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Introduction

Radiotherapy is the primary treatment for patients with NPC.1 
NPC tends to be more sensitive to radiation than some other 
cancers, but success of the therapy depends heavily on tumor 
stage.2,3 It is well-documented that the 5-y survival rate of stage I 
and II NPC ranges from 72% to 90%.2,3 In contrast, the 5-y 
survival rates drop to 55% in stage III and 30% in stage IV of 
the disease, as incidence of local recurrence is relatively high in 
advanced NPC.2,3 In fact, radioresistance leading to local recur-
rence remains a major obstacle to successful treatment in NPC.4,5 
However, the molecular mechanisms responsible for the radiore-
sistance of NPC are not clear yet.

MiRNAs are a family of highly conserved, small noncoding 
RNAs that post-transcriptionally repress gene expression via deg-
radation or translational inhibition of their target mRNAs. There 
is mounting evidence suggesting that miRNAs are involved in 
nearly all physiological and pathological processes6 and many types 
of cancer such as breast cancer.7 Some miRNAs play key roles in 
tumorigenesis, progression, invasion or metastasis of NPC, such as 
miR-141, miR-29c, miR-26a, miR-218, miR-200a, miR-10b and 
others.8-11 Some miRNAs are involved in radioresistance of other 
tumors, such as let-7, miR-181a and others,12,13 but the function of 
miRNAs on NPC radioresistance is largely unknown.

Radiotherapy is the primary treatment for nasopharyngeal carcinoma (NPC), but radioresistance severely reduces NPC 
radiocurability. Here, we have established a radio-resistant NPC cell line, CNE-2R, and investigate the role of miRNAs 
in radioresistance. The miRNAs microarray assay reveals that miRNAs are differentially expressed between CNE-2R and 
its parental cell line CNE-2. We find that miR-205 is elevated in CNE-2R. A target prediction algorithm suggests that 
miR‑205 regulates expression of PTEN, a tumor-suppressor. Introducing miR-205 into CNE-2 cells suppresses PTEN protein 
expression, followed by activation of AKT, increased number of foci formation and reduction of cell apoptosis post-
irradiation. On the other hand, knocking down miR-205 in CNE-2R cells compromises the inhibition of PTEN and increases 
cell apoptosis. Significantly, immunohistochemistry studies demonstrate that PTEN is downregulated at late stages of 
NPC, and that miR-205 is significantly elevated followed the radiotherapy. Our data conclude that miR-205 contributes 
to radioresistance of NPC by directly targeting PTEN. Both miR-205 and PTEN are potential predictive biomarkers for 
radiosensitivity of NPC and may serve as targets for achieve successful radiotherapy in NPC.
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Here, we report that IR induces expression of miR-205 in 
NPC, which targets tumor suppressor PTEN and consequently 
activates the PI3K/Akt pathway, leading to increase of NPC 
radioresistance. Our findings suggest that miR-205 and PTEN 
are potential biomarkers to estimate NPC response to radiother-
apy and help to identify subgroups of patients that may benefit 
from personalized therapeutic strategies.

Results

Establishing a radio-resistant NPC cell line. To generate a 
radio-resistant cell line, we exposed CNE-2 cells in exponential 
growth phase to a range of doses of IR (2, 4 and 6 Gy), each 
delivered three times at a dose rate of 101.38 cGy/min. An inter-
val of 3 to 8 weeks between each IR allowed the surviving cells to 
regenerate. The whole process of IR and culture lasted for about 
1 y, and we refer to the surviving cell line as CNE-2R. To verify 
phenotypes, we irradiated CNE-2R cells and examined them by 
survival foci formation assay. CNE-2R and CNE-2 cells were 
irradiated with 0, 2, 4 and 6 Gy and examined by survival foci 
formation assay. In comparison to CNE-2, CNE-2R showed no 
change of foci formation ability when IR was absent but gained 
more foci formation and higher survival fractions when exposed 
to IR (Fig. 1A–C). The effect of IR on cell growth was examined 
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its radioresistance over 50 passages in 
the absence of IR (data not shown). 
We conclude that we have estab-
lished CNE-2R as a stable radio-
resistant cell line.

MiR-205 is elevated in radio-
resistant NPC cells. We used the 
miRNA microarray approach to 
determine miRNA expression pro-
files for both CNE-2R and CNE-2 
cell lines (Fig. 2A). The results 
revealed that they had distinct 
miRNA expression patterns. Among 
all the 719 individual miRNAs rep-
resented on the μParafloTM miRNA 
microarrays, we found 37 miRNAs 
that were dramatically upregu-
lated and 29 miRNAs significantly 
downregulated in CNE-2R cells 
when compared with CNE-2 cells 
(Fig.  2B). The change in ampli-
tude ranged from 0.36- to 4.87-
fold. We then confirmed the data 
using qRT-PCR. The miRNAs with 
one detective value > 1,300 and 
an absolute value of two detected 
value ratios (log2 transformed, bal-
anced) > 1 were chosen for assessing 
miRNA expression by qRT-PCR. 
The results validated eight miRNAs 
whose expression levels (Fig. 2C) 
were significantly different between 
CNE-2R and CNE-2 cells (p < 0.05). 
Specifically, miR-224, let-7g and 
miR-205 were upregulated, while 
miR-103, miR-19b, miR-93, miR-24 
and miR-18a were downregulated in 
CNE-2R (Fig. 2C). Among the eight  
miRs, miR-205 was the most abun-
dantly expressed in radio-resistant 
CNE-2R cells (Fig. 2C).

To examine the effect of IR on 
miR-205 expression in NPC cells, we exposed both CNE-2R 
and CNE-2 cells to IR (10 Gy) for various periods. As detected 
by qRT-PCR, miR-205 was significantly increased as early as 1 h 
after IR in CNE-2R but not in CNE2, indicating that miR‑205 
is an early responsive gene induced in CNE-2R. Moreover, 
miR‑205 expression level in CNE-2R that responded to IR was 
much higher in CNE-2R than that in CNE-2 at all time points 
after IR (Fig. 2D). Obviously, induction of miR-205 expression 
by IR is much faster and stronger in CNE-2R compared with 
that in CNE-2 cells. In summary, IR induced miR-205 expres-
sion, and this induction further amplified the existing difference 
in miR-205 levels between CNE-2R and CNE-2 cells.

Expression of miR-205 in radiosensitive cells leads to 
IR resistance. In order to examine the effect of miR-205 on 

by subjecting CNE-2R and parent CNE-2 cells to 2 Gy IR. As 
shown in Figure 1D, the CNE-2R cell line had more cell num-
bers than CNE-2 after IR with 2 Gy. Indeed, the CNE-2 line 
required 72 h to achieve a 2-fold increase in cell number, while 
CNE-2R required only 24 h.

We used flow cytometry to determine whether cell apopto-
sis accumulated for the radioresistance of CNE-2R cells after IR 
exposure by quantifying the number of cells in sub-G

1
 phase as 

an indicator of apoptosis. Without IR, there was no difference 
between CNE-2R and CNE-2 in their fractions of sub-G

1
 phase 

cells. In sharp contrast, at 48 h after IR with 10 Gy, the fraction 
of sub-G

1
 phase cells was much lower in CNE-2R cells (Fig. 1E). 

These results indicate that CNE-2R is much more radio-resistant 
than its parent CNE-2 cells. Moreover, CNE-2R has maintained 

Figure 1. CNE-2R is radio-resistant. (A) CNE-2R is more IR resistant than CNE-2. Indicated cell lines were 
treated with indicated amounts of irraditiation and forci-formation was indicated. (B) CNE-2R has 
reduced numbers of forci formation. Indicated cells were plated in triplicate and exposed to a range of 
IR doses (0–6 Gy). The numbers of foci-formation were presented as bar graphs. (C) CNE-2R has reduced 
survival fraction. Survival fractions were calculated by dividing the number of colonies formed after 
IR by the corresponding number of colonies formed without IR from experiments in (B). (D) Growth of 
CNE-2R is not affected by IR. CNE-2 and CNE-2R plated in 24-well culture plates were exposed to IR with 
2 Gy and cell growth was monitored by counting cell numbers. (E) CNE-2R is resistant to IR-induced cell 
death. The cells were treated with or without 10 Gy IR for analysis of apoptosis of CNE-2 and CNE-2R cells 
after IR. At 48 h post-irradiation, the cells were stained with PI and the percentage of sub-G1 cells was 
measured by flow cytometry in three independent experiments. ns, no significance; *p < 0.05; ***p < 
0.001, ****p < 0.0001. Data were presented as mean ± SD.
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(Fig. 3B and C). As expected, CNE-2/miR-205 cells have a bet-
ter survival rate and lower percentage of sub-G

1
 when compared 

with CNE-2/vector cells (Fig. 3D and E). Together, these data 
indicated that overexpression of miR-205 confers radioresistance 
onto radiosensitive NPC cells.

Suppression of miR-205 in CNE-2R cells leads to radio-
sensitivity to IR-regulated cell death. Because CNE2-R cells 
have elevation of miR-205, we then investigated the contri-
bution of miR-205 in radioresistance by knocking down the 

radioresistance in NPC, we generated a CNE-2 cell line stably 
overexpressing miR-205 (CNE-2/miR-205) (Fig. 3). Also, con-
trol cells (CNE-2/vector, C) were generated by transducing the 
CNE-2 with corresponding empty vectors. qRT-PCR confirmed 
that CNE-2/miR-205 cells had 110-fold increase in miR-205 
expression (Fig. 3A). With these cell lines in hand, we first mea-
sured the effect of miR-205 on the survival foci formation ability 
and apoptosis when exposed to IR. CNE-2/miR-205 cells had 
more foci numbers when compared with CNE-2/vector cells 

Figure 2. miR-205 is elevated in radio-resistant NPC cells. (A) miR expressing signals from CNE-2 or CNE-2R. miRNAs from CNE-2 or CNE-2R were 
labeled with Cy3 or Cy5 respectively. (B) Scatter plot of miR expression profiles in radiosensitive CNE-2 (x-axis) and radio-resistant CNE-2R cells (y-axis). 
The miRs differentially expressed with statistical significance were marked in red. (C) Differential miR expression between CNE-2 and CNE-2R. Relative 
expression levels of several representative miRs with differential expression levels were presented. (D) Relative miR-205 expression level is different 
between CNE-2 and CNE-2R after IR. Quantification by qRT-PCR of miR-205 expression level in CNE-2R and CNE-2 cells before and after IR. U6 was used 
for normalization. Data were presented as mean ± SEM (n = 3). ns, no significance; *p < 0.05; **p < 0.01; ***p < 0.001.
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miR-205 in previously radio-resistant CNE-2R or CNE1 cells 
renders them radiosensitive.

MiR-205 inhibits PTEN expression by targeting PTEN 
3'-UTR in NPC. Importantly, we demonstrate that 3'-UTR of 
human PTEN (759–765 nt) contains a miR-205 binding site. 
This binding site is highly conserved among different species 
(Fig. 5A). The “seed sequence” of miR-205 was perfectly comple-
mentary to the target sequence in the 3'-UTR of PTEN gene. 
Hybridization of miR-205 and PTEN mRNA can be predicted 
by RNAhybrid software (Fig. 5B), and the minimum free energy 
required for this hybridization is -28.6 kcal/mol (Fig. 5B).

Human PTEN gene, located in human chromosome 10q23, has 
been identified as one of the most frequently lost or mutated genes 
in several sporadic and heritable tumor types. Evidence has shown 
that PTEN negatively regulates cell cycle progression by dephos-
phorylating phosphatidylinositol-(3,4,5)-trisphosphate (PIP3) 
followed by inhibition of the Akt/PKB pathway that signals cells 

expression of miR-205. We generated a CNE-2R cell line in 
which miR‑205 was knocked down (CNE-2R/anti-miR-205) 
(Fig. 4). Also, control cells were generated by transducing the 
CNE-2R with corresponding empty lentiviral vectors. qRT-
PCR confirmed that CNE-2R/anti-miR-205 cells have 50% 
decrease in miR-205 expression (Fig. 4A). We examined the 
effect of anti-miR-205 on the survival foci formation ability and 
apoptosis when exposed to IR. CNE-2R/anti-miR-205 cells had 
reduced foci numbers when compared with CNE-2R/vector 
cells (Fig. 4B and C). As expected, CNE-2R/anti-miR-205 cells 
had a worse survival rate and higher percentage of sub-G

1
 when 

compared with CNE-2R/vector cells (Fig. 4D and E). Also, 
we used a NPC cell line CNE1, which has high levels of miR-
205,14 and is resistant to IR, for an IR-induced apoptosis experi-
ment. We found that anti-miR-205 led to increased apoptosis 
after exposure to IR when compared with CNE-1/anti-vector 
cells (Fig. 4F). Together, these data confirm that knockdown of 

Figure 3. Expression of miR-205 in radio-sensitive cells leads to IR resistance. (A) miR-205 overexpression in CNE-2 cells. CNE-2 cells were transfected 
with miR-205 expressing vector. Expression of miR-205 was quantitated by q-RTPCR. Expression of miR-205 in the transduced cells was assessed by qRT-
PCR with U6 RNA as an internal control. (B) CNE-2 overexpressing miR-205 becomes more IR resistant. Indicated miR-205-overexpressing CNE-2 cells 
were plated in triplicate and exposed to a range of IR doses (0–6 Gy). The forci-formation was indicated. (C) miR-205-overexpressing CNE-2 cells have 
induced numbers of forci formation. The numbers of foci-formation were presented as bar graphs. (D) miR-205-overexpressing CNE-2 cells have in-
creased survival fraction. Survival fractions were calculated as described above based on the data from experiments in (C). (E) miR-205-overexpressing 
CNE-2 cells is resistant to IR-induced cell death. Indicated cells were treated with or without 10 Gy IR and the cells were stained with PI and the percent-
age of sub-G1 cells was measured by flow cytometry in three independent experiments. The percentage of sub G1 cells was presented as bar graphs.
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Figure 4. Suppression of Mir 205 in CNE-2R cells leads to radiosensitivity to IR-regulated cell death. (A) Lentiviral anti-miR-205 leads to miR-205 sup-
pression in CNE-2R cells. CNE-2R cells were transfected with lenti-virus based copGFP-anti-miR-205 vector. Expression of miR-205 was quantitated 
by q-RTPCR. (B) CNE-2R overexpressing anti-miR-205 becomes more IR sensitive. Indicated anti-miR-205-overexpressing CNE-2R cells were plated in 
triplicate and exposed to a range of IR doses (0–6 Gy). The forci-formation was indicated. (C) anti-miR-205-overexpressing CNE-2R cells have reduced 
numbers of forci formation. The numbers of foci-formation were presented as bar graphs. (D) anti-miR-205-overexpressing CNE-2R cells have reduced 
survival fraction. Survival fractions were calculated as described above based on the data from experiments in (C). (E) anti-miR-205-overexpressing 
CNE-2R cells is sensitive to IR-induced cell death. Indicated cells were treated with or without 10 Gy IR and the cells were stained with PI for measuring 
the percentage of sub G1 cells. Three independent experiments were done. The percentage of sub G1 cells in experiment was presented as bar graphs. 
ns, no significance; ****p < 0.0001. (F) anti-miR-205-overexpressing CNE-1 cells is sensitive to IR-induced cell death. Cells were treated with or without 
10 Gy IR and the cells were stained with annexin V for measuring the percentage of apoptotic cells. The percentage of apoptotic cells in experiment 
was presented as bar graphs. ns, no significance; ****p < 0.0001.
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Figure 5. Suppressing the expression of miR-205 compromises the IR-induced downregulation of PTEN. (A) MiR-205 represses PTEN expression by tar-
geting the 3'-UTR of PTEN mRNA. An miR-205 binding site within PTEN 3'UTR that is conserved in different species was predicted by TargetScan. The 
“seed” sequences of miR-205 complementary to PTEN are shown in red box. (B) Hybridization of miR-205 (green) and PTEN mRNA (red) was predicted 
by RNAhybrid software. The minimum free energy (mfe) required for this hybridization is indicated. (C) Expression of Mir 205 in CNE-2 cells leads to 
downregulation of PTEN and increased akt activity. Levels of PTEN protein expression and phosphorylation of Akt after transfection of miR-205 into 
CNE-2 cells were demonstrated by indicated antibodies. (D) PTEN mRNA levels is downregulated after miR-205 transfection. Gene expression was mea-
sured by qRT-PCR. Data were presented as mean ± SEM (n = 3). ****p < 0.0001. (E) Reporter gene assay. pMIR-REPORT, 3'-PTEN-miR-205 and the mutant 
reporter 3'-PTEN-miR-205-deletion were transfected into CNE-2/vector and CNE-2/miR-205 cells. Luciferase reporter gene activities were assayed. Data 
were presented as mean ± SEM of 3 experiments. ***p < 0.001. (F) Suppressing the expression of Mir-205 compromises the IR-induced downregulation 
of PTEN. Indicated cells were irradiated with 10 Gy IR or without. The lysates were immunoblotted with indicated antibodies.
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(Fig. 6). Thus, LY294002 sensitizes CNE-2R and miR-205 
high expressing cells, such as CNE1, to IR (Fig. 6). Together, 
our results suggest that downregulation of PTEN is involved in 
radioresistance of NPC and that inhibition of PI3K/Akt signal-
ing pathway can reverse such a process.

PTEN is downregulated in late stages of NPC. It is known 
that NPC patients with higher clinical stages are more resistant 
to radiotherapy. To correlate the clinical significance of miR-
205/PTEN pathway and NPC radioresistance, we performed 
immunohistochemistry to evaluate PTEN protein levels in par-
affin-embedded tumor biopsies of NPC with definite diagnosis. 
Then we did a correlation analysis on the relationship between 
the level of tumor expression of PTEN protein and the degree of 
radioresistance of the tumor, which we classified by tumor stages 
(early clinical stages I/II vs. advanced clinical stages III/IV). The 
data demonstrated that PTEN was expressed in all 23 NPC tis-
sue sections examined, and the levels of PTEN expression were 
correlated with the clinical stages of the patients. Specifically, 
the patients with lower levels of PTEN protein were found to 
be in more advanced clinical stages (stage III and IV) of NPC 
(p = 0.046, Table 1). Representative PTEN staining with differ-
ent clinical stages was presented (Fig. 7A).

To investigate the correlation of radiotherapy with miR-205 
expression in a clinical setting, we analyzed the level of miR-205 
expression in patients with NPC. Fresh tumor tissues were col-
lected before and after radiotherapy, and miR-205 expression in 
the tissues was determined by qRT-PCR. miR-205 expression 
was elevated in all the patients after radiotherapy (Fig. 7B), reca-
pitulating the biochemical studies. These data strongly suggest 
that the miR-205/PTEN pathway has an important role in radio-
resistance in a clinical setting.

Discussion

Intrinsic and acquired resistance to radiotherapy is a major 
clinical obstacle in treating cancers. Although mechanisms for 
cellular radioresistance have been extensively investigated on 
established radio-resistant cell models, including, but not lim-
ited to, MGR2R,17 WiDr,18 RRC19 and H69SCLCR,20 they are 
still not fully understood. Recently, accumulating data have 
shown aberrant expression of certain miRNAs in every tumor 
examined. The importance of miRNAs as potential prognostic 
indicators for cancer is underscored by their functions in regu-
lating fundamental cellular processes, such as cell proliferation, 
differentiation and apoptosis.21 Yet, the role of miRNAs in radio-
resistance of NPC is still obscure. In this study, through estab-
lishment of a radio-resistant cell model, CNE-2R, we find that 

for dividing and cell survival. Also, PTEN is reportedly involved 
in the complex response to IR via inducing cell cycle G

2
/M arrest 

and apoptosis and in sensitizing cells to radiochemotherapy.15,16 
Accordingly, we hypothesized that PTEN is responsible for radio-
resistance mediated by miR-205. To address this hypothesis, we 
analyzed PTEN protein and mRNA level in the miR-205-over-
expressing CNE-2 cell (CNE-2/miR-205), using CNE-2/vector 
as a control. As clearly shown by western blot analysis, the pro-
tein level of PTEN was markedly reduced in CNE-2/miR-205 
compared with that in CNE-2/vector cells (Fig. 5C). In addition 
to the reduction in PTEN protein level, phosphorylation of AKT 
at serine 473 was increased when miR‑205 was abundantly pres-
ent (Fig. 5C). The PTEN mRNA was also significantly decreased 
in established CNE-2/miR-205 cells as confirmed by qRT-PCR 
analysis (Fig. 5D). These data indicate that miR-205 regulates 
PTEN gene expression at the transcriptional level.

Next, we examined specific targeting of PTEN by miR-205. 
CNE-2 cells overexpressing miR-205 and the parent control 
cell line CNE-2 were transfected with a luciferase reporter plas-
mid carrying the PTEN 3'-UTR fragment containing either 
the miR‑205 binding site (the 3'-PTEN-miR-205) or a control 
plasmid. Luciferase assay results showed that expression from 
the PTEN reporter (3'-PTEN-miR-205) was substantially sup-
pressed in the copGFP-miR-205 overexpressing CNE-2 cells 
compared with the pMIR-REPORT control plasmid transfec-
tion (Fig. 5E). This suppression was observed in CNE-2 cells, 
indicating that miR-205 inhibits PTEN expression by targeting 
the 3'-UTR of the PTEN gene. To verify the specificity of this 
inhibition, we repeated the luciferase assay by using a modified 
3'-PTEN-miR-205 PTEN reporter gene in which the miR-205 
seed sequence AUG AAG G was deleted to abolish binding of 
miR-205 with PTEN 3'-UTR. The results show that disrup-
tion of binding between miR-205 and the PTEN 3'-UTR com-
promises miR-205-mediated inhibition of luciferase activity 
(Fig.  5E). We conclude that miR-205 suppresses PTEN gene 
expression through specifically targeting 3'-UTR of this gene.

Suppressing the level of miR-205 compromises the 
IR-induced downregulation of PTEN. To examine the effect 
of IR on levels of PTEN protein expression, we exposed both 
CNE-2 and CNE-2R to IR for various amount of time. As shown 
by western blot, IR exposure resulted in repression of PTEN and 
activation of phosphorylation of Akt in CNE-2R (Fig. 5F). In 
contrast, the phenomenon was absent in CNE-2 cells under the 
same treatment (Fig. 5F). These data indicate that IR induces 
repression of PTEN, which consequently leads to phosphoryla-
tion of Akt in radio-resistant CNE-2R cells. Strikingly, inhibit-
ing miR-205 function by miR-205 shRNA reversed suppression 
of PTEN protein expression in CNE-2R cells, confirming that 
repression of PTEN level in CNE-2R cells is under control of 
miR-205 (Fig. 5F). Because activation of phosphorylation of Akt 
(caused by PTEN downregulation) in CNE-2R following IR may 
impact on IR-induced cell survival, we then investigated whether 
a PI3K/Akt inhibitor sensitizes CNE-2R and miR-205 high 
expressing cell to IR. We found that PI3K inhibitor LY294002 
treatment in CNE2R and CNE1 led to increased apoptosis after 
exposure to IR when compared with non-treatment controls 

Table 1. The difference of PTEN expression in NPC tissues with different 
clinical stages

Stages I/II Stages III/IV

Low PTEN 3 12

High PTEN 5 3

Note: Mann-Whitney U test p < 0.046. Clinical stages: I: T1N0M0. II: 
T2N0M0. III: T3N0M0; T1N1M0; T3N1M0. IV: T4N0 ~ 1M0; T1 ~ 4N2 ~ 3M0; 
T1 ~ 4N1 ~ 3M1.
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Tumor cell populations in tissue usually have a variety of 
radiosensitivity, and previous studies have shown successful 
selection of radio-resistant variants by exposing the cells to an 
appropriate regime of irradiation.22 We chose the radiosensitive 
NPC cell line CNE-2 as a parent cell line to better mimic the 
clinical situation, as the majority of NPCs are pathohistologi-
cally undifferentiated non-keratinizing carcinomas that are sensi-
tive to radiation.23 Working with such a radiosensitive cell line, 
we use increasing doses or IR for successful selection of stably 
radio-resistant cells, CNE-2R. The radioresistance of CNE-2R 
indicates that CNE-2R cells mount an adaptive response to IR. 
The stable maintenance of radioresistance in CNE-2R for over 
50 passages without IR suggests that the adaptation results in a 

IR induces miR-205 expression, and this induction consequently 
inhibits expression of the tumor suppressor PTEN by directly 
targeting the 3'-UTR of PTEN gene in NPC. We also find that 
miR-205-mediated inhibition of PTEN expression subsequently 
activates the PI3K/Akt pathway, leading to tumor cell prolifera-
tion and inhibition of tumor cell apoptosis after IR, resulting in 
NPC radioresistance. Our data indicate a strong link between 
IR-inducible miR-205, PTEN expression and radioresistance in 
NPC (Fig. 6C). More importantly, we find that the miR-205/
PTEN pathway in tumor tissues is closely correlated with radio-
therapy/clinical stage of the patients with NPC, suggesting that 
miR-205/PTEN pathway might be a valuable prognosis indica-
tor and a novel target for NPC therapy.

Figure 6. Inhibition of PI3K/Akt signaling pathway can reverse radioresistance of NPC. Indicated cells were treated with or without 10 μM Ly294002 in 
the presence of IR. The cells were stained with annexin V for measuring the percentage of apoptotic cells. The percentage of apoptotic cells in experi-
ment was presented as bar graphs. ns, no significance; ****p < 0.0001.



www.landesbioscience.com	 Cell Cycle	 793

to the cells. PTEN is a phosphatase that can affect the activity 
of Akt, a regulator involved in cell survival. Although IR can 
induce PI3K-Akt activation in many radio-resistant cell types, 
and activation of the PI3K-Akt signaling pathway has been 
correlated with radioresistance,24 the signaling pathway has 
not been fully elucidated. In this study, IR induction of miR-
205 not only suppresses PTEN protein level but also results in 
activation of the Akt signaling pathway in NPC when exposed 
to IR. Our finding provides insights into the mechanism for 
explaining IR-inducible Akt activation and subsequent cell sur-
vival. Importantly, we were able to demonstrate that PI3K/Akt 
inhibitor,25,26 which is also effective in regulating effectiveness 
in chemotherapeutic drugs, can reverse the radioresistance of 
NPC.

complete phenotype change of the tumor cells. Our study also 
demonstrates that increasing doses of IR is an advantageous 
strategy that does not sterilize the cells, but allows simultaneous 
growth of more radio-resistant cells and favors emergence of a 
stable radio-resistant cell line under selective pressure.

In our study, we demonstrate that CNE-2R and CNE-2 cells 
have differential miR expression profiles. miR 205 is particularly 
elevated in the CNE-2R cell line. Interestingly, miR-205 can 
regulate PTEN gene degradation. The miR-205-PTEN axis in 
radiosensitivity is very specific, as miR-205 expression not only 
suppresses PTEN mRNA and protein level in CNE-2 cells but 
also causes CNE-2 cells to become resistant to IR. On the other 
hand, blocking endogenous miR-205 in CNE-2R cells abrogates 
the suppression of PTEN expression and confers radiosensitivity 

Figure 7. PTEN is downregulated in late stages of NPC. (A) High PTEN expression correlates with late stages in NPC. NPC cancer tissues were immu-
nostained with anti-PTEN. Micrographs of two representative NPC cancer specimens were shown (original magnification, 200x). (B) Upregulaion of 
miR-205 is observed in NPC tissue after radiotherapy. qRT-PCR was used to quantify miR-205 expression levels in the NPC tissues obtained before and 
after radiotherapy. Data were presented as mean ± SEM of 3 experiments. ***p < 0.001, compared with before radiotherapy.
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Cell growth analysis. Cells were plated in 24-well culture 
plates (2.5 x 104/well). After incubation for 24 h, the cells were 
irradiated with 2 Gy. Cell growth was monitored by counting 
cell numbers at various time intervals. Three independent experi-
ments were done in triplicate.

Survival foci formation assay. Cells in exponential growth 
phase were plated into a six-well plate at 3,000 cells/well and then 
incubated for 24 h to allow settling. The cells were treated with a 
range of IR doses (0, 2, 4 Gy and 6 Gy, Nasatron (Cs-137) irra-
diator). When most cell clones had reached > 50 cells, they were 
stained with 0.06% crystal violet.

Flow cytometry. To determine IR-induced cell death, cells 
were treated with or without 10 Gy IR. At 48 h post-irradiation, 
the cells were harvested, fixed and stained with RNase and 
50 μg/mL of PI for 30 min. Fluorescence signal from PI was 
measured at 630 nm, with 10,000 events acquired per sample. 
Data were collected using BD FACSCANTO II flow cytome-
ter (BD Biosciences). For Annexin V staining, cells were resus-
pended in 1x binding buffer (Axxora Platform) and incubated 
with FITC-conjugated annexin V for 15 min. at room tempera-
ture in the dark using the FITC-annexin V apoptosis detection 
kit. Cells were immediately analyzed on fluorescence activated 
cell sorting (FACS) calibur flow cytometer (Becton Dickinson 
Immunocytometry System) using the CellQuest Pro Software 
and WINMDI 2.9 software.

Microarray for miRNAs. MiRNA microarray analysis was 
performed on CNE-2R and CNE-2 cells. Briefly, 2 to 5 mg 
total RNA were isolated, size fractioned and labeled with Cy3 or 
Cy5. Paired labeled samples were hybridized to a dual-channel 
microarray using the μParafloTM microfluidic chips based on 
Sanger miRBase release 10.1. Raw data were normalized by the 
LOWESS method on the background-subtracted data.

qRT-PCR. qRT-PCR was performed to detect miRNAs 
expression using TaqMan® miRNA reverse transcription kit and 
TaqMan miRNA assay kits (Applied Biosystems), following the 
manufacturer’s protocol. Expression levels for each gene were 
normalized to that of rRNA U6 and then converted into relative 
values calculated by the comparative CT method. qRT-PCR was 
also used to measure mRNA expression with TaqMan® miRNA 
reverse transcription kit and sybergreen supermix (Biorad). 
PTEN mRNA expression were examined using specific primers 
(forward: 5'-TGG ATT CGA CTT AGA CTT GAC CT; reverse: 
5'-TTT GGC GGT GTC ATA ATG TCT T). Actin mRNA was 
used as an internal control to normalize PTEN mRNA level.

Western blotting. Western blotting was performed as previ-
ously described in reference 35, with primary antibodies against 
PTEN (SantaCruz), phospho-Akt (Cell Signaling), total Akt 
(Cell Signaling), tubulin (Sigma) or actin (Santa Cruz) and an 
HRP-conjugated secondary antibody (Thermo Scientific), fol-
lowed by enhanced chemiluminescence detection.

Generation of stable cell lines. Human pre-miRNA expres-
sion constructs Lenti-miR-205 MI0000285, anti-miR-205 
miRNA construct MZIP205-PA-1, precursor control lentivec-
tor (CD511B-1) and anti-miR scramble control lentiviral vector 
(SI505A-1) were purchased from System Biosciences. To gener-
ate stable miR-205 overexpressing and miR-205 knockdown 

Here, our studies show that miR-205 acts as an important 
gene responding early to IR and can increase radioresistance in 
NPC by directly targeting PTEN. Paradoxically, miR-205 was 
reported to act as a tumor suppressor that inhibits cell growth, 
invasion and migration of cancers.27-31 It was also found to 
inhibit EMT, an essential early step in tumor metastasis that can 
contribute to radioresistance and chemoresistance by directly 
targeting ZEB1 and SIP1.32,33 This discrepancy about the role 
of miR-205 in cancer could reflect the complexity of regulation 
function of miRNAs, a fine-tuner of gene expression in cells. 
It is possible that miR-205 performs context-specific functions 
depending on the microenvironment of the cells and the type of 
the tumor.

Studies from several groups have concluded that IR can upreg-
ulate many genes but suppress more genes. The suppressed genes 
include those involved in proliferation and oxidative stress. Our 
data shed light on regulation of miRNA expression, which alters 
cellular gene expression in NPC cells. It is important to point out 
that several miRNAs are also differentially expressed in CNE2R 
cells. Some of these miRNAs remained to be further investigated 
and could add more understanding about the underlying mecha-
nism for resistance of NPC to stress of IR.

PTEN is a key regulator of cell apoptosis. Cells losing PTEN 
are partially resistant to numerous apoptotic stimuli.34 We found 
that the level of PTEN expression was reduced in tumor tissues 
with advanced clinical stages of NPC (Fig. 6). NPC patients 
with higher clinical stages are more resistant to radiotherapy 
and have worse prognosis because of local lymphoid node and 
distant metastasis. On the basis of our studies, we propose that 
loss of PTEN expression is associated with radioresistance of 
NPC. Consistent with the results of our cell line studies on the 
miR‑205/PTEN pathway, we demonstrate elevated miR-205 
expression in the tumor tissues from NPC patients after radio-
therapy, which suggests that miR-205/PTEN pathway plays a 
critical role in radioresistance of NPC patients. Additional pro-
spective, controlled studies could evaluate the value of miR-205/
PTEN as a molecular marker in NPC for predicting radiosensi-
tivity and prognosis.

Materials and Methods

Cell culture and reagents. Human undifferentiated non-keratin-
izing nasopharyngeal carcinoma cell line CNE-2 was obtained 
from Experiment Animal Center of Sun Yat-Sen University. 
Both CNE-2R and CNE-2 cells were cultured in RPMI-1640 
medium (Invitrogen) supplemented with 10% fetal bovine 
serum, penicillin G 100 units/ml, streptomycin 100 ug/ml and 
amphotericin B 0.25 ug/ml in a humidified atmosphere of 5% 
CO

2
 at 37°C. DMSO, crystal violet and propidium iodide (PI) 

were purchased from Sigma Chemical Co. PowerPlex® 16 kit was 
purchased from Promega Co., and the μParafloTM microfluidic 
chip was purchased from LC Sciences Biochemical and Chemical 
Product Co. MiRNA primers and TaqMan® MicroRNA Reverse 
Transcription Kits, the pre-miR-control, precursor miR-205, 
anti-miR negative control and anti-miR-205 inhibitor were prod-
ucts from Applied Biosystems Co.
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and then immersed in 3% hydrogen peroxide solution for 10 min 
to inhibit endogenous peroxidase activity, followed byincubation 
of the sections in 5% BSA to block nonspecific binding. Then 
the sections were incubated with primary antibodies against 
PTEN (1:1,125 dilution, Cell Signaling, #9188) at 4°C over-
night. Standard avidin-biotin immunohistochemical analysis of 
the sections was done following the manufacturer’s instruction 
(Boster,  #SA1022). And diaminobenzidne was used as a chro-
mogen and hematoxylin for counterstaining. The PTEN stain-
ing in nucleus and the cytoplasm of the tumor cells was scored 
separately and added up for each case as described previously in 
reference 1. A minimum five high-power fields were chosen ran-
domly and > 1,000 cells were counted for each section.

Statistics. The Student’s t-test was used to evaluate the sig-
nificant difference of two groups of data in all the pertinent 
experiments. A p-value < 0.05 (using a two-tailed paired t-test) 
was thought to be significantly different for two groups of data. 
For immunohistochemical data, Mann-Whitney U test was per-
formed with the statistical package SPSS 13.0. to evaluate the 
difference of PTEN expression levels in NPC tissues of early 
clinical stages (I/II) and advanced clinical stages (III/IV). A two-
sided p < 0.05 was considered significant.
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cell lines, CNE-2R and CNE-2 were infected with lentiviral 
transduction particles containing copGFP-miR-205 plasmid, 
copGFP-precursor vector, copGFP-anti-miR-205 plasmid 
(miR‑205shRNA) or anti-miR scramble control lentiviral vec-
tor. Cells were grown in the presence of 4 μg/mL puromycin for 
selection of stably transfected clones. Single clones were picked to 
generate monoclonal cell lines.

Plasmid constructions. The miRNA reporter constructs, 
(3'-PTEN-miR205 and 3'-PTEN-miR205 deletion) were 
obtained by directly inserting the annealed oligonucleotides into 
the pMIR-REPORT luciferase miRNA expression reporter vec-
tor (Ambion) between the SacI and HindIII sites. The sense and 
antisense strands of the oligonucleotides (3'-PTEN-miR205 for-
ward: 5'-C-CCC TTC ATT TGT GGA TCT TAA GCC CTT 
CAT TTG TGG ATC TTA AGG GAT CC-A-3'; 3'-PTEN-
miR205 reverse: 5'-AGC TTG GAT CCC TTA AGA TCC 
ACA AAT GAA GGG TTA AGA TCC ACA AAT GAA GGG 
GAG CT-3'; 3'-PTEN-miR205 deletion forward: 5'-C-CTG 
TGG ATC TTA AGC TGT GGA TCT TAA GGG ATC C-A-
3'; 3'-PTEN-miR205 deletion reverse: 5'-AGC TTG GAT CCC 
TTA AGA TCC ACA GCT TAA GAT CCA CAG GAG CT-3') 
were used for annealing and cloning.

Luciferase assays. The two luciferase reporters, 3'-PTEN-
miR205 and 3'-PTEN-miR205 deletion, were transfected 
into CNE-2/vector and CNE-2/miR205, respectively using 
Lipofectamine 2000 (Invitrogen). pMIR-REPORTTM 
β-galactosidase reporter control vector (Ambion) was cotrans-
fected for normalization of transfection efficiency. Luciferase and 
β-galactosidase activities were measured as described previously 
in reference 36.

Immunohistochemistry. PTEN expression was detected 
immunohistochemically on 23 paraffin-embedded NPC tis-
sue sections from patients at Sun Yat-Sen University Cancer 
Center. In brief, deparaffinized sections were treated at 100°C in 
a steamer containing 10 mM citrate buffer (pH 6.0) for 60 min 
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