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 Background: The purpose of this study was to determine whether cofilin-2 could serve as a protein marker for predicting 
radiotherapy response and as a potential therapeutic target in nasopharyngeal carcinoma (NPC).

 Material/Methods: Cofilin-2 protein levels in serum and tissue samples from patients with NPC were assessed by sandwich ELISA 
and IHC. In vitro, cofilin-2 levels in CNE-2R cells were significantly higher than those of CNE-2 cells. Meanwhile, 
CNE-2R cells were silenced for cofilin-2 to obtain a stable cofilin-2-RNAi-LV3 cell line. Then, cell proliferation, 
radiosensitivity, invasion and migration abilities, cell cycle, and apoptosis were evaluated by Cell Counting Kit 
8 assay (CCK-8), flow cytometry (FCM), clone formation assay, and in vitro.

 Results: The secreted levels of the cofilin-2 protein in radioresistant NPC patients were significantly higher than those 
of radiosensitive cases. After cofilin-2 knockdown in nasopharyngeal carcinoma CNE-2R cells, proliferation was 
decreased, while apoptosis and radiosensitivity were enhanced; cell cycle distribution was altered, and the 
transplanted tumors in nude mice grew significantly less.

 Conclusions: Overall, our findings suggest that cofilin-2 acts as a marker for predicting radiotherapy response and is a po-
tential therapeutic target in nasopharyngeal carcinoma.
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Background

Nasopharyngeal carcinoma (NPC) is a commonly diagnosed 
malignant tumor worldwide, with high prevalence in Chinese 
and Malay populations. In China, the southeast has the high-
est incidence, especially in Guangdong province and Hong 
Kong [1,2]. Radiation therapy is currently the most effective 
treatment option; however, local recurrence and distant me-
tastasis of NPC have been reported within a period of 1.5 years 
after treatment [3,4]. This suggests the presence of radiation-
resistant cells in NPC; indeed, radiation resistance in NPC has 
been widely reported [5,6]. Therefore, in the cancer radiother-
apy field, there is an urgent need for methods to eliminate 
or reverse radiation resistance in cells. Alsbeih et al. and oth-
ers reported that identifying molecular markers for predicting 
treatment sensitivity in NPC patients, as well as defining ra-
diation therapy sensitization pathways, could greatly improve 
the cure rate of NPC [7,8].

Occurrence of radiation resistance involves multiple gene muta-
tions that affect the expression levels and functions of diverse 
proteins. A previous study [9] used iTRAQ-labeled proteomic 
techniques to assess intracellular and extracellular differen-
tial proteins between CNE-2 and CNE-2R cells, and found that 
the secreted protein cofilin-2 is highly produced and secreted 
in CNE-2R cells. Therefore, cofilin-2 may be a protein marker 
and a potential therapeutic target for predicting radiothera-
py response in NPC.

The human cofilin-2 gene is localized on chromosome 14q12; 
cofilin-2 is a member of the actin depolymerization factor 
(ADF)/cofilin family, with a molecular weight of 18 kDa. Wang 
et al. showed that cofilin protein is overexpressed in sever-
al cancers and is associated with tumor prognosis [10–12]. In 
the present study, cofilin-2 protein levels in serum and tissue 
samples from NPC patients were assessed to explore the as-
sociations of radiosensitivity with clinical parameters. To fur-
ther assess the function of cofilin-2 in the NPC cell line CNE2R, 
cofilin-2 was knocked down, and cell proliferation, radiosensi-
tivity, cell cycle, and apoptosis were also evaluated.

Material and Methods

Serum and tissue samples

Serum samples were collected from 70 NPC patients who under-
went radical radiation therapy at the Affiliated Tumor Hospital 
of Guangxi Medical University from January December 2013 
to December 2015. Tissue specimens were collected from 70 
cases of NPC between September 2012 and October 2014 
in Guangxi Medical University Affiliated Tumor Hospital. All 
the patients were diagnosed by histopathology, with no prior 

radiotherapy or chemotherapy before serum and tissue collec-
tion. All patients were treated by Intensity Modulation Radiated 
Therapy (IMRT) with a total dose of 68.2–72.32 Gy, and a split 
dose of 2.18–2.26 Gy. Upon IMRT completion, the patients 
were divided into radiosensitivity and radioresistance groups 
according to therapeutic effects [13]. Radioresistant NPC pa-
tients were defined as individuals having a persistent disease 
(incomplete regression of primary tumor and/or neck lymph 
nodes) at >3 months or with local recurrent disease at the na-
sopharynx and/or neck lymph nodes at £12 months after com-
pletion of IMRT. Radiosensitive NPC patients were defined as 
subjects without local residual lesions (complete regression) 
at >3 months or local recurrent disease at >12 months after 
completion of IMRT. Each group included 35 patients. The de-
tailed clinical data are shown in Tables 1 and 2.

ELISA for serum cofilin-2 level assessment

Cofilin-2 levels in serum samples from patients with NPC were 
performed with a human cofilin-2 (CFL-2) ELISA Kit (DL-CFL2-
Hu, Develop, Canada) according the manufacturer’s instruc-
tions. Absorbance was read at 450 nm on a Bio-Rad spec-
trophotometer (Bio-Rad, Hercules, CA, USA). Standards and 
samples were repeated 3 times to take the average; Curve 
Expert 1.30 was used to derive cofilin-2 levels in each sample 
based on the standard curve generated.

Immunohistochemistry (IHC) for expression of cofilin-2 
quantitation

Immunohistochemistry (IHC) was used to assess cofilin-2 protein 
levels in human NPC tissue samples. The tissue specimens were 
routinely fixed with 10% formalin and were paraffin-embedded. 
After antigen retrieval in 0.01 mol/L sodium citrate buffer (pH 
6.0), the sections were sequentially incubated with rabbit poly-
clonal anti-cofilin-2 antibody (1: 400) (Abcam; # ab96678) over-
night at 4°C, biotin-labeled goat anti-rabbit IgG for 1 h at room 
temperature, and avidin-biotin peroxidase complex (ZSGB-BIO). 
Finally, tissue sections were incubated with the DAB color reagent 
(ZSGB-BIO) until brown signals appeared; counterstaining was 
performed with Harris’ modified hematoxylin. In negative con-
trols, primary antibodies were omitted. Staining intensity was 
categorized as: no staining, 0; weak, 1; moderate, 2; strong, 3. 
Percentages of stained cells were categorized as: no staining, 0; 
<30%, 1; 30-60%, 2; >60%, 3. The overall staining score (0–6) for 
each tissue sample was calculated by adding the above scores. 
An overall staining score of >3 was considered to reflect high 
expression; a score of £3 was considered to be low expression.

Cofilin-2 knockdown in CNE-2R cells

To generate CNE-2R cell lines with cofilin-2 knock-
down, small interfering RNA (siRNA) targeting 3 different 
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portions of the cofilin-2 gene (TTCGACACTTGGAGAGAAA, 
TAGCTCTAAAGATGCCATT and ATGCCACATACGAAACAAA) were 
cloned into the pLV-GV248-lentiviral vector (GeneChem, 
Shanghai, China), respectively, following to the manufactur-
er’s instructions. Cells were selected on puromycin (5 µg/mL) 
for 2 weeks, and CNE-2R cell lines with stable cofilin-2 knock-
down and control cells with empty vector were obtained.

Cell culture and infection

CNE-2R cells (a radioresistant human NPC cell line) was gen-
erated and maintained at the Cancer Laboratory of Guangxi 
Medical University. They were cultured in RPMI-1640 (Hyclone, 
Logan, UT, USA) supplemented with 10% fetal calf serum (Gibco, 

Grand Island, NY, USA) and 1% penicillin and streptomycin cock-
tail (Beyotime Bio, China) (100 μg/mL), in a humidified cham-
ber containing 5% CO2 at 37°C. For lentiviral infection, CNE-2R 
cells were cultured in 6-well plates. Then, cofilin-2-shRNA- (co-
filin-2- shRNA) and scrambled shRNA-(NC)-expressing lentivi-
ruses were added at a multiplicity of infection (MOI) of 20 in 
CNE-2R cells for 96 h. Transduction efficiency was assessed 
by observation of GFP expression by inverted fluorescence mi-
croscopy (Olympus, Tokyo, Japan).

Real-time RT-PCR

According to the manufacturer’s instructions, total RNA was 
extracted from cells with TRIzol reagent (Invitrogen) and 

Classification Radioresistance group (n=35) Radiosensitivity group (n=35) *P

Sex
Male 30 28

0.752
Female 5 7

Age
<50 24 25

1.000
³50 11 10

KPS  90.00±0.01  89.71±1.69 0.321

Pathologic type
Differentiated 7 6

1.000
Undifferentiated 28 29

Clinical stage

I 0 0

0.883
II 5 6

III 12 13

Iva+IVb 18 16

T stage

T1 2 2

0.693
T2 5 9

T3 13 11

T4 15 13

N stage

N0 1 0

0.694
N1 14 16

N2 18 16

N3 2 3

Hemoglobin (g/l)  137.6±15.5  139.8±17.7 0.577

PGTVnx  71.99±1.14  71.77±1.18 0.437

PGTVnd  68.88±2.15  68.20±2.64 0.243

CTV1  60.74±0.98  60.80±0.99 0.809

CTV2  54.72±0.87  54.77±0.90 0.809

Table 1. Clinical and pathological parameters of the radiosensitivity and radioresistance groups (ELISA).

* There was no significant difference between the 2 groups.
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reverse-transcribed with the Prime Script RT reagent Kit 
(Takara Bio, Otsu, Japan). RT products were amplified us-
ing SYBR Premix Ex Taq (Takara Bio) and Light Cycler 480 
software v1.5.0 (Roche Diagnostics, Switzerland) accord-
ing to the manufacturer’s instructions. GAPDH was used 
for normalization. The primers used for cofilin-2 amplifica-
tion were: forward, 5’-ACGATGCCACATACGAAACA-3’; reverse, 
5’-AAGCCATTTACTTGCCACTCA-3’. Data analysis was performed 
by the 2–DDCt method.

Western blot

Cells were lysed with RIPA buffer containing 1% protease in-
hibitor (PMSF). Equal amounts of protein were separated by 

10% SDS-PAGE and blotted onto PVDF membranes (Thermo 
Scientific, Waltham, MA, USA). Blots were blocked with 5% non-
fat milk in 1xTBST for 2 h at room temperature and sequen-
tially incubated with primary antibody (overnight at 4°C) and 
horseradish peroxidase-conjugated secondary antibody (1 h at 
room temperature). Signals were visualized with an enhanced 
chemiluminescence detection reagent (Luminol) on an infrared 
fluorescence imaging system (Odyssey, USA). GAPDH was de-
tected using rabbit monoclonal anti-GAPDH antibody (1: 1000) 
(CST, #2118) as a loading control. Cofilin-2 was detected si-
multaneously using rabbit polyclonal anti-cofilin-2 antibody 
(1: 1000) (Abcam; #ab96678).

Classification Radioresistance group (n=35) Radiosensitivity group (n=35) *P

Sex
Male 25 27

1.000
Female 10 8

Age
<50 22 24

0.082
³50 13 11

KPS  690.00±0.01  89.71±1.69 0.321

Pathologic type
Differentiated 9 7

0.191
Undifferentiated 26 28

Clinical stage

I 0 0

0.706
II 4 6

III 12 13

Iva+IVb 19 16

T stage

T1 2 2

0.494
T2 4 9

T3 11 9

T4 18 15

N stage

N0 0 0

0.918
N1 17 18

N2 14 14

N3 4 3

Hemoglobin (g/l)  133.2±17.35  136.83±16.23 0.373

PGTVnx  71.44±1.13  71.71±1.01 0.301

PGTVnd  67.38±3.00  69.68±1.74 0.115

CTV1  60.69±0.96  60.63±0.94 0.803

CTV2  54.64±0.86  54.57±0.85 0.707

Table 2. Clinical and pathological parameters of the radiosensitivity and radioresistance groups (IHC).

* There was no significant difference between the 2 groups.
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Cell irradiation and CCK-8 assay

CCK-8 assay was used to assess cell viability after treatment 
with different doses of X-ray irradiation. Cells were seeded in 
96-well plates at 3×103 cells/well and allowed to attach over-
night. Then, they were cultured for another 48 h after irradia-
tion with 6 MVX-ray at 2, 4, 6, 8, and 10 Gy. After treatment, the 
cells were incubated with 10 μg/mL CCK-8 solution (Dojindo, 
Japan) for 1 h in a humidified chamber containing 5% CO2 at 
37°C. Absorbance was read on a microplate reader (Bio-Rad, 
Hercules, CA, USA) at 450 nm. Each group was measured in 5 
replicate wells and 3 independent experiments were conduct-
ed. Cell survival was calculated based on the following formu-
la: survival rate (%)=OD/OD0h×100%.

Cell cycle analysis

According to the manufacturer’s instructions, cells were col-
lected and resuspended using a Coulter cell cycle staining kit 
(Multi-Sciences, China). Then, they were analyzed immediate-
ly on a FC500 flow cytometry system (Beckman Coulter). All 
samples were assayed in triplicate.

Apoptosis assessment

Cells were irradiated with a 6 MV X-ray beam at a dose of 10 
Gy and collected after 48 h of culturing. Then, the samples 
were stained with 5 μL Annexin V APC and 5 μL 7-AAD (BD 
Pharmingen, USA) according to the manufacturer’s instructions. 
Analysis was carried out immediately on a FC500 flow cytom-
etry system. All samples were assayed in triplicate.

Colony formation assay

Colony formation assay was used to evaluate the radiosen-
sitivity of cells after irradiation. Suspensions consisting of 
200, 400, 800, 1000, 5000, and 10 000 cells were seeded into 
6-well plates, and individually exposed to doses of 0, 2, 4, 6, 
8, and 10 Gy, respectively, with a 6-MV X-ray beam from an 
Elekta linear accelerator (Precise 1120; Elekta Instrument AB, 
Stockholm, Sweden) at a dose rate of 220 cGy/min. Then, the 
cells were incubated for another 14 days until colony appear-
ance. Next, the colonies were fixed with carbinol for 15 min 
and stained with 0.1% Giemsa (AppliChem, Germany) for 30 
min. Colonies with more than 50 cells were counted. All exper-
iments were repeated 3 times. Dose responses were analyzed 
using the multi-target single-hit model in GraphPad Prism 6.0 
software. Survival fraction (SF)=1–(1–e-D/D0) N; D0(mean lethal 
dose) is the single dose of radiation that kills 63% of cells; 
Dq(lnN*D0) is the required threshold for cell damage and N 
represents the number of intracellular radiation-sensitive ar-
eas. When Dq increases, survival curve area is widened, and 
radiation resistance is increased. SF2 is an important indicator 

of cell radiosensitivity; the greater the SF2, the stronger the 
radioresistance.

Xenograft mouse model

BALB/c nude mice (4–5 weeks old) from SLAC Laboratory 
Animals (Shanghai) were randomly divided into 3 groups: CNE-
2R, NC, and cofilin-2-shRNA groups. After disinfection by 75% 
alcohol of right hind-limb groin skin, 0.2 ml of cell suspension 
(1×107 cells/ml) were subcutaneously injected into the right 
groin. Tumor formation was determined, and the long (a) and 
short (b) diameters of each tumor were measured with a Vernier 
caliper every 3 days after tumor formation. Tumor volumes 
were calculated as V=0.5×a×b2 and used to generate tumor 
growth curves. When the transplanted tumor reached about 
0.8–1 cm in length, the nude mouse was fixed on a treatment 
bed, with the right hind limb stretched to expose the tumor to 
the light field. Tumor irradiation at 10 Gy was performed with a 
6-MV X-ray beam from an Elekta linear accelerator (Stockholm, 
Sweden). The ray was applied with an SSD of 100 cm and a 
dose rate of 94.45 cGy/min. The irradiation field targeted the 
mouse hind limb bed site, with lead protection used for the 
remaining animal parts. The transplanted tumors were irradi-
ated, with a continuous observation for 15 days.

Statistical analysis

All statistical analyses were performed using SPSS 16.0 (SPSS, 
IL, USA) or GraphPad Prism 6.0 software. Data are presented 
as mean ± standard deviation (SD). The Wilcoxon rank-sum 
test was used to assess cofilin-2 expression in serum samples. 
The chi-square test was used to assess differences in tissue 
cofilin-2 amounts. Group differences were analyzed by t test 
or one-way analysis of variance (ANOVA). Two-sided p<0.05 
was considered statistically significant.

Results

Cofilin-2 production and secretion are increased in 
radioresistant patients

ELISA showed that cofilin-2 protein levels in serum samples 
from 35 radioresistant and 35 radiosensitive NPC patients 
were significantly different (P=0.004) (Figure 1). Serum co-
filin-2 amounts in the radioresistance group were higher than 
those of radiosensitive patients. IHC was used to assess co-
filin-2 levels in tissue samples from 35 radioresistant and 35 
radiosensitive NPC patients. As shown in Table 3, a significant 
difference (P=0.001) was found between the 2 patient groups, 
with higher expression rate of cofilin-2 in radioresistant cases 
compared with the radiosensitivity group (Figure 2). However, 
cofilin-2 levels in serum or tissue samples were not associated 
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with clinical stage (stage T or N) or other clinical parameters, 
including pathological types.

Effective shRNA-mediated knockdown of cofilin-2 in CNE-
2R cells

ShRNA lentivirus was successfully constructed and transduced 
into CNE-2R cells. The percentage of green fluorescence pro-
tein (GFP)-positive cells was ~90% at 96h after transduction. 
The efficiency of cofilin-2 gene silencing of various recombi-
nants was assessed by RT-PCR and Western blotting at the 
gene and protein levels, respectively. As shown in Figure 3, 
both mRNA and protein had a significantly higher level of co-
filin-2 expression in the shRNA-transduction group than in the 
control group. We also evaluated cofilin-2 expression in CNE-2 

Radiosensitive group Radioresistant group

Co
�l

in-
2 (

pg
/m

l)

300

200

100

0

Figure 1.  Cofilin-2 protein levels in the radioresistance and 
radiosensitivity groups. The differences showed a 
statistical significance (P=0.004).

Cofilin-2 Radioresistance group (n) Radiosensitivity group (n) c2 P

High (4–12) 29 11
16.858 0.001

Low (0–3) 6  24

Table 3. High expression rate of cofilin-2 in the radiation-resistant group is higher than that of the radiation-sensitivity group (IHC).

A

C

B

D

Figure 2.  Cofilin-2 expression in NPC tissues. Cofilin-2 levels were assessed by IHC. (A, B) Low expression; (C, D) high expression (200×, 
HP).
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Figure 3.  Cofilin-2 levels are reduced by lentiviral cofilin-2 -shRNA. (A) Quantitative analysis of cofilin-2 mRNA expression in different 
groups as assessed by RT-PCR. (B) Western blot analysis showing cofilin-2 protein expression in different groups. GAPDH was 
used as an internal control. Control – non-transfected group; NC – scrambled shRNA-transfected group.
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Figure 4.  Cofilin-2 silencing by shRNA results in cell growth 
inhibition. CCK-8 assay was used to assess cell viability 
in CNE-2R cells. Survival rates of the control, NC, and 
cofilin-2-shRNA groups were significantly different at 
the radiation doses of 2, 4, 6, 8, and 10 Gy (* p<0.001).
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Figure 5.  ShRNA-mediated knockdown of cofilin-2 promotes G2/M cell cycle arrest in CNE-2R cells. (A) Representative flow-cytograms 
assessing cell cycle distribution in the control, NC, and cofilin-2-shRNA groups. (B) Quantification of A (* p<0.001).
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and CNE-2R cells, and CNE-2R cells showed higher amounts 
(P=0.001), consistent with previous studies [9]. Finally, cofilin-
2-shRNA-lv3 was selected for subsequent experiments involv-
ing cofilin-2 knockdown.

Cofilin-2 knockdown sensitizes NPC cells to irradiation

To assess the regulatory role of cofilin-2 in cell proliferation, 
CCK 8 assay was performed to evaluate CNE-2R cells after irra-
diation. As shown in Figure 4, compared with the control and 
NC groups, the cofilin-2-shRNA-lv3 group showed significantly 
decreased survival rates at 2, 4, 6, 8, and 10 Gy (all P<0.001). 
There were no statistically significant differences between the 
control and NC groups, indicating that the cofilin-2-shRNA-lv3 
group was more sensitive to irradiation.

Cofilin-2 knockdown induces G2/M cell cycle arrest

To explore the mechanism by which cofilin-2 knockdown in-
hibits cell proliferation in CNE-2R cells, cell cycle distribution 
was assessed by flow cytometry. As shown in Figure 5, com-
pared with the control and NC groups, the cofilin-2-shRNA 
group showed clearly increased numbers of cells in the G2/M 
phase (P<0.001).

Cofilin-2 silencing promotes apoptosis in CNE-2R cells

Flow cytometry (FCM) was used to evaluate the effects of co-
filin-2 silencing on apoptosis in CNE-2R cells. As shown in 
Figure 6, the apoptosis rate of CNE-2R cells was significantly 
increased after cofilin-2-shRNA lentivirus transduction without 
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Figure 6.  ShRNA-mediated knockdown of cofilin-2 enhances apoptosis in CNE-2R cells. Cells were submitted to Annexin V APC staining 
and assessed by flow cytometry. (A) Representative flow-cytograms showing Annexin V APC staining in the control, NC, and 
cofilin-2-shRNA groups. (B) Quantification of A (* p=0.001).
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Figure 7.  Cofilin-2 knockdown increases radiosensitivity in CNE-2R cells. (A) Effect of cofilin-2 silencing on clone formation ability of 
CNE-2R cells at different doses of irradiation. (B) Fit curves were generated with the Graph Pad Prism 6.0 software.

Cells D0 Dq SF2

CNE-2R  1.317±0.162  2.086±0.257  0.714±0.073

NC  1.379±0.231  2.009±0.388  0.703±0.103

Cofilin-2-shRNA  1.413±0.329  1.001±0.325  0.436±0.062

F 0.140 10.244 11.250

P 0.865 0.012 0.009

Table 4. Correlation parameters in the multi-target single-hit model.
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Figure 8.  Effects of cofilin-2 silencing in the nude mouse xenograft tumor model. (A) Nude mice and transplanted tumors. (B) Growth 
curves of the transplanted tumors in nude mice.

irradiation; apoptosis rates of the control, NC, and cofilin-2-shR-
NA groups were 10.60±1.71, 10.63±0.51, and 15.90±0.17, re-
spectively (all P=0.001). After irradiation at 10 Gy, the apop-
tosis rate of CNE-2R cells was also increased significantly in 
cofilin-2-shRNA groups; apoptosis rates of the control, NC, 

and cofilin-2-shRNA groups were 20.53±1.89, 20.60±1.21, 
and 34.00±0.89, respectively (all P=0.001). No significant dif-
ferences were observed between the control and NC groups.
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Days
(D)

Dose
(Gy)

Transplanted tumor volume (mm3)
F P

CNE-2R NC Cofilin-2-shRNA

3 0 18.143±0.913 16.896±1.142 16.512±1.878 2.311 0.133

6 0 57.784±2.919 56.553±5.365 53.017±4.704 1.855 0.191

9 0 121.56±28.06 121.81±13.33 99.52±13.41 2.574 0.109

12 0 232.22±22.18 243.16±38.99 117.01±13.57 40.024 <0.001

15 0 394.07±19.47 374.54±37.45 137.34±13.54 187.165 <0.001

18
0 553.50±81.84 507.67±116.53 212.80±48.90 13.574 0.006

10 523.70±12.75 519.21±41.68 185.38±16.28 156.567 <0.001

21
0 698.04±76.69 593.19±134.41 256.68±71.50 15.162 0.005

10 604.60±10.28 589.44±40.56 208.20±13.90 233.508 <0.001

24
0 756.63±195.57 742.59±218.26 294.28±77.12 6.778 0.029

10 531.13±26.15 520.54±58.18 274.09±45.00 31.239 0.001

27
0 987.91±253.62 960.92±318.13 360.32±90.55 6.521 0.031

10 477.73±25.95 491.55±48.89 254.58±47.25 30.061 0.001

30
0 1242.00±384.32 1268.40±445.03 464.46±89.61 5.306 0.047

10 425.67±17.91 445.81±83.64 241.00±53.02 11.324 0.009

Table 5. Volume changes of transplanted tumors in nude mice.

Cofilin-2 silencing decreases colony formation in NPC cells

We evaluated the radiosensitivity of CNE-2R cells by perform-
ing colony formation assays (Figure7) and using GraphPad 
Prism 6.0 software to fit the cell survival curves according to 
the multi-target model. Figure 7B shows that the survival rate 
of cofilin-2-shRNA cells was lower than those of the CNE2R 
and NC groups at 2, 4, 6, 8, and 10 Gy doses. The main ra-
diobiological parameters are shown in Table 4. The Dq (qua-
si-threshold dose required for cell damage) and SF2 (surviving 
fraction of cells when irradiated with 2 Gy) values show that 
shRNA-mediated cofilin-2 silencing resulted in decreased sur-
vival and enhanced radiosensitivity compared with the CNE-
2R and NC groups.

Cofilin-2 silencing promotes radiosensitivity in a xenograft 
nude mouse model

Three groups of cells were inoculated into nude mice, and tu-
mors in each group were observed at 3 days. Nude mice were 
randomized into 6 groups at 15 days, for irradiation at 0 and 
10 Gy. The growth of transplanted tumors was observed af-
ter irradiation for about 15 days. As shown in Figure 8B and 
Table 5, there were no significant differences among the 3 
groups before irradiation and in the early irradiation course 
(0–9 days). However, tumor growth changed gradually in the 

later stages (9–30 days), with tumor volume in the cofilin-
2-shRNA group significantly reduced compared with those 
of the CNE-2R and NC groups. Nude mice were sacrificed at 
15 days after irradiation at 10 Gy, and tumor tissues were re-
moved (Figure 8A). Interestingly, the volumes of transplanted 
tumors (241.00±53.02 mm3) in the cofilin-2-shRNA group af-
ter irradiation at 10 Gy were significantly decreased compared 
with that of the 0 Gy group at 30 days (464.46±89.61 mm3) 
(P=0.021). There was no significant difference between the 
CNE-2R and NC groups. We also assessed cofilin-2 protein ex-
pression in nude mice by WB and IHC and found that relative 
cofilin-2 protein amounts in nude mice transplanted with co-
filin-2-shRNA-transfected cells were significantly lower than 
those of the CNE-2R and NC groups (Figure 9). These findings 
suggest that lentivirus-mediated cofilin-2-shRNA interference 
was stably inherited and expressed efficiently in vivo. Therefore, 
cofilin-2 gene silencing in CNE-2R cells inhibited tumor growth 
and enhanced radiosensitivity in nude mice.

Discussion

In recent years, due to precise staging of tumors and advances 
in radiotherapy, NPC patients usually achieve good local con-
trol; however, radioresistance is a major obstacle for long-term 
survival in NPC patients undergoing radiotherapy. Therefore, 
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Figure 9.  Expression of the cofilin-2 protein in nude mouse transplanted tumors. (A) Xenograft tumor morphology after H&E staining; 
IHC showing cofilin-2 protein levels in nude mice (200×, HP). (B, C) Protein expression of cofilin-2 in nude mice as detected 
by WB.
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identifying effective molecular targets to eliminate or attenu-
ate radioresistance in NPC is of great importance.

The human cofilin gene has 2 subtypes: cofilin-1 and co-
filin-2 [14]. The cofilin gene sequence is highly conserved, 
with the corresponding protein showing very high homology 
among species. Cofilin is composed of 5 a helices, 5 b sheets, 
and 1 C-terminal b short chain. The C-terminal b short chain 
is bound to the R3 and R4 chains. The 2 isoforms of the poly-
peptide chain are folded into a structure homologous to the 
conserved actin depolymerization factor (ADF) domain, which 
is characteristic of the actin depolymerization factor [15]. The 
serine 3 residue of the cofilin protein is key to regulating its 
dephosphorylation activation. Meanwhile, cofilin dephosphor-
ylated at the serine 3 binds the filamentous actin in the nucle-
us to regulate cell mitosis and tumor cell proliferation [16]. In 
addition, phosphorylation of serine 3 determines the binding 

and depolymerization ability of cofilin and actin, as well as 
its translocation into the mitochondria, inducing mitochon-
drial damage, cytochrome C release, and tumor cell apopto-
sis [17–20]. Cofilin, as an important actin depolymerization fac-
tor, induces the formation of pseudopodia cells, regulates the 
dynamic changes of the actin cytoskeleton, affects cell mor-
phology and polarity, and participates in cell movement reg-
ulation and tumorigenesis [21–25]. Furthermore, cofilin is an 
important gene in tumor cell invasion and metastasis [26,27].

Multiple studies have shown that the high protein expression 
of cofilin is associated with early diagnosis, tumor progres-
sion, and prognosis in multiple tumors, and could be used as 
an important biomarker and potential target for tumor therapy. 
Cofilin is highly expressed in serum and tissue samples from 
patients with well-differentiated thyroid carcinoma, esophageal 
squamous cell carcinoma, MALT lymphoma, vulvar squamous 
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cell carcinoma, cervical cancer, and pancreatic cancer. It may 
play a role in tumor development and be an important ear-
ly-diagnosis biomarker of tumors [28–33]. Ensley and others 
proposed that cofilin is significantly upregulated in several tu-
mors and is associated with malignant progression; indeed, 
cofilin is considered a potential tumor biomarker and a mo-
lecular target for the treatment of bladder cancer [34,35]. In 
addition, high expression of cofilin in tumor cells is associat-
ed with shorter overall survival, indicating that it is a prognos-
tic factor for tumors and can be used as a potential therapeu-
tic target [36,37]. In the present study, we found that cofilin-2 
was highly expressed in serum and tissue samples from pa-
tients with radiation-resistant NPC, while low serum and tis-
sue levels were found in the radiosensitivity group. This indi-
cates that cofilin-2 is a NPC radioactive resistance gene that 
can serve as a molecular marker for predicting radiotherapy 
response and is a potential therapeutic target in NPC.

Cofilin regulates multiple growth factors and cytokines partic-
ipating in cell growth and proliferation [29,38]. By CCK8 and 
clone formation assays, we found that shRNA lentivirus-me-
diated cofilin-2 silencing inhibited the proliferative activity of 
CNE-2R cells at different radiation doses. Wang et al. showed 
that downregulation of cofilin 1 could inhibit cell proliferation 
in the human bladder cancer RT4 cell line [39], corroborat-
ing our findings. Cofilin promotes apoptosis in gastric cancer 
BGC-823 and SGC-7901 cells via mitochondrial translocation 
and induces mitochondrial damage and cytochrome c release; 
therefore, it may be a key target for the treatment of gastric 
cancer in the future [40,41]. In addition, studies have shown 
that cofilin inhibition or silencing increases cell apoptosis in 
human bladder cancer RT4 cells and resistant HCC cells [39,42]. 
ShRNA-mediated knockdown of cofilin-2 enhanced apoptosis in 
CNE-2R cells, as demonstrated by flow cytometry in this study.

Studies have shown that the G2/M phase of the cell cycle is 
most sensitive to radiation, followed by the G1 phase, while 
the S phase is least sensitive [43,44]. Du et al. demonstrat-
ed that cofilin silencing in human glioma U251 cells results in 
increased percentage of G2 phase cells and significantly de-
creased cell viability, while enhancing radiosensitivity [45]. As 
shown above, ShRNA-mediated knockdown of cofilin-2 resulted 
in increased proportion of G2/M cells, inhibited proliferation, 
and enhanced sensitivity to radiation in CNE-2R cells, consis-
tent with previous reports. Furthermore, Li et al. demonstrated 
that cofilin mediates tumor growth inhibition in breast cancer 
xenograft mouse models via apoptosis, suggesting that cofilin 
may serve as a potential therapeutic target [40]. In this study, 
lentiviral-mediated cofilin-2-shRNA interfering vectors were sta-
bly inherited and efficiently expressed in nude mouse trans-
planted tumors, inhibiting the growth of transplanted tumors 
by the increased sensitivity of cells to irradiation.

Conclusions

Our study demonstrates that cofilin-2 protein was highly ex-
pressed in serum and tissue samples from patients with ra-
dioresistant NPC. Cofilin-2 is an NPC radioresistance protein, 
which can be used as a molecular marker for predicting ra-
diotherapy response in NPC. In addition, cofilin-2 knockdown 
inhibited cell proliferation and clone formation, promoted 
apoptosis, and induced G2/M arrest in CNE-2R cells after ra-
diotherapy, enhancing radiosensitivity. Moreover, inoculation 
of cofilin-2 knockdown cells resulted in reduced tumor growth 
in nude mice in vivo, indicating that cofilin-2 could serve as a 
potential therapeutic target for radioresistant NPC.
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