature).

IHC-stained slides were accessed by two pathologists who
were blinded to the nature of the research using a light micro-
scope (Nikon Eclipse Ni-E; Nikon Corporation; magnification,
x400). The stained slides were evaluated semi-quantitatively
and the intensity of staining was categorized into four levels as
follows: No staining=0; weak staining=1; moderate staining=2;
and strong staining=3. Positive stained cells were scored as
follows: 1, 0-25; 2, 26-50; 3, 51-75; and 4, 76-100%. The final
score was based on the above scores (score of positive stained
cells multiplied by the intensity of staining) (21). There were
four categories based on the final staining scores as follows:
0,-; 1-4, +; 5-8, ++; and 9-12, +++. The results were evaluated
as negative and moderate for- and + (grouped as negative) and
positive for ++ and +++ (21).

Western blotting. Total protein was extracted using RIPA lysis
buffer, proteinase inhibitor, phosphatase inhibitors and PMSF
(all from Beyotime Institute of Biotechnology). Proteins (30 ug;
quantified using the BCA method) and the molecular weight
marker were separated by 10% SDS-PAGE (cat. no. POO15A;
Beyotime Institute of Biotechnology). The separated proteins
were subsequently transferred onto PVDF membranes,
which were blocked with 5% non-fat milk in 0.1% Tween-20
in TBS (TBST) for 1 h at room temperature, and incubated
overnight at 4°C with rabbit polyclonal anti-NLRX1 (1:1,000),
anti-TRAF6 (1:1,000), anti-NF-xB (1:500) and anti-f3-actin
(1:1,000; cat. no. ABP57456; Abbkine Scientific Co., Ltd.)
diluted in TBST. Following the primary antibody incubation,
the membranes were washed three times with TBS-T for
10 min and incubated for 1 h at room temperature with an
anti-rabbit IgG HRP-conjugated secondary antibody (1:5,000;
cat. no. A21020; Abbkine Scientific Co., Ltd.). BeyoECL Plus
(Beyotime Institute of Biotechnology) was used to visualize
the protein bands. All results were analyzed using Gel-Pro
Analyzer (version 4.0; Media Cybernetics, Inc.).

Statistical analysis. Data are presented as the mean + SD
of three experimental repeats. Statistical analyses were
performed using SPSS 20.0 software (IBM Corp.) and
GraphPad Prism 7.0 software (GraphPad Software, Inc.). A ¥’
and Fisher's exact test were used to determine the associations
between NLRX1, TRAF6 and NF-kB expression levels and
the clinicopathological parameters. A paired Student's t-test
was used for the western blotting analysis. Spearman's rank
correlation was used for correlation analyses. P<0.05 was
considered to indicate a statistically significant difference.

Results

Demographic and clinicopathological characteristics of the
enrolled patients. Demographic information was collected;
the average age of the patients was 66.5+11.4 years, and
there were 51 males and 9 females in the present study.
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Table I. Demographic and clinicopathological characteristics
of the patients.

Clinicopathological features

Age, years (mean = SD) 66.5t11.4
Male, number (%) 51 (85)
Female, number (%) 9 (15)
Gross type, number

Early GC 8

Advanced GC 52
Tumor size, number

<5 cm 29

=5cm 31
Differentiation, number

Moderately-to-well 33

Poorly differentiated 27
Lymph node metastasis, number

Positive 31

Negative 29
Vascular invasion, number

Yes 35

No 25
Nerve invasion, number

Yes 26

No 34
Depth of infiltration, number

T1orT2 18

T3 or T4 42
Clinical stage, number

I/ 34

/v 26

GC, gastric cancer; T, tumor.

Clinicopathological characteristics were also collected,
including age, sex, tumor size, histologic grade, lymph node
metastasis, vascular invasion, nerve invasion, depth of infiltra-
tion (22) and clinical stage (Table I).

NLRX1, TRAF6 and NF-kB protein expression levels in GC
and normal gastric tissues. To investigate the roles of NLRX1,
TRAF6 and NF-kB in the progression of GC, IHC staining
was performed to evaluate the changes in the protein expres-
sion levels. IHC staining of NLRX1 was markedly reduced in
the GC tissues compared with the normal tissues (Fig. 1). In
contrast, IHC staining of TRAF6 and NF-kB were markedly
increased in the GC tissues compared with the normal tissues.

Association between NLRXI, TRAF6 and NF-xB expres-
sion levels and clinicopathological characteristics. NLRX1,
TRAF6 and NF-xB THC staining of GC samples and clinico-
pathological characteristics are presented in Table II. There
were no significant differences identified between positive or
negative expression levels of NLRX1, TRAF6 or NF-kB for

NLRX1

TRAF6

NF-«xB P65

T
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Figure 1. NLRX1, TRAF6 and NF-«xB protein expression levels based on
immunohistochemical assays. NLRX1 expression levels in the GC tissues
were downregulated, while TRAF6 and NF-kB expression levels were
upregulated in the GC tissues compared with the normal tissues. Scale
bar, 50 ym. NLRX1, NOD-like receptor X1; TRAF6, tumor necrosis factor
receptor-associated factor 6; GC, gastric cancer.

either patient sex or age (<65 or >65 years). However, signifi-
cant differences were identified between positive or negative
NLRX1, TRAF6 or NF-kB expression levels for tumor size
(<5 cm or =5 cm), vascular invasion (yes or no), neural invasion
(yes or no), lymph node metastasis (yes or no), differentiation
(poorly or moderately-to-well differentiated), gross stage
(early or advanced) and clinical stage (I/II or III/IV) (23).

NLRXI1, TRAF6 and NF-kB expression levels based on western
blotting. The results from the western blotting experiments
revealed that NLRXI1 expression levels were significantly
downregulated in the GC tissues compared with the normal
gastric tissues (Fig. 2). Conversely, TRAF6 and NF-«kB expres-
sion levels were discovered to be significantly upregulated in
the GC tissues compared with the normal tissues.

Correlation analysis between NLRXI and TRAF6, NLRX1
and NF-kB and TRAF6 and NF-xB expression levels.
Spearman's rank correlation was used to determine the corre-
lation between NLRX1 and TRAF6, NLRX1 and NF-xB and
TRAF6 and NF-kB expression levels. A negative correlation
was identified between NLRX1 and TRAF6 expression levels
(Table IIT), NLRX1 and NF-«kB protein expression levels
(Table IV) and a positive correlation between TRAF6 and
NF-«B protein expression levels in GC tissues (Table V).

Discussion

The worldwide incidence of GC has decreased markedly in
recent decades (24). Data from the 2014 Chinese National
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Table II. Association between NLRX1, TRAF6 and NF-«kB expression levels and the clinicopathologic features of patients with
gastric cancer.

A, NLRX1 expression levels

Clinicopathological variables Number of patients Positive expression Negative expression P-value

Age, years 0.955
<65 27 8 19
>65 33 10 23

Sex 0431
Male 51 14 37
Female 9 4 5

Tumor size, cm 0.012
<5 28 13 15
=5 32 5 27

Vascular invasion 0.010
Yes 35 6 29
No 25 12 13

Neural invasion <0.001
Yes 26 1 25
No 34 17 17

Lymph node metastasis 0.011
Yes 29 4 25
No 31 14 17

Differentiation 0.001
Poorly 27 2 25
Moderately-to-well 33 16 17

Gross stage 0.005
Early 8 6 2
Advanced 52 11 41

Clinical stage <0.001
/I 34 17 17
v 26 1 25

B, TRAFG6 expression levels

Clinicopathological variables Number of patients Positive expression Negative expression P-value

Age, years 0.180
<65 27 17 10
>65 33 20 13

Sex 0.284
Male 51 33 18
Female 9 4 5

Tumor size, cm <0.001
<5 28 10 18
=5 32 27 5

Vascular invasion <0.001
Yes 35 29 6
No 25 8 17

Neural invasion 0.002
Yes 26 22 4

No 34 15 19
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Table II. Continued.

B, TRAFG6 expression levels

Clinicopathological variables Number of patients Positive expression Negative expression P-value
Lymph node metastasis <0.001
Yes 29 25 4
No 31 12 19
Differentiation 0.001
Poorly 27 23 4
Moderately-to-well 33 14 19
Gross stage <0.001
Early 8 0 8
Advanced 52 37 15
Clinical stage 0.002
a 34 15 19
/v 26 22 4

C, NF-«B expression levels

Clinicopathological variables Number of patients Positive expression Negative expression P-value

Age, years 0.957
<65 27 17 10
>65 33 21 12

Sex 0.111
Male 51 38 13
Female 9 4 5

Tumor size, cm 0.020
<5 28 12 16
=5 32 26 6

Vascular invasion 0.002
Yes 35 28 7
No 25 10 15

Neural invasion 0.017
Yes 26 21 5
No 34 17 17

Lymph node metastasis 0.007
Yes 29 24 5
No 31 15 16

Differentiation 0.015
Poorly 27 22 5
Moderately-to-well 33 16 17

Gross stage <0.001
Early 8 0 8
Advanced 52 39 13

Clinical stage 0.017
I/ 34 17 17
/v 26 21 5

NLRX1, NOD-like receptor X1; TRAF6, tumor necrosis factor receptor-associated factor 6.
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Table III. Correlation between NLRX1 and TRAF6 expression levels.

NLRX1 expression

Staining score, (n) -(23) +(19) ++ (14) +++ (4) Correlation coefficient P-value
TRAF6 expression -(3) - - 2 1 r=-0.635 P<0.001
+(20) 2 7 8 3
++ (18) 8 6 4 -
+++ (19) 13 6 - -
NLRX1, NOD-like receptor X1; TRAF6, tumor necrosis factor receptor-associated factor 6.
Table I'V. Correlation between NLRX1 and NF-«kB expression levels.
NLRX1 expression
Staining score, (n) -(23) +(19) ++ (14) +++(4)  Correlation coefficient P-value
NF-«xB P65 expression -4) - 1 1 2 r,=-0.530 P<0.001
+ (18) 3 6 8 1
++ (17) 6 7 3 1
+++ (21) 14 5 2 -
NLRX1, NOD-like receptor X1.
Table V. Correlation between TRAF6 and NF-kB expression levels.
TRAF6 expression
Staining score, (n) -3  +(Q0) ++ (17) +++ (20) Correlation coefficient P-value
NF-«B P65 expression -4 1 3 - - r,=0.781 P<0.001
+ (18) 2 14 2
++ (17) - 3 7 7
+++ (21) - - 8 13

TR AF6, tumor necrosis factor receptor-associated factor 6.

Cancer Center (NCCRC) have also revealed a decreased
incidence of GA (25). Nevertheless, the poor prognosis among
patients with GC remains a serious threat to global health. The
incidence of GC varies by country and is 2-3-fold higher in
males compared with females (26). In the present study, the
male-to-female GC ratio was 51:9 (5.7-fold higher in males).
The 2014 NCCRC reported a high incidence of GC in the
60-79-year group (27), which coincides with the age data
(66.5+11.4 years) obtained in the present research.

NLRXI1 is a negative regulator of antiviral immunity
during the early stage of virus infection (16). With additional
research involving NLRX1, other functions of NLRX1 have
been discovered, such as its ability to regulate inflamma-
tion (28), metabolism (29) and development of histiocytic
sarcoma (18). Previous studies have also reported that NLRX1
served as a tumor suppressor in colorectal cancer (30,31).

For example, the deletion of NLRX1 in intestinal epithe-
lial cells did not alter the architecture of the intestines, but
there was an increased susceptibility among NLRX1” mice
for developing colitis-associated colorectal cancer (30,31).
Wang et al (32) also concluded that NLRX1 expression levels
were downregulated in hepatocellular carcinoma tissues and
that NLRX1 expression levels may be used as a prognostic
marker in HCC hepatectomy. Castano-Rodriguez et al (33)
reported that NLRX1 expression levels were downregulated in
H. pylori-infected gastric tissues. However, the role of NLRX1
in GC has not been elucidated.

By examining THC staining and western blotting of
NLRX1 in GC and normal gastric tissues, the present study
revealed that NLRX1 expression levels were downregulated
in GC tissues, indicating that NLRX1 may be a tumor
suppressor. The changes in NLRX1 expression levels were



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 208, 2021 7

Normal GC

-
L
5

NLRX1 | S S S |

=
(=]
1

nmm‘.——- -——-4--1--|

Fd
wn
1

NF-xB PGS | i i w— — |

NLRX1/B-actin
(Relative expression)

p-actin l.*- | — - | |

=
=
T

Normal GC

5. *
5
Egb
]
§ 8 3-
o X
a 1]
<32
Es
"
04
Normal GC

E-
]

w
1

NF-KB P65/B-actin
(Relative expression)
- LX)

(=]
I

Normal GC

Figure 2. NLRX1, TRAF6 and NF-kB protein expression levels were analyzed using western blotting. NLRX1 expression levels in the cancer tissues were
significantly downregulated compared with the normal tissues, while TRAF6 and NF-«kB expression levels in the GC tissues were significantly upregulated
compared with the normal tissues. “P<0.05 vs. normal. NLRX1, NOD-like receptor X1; TRAF6, tumor necrosis factor receptor-associated factor 6; GC, gastric

cancer.

significantly associated with tumor size, vascular invasion,
neural invasion, lymph node metastasis, differentiation, gross
stage and clinical stage, which indicated that NLRX1 may
serve as an index in assessing GC. However, no statistical
differences were observed between NLRX1 expression levels
and the age or sex of the patient. A previous study concluded
that NLRX1 was a tumor suppressor in primary solid tumors
of the breast (34). Hu er al (19) also reported that downregu-
lated expression levels of NLRX1 were associated with liver
cancer prognosis.

NF-«B is a pivotal mammalian transcription factor that
was discovered to exert protumorigenic effects in liver (35),
lung (36), breast (37) and prostate (38) cancer, in addition to
in GC (39). In normal cells, NF-«B is located in the cytosol in
the form of an inactive complex bound to IkBa. Once stimu-
lated, IxBa is phosphorylated and separated from NF-«xB for
degradation (40). NF-xB has been demonstrated to remain in
an active status in pancreatic cancer cells (41). The results of
the present study revealed that NF-kB expression levels were
upregulated in GC tissues through IHC staining and western
blotting, which is consistent with the aforementioned studies.

microRNA-146a was discovered to upregulate NF-«B by
targeting TRAF6 in human cervical cancer (42). In multiple
myeloma, TRAF6 was discovered to mediate NF-xB activa-
tion and was suggested as a potential therapeutic target (43).
Both of these studies illustrated that TRAF6 could regulate
NF-kB as an upstream gene. However, to the best of our
knowledge, the relationship between TRAF6 and NF-«xB
in GC remains to be clarified. It has also been reported that
in response to lipopolysaccharide, NLRX1 interacted with
TRAF6 and negatively regulated NF-kB activation in 293T
cells (16,44). Allen et al (16) demonstrated that in response to

viral infection, NLRX1 decreased the inflammatory responses
by interacting with TRAF6.

TRAF6, as a TRAF protein family member, activates
IxB kinase, thus resulting in the degradation of IxB and the
activation of NF-kB (45,46). Therefore, a positive correla-
tion is suggested to exist between TRAF6 and NF-«xB. In the
present study, a positive correlation was also discovered and
TRAF6 and NF-«kB expression levels, as tumor promotors,
were increased and correlated with tumor size, vascular and
neural invasion, lymph node metastasis, differentiation, gross
stage and clinical stage.

In the present study, a negative correlation between
NLRX1 and TRAF6 was discovered using Spearman's rank
correlation. Therefore, it was speculated that NLRX1 may also
interact with TRAF6 to exert an antitumor effect in GC.

In conclusion, NLRX1 expression levels were discovered
to be downregulated in GC tissues and the expression levels of
NLRX1 were associated with the clinicopathological charac-
teristics of GC. A negative correlation was identified between
NLRX1 and TRAF6/NF-«kB expression levels, while a positive
correlation was observed between TRAF6 and NF-«xB expres-
sion levels. Thus, NLRX1 may be a potential biomarker for the
diagnosis of GC and warrants further investigation.
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