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Abstract. Salivary adenoid cystic carcinoma (SACC) has a 
unique tendency for perineural invasion (PNI), which results 
in tumor recurrence and poor prognosis. Recent studies have 
shown that the chemokine CCL5 and its receptor CCR5 play 
important roles in tumor invasion and metastasis. However, the 
role of the CCL5/CCR5 axis in the PNI of SACC has not been 
studied to date. In the present study, we evaluated the expres-
sion of CCL5 and CCR5 in SACC cases and nerve tissues, and 
performed a series of in vitro assays with the SACC cell line, 
SACC-83, to indicate the role of the CCL5/CCR5 axis in the 
PNI of SACC. We found that CCL5 (35.9%; 23/64) and CCR5 
(70.3%; 45/64) were positively expressed in SACC cases, and 
the expression of CCR5 was significantly associated with the 
PNI of SACC (P<0.05). We also found that SACC-83 cells 
expressed the functional receptor, CCR5, for the chemokine 
CCL5, as demonstrated by calcium mobilization and actin 
polymerization assays. Furthermore, we found that exog-
enous CCL5 significantly facilitated the migration, invasion 
and PNI activity of SACC-83 cells in vitro (P<0.05). Further 
study showed that the CCR5 inhibitor (maraviroc) effectively 
blocked the migration, invasion and PNI activity of SACC-83 
cells with or without CCL5 stimulation (P<0.05). These results 
indicate that the CCL5/CCR5 axis plays a critical role in the 
PNI of SACC, and that antagonists against CCR5 may be an 
effective anti-PNI agent for SACC therapy.

Introduction

Certain types of cancer have a special proclivity for perineural 
invasion (PNI), and these cancers are known as ̔neurotropic 
cancersʼ (1). PNI is defined as the presence of tumor cells in 
the perinerium space of local peripheral nerves. Clinically, 
PNI has been recognized as a distinct route of tumor cell 
dissemination and is associated with the poor prognosis of 
these neurotropic cancers (1). Studies have found that PNI is 
more common than previously suspected and is associated with 
tumor recurrence and the poor prognosis of salivary adenoid 
cystic carcinoma (SACC) (2,3), colon cancer (4), prostate 
cancer (5,6), and pancreatic cancer (7,8). Although a series of 
molecules has been found to play critical roles in the progres-
sion of PNI of neurotropic cancers, the molecular mechanisms 
of PNI have not yet been fully understood. Therefore, a better 
understanding of the molecular mechanisms of PNI would 
provide new strategies for the control of tumor dissemination 
in patients with neurotropic cancers.

Chemokines coupled with their receptors on cancer cells 
play important roles in tumor cell migration, invasion and 
metastasis (9-11). CCL5 is an inflammatory chemokine that 
is associated with the chemotactic activity of T cells, mono-
cytes, dendritic cells, eosinophils and basophils (12). Previous 
studies have found that CCL5 is also secreted by Schwann 
and dorsal root ganglia cells (13). CCR5, as the chemokine 
receptor for CCL5, is predominantly expressed in tumor cells 
and is correlated with invasion and metastasis of various types 
of tumors (14,15). Recent studies have found that exogenous 
CCL5 may significantly promote the migration and invasion 
of human breast cancer cells in vitro (16-18). Further studies 
showed that the CCR5 antagonist may obviously block the 
invasion and metastasis of breast cancer cells (19). These 
results suggest that the CCL5/CCR5 axis is associated with 
the invasion and dissemination of tumor cells. Interaction 
of tumor cells with nerves is currently recognized to have 
a fate-determining role in the progression and outcome of 
neurotropic cancers (20). However, whether the CCL5/CCR5 
axis participates in tumor-nerve interaction and mediates the 
PNI of neurotropic cancers has not been previously reported.

SACC is a common neurotropic cancer and accounts for 
~20% of all salivary gland malignancies and 1% of all head 
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and neck cancers (21). In the present study, we investigated 
the expression of the CCR5/CCL5 axis in SACC cases and its 
association with the PNI of SACC by immunohistochemistry 
assay. We further investigated the effect of the CCR5/CCL5 
axis on the PNI activity of SACC cells by a series of in vitro 
assays using CCL5 stimulation and/or CCR5 blockage. Our 
results demonstrated for the first time that the CCL5/CCR5 
axis may participate in the tumor-nerve interaction and may 
function in the progression of PNI of SACC.

Materials and methods

Tumor sample collection and processing. The present study 
was approved by the Ethics Committee of the Fourth Military 
Medical University, Xi'an, China. Written informed consent 
was provided by all patients. Sixty-four primary SACC samples 
and 30 normal human peripheral nerve tissues were collected 
from the School of Stomatology of the Fourth Military Medical 
University, Xi'an, China. All tissues were immediately fixed 
with 4% paraformaldehyde in PBS, embedded in paraffin and 
sectioned (4-µm) for use. All SACC samples were pathologi-
cally diagnosed as SACC and evaluated by H&E staining for 
conventional histological assessment.

Cell line and culture conditions. The human SACC cell line, 
SACC-83, was kindly provided by Dr Shenglin   Li (Peking 
University, China). SACC-83 cells were cultured in RPMI-1640 
(HyClone, USA) with 10% fetal bovine serum, 100 units/ml 
penicillin and 0.1 mg/ml streptomycin, and were maintained 
in media at 37˚C in a humid atmosphere of 5% CO2/95% air.

Immunohistochemistry. To evaluate regional distribution and 
cellular expression of CCR5 and CCL5 in the clinical tissues, 
immunohistochemical staining was performed as previ-
ously described (22). Primary antibodies, polyclonal rabbit 
anti-human CCR5 (1:100) and polyclonal rabbit anti-human 
CCL5 (both from PeproTech, USA; 1:100), were used. Negative 
controls were performed by omitting the primary antibodies.

All immunostained sections were evaluated in a blinded 
manner by two pathologists (Yuan Liu and Jun Zhou). Results 
of the staining for CCR5 and CCL5 were classified into the 
following 3 categories: negative staining (-), <25% of cells 
stained; moderate staining (+), 25-50% of cells stained; and 
strong staining (++), >50% of cells stained.

Immunofluorocytochemistry. Cells were cultured on 12-mm 
coverslips for 24 h at 37˚C in a humid atmosphere of 5% 
CO2/95% air. Cells were then fixed with 4% paraformaldehyde 
for 15 min and permeabilized in 0.1% Triton X-100 for 10 min. 
The cells were subsequently incubated with polyclonal rabbit 
anti-human CCR5 (1:100) or polyclonal rabbit anti-human 
CCL5 (1:100) overnight at 4˚C, and then incubated in goat 
anti-rabbit secondary antibody (PeproTech; 1:200) for 1 h at 
room temperature. After washing with PBS for 3 times, the 
cells were examined using a fluorescence microscope (Leica, 
Germany).

Analysis of CCR5 expression by flow cytometry. Harvested 
cells (5x106) were resuspended with 1% FCS-PBS and were 
incubated with anti-CCR5-FITC (1:100) or anti-CCL5-FITC 

(both from PeproTech; 1:100) in the dark at 37˚C for 1 h. Cells 
were then washed, centrifuged and resuspended in 500 µl PBS. 
The fluorescence intensity was analyzed by a flow cytometer 
(BD Biosciences, USA).

Analysis of Ca2+ mobilization by flow cytometry. Ca2+ mobi-
lization was performed with the fluorescent Ca2+ indicator 
Fluo-3 as reported (23). Harvested cells (1x107) were loaded 
with Fluo-3AM (5 µM; Sigma, USA) in the dark at 37˚C for 
45 min, and then washed 2 times with 1% FCS-PBS. Then, 
cells were diluted to 5x106 cells/ml and kept in the dark at 
37˚C for 30 min before the beginning of the Ca2+ mobilization 
measurements. After adding 100 ng/ml CCL5, the fluores-
cence intensity of the cells was recorded by a flow cytometer. 
Maximal Ca2+ release was measured by lonomycin (Sigma) 
as previously reported (23). In the other group, cells were 
pretreated with 200 µg/ml maraviroc for 30 min at 37˚C before 
CCL5 treatment.

Confocal microscopy for the actin polymerization assay. 
Cells were cultured on 12-mm coverslips for 6 h, and incu-
bated with 100 ng/ml CCL5 for 30 min at 37˚C. In the other 
group, cells were pretreated with 200 µg/ml maraviroc for 
30 min at 37˚C before CCL5 treatment. Cells were then fixed 
with 4% paraformaldehyde for 15 min and incubated with 
rhodamine-labeled phalloidin (Sigma) at 37˚C for 30 min. 
After washing with PBS for 3 times, cells were observed by 
confocal microscopy (Olympus Corporation, Japan). Negative 
controls were performed by incubating cells in serum-free 
RPMI-1640 without CCL5.

In vitro migration and invasion assays. Migration and inva-
sion assays were performed using 12-mm-diameter inserts 
with a 8-µm pore size in 24-well dishes (Corning, USA). 
For the migration assays, 1x105 cells in 200 µl of serum-free 
RPMI-1640 were placed in the upper chamber. Serum-free 
(600 µl) RPMI-1640 containing various concentrations of 
CCL5 were placed in the lower chamber. Cells were incubated 
at 37˚C for 12 h. Then, cells on the upper surface of the filters 
were scraped with a cotton swab. Cells that had migrated and 
reached the lower surface of the filters were fixed in methanol, 
stained with H&E and counted as previously described (24). 
In another set of migration assays, cells were pretreated for 
30 min with different concentrations of maraviroc (Sigma). 
For invasion assays, the Transwell inserts were covered with 
Matrigel (BD Biosciences; 100 µg/cm2) and the cells were 
incubated on the inserts for 24 h. The other steps were iden-
tical to those of the migration assays.

In vitro PNI assays. To study the effects of the CCR5/CCL5 
axis on the PNI activity of SACC cells, we modified the in vitro 
PNI model established in our previous study (25). Briefly, the 
Transwell inserts were covered with Matrigel (100 µg/cm2). 
Cells (1x105) in 200 µl of serum-free RPMI-1640 were placed 
in the upper chamber. Then 600 µl of conditioned medium 
(incubating 1x106 neural cells in 600 µl serum-free RPMI-
1640 medium for 24 h) was placed in the lower chamber to 
simulate the perineural surrounding environment. Cells were 
incubated at 37˚C for 24 h. Then, cells on the upper surface of 
the filters were removed. Cells that had invaded the Matrigel 



ONCOLOGY REPORTS  31:  800-806,  2014802

and reached the lower surface of the filters were fixed, stained 
and counted as previously described (25).

Statistical analysis. Statistical analysis was performed by 
SPSS 17.0 software package (USA). The differences in expres-
sion of CCR5 and CCL5 were compared by the Fisher's exact 
test. Correlations were evaluated by the Spearman's rank 
correlation coefficient test. All in vitro assays were performed 
in triplicate, and the data are presented as means ± SD. Results 
were analyzed with the Student's t-test and the one-way 
ANOVA tests. P-values <0.05 were considered to indicate 
statistically significant results in all tests.

Results

Expression of the CCR5/CCL5 axis in SACC. To determine the 
distribution of CCR5 and CCL5 in SACC and nerve tissues, 
we performed immunohistochemical analysis. The results 
showed that CCR5 was highly expressed in the cytoplasm and 
nuclei of the tumor cells and the neural cells (Fig. 1A1-A3). 
CCL5 was weakly expressed in the cytoplasm and the nuclei 
of the tumor cells, and was highly expressed in the cytoplasm 
and the nuclei of the neural cells (Fig. 1B1-B3). Notably, the 

expression of CCL5 in the nerve tissues with PNI was stronger 
than that in the normal nerve tissues (Fig. 1B2 and B3). Of the 
64 SACC samples, CCR5 was detected in 45 cases (70.3%), 
and CCL5 was observed in 23 cases (35.9%). The statistical 
analysis showed that the expression of CCR5 was significantly 
corrrelated the PNI of SACC (P<0.05; Table I), while the 
expression of CCL5 was negatively associated with the PNI of 
SACC (P>0.05; Table I).

To examine the expression of CCR5 and CCL5 in 
SACC-83 cells, flow cytometric analysis and immunofluores-
cence analysis were performed. As shown in Fig. 2A1 and A2, 
flow cytometric analysis showed that SACC-83 cells highly 
expressed CCR5 and weakly expressed CCL5. In addition, 
immunofluorescence analysis also demonstrated the stronger 
expression of CCR5 and weaker expression of CCL5 in 
SACC-83 cells (Fig. 2B1 and B2).

Effect of CCL5/CCR5 on calcium influx and F-actin polym-
erization of SACC-83 cells. To verify that the CCL5/CCR5 
axis was functional, the cytoplasmic free Ca2+ concentration 
was measured by flow cytometric analysis. Fig. 3A shows a 
rapid and transient Ca2+ elevation in SACC-83 cells preloaded 
with Fluo-3AM after the addition of CCL5. However, Ca2+ 

Figure 1. Immunohistochemical staining. (A1) Staining of CCR5 in primary SACC tissues (x400). CCR5 was highly expressed in the membrane and cytoplasm 
of tumor cells. (A2) Staining of CCR5 in a case of SACC with PNI (x400). CCR5 was highly expressed in the nerve tissues invaded by SACC. (A3) Staining of 
CCR5 in normal human peripheral nerve samples (x400). CCR5 was mainly expressed in the membrane and cytoplasm of neural cells. (B1) Staining of CCL5 
in primary SACC tissues (x400). CCL5 was weakly expressed in the membrane and cytoplasm of tumor cells. (B2) Staining of CCL5 in the cases of SACC 
with PNI (x400). CCL5 was highly expressed in the nerve tissues invaded by SACC. (B3) Staining of CCL5 in normal human peripheral nerve samples (x400). 
CCL5 was mainly expressed in the membrane and cytoplasm of neural cells. SACC, salivary adenoid cystic carcinoma; PNI, perineural invasion.

Table I. Correlation between CCR5 and CCL5 expression and the perineural invasion of SACC.

 CCR5 CCL5
 ---------------------------------------------- ----------------------------------------------
Variables n - + ++ P-value - + ++ P-value

Perineural invasion     0.027a    0.587
  Positive 34 6 10 18  20 8 6
  Negative 30 13 10 7  21 6 3

aP<0.05 by Spearman's correlation test. SACC, salivary adenoid cystic carcinoma.
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fluctuation in SACC-83 cells pretreated with 200 ng/ml mara-
viroc (CCR5 inhibitor) was not obviously changed after the 
addition of CCL5.

To investigate whether F-actin polymerization is induced 
by the CCL5/CCR5 axis in SACC-83 cells, we observed 
changes in F-actin in SACC-83 cells by confocal microscopy. 
As a result, after treatment with CCL5 at 100 ng/ml for 
30 min, SACC-83 cells showed intense F-actin staining in 

the periphery of the cells and distinct pseudopodium forma-
tion (Fig. 3B1). However, the cells in the control group or the 
cells pre-blocked for CCR5 by 200 ng/ml maraviroc showed 
no marked F-actin redistribution and pseudopodium forma-
tion (Fig. 3B2 and B3).

Effects of the CCR5/CCL5 axis on the migration and invasion 
of SACC-83 cells. To assess the effects of the CCL5/CCR5 

Figure 3. Ca2+ mobilization and actin polymerization assays. (A) Ca2+ mobilization assays. The interaction between CCL5 and CCR5 induced a rapid C2+ eleva-
tion in SACC-83 cells. CCR5 inhibitor, maraviroc, inhibited Ca2+ elevation under the condition of CCL5 stimulation. To induce maximal Ca2+ release, cells 
were subsequently stimulated with lonomycin. These results confirmed that CCR5 expression in SACC-83 cells was a functional receptor that may respond 
to its ligand CCL5. Actin polymerization assays: (B1) F-actin polymerization induced by 100 ng/ml exogenous CCL5 was observed by confocal microscopy 
(x600). Intense F-actin staining in the periphery of the cells and distinct pseudopodium formation were observed following stimulation with CCL5. However, 
these changes were not observed in the negative group (B2) or in the CCR5 inhibitor group (B3). SACC, salivary adenoid cystic carcinoma.

Figure 2. Expression of CCR5 and CCL5 in SACC-83 cells. (A1) Flow cytometry showed that CCR5 was positively expressed in SACC-83 cells (73.3%). 
(A2) Flow cytometry showed that CCL5 was weakly expressed in SACC-83 cells (20.8%). (B1) Immunofluorescence staining showed that CCR5 was highly 
expressed in SACC-83 cells. (B2) Immunofluorescence staining showed that CCL5 was weakly expressed in SACC-83 cells. SACC, salivary adenoid cystic 
carcinoma.
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axis on the migration and invasion activities of SACC-83 
cells, we performed Transwell assays under the condition of 
CCL5 stimulation and/or CCR5 blockage. Fig. 4A shows that 
various concentrations of CCL5 promoted the migration of 
SACC-83 cells. A Maximal promotive effect of CCL5 on the 
migration of SACC-83 cells was observed at a concentration 
of 20 ng/ml (P<0.05). In addition, the migration of SACC-83 
cells induced by CCL5 at 20 ng/ml was maximally inhib-
ited by maraviroc at concentrations from 100 to 200 µg/ml 
(P<0.05; Fig. 4B).

The effects of CCL5 and the CCR5 inhibitor on the inva-
sive activity of SACC-83 cells are shown in Fig. 4C. CCL5 
(20 ng/ml) obviously promoted the invasion of SACC-83 cells 
(P<0.05), while 200 µg/ml maraviroc significantly inhibited 
the CCL5-induced invasiveness of SACC-83 cells (P<0.05). In 
addition, SACC-83 cells pretreated by maraviroc showed no 
significantly changes in invasion activity when stimulated with 
20 ng/ml CCL5 or without (P>0.05).

Effects of the CCL5/CCR5 axis on the PNI activity of SACC-83 
cells. The effects of the CCR5/CCL5 axis on the PNI activity of 
SACC cells were studied by modified in vitro PNI models. As 
shown in Fig. 5, after 24 h of incubation, abundant SACC-83 
cells were observed on the lower surface of the filter when the 
lower chamber was supplemented with neural cell conditioned 
medium to simulate the perineural surrounding environment. 

The PNI activity of SACC-83 cells was significantly increased 
under the condition of 20 ng/ml CCL5 when compared with 

Figure 5. Effects of the CCR5/CCL5 axis on the PNI activity of SACC cells 
were studied using a modified in vitro PNI model. After 24 h of incubation, 
abundant SACC-83 cells were observed on the lower surface of the filter. The 
PNI activity of SACC-83 cells was significantly increased under a condi-
tion of 20 ng/ml CCL5 when compared with the control group (*P<0.05). 
Compared with the control group, the PNI activity of SACC-83 cells both 
with or without CCL5 stimulation was obviously inhibited when cells were 
pretreated with 200 µg/ml maraviroc (*P<0.05). PNI, perineural invasion; 
SACC, salivary adenoid cystic carcinoma.

Figure 4. Migration and invasion assays. (A) Migration assays. Exogenous CCL5 stimulated the migration of SACC-83 cells in a dose-dependent manner, and 
maximal effect was observed at 20 ng/ml of CCL5 (P<0.05). (B) Effect of the CCR5 inhibitor on migration. The CCL5-stimulated migration of SACC-83 cells 
was inhibited by the CCR5 inhibitor maraviroc. A maximal effect was observed at 100-200 ng/ml maraviroc (P<0.05). (C) Effect of the CCL5/CCR5 axis 
on the invasive activity of SACC-83 cells. SACC-83 cells were stimulated by various concentrations of CCL5 and a maximal effect was observed at 20 ng/
ml. In addition, the CCL5-stimulated invasion was effectively inhibited by the CCR5 inhibitor maraviroc at 200 µg/ml (P<0.05). Data are expressed as the 
mean number of migrated cells/well, and each experiment was repeated 3 times. Columns, mean of 3 separate experiments in triplicate wells. SACC, salivary 
adenoid cystic carcinoma.
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the control group (P<0.05). Compared with the control group, 
the PNI activity of SACC-83 cells both with or without CCL5 
stimulation was obviously inhibited when cells were pretreated 
with 200 µg/ml maraviroc (P<0.05).

Discussion

Salivary adenoid cystic carcinoma (SACC) has a special 
proclivity for perineural invasion (PNI), which leads to tumor 
recurrence and poor prognosis (2,3,21). Elucidation of the 
molecules involved in the progression of PNI would provide 
new insight for the understanding of the mechanisms of PNI 
and would be beneficial for the control of SACC with PNI. 
Recent studies have shown that the chemokine CCL5 and its 
receptor CCR5 play important roles in tumor invasion and 
metastasis (14-19). However, the role of the CCL5/CCR5 axis 
in the PNI of SACC has not been studied to date. In the present 
study, we found that SACC tissues and cells highly expressed 
CCR5, while the nerves invaded by SACC expressed elevated 
levels of CCL5. Immunohistochemical analysis showed that 
high expression of CCR5 was significantly associated with the 
PNI of SACC. In the in vitro assays, we found that exogenous 
CCL5 significantly promoted the migration, invasion and PNI 
activity of SACC-83 cells, while the CCR5 inhibitor effec-
tively inhibited the migration, invasion and PNI activity of 
SACC-83 cells both with or without CCL5 stimulation. These 
findings suggest that the CCL5/CCR5 axis may contribute to 
the progression of PNI of SACC.

To verify whether the interaction of CCR5 and its ligand 
was functional, we detected the cytoplasmic free Ca2+ concen-
tration and the reorganization of actin cytoskeleton after 
stimulation with CCL5. Numerous studies have shown that a 
rapid and transient Ca2+ elevation was induced by chemokine 
in a series of tumors and was significantly correlated with the 
mobility of tumor cells (19,23). Our results showed an obvious 
Ca2+ elevation after stimulation by CCL5 in SACC-83 cells. 
We also found that SACC-83 cells pretreated with the CCR5 
inhibitor showed no marked intracellular calcium flow both 
with or without CCL5 stimulation. In tumor cells, high 
levels of actin polymerization are needed for the formation 
of pseudopodia, which is the foundation and early event 
of efficient migration and invasion of tumor cells (26,27). 
Invading cells require an alteration in the cell-cell adhesion 
properties and reorganize their cytoskeletons to facilitate 
cell motility (26,27). In the present study, we observed that, 
following treatment of SACC-83 cells with CCL5, marked 
actin polymerization and pseudopodium formation were 
noted in the periphery of cells. These results indicate that the 
CCR5 expressed in SACC cells was the functional receptor 
that responds to CCL5. Take together, the motility of SACC 
cells may be associated with the cytoplasmic free Ca2+ 
concentration and the reorganization of actin cytoskeleton 
induced by CCL5/CCR5 axis activation.

During the process of invasion, invading cells require a 
change in cell-cell adhesion properties, reorganization of their 
cytoskeleton and reconstitution of the extracellular microenvi-
ronment (28). To confirm the functionality of the CCL5/CCR5 
axis in SACC cell migratory and invasive activity, we evaluated 
the migration and invasion capabilities of SACC cells by adding 
CCL5 or by blocking CCR5 in vitro. We found that exogenous 

CCL5 facilitated the migration and invasion of SACC cells. 
We also found that neutralizing CCR5 by the CCR5 inhibitor 
efficiently impaired the migration and invasion of SACC cells. 
In addition, we found that the CCL5/CCR5 axis was associ-
ated with the PNI of SACC cells in vitro. The PNI ability of 
SACC cells was improved after adding exogenous CCL5, and 
was obviously suppressed by the CCR5 inhibitor. These results 
indicate that the CCL5/CCR5 axis plays a critical role in the 
migration, invasion and PNI activity of SACC cells.

Traditionally, studies of PNI have focused on the neurot-
ropism of tumor cells. Whereas recent findings underline the 
interaction of tropism between tumor and nerve cells, nerve 
tissues provide a prosperous microenvironment for tumor 
invasion and this interaction has beneficial effects on the 
growth and motility of both tumor and nerve cells (1,20). 
One study previously found that obvious reciprocity between 
neurite outgrowth from mouse dorsal root ganglia (DRG) 
and pancreatic cancer (PCa) cell invasive growth was 
observed when human PCa cells were co-cultured with 
mouse DRG (29). Swanson et al also discovered tumor-nerve 
interactions by means of the transmembrane mucin MUC1 
expressed by tumor cells binding to myelin-associated glyco-
protein expressed on Schwann cells of peripheral nerves (30). 
In the present study, we observed the role of the CCL5/CCR5 
axis in the PNI of SACC cells. We found that CCR5 was 
highly expressed in SACC cells, while CCL5 was obviously 
observed in nerves invaded by SACC. Moreover, exogenous 
CCL5 functionally activated the CCR5 and thus promoted the 
motility and PNI activity of SACC cells in vitro. The CCR5 
inhibitor significantly inhibited the motility and PNI activity 
of SACC cells. All of these results suggest that the activation 
of the CCR5/CCL5 axis may be a potent mechanism for the 
PNI of SACC. However, whether the CCL5/CCR5 axis is 
involved in the reciprocal growth interaction between nerves 
and SACC in the progression of PNI needs to be further 
explored.

The tumor-nerve interaction is an important research topic, 
and not only their abundant resounding potential, but also the 
major therapeutic potential deserves considerable attention. 
Maraviroc is a new CCR5 antagonist (31). It has received full 
US Food and Drug Administration (FDA) approval for use in 
treatment-naive adults with CCR5-trophic HIV (32). Recent 
studies have shown that maraviroc inhibits breast cancer cell 
invasion in vitro and effectively reduces migration of breast 
cancer cells to target organs in vivo (19). Therefore, maraviroc 
is considered to be an antineoplastic agent for breast tumors 
and other tumor types that highly express CCR5 (9,19). Our 
study found that exogenous CCL5 promoted the in vitro PNI 
activity of SACC cells that highly express CCR5. Our study 
further found that maraviroc effectively inhibited the PNI 
activity of SACC cells. These results suggest that maraviroc 
may interrupt the tumor-nerve interaction through blocking 
activation of the CCL5/CCR5 axis and thus may inhibit the 
PNI progression of SACC cells.

In conclusion, this is the first study to show that the 
CCL5/CCR5 axis acts as a crucial mediator of the PNI of 
SACC. Moreover, the CCR5 inhibitor maraviroc may effec-
tively suppress the PNI activity of SACC cells in vitro. Our 
study suggests that small-molecule antagonists of CCR5 may 
be a potent anti-PNI agent for SACC.
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