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Abstract 

Background: DNA-dependent protein kinase catalytic subunit (DNA-PKcs) is known to function 
in several types of cancer. In this study, we investigated the expression and clinicopathologic 
significance of DNA-PKcs in laryngeal squamous cell carcinoma (LSCC).  
Methods: We conducted a retrospective study of 208 patients with advanced-stage LSCC treated 
at Sun Yat-sen University Cancer Center, Guangzhou, China. We assessed DNA-PKcs and 
p16INK4a (p16) status using immunohistochemistry. We examined the association between 
DNA-PKcs expression and clinicopathologic features and survival outcomes. To evaluate the 
independent prognostic relevance of DNA-PKcs, we used univariate and multivariate Cox 
regression models. We estimated overall survival (OS) and distant metastasis-free survival (DMFS) 
using the Kaplan–Meier method.  
Results: Immunohistochemical analyses revealed that 163/208 (78.4%) of the LSCC tissue samples 
exhibited high DNA-PKcs expression. High DNA-PKcs expression was significantly associated 
with survival outcomes (P = 0.016) and distant metastasis (P = 0.02; chi-squared test). High 
DNA-PKcs expression was associated with a significantly shorter OS and DMFS than low 
DNA-PKcs expression (P = 0.029 and 0.033, respectively; log-rank test), and was associated with 
poor OS in the p16-positive subgroup (P = 0.047). Multivariate analysis identified DNA-PKcs as an 
independent prognostic indicator of OS and DMFS in all patients (P = 0.039 and 0.037, 
respectively).  
Conclusions: Our results suggest that patients with LSCC in whom DNA-PKcs expression is 
elevated have a higher incidence of distant metastasis and a poorer prognosis. DNA-PKcs may 
represent a marker of tumor progression in patients with p16-positive LSCC. 

Key words: Laryngeal squamous cell carcinoma; DNA-dependent protein kinase catalytic subunit (DNA-PKcs); 
p16INK4a (p16); prognosis 
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Background 
Laryngeal cancer is a prevalent malignancy, with 

an incidence of 3.5–5.5 per 100 000 people and a 
mortality rate of 2.1–2.4 per 100 000 people worldwide 
[1]. Laryngeal squamous cell carcinoma (LSCC) is the 
most common laryngeal cancer, accounting for 
approximately 90% of all malignant tumors of the 
larynx.  

In clinical practice, treatment for LSCC is 
selected based on the TNM staging system because of 
the lack of an established prognostic model predicting 
clinical outcomes. In addition to clinical and 
pathologic grading, several biomarkers with 
prognostic value for clinical outcomes have been 
identified in laryngeal tumors. Recently, human 
papillomavirus (HPV) infection has gained attention 
for its role in the carcinogenesis of head and neck 
squamous cell carcinoma (HNSCC). HPV is found in 
25.9% of all HNSCCs and 24% of laryngeal 
carcinomas [2], and emerging evidence has identified 
HPV-associated HNSCC as a separate subgroup of 
head and neck cancers with a distinct epidemiology, 
set of histopathologic characteristics, therapeutic 
response to chemotherapy and radiotherapy, and 
clinical outcome [3]. Compared with patients with 
HPV-negative HNSCC, patients with HPV-positive 
HNSCC exhibit a better response to induction 
chemotherapy and a concurrent chemoradiation 
protocol, and achieve a better overall outcome with 
lower mortality, metastasis, and recurrence rates [4-7]. 
Detection of HPV DNA is considered the gold 
standard for diagnosing HPV infection. However, 
carcinomas overexpressing p16INK4a (p16) likely 
represent tumors in which HPV was involved in the 
carcinogenic process [8]. p16, a cyclin-dependent 
kinase inhibitor that prevents retinoblastoma 
phosphorylation and blocks cell-cycle progression at 
the G1–S checkpoint, is involved in HNSCC 
pathogenesis [9]. Although staining for p16 does not 
exactly match HPV DNA test results, some studies 
have reported that p16 overexpression is closely 
correlated with HPV infection in oropharyngeal 
squamous cell carcinomas (OPSCCs) [10]. 
Immunohistochemical staining for p16 not only 
represents HPV status, but also indicates the 
prognosis of HPV-associated OPSCCs [11], and p16 
expression may even serve as a surrogate biomarker 
for HPV-associated OPSCCs [12]. 

DNA-dependent protein kinase is a 
serine/threonine protein kinase complex comprising 
the Ku heterodimer (Ku70/Ku80) and DNA- 
dependent protein kinase catalytic subunit (DNA- 
PKcs). It plays an important role in DNA damage 

repair and the maintenance of genomic stability [13], 
and functions in the repair of DNA double-strand 
breaks (DSBs) by non-homologous end joining 
(NHEJ) [14]. DNA-PKcs is a member of the 
phosphatidylinositol 3-kinase (PI3K) family, and a 
study have explored and illustrated the pathway of 
DNA-PKcs in the processes of proliferation, survival, 
apoptosis, migration, invasion, and cytoskeletal 
rearrangement [15]. DNA-PKcs expression has been 
shown to correlate with the response to therapy and 
clinical outcomes in various cancers, such as 
nasopharyngeal carcinoma [16], colorectal cancer [17], 
and esophageal cancer [18]. 

Several studies have suggested that HPV 
negatively regulates DNA-PKcs [19, 20]. Thus, in this 
study, we investigated the prognostic value of 
DNA-PKcs expression in patients with LSCC. 
Furthermore, we explored the relationship between 
DNA-PKcs and p16 status and survival outcomes, 
and assessed the suitability of p16 status as a 
biomarker relative to HPV DNA detection.  

Methods 
Patients and tissue specimens 

In this study, we examined paraffin-embedded 
LSCC tissue samples obtained from 208 patients with 
previously untreated, surgically resectable, advanced- 
stage (Stages III and IV) LSCC. All patients were 
pathologically diagnosed and received surgery 
between May 1999 and December 2009 at Sun Yat-sen 
University Cancer Center (SYSUCC), Guangzhou, 
China. This study was approved by the Clinical 
Research Ethics Committee of SYSUCC; all 
participants provided written informed consent to 
participate prior to treatment.  

Immunohistochemistry 
We examined DNA-PKcs and p16 expression in 

the 208 human LSCC tissue samples using 
immunohistochemistry. The paraffin-embedded sect-
ions (4-um thick) were heated at 60 °C for 2 hours and 
deparaffinized in xylene. Antigen retrieval was 
performed using EDTA (PH 8.0) in high-pressure 
steam four 5 minutes. Sections were incubated with 
1% bovine serum Albumin to block nonspecific 
binding, and incubated with anti-p16 antibody (1:100 
dilution; JC8, Santa Cruz, CA), or anti- DNA-PKcs 
antibody (1:400 dilution; Abcam, ab1832), and then 
the slides were placed in a moist chamber overnight at 
4°C. After washing, the tissue sections were treated 
with biotinylated anti-rabbit secondary antibody 
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(Abcam), and horseradish peroxidase was subseque-
ntly applied. Finally, Meyer's hematoxylin was used 
for nuclear counterstaining. 

All immunostained slides were judged by two 
independent pathologists without knowledge of the 
clinicopathologic information. DNA-PKcs expression 
in the cell nucleus was evaluated independently. The 
intensity of DNA-PKcs staining was categorized as 
follows: negative staining (score = 0); weak staining 
(score = 1); moderate staining (score = 2); or strong 
staining (score = 3). The percentage of immunoreact-
ive cells was also assessed. The percentage of cells 
expressing DNA-PKcs was classified as: 0% (score = 
0); <10% (score = 1); 11–50% (score = 2); 51–80% (score 
= 3); or >81% (score = 4). The DNA-PKcs immuno-
reactive score for each tissue was calculated by 
multiplying the staining intensity score by the 
percentage of positive cells (to obtain values of 0, 1, 2, 
3, 4, 6, 9, or 12). In this study, the cutoff value for 
DNA-PKcs expression was defined on the basis of a 
receiver operating characteristic (ROC) curve. A score 
>5 was used to classify tumors with high expression, 
whereas a score ≤5 was used to indicate low 
expression. p16 status was categorized as positive or 
negative according to whether p16 staining was 
present or absent. 

Clinical data 
Before treatment, all patients underwent a 

physical examination, routine hematologic testing, 
laryngoscopy, a pathologic assessment of biopsy 
tissue, magnetic resonance imaging of the head and 
neck, a chest X-ray, abdominal ultrasound, and an 
entire body bone scan, with or without positron 
-emission tomography-computed tomography. Over-
all stage was classified according to the seventh 
edition of the American Joint Committee on 
Cancer/Union for International Cancer Control 
staging system [21].  

Medical records were collected retrospectively. 
Data on age, smoking status, alcohol consumption, 
familial history of cancer, tumor localization, 
pathologic type, histologic grade, overall stage, T 
category, N category, treatment, and survival and 
metastasis status were recorded.  

No patients had a history of anticancer therapy, 
adjuvant or neo-adjuvant therapy, or other malignan-
cies, and none had distant metastases at diagnosis. 
Patients in our study underwent laryngectomy when 
pathologically diagnosed. 

Follow-up and outcome 
Follow-up evaluations were performed every 3 

months within the first 3 years, every 6 months for the 
following 2 years, and annually thereafter until death. 

The last follow-up was December 2016; the median 
follow-up time was 94.6 (range: 10.3–212.2) months. 
Overall survival (OS) was defined as the time in 
months from the date of surgery until death from any 
cause within the follow-up period. Distant metastasis- 
free survival (DMFS) was measured from date of 
surgery to metastasis, death, or the last follow-up.  

Statistical analysis 
All statistical analyses were conducted using 

SPSS (version 22.0; IBM Corporation, Armonk, NY, 
USA). Pearson’s χ2 and Fisher’s exact tests were used 
to analyze the associations between DNA-PKcs 
expression and clinicopathologic features and clinical 
outcomes. DNA-PKcs scores were allocated into the 
high and low expression groups according to the 
optimal cutoff value determined by ROC curve 
analysis. Survival curves were calculated using the 
Kaplan–Meier method and compared using the 
log-rank test. Cox proportional hazards analysis was 
used for univariate and multivariate analyses to 
explore the effects of clinicopathologic variables and 
DNA-PKcs and p16 expression on survival. All 
parameters found to be significant in the univariate 
analysis were included in a multivariate survival 
analysis using the Cox regression model. A two-sided 
probability value <0.05 was considered statistically 
significant. 

Results 
Immunohistochemical analysis of 
DNA-dependent protein kinase catalytic 
subunit and p16INK4a expression in laryngeal 
squamous cell carcinoma tissue samples 

In tissue samples from 208 patients with LSCC, 
DNA-PKcs immunostaining was primarily present in 
the cell nucleus. Overall, 163/208 (78.4%) patients 
exhibited high expression in laryngeal tumor tissue, 
whereas 45/208 (21.6%) patients exhibited low 
expression. p16 immunostaining in normal laryngeal 
epithelial and tumor cells was evident in the 
cytoplasm. Of the 208 patients, the laryngeal tumor 
tissue samples were p16-positive in 48 (23.1%) and 
p16-negative in 160 (76.9%). The representative 
figures were shown in Figure 1, about high and low 
expression of DNA-PKcs, positive and negative 
expression of p16.  

Correlations between DNA-dependent 
protein kinase catalytic subunit expression and 
clinicopathologic parameters  

Correlations between DNA-PKcs expression and 
various clinicopathologic parameters are listed in 
Table 1. DNA-PKcs expression was significantly 
related to survival outcomes (P = 0.016) and distant 
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metastasis status (P = 0.02). However, there was no 
statistically significant relationship between DNA- 
PKcs expression and age, smoking status, alcohol 
consumption, tumor localization, histologic grade, 
lymph node metastasis, or p16 status. 

 

Table 1. Correlations between the DNA-dependent protein 
kinase catalytic subunit expression and clinicopathologic 
characteristics of 208 patients. 

Characteristic Total 
(n, %) 

DNA-PKcs expression 
Low High 

χ2 P-value* 

All cases 208 (100) 45 (21.6) 163 (78.4)   
Age (years)    1.954 0.162 
<45 107 (51.4) 19 (42.2) 88 (54)   
≥45 101 (48.6) 26 (57.8) 75 (46)   
Smoking    1.335 0.248 
Yes 184 (88.5) 42 (93.3) 142 (87.1)   
No 24 (11.5) 3 (6.7) 21 (12.9)   
Alcohol consumption    2.64  0.104 
Yes  77 (37) 12 (26.7) 65 (39.9)   
No 131 (63) 33 (73.3) 98 (60.1)   
Localization    1.476 0.688 
Supraglottic 84 (40.4) 16 (35.6) 68 (41.7)   
Glottic 97 (46.6) 24 (53.3) 73 (44.8)   
Subglottic 9 (4.3) 1 (2.2) 8 (4.9)   
Combination 18 (8.7) 4 (8.9) 14 (8.6)   
Histologic grade    0.124 0.94 
Well 73 (35.1) 15 (33.3) 58 (35.5)   
Moderate 101 (48.6) 22 (48.9) 79 (48.5)   
Poor 34 (16.3) 8 (17.8) 26 (16)   
Lymph node metastasis    0.004 0.952 
Negative  128 (61.5) 28 (62.2) 100 (61.7)   
Positive 80 (38.5) 17 (37.8) 62 (38.3)   
p16 status    0.306 0.58 
Negative 160 (76.9) 36 (80) 124 (76.1)   
Positive 48 (23.1) 9 (20) 39 (23.9)   
Survival outcomes    5.816 0.016 
Death 93 (44.7) 13 (28.9) 80 (49.1)   
Alive 115 (55.3) 32 (71.1) 83 (50.9)   
Distant metastasis    5.381 0.02 
Yes 36 (17.3) 13 (28.9) 23 (14.1)   
No 172 (82.7) 32 (71.1) 140 (85.9)   
Abbreviations: * chi-squared test. 

 

Univariate and multivariate analyses of overall 
survival 

The 5-year OS and DMFS rates for the entire 
cohort were 69.5% and 81.4%, respectively. The 
cumulative 5-year OS and DMFS rates for patients 
with low DNA-PKcs expression were 84.7% and 
88.7%, respectively, compared with 65.7% and 78.9%, 
respectively, for patients with high DNA-PKcs 
expression (log-rank test; P = 0.029; Figure 2A and P = 
0.033; Figure 2B). The 5-year OS rate was 71.5% in the 
p16-negative group and 62.9% in the p16-positive 
group (log-rank test; P = 0.047; Figure 2C). Univariate 
Cox regression analysis demonstrated that the clinical 
variables age at diagnosis, overall stage, lymph node 
metastasis, and p16 status were significantly associ-
ated with survival. A multivariate survival analysis 
indicated that high DNA-PKcs expression was an 
independent prognostic factor for OS (hazard ratio 
[HR]: 1.87, 95% confidence interval [CI]: 1.199–2.763, P 
= 0.039) and DMFS (HR: 2.066, 95% CI: 1.046–4.084, P 
= 0.037; Table 2). 

Subgroup analyses stratified by p16INK4a 
status 

Next, we stratified DNA-PKcs expression by p16 
status and evaluated its prognostic value. Compared 
with patients with low DNA-PKcs expression, a trend 
toward shorter OS was observed in patients with high 
DNA-PKcs expression in the p16-positive subgroup 
(P = 0.037; Figure 3A). Multivariate analysis further 
identified that DNA-PKcs was an independent 
indicator of OS in p16-positive patients (HR: 1.788, 
95% CI: 1.154–2.77, P = 0.034). However, this was not 
the case in p16-negative patients (P = 0.828; Figure 
3B). 

  

 
Figure 1. p16INK4A and DNA-PKcs overexpression in larynx tumors. Same region of same tumor staining positive for p16 (cytoplasm) and 
DNA-PKcs (nucleus), with magnification of 200× and 400×. 
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Figure 2. Kaplan–Meier overall survival (A) and distant metastasis-free survival (B) curves for 208 patients with laryngeal squamous cell carcinoma stratified by 
DNA-dependent protein kinase catalytic subunit expression; overall survival (C) stratified by p16INK4A status. 

 

Table 2. Multivariate analysis of overall survival for 208 patients 
with laryngeal carcinoma.  

 
Variable 

Overall 
survival 

 Distant metastasis-free 
survival 

 

HR (95% CI)  P HR (95% CI)  P 
Age at diagnosis 
(years) 

    

≥45 vs. <45  1.82 
(1.199–2.763) 

0.005 2.044 (1.035–4.037) 0.039 

Lymph node 
metastasis 

    

Positive vs. 
negative 

1.487 
(0.973–2.275) 

0.067   

Overall stage     
IV vs. III 1.412 

(0.912–2.187) 
 
0.122 

  

DNA-PKcs     
High vs. low 1.87 

(1.032–3.388) 
0.039 2.066 (1.046–4.084) 0.037 

p16 status     
Positive vs. 
negative 

1.782 
(1.009–3.146) 

0.047 1.481(0.936–2.343) 0.093 

Abbreviations: HR = hazard ratio; CI = confidence interval 
 

Discussion 
In this study, we showed that levels of 

DNA-PKcs and p16 expression were increased in 
primary LSCC tissues relative to adjacent noncanc-
erous tissues. Patients with LSCC with high DNA- 
PKcs expression experienced a shorter OS and DMFS 

than those with low DNA-PKcs expression, emphasi-
zing the clinical value of DNA-PKcs expression in 
assessing the prognosis of patients with LSCC. 

Emerging evidence has demonstrated that 
DNA-PKcs acts as a selective modulator to induce cell 
migration, invasion, and metastasis [22]. Studies have 
further identified DNA-PKcs as a modulator of 
cancer-associated pathways distinct from DNA 
repair, including the response to hypoxia, metabolic 
pathways, the inflammatory response, and transcript-
ional regulation. Meanwhile, clinical assessments 
have revealed that DNA-PKcs expression is signific-
antly elevated in advanced disease, and is an 
independent predictor of metastases, recurrence, and 
reduced OS. Accordingly, an animal experiment 
demonstrated that silencing of DNA-PKcs suppresses 
tumor metastasis [23]. In our study, we identified 
DNA-PKcs as a marker of metastasis (HR for DMFS: 
2.066, 95% CI: 1.046–4.084, P = 0.037) and survival 
prognosis (HR for OS: 1.87, 95% CI: 1.199–2.763, P = 
0.039). Our findings are consistent with those of 
published studies that identify DNA-PKcs as 
associated with survival in various types of cancer [19, 
24]. However, one study proposed that lower 
DNA-PKcs expression is correlated with a higher 
incidence of distant metastasis in patients with NPC 
[16]. The mechanisms underlying the functions of 
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DNA-PKcs and p16 in tumors have yet to be 
elucidated; thus, further mechanistic studies are 
necessary to clarify the prognostic value of DNA-PKcs 
and p16 status in LSCC. 

Increased DNA-PKcs activity may protect cancer 
cells from DNA-damaging agents such as 
chemotherapeutic drugs and radiation. Recently, lots 
of studies have explored a definite correlation 
between DNA-PKcs expression and the response of 
cancers to radio- and chemotherapy [25, 26]. 
DNA-PKcs, although best known for its role in NHEJ, 
has other roles in processes including the regulation 
of apoptosis, maintenance of telomere length, control 
of the cell cycle, and regulation of mitochondrial 
protein function [27]. It plays a crucial role in the 
repair of DSBs generated by cancer cures. However, 
the predicted association between DNA-PKcs 
expression and the response to treatment of human 
cancers is controversial and differs between stages 
and pathologic types. For example, studies have 
shown that inhibited the activity of DNA-PKcs may 
enhance the sensitivity of platinum compounds in the 
treatments of cancers including osteosarcoma and 
breast cancer [28, 29]. However, opposing results 
were obtained in breast cancer, where high 
DNA-PKcs expression was shown to predict a good 
response to radiotherapy [30]. Yet in lung carcinoma 
cell lines after irradiation, lower DNA-PKcs protein 
content and kinase activity were found in 
radiosensitive cells [31]. A recent study involving a 
small cohort of 29 patients found that DNA-PKcs 
knockdown increases the therapeutic sensitivity (to 
cisplatin and radiotherapy) and decreases the 
migration and invasion of HNSCC cells [19]. 
Together, these discoveries imply that DNA-PKcs has 
opposing roles in cancer, either favoring or inhibiting 
carcinogenesis and sensitizing or desensitizing cells to 
treatment methods depending on the cell context or 

tissue type [32]. However, in our study, we did not 
analyze the association between DNA-PKcs express-
ion and therapeutic reactions. Thus, further, large 
-scale cohort studies are required to clarify the role of 
DNA-PKcs in the response to chemotherapy, radio-
therapy, and other adjuvant therapies for LSCC. 

In p16-positive tumors, the prognostic signific-
ance of DNA-PKcs for OS was retained (HR: 1.788, 
95% CI: 1.154–2.77, P = 0.034). Despite limitations of 
our study related to the small number of patients 
involved, we believe that p16 may be complementary 
to DNA-PKcs and predict survival in patients with 
advanced-stage LSCC.  

Interestingly, p16-positive patients exhibited a 
reduced OS compared with p16-negative patients (P = 
0.047). These findings are inconsistent with those of 
previous studies that concluded that HPV-positive 
patients experience a better response to treatment and 
overall outcome [5, 7]. Thus, the interactions between 
p16 and HPV require further exploration. Another 
limitation of our study is that we did not examine 
HPV status: DNA-PKcs should be further studied as a 
potential marker of tumor progression in the presence 
of HPV and p16 expression. 

Conclusions 
In this study, we identified DNA-PKcs as a 

potent driver of tumor progression and metastasis, 
and highlighted the importance of DNA-PKcs as a 
potential marker for guiding adjuvant chemotherapy 
and radiotherapy in patients with LSCC. Future 
studies should explore the functional mechanisms 
and signaling pathways underlying DNA-PKcs 
activity and its influence on sensitivity to cancer 
treatment to enhance our understanding of the 
progression of this malignancy and improve clinical 
therapies.  

 
Figure 3. Kaplan–Meier overall survival curves for the subgroup of p16INK4A-positive patients (A); and p16INK4A -negative patients (B) stratified by 
DNA-dependent protein kinase catalytic subunit expression. 
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