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Abstract: Pancreatic ductal carcinoma, one of the leading causes of cancer mortality, is typically diagnosed at an 
advanced stage, which significantly contributes to its high mortality rates. Studies have demonstrated that 
resection of small pancreatic tumors and tumors at lower stages correlates with improved survival. Detection of 
pancreatic carcinoma at an early, surgically resectable stage is the key to decreasing mortality and improving 
survival. Identification of sensitive diagnostic biomarkers as screening tools is crucial in detecting preinvasive 
pancreatic neoplasms. Numerous new DNA-, RNA- and protein-based biomarkers have been extensively 
investigated. This review aims to provide an update on these molecular markers, including biomarkers from 
blood, tissue as well as pancreatic juice and cystic fluid. These biomarkers hold potential utility in early diagnosis 
and prognostification of pancreatic ductal carcinoma, though many of which need to be validated in large-scale 
prospective studies before they can be used in clinical settings. 
Key Words: Pancreatic ductal carcinoma, molecular biomarkers 
 

Introduction 
 
Invasive ductal adenocarcinoma of the 
pancreas accounts for only about 2% of all 
cancers in the United States. However, it is the 
fourth leading cause of cancer deaths. The 
high mortality is largely attributed to the lack 
of early detection and screening methods, 
advanced stage at diagnosis, and ineffective 
medical treatment. Complete surgical 
resection is the only curative option for this 
disease. Unfortunately, most patients present 
with advanced disease and are not amenable 
for curative surgery. Only about 15% of 
patients are able to undergo curative resection 
at the time of diagnosis [1]. Therefore, early 
diagnosis of pancreatic cancer is critical for 
improvement of survival. While early diagnosis 
may increase survival, this is often difficult due 
to non-specific symptoms or a complete lack 
of symptoms at presentation. Imaging 
analysis, such as conventional computed 
tomography scanning and endoscopic 
ultrasound (EUS), is only useful to define the 
location, the extent of a mass, and determine 
resectability. However, imaging alone is of very 

limited use in determining malignant potential 
or the type of neoplasm [2-4]. Image-guided or 
EUS-guided fine needle aspiration (FNA) or 
needle core biopsies have played a very 
important role in the diagnosis and staging of 
pancreatic cancers, particularly in 
unresectable tumors [4, 5]. Interpreting FNA 
specimens from the pancreas can be very 
difficult as samples are often scant and bloody 
[6], and are non-diagnostic in 11% to 30% of 
specimens evaluated [7-10]. Molecular 
markers may hold the key and provide an 
additional means to enable early detection of 
cancer, to distinguish benign reactive cells 
from malignant cells, and to differentiate 
tumor types in these very limited samples. 
 
Fortunately, a large number of potential 
proteins and DNA-based markers have been 
identified in pancreatic cancers using gene 
expression arrays and proteomics. Their 
clinical utilities as screening, diagnostic and 
prognostic tools are under active investigation. 
Though the diagnostic accuracy of any single 
marker is inadequate, the combination of 
several biomarkers may provide the necessary 
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sensitivity and specificity to accurately 
diagnose pancreatic cancer. Our goal for this 
review is to provide an update on potentially 
useful diagnostic and prognostic serum, tissue 
and pancreatic fluid biomarkers in pancreatic 
adenocarcinoma. 
 
Serum Biomarkers 
 
Blood biomarker studies are attractive 
because a large number of biomarkers are 
present in the serum. In addition, blood 
samples are safe to collect and readily 
available, providing a very practical modality to 
screen large populations. 
 
CA19-9 
 
The CA19-9 antigen is an oligosaccharide 
(sialyl-Lea) present within the MUC1 mucin-
type glycoprotein [11-13]. The sensitivity of 
immunoassays for CA19-9 was reported in the 
range of 70% to 95%, and the specificity in the 
range of 72% to 90% [14, 15]. CA19-9 is the 
most commonly used serum marker to monitor 
treatment response, recurrence and prognosis 
of pancreatic cancer [16, 17 18]. In a study 
reported by Ferrone et al [17], the authors 
found that the perioperative CA19-9 levels can 
predict stage and survival in patients with 
resectable pancreatic adenocarcinoma. Both a 
postoperative decrease in CA19-9 and a 
postoperative CA19-9 value of less than 200 
U/mL are strong independent predictors of 
survival. In addition, Kilic et al concluded that 
CA19-9 levels could be useful in determining 
the resectability of the tumor [18]. Based on 
their findings, Boeck et al postulated that a 
more than 20% reduction in CA19-9 levels 8 
weeks after chemotherapy predicts an 
improvement in survival [19-21]. However, 
CA19-9 levels are also elevated in a number of 
benign and other malignant conditions, and it 
is not recommended for diagnostic purpose by 
the American Society of Clinical Oncology 
(ASCO) [22]. 
 
MUC1 
 
The MUC1 antigen is expressed in both benign 
and malignant tissues from pancreatic and 
nonpancreatic organs. However, it is usually 
overexpressed in cancerous tissues and 
displays an aberrant oligosaccharide profile 
giving rise to the expression of neomarkers 
such as sialyl-Lea (CA19-9), sialyl-Lex, and 
sialyl-Tn (TAG-72) [23-25]. By using an 

immunoassay with monoclonal antibody PAM4 
as the capture reagent, and a polyclonal anti-
MUC1 antibody as the probe, Gold et al found 
that MUC-1 could distinguish not only cancer 
from normal, but also cancer from chronic 
pancreatitis [26]. The sensitivity and specificity 
of the immunoassay for pancreatic cancer 
were 77% and 95%, respectively. The PAM4-
based immunoassay of circulating MUC1 was 
superior to CA19-9 for both sensitivity and 
specificity in the discrimination of pancreatic 
cancer and pancreatitis (P<0.003). These 
results are very promising and encouraging. 
 
MUC4 
 
MUC4 is a transmembrane apomucin, which 
was reported to be specifically expressed in 
pancreatic adenocarcinoma and other cancer 
cell lines, but not in chronic pancreatitis and 
normal pancreas. In one study, MUC4 mRNA 
was expressed in 75% pancreatic 
adenocarcinoma tissue samples (12 of 16) 
and pancreatic adenocarcinoma tumor cell 
lines (11 of 15), in 0% chronic pancreatitis (0 
of 10) and normal pancreas tissues (0 of 7) 
[23]. Saitou et al found that MUC4 was 
expressed in 32% (43/135) patients with 
invasive pancreatic ductal adenocarcinoma 
and high MUC4 expression was significantly 
correlated with poor survival. These studies 
suggest that MUC4 may provide a valuable 
diagnostic and prognostic marker for 
pancreatic adenocarcinoma [27]. Singh and 
colleagues reported that decreased expression 
of MUC4 via plasmid transfection of anti-MUC4 
into a pancreatic cell line resulted in reduced 
clonogenicity, cell proliferation, and tumor 
volume [28]. These studies indicate that 
MUC4 expression may play an important role 
in the development and progression of 
pancreatic adenocarcinoma. Its utility as a 
diagnostic marker needed to be validated in 
large scale studies. 
 
CEACAM1 
 
CEACAM1 (previously biliary glycoprotein 1) is 
a member of the human carcinoembryonic 
antigen (CEA) family, which is expressed in a 
number of epithelia, including bile ducts as 
well as in monocytes, granulocytes, activated T 
cells, B cells, and a subset of natural killer 
cells [29]. The expression of CEACAM1 has 
been shown to be lower in cancers of the 
breast, colon, and prostate than in their 
corresponding normal tissues [30]. However, 
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CEACAM1 gene expression was reported to be 
elevated in pancreatic adenocarcinoma 
compared with normal pancreas or chronic 
pancreatitis [31]. By measuring CEACAM1 
messenger RNA levels using quantitative RT-
PCR and protein using a double determinant 
enzyme-linked immunosorbent assay and 
immunohistochemistry, Simeone et al found 
that CEACAM1 not only had higher expression 
levels in pancreatic adenocarcinomas 
compared with noncancerous pancreas but 
was also superior to CA19-9 in distinguishing 
cancer from normal [30]. CEACAM1 itself is no 
better than CA19-9 in distinguishing cancer 
from chronic pancreatitis. However, the 
combination of CEACAM1 and CA19-9 was 
superior to either one alone. 
 
MIC-1 
 
Macrophage inhibitory cytokine 1 (MIC-1) is a 
member of the transforming growth factor-
beta superfamily [32]. Oligonucleotide 
microarray and serial analysis of gene 
expression data have demonstrated that MIC-
1 RNA levels were higher in primary pancreatic 
adenocarcinomas, intraductal papillary 
mucinous neoplasms, and pancreatic cancer 
cell lines than in non-neoplastic pancreatic 
ductal epithelium [33]. MIC-1 expression was 
localized to the malignant epithelium in 
pancreatic adenocarcinomas by in situ 
hybridization [33]. Overexpression of MIC-1 
has been reported in carcinoma of pancreas, 
colon, prostate, breast, and stomach [34-36]. 
MIC-1 may contribute to the malignant 
progression by inducing tumor cell invasion 
through up-regulation of the urokinase-type 
plasmaminogen activator (uPA) activation 
system via extracellular signal-regulated 
kinase-1/2-dependent pathway [36]. A recent 
study found that serum MIC-1 is a more 
sensitive marker of pancreatic cancer than 
CA19-9 in differentiating patients with 
pancreatic cancer from healthy controls (p = 
0.003), but not in distinguishing pancreatic 
cancer from chronic pancreatitis (p=0.63) 
[37]. These results suggest that serum MIC-1 
could be particularly helpful in the early 
detection of pancreatic cancer in high-risk 
populations as part of their pancreatic 
screening protocols [38, 39]. 
 
Studies by Tessler et al suggested that a 
CA19-9 level higher than 37 U/mL in 
combination with weight loss of more than 20 
lb (9 kg) and a bilirubin level higher than 3 

mg/dL may diagnose 45.4% patients with 
pancreatic adenocarcinoma [20]. The 
sensitivity increased to 83.3% when combined 
with imaging studies [20]. Surprisingly, the 
combination of all five markers, MIC-1, CA19-
9, tissue inhibitor of metalloproteinase 1 
(TIMP-1), osteopontin, and hepatocarcinoma-
intestine-pancreas / pancreatitis-associated 
protein, was no more accurate than MIC-1 or 
CA19-9 alone in a study reported by 
Koopmann et al [37]. Therefore, more studies 
are needed to identify a better panel of 
biomarkers. 
 
By using surface-enhanced laser desorption 
/ionization time-of-flight mass spectrometry 
(SELDI-TOF-MS), Ehmann et al identified three 
specific protein peaks through comparative 
serum protein expression profiling of 
pancreatic cancer with a sensitivity of 100% 
and a specificity of 98% [52]. Unfortunately, 
the same results were not achieved in their 
validation set. In addition, samples from 
patients with chronic pancreatitis were not 
included in the initial screening. 
 
Circulating Tumor Cells and DNA/RNA Markers 
 
Circulating tumor cells (CTCs) are known to 
exist in the peripheral blood of cancer 
patients. They can be present as low as one 
per ten million normal blood cells. No good 
method with sufficient sensitivity is currently 
available to reliably measure a statistically 
significant number of CTCs at the early stage 
of disease. However, the discovery of CTCs has 
led to increased interest in the analysis of DNA 
and RNA in peripheral blood samples. By 
measuring the levels of α-1,4-acetyl-
glucosaminyltransferase (alpha4GnT) mRNA 
extracted from peripheral blood mononuclear 
cells, pancreatic adenocarcinoma can be 
diagnosed with a sensitivity of 76% and a 
specificity of 83% [53]. Although increased 
levels of alpha4GnT mRNA were detected in 
40% of chronic pancreatitis patients and 
17.1% of cancer-free volunteers, the 
expression levels were significantly lower than 
those seen in pancreatic cancer patients [53]. 
Recently, the levels of cytokeratin-19 (CK-19) 
mRNA in blood, bone marrow and peritoneal 
lavage from patients with pancreatic 
adenocarcinoma were analyzed by using CK-
19-specific nested-PCR and quantitative 
fluorogenic RT-PCR [54]. CK-19 mRNA 
expression was increased in 64% blood 
samples and 30% peritoneal lavage samples 
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from patients with pancreatic cancer. Although 
CK-19 is suitable for the distinction between 
malignant and benign pancreatic disease in 
combination with other tumor-specific 
markers, levels of CK19 mRNA expression 
were neither sensitive nor specific enough for 
clinical use as a single marker [54]. These 
studies indicate that development and 
identification of RNA or DNA biomarkers from 
peripheral blood are a promising area. The 
development of sensitive and reliable methods 
to efficiently isolate circulating tumor cells is 
also warranted. 
 
K-ras mutations are present in approximately 
90% pancreatic adenocarcinoma, and can be 
easily detected using molecular assays due to 
a one codon mutation. Mutant K-ras has been 
detected in the blood of patients with 
pancreatic adenocarcinoma [40, 41]. 
However, K-ras mutations are also detected in 
patients with chronic pancreatitis, PanIN 
lesions without invasive pancreatic 
adenocarcinoma and smokers [42-45]. This 
significantly limits the usefulness of K-ras 
mutations as a diagnostic marker. Sensitive 
assays which can accurately quantify levels of 
DNA mutations and differentiate malignancy 
from benign conditions may exploit this 
difference and aid in the diagnosis of 
pancreatic cancer. Several promising assays 
have been developed for this purpose. By 
combining DNA ligation and PCR amplification 
techniques, LigAmp can detect K-RAS2 mutant 
DNA at 0.01% in mixtures of different cell lines 
and has been used to quantify K-ras mutations 
in pancreatic duct fluid from patients with 
pancreatic cancer [46]. Dressman et al 
reported a molecular strategy, BEAMing, that 
can be used to detect single base pair 
mutations such as K-ras [47]. BEAMing can 
detect mutant adenomatous polyposis coli 
(APC) DNA molecules in the plasma of patients 
with colorectal cancer at levels ranging from 
0.01% to 1.7% of the total APC molecules [47, 
48]. With these newer quantitative assays, 
quantifying mutant K-ras levels could become 
a useful diagnostic marker for pancreatic 
adenocarcinoma. 
 
Tissue Biomarkers 
 
Although tissue markers are less useful in 
terms of early detection and early diagnosis of 
pancreatic adenocarcinoma, they play an 
important role in tumor classification and 
assessment of treatment response. Tissue 

markers are extremely useful in samples 
obtained by FNA. The use of these markers 
could increase the diagnostic sensitivity and 
the ability to differentiate malignant from 
benign conditions, such as chronic 
pancreatitis. 
 
Human Equilibrative Nucleoside Transporter 1 
 
By using frozen sections of pancreatic tumors, 
Giovannetti et al [55] found that patients with 
high levels of human equilibrative nucleoside 
transporter-1 (hENT1) mRNA had a 
significantly longer overall survival (median 
25.7 months) than patients with a low level of 
hENT1 expression (median 8.5 months). This 
suggests that hENT1 levels may provide a 
useful prognostic tool in predicting survival. 
 
microRNAs 
 
Recently, microRNAs (miRNAs or miRs) have 
gained recognition as a family of molecules 
involved in oncogenesis. miRNAs are 
functional 22 nt noncoding RNAs that 
negatively regulate gene expression. A 
microRNA expression signature has been 
identified in pancreatic adenocarcinoma [56]. 
Reverse transcription in situ PCR 
demonstrated that three of the top 
differentially expressed miRNAs (miR-221, -
376a and -301) in pancreatic adenocarcinoma 
were specifically localized to tumor cells and 
not to stroma, normal acini or ducts [56]. 
Aberrant microRNA expression may offer new 
clues to pancreatic tumorigenesis and provide 
new diagnostic biomarkers for pancreatic 
adenocarcinoma. 
 
Telomerase 
 
Telomeres are non-coding repeated tandem 
DNA sequences at the ends of chromosomes 
that normally function to protect the terminal 
sequences from loss during replication and 
prevent the ends of chromosomes from joining 
aberrantly. The major components of 
telomerase are human telomerase RNA (hTR 
or TERC), telomerase-associated protein 1 and 
its catalytic subunit (hTERT). The nucleolar 
expression of hTERT has been shown to be 
associated with prognosis in patients with 
colon, lung, and urothelial cancers [57-62]. By 
using a semi-quantitative telomeric repeat 
amplification protocol, Mishra et al reported 
that the sensitivity and specificity of 
telomerase activity in detecting pancreatic 
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adenocarcinoma in solid masses was 79% 
[95% confidence interval (CI), 64-89%] and 
100% (95% CI, 55-100%), respectively [63]. 
hTERT may provide an important diagnostic 
marker in pancreatic adenocarcinoma. 
 
By using SELDI, some protein fragments in 
serum appear to perform as well or better than 
serum CA19-9 as diagnostic markers [64, 65]. 
In one study, protein chip arrays and SELDI-
TOF-MS were used to identify appropriate 
tissue biomarkers [66]. In this study it was 
highly reliable in distinguishing between 
tumors and adjacent normal tissues, as well 
as between early and more advanced cancers 
by panels of protein peaks. 
 
S100p and Other Markers 
 
Immunohistochemical analysis has been 
widely used to evaluate the levels of biomarker 
expression in tissue samples. Very recently, Lin 
and colleagues [67] reported that S100P and 
von Hippel-Lindau gene product (pVHL) are a 
pair of sensitive and specific markers for 
identifying primary pancreatic ductal 
carcinoma and pancreatic intraepithelial 
neoplasm, and up-regulation of S100P and 
down-regulation of pVHL may play a role in 
early tumorigenesis in pancreatic ductal 
carcinoma. By using a semi automated image 
analysis system, Tsiambas et al reported that 
HER2/neu protein expression was significantly 
associated with grade (P=0.019), but not with 
stage (P=0.466) of pancreatic adeno-
carcinoma [68]. The authors also found that 
evaluation of HER2/neu protein expression 
based on digital image analysis compared to 
conventional microscopy, improved the 
accuracy and reliability of 
immunohistochemical estimation. The 
mitogen-activated kinase protein 4 kinase 4 
(MAP4K4, also called hepatocyte progenitor 
kinase-like/germinal center kinase-like 
kinase), is a serine/threonine kinase and 
belongs to the mammalian STE20/MAP4K 
family. Recent studies have shown that 
MAP4K4 is overexpressed in many types of 
human cancer cell lines and tumors compared 
to normal tissue [69]. By using 
immunohistochemistry, our group has found 
that a high level of MAP4K4 is associated with 
a worse prognosis, a higher frequency of 
recurrence, an increased number of positive 
lymph nodes, and a larger tumor size in 
patients with stage II pancreatic adeno-
carcinoma. Furthermore, our data indicates 

that MAP4K4 is an independent prognostic 
marker for stage II pancreatic adenocarcinoma 
(Liang et al, Manuscript in preparation). 
 
Markers in Pancreatic Fluid and Cyst Aspirate  
 
Pancreatic fluid contains numerous important 
biomarkers for pancreatic carcinoma, 
including DNA, RNA and protein markers. 
Telomerase activity was detectable in 80% of 
surgically resected pancreatic carcinomas and 
in 75% to 95 % of pancreatic fluid samples 
obtained from patients with pancreatic 
adenocarcinoma [70-72]. The levels of hTERT 
expression can differentiate ductal 
adenocarcinoma from adenoma and 
pancreatitis [70-72]. By using methylation-
specific PCR (MSP) assays, a panel of five 
genes (Cyclin D2, FOXE1, NPTX2, ppENK, and 
TFPI2) was identified from pancreatic fluid 
collected endoscopically or surgically from 155 
individuals [73]. With a cut-off of at least 1% 
methylation in two or more of these genes, the 
panel proved to have a sensitivity of 82% and 
a specificity of 100% in identifying pancreatic 
cancer in endoscopically collected juice. 
 
The expression levels of different proteins in 
pancreatic juice can be quantified using 
isotope-code affinity tag and MS/MS method. 
With this approach, nine proteins with at least 
a two-fold change in samples from both 
pancreatic cancer and pancreatitis patients 
were identified [74, 75]. Twenty-one proteins 
were specifically altered in the pancreatic-
cancer specimens and 18 specifically in the 
pancreatitis specimens [74, 75]. The potential 
utility of proteomics or other high-throughput 
discovery technologies in identifying new 
markers remains to be further investigated. 
 
The cystic fluid from cystic lesions of the 
pancreas is another important source for 
biomarker study [76]. Unfortunately, there is 
no sensitive test available in distinguishing 
benign lesions, low-grade and high-grade 
malignant tumors [77]. Although markers such 
as amylase, CA19-9, and carcinoembryonic 
antigen have a relative high specificity in 
distinguishing benign from neoplastic lesions, 
their sensitivity is low (< 50%) [78]. 
 
By using immunocytochemistry, 116 ascites 
specimens were analyzed for CDX2 expression 
[79]. The authors found that CDX2 is a specific 
and sensitive marker to detect gastrointestinal 
and pancreatic malignancies in ascites 

Int J Clin Exp Pathol (2009) 1, 1-10 5 



Liang et al/Biomarkers in Pancreatic Adenocarcinoma 

cytology specimens [79]. 
 
P53 gene mutations occur in later stages of 
pancreatic adenocarcinoma in approximately 
70% of cases [49]. By using pancreatic fluid 
samples and brush cytology specimens, Sturm 
and colleagues reported p53 gene mutations 
were present in 40% to 50% of patients with 
pancreatic cancers [50]. By using a panel of 
molecular markers (p53 mutations, K-ras 
mutations, and methylated p16), Yan and 
colleagues found that patients at risk for 
development of pancreatic cancer could be 
stratified from a negligible risk to over a 
greater than 50% risk of developing an early 
pancreatic cancer. The most commonly 
associated molecular marker in cases of 
pancreatic cancer was the presence of p53 
mutations [51]. The combination of imaging 
analysis, cytology and current available 
biomarkers has great promise in providing 
future direction in the detection of pancreatic 
cancers [80]. 
 
Conclusions 
 
Detection of pancreatic adenocarcinoma at an 
early surgically resectable stage is the key to 
decrease mortality and improve survival. 
Identification of sensitive and specific 
diagnostic markers as screening tools is 
crucial in detecting premalignant neoplasms 
and early pancreatic cancers. There are 
numerous new protein, DNA, and RNA-based 
markers that are currently being investigated. 
Many of them need validation in large scale 
studies before they can be used in clinical 
settings. FNA specimen, pancreatic juice, and 
cystic fluid are important sources for marker 
studies. Until more sensitive and specific 
biomarkers are discovered, we will continue to 
rely on the combination of imaging analysis, 
cytology and available biomarkers to diagnose 
pancreatic adenocarcinoma. 
 
Please address all correspondences to Dongfeng 
Tan, MD, Department of Pathology and Laboratory 
Medicine, Unit 85, The University of Texas M. D. 
Anderson Cancer Center, 1515 Holcombe Blvd., 
Houston, TX 77030, USA. Tel: 713-745-4977, Fax: 
713-745-1105; Email: dtan@mdanderson.org 
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