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Abstract
Background
Ku80 is crucially implicated in DNA repair, apoptosis, and chemoresistance. In this study, we aimed to assess the expression of Ku80 in clinical lung adenocarcinoma specimens, and investigate its role in the regulation of cisplatin sensitivity in cisplatin resistant human lung adenocarcinoma cells A549/DDP.

Methods
Tumor specimens and medical records of 106 patients with operable lung adenocarcinoma were obtained from 1998 to 2003. Ku80 mRNA and protein levels of the tumor samples, cultured human lung adenocarcinoma cells A549 cells and their cisplatin resistant variant A549/DDP cells were examined by reverse transcription PCR and western blot analysis. Ku80-specific siRNA or control scramble siRNA was transfected into A549/DDP cells, then cell sensitivity to cisplatin was examined by 3-(4,5-dimethylthia-zol-2-yl)-2,5-diphenyltetrazolium bromide assay and apoptosis was assessed by flow cytometric analysis. In addition, the levels of cleaved caspase-3 and cleaved PARP in the treated cells were detected by western blot analysis.

Results
Total 83.3% (20/24) cisplatin-resistant tumors had high Ku80 expression, while 8.3% (4/48) cisplatin-sensitive tumors had high Ku80 expression (p < 0.01). Univariate analysis indicated that overall survival and progression-free survival were significantly better in lung adenocarcinoma patients with low vs. high Ku80 expression level (p < 0.01). Ku80 mRNA and protein expression levels were significantly increased in A549/DDP cells compared to parental A549 cells. siRNA mediated knockdown of Ku80 resensitized A549/DDP cells to cisplatin-induced apoptosis.

Conclusions
Ku80 expression level could predict the outcome and the sensitivity to cisplatin-based chemotherapy in patients with lung adenocarcima. Ku80-siRNA could be utilized as a therapeutic strategy to resensitize nonresponders to cisplatin.
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Background
Lung cancer is the leading cause of cancer death in males and the second-leading cause of cancer deaths in females worldwide[1]. In the past decades, lung adenocarcinoma, one histological subtype of non-small cell lung cancer (NSCLC), has become the most common histologic type among all lung cancers diagnosed[2]. Platinum based combination chemotherapy is the standard chemotherapy for NSCLC, and cisplatin is widely used for the treatment of lung cancer[3]. However, individuals respond to chemotherapy differently and the efficacy of cisplatin treatment is often impaired by the emergence of resistance to this drug[4]. Therefore, elucidating the mechanism underlying the development of chemoresistance would promote our understanding of lung cancer progression and treatment failure.
The heterodimeric Ku antigen, which acts as a molecular detector of DNA double strands, consists of two subunits of 70 kDa (Ku70) and 80 kDa (Ku80 or Ku86) and activate DNA protein kinase (DNA-PK) by binding directly to free DNA termini in a non-sequence-specific manner[5, 6]. Expression of Ku was shown to be upregulated in human aggressive breast cancer, lung cancer and bladder cancer[7–10]. Moreover, Ku is involved in the resistance of ovarian cancer and leukemic cells to cisplatin[11–13]. However, little is known about the expression of Ku80 and its role in cisplatin resistance in human lung adenocarcinoma. Therefore, in this study, we assessed the expression of Ku80 in lung adenocarcinoma specimens, and found that Ku80 was markedly overexpressed in primary human lung adenocarcinoma and high Ku80 expression was associated with poor clinical outcomes and resistance to cisplatin-based chemotherapy. siRNA mediated knockdown of Ku80 enhanced the proapoptotic effects of chemotherapy on cisplatin-resistant lung adenocarcinoma cells A549/DDP.

Materials and methods
Patients and samples
Tumor samples from resection specimens were collected from patients with primary lung adenocarcinomas between January 1998 and July 2003, who underwent general thoracic surgery at the Second Hospital of Jilin University. The study was approved by the Ethics Committee of the Second Hospital of Jilin University (Changchun, China) and all patients gave informed consent. All excised tissues were frozen immediately in liquid nitrogen and then stored at −80 °C. Patient medical records were reviewed to obtain tumor staging, pathology, and survival information. The pathologic diagnosis of the resected tumors was based on the World Health Organization histological classification of tumors of the lung[14]. The post-operative disease stage was performed according to the International Union against Cancer's tumor-node-metastasis (TNM) classification[15]. All 106 patients underwent radical surgery. Patients with preoperative chemotherapy or radiotherapy treatment or with evidence of other malignancies were excluded. No patients received gene-targeted therapy during the follow-up period. Eighty-six patients received appropriate chemotherapy or radiotherapy as needed. Among them, 66 patients received more than three cycles of cisplatin-based chemotherapy. Platinum sensitivity, as a measure of treatment response, was defined as no disease progression or relapse during or within 6 months after chemotherapy[16]. The median clinical follow-up time was 38.5 months (range: 7–60 months). Overall survival was defined as the time from the diagnosis to death from any cause. Progression-free survival was defined as the time from the diagnosis to progressive disease, relapse or death from any cause, whichever occurred first. Cases lost to follow-up and deaths caused by conditions other than lung adenocarcinoma were regarded as censored data in the survival analysis.

Immunohistochemistry
Paraffin-embedded tissue sections of primary lung adenocarcinoma and the adjacent normal lung tissues were used for immunohistochemical studies. Sections from paraffin-embedded tumors were incubated overnight with mouse anti-human Ku80 monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) at 1:500 dilution, followed by incubation with goat anti-mouse secondary antibody (Pierce, Rockford, IL, USA). Immunohistochemical evaluation was performed by two pathologists without knowledge of the clinical and pathological characteristics of these patients. The average optical density and the average positive area ratio from five nonoverlapping, randomly selected fields per section with high-magnification (400×) were examined and counted. Average optical density reflected the positive intensity of area expressing Ku80 protein and equaled to average optical density of positive stained area. The positive area ratio reflected the scope of area with positive Ku80 expression and was calculated as (the total positive area per unit area/the total cells per unit area) × 100%. In the case of nuclear staining of Ku80, the percentage of positive cells was determined and divided into three groups: nuclear staining in less than 25% of cells (weak), nuclear staining in ≥25% of tumor cells and ≤50% of tumor cells (low) or nuclear staining in >50% of tumor cells (high).

Cell lines and transfection
The human lung adenocarcinoma cell line A549 and its cisplatin-resistant variant A549/DDP were cultured as previously described[17]. Small interfering RNA (siRNA) sequences targeting human Ku80 and a non-target sequence were constructed by Genechem (Genechem, Shanghai, China). The Ku80 siRNA (si-Ku80) were designed with the following sequences as previously described[18, 19]: sense 5'GGAUGGAGUUACUCUGAUUTT3', antisense 5'AAUCAGAGUAACUCCAUCCTT3'. The non-target siRNA (Scramble) sequences were as follows: sense 5'UUCUCCGAACGUGUCACGUTT3', antisense 5'ACGUGACACGUUCGGAGAATT3'. Transfection with siRNA was performed using LipofectAMINE 2000 (Invitrogen, Carlsbad, CA) in accordance with the manufacturer’s protocol. Briefly, A549/DDP cells were seeded into six-well plates at the density of 2 × 105 cells/well, and the cells grew to 50-70% confluent in the next day. Then the cells were transfected with 100 pmol si-Ku80 or si-Scramble by using 10 μl LipofectAMINE 2000 (Invitrogen). For the 3-(4,5-dimethylthia-zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays and flow cytometry analysis, the transfected cells were treated with cisplatin for 24 h. The cells were harvested 48 h after transfection.

Cell viability assay
The MTT staining kit (Sigma-Aldrich, St. Louis, MO) was used to determine cell viability. A549/DDP cells were plated into 96-well plates (1 × 104/well) for 24 h and then treated with various concentrations of cisplatin for 24 h. Next the cells were treated with 0.5 g/l MTT solution for 4 h. The medium was removed, and 100 μl of dimethylsulphoxide was added to each well. The formazan dye crystals were solubilized for 15 min and the optical density was measured using a microplate reader (Bio-Rad, Richmond, CA) at a wavelength of 570 nm. All experiments were performed in triplicate.

Flow cytometry analysis of apoptosis
After treatment for the defined time, A549/DDP cells were trypsinized and collected, washed, and stained using the Annexin-V-FITC Apoptosis Detection Kit (Beyotime, Shanghai, China). The samples were subjected to a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ). Annexin-V-FITC(−)/PI(−) was used to indicate cells that had survived, Annexin-V-FITC(+)/PI(−) was used to indicate cells in the early stage of apoptosis, and Annexin-V-FITC(+)/PI(+) was used to indicate cells in the late stage of apoptosis or necrosis.

Reverse-transcriptase PCR analysis
Total RNA were isolated from cultured cells or tumor samples by using Trizol (Invitrogen, USA) according to the manufacturer’s instruction. Complementary DNA (cDNA) was synthesized by reverse transcription of 1 μg RNA samples with SuperScript pre-amplification system (Promega, Madison, MI). One tenth of the reverse transcribed RNA was used in PCR reaction. The primer sequences were as follows: GAPDH forward 5′ - GAAGGTGAAGGTCGGAGTC-3′ and reverse 5′- GAAGATGGTGATGGGATTTC′ (product 300 bp); Ku80 forward 5′-ACGATTTGGTACAGATGGCACT−3′ and reverse 5′-GCTCCTTGAAGACGCACAGTTT −3′ (product 497 bp). RT-PCR products were separated by electrophoresis on 1.5% agarose gel containing ethidium bromide.

Western blot analysis
Total protein was isolated from culture cells or tumor samples and subjected to western blotting analysis as previously described[20]. Equal amounts of protein (40 μg) as determined by the Protein Assay Kit (Bio-Rad, Hercules, CA) was separated by 12% PAGE and transferred onto nitrocellulose membranes (Millipore, Bedford, MA). The membranes were blocked with 5% nonfat milk diluted in buffer (10 mM Tris–HCl, 100 mM NaCl and 0.1% Tween 20) for 1 h at room temperature. The membranes were then incubated with primary antibodies at 1: 1000 dilution for Ku80, cleaved-PARP, cleaved-Caspase 3, or β-actin (Abcam, MA, USA), followed by incubation with Horseradish peroxidase-conjugated secondary antibodies (Thermo, Waltham, USA) at 1: 2000 dilution for 1 h at room temperature. The protein bands were detected by an enhanced chemiluminescene kit (Pierce, Rockford, USA). Protein levels were quantified by densitometry using Quantity One software (Bio-Rad).

Statistical analysis
The data were presented as mean ± standard deviation. All statistical analysis was performed using SPSS.17.0 software (SPSS, Chicago, IL, USA). The paired-samples Wilcoxon signed rank test was used to compare the expression of Ku80 between tumor and adjacent normal tissues. A 2-fold difference between control and test was considered the cut-off point to define high or low expression. Comparisons between treatments were made using one-way ANOVA for multiple group comparisons and differences between treatments were examined with a Tukey test. The correlation between Ku80 expression and clinic pathologic features was examined using the Pearson’s Chi-squared test. Overall survival and progression-free survival were calculated using the Kaplan–Meier method and log-rank tests. A 2-tailed P value of less than 0.05 was defined as statistical significance.


Results
Ku80 is overexpressed in lung adenocarcinoma tissues
First we examined mRNA and protein expression of Ku80 in 106 pairs of snap-frozen lung adenocarcinoma and adjacent nonmalignant lung tissues. Representative data from four tumor and four non-tumor lung tissues were shown in Figure1. As shown in Table1, 73.8% (78/106) lung adenocarcinoma tissues showed high Ku80 mRNA expression (Figure1A and C), and 78.3% (83/106) lung adenocarcinoma tissues showed high Ku80 protein expression (Figure1B and D). By using a cutoff point of 2, we found that expression of Ku80 mRNA and protein was significantly reduced in lung adenocarcinoma vs. the non-tumor tissues (P = 0.006 and P = 0.005, respectively). A Spearman bivariate correlation showed a positive correlation (r = 0.97, P < 0.01) between the mRNA and protein levels of Ku80 (data not shown). Immunohistochemistry analysis demonstrated that Ku80 protein was expressed at low level in normal human lung tissues (Figure2A) but at higher level in human adenocarcinoma tissues (Figure2B and C) shown as nuclear brown-yellow granular staining.[image: A13046_2012_Article_619_Fig1_HTML.jpg]
Figure 1Ku80 mRNA and protein expression in human lung adenocarcinoma tumor tissues. (A) Ku80 mRNA level was detected by RT-PCR in tissue samples from lung adenocarcinoma tumor (T) and corresponding nontumorous (N) lung tissues. Shown were results from 4 representative paired-samples. (B) Quantitative data from A. (C) Ku80 protein level was detected by western blot in tissue samples from lung adenocarcinoma tumor (T) and corresponding nontumorous (N) lung tissues. Shown were results from 4 representative western paired-samples. (D) Quantitative data from C. *p < 0.01 compared to the normal tissues using Wilcoxon signed rank test.




Table 1
                        Association of Ku80 expression with clinical characteristics of 106 patients with lung adenocarcinoma
                      


	Characteristics
	patients (n = 106)
	
                            Ku80 mRNA level
                          
	 	
                            P
                          
	Ku80 protein level
	 	
                            P
                          

	Low (n = 28)
	High (n = 78)
	Low ( n = 23)
	High (n  = 83)

	Age at diagnosis of lung AC
	 	 	 	0.202
	 	 	 
	mean ± SD
	58.33 ± 10.50
	57.45 ± 9.96
	60.79 ± 11.71
	 	 	 	 
	Gender
	 	 	 	0.371
	 	 	0.151

	Male
	43(40.6)
	9(32.1)
	34(43.6)
	 	6(26.1)
	37(40.6)
	 
	Female
	63(59.4)
	19(67.9)
	44(56.4)
	 	17(73.9)
	46(55.4)
	 
	Smoking status
	 	 	 	0.238
	 	 	0.13

	Never
	32(30.2)
	11(39.3)
	21(26.9)
	 	10(43.5)
	22(26.5)
	 
	Former and current smokers
	74(69.8)
	17(60.7)
	57(73.1)
	 	13(56.5)
	61(73.5)
	 
	Tumor grade
	 	 	 	0.062
	 	 	0.114

	Well differentiated
	36(34.0)
	15(53.6)
	21(34.0)
	 	12(52.2)
	24(28.9)
	 
	Moderately differentiated
	32(30.2)
	7(25.0)
	32(30.2)
	 	5(21.7)
	27(32.5)
	 
	Poorly differentiated
	38(35.8)
	6(21.4)
	32(35.8)
	 	6(26.1)
	32(38.6)
	 
	Lymph node metastasis
	 	 	0.001
	 	 	0.001

	Positive
	73(68.9)
	11(39.3)
	62(79.5)
	 	6(26.1)
	67(80.7)
	 
	Negative
	33(31.1)
	17(60.7)
	16(20.5)
	 	17(73.9)
	16(19.3)
	 
	Disease stage
	 	 	 	0.014
	 	 	0.017

	I
	23(21.7)
	10(35.7)
	13(16.7)
	 	10(43.5)
	13(21.7)
	 
	II
	57(53.8)
	13(46.4)
	44(56.4)
	 	9(39.1)
	48(53.8)
	 
	III
	26(24.5)
	5(17.9)
	21(26.9)
	 	4(17.4)
	22(26.5)
	 


[image: A13046_2012_Article_619_Fig2_HTML.jpg]
Figure 2Immunohistochemical staining of Ku80 in lung adenocarcinoma and adjacent nontumor lung tissues. (A) Ku80 staining was weak in nontumorous lung tissue, (B) low level of expression of Ku80 in lung adenocarcinoma and (C) high level of expression of Ku80 in lung adenocarcinoma. Ku80 staining was brown and predominantly nuclear in the samples examined. Magnification × 400, scale bar 50 μm.




Ku80 expression level is correlated with poor survival and resistance to cisplatin chemotherapy in lung adenocarcinoma patients
We next addressed the relationship between Ku80 expression and clinicopathologic parameters of lung adenocarcinoma patients. As shown in Table1, Ku80 overexpression showed significant correlations with lymph node metastasis status (P = 0.01) and TNM stage (P <0.05), but no correlation was noticed between Ku80 expression level and age, gender, smoking status or tumor grade. Analysis using the Kaplan–Meier method indicated that lung adenocarcinoma patients with high Ku80 level had a significantly shorter median overall survival compared to those with low Ku80 level (20.17 versus 57 months, P < 0.001 by the log-rank test; Figure3A). Moreover, the progress-free interval was significantly higher in the low Ku80 level group than in the high Ku80 level group (P < 0.0001, Figure3B). Taken together, these data demonstrate that Ku80 is overexpressed in primary lung adenocarcinoma compared with normal lung tissue, and high Ku80 level is associated with poor survival in lung adenocarcinoma patients.[image: A13046_2012_Article_619_Fig3_HTML.jpg]
Figure 3Kaplan–Meier curve of overall survival of lung adenocarcinoma patients with low and high Ku80 expression. (A) Kaplan–Meier analysis of tumor-specific overall survival in all lung adenocarcinoma patients according to Ku80 protein level. The 5-year survival probability was 94.4% for the patients with low Ku80 protein level (n = 23), and 79.8% for patients with high Ku80 protein level (n = 83). (B) Kaplan–Meier analysis of progression-free survival according to Ku80 protein level. The progression-free survival interval was 45.56 ± 3.85 (95% CI: 37.99-53.12) months for the patients with low Ku80 protein level (n = 23), and 20.18 ± 1.72 (95% CI: 16.81-23.54) for patients with high Ku80 protein level (n = 83).




In addition, as shown in Table2, in this study 72 patients were treated with at least three cycles of cisplatin-based therapy, who were separated into cisplatin resistance group (n = 24) and cispaltin sensitivity group (n = 48) as defined previously[21]. Among these patients, 83.3% (20/24) cisplatin-resistant tumors showed high Ku80 expression level, while only 8.33% (4/48) cisplatin-sensitive tumors showed high Ku80 expression level. There was significant difference between the two groups (p < 0.01). These results suggest that Ku80 level is associated with the resistance to cisplatin-based chemotherapy in lung adenocarcinoma patients.Table 2
                          The therapeutic status for patients with lung adenocarcinoma after surgery
                        


	Stage
	Number
	Therapy after surgery

	No therapy
	Chemotherapy
	Radiotherapy

	1-2 cycles
	> 2 cycles

	I
	23
	20
	0
	0
	3

	II
	57
	0
	12
	40
	27

	III
	26
	0
	0
	26
	21

	total
	106
	20
	12
	66
	51





Knockdown of Ku80 enhances cisplatin-induced apoptosis of cisplatin-resistant A549/DDP cells
To characterize the role of Ku80 in the cisplatin resistance of lung adenocarcinoma, we examined Ku80 mRNA and protein expression in A549 and A549/DDP cells. Up-regulation of Ku80 at both mRNA and protein levels was detected in the cisplatin-resistant A549/DDP cells (Figure4A and B), suggesting that increased expression of Ku80 promotes cisplatin resistance.[image: A13046_2012_Article_619_Fig4_HTML.jpg]
Figure 4Expression of Ku80 in A549 and A549/DDP cells. (A) RT-PCR analysis of Ku80 mRNA in A549 and A549/DDP cells. (B) Western blot analysis of Ku80 protein in A549 and A549/DDP cells. (C) Quantification of Ku80 mRNA level relative to GAPDH. (D) Quantification of Ku80 protein level relative to β-actin. Data represented mean ± SD for three replicate experiments. *P < 0.05.




To further confirm the effects of Ku80 on cisplatin sensitivity in human lung adenocarcinoma, we used siRNA to downregulate Ku80 expression in A549/DDP cells (Figure5A and B). Cisplatin markedly increased the viability of si-Ku80 A549/DDP cells, whereas scramble-siRNA transfected cells were considerably less sensitive to cisplatin (Figure5C).[image: A13046_2012_Article_619_Fig5_HTML.jpg]
Figure 5Knockdown of Ku80 enhances cisplatin-induced growth inhibition and apoptosis in A549/DDP cells. (A) RT-PCR analysis of Ku80 mRNA level in A549/DDP cells transfected with Ku80 siRNA (siKu80) or non-target sequence siRNA (Scramble). (B) Western blot analysis of Ku80 protein level in A549/DDP cells transfected with siKu80 or Scramble. (C) A549/DDP cells were transfected with siKu80 or Scramble and then treated with different concentrations of cisplatin for 24 h. Cell viability was determined by MTT assay. Data represented mean ± SD for three replicate experiments. (D) A549/DDP cells were transfected with siKu80 or Scramble and then treated with 6 μg/ml cisplatin for 24 h. The cells were collected and stained with Annexin-V-FITC and PI. Shown were representative images of three independent experiments. (E) A549/DDP cells were transfected with siKu80 or Scramble and then treated with 6 μg/ml cisplatin for 24 h. The cells were collected and subjected to western blot analysis for the detection of Ku80, cleaved caspase-3 and cleaved PARP levels. Shown were representative blots of three independent experiments. (F) Quantification of Ku80, cleaved caspase-3 and cleaved PARP levels as shown in (E). Data were presented as mean ± SD, n = 3. *P < 0.05.




The flow cytometry analysis showed that the apoptosis ratio was increased in siKu80-A549/DDP cells compared to scramble-siRNA transfected cells (24.16% vs. 12.15%, P < 0.05; Figure5D). Furthermore, western blot analysis showed that si-Ku80 A549/DDP cells exhibited markedly increased activation of caspase-3 and cleavage of PARP in response to cisplatin, compared to scramble-siRNA transfected cells (Figure5E and F). Collectively, these results suggest that Ku80 protects lung adenocarcinoma cells against cisplatin-induced apoptosis.


Discussion
Platinum-based chemotherapies show promise in the treatment of lung cancer but their application has been limited by drug resistance[4]. Cisplatin, one classic platinum, has for many years been used as a systematic chemotherapeutic agent for the treatment of NSCLC[22]. Therefore, a better understanding of the mechanisms responsible for cisplatin resistance in lung cancer will improve the efficacy of cisplatin in clinical oncology.
In this study, we demonstrated that Ku80 is specifically up-regulated in lung adenocarcinoma compared to adjacent normal lung tissues. In addition, we found that increased Ku80 expression is associated with lymph node metastasis, TNM stage and tumor response to cisplatin-based adjuvant therapy, shorter overall and progression-free survival in patients with lung adenocarcinoma. The mechanism of action of cisplatin involves covalent binding to purine DNA bases, which primarily leads to cellular apoptosis. An increasing number of studies suggest that increased DNA repair capacity plays a critical role in cellular cisplatin resistance in many cancers including lung cancer[23, 24]. Ku is known for its crucial role in DNA repair and may contribute to cisplatin resistance in lung adenocarcinoma. It has been shown that a rodent Ku80 knockout cell line exhibited hypersensitivity to cisplatin and reconstitution of human Ku80 in this cell line led to enhanced resistance to cisplatin[13].
Ku is implicated in numerous cellular processes, including telomere maintenance, regulation of specific gene transcription, regulation of heat shock-induced responses and apoptosis[25]. In this study, we demonstrated that siRNA mediated knockdown of Ku80 enhanced cisplatin sensitivity and promoted cisplatin-induced apoptosis as well as the activation of caspase-3 and PARP in cisplatin-resistant A549/DDP cells. Apoptotic pathways contribute to the cytotoxic action of cisplatin therapy[26]. Accordingly, the failure to undergo apoptosis in response to anti-cancer therapy may result in cancer resistance[27]. Caspase-3 plays a central role in the execution of the apoptotic program and is primarily responsible for the cleavage of PARP during cell death[28]. Cleaved caspase-3 indicates the activty of caspase-3, while PARP is a well-known substrate of caspase-3 and cleaved PARP indicates the extent of apoptosis. To further elucidate the possible mechanisms for Ku80 in cisplatin resistance, we examined the effects of Ku80-siRNA on cleaved caspase-3 and cleaved PARP. We observed that the levels of cleaved caspase-3 and cleaved PARP proteins were significantly increased in si-Ku80 transfected cells. Downregulation of Ku80, together with cisplatin treatment, might promote apoptosis by triggering caspases cascades in apoptotic pathways. However, further studies are needed to elucidate the mechanisms by which Ku80 downregulation promotes apoptosis of chemotherapy resistant cancer cells in vivo and in vitro. Li et al. reported that Ku80 inactivation resulted in the induction of the tumor suppressor protein p53, which may contribute to the inhibition of cell growth and induction of apoptosis[29]. Therefore, it will be interesting to examine the correlation between Ku80 expression and p53 mutation in lung adenocarcinoma patients.
In summary, our data suggest that Ku80 expression level could predict the outcome and the sensitivity to cisplatin-based chemotherapy in patients with lung adenocarcima. Ku80 knockdown increases the sensitivity of cisplatin resistant human lung adenocarcinoma cells to cisplatin in vitro. Therefore, Ku80 has the potential to serve as a biomarker for the prediction of cisplatin response and represent a promising target for the combination of cisplatin-based chemotherapy in patients with lung adenocarcinoma.

Acknowledgments
This work was supported by the National Natural Science Foundation of China (No. 30971315) and the Science & Technology Development Planning Project of Jilin Province (No. 200905147 and 200705236).

References
1.
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer statistics. CA Cancer J Clin. 2011, 61: 69-90. 10.3322/caac.20107.CrossRefPubMed

2.
Fan Z, Schraeder R: The changing pathology of lung cancer. Surg Oncol Clin N Am. 2011, 20: 637-653. 10.1016/j.soc.2011.07.004.CrossRefPubMed

3.
Azzoli CG, Baker S, Temin S, Pao W, Aliff T, Brahmer J, Johnson DH, Laskin JL, Masters G, Milton D, et al: American society of clinical oncology clinical practice guideline update on chemotherapy for stage IV Non-small-cell lung cancer. J Clin Oncol. 2009, 27: 6251-6266. 10.1200/JCO.2009.23.5622.PubMedCentralCrossRefPubMed

4.
Breathnach OS, Freidlin B, Conley B, Green MR, Johnson DH, Gandara DR, O'Connell M, Shepherd FA, Johnson BE: Twenty-two years of phase III trials for patients with advanced non-small-cell lung cancer: sobering results. J Clin Oncol. 2001, 19: 1734-1742.PubMed

5.
Suzuki K, Kodama S, Watanabe M: Role of Ku80-dependent end-joining in delayed genomic instability in mammalian cells surviving ionizing radiation. Mutat Res. 2010, 683: 29-34. 10.1016/j.mrfmmm.2009.10.003.CrossRefPubMed

6.
Postow L, Ghenoiu C, Woo EM, Krutchinsky AN, Chait BT, Funabiki H: Ku80 removal from DNA through double strand break-induced ubiquitylation. J Cell Biol. 2008, 182: 467-479. 10.1083/jcb.200802146.PubMedCentralCrossRefPubMed

7.
Wang HC, Liu CS, Chiu CF, Chiang SY, Wang CH, Wang RF, Lin CC, Tsai RY, Bau DT: Significant association of DNA repair gene Ku80 genotypes with breast cancer susceptibility in Taiwan. Anticancer Res. 2009, 29: 5251-5254.PubMed

8.
Xing J, Wu X, Vaporciyan AA, Spitz MR, Gu J: Prognostic significance of ataxia-telangiectasia mutated, DNA-dependent protein kinase catalytic subunit, and Ku heterodimeric regulatory complex 86-kD subunit expression in patients with nonsmall cell lung cancer. Cancer. 2008, 112: 2756-2764. 10.1002/cncr.23533.PubMedCentralCrossRefPubMed

9.
Pucci S, Mazzarelli P, Rabitti C, Giai M, Gallucci M, Flammia G, Alcini A, Altomare V, Fazio VM: Tumor specific modulation of KU70/80 DNA binding activity in breast and bladder human tumor biopsies. Oncogene. 2001, 20: 739-747. 10.1038/sj.onc.1204148.CrossRefPubMed

10.
Ye J, Ren ZY, Gu Q, Wang LM, Wang JL: Ku80 is differentially expressed in human lung carcinomas and upregulated in response to irradiation in mice. DNA Cell Biol. 2011, 30: 987-994. 10.1089/dna.2010.1196.PubMedCentralCrossRefPubMed

11.
Frit P, Canitrot Y, Muller C, Foray N, Calsou P, Marangoni E, Bourhis J, Salles B: Cross-resistance to ionizing radiation in a murine leukemic cell line resistant to cis-dichlorodiammineplatinum(II): role of Ku autoantigen. Mol Pharmacol. 1999, 56: 141-146.PubMed

12.
Marme F, Hielscher T, Hug S, Bondong S, Zeillinger R, Castillo-Tong DC, Sehouli J, Braicu I, Vergote I, Isabella C, et al: Fibroblast growth factor receptor 4 gene (FGFR4) 388Arg allele predicts prolonged survival and platinum sensitivity in advanced ovarian cancer. Int J Cancer J int cancer. 2012, 131: E586-591.CrossRef

13.
Muller C, Calsou P, Frit P, Cayrol C, Carter T, Salles B: UV sensitivity and impaired nucleotide excision repair in DNA-dependent protein kinase mutant cells. Nucleic Acids Res. 1998, 26: 1382-1389. 10.1093/nar/26.6.1382.PubMedCentralCrossRefPubMed

14.
Teng XD: World Health Organization classification of tumours, pathology and genetics of tumours of the lung. Zhonghua bing li xue za zhi Chinese journal of pathology. 2005, 34: 544-546.PubMed

15.
Wrona A, Jassem J: The new TNM classification in lung cancer. Pneumonol Alergol Pol. 2010, 78: 407-417.PubMed

16.
Wang D, Xiang DB, Yang XQ, Chen LS, Li MX, Zhong ZY, Zhang YS: APE1 overexpression is associated with cisplatin resistance in non-small cell lung cancer and targeted inhibition of APE1 enhances the activity of cisplatin in A549 cells. Lung Cancer. 2009, 66: 298-304. 10.1016/j.lungcan.2009.02.019.CrossRefPubMed

17.
Li P, Wang K, Zhang J, Zhao L, Liang H, Shao C, Sutherland LC: The 3p21.3 tumor suppressor RBM5 resensitizes cisplatin-resistant human non-small cell lung cancer cells to cisplatin. Cancer Epidemiol. 2012, 36: 481-489. 10.1016/j.canep.2012.04.004.CrossRefPubMed

18.
Munakata Y, Saito-Ito T, Kumura-Ishii K, Huang J, Kodera T, Ishii T, Hirabayashi Y, Koyanagi Y, Sasaki T: Ku80 autoantigen as a cellular coreceptor for human parvovirus B19 infection. Blood. 2005, 106: 3449-3456. 10.1182/blood-2005-02-0536.CrossRefPubMed

19.
Chang IY, Youn CK, Kim HB, Kim MH, Cho HJ, Yoon Y, Lee YS, Chung MH, You HJ: Oncogenic H-Ras up-regulates expression of Ku80 to protect cells from gamma-ray irradiation in NIH3T3 cells. Cancer Res. 2005, 65: 6811-6819. 10.1158/0008-5472.CAN-04-4065.CrossRefPubMed

20.
Liang H, Zhang J, Shao C, Zhao L, Xu W, Sutherland LC, Wang K: Differential expression of RBM5, EGFR and KRAS mRNA and protein in non-small cell lung cancer tissues. J Exp Clin Cancer Res. 2012, 31: 36-10.1186/1756-9966-31-36.PubMedCentralCrossRefPubMed

21.
Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC, Gwyther SG: New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst. 2000, 92: 205-216. 10.1093/jnci/92.3.205.CrossRefPubMed

22.
Kelland L: The resurgence of platinum-based cancer chemotherapy. Nat Rev Cancer. 2007, 7: 573-584. 10.1038/nrc2167.CrossRefPubMed

23.
Stewart DJ: Mechanisms of resistance to cisplatin and carboplatin. Crit Rev Oncol Hematol. 2007, 63: 12-31. 10.1016/j.critrevonc.2007.02.001.CrossRefPubMed

24.
Wynne P, Newton C, Ledermann J, Olaitan A, Mould TA, Hartley JA: Enhanced repair of DNA interstrand crosslinking in ovarian cancer cells from patients following treatment with platinum-based chemotherapy. Br J Cancer. 2007, 97: 927-933.PubMedCentralPubMed

25.
Gullo C, Au M, Feng G, Teoh G: The biology of Ku and its potential oncogenic role in cancer. Bba-Rev Cancer. 2006, 1765: 223-234.

26.
Johnstone RW, Ruefli AA, Lowe SW: Apoptosis: a link between cancer genetics and chemotherapy. Cell. 2002, 108: 153-164. 10.1016/S0092-8674(02)00625-6.CrossRefPubMed

27.
Siddik ZH: Cisplatin: mode of cytotoxic action and molecular basis of resistance. Oncogene. 2003, 22: 7265-7279. 10.1038/sj.onc.1206933.CrossRefPubMed

28.
Soldani C, Scovassi AI: Poly(ADP-ribose) polymerase-1 cleavage during apoptosis: an update. Apoptosis. 2002, 7: 321-328. 10.1023/A:1016119328968.CrossRefPubMed

29.
Li G, Nelsen C, Hendrickson EA: Ku86 is essential in human somatic cells. Proc Natl Acad Sci USA. 2002, 99: 832-837.PubMedCentralCrossRefPubMed



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
QM and PL performed all the experiments and drafted the manuscript. MX and JY collected and provided the tissues. ZS and WL have contributed the data collection and interpretation. JZ oversaw the design of the study, was involved in the critically revised manuscript. All authors have read and approved the final version of the manuscript.


OEBPS/sidebar.gif





OEBPS/A13046_2012_Article_619_Fig1_HTML.jpg
A B
T N T N T N

. ¥ NTNTNTNT
-~ Rad

GAPDHm B-actin == == —_——— ———
C

8

D

[
TINS2.0 TIN>2.0

TIN>2.0





OEBPS/A13046_2012_Article_619_Fig2_HTML.jpg
%
t,. rAai

9"*’
'd= '!2

. W

[} ’
N .g -, !_" . & e
: \0;:1 ’f,’} SSeet ..3.‘. :... v, %
3y }'\'\‘""3?‘\'*’»‘ TS T N
-'J":*ﬁ'-gs"’ o '_é’
c V/‘ e, ﬁv 0&?}",3‘;:
o fi. K s 3
o' v‘ o %&'ép‘ ‘
.ﬂ 0". s a. :‘.:‘l.". £ .





OEBPS/contact.gif





OEBPS/A13046_2012_Article_619_Fig5_HTML.jpg
B g &
&
©) & 3
?(9& 2 .\:l—
)
| —

Ku80

R-actin We———

-~ A549/DDP D cisplatin

Control si-Scramble si-Kugo

-6~ si-Scramble
=% si-Ku80

0 125 25 5 10 20 40 80
E Concentration(ug/ml)

=33 Control
i H =
Control  si-Scramble si-Ku80 Y =]l -
- . — B —— R —— &3 si-Kuso
cisplatin = + — & Y & i3 S KUBO+Cisplatin
-—— . k7] *
Kuso e~ :
=
£ 08
c-casp-3 T - g
5
c-PARP B 5 04
B-actin. o — g
2
0.0





OEBPS/A13046_2012_Article_619_Fig3_HTML.jpg
1.0 _low Ku8o protein (n=23) 1.0 low Ku80 protein (n=23)
8
= high Kug0 protein (n=83) P
g g
B 3
2 0.6 £ 0.6
LA x
2 2
£ [
H 3
2 04 2 0.4
2 2
5 5
@ @
0.2
0.0 0.0
T T T T T T T T T T T T T T
0 10 50 60 0 10 40 50 60

20 30 40 20 30
Overall survival Progression-free survival





OEBPS/A13046_2012_Article_619_Fig4_HTML.jpg
B
A549 A549/DDP A549 A549/DDP

Ku80 Ku80 s s

cnpor [ ot s s

C

O

o 07 3 As49 . 10 3 A549
*

5 3 A549/DDP £ 33 A549/DDP

Qo
2 0.8 ® 0.8
o =y
s @
S 0.6 € 0.6
< <
-
g 0.4 S 0.44
. o
] %
=02 = .24
2 2
S S

0.

A549 A549/DDP A549 A549/DDP





