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Background: Kisspeptins (kp) activate a receptor coupled to a Gαq subunit (GPR54 or KiSS‑1R) receptor 
to perform a variety of functions, including inhibition of cell motility, chemotaxis, and metastasis. In this 
study we have investigated whether kp‑10, the most potent member of the kisspeptin family, can modulate 
CXCR4 (C‑X‑C chemokine receptor type 4) expression and mesenchymal stem cells (MSCs) migration that 
may influence the development of tumors.
Materials and Methods: We compared the directional migration of MSCs treated with 10‑100 or 500 nM 
kp‑10 for 24 hours and no treated cells using an in vitro transmembrane migration assay. In addition, 
Chloromethylbenzamido Dialkylacarbocyanine (CM‑Dil) labeled adipose‑derived mesenchymal stem cells 
treated with 10‑100 or 500 nM kp‑10 and no treated cells were transfused via the tail vein to the melanoma 
tumor bearing C57BL/6 mice. After 24 hours, the mice were scarified, the tumors were dissected, and the 
tumor cell suspensions were analyzed by flow cytometry for detection of CM‑Dil+ MSCs.
Results: We have found that kp‑10 increased the MSCs migration at 100 nM, while it decreased the MSCs 
migration at 500 nM, both in vitro and in vivo, with a significant increase of CXCR4 expression at 100 nM kp‑10 
compared to the no treated cells, but it had no significant difference between the various concentrations of kp‑10.
Conclusion: Thus, our data showed that kp‑10 can differently affect MSCs migration in various concentrations, 
probably through different effects on CXCR4 expression in various concentrations.
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marrow and adipose tissue. They are a relatively 
available pool of stem cells, able to differentiate into 
various cell types like osteoblasts, chondrocytes, 
fibroblasts, and adipocytes.[1] It has been shown 
that MSCs migrate to the sites of injury, ischemia, 
and tumor microenvironments. It has been recently 
identified that MSCs can modulate tumor progression. 
They exert their growth‑promoting effects either 
via paracrine secretion of growth factors and 
anti‑apoptotic factors or by differentiating into 
tumor‑associated fibroblasts, which can enhance 
tumor growth, metastasis formation, and therapy 
resistance.[2‑4]

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent 
cells that reside in several adult tissues such as bone 
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The mechanisms by which MSCs migrate across the 
endothelium and home to the target tissues are not 
yet fully understood, however, extensive studies have 
shown that the migration of MSCs is dependent upon 
the different cytokine/receptor pairs SDF‑1/CXCR4, 
SCF‑c‑Kit, HGF/c‑Met, VEGF/VEGFR, PDGF/
PDGFR, MCP‑1/CCR2, and HMGB1/RAGE.[5]

A study on MSCs homing demonstrated that increased 
expression of CXCR4 (C‑X‑C chemokine receptor type 4) 
potentiates their movement into various tissues.[6] On 
the other hand SDF‑1 (Stromal cell‑drived factor‑1), 
which is known as CXCL12 (Chemokine (C‑X‑C motif) 
ligand 12)[7] exerts pleiotropic effects, to regulate the 
essential processes of tumor metastasis, such as, 
motility of malignant cells, their chemoattraction and 
adhesion and also plays an important role in tumor 
vascularization.[8]

One of the metastasis suppressor genes that specially 
inhibits the spread of tumor cells to distant organs 
is the KISS1 gene, which encodes a hydrophobic 
protein of the 145 amino acid that can be broken 
into a 54 amino acid metastin (kp‑54) and shorter 
peptides (kp‑10, kp‑13, kp‑14), which are collectively 
called kisspeptins, in which, kp‑10 is the shortest and 
the most active kisspeptin.[9‑11] They activate their 
cognate receptor GPR54 in different target tissues to 
perform a variety of functions, including inhibition of 
metastasis and monitoring of reproductive function. 
Also, a couple of kisspeptin/GPR54 can influence cell 
signaling by interaction with other receptors such as 
CXCR4 and GNRH receptors.[12] Kiss‑1 has been shown 
to suppress metastasis in melanoma, bladder cancer, 
gastric carcinoma, and thyroid, ovarian, endometrial, 
pancreatic, and esophageal cancers.[13‑20]

As MSCs migration to the tumor microenvironment 
may potentially influence the development of a tumor, 
this study aims to investigate whether kp‑10 can 
modulate MSCs migration and CXCR4 expression.

MATERIALS AND METHODS

Mesenchymal stem cell isolation and culture
The MSCs were isolated off the inguinal adipose 
tissues of a four‑ to five‑week‑old female C57BL/6 
mice (n = 4) (Center for Laboratory Animals, Pasteur 
Institute, Iran). Under sterile conditions, the adipose 
tissue was cut with a scalpel into millimeter pieces. 
The tissues were washed using phosphate buffered 
saline (PBS; Invitrogen, USA) and were treated with 
0.075% collagenase type I (Sigma‑Aldrich, USA) 
for 45 minutes, at 37°C, by manual stirring every 
10 minutes. The same volume of Dulbecco’s Modified 
Eagle Media (DMEM) supplemented with 10% Fetal 

bovine serum (FBS) was added to stop the process 
of digestion. The cellular content was obtained 
after centrifugation at 1400 rpm for 10 minutes. 
Following this, the cells were washed and cultured 
in a culture medium supplemented with 0.50 mg/ml 
amphotericin B (Gibco, USA), at 37°C, in 5% CO2, 
and the adherent MSCs were grown in a culture 
medium supplemented with 1 ng/ml fibroblast growth 
factor (FGF‑2) (Sigma‑Aldrich, USA) and 10 ng/ml 
epidermal growth factor (EGF) (Sigma‑Aldrich, USA) 
to maintain the cells in an undifferentiated state. The 
identification of mesenchymal stem cell markers was 
carried out using monoclonal antibodies against cells 
surface markers. Subsequently, after reaching 70‑80% 
confluency, the cells were used for experiments.[21]

Melanoma cell culture
The mouse melanoma cell line B16F10 (cell 
bank of Pasteur Institute, Iran) was cultured in 
DMEM (Sigma‑Aldrich, USA) supplemented with 10% 
FBS (Invitrogen, USA), 1 g/L glucose, 1% L‑glutamine, 
and 1% penicillin‑streptomycin (Invitrogen, USA), at 
37°C, in a CO2 atmosphere.[22]

Mesenchymal stem cell migration assay in vitro
The in vitro migration assay was performed in 
the transwell inserts, with an 8‑µm pore size, the 
membrane of which was uncoated (SPL, Germany). 
The cells were treated by PBS (Phosphate buffered 
saline) with 10‑100 or 500 nM kp‑10 (Anaspec, USA) 
for 24 hours and one other group of cells was not 
treated with kp‑10. Then the cells were trypsinized 
and a number of 2 × 104 mesenchymal stem cells in 
200 µl serum‑free medium were seeded into the top 
chamber. Then, 30% of Fetal calf serum (FCS) or 
4 × 104 melanoma cells in 500 µl medium were added 
to the lower chamber as a chemoattractant. After 
24 hours of incubation at 37˚C, the non‑migrated 
cells were removed from the top of the membrane, 
whereas, cells on the bottom of the membrane were 
trypsinized with 300 µl of trypsin and were suspended 
into the medium and counted in five minutes by flow 
cytometry (BD CaliburTM (Becton Dickinson)) after 
obtaining the appropriate gate. Results were obtained 
by three experiments.[23,24]

Mesenchymal stem cell migration assay in vivo
Female C57BL/6 mice, six to eight weeks of age 
were purchased from the Pasteur Institute of Iran. 
The animals were used according to the guidelines 
of the Institute of Health for the Care of Laboratory 
Animals and the Ethics Committee. The mice served 
as recipients for tumor inoculation of subcutaneous 
models of melanoma and injection of MSCs via the tail 
vein. The mice were divided into four groups and each 
one consisted of six mice. Melanoma cells numbering 
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106, in 200 µl volume of PBS were inoculated into the 
left back flank of the mice. To assess migration of the 
intravenously injected MSCs to melanoma tumors, 
CM‑Dil‑labeled MSCs were used on day 21. For each 
mouse about 5 × 105 MSCs were used, after 24 hours 
of treatment with 10‑100 or 500 nM kp‑10 (Anaspec, 
USA). The no‑treated cells were stained with the 
CM‑Dil (Molecular probes, USA) that was dissolved 
in dimethyl sulfoxide, and the cells were incubated 
at 37°C for five minutes, and subsequently at 4°C for 
15 minutes (density, 1 µg CM‑Dil per million cells), 
and then washed twice and re‑suspended in PBS, 
after which the cells were injected into the tail vein 
of the mice. After 24 hours, the mice were sacrificed 
and the tumors were dissected and treated with 0.1% 
collagenase type I and then lysed in Red Blood Cell 
Lysis Solution (BD Biosciences). After washing twice 
with PBS, the cell suspensions were analyzed by flow 
cytometry for detection of CM‑Dil+ MSCs.[25,26]

Flow cytometry analysis
Expression of the CXCR4 protein was determined in 
the MSCs of the fourth passage. A number of 5 × 104 
mesenchymal stem cells, after 24 hours of treatment 
with 10‑100 or 500 nM kp‑10 (Anaspec, USA), and 
also no treated cells, were trypsinized. Then the cells 
were washed with PBS twice and incubated with 5 µl 
of anti‑mouse CXCR4 PE (dilution 1:200, eBioscience, 
USA) or Rat IgG isotype control antibody for 45 minutes 
in the dark, under room temperature, and analyzed 
with flow cytometry (BD CaliburTM (Becton Dickinson)). 
The results were indicative of three experiments.[24,27]

Statistical analysis
Data were obtained from three experiments and 
were presented as mean ± SEM. Analysis of data was 
performed with SPSS 16.0 using the Kruskal‑Wallis 
test followed by the Mann‑Whitney test to determine 
a significant difference at P < 0.05 between the control 
and experimental groups.

RESULT

The effect of Kisspeptin‑10 on MSCs migration
We have evaluated the effect of kp‑10 on the migration 
of MSCs in vitro and in vivo. To assess migration 
in vitro, all the cells were treated with 10‑100 or 
500 nM kp‑10 for 24 hours and the no‑treated cells 
were seeded into the top chamber in a serum‑free 
medium and allowed to migrate across an uncoated 
transwell membrane for 24 hours, toward 30% FCS 
or melanoma cells, and the number of migrated 
cells were counted by flow cytometry. To evaluate 
migration in vivo, 24 hours after the MSC injection, 
the number of CM‑Dil+ MSCs in the cell suspension 
of the tumor was measured. There were statistically 

significant differences among the groups both 
in vitro and in vivo. The MSCs showed decreased 
migration ability toward 30% FCS at the highest 
concentration of kp‑10 compared to all the groups 
and also toward the melanoma cells and the tumor 
compared to 10 and 100 nM kp‑10, but migration at 
lower concentrations was increased, especially at 
100 nM kp‑10 compared to other groups, in all the 
experiments [Figures 1a‑c] (P < 0.05).

Results were as follows in the in vitro and in vivo 
experiments, respectively: No treated cells; 3479 ± 378, 
1515 ± 60, 152 ± 89, kp‑10 (10 nM); 5315 ± 700, 
2002 ± 112.1, 473 ± 79.7, kp‑10 (100 nM); 5475 ± 270, 
2408 ± 231.4, 676 ± 83.8, kp‑10 (500 nM); 1950 ± 300, 
1325 ± 125, 164 ± 90.5.

The effect of Kisspeptin‑10 on the expression of 
CXCR4 in MSCs
The expression level of CXCR4 in treated cells with 
10, 100, or 500 nM kp‑10 for 24 hours and no‑treated 
cells was determined after a 45‑minute incubation 
with anti‑mouse CXCR4 PE or Rat IgG isotype control 
antibody and was analyzed by flow cytometery. The 
expression of CXCR4 was significantly increased 
at 100 nM compared to the no‑treated cells, but it 
had no significant difference between the various 
concentrations of kp‑10 (P < 0.05) [Figure 2].

Figure 1: MSC Migration Assay. (A and B) Treated MSCs with 10‑100 
or 500 nM kp‑10 for 24 hours and the no‑treated cells were seeded 
into the top chamber of the Transwell (8 µm) in serum‑free medium 
and 30% FCS or melanoma cells was added to the bottom camber. 
After incubation for 24 hours, at 37°C, the number of migrated cells 
across the membrane was counted by flow cytometry. All the results 
are indicative of three experiments. (c) Number of CM‑Dil+ MSCs, 
24 hours after injection, was measured in cell suspension of tumor by 
flow cytometry (n = 6). kp-10 significantly decreased migration of MSCs 
toward 30% FCS at the highest concentration compared to all groups 
and toward melanoma cells and tumor compared to 10 and 100 nM 
kp‑10, but migration was increased at lower concentrations, especially 
at 100 nM kp‑10, compared to other groups in all experiments. Results 
were compared between groups by the Kruskal-Wallis test (* P < 0.05)
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Results were as follows: No treated cells; 5.14 ± 0.66, 
kp‑10 (10 nM); 7.3 ± 0.87, kp‑10 (100 nM); 9 ± 1.9, 
kp‑10 (500 nM); 7.3 ± 0.69.

DISCUSSION

To the best of our knowledge, this is the first study 
to investigate the effects of kp‑10 on MSCs migration 
and CXCR4 expression. Our results showed that 
kp‑10 significantly increased MSCs migration at 
the 100 nM concentration, while it decreased MSCs 
migration at 500 nM and increased CXCR4 expression 
at 100 nM kp‑10, compared to the no‑treated cells, but 
it had no significant difference between the various 
concentrations of kp‑10.

The KISS‑1 gene is one of the 14 genes that has been 
shown to suppress metastasis of malignant cells and 
it only binds the GPCR.[27] KISS‑1 can get involved 
with each step of the metastatic cascade including, 
invasion, angiogenesis, migration and homing, 
vessel infiltration, and proliferation. Kisspeptins 
activate their cognate receptor, GPR54, in diverse 
target tissues, to perform different functions, 
including, inhibition of tumor metastasis and control 
of reproductive function. However, there is reliable 
evidence to suggest that kisspeptin can activate 
many different signals through GPR54, which include 
activation of phospholipase c (plc) and accumulation 
of inositol triphosphate, mobility and mobilization 
of intracellular calcium, and activation of protein 
kinase c. Kisspeptin also has active pathways that are 
associated with MAPK, particularly ERK1/2, p38, and 

PI3K/Akt. In addition, couple kisspeptin/GPR54 can 
affect cell signaling by interaction with other receptors 
such as CXCR4 and GNRH receptors.[12,28]

The interesting finding of this study is that the highest 
concentration of kp‑10 reduced MSC migration. 
It is shown that tumors produce a number of 
cytokines and chemokins, which act as ligands 
for receptors. Extracellular signals transmitted 
through intracellular signaling pathways include 
phosphoinositide 3‑kinase (PI‑3K)/Akt, MAPK/
ERK1/2, and Rho GTP ase, to induce or modulate MSC 
migration.[29] The role of Rho A in the regulation of cell 
migration in cancer cells such as MDA‑MB231 and 
MDA‑MB435 is indicated.[9] Gu et al., 2003, have also 
shown that activation of the Rho GTPase status plays 
an important role in the proliferation and migration 
of the hematopoietic stem/progenitor cells.[6]

Cho et al., 2011, have demonstrated that Rho A is a 
downstream key protein of kiss1/kiss1R signaling for 
breast tumorogenecity and tumor progression and 
showed that 100 nmol/L concentration of kp‑10 in 
the HEK293 cells increases the GTP‑bound Rho A, 
thus it seems that kiss1/kiss1r signaling is required 
for cell growth and motility.[30] Furthermore, another 
study has reported that kp‑10 stimulates invasion of 
MDA‑MB231 and Hs578T breast cancer cells via an 
increase in MMP‑9 secretion and activity, such that 
maximum invasion and migration was observed by 
10 to 100 nM kp‑10.[9] However, some other studies 
reported that kp‑10 reduced cell migration in response 
to cellular stimuli in a dose‑dependent manner; kp‑10 
at 1 and 10 µM concentrations inhibited migration 
and invasion of MDA‑MB‑231 and MCF‑7 cells via 
activation of TNFα‑RhoA‑NF‑κB.[31] In addition, 
1 and 10 µM metastin induced ERK1 and P38 
activation in PANC‑1 cells and resulted in decreased 
cell migration.[19] In another study, it was reported 
that kp‑10 at a dose window of 10‑9 to 10‑11 M reduced 
breast cancer cell migration and Akt activation.[32] So, 
it seems that there is a distinctive dose‑dependent 
pattern effect of kisspeptin on cell migration and 
the underlying signal transduction pathways.[12] 
Furthermore, it seems that KISS1/KISS1R signaling 
could be cell‑type‑specific.[30]

Another finding was that kp‑10 significantly increased 
CXCR4 expression at 100 nM kp‑10 compared to the 
no‑treated cells, but it had no significant difference 
between the various concentrations of kp‑10.

Several studies have shown that mesenchymal stem 
cells have a very high tendency toward tumor cells 
and it appears that SDF‑1 and CXCR4 receptor play 
a major role in modulating the mobility of MSCs.[6,8] It 

Figure 2: Expression of CXCR4 in MSCs. Dot Plot shows the distribution 
pattern of sample cells, FL2 shows CXCR4+ cells. For each samples, 
5 × 104 cells were analyzed by flow cytometry. After 24 hours, the MSCs 
were treated with 10‑100 or 500 nM kp‑10 and the no‑treated cells diluted 
in PBS and incubated with anti‑mouse CXCR4 PE (dilution 1:200) or 
Rat IgG isotype control antibody for 45 minutes, in the dark, at room 
temperature. The fluorescence intensity was determined using flow 
cytometry. The expression of CXCR4 was increased at 100 nM compared 
to the no-treated cells, but it had no significant difference between various 
concentrations. The results are indicative of three experiments and are 
compared between groups with the Kruskal-Wallis test (*P < 0.05)
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has been reported that kp‑10 decreases the expression 
of CXCR4 in breast cancer cells at a dose of 10−8 to 
10−7 M.

It increased CXCR4 expression at 10−12 M kp‑10, but 
at the 10−11 and 10−9 M kp‑10 concentration no change 
in CXCR4 expression was observed.[32] On the other 
hand, Navenot et al., 2005, have shown that kp‑10 
blocked chemotaxis of tumor cells expressing CXCR4 
in response to SDF‑1/CXCL12, but they demonstrated 
that pretreatment with 100 nM kp‑10 did not induce 
the down‑modulation of CXCR4 expression on the cell 
surface, reduce affinity for SDF‑1/CXCL12 ligand or 
alter activation of the stimulated Gαi by this ligand.[27]

According to our knowledge this study is the first 
analysis of the effect of kp‑10 on the levels of CXCR4 
expression in MSCs. Similar to our results, Navenot 
and colleagues have shown that kp‑10 does not induce 
decreased expression of CXCR4. Thus in the present 
study, we suggest that kp‑10 can differently affect 
MSC migration in various concentrations, probably 
through different effects on CXCR4 expression in 
various concentrations, or maybe through distinct 
effects of different concentrations of kisspeptin on 
other signaling pathways such as MAPK/ERK1/2, 
Rho GTPase, Akt, and MMP‑9 activity. To observe 
this process we require further studies.

CONCLUSION

Our data showed that kp‑10 can differently affect 
MSCs migration in various concentrations, probably 
through different effects on CXCR4 expression in 
various concentrations.
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