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Purpose: To investigate the role and underlying mechanism of G9a and CCDC8 in lung 
cancer radioresistance.
Methods: Western blotting assays were used for G9a, CCDC8, H3K9me3 expression 
detection. MTT assays and clone formation assays were used for measuring cell proliferation 
activities. Flow cytometry assays were used for cell apoptosis detection. The enrichment of 
H3K9me3 in CCDC8 promoter was measured by chromatin immunoprecipitation assay.
Results: G9a and G9a-mediated H3K9me3 are upregulated in radioresistant lung cancer 
cells (A549/IR cell and XWLC-05/IR cell). Blocking G9a not only promotes radiosensitivity 
of A549/IR cell and XWLC-05/IR cell but also reduces aggressive behavior of radioresistant 
A549 cell/IR and XWLC-05/IR cell. In addition, G9a-controlled H3K9me3 is able to binding 
to the promoter of tumor suppressor gene CCDC8 and suppresses CCDC8 expression. 
CCDC8 dysregulation is responsible for G9a-mediated radioresistance of A549/IR cell and 
XWLC-05/IR cell.
Conclusion: G9a and H3K9me3 contribute to the lung cancer radioresistance via modulat-
ing CCDC8 expression.
Keywords: radiotherapy, lung cancer, G9a, H3K9me3, CCDC8

Introduction
Lung cancer is the leading cause of cancer-related death worldwide, and its 
incidence continues to increase.1 Radiotherapy is widely used for lung cancer 
therapy.2,3 However, the resistance of cancer cells to radiotherapy is one of the 
major factors that closely related to the unsatisfactory outcome of lung cancer 
treatment. Thus, more efforts are required to explore the mechanism underlying 
lung cancer radioresistance.

CCDC8 is identified a tumor suppressor and plays a significant role in cancer 
development. Jiang et al suggested that CCDC8 inhibits the invasion and migration 
of non-small cell lung cancer cells.4 Pan indicated that CCDC8 is involved in 
cancer progression via interacting with other proteins.5 Recent study showed that 
CCDC8 contributes to the cancer therapy. For example, Nakagawa et al demon-
strated CCDC8 contributes to gastric cancer chemotherapy resistant.6 However, the 
function of CCDC8 in lung cancer radioresistance remains obscure.

Recently, more efforts have been made to analyze the epigenetic modification, 
such as DNA or RNA methylation and histone methylation, of tumor-related genes. 
The epigenetic modification of oncogenes affects gene transcription, which results 
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in altered cancer radioresistance.7 Xiang et al suggested 
that RNA modification play a role in cancer radiotherapy.8 

Zhu et al showed DNA methylation in genes related to 
DNA repair and cell proliferation during radiation.9 DNA 
hypermethylation and histone deacetylation-mediated 
SOCS silencing affects cervical cancer radiotherapy.10 

G9a functions as a histone methyltransferase, catalyzing 
the histones H3K9 trimethylation (H3K9me3). Aberrant 
expression of G9a contributes to lung cancer 
progression.11,12 Accumulating evidence demonstrated 
that G9a-mediated H3K9me3 modulates gene repression 
during cancer development and therapy.13–15 In addition, 
a study indicated that CCDC8 is epigenetically dysregu-
lated in breast cancer.16 Lu et al suggested that in esopha-
geal squamous cell carcinoma, CCDC8 could be 
methylated.17 Thus, we hypothesis that G9a-controlled 
H3K9me3 modulates lung cancer radioresistance via 
CCDC8.

In this study, we found that the expression of G9a and 
H3K9me3 are upregulated after radiation treatment in lung 
cancer cells. Moreover, G9a and H3K9me3 are increased 
in radioresistant lung cancer cells. We also observed G9a 
inhibit CCDC8 expression via regulating the enrichment 
of H3K9me3 on CCDC8 promoter. And CCDC8 is 
responsible for G9a-mediated lung cancer radioresistance. 
These results demonstrate that G9a and CCDC8 are pro-
mising targets for lung cancer radiotherapy.

Materials and Methods
Cell Culture
A549 cell and XWLC-05 cell were purchased from the 
cell bank of the Institute of Biochemistry and Cell 
Biology, Chinese Academy of Sciences. Cells were main-
tained in minimum essential medium (MEM). The media 
were supplemented with 10% FBS, penicillin (100 U/mL), 
and streptomycin (100 mg/mL) in a humidified atmo-
sphere containing 5% CO2 at 37°C. The radioresistant 
A549/IR and XWLC-05/IR cell lines were obtained after 
repeated irradiation.

Cell Transfection
Stable knockdown of G9a and CCDC8 was achieved by 
RNA interference. The short hairpin RNAs (shRNAs) tar-
geting G9a and corresponding control (termed as shNC), 
CCDC8 siRNA (siCCDC8) and corresponding control 
(termed as siNC) synthesized by GenePharma (Shanghai, 
China). Cells (1× 106) were transfected using 

Lipofectamine 3000 according to the manufacturer’s 
instructions (Invitrogen, U.S.A).

Chromatin Immunoprecipitation (ChIP) 
Assay
The ChIP experiment was performed to determine the 
enrichment of H3K9me3 on CCDC8 promoter. The A549 
cells and XWLC-05 cells were crosslinked with 1% for-
maldehyde and quenched with 0.125 M glycine. The col-
lected cells were washed and lysed in lysis buffer. The 
samples were sheared by sonication and incubated with 
H3K9me3 and H3 antibodies for each chromatin IP 
experiment. The purified DNA was quantitated by qPCR 
with specific primers. The primer used in this study was as 
follows: CCCTGATCAGCCTCGATGTC, ATCAACTGG 
GCCTCCTTTCG.

Cell Viability Assay
Cells were seeded in 96-well plates at a density of 2.5×104 

cells per well and cultured with 5% CO2 in a 37°C incu-
bator for 2 h to allow cells to adhere. The cisplatin was 
added with different concentration. After 48h, cell viability 
was measured by 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- 
phenytetrazoliumromide (MTT, Beyotime, China) assay.

Flow Cytometry
Cell apoptosis was measured by flow cytometry. Indicated 
cells were collected and resuspended. And incubation with 
5μL Annexin V-FITC and 5μL PI (BD Biosciences, USA) 
for 15min in the dark. Apoptosis cells were detected by 
flow cytometry using a Flow Cytometer (Becton 
Dickinson, FACSCalibur).

Colony Formation Assay
A549 cells, XWLC-05 cells, A549/IR cells and XWLC- 
05/IR cells were cultured in complete medium and plated 
in 10-cm culture dishes for 2 weeks. 0.1% crystal violet 
was used for colonies staining.

Western Blotting
Protein concentrations were determined using the Pierce 
BCA Protein Assay Kit (Pierce, Rockford, IL, USA). After 
separation by 10% SDS-polyacrylamide gel electrophor-
esis (SDS-PAGE), proteins were transferred onto polyvi-
nylidene difluoride membranes (PVDF, Millipore, 
Burlington, Massachusetts, USA) for 120 min Then, the 
cells were blocked with TBST containing 5% nonfat 
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skimmed milk and incubated with primary antibodies 
(anti-CCDC8, ab235780, 1:2000, Abcam; anti-GAPDH, 
ab9485, 1:5000; Abcam; anti-H3, ab1791, 1:8000, 
Abcam; anti-H3K9me3, ab8898, 1:5000, Abcam; anti- 
G9a, ab185050, 1:2000, Abcam). Subsequently, secondary 
antibodies were added to culture the cells (goat anti-rabbit 
IgG H&L, ab6721, 1:10,000; goat anti-mouse IgG H&L, 
ab6789, 1:2000; Abcam). The signal detection was con-
ducted by means of an ECL system (Life Technology, 
USA). GAPDH and H3 was regarded as an internal 
reference.

Statistical Analysis
The measured parameters are presented as the means ± 
SD. GraphPad Prism 7.0 (La Jolla, CA, USA) was used for 
statistical analysis. Statistical tests for data analysis were 
two-tailed t-test and one-way ANOVA. P<0.05 indicated 
a statistically significant difference. All experiments were 
performed in triplicate.

Results
Characterization of Irradiation-Resistant 
Lung Cancer Cells
In order to explore the mechanism of irradiation resistance, 
the irradiation-resistant A549 cell line (A549/IR) and 
XWLC-05 cell line (XWLC-05/IR) was generated. As 
shown in Figure 1A, the cell proliferation activity of 
A549/IR and XWLC-05/IR cell remained a higher level 
compared to A549 and XWLC-05 cell upon ionizing radia-
tion. In addition, the radioresistant ability in A549/IR and 
XWLC-05/IR cell was increased according to clone forma-
tion assay and cell apoptosis assay (Figure 1B and C).

G9a Contributes Irradiation Resistance of 
Lung Cancer Cells
A study demonstrated that the expression of histone 
methyltransferase G9a and G9a-mediated H3K9me3 
was induced under radiation treatment in lung cancer.18 

In order to further identify the function of G9a in irra-
diation resistance of lung cancer cells, the expression of 
G9a and H3K9me3 was measured. As shown in Figure 
2A, G9a and H3K9me3 expression level was induced in 
A549/IR and XWLC-05/IR cell. We next established 
A549/IR and XWLC-05/IR cell stably expressing short 
hairpin RNAs (shRNAs) targeting G9a (shG9a). The 
expression of G9a and H3K9me3 in shG9a-transfected 
A549/IR and XWLC-05/IR cell was decreased compared 

to control transfection (shNC) (Figure 2B). After ioniz-
ing radiation administration, cell proliferation rate, clone 
formation ability and cell apoptosis were measured 
(Figure 2C–E), which indicated the role of G9a in enhan-
cing irradiation resistance in lung cancer cells.

CCDC8 is a Downstream Target of G9a
Previous study indicated that pro-apoptotic gene CCDC8 
functioned as a tumor suppressor in lung cancer 
development.4 However, the role and possible mechanisms 
of CCDC8 in radiotherapy resistance of lung cancer has not 
been elucidated. The regulation of G9a mediated-H3K9me3 
on target gene was involved in the radiotherapy of lung 
cancer.18 It was reported that the promoter of CCDC8 could 
be methylated19 and CCDC8 expression could be modulated 
by histone lysine demethylases via H3K9 methylation.6 

Thus, we hypothesized that G9a may regulate CCDC8 
expression via methylation. The expressions of CCDC8 in 
A549/IR cell and XWLC-05/IR cell were decreased com-
pared to A549 cells and XWLC-05 cell (Figure 3A). After 
silencing G9a in A549/IR cell and XWLC-05/IR cell, the 
expression of CCDC8 was induced (Figure 3B). To deter-
mine the correction between G9a-mediated H3K9me3 and 
CCDC8, the ChIP assay was performed. Inhibition of G9a 
attenuated the enrichment level of H3K9me3 on CCDC8 
promoters in A549/IR cell and XWLC-05/IR cell (Figure 
3C). These results suggested that G9a-mediated H3K9me3 
inhibits CCDC8 via binding to the promoter.

G9a and H3K9me3 Modulates Lung 
Cancer Cells Resistance to Radiotherapy 
via Modulating CCDC8
To confirm the contribution of CCDC8 in G9a-mediated 
radiotherapy resistance, CCDC8 siRNAs (siCCDC8) and 
corresponding control (siNC) were transfected to shG9a- 
A549/IR cell and shG9a-XWLC-05/IR cell (Figure 4A). 
Inhibition of CCDC8 abolished the effect of G9a silencing 
on cell proliferation activity (Figure 4B), cell colon formation 
ability (Figure 4C) and cell apoptosis (Figure 4D). These 
results demonstrated that CCDC8 was responsible for G9a- 
mediated lung cancer cells resistance to radiotherapy.

Discussion
In the present study, we demonstrated that G9a and G9a- 
controlled H3K9me3 promote lung cancer cells resistance 
to radiotherapy. G9a-catalyzed H3K9me3 reduces CCDC8 
expression via binding to the promoter in lung cancer. 
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Figure 1 Characterization of irradiation-resistant lung cancer cells. (A) The proliferation activity of A549/IR cell, XWLC-05/IR cell, A549 cell and XWLC-05 cell was 
measured by MTT assay. *p < 0.05, **p < 0.01. (B) Cell viability of A549/IR cell, XWLC-05/IR cell, A549 cell and XWLC-05 cell was detected with clone formation assay. (C) 
Apoptosis rate of A549/IR cell, XWLC-05/IR cell, A549 cell and XWLC-05 cell was measured by flow cytometry. ***p < 0.001. Dates were presented as mean ± SD, the 
P value was determined by two-tailed t-test and one-way ANOVA.
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Importantly, our results further suggested that CCDC8 is 
critical for G9a-mediated lung cancer cell radioresistance. 
Our study describes novel roles of G9a and CCDC8 in 
lung cancer cell radioresistance.

Studies have demonstrated that abnormal expression of 
G9a is linked to cancer development. Inhibition of G9a 
can induce bladder cancer cell apoptosis.20 In gastric can-
cer, G9a enhanced the cell proliferation and attenuated cell 

Figure 2 G9a contributes irradiation resistance of lung cancer cells. (A) Expression of G9a and H3K9me3 in A549/IR cell, XWLC-05/IR cell, A549 cell and XWLC-05 cell. 
Protein quantitative analysis was achieved by Image J. *p < 0.05. (B) Expression of G9a and H3K9me3 in shG9a transfected A549/IR cell and XWLC-05/IR cell. Protein 
quantitative analysis was achieved by Image J. *p < 0.05, **p < 0.01. (C) The proliferation activity of shG9a transfected A549/IR cell and XWLC-05/IR cell was measured by 
MTT assay. **p < 0.01. (D) Clone formation of shG9a transfected A549/IR cell and XWLC-05/IR cell after administrated to 0Gy and 4Gy. (E) Apoptosis rate of shG9a 
transfected A549/IR cell and XWLC-05/IR cell after administrated to 0Gy and 4Gy was measured by flow cytometry. ***p < 0.001. Dates were presented as mean ± SD, the 
P value was determined by two-tailed t-test and one-way ANOVA.
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autophagy.21 The role of G9a in cancer therapy has been 
well characterized. Luo et al suggested that G9a affected 
radio resistance of colon cancer cells.22 Pan et al suggested 
that G9a could be a therapeutic target in gemcitabine 
therapy.23 Most importantly, G9a functions as a histone 
methyltransferase, is responsible for catalyzing H3K9me3. 

G9a-mediated H3K9me3 can modulate tumor-related 
genes repression during cancer development such as breast 
cancer24 and glioma cancer.25 In addition, H3K9me3 
served as a significant factor for cancer 
chemoresistance.26 Our data showed that G9a and 
H3K9me3 were upregulated in in radioresistant lung 

Figure 3 CCDC8 is a downstream target of G9a. (A) Expression of CCDC8 in A549/IR cell, XWLC-05/IR cell, A549 cell and XWLC-05 cell was determined by Western 
blot assay. Protein quantitative analysis was achieved by Image J. **p < 0.01, ***p < 0.001. (B) Protein expression of CCDC8 in shG9a transfected A549/IR cell and XWLC- 
05/IR cell was determined by Western blot assay. Protein quantitative analysis was achieved by Image J. *p < 0.05, **p < 0.01. (C) Enrichment of H3K9me3 on CCDC8 
promoter was determined buy ChIP assay. *p < 0.05. Dates were presented as mean ± SD, the P value was determined by two-tailed t-test and one-way ANOVA.
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cancer cells. Inhibition of G9a not only reduced H3K9me3 
level in lung cancer cells but also suppressed aggressive 
behavior of radioresistant lung cancer cells.

CCDC8 is identified a tumor suppressor in several 
types of cancer including lung cancer.4 CCDC8 has been 
involved in gastric cancer chemotherapy.6 Accumulating 
studies suggested CCDC8 can be modulated via histone 
methylation,6,16 thus, we speculated CCDC8 is regulated 
by G9a-controlled H3K9me3. In our study, a decreased 
level of CCDC8 was observed in radioresistant lung can-
cer cells. CCDC8 expression overexpression partly res-
cued aggressive behavior of radioresistant lung cancer 
cells. Most importantly, our ChIP assay showed that 
H3K9me3 was bound directly to the CCDC8 promoter 
region and inhibited its expression. We also revealed that 

CCDC8 is responsible for G9a-mediated radioresistance of 
lung cancer cells.

Conclusion
In summary, we find G9a is upregulated in radioresis-
tant lung cancer and promotes aggressive behavior of 
radioresistant cells. We also uncover the mechanism by 
which G9a promotes lung cancer radioresistance via 
modulating H3K9me3 enrichment on CCDC8 
promoter.

Funding
Yunnan Provincial Science and Technology Department 
Kunming medicine joint project (2019FE001-154).

Figure 4 G9a and H3K9me3 modulates lung cancer cells resistance to radiotherapy via modulating CCDC8. (A) Expression of CCDC8 in A549/IR cell and XWLC-05/IR 
cell transfected with shG9a was measured by Western blot assay. Protein quantitative analysis was achieved by Image J. **p < 0.01, ***p < 0.001. (B) The proliferation activity 
of siCCDC8 or siNC transfected shG9a-A549/IR cell and shG9a-XWLC-05/IR cell was determined by MTT assay. *p < 0.05. (C) Clone formation of siCCDC8 or siNC 
transfected shG9a-A549/IR cell and shG9a-XWLC-05/IR cell cell after administrated to 0Gy and 4Gy. (D) Apoptosis rate of siCCDC8 or siNC transfected shG9a-A549/IR 
cell and shG9a-XWLC-05/IR cell was measured by flow cytometry. ***p < 0.001. Dates were presented as mean ± SD, the P value was determined by two-tailed t-test and 
one-way ANOVA.
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