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Abstract
AIM: To study the relationship between the CX3CL1 
chemokine, its receptor CX3CR1, and gastric carcino-
ma/gastric carcinoma perineural invasion (PNI). 

METHODS: Thirty cases of gastric carcinoma were 
surgically resected (radical resection or palliative resec-
tion) between February 2012 and July 2012. Tumour 
and tumour-adjacent tissues were evaluated for the 
presence of CX3CL1 (ELISA) and CX3CR1 (immuno-
histochemistry and Western blotting) in an effort to 
analyse the relationship between CX3CL1/CX3CR1 and 
gastric carcinoma/gastric carcinoma PNI.

RESULTS: Of these 30 cases, 14 were PNI-positive 
(46.7%). No significant differences in CX3CL and 
CX3CR1 expression in tumour-adjacent tissues were 
found between the PNI positive and negative groups. 

Expression levels of CX3CL and CX3CR1 in tumour tis-
sues were significantly higher than those in adjacent 
tissues (P  < 0.01), and were significantly higher in tu-
mour tissues from the PNI-positive group compared to 
the PNI-negative group (P  < 0.01).

CONCLUSION: CX3CL1/CX3CR1 expression may be 
associated with the occurrence and development of 
gastric carcinoma as well as gastric carcinoma PNI.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This preliminary study determined the rela-
tionship between the CX3CL1/CX3CR1 system and gas-
tric carcinoma/gastric carcinoma perineural invasion 
(PNI). The results revealed that the CX3CL1/CX3CR1 
system may be associated with the occurrence and 
development of gastric carcinoma, and had an obvious 
relationship with gastric carcinoma PNI.
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INTRODUCTION
Gastric carcinomas are one of  the most common ma-
lignant tumours, and often undergo metastasis. Studies 
have increasingly reported tumour perineural invasion, 
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Table 1  Comparison of CX3CL1 levels (pg/mg) in gastric 
carcinoma perineural invasion-positive and negative groups
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although this phenomenon has not been explored. In 
1835, Cruveilhier[1] reported perineural invasion (PNI), a 
particular biological behaviour in tumour cells, in which 
the tumour approaches nerves and covers approximately 
33% (or more) of  the nerve perimeter or penetrates any 
of  the 3 nerve-sheath layers[2]. The role of  chemokines 
in the pathogenesis of  gastric carcinoma and gastric 
carcinoma PNI is of  interest. However, relative to other 
subfamilies, the current research on CX3CL1 is relatively 
sparse.

The aim of  this study was to study the expression of  
CX3CL1 and CX3CR1 in gastric carcinoma and explore 
their relationship with gastric carcinoma and gastric car-
cinoma PNI.

MATERIALS AND METHODS
Specimens
Thirty patients underwent gastric carcinoma surgery in 
the Department of  General Surgery, Nanjing Affiliated 
Hospital of  Nanjing Medical University, between Febru-
ary 2012 and July 2012. Tumour tissue and 5 cm of  adja-
cent tissue samples from the tumour boundary (control) 
were collected.

CX3CL1 ELISA
Proteins were extracted from the samples and the pro-
tein content was quantified using the Bradford method. 
Samples were evaluated using the Chemokine C-X3-C- 
basic ligand 1 (CX3CL1) ELISA kit (USCN Co., Ltd.) 
according to the instructions provided with the kit, and 
read at 450 nm. The CX3CL1 concentration in each 
sample was determined by comparison to appropriately-
diluted standards.

Immunohistochemical detection of CX3CR1 (LP method)
Paraffin sections were dewaxed in water, treated with 3% 
H2O2 to inactivate endogenous peroxidase and incubated 
with CX3CR1 rabbit anti-human monoclonal antibody 
(Abcam Co., Ltd.). Bound antibody was detected with 
the Universal One-Step Hypersensitive Detection Kit 
(Xiya Golden Bridge Biotechnology Co. Ltd.) using 
DAB as the peroxidase substrate (brown precipitate). 
Slides were counterstained with hematoxylin, dehydrated 
and coverslipped.

Ten randomly-selected high-power fields (400 ×) 
were evaluated in a double-blind manner and the follow-

ing metric used: If  the cytoplasm of  the tumour cells 
contained stained granules and the tumour cell staining 
was > 10%, it was considered positive; if  the tumour 
was unstained or the staining was less than 10%, the re-
sult was considered negative.

Western blot assay for CX3CR1 protein expression
Tissues were extracted using the whole protein extrac-
tion kit KGP250 (Nanjing KGI Biological Technology 
Development Co. Ltd.). Extracted proteins (X amount) 
were mixed with loading buffer, denatured, and poly-
acrylamide gel electrophoresis performed to separate 
the proteins. The gel was blotted to a nitrocellulose 
membrane, the membrane was stained with Ponceau red, 
and the band(s) of  interest excised and blocked with 8% 
skim milk. Rabbit anti-human CX3CR1 antibody (Abcam 
Co. Ltd.) was added and incubated overnight at 4 ℃. 
The membrane was washed and goat anti-rabbit IgG 
(Jackson Co. Ltd.) added and incubated for X time at Y 
temperature. The membrane was washed and electroche-
miluminescence (ECL) was used to detect the labelled 
protein(s).

Statistical analysis
SPSS17.0 was used for statistical analysis of  the data, 
and the t-test was used where needed to compare data 
sets. P < 0.05 was considered statistically significant.

RESULTS
CX3CL1 expression in PNI-positive and negative groups 
(ELISA)
Samples were divided into PNI-positive and PNI-nega-
tive groups based on CX3CL1 expression in the tumour 
and adjacent tissues detected by ELISA (Table 1). Of  the 
30 cases of  gastric carcinoma, 14 cases were PNI-positive 
(46.7%). In tumour tissues, CX3CL1 levels in the PNI-
positive group were significantly higher than those in the 
PNI-negative group (P < 0.05). When the PNI-negative 
and PNI-positive groups were compared, CX3CL1 ex-
pression in the tumour tissue was significantly higher (P 
< 0.05) than that in the adjacent tissue.

CX3CR1 expression in the PNI-positive and negative 
groups (immunohistochemistry)
CX3CR1 expression was evaluated in the tumour and 
adjacent tissues (Figure 1). Tumour tissues from the PNI-
negative group contained CX3CR1 positive cells and 
nerve cells were unstained. In the PNI-positive group, 
CX3CR1 expression was seen in both tumour and nerve 
cells.

CX3CR1 expression levels in the tumour tissues and 
adjacent tissues of PNI positive/negative groups by 
Western blot assay
CX3CR1 expression in tumour tissues from the PNI 
positive/negative groups was higher than that in adja-
cent tissues (Figure 2) and the expression of  CX3CR1 

4429 April 21, 2014|Volume 20|Issue 15|WJG|www.wjgnet.com

PNI positive 
group

PNI negative 
group

t

(mean ± SD) (mean ± SD)
Tumor tissue 674 ± 16.09 515 ± 12.31 4.859 (P < 0.05)
Adjacent tissue 479 ± 14.51 445 ± 11.13 1.190 (P > 0.05)
t 5.888 (P < 0.01) 2.916 (P < 0.02)

PNI: Perineural invasion.



Table 2  Comparison of CX3CR1 levels in gastric carcinoma 
perineural invasion positive/negative groups

in the tumour tissues from the PNI-positive group was 
significantly higher than that in the PNI-negative group (P 
< 0.01) (Table 2). No statistically significant differences 
were seen in CX3CR1 levels in the adjacent tissues of  
the PNI-positive and negative groups (P > 0.05). Mean 
CX3CR1-positive values in the PNI positive/negative 
groups were significantly higher than those in the adja-
cent tissues, and the difference was statistically signifi-
cant (P < 0.01).

DISCUSSION
PNI is significantly correlated with a poor prognosis in 
prostate, pancreatic and especially head and neck cancer 
patients, and is an important pathological index, indicat-
ing a shorter survival period, increased local recurrence 
rate, and shorter recurrence time[3]. While PNI is an 
important factor which affects survival, according to the 

reports of  the Association of  American Pathologists[4], 
head and neck cancers are the only tumours which re-
quire the assessment of  the perineural invasion state.

The relationship between PNI and the prognosis of  
gastric carcinoma patients has attracted more attention 
in recent years, and although no consensus has been 
reached, some scholars have indicated that PNI is not 
an independent factor affecting prognosis[5]. Clinical 
pathology data[6] from 178 cases of  gastric carcinoma re-
vealed that overall survival time and disease-free survival 
time in PNI-positive patients were statistically different 
when compared with PNI-negative patients. Multi-factor 
analysis also revealed that PNI was an independent risk 
factor affecting the prognosis of  gastric carcinoma pa-
tients, which was consistent with data reported by Bilici 
et al[7] and Tianhang et al[8]. Although there was significant 
correlation between PNI and the prognosis of  tumour 
patients, the pathogenesis is still unclear.

Among the 4 chemokine subfamilies, relatively little 
work has been carried out on CX3CL1. CX3CL1 is re-
ported[9] to have a dual function, acting as a chemical 
inducer to stimulate the anti-tumour effect of  leukocytes, 
while the combination of  CX3CL1 and CX3CR1 can 
induce the aggregation/adherence of  NK cells, CD8+T 
and CD4+T on/near tumour cells, where they can ex-
ert their anti-tumoural effect. However, little has been 
published on the role of  CX3CL1 in clinical assess-
ments. Ohta et al[10] found that colorectal cancer patients 
with high expression of  CX3CL1 had a higher density 
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Figure 1  CX3CR1 expression. A: CX3CR1 expression (× 200) in perineural invasion (PNI)-positive tumour cells and nerve cells; B: CX3CR1 expression was present 
in tumour cells and absent in nerve cells from the PNI-negative group (× 200).

A B
a b c d a b c d

Figure 2  CX3CR1 expression levels in the perineural invasion-positive group (A) and perineural invasion-negative groups (B). a and b are from tissues adja-
cent to the tumour, while c and d are tumour tissues, and β-actin is shown below.

PNI positive 
group

PNI negative 
group

t

(mean ± SD) (mean ± SD)
Tumor tissues 1.01 ± 0.13 0.59 ± 0.11 4.632 (P < 0.01)
Adjacent tissues 0.34 ± 0.06 0.28 ± 0.08 1.175 (P > 0.05)
t 7.572 (P < 0.01) 8.538 (P < 0.01)

PNI: Perineural invasion.
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of  tumour-infiltrating immune cells, and therefore bet-
ter prognosis than patients with low CX3CL expression. 
Others[11] detected CX3CL1 expression by immunohisto-
chemistry, and combined with the prognosis, suggested 
patients with high CX3CL1 expression had a longer sur-
vival time than those with low expression. Vitale et al[12] 
reported that invasion and metastasis of  colon cancer 
cells which expressed CX3CL1 was reduced, and the 
growth of  metastases slowed, the membrane type and 
secreting type performed different roles in tumour de-
velopment.

For gastric carcinoma, few reports exploring the re-
lationship between CX3CL1 and gastric carcinoma have 
been published. Hyakudomi[13] evaluated CX3CL1 ex-
pression in 158 cases of  T2/T3 stage gastric carcinoma 
and used two antibodies (anti-CD57 and anti-CD8) to 
assess the infiltration of  NK cells and CD8+T cells, re-
spectively. These data, combined with clinical pathology 
and follow-up, suggested that patients in the CX3CL1-
high-expression group had a better prognosis and 
disease-free survival period compared to the CX3CL1-
low-expression group. Multivariate analysis showed the 
expression of  CX3CL1 was the independent factor 
which affected the disease-free survival period of  gastric 
carcinoma patients.

In this study, ELISA data indicated that CX3CL1 con-
tent in the tumour tissues, irrespective of  PNI-negative or 
PNI-positive, was higher than in adjacent tissues. Western 
blotting revealed that expression of  the receptor CX3CR1 
in PNI-positive and negative groups was significantly 
higher in the tumour tissues than in the adjacent tissues. 
Taken together, these data suggested that CX3CL1/
CX3CR1 may be associated with the occurrence and de-
velopment of  gastric carcinoma.

Another function of  CX3CL1 is to act as an adhesion 
molecule, and combined with the receptors expressed by 
tumour cells, may be the key factor leading to the clini-
cal differences seen in the CX3CL1/CX3CR1 system 
response against tumours[9]. In certain tumours, the po-
tential anticancer effect of  CX3CL1 was overcome by 
its actions promoting tumour development. In prostate 
cancer, CX3CL1 expressed by bone marrow endothelial 
cells could induce the aggregation of  CX3CR1 inside 
tumour cells, playing an important role in the bone me-
tastasis of  prostate cancer[14]. In breast cancer, although 
there was no significant correlation between CX3CL1/
CX3CR1 and the overall survival rate and disease-free 
survival rate of  patients, expression did indicate the oc-
currence of  brain metastases[15]. Recently, the CX3CL1/
CX3CR1 system has been reported to play an important 
role in the bone metastasis of  neuroblastoma[16]. The 
adhesion effect of  CX3CL1 in the nervous system also 
suggests a role in nerves peripheral to other tumours, 
which may be an underrated source of  metastases. In 
addition to the traditional routes of  tumour metastasis 
(blood, lymphatic and implantation metastasis), cancer 
cells could also move along the nerve (PNI).

Literature addressing the relationship between CX-

3CL1 and PNI in digestive tract tumours primarily studied 
pro-nerve tumours, such as pancreatic ductal adenocarci-
noma (PDA) which accounted for the majority, while no 
relevant literature on tumours in the gastrointestinal tract 
have been found. In PDA, PNI occurs in the early stage 
of  the disease[17-19], and when biopsies are evaluated, 
tumour cells show an elevated expression of  CX3CR1 
compared to normal pancreatic cells. When examined in 
vitro, the CX3CR1-positive PDA cells directionally mi-
grate towards the CX3CL1 expressed on other cells and 
specifically adhere to the nerve cells, where pathogenesis 
involved the activation of  a Gi protein and adhesion 
molecules (β1 integrin and focal adhesion kinase)[17]. 
Postoperative pathology confirmed that for PNI-positive 
pancreatic cancer, 90% were CX3CR1 positive and 56% 
exhibited a strong positive expression, while systematic 
assessment of  the relationship between tumour CX-
3CR1 expression and PNI revealed that elevated levels 
of  CX3CR1 were closely related to the early localized 
recurrence of  the tumour.

In this study, the results of  immunohistochemistry 
revealed that when PNI occurred, tumour and nerve 
cells expressed CX3CR1, whereas when PNI was ab-
sent, CX3CR1 expression was seen in tumour cells only. 
ELISA and Western blotting of  CX3CL1/CX3CR1 
revealed that CX3CL1 and CX3CR1 expression in tu-
mour tissues was significantly higher in the PNI-positive 
group compared to the PNI-negative group. No statisti-
cal significance was seen for CX3CL1 and CX3CR1 in 
the adjacent tissues, suggesting that high expression of  
CX3CL1/CX3CR1 may be correlated with gastric car-
cinoma PNI. However, whether expression of  the CX-
3CL1/CX3CR1 system was involved in the stimulation 
of  gastric carcinoma-associated PNI could not be clearly 
determined in this study, and will be further explored.

In summary, this research determined the relation-
ship between the CX3CL1/CX3CR1 system and gastric 
carcinoma/gastric carcinoma PNI, and indicated that 
PNI may be related to the occurrence and development 
of  gastric carcinoma. Although overexpression could 
be significantly associated with gastric carcinoma PNI, 
how the combination of  CX3CL1 and CX3CR1 com-
plete signal transduction inside the intracellular pathway, 
whether or not it is involved in the occurrence of  PNI, 
and the specific relationship between CX3CL1/CX3CR1 
and the prognosis of  gastric carcinoma should be stud-
ied further.

COMMENTS
Background
Gastric carcinoma is one of the most common malignant tumours, and eas-
ily undergoes metastasis. Perineural invasion (PNI) occurs when the tumour 
approaches nerves and encompasses at least 33% of the nerve perimeter or 
tumour cells penetrate any of the 3 nerve sheath layers.
Research frontiers
With respect to the pathogenesis of gastric carcinoma and gastric carcinoma 
PNI, the role of chemokines has attracted the attention of researchers. How-
ever, relative to other subfamilies, the current research on CX3CL1 and its 
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receptor, CX3CR1, is minimal.
Innovations and breakthroughs
This research determined the relationship between the CX3CL1/CX3CR1 
system and gastric carcinoma/gastric carcinoma PNI. The data suggested that 
CX3CL1/CX3CR1 expression may be associated with the occurrence and de-
velopment of gastric carcinoma and also plays a role in gastric carcinoma PNI.
Applications
The CX3CL1/CX3CR1 system plays an important role in a series of physiologi-
cal and pathological processes. The dynamic changes, regulatory mechanisms 
and clinical significance of the CX3CL1/CX3CR1 system and its interaction 
with other chemokines and cytokines have significant potential application in 
preventing and treating cancer and PNI. The development of a CX3CL1 gene 
knockout/transgenic or monoclonal antibody technology, and directing them 
toward clinical applications, will be the focus of future research.
Peer review
In this manuscript, the authors performed a preliminary study on the correlation 
between CX3CL1/CX3CR1 and gastric carcinoma/gastric carcinoma PNI. The 
manuscript is interesting in that it explores the potential of using an assessment 
of the CX3CL1/CX3CR1 system to the prevention and treatment of cancer and 
PNI.
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