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Abstract Öz 
Purpose: In this study we investigated the expression of 
the p65 subunit of the nuclear factor-kappaB (NF-kB)  
complex and  the activation status of NF-kB by phospho-
IkB-alpha antibody. 
Materials and Methods: A tissue microarray based on 
material obtained from 107 patients was utilized. The 
antibody staining was scored by combining staining 
intensity with percentage of tumor staining. The antibodies 
used were NF-kB p65 and phospho-IkB-alpha(ser32/36), 
both from Cell Signaling Technology. The staining scores 
were correlated with the archival data available on some 
patients on margin and lymph node status, stage, tumor 
size, as well as clinical data including survival. 
Results: The staining was nuclear (p65) and cytoplasmic 
(p-IkBalpha) respectively. In general there was an 
increased expression and activation of NF-kB in the 
carcinomas, compared to non-tumoral regions. None of 
the markers had a significant correlation with the overall 
survival. NF-kB(p65) expression had a correlation with 
positive lymph node status. 
Conclusion: The correlation with the positive lymph node 
status suggests a role in invasive properties of the tumor. 
Activation of NF-kB is most likely an early event in 
pancreatic carcinogenesis. Despite the lack of an effect on 
overall survival, due to its increased activation in 
pancreatic cancer, NF-kB is still a good target for 
therapeutic interventions. 

Amaç: Bu çalışmada, NF-KB kompleksinin alt grubu olan 
p65 ve fosfo-IKB-alfa antikor ile NF-KB’nin aktivasyonu 
durumu araştırılmıştır. 
Gereç ve Yöntem: Doku mikroarray yöntemi ile 107 olgu 
üzerinden yapılan çalışmada antikorun boyanması, 
boyanma şiddeti ve yüzdesi beraber değerlendirilerek 
skorlandı. Cell Signaling Technology ürünlerinden p65 ve 
fosfo-IKB-alfa(ser32/36) kullanıldı. Boyanma skorlarının 
arşiv bilgileri doğrultusunda cerrahi sınır, lenf bezi durumu, 
evre, tümör boyutu ve klinik bilgiler ışığında genel yaşam 
süresi ile korelasyonu araştırıldı.  
Bulgular: P65 nükleer, p-IkB-alfa sitoplazmik boyanma 
paterni izledi. Karsinomda, tümör içermeyen bölgelerle 
kıyaslandığında boyanma belirgin oranda şiddetli olup ve 
NF-KB aktivitesinde artış mevcuttu. NF-kB(p65) 
ekspresyonu, lenf bezi durumu ile anlamlı bir korelasyon 
göstermekle birlikte  yaş, ırk, cinsiyet, tümör lokalizasyonu, 
tümör boyutu, tümör derecesi ve genel yaşam süresi ile 
NF-KB(p65), pIkBalfa arasında korelasyon izlenmedi. 
Sonuç: Lenf bezi durumu ile NF-KB aktivitesinin 
korelasyonu tümörün invaziv olma özelliğini ön plana 
çıkartmakta olup pankreas karsinogenezinde erken 
aşamalarda görülmesi tedavi açılımlarının geliştirilmesi 
açısından hedef molekül olabileceğini düşündürmektedir. 
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INTRODUCTION 

Pancreatic adenocarcinoma (PAC) is a deadly disease 
characterized by late diagnosis, early metastasis, and 
resistance to therapy. It is one of the most aggressive 

tumor with has parallelity between mortality and 
incidence rate1. Recent advances in surgical and 
medical therapy have had little impact on the 
mortality rate of this disease2.  

K-ras gene is the most frequent altered oncogene in 
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pancreatic cancer3,4 .  This mutation is present in up 
to 90 % of pancreatic cancer cases5. The expression 
of mutant K-ras activates the Akt/protein kinase B 
(IKKs) pathway, resulting in the activation of the 
nuclear factor-kappaB (NF-kappaB) transcriptional 
factor which is the generic name of a family of 
transcription factors that act as dimers and regulate 
genes involved in cell growth, survival and 
differentiation6,7 . The NF-kB family comprises five 
subunits8: p65, c-Rel, Rel-B, NF-kB1 and NF-kB29-

14. In most cells, the major proportion of NF-kB 
proteins resides in the cytoplasm in a latent state15.  

The activation of NF-kB can be divided into two 
phases. The first phase takes place in the cytoplasm 
and leads to the activation of a kinase complex 
composed of three subunits: IkB kinase(IKK)a, 
IKKb and NEMO/IKKg. This IKK complex 
phosphorylates IkB proteins leading to their 
ubiquitination and subsequent proteasome-
dependent degradation, the main consequence of 
which is the translocation of NF-kB dimers to the 
nucleus9,11. The second phase occurs in the nucleus 
and involves post translocation modifications of NF-
kB subunits, which are required to regulate the 
transcriptional activity. 

The constitutive activation of the transcription factor 
nuclear-factor kappa B (NF-kappaB) in the nucleus 
of the cells regulates its downstream genes to 
promote cancer cell growth due to the activation of 
gene transcription, including genes encoding 
inflammatory cytokines, chemokines, growth factors, 
cell adhesion molecules, and cytokine reseptors16,17. 
Therefore, it is a hallmark of many highly malignant 
tumors including breast18-21, ovarian21,22, colon21, 
bladder18, prostate carcinoma23-25, melanoma26, as 
well as pancreatic ductal adenocarcinoma7,27,28.  

It is also possible that constitutive NF-KB activity is 
required for tumorigenesis at the early stage of 
pancreatic cancer development. It plays an essential 
role in the initiation or progression of malignant 
transformation of pancreatic ductal epithelial cells by 
promoting tumor cell survival towards malignancy29. 

 NF-kappaB has also been shown to inhibit apoptosis 
in response to chemotherapeutic agents30-36. In order 
to understand the clinical significance of NF-KB in 
pancreatic cancer, we examined the expression of 
NF-KB in pancreatic ductal adenocarcinoma by 
immunochemistry, and analyzed the correlation of 
NF-KB expression with margin, lymph node status, 
stage, tumor size, and survival. 

MATERIALS AND METHODS 

A total of 107 ordinary PDA (pancreas ductal 
adenocarcinoma) cases, for which the tissue was 
available for immunohistochemical staining, were 
identified. Other tumor types, non-ductal neoplasia, 
CBD, and ampullary tumors were carefully excluded. 
Routine formalin-fixed, paraffin-embedded and 
H&E stained sections were reviewed. Tissue 
microarrays were prepared by obtaining 3 samples of 
each 1.4 mm-diameter from each tumor. 
Demographic data including age, gender, race, and 
tumor location was obtained from the surgical 
pathology reports, patients’ charts, and clinical 
databases. 

Histological grading 

The ductal adenocarcinomas were graded according 
to the recently proposed scheme (37). Briefly, well-
formed tubular units with complete, easily discernible 
borders were regarded as grade 1. Those with 
incomplete, ill-defined borders, fusion of glands or 
irregular multi-lumina formation (cribriform 
architecture) were categorized as grade 2. Non-
glandular patterns including cord-like areas, 
individual cell infiltration, nested or solid (sheet-like) 
growth patterns were classified as grade 3. 

NF-KB immunostaining 

Immunohistochemistry was performed on 5 µm 
tissue sections. Sections were deparaffinized and 
hydrated through d.H2O. Endogenous peroxidase 
blocked with a 3% Hydrogen peroxide (20 min.). 
Followed by antigen retrieval with citrate buffer Ph 
7.0 in steamer, slides were immersed in hot buffer (20 
min) and then remained in warm buffer (20 min.). 
Blocking was performed in 5% normal rabbit serum 
(30 min). Incubation of primary antibody NF-KB 
p65 (1:100 dilution, Cell Signaling, NF-κB p65 
(C22B4) Rabbit mAb #4764) and Phospho-IkappaB-
alpha (Ser32/36) (1:100 dilution, Cell Signaling, 
Phospho-IkappaB-alpha (Ser32/36) (5A5) 
Monoclonal Ab #5205)  was done at room 
temperature( 2 hours) was followed by incubation in 
the Anti-goat biotinylated secondary antibody, IgG 
(H+L) (Vector Lab, 30 minutes), and incubation in 
avidin-biotin complex (Vector Lab, 30 minutes) 
according to manufacture’s manual instruction. 
Visualization was performed with a DAB 
substrate/chromagen and counterstained with 
hematoxylin.  
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Immunohistochemical grading 

An established scoring system that evaluates both the 
percent and intensity was utilized. Briefly, the percent 
of cells staining is graded as: 0=less than 1 % of the 
cells positive, 1=1 to 10 % of the cells positive, 2=11 
to 50 % of the cells positive, 3=51 to 80 % of the 
cells positive and 4=more than 80 % of the cells 
positive. The intensity defined as: 1=weak, 
2=moderate, 3=strong. The overall score is then 
calculated as (1+intensity/3) x percent, and for 
comparative analysis the data was arbitrarily divided 
into four groups: 0=none, 1=minimal, 2=moderate, 
and 3=significant. 

Table 1. The correlation of NF-k B(p65) with lymph 
node status, grade and tumor size 

NF-k B(p65) vs.  Spearman C p 
Phospho-IkBa 0.050 0.09 
Lymph node status 0.220 0.04 
Grade 0.112 0.30 
Tumor size (>5.0 cm) 0.032 0.77 

Statistical analysis 

The expression of NF-KB was compared with 
clinico-pathological features and known prognostic 
parameters of ductal adenocarcinoma including 
tumor size, grade, resection margins and lymph node 
status. All statistical tests were performed using the 
SPS 10.0 data analysis program. Data were analyzed 
using the chi-Spearman C test to compare the 
expression of NF-KB with tumor size, grade, 
resection margins and lymph node status. Overall 
survival data were analyzed by using the Kaplan-
Meier method and were assessed by log-rank test to 
compare differences in survival between the patients 
whose tumors expressed strong positive NF-KB 
staining and those whose tumors were either negative 
or stained weakly for NF-KB. By using the 
proportional hazard model of Cox, multivariate 
analysis was performed on NF-KB expression, tumor 
size, grade, margin status and lymph node metastasis 
in patients with ductal adenocarcinoma. P < 0.05 was 
regarded as statistically significant.  

RESULTS 

The mean age of the 107 patients with PAC, at time 
of diagnosis was 64 years (range 36-86). 66 of these 
patients were female and 41 were male. 90 patients 
had tumor in the head region while 17 had tumor in 
the tail. Average size of the tumors was 3.5 cms 

(range= 0.8-9 cm). 84 patients had lesions that 
measured more than 2 cms. 25/103 had lymph node 
metastases. Median survival was 11 months. At this 
time of this presentation, 18 cases were dead and 89 
cases are still alive.  

 

Figure 1.The NF-kB(p65) expression scores in the 
carcinoma samples 

 

 
Figure 2. The correlation of pIkBalpha and NF-
kB(p65) with the overall survival 

NF-KB expression 

In normal tissue: In normal pancreas, NF-KB was 
expressed weakly in the ducts, and focally in the acini 
(Picture 1,2). In neoplastic tissue: To determine at 
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what stage of the tumorigenic process NF-KB was 
upregulated in pancreatic ductal adenocarcinomas, an 
established scoring system that evaluates both the 
percent and intensity was utilized.  

Ductal adenocarcinomas showed increased 
expression and activation of NF-kB. The staining was 
nuclear (p65) (Picture 3, 4) and cytoplasmic (p-
IkBalpha) (Picture 5) respectively. Carcinoma 
samples showed NF-KB expression as score 0: 24, 
score 1:20, score 2: 27, score 3: 13, and score 4: 23  
(Figure 1).  With Spearman rank correlation, NF-
kB(p65) expression had a correlation with lymph 
node status (p=0.04) (Table 1). No significant 
correlation was identified between NF-kB(p65), 
pIkBalpha expression and age, race, gender, location 
of the tumor, size of the tumor, margin status, tumor 

grade. None of the markers had a significant 
correlation with the overall survival (Figure 2). 

DISCUSSION 

Pancreatic cancer is one of the most lethal cancers. 
Five-year-survival rate is 8%1 Siegel et al. reported 
that in 2018 estimated number of pancreatic cancer 
diagnosis is approximately 55.440 and estimated 
number of death is 44.3301. In the developed 
countries, the incidence of PDA is 3.1-20.8 per 
100.00038. It is commonly seen between the age 60 
and 80, very rarely diagnosed before 4039-42. There is 
a male dominancy42.  In this study, the mean age was 
64. 66 were female and 41 were male.  

  
Picture 1. Expression of NF-kB(p65) in benign 
pancreatic tissue, x100. 

Picture 2. Expression of fosfo-IKBa in benign 
pancreatic tissue, x200. 

  
Picture 3. Nuclear staining for NF-kB (p65) in 
pancreatic ductal carcinoma, x200. 

Picture 4. Nuclear staining for NF-kB (p65) in 
pancreatic ductal carcinoma, x400. 

 

PDA mostly occurs in the head of the pancreas43. In 
the current study, 90 cases were located in the head 

of the pancreas while 17 were in the tail of the 
pancreas. The size of the PDA's are generally 2-5 
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cm43. In our study, the mean tumor size was 3.5 cm. 
In 84 cases, the tumor was larger than 2 cm. PDA 
tends to show early invasion to retroperitoneal tissue 
and local peripancreatic lymph nodes. Luttges et al 
reported 50% regional lymph node invasion and 10% 
paraaortic lymph node invasion44. In our study, there 
was lymph node metastasis in 25 cases out of 103.  

 

Picture 6. Cytoplasmic staining for fosfo-IKBa in 
pancreatic ductal carcinoma, x400. 

Even though surgery is a treatment option, the 5-
year-survival is not more than 3 years in 80-90% 
cases45-47. In this study, the mean survival was 11 
months. During this study, 18 patients died and 89 
patients were alive.  Identifying molecules of 
prognostic values would certainly help in 
understanding pancreatic carcinogenesis, elucidating 
clinicopathological variables of pancreatic tumors 
and improving survival of the patients.A key point 
present in pancreatic adenocarcinomas is the unique 
profile of genetic and molecular alterations that 
distinguishes it from all other cancers48, 49. 

Here we showed the clinicopathologic importance of 
NF-KB expression in PDA by using 
immunohistochemistrical analyses. Our data indicate 
that while normal pancreas showed weak staining in 
the ducts, and focally in the acini, there was an 
increased expression of NF-KB in the PDA, which is 
most likely an early event in pancreatic 
carcinogenesis. 

NF-KB is a transcription factor, which comprises 
five subunits8: p65, c-Rel, Rel-B, NF-kB1 and NF-
kB29-14. Many reports demonstrated that members of 
the NF-KB family are involved in development of 
cancer. They are identified in many human 
hematopoietic malignancies and several types of solid 
tumor, such as human non-small cell lung 
carcinoma50, squamous carcinomas of head and neck, 

and in adenocarcinomas of breast23-26 and stomach51, 
thyroid carcinoma cell lines52, colon21, prostate23-25, 
bone and brain cancer cells22 as well as pancreatic 
adenocarcinomas35. 

NF-KB activity is found constitutively activated in 
about 70% of pancreatic cancers35. It is consistent 
with our finding that NF-KB was weakly expressed 
in the ducts, and focally in the acini of the normal 
pancreas while ductal adenocarcinomas showed 
increased expression and activation of NF-KB. 

Pham et al53 investigated signal protein profile of 
PDA using tissue microarray. Cytoplasmic proteins 
such as p-JNK, p-ERK, p-SRC, p-NF-KB and 
nuclear proteins p-ERK, p-p38, p-JNK have higher 
activity in PDA than normal ductal epithelium. There 
is a significant increase in NF-KB levels in the lymph 
node metastasis. In the current study, similar to the 
Pham et al.'s study, there was an apparent relationship 
between lymph node status and the invasiveness of 
the tumor. 

Weichert et al54 reported the results of NF-KB p65 in 
82 PDA, 5 chronic pancreatitis with the analysis of. 
clinicopathological correlation.  There is no 
correlation with age and differantiation grade but 
there is higher cytoplasmic and nuclear NF-KB p65 
positivity in the cases with lymph node metastasis.  In 
our study, NF-KB expression levels were also 
correlated with margin and lymph node status, stage, 
tumor size, survival. Although, none of the 
parameters had significant correlation with NF-
kB(p65) or pIkBalpha, a correlation with lymph node 
status (p=0.04) was identified  which suggests a role 
in invasive properties of the tumor. 

NF-KB is an important target due to the increase of 
the expression in pancreatic cancer for preventive 
and therapotic approaches17. Chemotherapy 
increases the survival in pancreatic cancer55,56. The 
study with gemcitabine in the late 1990's proved that 
data55,56. Gemcitabine is a chemotherapotic agent 
which has similar effect with 5-FU on pancreatic 
cancer. It has been discovered that gemcitabine has 
an advantageous place on survival and quality of 
life55,56. On the other hand there can be resistance to 
Gemcitabine treatment57.  Therefore molecular 
targets are being investigated.  NF-KB is activated in 
chemo resistant cell lineages hence among the 
therapeutic alternatives, it is one of the potential 
target molecules57,58. Particularly, curcumin is an 
important chemotherapeutic agent, which activates 
the apoptosis in pancreatic cancer and inhibits the 
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NF-KB activity59. This agent is still in the phase II 
studies in the MD Anderson researches60. In 
summary, despite the lack of an effect on overall 
survival, due to its increased activation in pancreatic 
cancer, NF-kB is still a good target for therapeutic 
interventions. 
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