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Abstract. Malignant melanoma (MM) is a highly malignant
skin tumor. The mechanism of MM pathogenesis and its
signaling pathways are not well characterized. C-X-C chemo-
kine receptor type 7 (CXCR?7) has been reported to regulate
cancer cell invasion. The present study sought to investigate the
effects of CXCR7 on MM development. First, CXCR7 expres-
sion levels were assessed in the skin tumor tissue of patients with
MM. Then, CXCR?7 small hairpin RNA was used in M14 mela-
noma cells in a Transwell culture model and in a transplanted
mouse model to test the effects of CXCR7. In addition, immu-
nohistochemistry staining, reverse transcription-quantitative
polymerase chain reaction and western blotting were used. The
results revealed that CXCR7 expression levels were significantly
higher in MM tissue compared with squamous cell carcinoma
or basal cell carcinoma tissue. Knocking down CXCR7 in M14
cells significantly inhibited cell migration and invasion in the
Transwell culture model. Furthermore, CXCR7 knockdown
also significantly reduced the transplanted tumor size, weight
and vascular number in the mouse model. It was concluded
that CXCRY7 interacts with C-X-C motif chemokine ligand 12
to activate the chemokine receptor signaling pathway, and to
increase melanoma cell migration, invasion and development.

Introduction
Cutaneous melanoma or malignant melanoma (MM) is a highly

malignant skin tumor that develops from melanocytes (1-3).
MM was considered uncommon previously, but its incidence
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has increased remarkably over the past 30 years (4). Surgery
to remove the tumor and chemotherapy are the routine treat-
ments for early-stage melanoma (5). However, due to the high
degree of genetic instability and mutations, and less sensitivity
to classical chemotherapeutic treatments, there is high rate of
cancer spreading to other parts of the body in patients with
MM (1,4,6). Therefore, the present study explored the possible
mechanism of MM pathogenesis and its signaling pathways.

Chemokines are cell cytokines induced by inflamma-
tion (7). Chemokines and their signaling receptors have been
shown to regulate cellular migration, cell invasion, motility,
cell growth, cellular interactions with the extracellular matrix
and tumor development (8,9). C-X-C chemokine receptor
type 7 (CXCR?7) is a protein that interacts with C-X-C motif
chemokine ligand 12 (CXCL12), also known as stromal
cell-derived factor 1 (SDF-1), and CXCL11 in signal trans-
duction (10). CXCR7 expression is associated with increased
pathological inflammation and tumor development (10). The
CXCR7-CXCLI12 complex serves an important role in tumor
invasion and organ-specific metastasis (10). However, the roles
of CXCR?7 in skin cancer invasion, tumorigenesis and tumor
development are still not well understood.

Squamous cell carcinoma (SCC), basal cell carcinoma
(BCC) and MM are three common skin tumors (3,11,12). The
present study explored the effects of CXCR7 on melanoma
progression and development in the tumor tissue of human
patients with MM, cultured cell lines and transplanted tumor
mouse models.

Transwell chamber assays have been used for cell migration
and homing assays (13,14). The porous polycarbonate membrane
at the bottom of the upper chamber has certain permeability.
However, inactivated cells cannot pass the membrane freely.
Activated migrating cells possess the ability to pass through
the polycarbonate membrane by secreting hydrolytic enzymes
to dissolve the porous basement membrane and bind to the
matrigel membrane in the bottom chamber (15). The present
study used this Transwell system to test the CXCR?7 effects on
melanoma cell migration and invasion.

Materials and methods

Patients and specimen collection. Human skin tumors from
all selected patients were collected from January 2008 to
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December 2014 at the Institute of Dermatology, Chinese
Academy of Medical Sciences (Nanjing, China) and the
Affiliated Hospital of Hebei University (Hebei, China). The
Chinese Academy of Medical Sciences (Nanjing, China) and
the Affiliated Hospital of Hebei University (Hebei, China)
Institutional Review Boards approved the present study and
the protocol. Consent for surgery was obtained from all
patients upon informing them of the nature of the disease,
its treatment options and its possible outcomes. Classification
into squamous SCC, BCC or MM was determined by histo-
pathology through immunohistochemistry staining. Tumor
tissues from 30 cases of skin SCC were harvested. The
clinical profiles of patients with SCC included 16 males and
14 females, aged 34-82 years old (median age, 61.20 years).
The tumor progression time ranged from 1 month to 25 years
(median, 2.78 years). Among these SCC tumor cases, 12 were
located on the head and face, 1 on the back, 6 on the hands,
9 on the limbs and 2 on the genital area. Among these SCC
cases, 18 (60%) were located on exposed parts of the body
(i.e.,head, face and hands) and 12 (40%) on non-exposed parts.
These patients included 12 cases of high-differentiated SCC
(SCC-H) and 18 cases of low-differentiated SCC (SCC-L). In
addition, 25 cases of skin BCC were collected, comprising
10 males and 15 females, aged 33-80 years old (mean age,
62.12 years). The tumor progression time for BCC ranged
from 2 months to 11 years (median, 32.78 months). There were
17 (68%) cases on exposed parts of the body and 8 (32%) on
non-exposed parts. A total of 30 cases of invasive skin MM
samples were collected. Among these, 18 were males and
12 females, aged 35-75 years old (median age, 61.26 years),
and the tumor progression time ranged from 3 to 19 months
(median, 12.10 months).

Immunohistochemistry staining. CXCR7 protein was
detected by immunohistochemistry. The tumor tissues were
paraffin embedded and sliced into ~4-uym thick sections.
Sections were deparaffinized with xylene and rehydrated
in decreasing concentrations of ethanol. Sections were then
heated in a microwave for 20 min in 10 mM sodium citrate
buffer for antigen retrieval. Sections were next incubated
with a CXCR?7 antibody (cat no., PA3-069, Thermo Fisher
Scientific, Inc., Waltham, MA, USA; dilution, 1:2,000) at
4°C overnight. Following three washes in PBS, a peroxi-
dase-conjugated secondary antibody (cat. no., P447, Dako;
Agilent Technologies, Inc., Santa Clara, CA, USA; dilu-
tion, 1:5,000) followed by Pierce DAB Substrate kit (cat.
no., 34002, Invitrogen; Thermo Fisher Scientific, Inc.) were
applied for 30 and 3 min, respectively, at room temperature.
Next, sections were dehydrated in decreasing concentrations
of ethanol and cover slipped. Negative control sections were
incubated with an anti-mouse immunoglobulin G (IgG)
antibody (cat. no., sc-2025; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA; dilution, 1:5,000). The stained sections
were examined with a light microscope (IX51; Olympus
Corporation, Tokyo, Japan) and photographed. MaxVision
software (version 3.0; MaxPac 8200/8000 ML, Max Vision
LLC, Madison, AL, USA) was used to measure CXCR7
staining intensity. The staining intensity criteria of positive
cells was as follows: 0, no staining; 1, light yellow staining;
2, brown staining; and 3, dark brown staining. The scoring
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was performed by two independent pathologists based on the
aforementioned color category. The percentages of positively
stained cells were also considered in the evaluations. Thus,
a score of 0 was assigned to samples with no positive cells;
samples with <10% of positive cells received a score of 1;
those with 10-50% of positive cells received a score of 2;
those with 51-80% of positive cells received a score of 3;
and those with >80% of positive cells received a score of 4.
Finally, these two values (staining intensity and percentage
of positive cells) were multiplied to classify the specimens
into CXCR?7 low (final score, 0-6) or high (final score, 7-12)
expression. Hematoxylin and eosin (H&E) staining was
performed to monitor tissue morphology.

Cell culture and transfection. The melanoma cell lines A375
and M14 were purchased from the American Type Culture
Collection (Manassas, VA, USA) (16,17). The cells were grown
in Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal bovine serum (FBS) (both from Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in an incubator at
37°C and 5% CO,.

For transfection, cells were seeded in 24-well plates. To
assess the effects of CXCR7 on the biological function of
M14 cells (M14 was selected for its higher level of CXCR7
compared with A375 cell), CXCR7 small hairpin RNA
(shRNA) or empty vectors (Genscript Biotech Corporation,
Nanjing, China) were transfected into M14 cells using
FuGENE HD Transfection Reagent (Promega Corporation,
Madison, WI, USA). M14 cells were selected for their higher
level of CXCR7 expression compared with A375 cells. The
antibiotic G418 (1,000 pg/ml) (Invitrogen; Thermo Fisher
Scientific, Inc.) was used for 2 weeks for cell selection upon
shRNA transfection. CXCR7 shRNA- or vector siRNA-trans-
fected M14 cells were subcloned and selected under a light
microscope (IX51; Olympus Corporation, Tokyo, Japan).
The selected CXCR7 shRNA- and vector shRNA-transfected
M14 cell clones were cultured in 500 pg/ml G418 for further
experiments.

CXCR7 shRNA design and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). CXCR7 short inter-
fering (si)RNA sequence was obtained from Thermo Fisher
Scientific, Inc. (Silencer® Select siRNAs). CXCR7 shRNA
was constructed based on the siRNA sequence by Genscript
Biotech Corporation (Nanjing, China). Three pairs of shRNA
were designed, and the pair with the best shRNA efficiency was
selected. Western blotting was performed to confirm CXCR7
protein knocked down. Total RNA from cells was isolated
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). Total RNA quality and concentration were measured by
ultraviolet spectrophotometry. The absorbance (A) 260/A280
range was set at 1.9-2.1 to assure good RNA quality. RNA
(1 ug/sample) was used for RT to synthesize complementary
DNA using random primers provided in the High-Capacity
cDNA Reverse Transcription kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.). gPCR was performed to determine
CXCR?7 and p-actin messenger RNA (mRNA) expression.
CXCR?7 primers [CXCR-forward (F), 5'-CCCTGCATCCAT
TCTCTCTT-3' and CXCR7-reverse (R), 5'-CCTGTTGCA
AAACTGTCAGC-3'] and B-actin primers (f-actin-F, 5-GAA
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GGATTCCTATGTGGGCGAC-3' and B-actin-R, 5'-AGC
CTGGATAGCAACGTACATGG-3") were used for qPCR
using a PCR kit (GoTaq® Real-Time qPCR and RT-qPCR
Systems for Dye-Based Detection, Promega Corporation).
The reactions were performed under the following conditions:
95°C for 3 min, followed by 45 cycles at 94°C for 20 sec, 60°C
for 30 sec and 72°C for 20 sec. CXCR7 mRNA levels obtained
from qPCR were normalized to [3-actin mRNA levels yielding
arbitrary units (18).

Western blotting. Upon harvesting, M14 or A375 cells
were washed with PBS, and whole cell protein samples
were extracted with radioimmunoprecipitation assay buffer
[0.5% Nonidet P-40, 10 mM Tris (pH 7.4), 150 mM NacCl
and 1% SDS] containing a Protease Inhibitor Cocktail
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Proteins (70 ug/well) were separated by 10% SDS-PAGE
and transferred to polyvinylidene difluoride membranes. The
primary antibodies used for western blotting were CXCR7
antibody () (cat. no., PA3-069, Thermo Fisher Scientific,
Inc., dilution, 1:2,000) and mouse anti B-actin antibody (cat.
no., sc-8432; Santa Cruz, Biotechnology, Inc., Dallas, TX,
USA; dilution, 1:5,000). Each membrane was incubated with
one primary antibody (in 5% BSA) at 4°C in a cold room
overnight. The secondary antibody ECL horseradish perox-
idase-conjugated sheep anti-mouse IgG (cat. no., NA931;
dilution, 1:5,000), or ECL HRP-conjugated donkey anti-rabbit
IgG (cat. no., NA934YV; dilution, 1:5,000) (GE Healthcare Life
Sciences, Chalfont, UK) was incubated with the membrane
at room temperature (25°C) for 1 h. Amersham ECL Prime
Western Blotting Detection Reagent (GE Healthcare Life
Sciences) was used to detect the chemiluminescent signals in
an X-ray film.

Transwell chamber experimental settings. The Transwell
chamber was purchased from Corning Incorporated (Corning,
NY, USA), and included a polycarbonate membrane coated
with matrigel that acted as an artificial basement membrane
as previous described (15). The 24-well Transwell chamber
was first incubated with 500 u1 DMEM without FBS for
2 h. The medium was then replaced with 500 ul cells in
10% FBS-DMEM (0.6x10° cells/ml). These cells included
non-transfected, empty vector shRNA-transfected and
CXCR7 shRNA-transfected M14 cells (M14 cell was
selected for its higher CXCR7 level compared to A375 cells)
(300,000 cells/well), which were seeded in the upper chamber.
Recombinant Human CXCR12 (cat. no., 350-NS/CF, R&D
Systems Inc., Minneapolis, MN, USA) (10 ng/ml) was added
to all wells. The cells were incubated in the Transwell chamber
for 24 h. The bottom chamber of the Transwell membrane was
then stained with Cell Counting kit-8 (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) for 20 min. The cells
were next washed with PBS to remove the excess dye and air
dried for 1 h. The number of cells that passed through the
membrane was then counted under a light microscope (IX51;
Olympus Corporation, Tokyo, Japan). All experiments were
repeated three times.

Animal studies. All animal experiments were approved by the
Chinese Academy of Medical Sciences and Affiliated Hospital
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of Hebei University Animal Policy and Welfare Committee,
and complied with the National Institutes of Health guide-
lines (Guide for the Care and Use of Laboratory Animals)
(https://www.ncbi.nlm.nih.gov/books/NBK54050/). Wild type
BALB/c nude mice were obtained from Shanghai Laboratory
Animal Center (Shanghai, China). There were 18 mice
(5 weeks old; 9 female, 9 male; average weight 18-19 g) used in
the experiment. The mice were housed at temperatures ~23°C
with 40-60% humidity and 12 h light/12 h dark cycle. Food
and water were accessible at libitum. The effects of CXCR7 on
the tumor progression of skin melanoma were tested in trans-
planted mice. Untreated, empty vector shRNA-transfected and
CXCR7 shRNA-transfected M14 cells were harvested. Each
cell suspension (1x10° cells/100 ul) was subcutaneously inocu-
lated into the mice right armpit. Tumor size was measured
from day 11 following tumor transplantation. Tumor volume
(TV) was calculated by the following formula: TV=1/2xaxb?,
where a and b are the tumor length and width, respectively.
Mice were sacrificed by carbon dioxide at day 21 post-tumor
transplantation. The 20 1 plastid chamber with a lid was used
for mice euthanasia. Compressed CO, gas in cylinders was
used for source of CO, with gas inflow to the chamber regu-
lated at a speed ~30-50% of the chamber or cage volume/min
to provide a final concentration of 50% for ~1 min. After the
gas was stopped, the animal was then observed until all muscle
activity and signs of life have been absent for =30 sec. The
tumors were harvested, weighted and recorded. The maximum
weight was ~1.70 g.

Statistical analysis. SPSS statistical software (version 13.0;
SPSS, Inc., Chicago, IL, USA) was used for data analysis. Data
are expressed as the mean + standard deviation of =3 sample
replicates, unless stated otherwise. "P<0.05, “P<0.01, or
“P<0.001 was considered to indicate a statistically significant
difference.

Results

CXCRY7 expression in three types of skin cancer tissue.
Immunohistochemistry staining was performed to assess the
expression of CXCR7 in skin cancer tissues. H&E staining
was also performed to monitor cancer tissue morphology
(Fig. 1A-C). CXCRT7 protein-positive samples were stained in
brown color. CXCR?7 protein was located in the cytoplasm and
cell membrane (Fig. 1A-C). CXCR7 protein expression levels
were compared between SCC, BCC and MM, i.e., the three
types of skin cancer tissues evaluated in the present study
(Table I). It was observed that MM had the highest (80%, 24
out of 30 cases) percentage of CXCR7 protein expression,
followed by SCC-L with 38.9%. SCC-H and BCC had 8.3 and
8.0% of high CXCR?7 protein expression levels, respectively
(Tables I and II). These findings indicated that CXCR7 is
involved in tumor progression.

CXCRY7 expression in melanoma cell lines M14 and A375.
Western blotting was performed to determine the CXCR7
protein expression levels in melanoma M14 and A375
cells. B-actin protein expression was used as a control. The
CXCR7/B-actin protein ratio indicated that M14 cells had
much higher CXCR7 protein levels compared with those of
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Table I. Patient's CXCR7 protein levels in SCC, MCC and MM
cases, according to their pathology details and anti-CXCR7
staining score.

Pathology number Anti-CXCR7 score

SCC
14792
14615
14552
14502
14365
14325
14298
14147
14143
14005
13945
13911
13905
13874
13866
13759
12114
12203
12102
12009
11658
11411
11402
11252
10892
10598
10454
10336
10215
10112

BCC
14955
14912
14905
14478
14117
13819
13856
13848
13722
13692
13189
12751
12502
12452
12441
12438
12098
11791
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Table I. Continued.

Pathology number Anti-CXCR7 score

11302
11217
11009
10953
10255
10233
10115

MM
14576
14291
14002
13879
13762
13412
13255
12908
12745
12702
12537
12524
12515
12355
12118
12035
11387
10652
10557
10102
09711
09658
09356
09110
09005
08562
08312
08254
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CXCR7, C-X-C chemokine receptor type 7; SCC, squamous cell
carcinoma; BCC, basal cell carcinoma; MM, malignant melanoma.

A375 cells (Fig. 2A and B). Therefore, M14 cells were selected
for our experiments.

CXCR7 shRNA significantly reduces CXCR7 mRNA and
protein expression in M14 cells. sShRNA was used to knock
down CXCR?7 expression in M14 cells. G418 was used for
clone selection following shRNA transfection. Green fluores-
cent protein observation by fluorescence microscopy indicated
that 95% of cells were transfected with the CXCR7 shRNA
or empty vector. qPCR data revealed that CXCR7 shRNA
significantly inhibited CXCR7 mRNA expression in M 14 cells
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Figure 1. Immunohistochemistry staining of CXCR7 protein in skin cancer tissues. Three selected images of negative (MsIgG) control, weak and strong
CXCR?7 staining, and their H&E staining were presented for each cancer category. Representative images of staining with MsIgG, anti-CXCR7 or H&E
for (A) squamous cell carcinoma, (B) basal cell carcinoma and (C) malignant melanoma tissues. Positive CXCR7 staining appears as a brown color in the
cytoplasm. Scale bar, 20 ym. MsIgG, mouse immunoglobulin G; CXCR7, C-X-C chemokine receptor type 7; H&E, hematoxylin and eosin.
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Figure 2. CXCR7 shRNA knocks down CXCR7 mRNA and protein expression levels in melanoma M14 cells. (A) Western blot analysis of CXCR7 protein
expression levels in melanoma M14 and A375 cells. B-actin was used as a protein level control. (B) M14 cells had significantly higher CXCR7 protein
expression compared with that of A375 cells. The CXCR7/B-actin protein ratio in M14 and A375 cells was 0.649+0.080 and 0.288+0.040, respectively
("P=0.006). (C) CXCR7 shRNA significantly reduced CXCR7 mRNA expression in M14 cells. CXCR7 shRNA knock down was performed in M14 cells.
Empty vector-transfected and non-transfected M14 cells were used as controls. Polymerase chain reaction was conducted to monitor CXCR7 mRNA expres-
sion. B-actin was used as an internal mRNA level control. The CXCR7/B-actin mRNA ratio was 1.000+0.102 (control), 1.211+0.117 (vector-transfected) and
0.412+0.023 (CXCR7 shRNA-transfected) in M14 cells. ("P=0.007 was obtained for the comparison between vector-transfected and CXCR7 shRNA-trans-
fected cells). (D) Western blot images of CXCR7 and (3-actin protein expression levels. (E) CXCR7 shRNA significantly inhibited CXCR7 protein expression
in M14 cells. The CXCR7/B-actin protein ratio was 1.000+0.002 (control), 1.016+0.004 (vector) and 0.144+0.005 (CXCR7 shRNA) in the different groups,

which confirmed the knockdown of CXCR7 protein expression in M14 cells (""P<0.001 was obtained for the comparison between vector and CXCR7 shRNA

groups). CXCR?7, C-X-C chemokine receptor type 7; shRNA, small hairpin RNA; mRNA, messenger RNA.

Table II. Summary of CXCR7 protein levels in SCC, MCC
and MM patients.

CXCR7 protein expression levels®

Group Cases, n Low,n High, n High, %
SCC-T 30 22 8 26.7
SCC-H 12 11 1 8.3
SCC-L 18 11 7 38.9
BCC 25 23 2 8.0
MM 30 6 24 80.0

ICXCR7 was classified as low expression (weak staining; score, 0-6)
or high expression (strong staining; score, 7-12). The percentage
of high CXCR?7 expression cases was calculated as the number of
high CXCR7 expression cases divided by the total number of cases
and multiplied by 100. CXCR7, C-X-C chemokine receptor type 7;
SCC, squamous cell carcinoma; SCC-T, total SCC; SCC-H, high
differentiated SCC; SCC-L, low differentiated SCC; BCC, basal cell
carcinoma; MM, malignant melanoma.

(Fig. 2C). Western blotting for CXCR7 and fB-actin further
confirmed the knocked down of CXCR?7 protein expression in
M14 cells (Fig. 2D and E).

CXCLI2 cytokine induces M14 cell invasion. Cells that are
able to pass through a polycarbonate membrane in matrigel
Transwell chamber assays are used to study cell migration
and invasion (15). CXCL12 has been demonstrated to stimu-
late cell biological functions (10,19,20). In the present study,

CXCLI12 effects on M14 cell invasive activity were tested in a
matrigel Transwell chamber assay. The M14 cells that passed
through the Transwell chamber and bound to the matrigel were
counted. It was observed that both 10 and 100 ng/ml CXCL12
significantly increased the number of M14 cells that passed
through the Transwell chamber, thus confirming that CXCL12
induced M14 cell invasive ability (Fig. 3A and B).

CXCR7 knockdown reduces CXCLI2-induced invasive activity
in M14 cells. The present study used 10 ng/ml CXCLI2 to
assess the CXCR?7 biological function in M14 cells. The M14
cell invasive ability was monitored in a matrigel Transwell
chamber assay with CXCR7 shRNA-transfected, empty vector
shRNA-transfected and non-transfected M14 cells. It was
observed that CXCR7 knockdown significantly reduced the
invasive activity of M14 cells compared with that of shRNA
vector-transfected and control cells. By contrast, there was not
a significant difference in the number of M14 cells between
shRNA vector-transfected and control cells (Fig. 3C and D).
These data indicated that CXCR7 may regulate M14 cell
migration and invasion.

CXCR7 shRNA inhibits melanoma tumor development in mice.
The effects of CXCR7 on transplanted skin melanoma tumor
progression were tested in mice. The transplanted tumors were
monitored daily, and the sizes were measured from day 11 to
day 21 post-transplantation. It was observed that the tumor
size grew continually in the control and vector groups. By
contrast, the tumor size in the mice transfected with CXCR7
shRNA did not grow as much as that of the control or shRNA
vector-transfected mice (Fig. 4). Tumors were harvested at
day 21 post-implantation. Smaller tumor sizes were observed
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Figure 3. CXCLI2 cytokine induces M14 cell invasive activity, and CXCR7 knocked down inhibits CXCR12-induced M14 cell invasive activity. M14 cells
(10,000 cells/2 ml) were seeded in each Transwell chamber with 0, 10 or 100 ng/ml CXCLI12 for 24 h. The cells that passed through the Transwell chamber
and bound to the matrigel were recorded and counted. (A) Images of M 14 cells bound to the matrigel membrane (magnification, x400 (B) CXCLI12 increased
M4 cell invasive activity. The M14 cell count in the Transwell matrigel membrane was 41.67+5.51 (0 ng/ml CXCL12), 56.67+2.52 (10 ng/ml CXCLI12) and
82.23+6.11 (100 ng/ml CXCLI12). P-values were obtained for the comparisons between the indicated treatments and 0 ng/ml CXCR12 (“P<0.01; ““P<0.001).
(C) CXCR7 shRNA significantly reduced M14 cell counts in in the matrigel membrane. The M14 cell count in the Transwell matrigel membrane was 43.63+2.15
(control), 42.00+6.02 (vector) and 20.62+1.50 (CXCR7 shRNA). “P<0.01 was obtained for the comparison between vector and CXCR7 shRNA. There were not
significantly different cell counts between the control and vector groups. These results indicated that CXCR7 downregulation inhibited M 14 cell migration and
invasion. (D) Images of M14 cells in the matrigel membrane (magnification, x400). Untreated M14 cells (control), empty vector shRNA-transfected M 14 cells
(vector) and CXCR7 shRNA-transfected M 14 cells (10,000 cells/2 ml/well) were plated in Transwell chamber wells with 10 ng/ml CXCRI12 for 24 h. The cells
that passed through the membrane and bound to the matrigel were recorded and counted. A lower cell number was observed in CXCR7 shRNA-transfected
M14 cells compared with that in control and vector-transfected M14 cells. CXCR7, C-X-C chemokine receptor type 7; shRNA, small hairpin RNA; CXCL12,
C-X-C motif chemokine ligand 12.

in CXCR7 shRNA mice compared with those in control and

shRNA vector mice (Fig. 5A and B). It has been reported that 1.20 1 —t=Gontrol

vasculature serves an important role in skin cancer inflam- 1.00 4 H=Vector

mation (21), therefore the tumor weight and tumor vascular .

number were also compared. The average tumor weight was T 0801 T CXCRTShRNA

significantly lower in the CXCR7 shRNA group compared &

with that in the control and vector shRNA groups (‘'P<0.05; g "%

Fig. 5C). In addition, the tumor vascular number was also ;3 0.40 4

significantly lower in CXCR7 shRNA mice compared with

that in vector shRNA and control mice (“P<0.01; Fig. 5D). 020 1

These findings further demonstrated the effects of CXCR7 on 0.00 e ] . . .
tumor development in a mouse model. 1 13 15 17 19 21

Time (days)
Discussion
Figure 4. Progression of transplanted tumor volume with time in mice.
Comparisons between control, vector and CXCR7 shRNA treatments. The
tumor sizes increased daily over time following transplantation in the control

In the present study, a higher percentage (80%) of posi-

tive CXCR?7 protein staining was observed in MM tumors
compared with that in SSC and BCC tumors from patients,
indicating CXCR7 involvement in melanoma cancer progres-
sion and development. It was observed that M14 melanoma
cells expressed high levels of CXCR7. CXCR7 shRNA signifi-
cantly knocked down CXCR7 mRNA and protein expression
in M14 cells, which subsequently inhibited M14 cell biological
functions, including cell migration, invasion and metastasis.
There are several reports indicating that CXCR7 expression
was significantly higher in tumor tissue than in adjacent
normal tissue (10,22). The higher rate of cancer spreading to
other parts of the body was associated with higher CXCR7
levels in cancer (23), further supporting the CXCR7-mediated
induction of skin melanoma invasion and metastasis.

Several studies have shown that melanoma cell lines
co-express high levels of chemokine factor receptors and

and vector mice. However, the tumor volumes were smaller in CXCR7
shRNA mice compared with those in the control and vector mice from day 11
to day 21 post-implantation. There was not difference in tumor size between
the control and vector groups. CXCR7, C-X-C chemokine receptor type 7;
shRNA, small hairpin RNA.

ligands (24). Chemokines and tumor cell surface receptors
are involved in post-melanoma angiogenesis, tumor cell
growth, invasion and metastasis of malignant processes (25).
Furthermore, high levels of cell surface CXCR4 expression
were associated with melanoma tumor surface ulceration,
tumor invasion and increased mortality (26). CXCR3 expres-
sion levels were associated with tumor cell infiltration depth in
primary invasive melanoma (27). High expression of CXCR3
and its ligands CXCL9 and CXCL10 led to actin polymerization
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Figure 5. CXCR7 shRNA significantly inhibits transplanted tumors in mice. (A) Transplanted tumor morphology inside the mice skin. The tumor sizes
were visually larger in the control and vector-transfected mice compared with those in the CXCR7 shRNA-transfected mice at day 21 post-implantation.
Scale bar, 1 cm. (B) Images if harvested tumors from control, vector and CXCR7 shRNA mice. Markedly smaller tumor sizes were observed in CXCR7
shRNA-transfected mice compared with those in control and vector-transfected mice. Scale bar, 1 cm. (C) CXCR7 shRNA significantly reduced tumor weight.
Tumor weight was significantly smaller in CXCR7 shRNA mice compared with that in control and vector mice. The tumor weight was 1.06+0.52 g (control),
1.04+0.25 g (vector) and 0.33+0.24 g (CXCR7 shRNA). "P<0.05 was obtained for the comparison between vector and CXCR7 shRNA groups. (D) CXCR7
shRNA significantly inhibited the tumor vascular number. The number of vascular tumors in the transplanted mice was counted. A significantly lower number
of vascular tumors was observed in CXCR7 shRNA mice compared with that in control and vector mice. The tumor vascular number was 79+27 (control),
8020 (vector) and 28+6 (CXCR7 shRNA). “P<0.01 was obtained for the comparison between vector and CXCR7 shRNA groups. CXCR7, C-X-C chemokine

receptor type 7; shRNA, small hairpin RNA.

and invasion in BI6F10 murine melanoma models (26,27). The
expression of the chemokine receptors CCR7, CCR10, CXCR3
and CXCR4 was associated with melanoma lymph node
metastasis in mouse models (19,23,27,28). CXCR7 interaction
with the CXCLI12 receptor has been demonstrated to increase
the CXCLI12-induced normal epidermal cell migration (29).
Furthermore, it was observed that the chemokine ligand for
CXCR7 was CXCL12 (also known as SDF-1), which also binds
CXCR4 (30). CXCR7 has been demonstrated to heterodi-
merize with CXCR4 and regulate CXCL12-mediated G protein
signaling (28). These findings supported CXCR7 roles on
melanoma biological behavior. CXCR?7 is involved in multiple
functions, including tumor growth, survival and metastasis, in
several human tumors such as breast cancer, pancreatic cancer,
papillary thyroid carcinoma and prostate cancer (19,20,31).
High CXCR?7 expression may promote angiogenesis, enhance
tumor cell invasion, and promote tumor invasion and metas-
tasis (10,22,28,29). Hypoxia-inducible factor-la has been
demonstrated to increase CXCR7 expression and activate
epidermal growth factor receptor signal transduction, and
subsequently promote the growth of cancer cells in prostate
cancer (32). It has been demonstrated that overexpression of

CXCR?7 in malignant human myeloid cells resulted in nuclear
factor-kB activation, followed by mitogen-activated protein
kinase p42/44 and AKT phosphorylation, and subsequently
increased cancer cell migration (22).

Therefore, a model can be proposed in which CXCR7
interacts with CXCL12 to activate the chemokine receptor
signaling pathway, and to increase melanoma cell migration
and invasion. It can be speculated that CXCR?7 is a potential
therapeutic target for cutaneous melanoma treatments. Further
characterization of CXCR7-induced chemokine receptor
signaling pathways is warranted.
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