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Abstract: Considerable attention has recently been paid to the application of chemokines to
cancer immunotherapy due to their complex role in cell proliferation, invasion, metastasis, and
tumorigenesis, which extends beyond the regulation of lymphocyte migration during immune
responses. The expression and the function of the chemokine receptor XCR1 on breast cancer
have remained elusive to date. In this study, the expressions of XCR1 mRNA were tested by
quantitative real-time polymerase chain reaction in one breast epithelial cell line (MCF-10A) and
nine breast cancer cell lines (MDA-MB-231, 231HM, 231BO, MDA-MB-468, MCF-7, T47D,
Bcap-37, ZR-75-30, and SK-BR-3). We established XCR1-overexpressing breast cancer cell line
MDA-MB-231 (231/XCR1) in XCR1 low expression cell line MDA-MB-231 (231). The ability
of proliferation, invasion, and metastasis was measured by CCK8, plate cloning formation, and
transwell analysis, respectively, in XCR1-overexpressing breast cancer cell lines (231/XCR1) and
their parental cell line MDA-MB-231/Vector (simplified as “231/Vector”); 5×106/100 μL cells
were inoculated in mammary fat pad of BALB/c nude mice. There were six BALB/c nude mice
in the experimental group and control group. Protein expression was analyzed by cell immunofluorescence and Western blot. The growth of XCR1-overexpressing human breast cancer cell
line MDA-MB-231 in vitro was restrained and tumorigenesis in vivo was also extenuated, its
mechanism may involve in the inhibition of MAPK and PI3K/AKT/mTOR signaling pathway, but
increase in LC3 expression. However, the overexpression of XCR1 in human breast cancer cell
line MDA-MB-231 in vitro can promote the migration and invasion partially due to decreasing
the protein level of β-catenin. Therefore, XCR1 can affect the biological characteristics of some
special breast cancer cells through complex signal transduction pathway.
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Despite progress in the detection and treatment of breast cancer, this disease is still one
of the most common malignancy among women worldwide and is the second cause
of incidence rates among all the cancers in China, with both increasing incidence and
mortality.1 More effective molecular targets of carcinogenesis and metastasis in breast
cancer are still needed.
The chemokine ligand–receptor interactions are important in immune surveillance,
inflammation, angiogenesis, as well as tumor growth and metastasis.2,3 Although
most chemokines are members of the CC or CXC subgroups, XCL1, also known as
lymphotactin, is the sole member of the C subgroup.4 X-C motif chemokine receptor 1 (XCR1), as the receptor of XCL1, is the only chemokine receptor selectively
expressed in “Batf3-IRF-8-Id2-dependent dendritic cells (DCs)” or as “CD8 alpha (+)
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conventional DCs” that is potent in antigen presentation to T
cells and facilitates cytotoxic T-cell response. XCR1, thus,
emerges as the first surface marker characterizing a DC lineage in the mouse and potentially also in the human.5 XCL1
is produced by activated CD8 (+) T cells, natural killer (NK)
cells, gamma delta T cells, and mast cells. NK and CD8 (+)
T cells increased XCL1 production upon activation. Thus,
certain DC subsets should be chemotactic toward NK or
activated CD8 (+) T cells through XCR1.2,6 Therefore, it is
considered significant in inflammation and allergic disease,
such as in human allergic asthma,7 experimental autoimmune
anterior uveitis,8 osteoarthritis and rheumatoid arthritis,9 and
the chronic stage of infection with Mycobacterium tuberculosis,10,11 because of the recruitment of regulatory cell subsets
and enhancement of their activities, which are mediated by
the interaction between XCL1 and XCR1.
Similar to other family members, XCR1 also have
implicated functions in different kinds of human tumors.
For example, Khurram et al12 reported that XCR1 mRNA
and cell surface protein expression in oral squamous
cell carcinoma cell lines showed a greater response to
lymphotactin than normal keratinocytes, indicating that
it may play an important role in cell migration, invasion, and proliferation. Kim et al13 found that XCR1 was
expressed in primary and metastatic human epithelial
ovarian carcinoma (EOC) specimens and cell lines, but not
detected in the normal ovary or in human normal ovarian
surface epithelial cells, suggesting that the expression
of XCR1 was related to cell carcinogenesis and migration. In another study, the expression of the chemokine
receptor XCR1 and frequent usage of autoreactive V (H)
genes seem to be distinct characteristics of diffuse large
B-cell lymphoma initially manifesting in the bone marrow.14 Thus, XCR1 seems to induce cancer cell growth,
migration, and invasion. Although XCL1 was found to be
expressed in mammary gland, the expression and function
of XCR1 in breast cancer are still unknown.
In this study, we used a stable expressing XCR1 breast
cancer cell line 231/XCR1 derived from parent MDAMB-231 cells to investigate the possible role of XCR1 in
the proliferation, migration, and invasion in vitro and in
vivo. Interestingly, we found XCR1 is closely related to the
expression of estrogen receptor (ER). In addition, XCR1
can suppress breast cancer growth, tumorigenesis at least
in part, through MAPK and PI3K/AKT/mTOR signaling
pathways, but promote metastasis via decreasing the protein
level of β-catenin.
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Materials and methods
Cell line and culture
Human breast cancer cell lines, MDA-MB-231, MDAMB-468, ZR-75-30, T474D, MCF-7, ZR-75-30, and
SK-BR-3, and one normal breast epithelial cell line, namely
MCF-10A, were obtained from the American Type Culture
Collection (Manassas, VA, USA).
MDA-MB-231HM and MDA-MB-231BO cell lines were
established by subclone selection procedure in our institute.
The MDA-MB-231HM cell line has a high potential to
metastasize to the lung, its establishment has been described
previously15 and MDA-MB-231BO is more likely to metastasize to the bone. Cells were routinely maintained in the
recommended medium supplemented with 10% fetal bovine
serum, 100 U/mL of penicillin, and 100 μg/mL of streptomycin. The cultures were incubated at 37°C in a humidified
5% CO2 atmosphere. Cell culture medium and fetal bovine
serum were purchased from Thermo and Invitrogen (Carlsbad, CA, USA). Real-time polymerase chain reaction (RTPCR) reagents were from TaKaRa Bio Inc. (Kusatsu, Japan).

RNA extraction, real-time quantitative
PCR
TRIzol reagent (Invitrogen) was used to extract total RNA
according to the manufacture’s recommendations. In brief,
1.0 μg of total RNA was applied for reverse transcription in
20 μL. The specific primers used in the PCR were as follows:
XCR1: forward 50-CGCGGATCCATGGAGTCCTCAGGCAACCCAGAGA-30, reverse 50-ACGCGTCGACTCAGTAGAAGGAGGCGCCCTCA; glyceraldehyde 3-phosphate
dehydrogenase (GAPDH): forward 50-AAGGTGAAGGTCGGAGTCAAC-30, reverse 50-GGGGTCATTGATGGCAACAATA. The process of PCR was performed according to
the protocol of the kit from TaKaRa Bio Inc.
The quantification of mRNA levels was carried out using
DNA Engine Opticon 2 real-time PCR detection system (MJ
Research Inc., Waltham, MA, USA) with SYBR Green.
Two microliters of diluted cDNA were used as a template;
10 μL×2 SYBR Premix Ex Taq (TaKaRa Bio Inc.) were
mixed as template and primers. The total reaction volume
was 20 μL. Cycling conditions were denaturation at 95°C
for 30 s, annealing at 60°C for 30 s, and elongation at 72°C
for 45 s. Plate reading was at 72°C and 82°C. The specific
primers used in the experiment were as follows: XCR1:
forward 5′-CTGTTCTGCTACGTGGAGATCC-3′, reverse
5′-CAGGGCGTATTCTAGCTGCTG-3′; GAPDH: forward
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5′-ACCCACTCCTCCACCTTTGA-3′, reverse 5′-CATACCAGGAAATGAGCTTG ACAA-3′. All experiments were
repeated in triplicate. To ensure that the correct product was
amplified in the reaction, all PCR products were also separated on 1.2% agarose gel electrophoresis.

Cloning of XCR1 cDNA and viral
infection
Trizol reagent (Invitrogen) was used to extract total RNA
according to the manufacture’s recommendations. XCR1
cDNA was produced by reverse transcription–PCR. First,
reverse transcription was performed with random hexamer
primers by using the Ominoscript RT kit (TaKaRa Bio Inc.).
The primers used to amplify XCR1 cDNA were 5′-CGCGG
ATCCATGGAGTCCTCAGGCAACCCAGAGA-3′(sense,
boldface type indicates the BamHI site) and 5′-ACGCGTCGACTCAGTAGAAGGAGGCGCCCTCA-3′ (antisense,
boldface type indicates the SalI site). Each cycle consisted of
denaturing at 94°C (for 30 s), annealing at 56°C (for 1 min),
and extension at 72°C (for 1 min) for a total of 35 cycles.
The XCR1 reverse transcription–PCR product was purified
in a 1.2% agarose gel, digested with BamHI and SalI, and
ligated to a pBabe/puromycin retroviral vector that had been
digested with the same enzymes. After transformation of the
plasmid in Escherichia coli (DH5α), positive clones were
selected and DNA sequencing analysis was performed at the
DNA sequencing corporation. The control vector used in this
study was an empty pBabe/puromycin retroviral vector. All
these plasmids were transfected into amphotropic Phoenix
packaging cells to generate retroviruses, which were used to
infect corresponding cells lines. Retroviruses carrying XCR1
cDNA were used to infect MDA-MB-231 cells.

Western blot
Western blot analysis was performed according to the standard protocols. Briefly, aliquots of total protein (30 μg) were
electrophoresed on sodium dodecyl sulfate polyacrylamide,
appropriate Tris–HCl gels. The separated proteins were transferred to polyvinylidene difluoride membranes (Millipore Co,
Billerica, MA, USA) and incubated with primary antibodies
for 2 h. Chemiluminescent detection was performed, and
images were captured by LAS-3000 system (Fujifilm, Tokyo,
Japan). Antibodies against β-catenin (51067-2-AP1:800),
LC3A/B (66139-1-1g, 1:1000), and GAPDH (60004-1Ig,1:1000) were from Proteintech. Antibodies against MEK1/2
(9126, 1:1000), Phospho-MEK1/2 (2338, 1:1000), PhosphoERK1/2 (4376, 1:1000), AKT (4691.1:1000), Phospho-AKT
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(4060P,1:1000), Phospho-P38 (4511.1:1000), Phospho-JNK
(4668,1:1000), E-cadherin (3195,1:1000), Phospho-p53
(9284.1:1000), and mTOR Substrates Sampler kit (CST 9862)
that conclude Phospho-mTOR, mTOR, Phospho-p70s6389
(Thr389), Phospho-P70389 (Thr371), Phospho-4EBP1
(Thr37/46), and anti-rabbit IgG were from Cell Signaling
Technology. Antibodies against p38 (sc-7149,1:1000), P53
(sc-126,1:1000), and JNK (sc-571, 1:1000) were from Santa
Cruz Biotechnology (Dallas TX, USA).

Proliferation assay
Cell proliferation was detected by using Cell Counting Kit-8
(Dojindo, Molecular Technologies Inc, Gaithersburg, MD,
USA). Cells were plated in 96-well plates at a density of
2500 per well (100 μL) and cultured in growth medium. The
number of the cells was counted according to the protocol of
the kit from the company.

Cell colony formation
A total of 250 cells were cultured in the recommended
medium (DMEM) supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 μg/mL streptomycin,
which was maintained for 14 days at 37°C in an atmosphere
of 5% CO2 and 95% air. Then fixed/permeabilized the cells
with 4% paraformaldehyde for 30 min, fixative was removed,
and cells were washed in phosphate-buffered saline (PBS)
for three times and dyed with crystal violet for 30 min using
PBS washed cells. The number of colonies that was larger
than 50 μm (~100 cells) in diameter in each dish was counted.
The assay was repeated three times with duplicate samples.

Immunocytochemistry for XCR1
Cells were grown on chamber slides (BD, Franklin Lakes, NJ,
USA) and fixed/permeabilized with 4% paraformaldehyde
containing 0.5% Triton-X100 (Sigma, Dorset, UK) for 20 min.
Fixative was removed, slides were washed in PBS, and rabbit
anti-human XCR1 antibody (20 μg/mL, LS-C178854, LifeSpan
BioSciences) was added for 1 h. Excess antibody was removed,
and fluorescein isothiocyanate-conjugated secondary antibody
was applied (1:1000 dilution, A-21430, Invitrogen) for 30 min.
Slides were washed again and mounted using Vectashield
mounting medium containing 4′,6-diamidine-2′-phenylindole
dihydrochloride (DAPI; Vector Labs., Burlingame, CA, USA).

Migration assay
Chemotaxis assays were performed using transwell insert
polycarbonate membranes (8 μm pore size, BD); 5×104 cells
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were seeded in the top compartment, and 600 µL DMEM with
10% fetal bovine serum was added to the bottom at 37°C for
13 h. Nonmigratory cells on the upper membrane surface
were removed, and migratory cells attached to the bottom
surface of the membrane were fixed with 10% formalin and
stained with 0.1% crystal violet for 30 min at room temperature. Migrated cells in five random fields were counted using
a light microscope at a magnification of ×200. All assays were
performed in triplicate.

Invasion assay
Invasion experiments were carried out with a Matrigel invasion chamber (BD Labware). Each well insert was layered
with 75 μL of 1:4 mixture of Matrigel:DMEM. Serum-starved
cells (1×105) were added to the upper compartment, and
600 µL of DMEM with 10% fetal bovine serum was added to
the bottom at 37°C for 24 h. Invasion was assessed by counting
the cells that had traveled across the filter and was attached to
the bottom side of the filter. Then, the filter was fixed in 10%
formalin and stained with 1% crystal violet. Cells that had
invaded through the Matrigel and reached the lower surface
of the filter were counted under a light microscope at a magnification of ×200. Five fields were counted for each sample.

Xenograft tumors in nude mice
All mouse experiments were carried out in accordance with
the National Institutes of Health (NIH) “Guide for the Care
and Use of Laboratory Animals”. The study protocol was
approved by the Shanghai Medical Experimental Animal
Care Committee. Breast tumor cells were implanted into
the mammary fat pad as described previously.16 Briefly, we
harvested 5×107 cells by incubation in trypsin–ethylenediaminetetraacetic acid, washed the cells twice with PBS,
resuspended the cells in 1 mL of PBS. Cells (0.1 mL) were
inoculated into the anesthetized mice. The tumor growth of
modified and control cell lines was monitored until the day the
mice were killed. The date on which the first grossly visible
tumor appeared for subcutaneous injection was recorded, and
the tumor size was measured every 3 days. Two-dimensional
measurements were taken with an electronic caliper after
injection, and tumor volume was calculated with the use of
the following formula: tumor volume (in mm3)=a×b2×0.52,
where a is the longest diameter; b, the shortest diameter; and
0.52, a constant to calculate the volume of an ellipsoid. Mice
were killed until observed for lethargy, poor appetite, and feebleness. Metastasis formation was assessed by macroscopic
observation of all major organs for secondary tumors and
confirmed by histological examination of organs. All tumor
nodules were counted and dissected; each primary tumor
230
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nodule was also weighed and its volume was determined as
described earlier for subcutaneous tumors.

Immunohistochemical staining for animal
xenografts
Sections from xenografts of 231/XCR1 and 231/vector groups
were used for LC3 and phospho-p53 protein detection. Antibodies used for immunohistochemical staining included anti-LC3
(66139-1-1g, 1:50, Proteintech), anti-phospho-p53 (9284.1:50,
Cell Signaling Technology). Briefly, tissue slides were deparaffinized in xylene and rehydrated in a graded series of ethanol,
and sections were subjected to antigen retrieval by boiling in
0.01 mol/L sodium citrate buffer (pH 6.0) in a microwave oven
for 10 min. After blocking endogenous peroxidase activity with
0.3% hydrogen peroxide and blocking nonspecific protein binding with 1.5% normal goat serum, the sections were incubated
overnight with an antibody at 4°C in a humid chamber. Then,
antibodies were localized by incubating sections with biotinylated goat antimouse or goat antirabbit IgG for 30 min and
detected with 3,3’-diaminobenzidine. The lung tissues were
serially cut into 5 μm slices, and every tenth section was stained
with hematoxylin and eosin (H&E) to evaluate the presence
or absence of lung metastasis. Two independent pathologists
calculated the number of metastasis in whole lungs.

Statistical analysis
Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS) software Version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Analysis of variance
(ANOVA) and Student’s t-test were used to determine the
statistical significance of differences between experimental
groups in vitro. p-values of <0.05 were regarded as statistically significant. Graphs were created with GraphPad Prism 5.

Ethical approval
All applicable international, national, and institutional
guidelines for the care and use of animal were followed. All
animal experiments were approved by Shanghai Medical
Experimental Animal Care Committee.

Results
Expression of XCR1 in human breast
cancer cell lines
The expressions of XCR1 mRNA were tested by quantitative
RT-PCR in one breast epithelial cell line (MCF-10A) and nine
breast cancer cell lines (MDA-MB-231, 231HM, 231BO,
MDA-MB-468, MCF-7, T47D, Bcap-37, ZR-75-30, and
SK-BR-3). We found that XCR1 mRNA expression is higher
Breast Cancer - Targets and Therapy 2017:9
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Stable transfection of XCR1 cDNA into
MDA-MB-231 cells
We suspected XCR1 may play a positive role in cell tumorigenesis and potential metastasis, so we transfected XCR1
expression vector pBabe/XCR1 into MDA-MB-231 cells
and generated stable transfectants. We named the stable
transfectants with high expression levels of XCR1 protein
as 231/XCR1 and with empty vector as 231/Vector. As
shown by reverse transcription–PCR (Figure 2A), real-time
quantitative PCR (Figure 2B) and cell immunofluorescence,
which was used to test the protein level of XCR1 (Figure 2C)

To investigate whether XCR1 overexpression is associated
with tumor growth in vitro, we performed the proliferation and anchorage-independent growth assay in XCR1transfected and their parental cells. As shown in Figure 3A,
overexpression of XCR1 significantly slowed breast cancer
proliferation and the smaller number of colonies formed in
231/XCR1 compared with control cells (Figure 3B and 3C).
Next, the ability of XCR1 on tumor growth was further identified using an orthotropic xenograft tumor model in BALB/c
mice. The results showed that when the mice were xenografted with 231/XCR1 cells, the primary tumor grew much
smaller and slower than 231/vector cells in nude mice (Figure
3D and 3E). Furthermore, the average rate of tumorigenesis
in 231/XCR1 was only 50%, whereas xenografts control
xenografts was 100% (Figure 3F). The data, summarized in
these figures, suggest that XCR1 inhibits ER-negative breast
cancer cell proliferation, tumorigenesis, and tumor growth.
It has been shown that breast tumor cell proliferation is
closely related to the activation of MAPK and PI3K/AKT/
mTOR pathways; therefore, we analyzed the relative protein
expression. There was no change in total MEK, JNK, P38, and
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Figure 1 Expression of XCR1 in breast cancer cell lines.
Notes: Expression of XCR1 mRNA was measured by quantitative RT-PCR (A) in 1
normal breast epithelial cells and 9 breast cancer cell lines. XCR1 protein expressions
were detected by immunohistochemistry in 10 formalin-fixed, paraffin-embedded breast
cancer tissue sections (5 tissue sections are ER+, the others are ER−), the expression of
XCR1 protein is associated with ER expression (B, C). *p<0.05, **p<0.01.
Abbreviations: ER, estrogen receptor; RT-PCR, real-time polymerase chain
reaction.
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as we showed, XCR1 was significantly overexpressed in 231/
XCR1 compared with 231/Vector.

The relative mRNA
expression (XCR1/TBP)

in ER+ breast cancer cell lines (MCF-7, T47D, Bcap-37, and
ZR-75-30) than ER– breast cancer cell lines (MDA-MB-231
and MDA-MB-468; Figure 1A), which indicated a potential
correlation between XCR1 expression and ER expression.
To further confirm the association between XCR1 and ER,
XCR1 protein expressions were detected by immunohistochemistry in 10 formalin-fixed, paraffin-embedded breast
cancer tissue sections (five tissue sections are ER+ and the
others are ER–). None of the patients had received preoperative chemotherapy or radiotherapy, and the levels of ER
were approved in advance by the Institutional Review Board
of the Fudan University Shanghai Cancer Center. Just as we
expected, the expression of XCR1 protein is associated with
ER expression (Figure 1B and C).

Figure 2 Stable transfection of XCR1 cDNA (231/XCR1) into MDA-MB-231 cells.
Notes: Expression of XCR1mRNA was detected by RT-PCR (A) and quantitative
RT-PCR (B) in MDA-MB-231 cells that were transfected with control (231/vector)
or XCR1 cDNA (231/XCR1). Expression of XCR1 protein was detected by
immunofluorescence in 231/vector or 231/XCR1 (C). ***p<0.001.
Abbreviations: RT-PCR, real-time polymerase chain reaction; DAPI, 4’,6-diamidine2’-phenylindole dihydrochloride; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3 XCR1 inhibits cell proliferation, tumorigenesis and tumor growth.
Notes: (A) Growth curve of parental cells and 231/XCR1 cells in proliferation assay. Values shown are means ± standard deviation (SD). *p<0.05, **p<0.01. Data were from
three independent experiments with triplicate samples. (B) We used T25 bottle for Anchorage independent colony formation on soft agar in association with XCR1 protein
expression, and the photos were taken by common camer, the number were showed in (C), Error bars = 95% CIs. Data from three independent experiments are shown.
**p<0.01. (D) Tumor growth curve of 231/vector and 231/XCR1cells in vivo. *p<0.05, **p<0.01.(E) Gross volume of XCR1 over-expression tumors and vector control
tumors. (F) The average rate of tumorigenesis in control xenografts and 231/XCR1xenografts. **p<0.01.
Abbreviation: OD, optical density.

P53 proteins, however levels of phosphorylated MEK, JNK,
and P38 proteins were greatly decreased in 231/XCR1 versus
controls, but phospo-P53 was increased in 231/XCR1 in vitro
and in vivo (Figure 4A and 4B). We then tested the changes
in PI3K/AKT/mTOR signaling pathways, the result showed
in Figure 4C indicates that there was no change in total AKT
protein level, but the activity of AKT phosphorylation was
lower in 231/XCR1 than that of the parent cells. The decreased
expression of total protein mTOR may have contributed to the
decreased phosphorylated protein of mTOR in 231/XCR1 relative to controls. The proportion of P-P70S6K and P-4EBP1
proteins, which acted as the downstream targets of mTOR,
also exhibited significantly small levels than the controls. LC3,
especially the conversion of LC3-I (the upper band) to LC3-II
(the lower band), reflected the concurrence of autophagy. We
observed the upregulated conversion of LC3 in 231/XCR1,
which was mostly due to the decreased activation of mTOR.
To confirm the observation, we also measured the
expression of phospo-P53 and LC3 in the tissues generated
from animals injected with 231/XCR1 or 231/vector by
232
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immunohistochemistry. The results are shown in Figure 4B
and D as expected, the levels of phospo-P53 and LC3 proteins
are notably increased. Our results show that the decreased
levels of MAPK and PI3K/AKT/mTOR pathways are associated with inhibited tumor growth induced by XCR1.

XCR1 is associated with migration,
invasion abilities of breast cancer cells
In order to test whether XCR1 affect breast cancer cell
migration and invasion, we performed transwell chambers
assay. The result showed that more 231/XCR1 cells intruded
into bottom chamber than 231/vector cells (Figure 5A–D).
Thus, overexpression of XCR1 can increase cell migration
and invasion in vitro.
We also investigated the metastasis of tumors using an
orthotropic xenograft tumor model in BALB/c mice. The
H&E-stained sections were then subjected to microscopic
examination for morphologic evidence of tumor cells by light
microscopy. But no pulmonary metastasis or lymph node
metastasis was observed on both 231/XCR1 and the control
Breast Cancer - Targets and Therapy 2017:9
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Figure 4 Activation of MAPK and PI3K/AKT/mTOR pathways is involved in XCR1-mediated tumor cell.
Notes: (A, C) Western blot analysis of MAPK and PI3K/AKT/mTOR pathways protein expression in 231/vector and 231/XCR1 cells. (B, D) Phospo-P53 and LC3 protein
expression were detected by immunohistochemistry analysis in xenografts of 231/vector and 231/XCR1 tumor bearing mice.
Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MAPK, mitogen-activated protein kinase; MEK, MAPK/ERK kinase.

cells. We further found that the level of protein β-catenin was
downregulated in 231/XCR1 compared with 231 cells, this may
be associated with the higher migration and invasion, which
was mediated by XCR1. Collectively, these data suggest that
XCR1 promotes breast cancer invasion and migration partly
through decreasing the protein level of β-catenin (Figure 5E).

Discussion
Chemokines are a superfamily of small chemotactic cytokines, which have been classified into four main subfamilies
on the basis of the relative position of the conserved two
N-terminal cysteine residues: CXC, CC, CX3C, and XC and
control leukocyte migration and trafficking together with their
receptors.17,18 It is now appreciated that chemokines and their
receptors have a critical role in cancer cell growth and metastasis. For example, tumor hypoxia promotes the recruitment
of regulatory T (Treg) cells through the induction of expression of CCL28, which, in turn, promotes tumor tolerance and
angiogenesis.19 Chemokine receptor CXCR4 gene silencing
Breast Cancer - Targets and Therapy 2017:9

can inhibit breast cancer metastasis to the lung in nude mice,20
and posttranscriptional regulation of CXCR4 by estrogens
determines the metastatic potential of breast cancer cells.21
XCR1 is the only receptor for XCL1, and it is a typical
seven transmembrane G-protein–coupled receptor,22 XCR1 is
expressed by a DC subpopulation. The interaction between
XCL1 and XCR1 plays an important role in DC-mediated
immune response and thymic development of Treg cells.2
There are more evidence about the important role of XCL1
in many tumors due to the significant immune response. For
example, it reported that the strategy combined interleukin
(IL)-10 with Lptn gene can improve the antitumor efficacy in
EG7 tumor-bearing mice.1 Another study showed that autologous tumor cell vaccines combining transgenic lymphotactin
with IL-2 seem to have little toxicity in humans and can induce
an antitumor immune response.23 However, the function of
the receptor in epithelial cancer has not been well defined.
Our data here showed a link between XCR1 and ER
expression in breast cancer, that XCR1 expression level was
submit your manuscript | www.dovepress.com
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Figure 5 XCR1 is associated with migration, invasion abilities of breast cancer cells.
Notes: Migration assay (A) and invasion assay (C) for 231/vector and 231/XCR1 cells plated on the upper cell culture inserts, with culture medium alone plated in the
lower chambers. Quantification for the transwell assay (B, D). Cells were counted in triplicate well and in three identical experiments. **p<0.01 Columns mean of three
independent experiments, bars standard deviation, HP (high-power objective). (E) The level of protein β-catenin was examined by Western blot.
Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

significantly higher in ER+ breast cancer cell lines (MCF-7,
T47D) than ER– cell lines (MDA-MB-231, MDA-MB-468).
We further confirmed the strong association by immunohistochemistry in 10 formalin-fixed, paraffin-embedded breast
cancer tissue sections. However, our results are based on a
limited number of cases, and further work of large samples
is warranted. Keen et al reported that XCL1 appears to be
ER responsive and downstream of ER expression by utilizing
newly developed genome-wide screening microarray techniques.24 Different results may be due to the different roles
of XCL1 and XCR1 on ER, but they all indicate important
association with ER.
We then used a model of XCR1 overexpression MDAMB-231 breast cancer to identify the functional role of
XCR1 in breast cancer. We found that overexpression of
XCR1 in MDA-MB-231 cell line inhibited cell proliferation,
tumorigenesis, and tumor growth, but promoted invasiveness
and tumor metastasis. This is different with the previous study
in oral squamous cell carcinoma and human EOC. They
showed that XCR1 is expressed early during the course of
tumorigenic transformation and contributes toward increased
234
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cell migration and proliferation, which can facilitate the
prometastatic behavior of EOC cells.13 XCL1 mediated
intracellular activation of the ERK1/2 signaling pathway and
stimulated migration, invasion, and proliferation of all cells
through XCR1.12 Different results may be due to the different source of XCR1 and the close association of ER, which
deserve to be further investigated in the future.
The role of MAPK and PI3K/AKT/mTOR signaling
pathways in the proliferation of breast cancer has previously
been reported,25–29 so we studied the activation of these two
signaling pathways. We found that the levels of phosphorylated MEK, JNK, P38, protein were greatly decreased but
P53 increased in 231/XCR1 versus controls, which raise the
possibility that XCR1 may suppress tumor growth by reducing activation of MAPK signaling pathways. The mTOR
pathway plays an important role in supporting cell growth,
survival, and endocrine resistance.30,31 ER stress negatively
regulates AKT/TSC/mTOR pathway to enhance autophagy.32
The downstream effectors of mTOR pathway, such as p70S6K, 4E-BP1 that control 5’TOP mRNA and cap-dependent
mRNA translation of HIF1a in autophagy.
Breast Cancer - Targets and Therapy 2017:9
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The results report that the decreased levels of phosphorylated mTOR were found in XCR1-overexpressing breast
cancer cell. Our data indicate that reduced cell growth also
correlates with decreased activation of the mTOR pathway
in 231/XCR1 tumors, which is based on results showing significantly smaller levels of P-p70-S6K in 231/XCR1 tumors
relative to controls in vitro. Furthermore, we documented the
mechanism that XCR1 promotes cell invasiveness and tumor
metastasis partly due to suppressing the expression of cell
adhesion protein β-catenin.
Two-thirds of breast cancer overexpress ER and/or
progesterone receptors, which typically suggest a degree of
estrogen dependence for growth.30 It has been reported that
the development of estrogen independence and endocrine
therapy resistance in BC patients may be correlated with
SDF-1-CXCR4 signaling,33–35 the insulin-like growth factor
(IGF) system,36 IGF1 receptor (IGF1R) expression,37 and
hyperactivation of the IGF-IR/InsR/PI3K/mTOR pathway.38
Here, we found a strong association between XCR1 and ER,
the further biological effects of XCR1 in breast cancer are that
XCR1 can inhibit cell growth and tumorigenesis via downregulating the activation of MAPK and PI3K/AKT/mTOR
signaling pathway but promote the migration and invasion by
decreasing the protein level of β-catenin. It seems completely
contradictory to each other, but in clinic, sometimes we first
check out the metastatic tumor without finding the prime
cancer, we guess there must be some genes, such as XCR1,
that just affect on tumor migration and invasion but decrease
the tumor growth. We believe controlling the expression
of XCR1 in different steps of tumor development that can
effectively inhibit breast cancer, especially ER+ cell growth
and metastasis that may be a hopeful therapeutic strategy
against estrogen independence and tumor relapse in future,
but further studies of XCR1 are still needed.
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