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Abstract: The objective of the current study was to investigate the inhibitory effects of metastin (also known as kiss-
peptin) on migration and invasion abilities of human nasopharyngeal carcinoma (NPC) SUNE-1-5-8F cells. Transwell 
migration assays were used to examine the effects of different concentrations of metastin on migration and inva-
sion abilities of SUNE-1-5-8F cells. The effects of metastin on rates of inhibition, metastatic inhibition, and survival 
were further examined in the BALB/c-nu mouse model of lung metastasis. Kisspeptin expression in pulmonary 
metastatic foci was observed by immunohistochemistry. Metastin displayed significant inhibitory effects on migra-
tion and invasion abilities of SUNE-1-5-8F cells, in a dose-dependent manner (p < 0.05). In the nude mouse model, 
metastin failed to inhibit tumor cell proliferation, but suppressed lung metastasis (p < 0.05) and prolonged survival 
times (p < 0.05). Immunohistochemistry results indicated that kisspeptin expression was higher in the metastin 
treatment group than the control group. In summary, metastin has the potential to inhibit migration and invasion of 
nasopharyngeal carcinoma cells.
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Introduction

Nasopharyngeal carcinoma (NPC), defined as 
cancer of the head and neck, is common in 
China, especially in South China. NPC is cha- 
racterized by high malignancy, spatial aggrega-
tion, and metastasis [1]. NPC generally occurs 
in regions with complex anatomical relation-
ships. Non-keratinized squamous cell carcino-
ma is the dominant pathological type. NPC is 
sensitive to radiotherapy, the first-line treat-
ment for NPC. Failed radiotherapy for NPC is 
often associated with localized non-response 
and distant metastasis [2]. Intensity modulated 
radiotherapy has greatly increased the local-
ized control of NPC, but distant metastasis 
remains the major reason of failed treatment. 
Inhibiting distant metastasis is very important 
in increasing 5-year survival rates of NPC pa- 
tients. 

Metastin (also known as kisspeptin) is a pro- 
tein encoded by the metastasis suppressor ge- 

ne KISS-1 in humans. A ligand for human or- 
phan G-protein-coupled receptor (HOT7T175 or 
GPR54) [3, 4], metastin provides inhibitory 
effects on metastasis and invasion of various 
tumor cells, including colorectal cancer [5], 
renal cancer [6], breast cancer [7], and thyroid 
cancer [8] cells. However, its roles in NPC 
remain unknown. The current study investigat-
ed potential inhibitory effects of different con-
centrations of metastin on invasion and migra-
tion abilities of human NPC SUNE-1-5-8F cells. 

Materials and methods 

Materials and equipment

Metastin (KISS-1 68-121) was purchased from 
Sigma (USA). Other reagents included PRMI 
1640 medium, penicillin-streptomycin, phos-
phate buffer saline (PBS) (Hyclone), 0.25% tryp-
sin, crystal violet staining solution (Beyotime), 
fetal bovine serum (Sijiqing), BD Matrigel ma- 
trix, and Transwell supports (24 wells, 8.0 μm 
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pore size, Corning). A medical double-person 
double-side clean bench (SW-CJ-2F) (Suzhou 
Purification Equipment Factory, China), Thermo 
3111 incubator (Thermo, USA), MDF-192 refrig-
erator (SANYO, Japan), Olympus CKX41 invert-
ed phase-contrast microscope (Olympus, Ja- 
pan), Eppendorf centrifuge 5810R (Eppendorf, 
Germany), and H·SWX-60085 water bath (Sh- 
angHai CIMO Medical Instrument Co., Ltd.) 
were also obtained. 

A total of forty 4-week-old female BALB/c-nu 
mice (license number 201603475) were pur-
chased from the Comparative Medicine Centre 
of Yangzhou University. They were bred in a bar-
rier environment at the Center of Laboratory 
Animals, Bengbu Medical College. All animal 
studies were reviewed and approved by the 
“Animal Care and Use Committee of Bengbu 
Medical College”. The SUNE-1-5-8F cell line 
(human NPC) was purchased from GuangZhou 
Jennio Biotech Co., Ltd. [9, 10].

Cell resuscitation and culturing 

Frozen cells were removed from the -80°C 
MDF-192 refrigerator and thawed in a 37°C 
water bath, with gentle shaking. The cell sus-
pension (~1 mL) was transferred to a centrifuge 
tube and an appropriate amount of culture 
medium (PRMI 1640 medium containing 15% 
FBS and 1% penicillin-streptomycin) was added. 
This was followed by mixing. The cells were cen-
trifuged at 1,000 rpm and 4°C for 5 minutes. 
The supernatant was discarded and the cells 
were resuspended in 1 mL of culture medium. 
After gentle blowing and mixing, the cells were 
transferred to a culture flask containing 4 mL  
of culture medium. They were then placed in a 
5% CO2 incubator at 37°C [11]. 

Transwell migration assays 

Migration assay: The culture flask was taken 
out and the culture medium was discarded. The 
cells were digested with 1 mL of 0.25% trypsin 
for 1 minute, then resuspended in 1 mL of cul-
ture medium. The suspension was transferred 
to a centrifuge tube and centrifuged at 4°C  
and 1,000 rpm for 5 minutes. The supernatant 
was discarded and the cells were counted. 
Next, 50 × 10-3 SUNE-1-5-8F cells were added 
into the upper chamber of the Transwell unit. 
Different concentrations of metastin (102 nM, 
103 nM, and 104 nM), prepared using 200 μl of 
PRMI 1640 medium, were added into the upper 

chamber for the test groups. PRMI 1640 medi-
um, alone, at an identical volume was used for 
the control group. In the lower chamber, 800 μl 
of PRMI 1640 medium containing 15% FBS 
was added. The cells were cultured in the incu-
bator for 24 hours. Cells that did not migrate 
through the membrane were removed with a 
cotton swab. Cells that migrated were fixed in 
4% paraformaldehyde for 30 minutes, washed 
with PBS twice, and stained with crystal violet 
for 30 minutes. After washing with PBS twice, 
the cells were observed under a microscope 
(magnification, × 200). For each membrane, 
five fields of view were randomly selected. The 
cells were counted and photographed. An aver-
age cell count was then taken [12]. 

Invasion assay: Briefly, 200 μl pipette tips, 
PRMI 1640 medium, and Matrigel were pre-
cooled at 4°C for 30 minutes. The dilution was 
prepared using precooled Matrigel and PRMI 
1640 medium at a ratio of 1:5, mixing properly. 
The upper chamber was coated with 50 μl of 
the diluted Matrigel and placed in the incubator 
for 1 hour. The culture flask was taken out and 
the culture medium was discarded. The cells 
were digested with 1 mL of 0.25% trypsin for 1 
minute, then resuspended in 1 mL of culture 
medium. The cells were centrifuged at 1,000 
rpm and 4°C for 5 minutes. The supernatant 
was discarded and the cells were counted. 
Next, 50 × 10-3 SUNE-1-5-8F cells were added 
into the upper chamber of the Transwell unit. 
Different concentrations of metastin (102 nM, 
103 nM, and 104 nM), prepared in 200 μl of 
PRMI 1640 medium, were added into the upper 
chamber for the test groups. An identical vol-
ume of PRMI 1640 medium, alone, was added 
into the upper chamber for the control group.  
In the lower chamber, 800 μl of PRMI 1640 
medium containing 15% FBS was added. After 
incubating the cells for 24 hours, cells that did 
not pass through the Matrigel were removed 
with a cotton swab. The cells were fixed in 4% 
paraformaldehyde for 30 minutes, washed with 
PBS twice, stained with crystal violet for 30 
minutes, and washed with PBS twice before 
examination under a microscope (magnifica-
tion, × 200). For each membrane, five fields of 
view were randomly selected. The cells were 
counted and photographed. An average cell 
count was taken. 

Concentrations of metastin were chosen, ac- 
cording to previously published reports. How- 
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ever, a preliminary experiment was conduct- 
ed, assessing effective concentrations. Con- 
centrations of 102 nM, 103 nM, and 104 nM 
were finally chosen [13]. 

Tumor transplantation experiment in nude 
mice 

Log-phase SUNE-1-5-8F cells were harvested 
and a cell suspension was prepared using 0.9T 
normal saline. The cell concentration was ad- 
justed to 2 × 106/mL, then 0.2 mL of the cell 
suspension was injected into the right axillary 
region of the nude mice [14]. The mice were 
randomly divided into metastin treatment and 
control groups, with 20 mice in each group. 
Nude mice were bred in a specific pathogen 
free (SPF) environment, in strict accordance 
with SPF protocol. For the test group, metastin 
was administered intraperitoneally at a dose of 
1.17 mg/kg the day after tumor transplanta-
tion. The control group did not receive metast-
in. After implanting the tumor cells, this study 
measured the longest diameter (highest longi-
tudinal diameter) and width (highest transver- 
se diameter) of subcutaneous tumors in vivo 
using an external caliper and the blind method. 
The longest diameter and width were measur- 
ed three times for each direction, respectively. 
The average value was calculated, determining 
the longest diameter and width. Tumor volume 
was calculated as follows: tumor volume = 
(length × width2)/2. Tumor volume was deter-
mined once every 5 days. 

Endpoint criteria: Mice with a body weight loss 
of 15% were sacrificed using cervical disloca-
tion, aiming to reduce the time of animal suffer-
ing [15, 16]. Other animal endpoint criteria 
included dehydration greater than 10%, re- 
stricted motor function by the engrafted tumor, 
and moribund behavior. 

Tumor inhibition rates and tumor burden

Ten mice were randomly selected from each 
group on day 30. The mice (~20-25 g) were sac-
rificed by cervical dislocation. After the subcu-
taneous tumors were dissected, they were 
weighed using an electronic scale [17]. Tumor 
mass inhibition rates (%) were calculated as fol-
lows: Tumor mass inhibition rate (%) = (the aver-
age tumor mass of the control group-average 
tumor mass of the metastin treatment group)/
the average tumor mass of the control group  

× 100%. Subcutaneous tumor burden is 
expressed as a percentage of the tumor mass 
versus the body weight [14, 18]. 

Counting of lung metastatic foci and determin-
ing metastasis inhibition rates 

Lung metastatic tumors have been considered 
the standard of metastatic assessment, as the 
lungs are the primary organs of metastasis for 
nasopharyngeal carcinoma. They are easy to 
dissect and observe [19-21]. Given the clinical 
significance and scientific rigor of this type of 
tumor, lung metastatic tumors are the standard 
for assessment of metastasis [19-22]. 

On day 30, the mice were sacrificed. Tumor  
tissues were fixed in 10% formaldehyde. Me- 
tastatic foci stained a lighter color than healthy 
lung tissues, with smooth margins and qua- 
si-circular nodules. This study observed and 
counted the lung surface pulmonary nodules, 
front and back pulmonary nodules, and interlo-
bar region of pulmonary nodules. Inhibition 
rates of metastatic lung tumors (%) were calcu-
lated as follows: Tumor metastasis inhibition 
rate (%) = (the average number of metastatic 
lung tumors in the control group-the average 
number of metastatic lung tumors in the metas-
tin treatment group)/the average number of 
metastatic lung tumors in the control group × 
100%. After counting, the tissues were fixed in 
10% formaldehyde, dehydrated, and embed-
ded in paraffin [23]. The sections were used  
for pathological and immunohistochemical stu- 
dies.

Survival analysis 

Survival curves were obtained by observing the 
number of the remaining mice. Mean survival 
times (MST, days) were calculated and survival 
prolongation rates (%) were calculated as fol-
lows: Survival prolongation rate (%) = (MST in 
metastin treatment group-MST in the control 
group)/MST in the control group × 100% [17, 
24]. 

Hematoxylin-eosin staining and immunohisto-
chemical staining 

Lung metastatic foci were fixed in 10% formal-
dehyde, dehydrated, and embedded in paraf- 
fin. Tissue blocks were sectioned at a thick- 
ness of 4 μm. Hematoxylin-eosin staining and 
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immunohistochemical staining were performed 
in the Pathology Department, First Affiliated 
Hospital of Bengbu Medical College. Kisspeptin 
expression in immunohistochemically stained 

with that of the control cells (p < 0.05). As the 
concentration of metastin increased, the mig- 
ration of tumor cells decreased considerably 
(Figure 1A, 1B). 

Figure 1. A. Comparison of the number of migrating tumor cells after treat-
ment with different concentrations of metastin. There were significant dif-
ferences in tumor cell migration between the test and control groups and 
there were also significant differences among the different dose groups; B. 
Migration of SUNE-1-5-8F cells after treatment with different concentrations 
of metastin (magnification, 200 ×). a: Control; b: 102 nM metastin group; 
c: 103 nM metastin group; d: 104 nM metastin group. *indicates p < 0.05; 
**indicates p < 0.01.

tissue cross-sections was de- 
termined by observing the pro-
portion of positive cells among 
all cells and staining intensity 
levels of positive cells [13]. 

A: Score based on the propor-
tion of positive cells. Positive 
cells < 1/3, 1; 1/3 < positive 
cells < 2/3, 2; Positive cells > 
2/3, 3. B: Score based on the 
staining intensity of positive 
cells. Negative cells, 0; Pale 
blue cells, 1; Deep blue cells, 
2; Purple blue cells, 3. Final 
scores = A*B. “A*B = 0” was 
determined as (+); “A*B = 3-4” 
was determined as (++); “A*B 
= 6-9” was determined as 
(+++).

Statistical analysis 

Measurements are expressed 
as mean ± standard deviati- 
on. For the in vitro experiment, 
each group had at least three 
replications. For the in vivo 
experiment, each group had  
at least seven mice. IBM SPSS 
Statistics 19 software (IBM 
Corporation, Chicago, USA) 
was used for analysis. Com- 
parisons of the two groups 
were performed using one-
way analysis of variance (AN- 
OVA) and Tukey’s post-hoc te- 
sts. Survival curve were obta- 
ined via Kaplan-Meier survival 
analysis and compared using 
log-rank tests. P < 0.05 indi-
cates significant differences. 

Results 

Transwell migration assay 

After metastin intervention, mi- 
gration of tumor cells was in- 
hibited significantly, compared 
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Transwell invasion assay 

After metastin intervention, invasion of tumor 
cells was significantly inhibited, compared with 

After sacrificing the mice, the lungs were har-
vested and fixed in 10% formaldehyde. The 
number of lung metastatic tumors, as well as 
the diameter of each tumor, was determined 

Figure 2. A. Comparison of the number of invading tumor cells after treat-
ment with different concentrations of metastin. There were significant dif-
ferences in tumor cell invasion between the test and control groups and 
there were also significant differences among the different dose groups; B. 
Invasion of SUNE-1-5-8F cells after treatment with different concentrations 
of metastin (magnification, 200 ×). a: Control group; b: 102 nM metastin 
group; c: 103 nM metastin group; d: 104 nM metastin group. *indicates p < 
0.05; **indicates p < 0.01.

that of the control cells (p < 
0.05). As the concentration  
of metastin increased, the in- 
vasion of tumor cells consider-
ably decreased (Figure 2A, 
2B). 

Inhibitory effects of metas-
tin on axillary transplanted 
tumors in nude mice 

Subcutaneous tumors were 
observed in all mice after 
tumor transplantation on day 
30. Average tumor volume 
and mass values were ob- 
tained. The final tumor volume 
and mass values were 1.14 
cm3 and 1.47 g for the control 
group and 0.92 cm3 and 1.41 
g for the test group, respec-
tively (Figure 3A, 3B). Com- 
pared to the negative control 
group, the tumor mass inhi- 
bition rate of the test group 
was 4.48%. No significant dif-
ferences were found in sub- 
cutaneous tumor volume and 
mass between the two groups 
(Figure 3A, 3B). On the other 
hand, the maximum tumor 
burden was 10.56% and the 
minimum tumor burden was 
4.23% in the negative control 
group. The maximum tumor 
burden was 8.94% and the 
minimum tumor burden was 
3.75% in the test group. The 
mean tumor burden was 
6.25% in the negative control 
group and 5.18% in the test 
group. Additionally, there were 
no significant differences in 
tumor burden between nega-
tive control and test groups.

Inhibitory effects of metastin 
on lung metastatic foci after 
inoculation of SUNE-1-5-8F 
cells 
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using an optical microscope. The maximum 
number and longest diameter of the lung me- 
tastatic tumors in the test group were 7 and  
2.3 mm, respectively. Moreover, the maximum 
number and longest diameter of the lung meta-
static tumors in the negative group were 16 
and 2.8 mm, respectively. The average number 
of lung metastatic tumors was 9.4 for the  
negative control group and 3.9 for the test 
group. After comparing the average number of 
lung metastatic tumors between the test and 
negative control groups, it was found that the 
metastatic inhibition rate of metastin was 
58.5%. There were significant differences in 
the numbers of lung metastatic tumors be- 

Metastatic tumor cells showed various sizes 
and different morphologies, as observed by 
hematoxylin-eosin staining. The nuclei were 
enlarged, with increased mitotic counts and 
pathological mitosis (Figure 4B). Immunohis- 
tochemical staining indicated strong positive 
expression of kisspeptin in the metastin treat-
ment group, in contrast to weak expression lev-
els of kisspeptin in the control group (Figure 
4B). 

Discussion 

Migration, one of the most important biologi- 
cal behaviors of tumors, is closely associated 

Figure 3. Inhibitory effects of metastin for (A) tumor mass and (B) tumor 
volume of subcutaneous transplanted tumors in nude mice. There were no 
significant differences in the tumor mass and tumor volume between the 
negative control and test groups; (C) Inhibitory effects of metastin on lung 
metastatic foci. There were significant differences in the average number of 
lung metastatic tumors between the negative control and test groups (p < 
0.01); (D) There were no significant differences in the mean diameter of lung 
metastatic tumors between the negative control and test groups; (E) Inhibi-
tory effects of metastin on lung metastatic foci after inoculation of SUNE-
1-5-8F cells. (a) Metastin treatment group; (b) Negative control group. The 
red arrow indicates the metastatic tumor in the whole lung. **indicates p 
< 0.01.

tween the two groups (p < 
0.01) (Figure 3C). The average 
diameter of the lung metas- 
tatic tumors was 1.76 for the 
negative control group and 
1.43 for the test group. There 
were no significant differenc-
es in mean diameters of the 
lung metastatic tumors (Fig- 
ure 3D, 3E). 

Effects of metastin on sur-
vival of mice inoculated with 
SUNE-1-5-8F cells 

After treating the mice bear- 
ing SUNE-1-5-8F cells with 
metastin, the average survi- 
val time was 56.40 ± 7.03 
days. The average survival 
rate of the control mice was 
39.40 ± 6.31 days. The aver-
age survival rate of the test 
group was 58.5% longer than 
that of the control group (p < 
0.05). Moreover, the survival 
time of mice treated with 
metastin was 17 days longer 
than that of untreated mice. 
The two survival curves were 
separated after 30 days (Fig- 
ure 4A). Present findings indi-
cate that metastin exerts sig-
nificant anti-tumor effects.

Hematoxylin-eosin staining 
and immunohistochemical 
staining of lung metastatic 
tumors 
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with angiogenesis and invasiveness [25, 26]. 
Migration is regulated by multiple genes. KISS-
1 has recently been identified as a metastasis 
suppressor gene [27]. The 54 amino acids at 
the carboxyl terminal (68-121) of kisspeptin, 
which is encoded by KISS-1, are known as 
metastin. Metastin has been found to provide 
inhibitory effects on the migration of many tu- 
mor cells. Zhu et al. analyzed expression levels 
of kisspeptin and its ligand in 55 patients with 
liver metastases from colorectal cancer using 
immunohistochemistry [28]. They reported that 
the rate of distant metastasis in patients with 

Metastin inhibits migration and invasion of 
tumor cells by downregulating matrix metal- 
loprotein-9 (MMP-9) expression. Migratory tu- 
mor cells must pass through the extracellular 
matrix. The main function of MMP-9 is to main-
tain a balance between degradation and re- 
modeling of the extracellular matrix. Therefore, 
increased MMP-9 expression can promote me- 
tastasis. However, metastin can reduce expres-
sion of MMP-9, inhibiting migration and inva-
sion [31]. Chen et al. constructed a lentiviral 
vector pGC-LV-Kiss-EGFP and transfected it 
into colorectal cancer HCT116 cells, aiming to 

Figure 4. (A) Effects of metastin on the survival curve of mice inoculated with 
SUNE-1-5-8F cells (MST, mean survival time); (B) Hematoxylin-eosin staining 
of lung metastatic tumors in the (a) metastin treatment group and (b) nega-
tive control group. Immunohistochemical staining of lung metastatic tumors 
in the (c) metastin treatment group and (d) negative control group. 

low kisspeptin expression was 
far higher than that in patients 
with high kisspeptin expres-
sion (p < 0.05). Moreover, th- 
ose with high kisspeptin ex- 
pression had higher five-year 
survival rates. Kang et al. 
demonstrated that metastin 
can inhibit the distant metas-
tasis of endometrial cancer 
cells by binding to GPR54  
[29]. In addition, GPR54 ex- 
pression levels were closely 
associated with FIGO staging, 
grading, and deep myometri-
um (p < 0.05). Zhang et al. 
used immunohistochemistry 
for paired tumors and adja-
cent non-tumor tissues from 
40 patients with osteosarco-
ma [30]. They illustrated that 
KISS-1 expression in tumor 
tissues was significantly lower 
than that in adjacent non-tu- 
mor tissues. Moreover, KISS- 
1 expression negatively corre-
lated with distant metastasis 
(p < 0.05). KISS-1 inhibited 
tumor cell migration and inva-
sion by regulating p38 MAPK 
and MMP-9. Although metast-
in can inhibit migration and 
invasion of many tumor cells, 
the regulatory mechanisms 
remain unknown. Understan- 
ding the mechanisms of me- 
tastatic suppression is critical 
in reducing rates of distant 
metastasis and improving out-
comes of lung tumors. 
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induce overexpression of the KISS-1 gene [31]. 
As a result, the tumor suppressor protein I-κB 
in NF-κB signaling pathways was upregulated, 
while the downstream effector protein matrix 
metalloproteinase-9 (MMP-9) was downregu-
lated. Therefore, MMP-9 can reduce cell adhe-
sion, degrade the extracellular matrix, and pro-
mote metastasis [28]. 

Metastin also inhibits migration and invasion of 
tumor cells by inhibiting tumor angiogenesis. 
Tumor angiogenesis is the basis of tumor gr- 
owth, invasion, and metastasis [32, 33]. Va- 
scular endothelial growth factor-A (VEGF-A) is 
the most specific angiogenic factor of the VEGF 
family that can induce angiogenesis [34-37]. 
VEGF-A expression increases during tumor gr- 
owth. Metastin can reduce expression of VE- 
GF-A and inhibit growth, migration, and inva-
sion of tumors [38, 39]. 

Several studies have proposed other inhibitory 
mechanisms of metastin on tumor metastasis: 
(1) Binding of metastin (kisspeptin-54, ligand) 
encoded by the KISS-1 gene to the receptor 
GPR54 encoded by the paired gene HOT7T175 
can activate phospholipase C, which is abun-
dant in tumor cells. This leads to an increase of 
calcium ions in tumor cells, promoting differen-
tiation and apoptosis [40]; (2) When GPR54 
encoded by the HOT7T175 gene is activated, 
expression of several adhesion factors that af- 
fect tumor metastasis is upregulated, inhibit- 
ing the migration of tumor cells; (3) Metastin 
can inhibit TNFα-Rho A-NF-κB signaling path-
ways via paracrine and autocrine mechanisms, 
inhibiting gene transcription mediated by NF-κB 
and migration and invasion of tumor cells [17, 
24, 41]. 

In cell experiments, metastin has shown signifi-
cant dose-dependent inhibitory effects on the 
human NPC SUNE-1-5-8F cell line (p < 0.05). 
Although metastin did not significantly inhi- 
bit the proliferation of tumor cells in the nude 
mouse model, it could reduce lung metastas- 
es (p < 0.05). This considerably prolonged the 
survival of mice (p < 0.05). In conclusion, me- 
tastin plays an important inhibitory role in the 
migration of NPC cells. Thus, metastin may of- 
fer a new solution, reducing distant metastas- 
is of tumors and prolonging survival times of 
tumor patients. 
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