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  Purpose: DNA-PKcs is one of the DNA repair genes. 
It was recently found that hyperplasia and dysplasia of 
the intestinal mucosa and the production of aberrant 
crypt foci were developed in DNA-PKcs-null mice, and 
this suggests a suppressive role for DNA-PKcs in tumori-
genesis. 
  Materials and Methods: To investigate the possible  
relationship between the clinico-pathologic charac-
teristics and the survival of gastric cancer patients, the 
expression status of DNA-PKcs was determined in 279  
consecutive gastric cancers. Immunohistochemical anal-
ysis was performed to evaluate the expression levels of 
DNA-PKcs protein by using the tissue array method. 
  Results: Out of 279 consecutive gastric cancers, 63  
cases (22.6%) showed the loss of DNA-PKcs expression. 
The loss of DNA-PKcs expression was significantly 
associated with advanced cancer (p＜0.001), lymphatic 

invasion (p=0.001), lymph node metastasis (p=0.009), and 
advanced pTNM stage (p=0.009). Univariate survival anal-
ysis revealed that patients with the loss of DNA-PKcs 
expression had significantly poorer survival than those 
patients with intact DNA-PKcs expression (p=0.004). More-
over, the loss of DNA-PKcs expression was identified to 
correlate with a lower survival in the subgroup of stage  
I gastric cancer patients (p=0.037). 
  Conclusion: The loss of DNA-PKcs expression was 
found in 23%  of human gastric cancers and this was 
identified to significantly correlate with poor patient sur-
vival, especially for stage I gastric cancer patients. (Can-
cer Res Treat. 2005;37:98-102)
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INTRODUCTION

  DNA-PK is a serine/threonine kinase consisting of a 465-kDa 
catalytic subunit (DNA-PKcs) and a heterodimeric regulatory 
complex termed Ku, and Ku is composed of a 70-kDa poly-
peptide (Ku70) and an 86-kDa polypeptide (Ku86). DNA-PK 
is a critical regulator for the recombination of V, D and J 
immunoglobulin gene segments during the development of the 
immune system for immunoglobulin class switching, and it is 
also involved for non-homologous DNA double-strand break 
(DSB) repair (1). It is generally believed that Ku helps to 
recruit DNA-PKcs to DNA and Ku is required for the physio-
logical activation of DNA-PK at the site of DNA damage (2,3). 
However, there is evidence that at least in vitro, DNA-PKcs 

can bind to linear DNA fragments and become activated for 
kinase activity in the absence of Ku (4,5). Recent studies have 
demonstrated that hyperplasia and dysplasia of the intestinal 
mucosa and the production of aberrant crypt foci were devel-
oped in DNA-PKcs-null mice, but not in Ku70-/- and Ku86
-/- mice (6). This suggests that DNA-PKcs may play an 
important role as a tumor suppressor, at least in the intestinal 
mucosa. In contrast, Rigas et al. have reported that the expres-
sion of DNA-PKcs was not significantly altered in colon can-
cers compared to normal control, and this suggests a reduced 
role for DNA-PKcs in colonic carcinogenesis (7). In gastric 
cancers, the expression and functional status of DNA-PKcs has 
not been defined. In this study, we evaluated the expression 
status of DNA-PKcs in 279 consecutive gastric cancers and we 
evaluated the relationship of DNA-PKcs with the clinico- 
pathologic characteristics, including patient survival.

MATERIALS AND METHODS

    1) Tissue specimens

  A total of 279 consecutive, surgically resected cases of gas-
tric cancers were identified from the files of the Department 
of Pathology, Seoul National University College of Medicine 
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Fig. 1. Microscopic features of the immunohistochemical staining of DNA-PKcs in consecutive gastric cancers. (A) Tissue array slide 

containing 60 cores (×1.8), (B) DNA-PKcs-positive cancer (×400), and (C) DNA-PKcs-negative cancer (×400).

from January 1, 1995, to June 30, 1995. The age, gender, tumor 
location, lymphatic invasion, vascular invasion and pTNM 
stage (8) were evaluated by reviewing the medical charts and 
the pathologic records. The tissue slides were reviewed for the 
histologic classification (according to the WHO classification 
and Lauren's classification) (9). The clinical outcome of the 
patients was followed from the date of surgery to the date of 
death or to December 1, 2000. The follow-up period was 1～72 
months (mean period of follow-up: 52 months). The cases lost 
to follow-up and those deaths from any cause other than gastric 
cancer were regarded as censored data for the analysis of the 
survival rates.

    2) Tissue array methods 

  Core tissue biopsies (2 mm in diameter) were taken from the 
individual paraffin-embedded gastric cancers (donor blocks), 
and they arranged in a new recipient paraffin block (a tissue 
array block), as previously described (10,11). Each tissue array 
block contained up to sixty samples, with a total of five blocks 
for the tissue array. Each block contained internal controls 
consisting of three non-neoplastic gastric mucosa samples from 
body, antrum and intestinal metaplasia. It has previously been 
proven that there is excellent agreement between the staining 
results obtained from different intra-tumoral areas of gastric 
carcinomas (10); therefore, a core was sampled from each case. 
An adequate case was defined as a tumor occupying more than 
10% of the core area. Four μm were cut from each tissue array 
block, and it was deparaffinized and then dehydrated. 

    3) Immunohistochemistry 

  Immunohistochemical staining of DNA-PKcs was performed 
using DNA-PKcs stain (sc-1552, 1：100, Santa Cruz, Santa 
Cruz, CA) and a streptavidin peroxidase procedure (labeled 
streptavidin-biotin) after the antigen retrieval process. The 
immunolabeling level of each case was scored as positive 
(strong labeling), weak positive (faint staining), or negative 
(absence of staining), and the pattern of immunolabeling was 
scored as diffusely positive (≥ 50% of the tumor cells), focally 
positive (10～49% of the tumor cells), or negative (＜10% of 
the tumor cells). For statistical analysis, the immunostainings 
were considered as having a loss of expression if less than 10% 
of the cells showed positive staining. 

    4) Statistical analyses

  The chi-square test or Fisher's exact test (2-sided) was per-
formed. Survival curves were plotted using the Kaplan-Meier 
product-limit method, and the differences between the survival 
curves were tested using the log-rank test. Multivariate survival 
analysis was performed using the Cox proportional hazards 
model. The results were considered to be statistically significant 
when the p values were less than 0.05. All statistical analyses 
were conducted using the SPSS 12.0 statistical software 
program (SPSS, Chicago, IL).

RESULTS

  In the non-neoplastic gastric mucosa, DNA-PKcs was 
expressed in the nucleus of the epithelial cells, the stromal cells 
and the inflammatory cells. Out of the 279 consecutive gastric 
cancers, 63 cases (22.6%) showed the loss of DNA-PKcs 
expression (Fig. 1). Table 1 demonstrates the correlation between 
the DNA-PKcs expression status and the clinico-pathologic 
parameters. The loss of DNA-PKcs expression was more fre-
quent in the cancers of the upper third of the stomach, although 
this showed borderline statistical significance (p=0.051). Regard-
ing tumor progression, the patients with gastric cancer having 
the loss of DNA-PKcs expression were more likely to have 
advanced cancers (p＜0.001), lymphatic invasion (p= 0.001), 
lymph node metastasis (p=0.009), and advanced pTNM stage 
(p=0.009). However, no significant correlation was found 
between the loss of DNA-PKcs expression and patients' age, 
gender, the tumor size or the histologic classification by Lauren 
(p＞0.05). 
  Univariate survival analysis by Kaplan-Meier survival curves 
showed that patients with the loss of DNA-PKcs expression had 
significantly poorer survival than those patients with intact 
DNA-PKcs expression (p=0.004) (Fig. 2A). The 5-year survival 
rate was 67.7±3.3% for patients with intact DNA-PKcs expres-
sion, while it was 51.3±6.4% for patients with the loss of 
DNA-PKcs expression. By multivariate analysis that included 
age, the Lauren histologic type, the pTNM stage and the 
expression status of DNA-PKcs, loss of DNA-PKcs expression 
was not an independent prognostic indicator, but it had
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Table 1. Correlation between DNA-PKcs expression and the clinico-pathologic parameters in consecutive gastric carcinomas


DNA-PKcs expression
Characteristics Total  p value

Loss Intact


Age (mean) 279 55.97±11.80 54.48±13.177 0.089
Gender 0.728

Male 191 42 (22.0%) 149 (78.0%)
Female  88 21 (23.9%)  67 (76.1%)

Location 0.051
Low 148 30 (20.3%) 118 (79.7%)
Middle 123 29 (23.6%)  94 (76.4%)
Upper   6  4 (66.7%)   2 (33.3%)
Whole   2 0 (0%)   2 (100%)

Tumor size (cm) 279 5.81±2.42 5.10±3.21 0.181
Lauren classification 0.175

Intestinal 108 29 (26.9%)  79 (73.1%)
Diffuse 171 34 (19.9%) 137 (80.1%)

Depth of invasion ＜0.001 
Advanced 196 58 (29.6%) 138 (70.4%)
Early  83 5 (6.0%)  78 (94.0%)

Lymph node metastasis 0.009
Absent 101 14 (13.9%)  87 (86.1%)
Present 178 49 (27.5%) 129 (72.5%)

Distant metastasis 0.527
Absent 265 59 (22.3%) 206 (77.7%)
Present  14  4 (28.6%)  10 (71.4%)

Stage 0.009
I 118 15 (12.7%) 103 (87.3%)
II  54 17 (31.5%)  37 (68.5%)
III  63 19 (30.2%)  44 (69.8%)
IV  44 12 (27.3%)  32 (72.7%)

Lymphatic invasion 0.001
Absent 198 34 (17.2%) 164 (82.8%)
Present  81 29 (35.8%)  52 (64.2%)

Vascular invasion 0.392
Absent 260 57 (21.9%) 203 (78.1%)
Present  19  6 (31.6%)  13 (68.4%)



borderline statistical significance (p=0.053) (Table 2). The 
Kaplan-Meier survival curves that were stratified according to 
the pTNM stage (stage I-IV) revealed that loss of DNA-PKcs 
expression correlated with a probability of lower survival for 
the patient subgroup having stage I cancers (p=0.037) (Fig. 2B).  

DISCUSSION

  Cells are continually under assault by a plethora of DNA 
damaging agents, including reactive oxygen species, ultraviolet 
light, ionizing radiation and a variety of man-made and natural 
mutagenic chemicals. Non-repaired or incorrectly repaired DNA 
damage can result in gene mutation and alterations of the 
proteins that control cell growth or cell survival (12). Since 
DNA damage can arise in many different forms, various DNA 
repair systems have been evolved to protect cells from specific 
types of DNA damage. The DNA DSB repair apparatus is 

specific for DNA DSBs, which are the major lethal lesions 
induced by ionizing radiation (13). DNA-PKcs, one of the DNA 
DSB repair apparatus, has recently been suggested to be a 
tumor suppressor (6), but the implication for the loss of DNA- 
PKcs expression in gastric tumorigenesis has been poorly 
defined. At the present, DNA-PKcs was identified to be 
localized at the nucleus in the non-neoplastic gastric mucosa 
and the absence of DNA-PKcs expression was observed in 63 
of 279 consecutive gastric cancers (22.6%).
  Our study demonstrate that gastric cancers with the loss of 
DNA-PKcs expression are associated with advanced staging, a 
high prevalence of lymph node metastasis and poor patient 
survival. Several functions of DNA-PKcs are suggested to be 
associated with tumor progression and patient survival. A role 
for DNA-PKcs in DSB repair has been well documented. 
Genetic instability is an important factor in the rapid accu-
mulation of genetic changes during carcinogenesis (14). 
Unrepaired DNA DSBs that are due to the functional loss of 
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Fig. 2. Survival curves calculated using the Kaplan-Meier method. (A) The survival curves showed that DNA-PKcs-negative cancers have 

an unfavorable prognosis compared to DNA-PKcs positive cancers (p=0.004). (B) In the subgroup of stage I gastric cancer patients, 

loss of DNA-PKcs expression correlated with a lower survival probability (p=0.037).

Table 2. Multivariate analysis using the Cox proportional hazard 
model 


Odds ratio

Parameters Number of cases p value
(95% CI)


DNA-PKcs 0.053

Negative  62 1
Positive 210  0.652 (0.423～1.006)

Age 0.004
0～65 215 1
66～  57  2.048 (1.259～3.332)

Lauren 0.184
Intestinal 107 1
Diffuse 165  1.202 (0.756～1.911)

Stage ＜0.001
I 119 1
II  56  4.641 (2.077～10.373)
III  56 11.923 (5.668～25.080)
IV  41 30.983 (14.571～65.878)



DNA-PKcs would result in the generation of acentric chromo-
some fragments during mitosis (12). Unstable chromosomes 
during cell proliferation may be associated with genetic changes, 
including changes in the genes that are involved with tumor 
progression, invasion and metastasis. In addition to DSB repair, 
DNA-PKcs has a regulatory function for p53. DNA- PKcs has 
been reported to destabilize the interaction between p53 and 
MDM2, and these events then lead to p53 protein stabilization 
(15). In various cancers, including gastric cancer, p53 alteration 
has been reported to be significantly associated with an 
advanced tumor stage or a poor prognosis (11). 
  Previous studies have shown that DNA-PKcs-deficient cells 
display a hypersensitivity to ionizing radiation (16). Defects of 
DNA DSB repair may be associated not only with tumor 

progression, but also with sensitizing tumor cells to DNA DSB 
producing agents, such as ionizing radiation and radiomimetic 
drugs like methyl methanesulfonate or bleomycin. However, 
careful interpretation and additional study is needed to deter-
mine the correlation between the DNA-PKcs expression status 
and effects of chemo or radiotherapy because of the complex 
interactions of the various genes and proteins in tumor cells.  
  The incidence of small and early gastric cancer is high in 
Asia and the rate has increased due to early diagnosis (17). The 
overall 5-year survival rate of patients with gastric cancers was 
64.0±2.9% in this study: the 5 year survival rate was 92.2±
2.5% for patients with stage I tumor and 42.5±4.0% for 
patients with stage II-IV tumor (data not shown). Although the 
pTNM stage is the most important prognostic factor for gastric 
cancer patients, a portion of the stage I gastric cancer patients 
show a poor outcome. We found that the loss of DNA-PKcs 
expression was associated with a poorer outcome for stage I 
gastric cancer patients, suggesting that DNA-PKcs expression 
could be a promising prognostic marker for early stage gastric 
cancers.
  The expression of the tumor suppressor genes is controlled 
by some molecular mechanisms such as mutation, the loss of 
heterozygosity (LOH), and epigenetic mechanisms (DNA meth-
ylation and histone acetylation/deacetylation). Several possible 
mechanisms that regulate DNA-PKcs expression, other than 
mutations, have been studied because only extremely rare 
mutations of DNA-PKcs have been documented to date in 
human cancer (18). Cho et al. have demonstrated an allotypic 
imbalance (LOH and MSI) of DNA-PKcs with a concomitant 
decrease in DNA-PKcs expression in some low-grade, soft 
tissue sarcomas of the extremities in adults (19). In contrast to 
this result, DNA-PKcs down-regulation was noted to be a 
proteasome-dependent degradation that required tyrosine kinase 
activity in chronic myelogenous leukemia and it was associated 
with a marked DNA repair deficiency along with an increased 
sensitivity to ionizing radiation (20). Thus, one of the possible 
mechanisms involved in the down-regulation of DNA-PKcs 
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could be its degradation through the ubiquitin-proteasome path-
way, and this suggests that post-transcriptional regulation is 
involved. Because the promoter region of DNA-PKcs contains 
large CpG islands, epigenetic mechanisms could be considered 
as another possible mechanism for the loss of DNA-PKcs 
expression (21). To date, however, the mechanism for the loss 
of DNA-PKcs expression has not been clarified in gastric or 
colorectal cancers, and further study is needed. 

CONCLUSIONS

  Loss of DNA-PKcs expression was found in 63 out of 279 
(22.5%) consecutive gastric cancers and this was significantly 
associated with tumor progression and poor patient survival. 
The loss of DNA-PKcs expression may be a potential prog-
nostic marker, and especially for stage I gastric cancers. 
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