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Abstract

Pancreatic cancer occupies the fourth place as a cause of death from cancer, and the mortality rate 
is similar to the number of newly detected cases. Due to the late diagnosis, only 5-6% of patients with 
pancreatic cancer survive for five years. given that early diagnosis is critical for improving patients’ 
survival rates, there is an urgent need for the discovery and validation of new biomarkers with sufficient 
sensitivity and specificity to help diagnose pancreatic cancer early. Detection of serum tumor markers 
(Ca19-9, Cea, Ca125 and Ca242) is conducive to the early diagnosis of pancreatic cancer. the com-
bination of miR-16, miR-196a and Ca19-9 plasma level was more effective, especially in early tumor 
screening. Furthermore, recent studies reported that mainly miR-21, miR-155 and miR-196 were dys-
regulated in iPMN (intraductal papillary mucinous neoplasms) and PaniN (pancreatic intraepithelial 
neoplasia) lesions, suggesting their usefulness as early biomarkers of these diseases. the reduced rate 
of apoptosis plays a crucial role in carcinogenesis, and it is one of the most important characteristics 
acquired by pancreatic cancer cells, which protects them from attack by the immune system and reduces 
the effectiveness of pharmacological treatment. This review summarizes the data concerning the clinical 
utility of selected biomarkers in pancreatic cancer patients. The review mainly focuses on the genetic 
aspects of signaling pathway disorders associated with apoptosis in the pathogenesis and diagnosis of 
pancreatic cancer. 
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Introduction
Pancreatic cancer in the early stages of the disease does 

not give clinical symptoms, making it difficult for early 
diagnosis that would give hope for a successful therapy. 
Although there is progress in the knowledge on the patho-
genesis of pancreatic cancer, only surgery performed in 
the early stages of the disease can significantly increase 
the survival. Unfortunately, due to the late diagnosis, only 
5-6% of patients with pancreatic cancer survive five years 
[1-3]. At the time of diagnosis of pancreatic cancer, the 
tumor is unresectable in 80% of patients and there are al-
ready distant metastases. The survival time of patients di-
agnosed with unresectable pancreatic tumor is on average 
6 months and may increase only slightly (to 11 months) 
after the application of a complex chemotherapy [4]. 

One way to improve the results of the early diagno-
sis of pancreatic cancer and a better understanding of still 
unknown pathogenesis was to isolate groups particular-
ly susceptible to the increased incidence of the disease. 
Meta-analyses of epidemiological studies have identified 

many risk factors conducive to pancreatic cancer. These 
are mainly smoking, older age, male gender, black race, 
diabetes, obesity, a diet high in fat and meat and low in 
vegetables and folic acid, blood type other than 0, expo-
sure to certain chemical compounds (including nickel, 
N-nitroso compounds) as well as infectious (infection with 
Helicobacter pylori, hepatitis C) and periodontal diseases 
[5]. The factors that particularly increase the risk of pan-
creatic cancer are chronic pancreatitis, smoking and diabe-
tes. The risk of pancreatic cancer is significantly elevated 
in subjects with chronic pancreatitis and appears to be in-
dependent of sex, country, and type of pancreatitis [6-8]. 
The cumulative risk of pancreatic cancer in subjects who 
were followed for at least 2 years increased steadily, and 
10 and 20 years after the diagnosis of pancreatitis it was 
1.8% (95% confidence interval [CI]: 1.0-2.6%) and 4.0% 
(95% CI: 2.0-5.9%), respectively [6]. The risk of develop-
ing pancreatic cancer appears to be highest in rare types 
of pancreatitis with an early onset, such as hereditary pan-
creatitis (a 53-fold higher risk for developing pancreatic 
cancer) and tropical pancreatitis [9, 10]. Smoking is the 
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most established risk factor for pancreatic cancer. Smok-
ing increases the risk of pancreatic cancer almost two-fold 
and it is estimated that it is responsible for approximately 
20-25% of pancreatic tumors, and smoker tumors carry 
significantly more mutations [11]. Smokers have a 2.5 to 
3.6% higher risk of pancreatic cancer, as compared with 
nonsmokers; the risk increases with greater tobacco use 
and longer exposure to smoke [12]. When compared with 
never smokers, current smokers had a significantly ele-
vated risk (odds ratio [OR] 1/4 1.77, 95% CI: 1.38-2.26). 
The risk increased significantly with greater intensity (≥ 30 
cigarettes/day: OR 1/4 1.75, 95% CI: 1.27-2.42), duration  
(≥ 50 years: OR 1/4 2.13, 95% CI: 1.25-3.62) and cumu-
lative smoking dose (≥ 40 pack-years: OR 1/4 1.78, 95% 
CI: 1.35-2.34) [13]. The odds ratio of pancreatic cancer 
in people with type 2 diabetes is 1.8, and is the highest in 
a 2-year period from the time of diagnosis and then de-
creases. It is estimated that approximately 1% of patients 
with type 2 diabetes (age 50 years or older) will develop 
pancreatic cancer within three years from diagnosis [14]. 
New-onset diabetes is associated with a 4- to 7-fold in-
crease in risk and 1-2% of patients with recent-onset dia-
betes will develop pancreatic cancer within 3 years [15]. 
Meta-analysis (35 cohort studies) revealed a 40-100% in-
crease in the risk of pancreatic cancer in diabetes mellitus 
[16]. Type 2 and type 1 diabetes mellitus increased the risk 
of pancreatic cancer with a latency period of more than 5 
years. It was also reported that type 3 diabetes mellitus was 
an effect, and therefore a harbinger, of pancreatic cancer 
in at least 30% of patients [17]. Other authors believe that 
more studies are necessary in order to definitively identify 
diabetes mellitus as a risk factor for pancreatic cancer, con-
sidering the fact that approximately 10 years are needed to 
diagnose symptomatic pancreatic cancer [18]. 

At the increased risk of pancreatic cancer are also pa-
tients with a family history of the disease [19] and genetic 
diseases, i.e., Peutz-Jeghers syndrome (germline mutation 
in Stk1) [20], Lynch syndrome (hereditary colorectal 
cancer unrelated to polyposis, caused by, i.a., microsat-
ellite DNA instability) [21], hereditary pancreatitis (mu-
tation in the PRSS1 gene encoding cationic trypsinogen) 
[9, 22] and hereditary breast and ovarian cancer syndrome 
(bRCa1 and bRCa2 gene mutations) [23, 24]. Genetic 
disorders observed in pancreatic cancer are often associ-
ated with kRaS oncogene activation (mutationally acti-
vated kRaS is present in > 90% of pancreatic ductal ad-
enocarcinoma [PDAC] and represent the earliest genetic 
alteration), increased expression of ERBB2, inactivation 
of the cyclin-dependent kinase inhibitor 2A, p53 inactiva-
tion in about 75% of PDAC and inactivation of CDkN2a, 
bRCa2, SMaD4/DPC4 in up to 55% of PDAC as well as 
changes in the expression of microRNAs and shortening 
of telomeres resulting in chromosomal instability [25-32]. 
Immunohistochemically detected expression of 3 major 
genes (CDkN2a/p16, tP53, and SMaD4/DPC4) strongly 

predicted the survival in patients with resectable pancreatic 
cancer [33] and Smad4 was correlated with lymph node 
metastasis and overall survival [34]. In addition, the search 
for non-invasive methods have shown that the salivary 
biomarkers possess discriminatory power for the detec-
tion of resectable pancreatic cancer with high specificity 
and sensitivity [35]. In saliva supernatant, four mRNA 
biomarkers (kRaS, MbD3l2, aCRV1, and DPM1) could 
differentiate pancreatic cancer patients from non-cancer 
subjects (chronic pancreatitis and healthy control), yielding 
ROC-plot AUC value of 0.971 with 90.0% sensitivity and 
95.0% specificity. Furthermore, in addition to these fre-
quently altered genes, various other genes were shown to 
be mutated at relatively low frequencies in pancreatic can-
cer (e.g., aRiD1a, aRiD2, Mll3, EPC1 and atM genes 
related to chromatin remodeling, DNA damage repair, and 
genes associated with the axon guidance pathway, includ-
ing Robo1/2 and Slit2) [32, 36, 37]. The results of ge-
netic studies suggest the need to personalize the therapy 
of pancreatic cancer. Our review is aimed at exploring the 
current knowledge about the diagnostic value of selected 
markers and apoptotic pathways for pancreatic cancer. 

Selected markers for early detection  
of pancreatic cancer

Despite imaging modalities and histopathological and 
immunophenotypical evaluations of precursor lesions, only 
the introduction of research focused on the discovery of 
reliable biomarkers provided fundamental contributions to 
the early detection of PDAC. Recent studies showed that 
after tumor initiation, it could take even about 10 years 
for pancreatic cancer cells to acquire metastatic capacity 
to spread to distant organs [38, 39]. Given that early di-
agnosis is critical for improving patients’ survival rates, 
there is an urgent need for discovery and validation of 
new biomarkers with sufficient sensitivity and specificity 
to help diagnose pancreatic cancer early. Simple to assay 
serum-based biomarkers remain an ideal non-invasive 
method to detect PDAC in its early stages. Unfortunate-
ly, at present there is no marker with sufficient diagnostic 
sensitivity and specificity to identify early cancer patients. 

Serum carbohydrate antigen (CA19-9) is the most 
common conventional tumor marker analyzed in pancre-
atic cancer patients. Serum CA19-9 levels can provide 
important information with regards to prognosis, overall 
survival, and response to chemotherapy, and can predict 
post-operative recurrence, nevertheless, non-specific ex-
pression in several benign and malignant diseases limit the 
universal applicability of serum CA19-9 levels in pancre-
atic cancer management [40]. The median sensitivity of 
CA19-9 for diagnosis of pancreatic cancer was estimated 
at 79 (70-90%) and median specificity at 82 (68-91%). 
CA19-9 elevation in non-malignant jaundice resulted in 
a decrease in specificity [41]. The median preoperative CA         
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19-9 value for patients who underwent resection was 131 
U/ml vs. 379 U/ml for patients with unresectable disease; 
CA19-9 values greater than 130 U/ml remained a predic-
tor of tumor unresectability in a multivariate regression 
analysis [42]. Another study also confirmed that the pre-
operative serum levels of CA19-9 and CEA can be helpful 
in the prediction of resectability (R0 resection) in patients 
with pancreatic adenocarcinoma [43]. The results of these 
studies confirm the link between tumor stage and the level 
of CA19-9. In contrast to previous studies, some recent 
data suggested the use of CA19-9 as a potential marker in 
the early detection of PDAC. 

Meta-analysis performed in 3,497 participants showed 
that CA242 and CA19-9 had better efficacy in the diagno-
sis of pancreatic cancer than CEA. Furthermore, a parallel 
combination test of CA19-9 + CA242 might have a better 
diagnostic value than individual CA242 or CA19-9 tests 
[44]. Another recent study found that the detection of se-
rum tumor markers (CA19.9, CEA, CA125 and CA242) is 
conducive to the early diagnosis of pancreatic cancer and 
the combined detection of tumor markers helps to improve 
diagnostic efficiency [45]. Moreover, CA19-9 is an inde-
pendent prognostic factor for patients with pancreatic can-
cer. A retrospective review of an institutional EUS Pancre-
as Registry containing 2,083 patients showed that elevated 
CA19-9 indicated a greater likelihood of PDAC diagnosis 
relative to benign pancreatic pathology, and higher lev-
els of CA19-9 correlated with a worse PDAC stage [46]. 
These authors concluded that patients with normal CA19-9 
PDAC might represent a unique subclass of patients, pre-
senting with atypical clinical features, and possibly more 
advanced disease stage at the time of diagnosis. Referring 
to the results of other study, CA19-9 and CA125 exhibited 
encouraging sensitivity for detecting pre-clinical pancre-
atic cancer, and both markers can be used as prognostic 
tools [47]. According to these authors, serum CA19-9 was 
significantly elevated up to 2 years prior to diagnosis with 
pancreatic cancer. The latter work challenges the prevail-
ing view that CA19-9 is up-regulated late in the course of 
pancreatic cancer development. 

Promising studies aimed at increasing the usefulness 
of CA19-9 in the early diagnosis of pancreatic cancer are 
based on the parallel determination of the expression of 
microRNA panels [48-50]. The combination of miR-16, 
miR-196a and CA19-9 was more effective for pancreat-
ic cancer diagnosis, especially in early tumor screening 
(85.2% in Stage I) [48]. Other studies have shown that 
miRNAs undergo aberrant expression in PanIN (pancre-
atic intraepithelial neoplasia) lesions and are likely to be 
important in the development of PDAC [51]. For exam-
ple, microRNAs such as miR-196b, expression of which 
is limited to PanIN-3 lesions or pancreatic cancers, could 
be useful as diagnostic markers. A recent review explored 
the current knowledge of miRNA sampling and reported 
that mainly miR-21, miR-155 and miR-196 were dysregu-

lated in IPMN (intraductal papillary mucinous neoplasms) 
and PanIN lesions, suggesting their usefulness as early 
biomarkers of this disease [52]. However, first of all, one 
need to answer the fundamental question: to what extent 
will the detection of CA19-9, microRNAs and other blood 
biomarkers really improve the early diagnosis and survival 
of patients with pancreatic cancer? 

Another interesting direction of research aimed at im-
proving the early diagnosis of PDAC was a parallel deter-
mination of various protein panels associated with immune 
response, for example, cytokines, chemokines, adhesion 
molecules, proteins involved in extracellular matrix deg-
radation and lipoproteins, most often in combination with 
CA19-9 [53-58]. Some of these markers corresponded to 
the interplay between proteases (e.g., MMPs) of tumor-in-
filtrating neutrophils and pancreatic tumor cells. For exam-
ple, the measurement of serum MMP-9 might be clinically 
useful for PDAC diagnosis, and proteome analysis detect-
ed elevated levels of MMP-9, DJ-1 and A1BG proteins in 
pancreatic juice, suggesting their further utility in PDAC 
diagnosis and screening [59]. Earlier studies have shown 
that matrix-degrading proteases (e.g., MMP-8, MMP-9 and 
MMP-17 metalloproteinases) and neutrophil elastase could 
modulate the composition of the extracellular matrix and 
facilitate metastasis [60]. According to another study, the 
imbalance of infiltrating immune cells might result in an 
inadequate immunologic reaction to cancer cells and the 
ratio of elevated neutrophils and decreased lymphocytes 
(NLR) could be used as a marker to assess the systemic 
inflammatory response and outcome [61]. In histological 
evaluations of pancreatic tumors, tumor-infiltrating neutro-
phils were preferentially associated with mucinous cystic 
neoplasms (MCN) and IPMN [62]. In addition, patients 
with pancreatic carcinoma and elevated levels of mucins, 
and S100A8 or S100A9 (calprotectin) inflammatory pro-
teins in the ductal fluid, collected at the time of tumor 
surgical resection, were found to have significantly worse 
prognosis [63]. Interestingly, the intensity level of a zinc 
transporter, ZIP4, in endoscopic ultrasound-guided fine 
needle aspiration (EUS-FNA) samples was significantly 
associated with tumor differentiation and patient survival 
[64]. These results indicate that EUS-FNA is capable of 
non-operative detection of ZIP4, thus offering the potential 
for direct pre-operative detection and targeted therapy of 
PDAC. Acute phase proteins – neutrophil gelatinase-asso-
ciated lipocalin (NGAL) and transforming growth factor-β 
(TGF-β) family member macrophage inhibitory cytokine-1 
(MIC-1) – are proposed as the best potential biomarkers 
specifically elevated in the blood of pancreatic cancer pa-
tients [65]. MIC-1 in combination with CA19-9 improved 
the diagnostic accuracy of differentiating pancreatic can-
cer from chronic pancreatitis and healthy individuals. As 
previously demonstrated for many tumor pancreatic can-
cer markers, MIC-1 also showed only a modest ability to 
distinguish between pancreatic cancer and pancreatitis and 
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had a limited value in the early diagnosis of PDAC [66]. 
A small group of patients with pancreatic cancer and pre-
existing type 2 diabetes demonstrated significant elevation 
in the serum levels of retinol binding protein 4 (RBP-4), 
NGAL (neutrophil gelatinase B-associated lipocalin) and 
insulin-like growth factor 1 (IGF-1) together with a sig-
nificant reduction in the level of insulin-like growth factor 
I binding protein 3 (IGFBP-3); receiver operating charac-
teristic curve analysis revealed that theses markers could 
distinguish pancreatic cancer from non-pancreatic cancer 
cases in this study [67]. Furthermore, IGF-1R as well as 
IGF-1 and IGF-2 were found to be up-regulated in pan-
creatic cancer [68]. Moreover, serum HSP70 levels were 
significantly increased in patients with pancreatic cancer 
and could be useful as an additional biomarker for the de-
tection of pancreatic cancer [69]. This increase in HSP70 
leads to down-modulation of apoptosis and survival of 
cancer cells through the PI3K/AKT pathway. In pancreat-
ic cancer, PI3K signaling pathways also regulate cellular 
growth, metabolism and motility. Recently, apolipoprotein 
AII (apoAII) isoforms and apoAII-ATQ/AT (C-terminal 
truncations of the apoAII homo-dimer) were found to de-
cline significantly in pancreatic cancer and might serve as 
plasma biomarkers for the early detection of this disease 
[57]. ApoAII-ATQ/AT distinguished the early stages of 
pancreatic cancer from healthy controls and additional-
ly identified patients at high risk for pancreatic malig-
nancy. In addition, the AUC values for the detection of 
early stage of pancreatic cancer were higher than those 
of CA19-9. A recent study conducted in a small group of 
patients pointed to a new biomarker for early detection of 
pancreatic cancer, i.e., glypican-1 (GPC1), which was also 
present on cancer-cell-derived exosomes [70]. Serum lev-
els of this biomarker discriminated between healthy sub-
jects and patients with a benign pancreatic disease from 
patients with early- and late-stage pancreatic cancer and 
correlated with the survival of pre- and post-surgical pa-
tients. Perhaps this biomarker will be more suitable than 
the previous ones, which also appeared to be very prom-
ising. 

The explosion in the pancreatic cancer biomarker field 
enhanced the development of antibody microarrays for 
molecular profiling, provided insights into the nature of 
serum-protein alterations in pancreatic cancer patients, and 
showed the potential of combined measurements to im-
prove sample classification accuracy. Recently published 
studies allowed identification of protein signatures associ-
ated with PDAC, displaying sensitivities and specificities 
in the range of 91-100% [71]. The results of the analysis 
suggested that ≤ 10 protein markers were sufficient for 
highly accurate discrimination of PDAC. Furthermore, 
recombinant antibody microarrays targeting immuno-
regulatory and cancer-associated antigens could identify 
serum protein markers associated with different tumor lo-
cations in the pancreas, although this observation and its 

clinical implications need to be further corroborated. For 
the discrimination of PDAC patients from patients with 
benign disease, a panel of IP-10, IL-6, PDGF plus CA19-9 
offered improved diagnostic performance than CA19-9 
alone, and a panel of IL-8, CA19-9, IL-6 and IP-10 provid-
ed better diagnostic results in the discrimination of PDAC 
from chronic pancreatitis compared to CA19-9 alone [72]. 
Some of the key molecules associated with the immune 
response, including C1 esterase inhibitor, C3, C5, CD40, 
CD40 ligand, factor B, GLP-1, IFN-γ, IgM, IL-10, IL-11, 
IL-12, IL-13, IL-16, IL-18, IL-1-ra, IL-1α, IL-3, IL-5, IL-6, 
IL-7, and IL-8 as well as integrin-α-11, procathepsin W, 
sialyl Lewis x, TGF-β1, TNF-α, and VEGF were shown 
to be differentially overexpressed in pancreatic cancer 
[73]. Another study showed a weak association between 
the level of sTNF-R2 and the development of pancreatic 
cancer, however, a strong correlation was observed be-
tween sTNF-R2 and diabetes as well as higher BMI [74]. 
Investigating inflammatory plasma markers and pancreatic 
cancer risk revealed that prediagnostic levels of circulat-
ing CRP, IL-6 and TNF-αR2 were not associated with the 
risk of pancreatic cancer, suggesting that systemic inflam-
mation, as measured by circulating inflammatory factors, 
was unlikely to play a major role in the development of 
pancreatic cancer [75]. These findings support a potential 
role for cytokines, chemokines and other proteins in the 
discrimination of PDAC from patients with benign pan-
creatic diseases. Considering the critical role of inflamma-
tory proteins in the early diagnosis of pancreatic cancer, 
research should be focused on the identification of a panel 
of critical proteins using samples from early-stage pancre-
atic cancer patients.

The section above presented a brief overview of se-
lected methods that facilitate early diagnosis of pancreatic 
cancer with particular emphasis on selected biomarkers. It 
clearly indicates the need to broaden the knowledge of the 
mechanisms that are important in the pathogenesis of pan-
creatic cancer. Furthermore, it is believed that in patients 
with PDAC more attention should be paid to the network 
of apoptotic signaling pathways disorders. 

Disorders of apoptosis
The contribution of apoptosis to carcinogenesis of 

PDAC is not well defined. Genetic regulation of the sig-
naling pathway associated with impaired apoptosis of pan-
creatic cancer cells is still the subject of intensive research. 
The activation of oncogenes and disorders in apoptosis 
have become the primary factors in tumorigenesis [76]. 
The identification of key apoptosis-related genes prior to 
the onset of disease will greatly help in its prevention and 
treatment. Cancer cells become resistant to apoptosis, as 
a result of genetic disturbances and impaired expression 
of regulatory proteins [77]. The reduced rate of apoptosis 
plays a crucial role in carcinogenesis, and it is one of the 
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most important characteristics acquired by pancreatic can-
cer cells, which, among others, protects them from attack 
by the immune system and reduces the effectiveness of 
pharmacological treatment (e.g., chemotherapy) [78,79]. 
However, other studies indicated that the resistance to 
apoptosis should not be considered a hallmark of cancer 
[80]. Overexpression of Bcl-2, an antiapoptotic protein, is 
associated with a better survival of cancer patients. Con-
versely, Bax, CD95, Caspase-3 and other apoptosis-induc-
ing proteins have been found to promote carcinogenesis.

The mechanisms of apoptosis avoidance mainly 
involve balance disorders between pro-apoptotic and 
anti-apoptotic proteins, reduced caspase function and 
impaired death receptor signaling [81]. Most of the exper-
imental studies were performed on pancreatic cancer cell 
lines. These studies showed that the majority of pancreat-
ic adenocarcinoma cell lines were resistant to CD95 and 
TRAIL-mediated apoptosis (TNF-related apoptosis-induc-
ing ligand), despite expressing the corresponding death re-
ceptors on the cell surface [82]. The expression of Bcl-XL 
correlated with sensitivity to apoptosis induced by TRAIL 
or anti-CD95, and Bcl-XL could protect pancreatic cancer 
cells from CD95- and TRAIL-mediated apoptosis [83]. It 
was suggested that the lack of apoptosis in PanIN-1 and 
PanIN-2 lesions associated with pancreatic ductal adeno-
carcinoma was not dependent on the K-ras status and the 
absence of Bcl-2 expression in combination with a very 
low p53 immunoreactivity [84]. Other studies showed that 
the early overexpression of the inhibitor of apoptosis pro-
tein family (IAP, cIAP2 and Survivin) during carcinogene-
sis of PDAC in PanIN1 lesions as well as the anti-apoptot-
ic IAP function was dependent on the inhibition of caspase 
activity [85,86]. Abnormal expression of the IAP family 
in pancreatic cancer cells was responsible for resistance 
to chemotherapy and down-regulation of cIAP2-induced 
sensitivity towards cisplatin, doxorubicin or paclitaxel 
[87]. Overexpression of cIAP2 was an early event in the 
progression of pancreatic cancer demonstrated in low- and 
high-grade PanIN lesions of PDAC and survival analysis 
revealed a shorter survival time in patients with cIAP1/
cIAP2-positive tumors [88]. These studies suggested an 
early contribution of the IAP protein family in tumorigen-
esis of PDAC. 

Interestingly, other authors found that the elevated ex-
pression of FLIP (an inhibitor of caspase-8), Bcl-XL and 
IAP, in parallel with a down-regulation of FADD (FAS-as-
sociated death domain protein) and Bid, was common in 
pancreatic carcinoma cell lines resistant to apoptosis [89].
The inhibition of caspase-8 by FAS-associated phospha-
tase-1 (FAP-1) and c-FLIPL, which are highly expressed 
in PDACs, is another important mechanism helping to 
evade apoptosis [90-92]. Additionally, the activation of 
NF-κB signaling and TRAF2 overexpression (involved in 
signal transduction pathways of the TNF receptor fami-
ly) was also shown to contribute to the resistance towards 

death receptor-induced apoptosis [82, 93]. Stat3 and NF-
κB transcription factors induced an increased anti-apoptot-
ic Bcl-xL expression in the premalignant lesions and tumor 
cells [94]. These findings indicate that apoptosis resistance 
precedes the formation of invasive pancreatic cancer. Fur-
thermore, pancreatic and ampullary cancer may be associ-
ated with absent Bcl-2 expression and reduced Bax, Bak 
and Bcl-x expression compared with normal minor ducts, 
while Bak and Bcl-x expression was found to be increased 
when compared with major ducts. Bcl-x expression cor-
related with survival following resection and might rep-
resent a potential prognosis marker [95]. Expression anal-
ysis of p53, Bax, and Bcl-2 using immunohistochemical 
staining demonstrated a statistically significant association 
of apoptosis with the overall survival in pancreatic cancer 
patients treated with surgical resection. The overexpression 
of Bax and Bcl-2 represents the strongest prognostic factor 
[96]. These data underscore the need to pay more attention 
to the intracellular signaling pathways that delay apoptosis 
of cancer cells.

One of the most interesting concepts of the patho-
genesis of pancreatic cancer refers to disorders of genetic 
regulation of apoptosis. Recent studies have shown that 
genetic mutations and different signaling pathways may 
play an important role in the initiation and development 
of pancreatic cancer. It was found that pancreatic cancers 
contained an average of 63 genetic alterations, the majority 
of which were point mutations. These alterations defined 
a core set of 12 cellular signaling pathways and process-
es, all of which were genetically altered in 67 to 100% of 
the tumors. The main attention was paid to the signaling 
cascades involving KRAS signaling, Hedgehog signal-
ing, apoptosis, control of G1/S phase transition, TGF-β 
signaling and Wingless/integrase-1 (Wnt) signaling [32]. 
It has been shown that pancreatic cancer is an extremely 
heterogeneous disease that exhibits significant differenc-
es in gene expression that can differentiate three distinct 
tumor subtypes [97]. The major subtype of PDAC with 
high expression of epithelial genes was strongly depen-
dent on KRAS signaling [98]. The ability to cause aci-
nar-ductal metaplasia has been suggested as an important 
inflammation effect sensitizing the pancreas to oncogen-
ic KRAS. Pancreatic inflammation in combination with 
harmful effects of environmental and genetic factors cause 
exacerbation of local immunosuppression by infiltrating 
cells, such as regulatory T cells (Treg) or myeloid-derived 
suppressor cells (MDSC) [99, 100]. Pancreatic cancer also 
showed a significant increase in macrophage infiltrations; 
tumor-associated macrophages, developing from periph-
eral blood monocytes (M2 subtype) exerted immunosup-
pressive effect and were associated with poor prognosis. 
Similarly, the M1 subtype macrophages promoted tumor 
growth mediated by the TNF-α production [101, 102]. In 
addition, neutrophil infiltrations were reported in pancreat-
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ic adenocarcinomas and have been associated with the un-
differentiated types of carcinoma and poor prognosis [62].

It is also known that changes in the microenvironment 
are connected with oncogenic KRAS signaling [103]. 
These data indicate that epithelial KrasG12D affects mul-
tiple cell types to drive pancreatic tumorigenesis and is 
essential for tumor maintenance. Since oncogenic muta-
tions in KRAS are not sufficient to initiate carcinogenesis, 
secondary events, such as inflammation-induced signaling 
via the epidermal growth factor receptor (EGFR) and ex-
pression of the ductal Sox9 gene are required for the accel-
erated formation of premalignant lesions and PDAC [104-
106]. Investigations in mice model revealed that EGFR 
signaling induced the expression of NFATc1 (nuclear fac-
tor of activated T cells c1, a family of Ca2b/calcineurin-re-
sponsive transcription factors) and Sox9 gene transcription, 
leading to acinar cell transdifferentiation and initiation of 
pancreatic cancer [107]. As presented in the last study on 
transgenic mice (GEM), inflammation-induced NFATc1-
STAT3 transcription complex promoted pancreatic cancer 
initiation by krasg12D [108]. krasg12D mutation was 
reported as the most frequent genetic alteration associat-
ed with early PanIN lesions and PDAC was detected in 
up to 90% of patients [109]. KRAS (intracellular mem-
brane-bound protein) activation was shown to trigger the 
RAF/ERK, PI3K/AKT, and NF-κβ pathways causing, 
among others, metabolic reprogramming, persistent in-
flammation, changes in tumor microenvironment and resis-
tance to apoptosis [99]. The study aimed at understanding 
the pathological role of the highly oncogenic KrasG12D 
allele in pancreatic cancer (animal model) reveled that si-
lencing of the oncogenic Ras allele down-regulated multi-
ple signaling pathways promoting cell proliferation, inhib-
iting apoptosis, breaking cell–cell contacts and regulating 
expression of proteases like MMP-9 [110]. Particularly 
interesting is the relationship between the transforming 
potential of oncogenic KRAS and PI3K (phosphatidyli-
nositol 3-kinase) signaling, because mutated KRAS has 
been associated with up-regulation of survival signals, in-
cluding the PI3K/Akt survival pathway stimulating PDAC 
tumorigenesis [111]. Immunohistochemical screening of 
human pancreatic cancer tissue demonstrated high expres-
sion of the PI3K/p110γ isoform (72% of the PDAC tissue 
stained positive and no staining was detected in normal 
pancreatic ducts), which indicated a critical role of PI3K 
signaling in pancreatic cancer etiology [112]. It was found 
that the PI3K isoform activation was a marker of pancreat-
ic cancer aggressiveness that enhanced tumor progression 
in the microenvironment [113]. Pharmacological or genetic 
blockade of PI3K/p110γ suppressed inflammation, growth, 
and metastasis of implanted and spontaneous tumors. It 
is also important in apoptotic disorders that the PI3K/Akt 
signaling pathway is activated due to the aberrant expres-
sion of phosphatase and tensin homolog (PTEN) and tar-
get transcription factors NF-κB and c-Myc in pancreatic 

cancer cells [114]. PTEN has been one of the most studied 
tumor suppressor genes that exhibits anti-proliferative and 
proapoptotic activity [115] and is able to induce apop-
tosis through the AKT/PI3K pathway [116]. The loss of 
PTEN expression was associated with recurrence and poor 
prognosis in patients with PDAC and the assessment of 
PTEN expression might be used as a prognostic marker 
for patients with resected PDAC [117]. Furthermore, the 
increased AKT pathway activity detected in PDAC tissues 
and cell lines was used to induce anti-apoptotic properties 
of cancer cells [118, 119].

Loss of function of the p53 gene by somatic inacti-
vating mutations has been shown to occur in 50-75% of 
PDAC and is another important mechanisms tending to 
inhibit tumor cell apoptosis [120-122]. The sustained ex-
pression of the mutant TP53 allele was shown to be neces-
sary to maintain the invasive phenotype of PDAC cells by 
increasing the expression of cell-autonomous platelet-de-
rived growth factor (PDGF) receptor-β [123]. Mutations 
of the TP53 tumor suppressor gene include two subtypes, 
a complete loss of p53 expression and overexpression of 
mutant p53. Interestingly, a new study revealed that the 
overexpression of mutant p53, rather than a complete 
loss of p53 expression, was the major genetic alteration 
in PDAC for patients with preoperative levels of CA19-
9 ≥ 1,000 U/ml, which did not decrease after resection 
[124]. On the other hand, loss of p53 activity resulted 
in unleashed inflammatory responses due to the loss of 
p53-mediated NF-κB suppression and both the p53 and 
NF-κB pathways were commonly deregulated in cancer 
[125, 126]. NF-κB is a major factor controlling the ability 
of both pre-neoplastic and malignant cells to resist apopto-
sis-based tumor-surveillance mechanisms and behave like 
an oncogene [127]. Constitutive activation of NF-κB is 
essential for survival and resistance to apoptosis in many 
tumors. In human prostate cancer lines, secreted transform-
ing growth factor β2 activates NF-κB, blocks apoptosis 
and is essential for the survival of certain tumor cells. Pre-
vious studies showed that RelA/p50NF-κB was constitu-
tively activated in almost 70% of human pancreatic cancer 
specimens, and inhibition of NF-κB activity by the IκBα 
mutant in pancreatic tumor cell lines inhibited tumorigen-
esis [128, 129]. In animal models of PDAC, krasg12D 
mutation was the main driver of sustained constitutive 
IKKβ/NF-κB activation through dual feedforward loops 
of IL-1α/p62 [130]. The latest study reported a reverse 
correlation between NF-κB activity in pancreatic cancer 
cell lines and TUSC3 (tumor suppressor candidate 3) ex-
pression, which was reduced in pancreatic cancer at the 
mRNA level [131]. 

 A very recent work also detected low expression of 
RASSF6 (Ras association domain family 6) in PDAC and 
associated it with poor survival [132]. Only 16.7% of pa-
tients’ tumor tissues were strongly positive for RASSF6 
in immunostainings. These findings suggest that RASSF6 
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is a valuable prognostic indicator in PDAC patients un-
dergoing radical operations, and a decrease in RASSF6 
expression may be associated with PDAC progression. 
RASSF6 has been identified as a new negative effector 
of the RAS protein that exhibits tumor suppressor activity 
[133]. RASSF proteins act as scaffolding agents in micro-
tubule stability, regulate mitotic cell division, and mod-
ulate apoptosis, control cell migration and cell adhesion 
as well as modulate NF-κB activity and the duration of 
inflammation [134]. The RASSF6 gene, down-regulated 
in 30-60% of a number of solid tumors, plays a role in 
tumourigenesis and probably acts as a regulator of apop-
tosis via both caspase-dependent and caspase-independent 
pathways [135-137]. It is essential to determine whether 
and how Ras triggers RASSF6-mediated apoptosis in pan-
creatic cancer patients.

Recently, non-coding RNAs, which are directly in-
volved in gene expression control, have become the new 
direction in basic research aimed at better understanding 
the pathogenesis of pancreatic cancer and other diseases. 
It is now emerging that overexpression or down-regulation 
of different lncRNAs in specific types of tumors sensitize 
cancer cells to apoptotic stimuli. The latest findings re-
vealed sets of intronic lncRNAs expressed in pancreatic 
tissues, which abundance was correlated with PDAC or 
metastasis [138]. The latter study identified loci harbor-
ing intronic lncRNAs (PPP3CB, MAP3K1 4 and DAPK1 
loci) that were differentially expressed in PDAC metasta-
ses and were enriched in genes associated with the MAPK 
pathway. Aberrant overexpression of satellite repeat 
RNAs (HSATII) was observed in patients with PDAC, 
which might reflect global alterations in heterochromatin 
silencing and could potentially be used as biomarkers for 
pancreatic cancer detection [139]. HOTAIR (homeobox 
transcript antisense RNA), a long intervening non-coding 
RNA (lincRNA), was shown to be elevated in pancreatic 
tumors compared with non-tumor tissue, and was associ-
ated with more aggressive tumors [140]. The latter demon-
strated the pro-oncogenic function of lincRNA and showed 
that HOTAIR knockdown in Panc1 and L3.6pL pancreatic 
cancer cell lines decreased cell proliferation, altered cell 
cycle progression and induced apoptosis. The dysregulated 
lncRNAs and mRNAs identified in pancreatic cancer cells 
might represent good candidates for future diagnostic or 
prognostic biomarkers and therapeutic targets [141]. Inter-
estingly, recent work demonstrated that linc00675 overex-
pression positively correlated with lymph node metastasis, 
perineural invasion and poor survival in PDAC patients 
[142]. Additionally, the receiver operating characteristic 
curve showed that a high level of linc00675 might serve as 
a predictor of tumor progression. Another long non-coding 
RNA, HOTTIP (HOXA transcript at the distal tip), was 
also found to promote progression, enhance pancreatic 
cancer cell proliferation, survival, migration, and addi-
tionally, gemcitabine resistance by regulating HOXA13 

in pancreatic cancer [143, 144]. Although the biological 
functions and prognostic value of lincRNAs in pancreatic 
cancer remain largely unexplored, these data suggest that 
they play a crucial role in cancer initiation, progression and 
metastasis [145, 146]. As indicated by the increasing num-
ber of studies, lncRNAs are new players in the pathogene-
sis of pancreatic cancer, and similarly as micoRNAs, they 
point to a complex network of genetic links that should be 
better known in order to diagnose PDAC early and apply 
more effective pharmacotherapies. 

The results of the research cited above are examples 
of the participation of selected signaling pathways, associ-
ated mainly with impaired apoptosis, in the pathogenesis 
and development of pancreatic cancer. Given the genet-
ic heterogeneity of PDAC, when interpreting the results 
of these studies, one should also consider other relevant 
pathogenetic factors. For example, blood lymphocytes 
are an important factor controlling local immune disor-
der. The expression of Bcl-2, Bax, NF-κB and PARP-1 in 
malnourished patients with pancreatic cancer was found to 
be significantly lower, whereas the expression of caspases 
and the percentage of cells with death receptors (TNFR1/
CD120a and Fas/CD95) were significantly higher [147]. 
These disorders associated with cancer of the pancreas 
may lead to a higher lymphocyte susceptibility to acceler-
ated apoptosis that increases immunosuppression. Earlier 
studies have suggested that additional genetic aberrations 
are needed for the progression of precursor lesions to in-
vasive PDAC [148]. 

Conclusions
Failures in the treatment of pancreatic cancer are still 

burdened with high mortality. This fact indicates the need 
for verification of the state of the knowledge to find a new 
direction for diagnostic tests that could promptly reduce 
the number of patients requiring treatment in advanced dis-
ease stages. The ability to detect local changes leading to 
the development of pancreatic ductal adenocarcinoma (pre-
cursor lesions as PanIN, IPMNs or MCNs) in the inflamed 
but non-cancerous pancreatic tissue, based on expression 
analysis of nonspecific markers in peripheral blood, still 
raises concerns. Unfortunately, a large number of biomark-
ers discovered have not resulted in a breakthrough in the 
early diagnosis of pancreatic cancer. Potential biomark-
ers discovered in patients with pancreatic cancer reflect 
the misregulation of several protein-coding genes, tumor 
genetic changes and disorders of host immune response 
occurring in the course of progressive cancer. Simultane-
ous lack of nutrients and metabolic reprogramming, which 
is under the influence of both oncogenic activation and 
down-regulation of tumor suppressor genes, significantly 
hamper the search of an early marker(s) specific to pancre-
atic cancer. Combining conventional cancer markers with 
inflammatory response mediators, including the expression 



Central European Journal of Immunology 2016; 41(4)

Diagnostic value of selected markers and apoptotic pathways for pancreatic cancer 

399

of selected microRNAs can increase their usefulness in the 
early diagnosis, the effectiveness of distinguishing benign 
from malignant lesions and monitoring and prognosis of 
the disease. Increasing the effectiveness of methods for 
early detection of disorders leading to the development 
of pancreatic cancer requires broadening the knowledge 
of the local mechanisms regulating signaling pathways 
associated with apoptosis. Disorders of apoptosis are of 
fundamental importance in the development of gastroin-
testinal cancers, including pancreatic cancer. The presented 
mechanisms of apoptosis disorders (mainly resistance to 
apoptosis) protect tumor cells from the immune system and 
chemotherapy. 

The authors declare no conflict of interest.
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