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High expression of oncoprotein DEK predicts poor  
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Abstract: Oncoprotein DEK plays an important role in cancer tumorigenesis. To explore the clinical implication of 
DEK expression on prognostic evaluation in small cell lung cancer (SCLC), 130 cases of SCLC with strict follow-up 
were selected for immunohistochemical (IHC) staining of DEK protein. The correlation between DEK expression and 
clinicopathological features of SCLC was evaluated using the Chi-square and Fisher’s exact tests, survival rates were 
calculated using the Kaplan-Meier method and univariate and multivariate analyses were performed using the Cox 
proportional hazards regression model. IHC analysis demonstrated that DEK protein staining was strongly positive 
and significantly higher (44.62%) in SCLC compared with either adjacent non-tumor or normal lung tissues (P < 
0.001 for both). DEK expression correlated with large tumor size (P = 0.025) and late pathologic stage (P = 0.005). 
Moreover, it correlated with low disease-free (P = 0.004) and 5-year (P = 0.005) survival rates. In the late-stage 
group, disease-free and 5-year survival rates of patients with high level DEK expression were significantly lower than 
those with low level DEK expression (P = 0.006 and P = 0.001, respectively). Furthermore, Cox analysis revealed 
that DEK expression emerged as a significant independent hazard factor for the overall survival rate of patients with 
SCLC (HR: 1.594, 95% CI: 1.087-2.336, P = 0.017). In conclusion, DEK plays an important role in the progression of 
SCLC. DEK may potentially be used as an independent biomarker for the prognostic evaluation of SCLC.
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Introduction

Small cell lung cancer (SCLC) is one of the lead-
ing causes of cancer-related deaths worldwide, 
and despite progress in the multimodal treat-
ment of the disease, its prognosis is still poor 
with only about 5% of patients having a 5-year 
survival rate. Although it has been known that 
numerous signaling pathways, such as PI3K/
Akt/mTOR [1], c-Kit/SCF [2] and c-Met/HGF [3] 
contribute to growth, survival status and che-
motherapy resistance in SCLC, reliable bio-
markers for recurrence and for identifying 
tumor type are still lacking. Therefore, the eval-
uation of predetermined candidate genes or 
loci attracts widespread research interest.

DEK is a highly evolutionarily conserved 43 kDa 
(375 amino acids) chromosomal factor with no 
known enzymatic activity and NO AND that has 

not been classified into any known protein fam-
ily [4]. Its expression was first discovered in 
acute myeloid leukemia (AML) patients as a 
fusion gene with the CAN nuclear pore complex 
protein NUP214, which is involved in various 
cellular functions, such as chromatin remodel-
ing, regulating transcription and mRNA process-
ing [4, 5].

Accumulating reports have suggested that DEK 
may promote tumorigenesis, at least in part, by 
its ability to interfere with cell division and DNA 
repair, by inhibiting cell differentiation, senes-
cence and apoptosis, and by cooperating with 
transforming oncogenes. It has been shown 
that overexpression of the DEK gene was clear-
ly connected with human malignancies, such as 
breast cancer [5, 6], Merkel and small cell car-
cinoma [7], head and neck cancer [8], as well 
as others. Our previous studies also showed 
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that overexpression of the DEK protein was 
closely related to poor prognosis of ovarian, 
breast and colorectal cancers [9-11].

However, to date, the expression status of DEK 
in SCLC and its relationship with clinicopatho-
logical features/prognosis is unknown. The 
critical role of DEK in numerous cancers com-
pelled us to study the function of DEK in SCLC. 
Therefore, we performed immunohistochemi-
cal (IHC) staining of DEK in SCLC and normal 
lung tissues, and revealed that DEK might be 
an independent biomarker for prediction of 
SCLC prognosis.

Materials and methods

Clinical samples

One hundred and thirty cases of routinely pro-
cessed and paraffin-embedded SCLC tissue 
sections stored in the Department of Pathology 

and Tumor Tissue Bank, with strict follow-up for 
survival status, were selected randomly from 
patients who underwent surgery between 
2003-2008 at Yanbian University Medical 
College. The pathological parameters, including 
age, gender, smoking status, tumor size, loca-
tion, subtypes, clinical stage, lymph node 
metastasis, and disease-free and 5-year sur-
vival data were carefully reviewed in all cases. 
Patient age ranged from 26-76 years with a 
mean age of 52.3 years. The male to female 
ratio was 71:59. Tumor staging was done 
according to the 7th edition of the American 
Joint Committee on Cancer. The 130 SCLCs 
encompassed 76 early-stage (I-II) and 54 late-
stage (III) cases. Of the 130 cases, 69 were 
located in the central bronchus and 61 in the 
peripheral bronchus. None of the patients had 
any distant metastasis prior to surgery. By 
March 2013, 112 patients had died while 18 
patients remained alive. The median survival 
time was 23.2 months.

Figure 1. IHC staining of the DEK protein in SCLC and adjacent non-tumor tissue. DEK protein was detected in tis-
sue microarray (A) by IHC staining. The histogram (B) showed that the positive rate and strongly positive rate of DEK 
protein expression were significantly higher in SCLC than that in either adjacent non-tumor or normal lung tissues. 
DEK was negative in normal lung tissue (C), but strongly positive in SCLC with lymph node metastasis (D) and weakly 
positive in SCLC with non-metastasis (E) (original magnification, (C-E) × 200).
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IHC analysis

IHC analysis was performed using the DAKO 
LSAB kit (DAKO A/S, Glostrup, Denmark). Brie- 
fly, to eliminate endogenous peroxidase activi-
ty, 4 μm thick tissue sections were deparaf-
finized, rehydrated and incubated with 3% H2O2 
in methanol for 15 min at room temperature 
(RT). The antigen was retrieved at 95°C for 20 
min by placing the slides in 0.01 M sodium 
citrate buffer (pH 6.0). The slides were then 
incubated with the DEK antibody (1:50; BD 
Biosciences Pharmingen, San Diego, CA, USA) 
at 4°C overnight. After incubation with the bioti-
nylated secondary antibody at RT for 30 min, 

(26-50% positive cells) and ‘+++’ (more than 
50% positive cells). Only the nuclear expression 
pattern was considered as positive staining. 
Tissue sections scored as ‘++’ and ‘+++’ were 
considered as strong positives (high-level 
expression) of DEK.

Statistical analysis

Statistical analyses were performed using 
SPSS 17.0 software. Correlation between DEK 
expression and clinic pathological characteris-
tics was evaluated using the χ2 test and Fisher’s 
exact test. Disease-free and 5-year survival 
rates after tumor removal were calculated 

Table 1. DEK protein expression in SCLC

Diagnosis No. of cases
DEK protein expression

Positive rate (%) Strongly positive rate (%)
- + ++ +++

SCLC 130 40 32 27 31 69.23%** 44.62%**
Adjacent non tumor 130 103 21 4 2 20.77% 4.62%
Normal lung tissues 14 12 2 0 0 14.29% 0.00%
**P < 0.01 compared with either adjacent non-tumor or normal lung tissues.

Table 2. Correlation between DEK expression and clinicopathologi-
cal features of SCLC

Variables No. of 
cases

DEK positive cases (%)
x2 P-value

+++/++ +/-
Age
    ≤ 52 65 31 (47.69%) 34 (52.31%) 0.498 0.482
    > 52 65 27 (41.54%) 38 (58.46%)
Gender
    Male 72 33 (45.83%) 39 (54.17%) 0.097 0.757
    Female 58 25 (43.10%) 33 (56.90%)
Tumor size
    ≤ 3 cm 79 29 (36.71%) 50 (63.29%) 5.094 0.025*
    > 3 cm 51 29 (56.86%) 22 (43.14%)
Location subtype
    Central 69 31 (44.93%) 38 (55.07%) 0.012 0.912
    Peripheral 61 27 (44.26%) 34 (55.74%)
Clinical stage
    I-II 76 26 (34.21%) 50 (65.79%) 8.016 0.005**
    III 54 32 (59.26%) 22 (40.74%)
LN metastasis
    Positive 63 32 (50.79%) 31 (49.21%) 1.888 0.171
    Negative 67 26 (38.81%) 41 (61.19%)
Smoking status
    Yes 86 41 (47.67%) 45 (52.33%) 0.962 0.328
    No 44 17 (38.64%) 27 (61.36%)
*P < 0.05, **P < 0.01.

the slides were incubated 
with a streptavidin-peroxida- 
se complex at RT for 30 min. 
Immunostaining was devel-
oped using 3, 3’-diaminoben-
zidine, and Mayer’s hematox-
ylin was used for counter- 
staining. We used tonsil sec-
tions as the positive control 
and mouse IgG as an isotope 
control. In addition, tissue 
sections were processed omi- 
tting the primary antibody 
(mouse anti-DEK) as the neg-
ative control.

Two pathologists (Lin Z & Jin 
T) who did not possess knowl-
edge of the clinical data exa- 
mined and scored all tissue 
specimens. In case of dis-
crepancies, a final score was 
established by reassessment 
by both pathologists on a 
double-headed microscope. 
Briefly, the IHC staining for 
DEK was semi-quantitatively 
scored as ‘-’ (negative) (no or 
less than 5% positive cells), 
‘+’ (5-25% positive cells), ‘++’ 
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Figure 2. Kaplan-Meier survival curves illustrating the role of DEK expression in SCLC progression. SCLC patients 
with high DEK expression had lower disease-free (A) and 5-year survival (B) rates compared to those with low DEK 
expression (P < 0.001).

Figure 3. Kaplan-Meier survival curves illustrating the significance of DEK expression in SCLC in relation to clinical 
stage. In late-stage SCLC, patients with DEK high-level expression had lower disease-free (A) and 5-year survival (B) 
rates than those with DEK low-level expression (P = 0.002 and P = 0.001, respectively). In early-stage SCLC, dis-
ease-free (C) and 5-year survival (D) rates did not correlate with DEK expression status (P = 0.238 and P = 0.246).
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using the Kaplan-Meier method, and differenc-
es in survival curves were analyzed using the 
log rank test. Multivariate analysis was per-
formed using the Cox proportional hazards 
regression model on all significant characteris-
tics measured for univariate analysis. A P-value 
of less than 0.05 was considered statistically 
significant.

Results

DEK protein expression in SCLC paraffin-em-
bedded tissue sections

DEK protein expression showed a strictly nucle-
ar staining pattern in SCLC using IHC. The posi-
tive and strongly positive rates of DEK protein 
expression were 69.23% and 44.62%, respec-
tively, in 130 SCLC tissues, and significantly 
higher than in either adjacent non-tumor or nor-
mal lung tissues (P < 0.001) (Figure 1 and 
Table 1).

Correlation between DEK expression and clini-
copathological features of SCLC

To evaluate the role of the DEK protein in SCLC 
progression, we analyzed the correlation bet- 
ween DEK protein expression and major clinico-
pathological features of SCLC. The results 

and 5-year survival rates for the 130 SCLC 
cases using Kaplan-Meier survival curves and 
found that SCLC patients with DEK high-level 
expression had lower disease-free (Log-rank = 
8.230, P = 0.004) and 5-year survival rates 
(Log-rank = 8.158, P = 0.004) than those with 
DEK low-level expression (Figure 2).

To further substantiate the importance of DEK 
expression in SCLC progression, we analyzed 
the correlation between the DEK high-level 
expression rate and SCLC clinical stage. In late-
stage SCLC, patients with DEK high-level 
expression had lower disease-free and 5-year 
survival rates than those with DEK low-level 
expression (P = 0.002 and P = 0.001, respec-
tively) (Figure 3A, 3B). However, disease-free 
and 5-year survival rates did not correlate with 
DEK expression status (P = 0.238 and P = 
0.246) in early-stage SCLC (Figure 3C, 3D).

DEK is an independent prognostic factor in 
SCLC using the Cox proportional hazards 
regression model

On univariate analysis, SCLC patients who had 
DEK high-level expression tumors had signifi-
cantly lower 5-year survival (P = 0.007) than 
those with DEK low-level expression tumors. 
Additionally, patient’s age (P = 0.036), tumor 

Table 3. Univariate and multivariate analyses of clinicopathological fac-
tors used to determine overall survival rates for 130 patients with SCLC

Characteristics B SE Wald HR
95% CI

P value
Lower Upper

Univariate analysis
    Age 0.386 0.184 4.404 1.472 1.026 2.111 0.036*
    Gender 0.294 0.182 2.611 1.342 0.939 1.917 0.106
    Tumor size 0.392 0.182 4.624 1.480 1.035 2.115 0.032*
    Location 0.253 0.177 2.049 1.288 0.911 1.821 0.152
    Stage 0.930 0.190 23.939 2.535 1.747 3.680 0.000**
    LN metastasis 0.453 0.180 6.360 1.573 1.106 2.238 0.012*
    Smoking status 0.028 0.185 0.023 1.028 0.715 1.479 0.880
    DEK 0.486 0.179 7.373 1.626 1.145 2.311 0.007**
Multivariate analysis
    Age 0.141 0.197 0.511 1.151 0.783 1.692 0.475
    Tumor size 0.314 0.186 2.860 1.369 0.951 1.969 0.091
    Stage 0.898 0.198 20.607 2.454 1.665 3.616 0.000**
    LN metastasis 0.241 0.184 1.723 1.273 0.888 1.825 0.189
    DEK 0.466 0.195 5.716 1.593 1.088 2.334 0.017*
*P < 0.05, **P < 0.01.

showed that the DEK 
high-level expression ra- 
te was significantly re- 
lated to tumor size and 
SCLC clinical stage (P = 
0.025 and P = 0.005, 
respectively). However, 
DEK expression level 
was not related to age, 
gender, smoking status, 
location, subtype or lym- 
ph node metastasis of 
SCLC (P > 0.05) (Table 
2).

Correlation between 
survival rates and DEK 
expression status us-
ing the Kaplan-Meier 
method

To further confirm the 
role of DEK expression 
in SCLC progression, we 
analyzed disease-free 
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size (P = 0.032), pathologic stage (P = 0.000), 
and lymph node metastasis (P = 0.012) were 
also significantly associated with the 5-year 
survival rate. Therefore, multivariate survival 
analysis was performed using the Cox propor-
tional hazards model for all of NO OF the signifi-
cant variables in the univariate survival analy-
sis. We found that clinical stage (HR: 2.454, 
95% CI: 1.665-3.616, P < 0.001) proved to be 
an independent prognostic factor of 5-year sur-
vival rates in SCLC. More importantly, DEK 
expression also emerged as a significant inde-
pendent prognostic factor in the prognosis of 
SCLC (HR: 1.593, 95% CI: 1.088-2.334, P = 
0.017) (Table 3).

Discussion

The DEK protein is an abundant and ubiquitous 
chromatin protein in multicellular organisms 
(although not found in unicellular organisms 
such as yeast). It is expressed at more than a 
million copies/nucleus in rapidly proliferating 
mammalian cells [12]. DEK can promote the 
formation of various tumor cell types, by affect-
ing cell division, DNA repair, aging and apopto-
sis, by inhibiting cell differentiation, as well as 
by oncogenic transformation [13-15]. It has 
been proved that DEK introduces constrained 
positive supercoils into DNA, can facilitate the 
ligation of linear DNA molecules in vitro [16, 
17], and plays a critical role in chromatin orga-
nization and maintenance of genome stability 
in vivo. It also inhibits p53-dependent and inde-
pendent apoptosis and has been found to 
mediate the apoptotic response to clastogenic 
chemotherapeutic agents such as doxorubicin 
and cisplatin [18, 19]. Moreover, DEK is a 
potential target of chromosome 6p22 gains in 
retinoblastoma, as well as in bladder cancer, 
suggesting that DEK gain of function may pro-
vide a selective advantage for tumor develop-
ment [20].

DEK upregulation can interfere with cellular dif-
ferentiation, apoptosis, senescence, and res- 
ponse to chemotherapy, justifying the classifi-
cation of DEK as a bona fide oncogene that 
plays a role in tumor growth and survival [18, 
21]. Recent reports have shown that DEK over-
expression occurs in various malignancies, 
including bladder cancer [22], breast cancer [5, 
6], hepatocellular carcinoma [23], retinoblas-
toma [24], melanoma [21], glioblastoma [25] 
as well as other cancers. Liu et al. [26] demon-

strated that DEK inhibition resulted in signifi-
cant growth repression of CaSki cells by induc-
ing cell apoptosis and senescence. Privette 
Vinnedge et al. [19] identified DEK as being a 
novel estrogen receptor α (ERα) target gene, 
using chromatin immunoprecipitation experi-
ments, whose expression promotes estrogen-
induced proliferation. Datta et al. [22] exam-
ined the expression of DEK protein using 
western blotting on samples from 38 paired 
transitional cell carcinoma (TCC) bladder tumor 
and adjacent normal tissues, and identified 
DEK as a potential urinary and tissue biomark-
er of TCC of the bladder for both low and high-
grade tumors, as well as for stage and progres-
sion. In addition, DEK was involved in the 
pathogenesis of Merkel cell carcinoma and 
may have therapeutic implications for this car-
cinoma [7].

However, few studies to date have reported an 
association between DEK expression and clini-
copathological parameters, or DEK as a prog-
nostic marker in lung cancer. Wang et al. [27] 
analyzed DEK using IHC on 112 NSCLC cases 
and reported that DEK-positive tumors corre-
lated with poor differentiation, advanced p-TNM 
stage and nodal metastasis, and DEK expres-
sion in lung adenocarcinoma was significantly 
higher compared with DEK expression in squa-
mous cell carcinoma. Shibata et al. [28] showed 
that DEK overexpression, partly through an 
increase in its gene dose, mediated the activity 
of global transcriptional regulators and was 
associated with tumor initiation activity and 
poor prognosis in high-grade neuroendocrine 
carcinoma of the lung.

The overall goal of this study was to explore the 
role of DEK upregulation in SCLC progression. 
Here we performed IHC staining of the DEK pro-
tein and survival data analysis using 14 cases 
of normal lung tissue, 130 cases of SCLC and 
their adjacent normal tissue counterparts, and 
found that positive and strongly positive rates 
of DEK oncoprotein expression were signifi-
cantly higher in SCLC than in normal lung or 
adjacent normal tissues. These findings indi-
cated that DEK potentially plays an important 
role in the progression of SCLC.

Despite the strong association between DEK 
expression and cancer, reports of DEK expres-
sion-based outcomes in tumor patients are lim-
ited. Kappes et al. [21] indicated that DEK over-
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expression was a frequent event in invasive 
melanomas, and WAS associated with the 
acquisition of ominous features such as deep 
dermal invasion and metastasis. However, the 
correlation between DEK expression and clini-
cal outcomes of invasion and metastasis in 
patients with SCLC cannot be concluded from 
this study, nor from the works of Wang et al. 
[27] or Shibata et al. [28]. Here we found that 
DEK overexpression was significantly correlat-
ed with large tumor size and late stage of SCLC, 
suggesting that DEK might be useful for pre-
dicting the prognosis of patients with SCLC. 

Moreover, our previous study [11] demonstrat-
ed that DEK protein expression was closely 
related to disease-free and overall survival 
rates of patients with colorectal cancers, and 
its overexpression was an independent risk fac-
tor for mortality in colorectal cancer. Similarly, 
with detailed clinical follow-up data, this study 
showed that SCLC patients with DEK high-level 
expression had lower disease-free (P = 0.004) 
and 5-year survival rates (P = 0.004) than those 
with DEK low-level expression. In late-stage 
SCLC, patients with DEK high-level expression 
had lower survival rates than those with DEK 
low-level expression (P = 0.002 and P = 0.001, 
respectively). In addition, multivariate analysis 
using Cox proportional hazards regression 
model confirmed that DEK was an independent 
prognostic factor in SCLC along with clinical 
stage.

In conclusion, DEK plays an important role in 
SCLC progression; it might be a new attractive 
biomarker for prognostic evaluation and a 
molecular therapeutic target in patients with 
SCLC.
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