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Abstract. The present study aimed to investigate the effects of 
colony-stimulating factor-1 receptor (CSF-1R) on proliferation, 
migration and invasion in the human nasopharyngeal carci-
noma (NPC) 6-10B cell line, and to investigate the possible 
underlying mechanisms. Using a lentiviral transfection 
method, a virus carrying the CSF-1R gene was transfected into 
6-10B cells. The expression of CSF-1R was then detected by 
reverse transcription-quantitative polymerase chain reaction 
and western blot analysis, and was revealed to be markedly 
enhanced in 6-10B cells. Subsequently, an MTT assay was 
performed to assess cell proliferative ability, and flow cyto-
metric analysis was utilized to measure the apoptotic rate 
of the cells. Wound healing and Transwell assays were also 
performed to observe cell migration and invasion capabili-
ties. Additionally, western blot analysis was used to detect the 

protein expression of the proliferation and apoptosis signaling 
factors cyclin D1, B-cell lymphoma 2, Bcl-2-associated X 
protein, and phosphorylated and total extracellular protein 
kinase B (Akt/PKB) in 6-10B cells. The results showed that 
CSF-1R overexpression promoted the proliferation, migra-
tion and invasion of the 6-10B cells. The corresponding 
mechanism may be associated with activation of the phos-
phoinositide 3-kinase/Akt pathway, which promotes cell 
survival and proliferation. These results indicated a potential 
molecular target for the treatment of NPC.

Introduction

Nasopharyngeal carcinoma (NPC), which originates in 
the nasopharynx, is the most common type of head and 
neck malignancy in Southern China and certain regions of 
Southeast Asia. Currently, the standard treatment for NPC 
consists of concurrent chemo-radiotherapy, followed by 
adjuvant chemotherapy (1). Despite marked improvements 
in clinical treatments for NPC, neck lymph node metastasis 
occurs in up to 75% of NPC patients, which represents an 
unfavorable prognostic factor for the disease (2). Radiotherapy 
resistance is a cause of local recurrences and distant metas-
tases (3). A previous study revealed that colony-stimulating 
factor-1 receptor (CSF-1R) expression was 4.1-times higher 
in NPC patients who were resistant to radiation than in those 
who were sensitive to radiation (4). Furthermore, the expres-
sion of CSF-1R in NPC tissues was markedly higher than that 
in the nasopharyngitis tissues, and patients with moderate or 
strong-intensity of CSF-1R expression were more likely to 
develop metastasis and recurrence (5). Therefore, a greater 
understanding of the biological features of NPC is urgently 
required.

CSF-1R, a member of the receptor tyrosine kinase (RTK) 
family, is one of the main regulatory factors in the immune 
system, and is encoded by the proto-oncogene c-fms. Ligand 
binding activates CSF-1R through a process of oligomeriza-
tion and trans-phosphorylation, to ultimately activate tyrosine 
kinase signaling pathways, which may result in tumor cell 
proliferation (6). Growing evidence has indicated that 
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CSF-1R, together with its ligand colony-stimulating factor 1 
(CSF-1/M-CSF), serves an important role in the development 
of cancer and may be involved in the process of carcinogen-
esis, and tumor cell proliferation and metastasis (7,8). Thus 
far, CSF-1R has been revealed to be upregulated in breast 
cancer (9), ovarian cancer (10) and head and neck malignan-
cies (11). The expression of CSF-1R in the blood has been 
identified as a biomarker in numerous malignant tumors (12). 
A previous study demonstrated that CSF‑1R amplification in 
breast cancer increased cell proliferation (13). In addition, 
another study reported that the CSF-1R inhibitor signifi-
cantly reduced the volume of microglia and suppressed the 
proliferative and invasive abilities of the cells (14). However, 
the effects of CSF-1R on NPC and the possible underlying 
mechanisms of this have not yet been evaluated. Therefore, 
the present study investigated the potential promotional effects 
of CSF-1R on the proliferation, migration and invasion of the 
6-10B NPC cell line, and the possible molecular mechanisms 
underlying CSF-1R-induced cell proliferation and metastasis 
in NPC.

Materials and methods

Cell culture. The human NPC 6-10B cell line was obtained 
from Sun Yat-Sen University Cancer Centre (State Key 
Laboratory of Oncology in South China, Guangzhou, China). 
The cells were cultured in RPMI-1640 medium (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, 
Inc.) in a humidity‑controlled 37˚C incubator with 5% CO2. 
The medium was refreshed every other day.

Transfection. Lentiviral vectors were constructed by Shanghai 
GeneChem Co., Ltd. (Shanghai, China). The viruses carried 
the enhanced green f luorescent protein (eGFP) gene. 
CSF-1R (NM 005211; GeneChem Co., Ltd., Shanghai, 
China) was transformed into GV358 vector (GeneChem Co., 
Ltd., Shanghai, China) using ClonExpressTM II One Step 
Cloning kit (Vazyme Biotech Co., Ltd., Nanjing, China). The 
constructs were then transfected into 293T cells (GeneChem 
Co., Ltd., Shanghai, China) with lentiviral packaging vectors 
using Lipofectamine 2000 (Thermo Fisher Scientific, Inc.). 
Lentivirus was collected 48 h after transfection and used 
to infect the 6-10B cells. The viruses were diluted in sterile 
phosphate-buffered saline (PBS) to a final titer of 5E+8 TU/ml. 
Lentiviruses carrying the CSF-1R gene (ID, LV-CSF1R) or a 
control vector were transfected into 6-10B cells respectively 
when cell confluence reached 20‑30%. Expression of the eGFP 
protein was assessed 3 days following transfection to deter-
mine transfection efficiency using an inverted fluorescence 
microscope at magnification, x100. CSF-1R expression in 
the 6-10B cells treated with control vector (control group) or 
CSF-1R overexpression vector (transfection group) was then 
verified using reverse transcription‑quantitative polymerase 
chain reaction (RT-qPCR) and western blot analysis.

RT‑qPCR. Total RNA was extracted from the 6-10B cells 
using TRIzol® reagent (Ambion; Thermo Fisher Scientific, 
Inc.). cDNA was synthesized using a FastQuant RT kit 
(Tiangen Biotech Co., Ltd., Beijing, China) according to 

the manufacturer's protocol with the following temperature 
protocol: 42˚C for 15 min, followed by 95˚C for 3 min and then 
cooling on ice at 4˚C for 10 min. Subsequently, 100 ng total 
cDNA was added per 25-µl reaction with CSF-1R or GAPDH 
primers, and quantitative PCR analysis was performed using 
a SuperReal PreMix Plus SYBR Green PCR kit (Tiangen 
Biotech Co., Ltd.), according to the manufacturer's protocols. 
The reactions are typically performed on a PCR machine, and 
the qPCR thermo cycling conditions were as follows: 95˚C 
for 15 min, 40 cycles of 95˚C for 10 sec and 60˚C for 32 sec. 
Finally, the data were analyzed using the 2-ΔΔCq method (15) 
with GAPDH expression as the endogenous control. All 
mRNA primers were designed with Primer Premier 5.0 
software (Premier Tech Co, Ltd., Quebec, Canada) and synthe-
sized by Thermo Fisher Scientific, Inc. The qPCR primers 
used to amplify the CSF-1R and GAPDH genes are as follows: 
CSF-1R forward, 5'-TCT GGT CCT ATG GCA TCC TC-3' and 
reverse, 5'-GAT GCC AGG GTA GGG ATT C-3'; and GAPDH 
forward, 5'-AGC CAC ATC GCT CAG ACA C-3' and reverse, 
5'-GCC CAA TAC GAC CAA ATC C-3'.

Western blot analysis. Cells were harvested and lysed in radio-
immunoprecipitation assay cell lysis buffer (Beyotime Institute 
of Biotechnology, Haimen, China), mixed with protease 
inhibitor cocktail (100:1), on ice for ~30 min. The cells were 
then pelleted by centrifugation at 4˚C for 20 min at 12,000 x g. 
Total protein was extracted from the supernatant and the 
concentration was determined using a bicinchoninic acid assay 
kit (Beyotime Institute of Biotechnology). Equal amounts of 
protein (40 µg) were separated on a 12% SDS-PAGE gel and 
were transferred onto polyvinylidene difluoride membranes. 
The membranes were subsequently blocked with 3% bovine 
serum albumin for 1 h at room temperature, prior to being incu-
bated overnight at 4˚C with the following antibodies: Polyclonal 
rabbit anti-CSF-1R (dilution, 1:1,000; catalog no. 3152; Cell 
Signaling Technology, Inc., Danvers, MA, USA), monoclonal 
rabbit anti-cyclin D1 (dilution, 1:1,000; catalog no. ab134175; 
Abcam, Cambridge, UK), monoclonal rabbit anti-Bcl-2 (dilu-
tion, 1:1,000; catalog no. 4223; Cell Signaling Technology, 
Inc.), monoclonal rabbit anti-Bax (dilution, 1:2,000; catalog 
no. ab32124; Abcam, Cambridge, UK), monoclonal rabbit 
anti-Akt (dilution, 1:1,000; catalog no. 9272; Cell Signaling 
Technology, Inc.), monoclonal rabbit anti-phosphorylated 
(p)-Akt (dilution, 1:2,000; catalog no. 4060; Cell Signaling 
Technology, Inc.) and monoclonal rabbit anti-GAPDH (dilu-
tion, 1:1,000; catalog no. ab181602; Abcam). Membranes were 
subsequently incubated with a goat anti-rabbit IgG secondary 
antibody (dilution, 1:3,000; catalog no. 7074; Cell Signaling 
Technology, Inc.) for 1.5 h at 37˚C. Following washing three 
times with TBST, signals were detected with an enhanced 
chemiluminescence detection system (Pierce; Thermo Fisher 
Scientific, Inc.).

MTT assay. 6-10B cells transfected with the control vector 
(control group) or the CSF-1R vector (transfection group) were 
seeded onto 96-well plates at a density of 1,000 cells/well. 
Following incubation for 24, 48, 72, 96 or 120 h, 20 µl MTT 
reagent was added (at a final concentration of 0.5 mg/ml). The 
cells were then cultured for another 4 h and 150 µl dimethyl 
sulfoxide was added to each well to dissolve the purple 
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formazan. The cells were subjected to an absorbance reading 
at 490 nm using a 96-well microplate reader. All experiments 
were performed in triplicate. Cell proliferation was evaluated 
at 24, 48, 72, 96 or 120 h.

Flow cytometric apoptosis assay. The two groups of 6-10B cells 
were seeded onto 6-well plates and trypsinized when the cells 
reached 70‑80% confluence. Annexin V and propidium iodide 
(PI) staining was performed using an Annexin V-APC/7-AAD 
Apoptosis Detection kit (Nanjing KeyGen Biotech Co., Ltd., 
Nanjing, China), according to the manufacturer's protocols. 
Following incubation for ~15 min in the dark, apoptotic 
cells were immediately analyzed by a f low cytometer 
(fluorescence‑activated cell sorting; BD Biosciences, Franklin 
Lakes, NJ, USA). Using Annexin V-APC and 7-AAD staining 
enables different stages of cell apoptosis to be distinguished. 
For example, APC-positive and 7-AAD-negative staining 
indicates early apoptotic cells, while 7-AAD-positive and 
APC-positive staining indicates late apoptotic cells. FlowJo 
7.6 software (Tree Star Inc., Ashland, OR, USA) was used to 
calculate rate of apoptosis.

Wound healing assay. The two groups of 6-10B cells were 
cultivated in 6-well plates (5x105 cells/well). When cell conflu-
ence reached 70-80%, a 200 µl pipette tip was used to scrape 
a line-shaped wound in the cell monolayer on each plate. Cells 
were subsequently cultured for 24 h in serum-free medium. 
Cell migration was evaluated at 0, 12 and 24 h by a light 
microscope at magnification, x100 (Olympus Corporation, 
Tokyo, Japan).

Transwell invasion assay. An invasion assay was performed 
in a 24-well Transwell chamber (Corning Incorporated, 
Corning, NY, USA). A total of 5x104 cells were seeded onto 
filters pre-coated with Matrigel with 150 µl serum-free 
RPMI-1640 medium. The lower chamber was supplied with 
500 µl medium containing 10% FBS. After culturing for 24 h, 
all the medium was removed. The filters were fixed with 95% 
methanol for 15-20 min at room temperature and stained with 
0.05% crystal violet for 20 min at 25˚C, prior to being washed 
three times with PBS. Finally, the number of cells adhered to 
the bottom of the filters was counted using a light microscope 
at magnification, x100.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Student's t-test was used to compare the diversity 
between the two groups, using SPSS statistical software 
version 22.0 (IBM Corp., Armonk, NY, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Overexpression of CSF‑1R in 6‑10B cells. Following the 
transfection of a CSF-1R overexpression vector into 6-10B 
cells, the transfection efficiency was analyzed by inverted 
fluorescence microscopy (Fig. 1A). Subsequently, RT‑qPCR 
analysis revealed that the mRNA expression of CSF-1R 
was significantly upregulated in the transfection group, but 
was downregulated in the control group (Fig. 1B; P<0.01). 
Similarly, the protein expression of CSF-1R was markedly 

increased in the transfection group (Fig. 1C; P<0.01), which 
indicated that CSF-1R was successfully overexpressed in the 
6-10B cells.

CSF‑1R overexpression induces the proliferation of 6‑10B 
cells. 6-10B cell proliferation was measured via an MTT 
assay. As demonstrated in Fig. 2, the number of 6-10B cells 
in the transfection group significantly increased from day 4, 
compared with that in the control group (P<0.05), which 
suggested that CSF-1R overexpression promoted 6-10B cell 
proliferation.

CSF‑1R overexpression reduces the apoptosis of 6‑10B cells. 
In order to assess whether CSF-1R was able to inhibit the apop-
tosis of 6-10B cells, staining with Annexin V-APC and 7-AAD 
was performed. As demonstrated in Fig. 3, a lower rate of cell 
apoptosis was observed in the transfection group compared 
with that in the control group, with regards to early-stage and 
late-stage apoptosis (10.82±0.75 vs. 17.11±0.46%; P<0.05). 
This result revealed that CSF‑1R overexpression significantly 
inhibited the apoptosis of 6-10B cells.

CSF‑1R overexpression promotes 6‑10B cell migration and 
invasion. In order to demonstrate the effects of CSF-1R on 
cell invasion, an invasion assay was performed, in which 
cells passing through the polycarbonate membrane of a 
Transwell invasion chamber were counted. Five visual fields 
were randomly selected to calculate the average number 
of migrated cells in each group, which was determined to 
be 180.400±9.633 per field in the transfection group and 
19.200±5.541 per field in the control group (magnification, 
x100; Fig. 4A). Analysis of these results indicated that the 
invasive ability was significantly increased in the cells over-
expressing CSF-1R compared with that in the control cells 
(Fig. 4B; P<0.01).

In order to prove that CSF-1R regulates cell migration, the 
migration of cells was assessed in a wound healing assay. As 
demonstrated in Fig. 5, CSF-1R expression markedly acceler-
ated cell migration in the transfection group. Overall, these 
results suggested that CSF-1R may induce 6-10B cell invasion 
and migration.

CSF‑1R overexpression enhances the activity of PI3K/Akt 
in 6‑10B cells. To determine whether CSF-1R may promote 
cell proliferation by activating the PI3K/Akt pathway, western 
blotting was performed to analyze the protein expression of 
cyclin D1, Bcl-2, Bax, Akt and p-Akt. Notably, the expression 
of p-Akt was increased in the transfection group (Fig. 6A). 
Accordingly, the expression of cyclin D1 (Fig. 6B) and Bcl-2 
(Fig. 6C) was also enhanced. By contrast, Bax, as a factor that 
inhibits tumor growth, was downregulated (Fig. 6C). These 
results indicated that the activation of PI3K/Akt signaling 
may mediate the increased proliferative ability of 6-10B cells 
overexpressing CSF-1R.

Discussion

Although substantial progress has been achieved in the 
treatment of human NPC via radiotherapy, the 5-year local 
recurrence rate of patients remains at 30, and 30-60% of 
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patients experience metastasis (16). Radiotherapy resistance 
is a cause of local recurrence and distant metastases. The 
involvement of CSF-1R in NPC has recently been a focus 
of research. CSF-1R is established as a member of the 
receptor tyrosine kinase (RTK) family, and is involved in 
regulating the immune system (17,18). To date, it has been 
demonstrated that the expression of CSF-1R and its ligand 
in neoplastic epithelial cells is correlated with metastasis, 
angiogenesis and cell invasion, resulting in poor prognosis 
and recurrence (19). Accumulating evidence has proven that 
PI3K/Akt pathways are involved in RTK-induced progres-
sion and migration in human cancer cell lines (20). However, 
few studies have focused on the effects of CSF-1R on NPC 
cells.

Therefore, the present study overexpressed CSF-1R in 
the human NPC 6-10B cell line by lentiviral transfection 
(Fig. 1A), and measured its expression level by RT-qPCR 

(Fig. 1B) and western blot analysis (Fig. 1C). Subsequently, 
a series of tests were performed to compare the proliferation, 
migration and invasion abilities of the transfection group with 
those of a control group (Figs. 2-5). The results demonstrated 
that cell proliferation, migration and invasion were increased 
in the transfection group when compared with their levels 
in the control group. Furthermore, p-Akt protein abundance 
was increased following CSF-1R overexpression. As a conse-
quence, the protein abundance of cyclin D1 and Bcl-2 was also 
increased, whereas that of Bax was decreased (Fig. 6), which 
suggested that the CSF-1R-induced proliferation of 6-10B 
cells involved p-Akt activation. Therefore, it may be hypoth-
esized that CSF-1R elicits the PI3K/Akt pathway, involving 
Akt phosphorylation, to induce cyclin D1 and Bcl-2 expres-
sion and reduce Bax expression, and ultimately promote cell 
proliferation.

It is well known that cyclin D1 belongs to the highly 
conserved cyclin family and primarily functions as a factor 
that promotes cell proliferation. Namely, it regulates the 
transition of the G1 phase into the S phase by dimerizing 
with CDK4/6. Any mutation, amplification or overexpres-
sion of this gene may alter cell cycle progression, which may 
contribute to tumorigenesis (21). Cyclin D1 overexpression 
contributes to increased chemotherapeutic resistance and 
protection from apoptosis, resulting in tumor progression. 
Furthermore, cyclin D has been widely confirmed as a 
biomarker in breast carcinoma (22), with its overexpression 
leading to tumorigenesis and malignancy. To date, cyclin 
D1 expression has been detected at very high levels in 
numerous types of malignant tumor, including head and 
neck squamous cell carcinoma (23), breast carcinoma (24), 
ovarian cancer (25), colorectal cancer (26) and gastric 
cancer (27).

Members of the Bcl-2 family are among the most estab-
lished regulators of apoptosis. The Bcl-2 family proteins 

Figure 2. Cell proliferation increased significantly in the colony‑stimulating 
factor 1 receptor transfection group from day 4. *P<0.05 compared with the 
transfection group.

Figure 1. Overexpression of CSF‑1R in 6‑10B cells. (A) Transfection efficiency was detected using an inverted fluorescence microscope (magnification, x100). 
(B) The mRNA expression level of CSF-1R in human nasopharyngeal carcinoma 6-10B cells following transfection with a CSF-1R lentiviral vector. (C) The 
protein expression of CSF-1R in human nasopharyngeal carcinoma 6-10B cells following lentiviral transfection. (D) The relative protein expression levels 
of CSF-1R in the transfection group and the control group were assessed. GADPH was used as the loading control for the western blot analyses. **P<0.01 
vs. control group. CSF-1R, colony-stimulating factor 1 receptor.
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are divided into two groups according to their function: 
One group includes Bcl-2, B-cell lymphoma-XL and 
Bcl-2-like protein 2, all of which promote apoptosis, while 
the other group includes Bax, Bcl-2 homologous antagonist 
killer and phorbol-12-myristate-13-acetate-induced protein 
1, which inhibit apoptosis. These proteins control apoptosis 
by regulating outer mitochondrial membrane permeability 
and the release of cytochrome C (28). Bcl-2 is generally 
considered to be an anti-apoptotic protein that serves an 
important role in promoting cellular survival and inhibiting 
the actions of pro-apoptotic proteins (29). By contrast, Bax 
is identified as a pro-apoptotic member of the Bcl-2 protein 
family that stimulates apoptosis by heterodimerizing with 
Bcl-2 to inhibit its anti-apoptotic function (30). To date, 
it has been widely reported that the Bcl-2/Bax ratio is a 
key factor that reflects the degree of cell apoptosis resis-
tance (31). The present study demonstrated that CSF-1R 
overexpression was able to increase the expression of Bax 
and reduce the expression of Cyclin D1 and Bcl-2. From 
these results, it may be concluded that CSF-1R overexpres-
sion promotes proliferation and inhibits apoptosis in NPC 
6-10B cells.

Figure 5. Effect of CSF-1R on cell migration assessed by a wound healing 
assay. Overexpression of CSF-1R markedly stimulated cell migration 
compared with control group. CSF-1R, colony-stimulating factor 1 receptor; 
Akt, protein kinase B; p-Akt, phosphorylated Akt; Bcl-2, B-cell lymphoma 2; 
Bax, Bcl-2-associated X protein.

Figure 4. Effect of CSF-1R on cell invasion was assessed using a Transwell assay. (A) The number of cells that invaded to the underside of the chamber in the 
transfection group was significantly higher than that in the control group. (B) Statistical analysis of the number of migrated cells. **P<0.01 compared with the 
control group. CSF-1R, colony-stimulating factor 1 receptor.

Figure 3. CSF‑1R reduced the cell death rate of human nasopharyngeal carcinoma 6‑10B cells. (A) Cell apoptosis was detected by fluorescence‑activated cell 
sorting following staining. (B) The percentage of apoptotic cells was significantly lower in the transfection group than in the control group. *P<0.05 compared 
with the control group. CSF-1R, colony-stimulating factor 1 receptor.
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The PI3K/Akt pathway is an intracellular signaling 
pathway that is associated, not only with tumor prolifera-
tion and survival, but also with invasion and metastasis (32). 
Only class I PI3K has been shown to regulate this pathway 
and is associated with tumor cell behavior. By interacting 
with growth factors or linked proteins that possess phos-
phorylated tyrosine residues, PI3K is activated, resulting in 
the generation of the second messenger phosphatidylino-
sitol-3,4,5-triphosphate (PIP3). PIP3 then combines with 
Akt and phosphoinositide-dependent kinase-1 (PDK1), 
thereby stimulating PDK1 to phosphorylate Thr(308) on 
the central kinase catalytic domain of Akt. Subsequently, 
Akt is activated and phosphorylates specific downstream 
proteins, including the pro-apoptotic proteins of the 
Bcl-2 family and glycogen synthase kinase 3 (GSK-3), 
thereby preventing the phosphorylation and degradation 
of cyclin D1 (33). Several RTKs regulate the activation of 
the PI3K/Akt pathway (34). It has been reported that, by 
inhibiting the activity of PI3K, cell proliferation may be 
significantly reduced and cell cycle progression prohibited; 
however, these effects may be prevented when activated 
Akt (p-Akt) is expressed (32).

The present study further revealed that one of the RTK 
family members, CSF-1R, may promote cell proliferation 
and inhibit cell apoptosis via the PI3K/Akt pathway. It was 
revealed that CSF-1R activated PI3K-dependent Akt phos-
phorylation, resulting in the upregulation of Cyclin D1 and 
Bcl-2 and the downregulation of Bax. Consequently, there 
was an increase in cell cycle progression and a reduction in 
cell apoptosis. However, these observations were based on 
one cell line, and future studies involving additional cell lines 
and more clinical data are required to confirm these effects in 
patients with NPC.

In conclusion, the present study demonstrated that CSF-1R 
promoted the proliferation, migration and invasion of the 
6-10B NPC cell line. The possible underlying mechanisms 
may involve activation of the PI3K/Akt pathway. These find-
ings provide further understanding of the processes underlying 

NPC development, and indicate that a CSF-1R inhibitor may 
be an effective treatment for NPC.
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