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Abstract
AIM: To compare gene expression profiles of pancreatic 
adenocarcinoma tissue specimens, human pancreatic and 
colon adenocarcinoma and leukemia cell lines and normal 
pancreas samples in order to distinguish differentially 
expressed genes and to val idate the differential 
expression of a subset of genes by quantitative real-time 
RT-PCR (RT-QPCR) in endoscopic ultrasound-guided fine 
needle aspiration (EUS-guided FNA) specimens.

METHODS: Commercially dedicated cancer cDNA 
macroarrays (Atlas Human Cancer 1.2) containing 
1176 genes were used. Different statistical approaches 
(hierarchical clustering, principal component analysis 
(PCA) and SAM) were used to analyze the expression 
data. RT-QPCR and immunohistochemical studies were 
used for validation of results.

Identification of biomarkers of human pancreatic 
adenocarcinomas by expression profiling and validation with 
gene expression analysis in endoscopic ultrasound-guided 
fine needle aspiration samples
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Christiane Susini, Lucien Pradayrol, Nicole Vaysse,  Louis Buscail

R E S U LT S : RT-QPCR va l i d a t ed t he i n c r ea sed 
expression of LCN2 (lipocalin 2) and for the first time 
PLAT  (tissue-type plasminogen activator or tPA ) in 
malignant pancreas as compared with normal pancreas. 
Immunohistochemical analysis confirmed the increased 
expression of LCN2  protein localized in epithelial 
cells of ducts invaded by carcinoma. The analysis of 
PLAT and LCN2 transcripts in 12 samples obtained 
through EUS-guided FNA from patients with pancreatic 
adenocarcinoma showed signif icant ly increased 
expression levels in comparison with those found in 
normal tissues, indicating that a sufficient amount of 
high quality RNA can be obtained with this technique. 

CONCLUSION: Expression profiling is a useful method 
to identify biomarkers and potential target genes. 
Molecular analysis of EUS-guided FNA samples in 
pancreatic cancer appears as a valuable strategy for the 
diagnosis of pancreatic adenocarcinomas.
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INTRODUCTION
Pancreatic cancer remains one of  the most deadly tumor 
types. The 5-year survival rate after diagnosis is less than 
3.5%[1]. So far, the difficulties persist to diagnose pancreatic 
cancer early. Indeed, the molecular mechanisms underlying 
pancreatic oncogenesis remain partially understood. 
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Several fundamental studies suggest the implication of  a 
number of  molecules involved in cell cycling, apoptosis or 
signal transduction. Unfortunately, the clinical relevance of  
these molecules is still pending. For example, the screening 
of  the activating mutations of  the proto-oncogene K-ras, 
which are the most frequent alterations observed to date in 
pancreatic cancer, is not thought to be sufficiently robust 
as a diagnostic or prognostic marker[2]. The combination 
of  several genetic alterations such as those found in tumor 
suppressor genes p16, DPC4, p53 did not improve the 
sensitivity and specificity of  K-ras mutation test for the 
diagnosis[3]. The development of  new diagnostic tools is 
hence crucial for the detection of  pancreatic cancer at an 
early stage.

Large-scale analysis of  gene expression has been 
widely proposed as a powerful method for malignancy 
diagnosis, predicting invasion and metastasis through 
the identification of  biomarkers. Pancreatic cancer has 
previously been the focus for such studies[4-8]. However, 
a rather low concordance between different studies was 
found in a meta-analysis of  several of  these studies[9]. 
There are several possible explanations; one of  them 
being differences in probe design (oligonucleotides or 
cDNA), support (nylon membranes or glass slides) or 
the underlying detection technology (fluorescence or 
radioactivity). No matter what the reason is, there are 
controversies about the need of  multiple well-defined and 
validated approaches to find a transcriptional “consensus” 
for a given tissue or cell type. 

In this study, we used commercial ly dedicated 
macroarrays containing 1176 genes, selected on their 
functional implication in cancer biology, to study the 
expression profiles in pancreatic adenocarcinomas (surgical 
specimens and cell lines). We compared these profiles with 
those of  normal pancreas, other adenocarcinoma cell lines 
of  colon origin as well as with a non-adenocarcinoma 
leukemia cancer cell line. This array has never been 
used in expression profil ing studies of  pancreatic 
adenocarcinomas. 

An important issue is the limited access to pancreatic 
tissue specimens. Being a minimally invasive technique for 
patient exploration, endoscopic ultrasound-guided fine 
needle aspiration (EUS-guided FNA) is now largely used 
for pancreatic tumor diagnosis[10]. Therefore, to support 
the clinical relevance of  these studies, we determined 
whether quantification of  these markers would be 
feasible in EUS-guided FNA specimens for prognostic or 
molecular diagnosis procedures. 

MATERIALS AND METHODS
Cell and tissue samples
All cell lines were of  human origin and were grown at 
37℃, 50 mL/L CO2 in the presence of  10 mL/L fetal calf  
serum, penicillin/streptomycin (Invitrogen Inc. Carlsbad, 
CA, USA) and 2 mmol/L L-glutamine (Invitrogen). 
ASPC-1 (ATCC: CRL-1682), Capan-1 (ATCC: HTB-79), 
Capan-2 (ATCC: HTB-80), NP29 (kindly provided by 
Dr. Gabriel Capellá, Barcelona, Spain), HCT 116 (ATCC: 
CCL-247) and K562 (ATCC: CLL-243) cells were grown 
in RPMI 1640 medium (Invitrogen). PANC-1 (ATCC: 

CRL-1469), B × PC-3 (ATCC: CRL-1687), SW480 (ATCC: 
CLL-228), SW620 (ATCC: CLL-227) and MIAPaCa-2 
(ATCC: CRL-1420) cells were grown in Dulbecco’s 
modified Eagle medium (DMEM), 1.0 g/L glucose. HT-29 
cells (ATCC: HTB-38) were maintained in DMEM with 
4.5 g/L glucose. Caco-2 cells (ATCC: HTB-37) were 
grown in RPMI 1640 in the presence of  10 g/L non-
essential amino acids. Pancreatic ductal adenocarcinoma 
specimens were obtained from patients undergoing 
pancreaticoduodenectomy, after written consent and in 
accordance with French ethical guidelines. Pancreatic 
cancer samples were obtained through EUS-guided FNA 
in patients who have given their written consent. The 
protocol was approved by the Ethical Committee from 
Midi-Pyrénées CPPRB-1. Briefly, FNA was performed 
using GF-UC 30p ultrasound endoscope (Olympus, 
Rungis, France). Samples of  pancreatic cancer tissue were 
obtained from each patient. The core biopsies were then 
transferred in Dubosq-Brazil medium and the cellular 
material remaining in the needle was immediately put 
in RNA later (Ambion, Woodward Austin, TX, USA). 
All cases of  pancreatic cancer were diagnosed based 
on histological features. One of  the normal pancreatic 
specimens was obtained from an organ donor. The other 
two normal pancreatic RNA samples were from Clontech 
(Palo Alto, CA, USA), each a pool from two individuals.

R N A e x t r a c t i o n , c D N A l a b e l i n g a n d m e m b r a n e 
hybridization
Cells were rinsed in PBS and total RNA was extracted 
with the RNeasy mini-kit (QIAGEN, Valencia CA, USA). 
Adenocarcinoma tissues were first grinded mechanically in 
liquid nitrogen with a pestle in a mortar. Cellular samples 
obtained by EUS-guided FNA were temporarily stored 
at -25℃ in RNA later (Ambion), and total RNA purified 
using the RNeasy micro-kit (QIAGEN). The quality and 
the quantity of  the RNA were systematically determined 
with an Agilent Bioanalyzer 2100. Atlas Pure Total RNA 
Labeling System (Clontech) and α33P-dATP (-92.5 TBq/
mmol) (GE-Amersham, Saclay, France) were used for 
cDNA target synthesis of  25-40 mg of  total RNA. Only 
targets with a total activity superior to 1 million cpm 
were used. The membranes (Atlas Human Cancer 1.2, 
Clontech) were hybridized overnight, washed according 
to the manufacturer’s recommendations and exposed on 
phosphor storage screens for generally three days. The 
screens were then scanned in a phosphorimager. All cell 
lines were analyzed at least twice, i.e. independent RNA 
extraction, labeling and hybridization procedures. 

Expression data analysis 
The scanned images were analyzed with the ImaGene 
software (V.4.0) (Biodiscovery Inc. Los Angeles, CA). Spots 
having an intensity inferior to the negative spots (foreign 
DNA) on the membrane (mean + 2SD) in more than 
50% of  the experiments in each category were eliminated. 
By this procedure, 871 genes were retained and used for 
further analysis. The gene names used are respecting 
the nomenclature proposed by HUGO. Functions and 
tissue expression distribution came from the database 
SOURCE available at http://source.stanford.edu or from 



the relevant references as indicated. The Genesis software 
(V1.5.0)[11] was used for clustering analysis. For principal 
component analysis (PCA) with biplot representation [12] 
the R software (V.1.9) was used (http://www.r-project.
org/). FDR analysis was performed with the Significance 
Analysis of  Microarrays (SAM) software (V1.21): http://
www-stat.stanford.edu/~tibs/SAM/. 

Real-time RT-QPCR 
For quantitative real-time RT-PCR (RT-QPCR) analysis, 
3 mg (tumor samples, cell lines, and normal pancreas) 
or 5-10 ng (cell aspiration) of  total RNA were reversely 
transcribed using Superscript II RNase H- reverse 
transcriptase (Invitrogen) and random hexamers using 
standard conditions. Generally, 5% of  the RT reaction was 
used as template for the subsequent RT-QPCR reactions 
using the SYBR Green technology (Applied Biosystems 
Foster City, CA, USA) in a GeneAmp 5700 sequence 
detector system (Applied Biosystems). The expression 
levels were normalized to 18S ribosomal RNA levels. The 
sequence, orientation and corresponding exon localization 
of  the primers used are shown in Table 1 as well as the 
length of  the amplicon.

Immunohistochemical analysis
Paraffin-embedded tissue sections were dewaxed and 
permeabilized with citrate buffer, pH 6, for 3 min ×5 min 
in a microwave oven. The slides were rinsed 3 min× 5 min 
in PBS at room temperature and treated for 10 min with 
Dako protein block solution (Dako, Glostrup, Denmark). 
The sections were then incubated with a monoclonal 
mouse anti-human lipocalin 2 antibody (clone 211-01) 
(The Antibody Shop, Denmark), (1:100 in PBS, 10 g/L 
BSA) over night at 4℃. After rinsing (3 min × 5 min in 
PBS), the sections were treated with 30 mL/L H2O2, 100 
mL/L methanol in PBS for 15 min followed by two rinses 
(2 min × 5 min) in PBS, 10 g/L BSA, and the incubation 
with an HRP-coupled rabbit anti-mouse IgG antibody 
(P0161; Dako) (1:50 in PBS, 10 g/L BSA) for 1 h at 20℃. 
The slides were then rinsed 3 min × 5 min in PBS + 10 
g/L BSA and incubated 1 h (20℃) with an HRP-coupled 
goat anti-rabbit IgG antibody (P0448; Dako) (1:50 in PBS, 
10 g/L BSA) and finally rinsed 2 min × 5 min in PBS + 

1% BSA prior to development with one drop of  AEC 
+ substrate chromogen solution (Dako) for 15 min. The 
slides were washed in running cold water for 10 min and 
counterstained with Mayer’s hemalun solution (Merck, 
Darmstadt, Germany) and mounted with Dako glycerol 
mounting medium. Pictures were taken with the Visiolab 
2000 software using a Nikon eclipse E400 microscope.

RESULTS
Expression profiling
Using Clontech’s Human Cancer 1.2 macroarrays, the ex-
pression profile of  1176 genes associated with cancer was 
studied in 7 human pancreatic adenocarcinoma cell lines 
(PCL), PANC-1, MIA Paca-2, ASPC-1, BxPC-3, Capan-1, 
Capan-2, NP29, and 6 tumor samples, PT1-PT6, obtained 
through surgical resection of  pancreatic adenocarcinomas. 
In order to assess the specificity of  the expression of  pan-
creatic tumor cells, 5 human colon cancer cell lines (CCL), 
SW480, HT-29, HCT116, SW620, Caco-2, 1 leukemia cell 
line (LCL), K562 and 3 normal human pancreatic tissue 
samples, NormPanc1-3, were included in the study. After 
screening of  the expression data as described in the ma-
terial and methods section, 871 genes were retained for 
further analysis. The expression data are available at the 
following URL: http://ifr31w3.toulouse.inserm.fr/micro-
ArrayPancreas/DataSummary.xls. In a hierarchical cluster 
analysis of  samples based on centered mean expression 
data, two main clusters could be identified, corresponding 
to cell lines (up) and tissue samples (down), respectively 
(Figure 1). Among the clusters identified within the cell 
lines, one was purely pancreatic (BxPC-3, Capan-1, Ca-
pan-2 and NP29) and one comprised only colon cancer 
cell lines (HT-29, HCT116 and SW620). At the top of  
the dendrogram, a colon cancer cell line SW480 clustered 
with two pancreatic cancer cell lines, PANC-1 and MIA 
PaCa-2. In a hierarchical clustering analysis of  the 871 

Table 1  Sense (S) and antisense (AS) primers used in 
quantitative RT-PCR analyses

Primer Exon Sequence (5’-3’) Amplicon
LCN2 
(Lipocalin2) S

   1 TGATCCCAGCCCCACCT      74 bp

LCN2 
(Lipocalin2) AS

   2 CCACTTCCCCTGAATTGGT

PLAT 
(tPA) S

   2 TGGAGAGAAAACCTCTGCGAG     72 bp

PLAT 
(tPA) AS

   3 CCATGATTGCTTCACAGCGT

KRT7 
(Keratin7) S

   7 CTCTGTGATGAATTCCACTGGTG     72 bp

KRT7 
(Keratin7) AS

   8 CCCATGGTTCCCCCGA

18S S AAACGGCTACCACATCCAAG   155 bp
18S AS CCTCCAATGGATCCTCGTTA

←

Pancreatic cancer cell lines

Colon cancer cell lines
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Capan-1
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NP29
HT-29
HCT116
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CaCo-2
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PT3 
PT1
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Figure 1  Hierarchical clustering analysis of sample expression profiles. 
Dendrogram of centered mean expression data using euclidian distance with 
average linkage clustering, showing relationships in gene expression profiles of 
samples. Closely related samples are found in the same branch of the tree and a 
reduced branch height represents a closer relationship between groups.
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genes retained after filtering, three subclusters (A, B and 
C) contained genes with an elevated expression in pancre-
atic tumor samples (PT) and a lower expression in normal 
pancreas and non-pancreatic cancer cell lines (NormPanc, 
CCL and LCL) (Figure 2). Subcluster A containing four 
genes, IFITM1, KRT7, PLAT and LCN2, exhibited an 
expression profile particularly specific for neoplastic pan-
creas. These four genes were overexpressed in the majority 
of  PCL and in PT1 to 6, but not in non-pancreatic cell 
lines and in normal pancreas. Subclusters B and C showed 
genes overexpressed in all PT, in some pancreatic cancer 
cell lines but not in normal pancreas. 

In order to estimate the variability of  the experimental 
procedures, several biological and technical replicates 
were performed. In a hierarchical clustering analysis, these 
replicates either clustered directly together or regrouped 
within clusters of  the respective cell line validating our 

experimental protocols and data acquisition procedures 
(data not shown). We used the SAM software to detect 
the genes that were significantly over-expressed in 
malignant pancreas, referring to the mean expression in 
pancreatic tumors (PT) and pancreatic cancer cell lines 
(PCL) as compared with the other groups normal pancreas 
(NormPanc), colon cancer cell lines (CCL) and leukemia 
cell line (LCL). Among the genes selected by SAM (FDR 
< 2%), the ones with an at least 2-fold higher expression 
level in malignant pancreas are shown in Table 2. In the 
same table are also represented other expression fold 
ratios, i.e. the comparison between pancreatic and colon 
cancer cell lines (column PCL/CCL) as well as the fold 
ratio between pancreatic tumors and normal pancreas 
(column PT/NormPanc). The five genes with the highest 
expression ratios were PLAT, KRT7, CD74, MMP7, 
and LCN2. The ratio of  mean expression level of  these 
genes in PT as compared with that in NormPanc, was 
found to be equal to or above 3.36, indicating that they 
discriminate well between adenocarcinoma and normal 
tissues. The ratio of  the gene mean expression level in 
PCL as compared with that in CCL discriminates between 
pancreatic and colon cancer cells, which is important to 
differential diagnosis. 

Although clustering methods are the most widely 
used technique to group genes based on expression 
patterns, PCA is rapidly gaining acceptance in the field 
of  transcriptome analysis. PCA permits data visualization 
of  complex multidimensional datasets by projecting data 
into a sub-space with 2 or 3 dimensions. Moreover, a 
biplot representation of  PCA results (Figure 3) provides 
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whereas PC2 on the vertical y-axis distinguish between malignant pancreas 
samples (bottom) and other sample categories (top).
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a powerful visual overview of  the relationships between 
genes and samples. The sub-space determined by PCA 
captures the highest amount of  the total variability. In our 
line and column centered data matrix, the first (PC1) and 
second (PC2) principal components captured 39% and 
13% of  the total variability, respectively (Figure 3). In the 
biplot, samples are shown as arrows, and the genes are 
shown by their HUGO ID symbols. Arrows of  similar 
length, pointing in the same direction display a higher 
degree of  correlation. As observed in the hierarchical 
clustering analysis (Figure 1), SW480 was more associated 
to pancreatic cell lines than to other colon cell lines. Also 
in agreement with figure 1, the leukemia cell line K562 
was correlated with the colon cell line Caco-2. An analysis 
of  the PC1 (horizontal x-axis) revealed a clear distinction 
between tissue samples and cell lines, with a positive 
x-coordinate value for all tissue samples and negative 
for all cell lines. More interestingly, the same analysis of  
PC2 (vertical y-axis) discriminated malignant pancreas 
(pancreatic tumors and pancreatic cell lines) from the other 
samples categories studied, with the exception of  SW480. 

To improve the interpretation, only the 28 genes 
contributing most to the total variability of  the data set 
are shown in the biplot. The co-localization between a 
gene and a sample type signifies an overexpression in the 

given sample type. Accordingly, genes such as PCNA, 
HMGA1, PA2G4, CKS2 and CKS1B were specifically 
overexpressed in cell line samples, whereas IGHM, IGKC, 
IGHA1 and IGHG3, all immunoglobulins, were highly 
associated with tumor samples. The extreme position of  
these genes on the horizontal axis in the biplot indicates 
they are involved in the distinction between cells and tissue 
samples. The overexpression of  genes of  the immune 
response is a characteristic of  cancer tissue samples versus 
cell lines. Furthermore, a set of  genes, including PLAT, 
VIM, HLA-DRA, IGHG3, ACTB, S100A4, and others 
located in the lower half  of  the biplot, was involved in the 
discrimination between malignant pancreas and all other 
samples. Among them, LCN2, KRT7, VIM and PLAT, 
appeared to be highly correlated with both pancreatic 
tumors and pancreatic cell lines. However, in the third 
principal component (PC3), VIM was positioned far from 
the three other genes (data not shown). Interestingly, 
CTRL (chymotrypsin-like), was found to be specifically 
expressed in normal pancreas and absent in PT or PCL. 
CTRL is a poorly characterized serine protease with 
chymotrypsin- and elastase-2-like activities, which is 
expressed as a pro-protease in normal pancreatic tissue[13]. 
The absence of  CTRL expression in adenocarcinoma 
samples is in agreement with the absence of  other serine 

Table 2   Significantly overexpressed genes (over 2-fold) in malignant pancreas

Gene symbol	 Gene description	                                                                                                           Mean fold expression ratios	
                                                                                                                                                                   Malignant       PCL/           PT/
                                                                                                                                                                 Panc/others      CCL        NormPanc

PLAT Plasminogen activator, tissue-type 6.22 4.36   6.74
KRT7 Keratin 7 5.72 4.92   3.97
CD74 CD74 antigen (invariant polypeptide of major histocompatibility complex, class II antigen-associated) 5.44 1.61   8.00
MMP7 Matrix metalloproteinase 7 (matrilysin, uterine) 5.36 3.73   5.70
LCN2 Lipocalin 2 (oncogene 24p3), NGAL 5.25 8.32   3.36
HLA-G HLA-G histocompatibility antigen, class I, G 4.04 1.57   4.32
IGHG3 Immunoglobulin heavy constant gamma 3 3.95 0.94  11.81
HLA-DRA Major histocompatibility complex, class II, DR alpha 3.70 1.57   7.01
TIMP1 Tissue inhibitor of metalloproteinase 1 (erythroid potentiating activity, collagenase inhibitor) 3.50 1.61   9.20
ITGA3 Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) 3.48 3.00   2.40
ITGB4 Integrin, beta 4 3.36 1.16   4.34
KRT19 Keratin 19 3.27 1.34   2.98
CTSD Cathepsin D (lysosomal aspartyl protease) 3.21 2.75   2.89
CASP4 Caspase 4, apoptosis-related cysteine protease 3.10 2.43   1.80
IGFBP3 Insulin-like growth factor binding protein 3 3.08 3.53   1.87
PLAU Plasminogen activator, urokinase 3.08 2.83   2.01
MMP11 Matrix metalloproteinase 11 (stromelysin 3) 2.96 1.11   7.22
DTR Diphtheria toxin receptor (heparin-binding epidermal growth factor-like growth factor) 2.84 1.74   3.33
CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 2.76 1.65   3.17
LAMA4 Laminin, alpha 4 2.74 2.14   3.30
ITGB8 Integrin, beta 8 2.59 2.31   4.44
IFITM1 Interferon induced transmembrane protein 1 (9-27) 2.41 5.47   7.10
AXL AXL receptor tyrosine kinase 2.35 1.63   2.91
ITGAE Integrin, alpha E (antigen CD103, human mucosal lymphocyte antigen 1; alpha polypeptide) 2.31 1.58   3.56
CD59 CD59 antigen p18-20 (antigen identified by monoclonal antibodies 16.3A5, EJ16, EJ30, EL32 and G344) 2.26 2.11   2.95
KRT10 Keratin 10 (epidermolytic hyperkeratosis; keratosis palmaris et plantaris) 2.09 2.18   1.60
CYR61 Cysteine-rich, angiogenic inducer, 61 2.03 2.41   1.22
PTGES Prostaglandin E synthase 2.03 2.84   1.11
HIF1A Hypoxia-inducible factor 1, alpha subunit (basic helix-loop-helix transcription factor) 2.01 1.24   2.87
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protease digestive enzyme, such as chymotrypsin and 
trypsin, present in normal pancreatic tissue and known to 
be down-regulated in pancreatic cancer.

Differentially expressed genes in neoplastic pancreas 
Taken together, the three statistical methods used in our 
study (hierarchical clustering, Figure 2, the SAM method, 
Table 2, and PCA, Figure 3) retained seven genes as 
differentially overexpressed in malignant pancreas. Among 
these genes, 3 are involved in the immune response: CD74, 
HLADRA, and IGHG3, and 4 genes previously suggested 
as key proteins in pancreatic cell biology or oncogenesis: 
KRT7, MMP7, and PLAT and LCN2. Among them, three 
genes LCN2, KRT7 and PLAT were selected for further 
validation by real-time RT-QPCR. This choice was based 
on the highly specific expression profile in malignant 
pancreas (Figure 2; subcluster A) and elevated mRNA 
levels in the corresponding samples (Table 2) as well as on 
their specific positioning in the PCA analysis, that is in the 
interface between the pancreatic tumors and pancreatic 
cancer cell lines. These studies confirmed significantly 
elevated levels of  LCN2 and PLAT mRNA in malignant 
pancreas samples, tumors and cancer cell lines (Mann-
Whitney test: aP < 0.05) (Table 3). However, they were 
unable to confirm the macroarray results concerning KRT7 
expression levels. 

The PLAT protein is known to be overexpressed 
in pancreatic cancer tissues[14]. However, even though 
several studies have reported elevated LCN2 mRNA 
levels in pancreatic cancer[15], and LCN2 protein in 
human pancreatic juice in patients with pancreatic 
cancer[16], the presence of  the LCN2 protein in pancreatic 
adenocarcinoma is less well characterized. Therefore, in 
order to evaluate the expression of  the lipocalin 2 protein 
in pancreatic tumors, we performed immunohistochemical 
analysis using a monoclonal anti-lipocalin 2 antibody. As 
shown in Figure 4A, little or no labeling was observed 
in normal pancreas (n = 3). However, in sections of  
pancreatic adenocarcinomas (n = 5), a strong apical 
labeling was detected in ducts invaded by carcinoma (Figure 
4B and C). 

LCN2, KRT7 and PLAT transcripts in EUS-guided FNA 
samples 
We investigated the possibility to use EUS-guided FNA as 
a source of  pancreatic sample to study the expression of  
KRT7, LCN2 and PLAT genes as diagnostic biomarkers. 
The presence of  these mRNAs was therefore examined by 
RT-QPCR analysis in 12 samples, originating from differ-
ent individuals, obtained through EUS-guided FNA from 

patients with pancreatic adenocarcinoma. Compared with 
normal pancreas, the expression level of  the KRT7, LCN2 
and PLAT transcripts were 26.7 ± 18.16, 20.6 ± 7.6 and 
70.8 ± 35.4 (mean ± SE), respectively. In each case, 18S 
ribosomal RNA was used for normalization. Even though 
10 out of  12 patients presented elevated levels of  expres-
sion for KRT7 and LCN2 and 11 for PLAT, only the 
levels of  PLAT and LCN2 expression were significantly 
different from normal pancreas (unilateral Student t test: 
P < 0.05). These results were thus perfectly concordant 
with those obtained from pancreatic cancer cell lines and 
tumors.

DISCUSSION
Large scale analysis of  gene expression has been widely 
proposed as a powerful method for identification of  mo-
lecular markers of  neoplasia and for the generation of  

novel taxonomies for cancer. Accordingly, several studies, 
have been conducted to characterize the expression pro-
files in human pancreatic adenocarcinomas[15, 17]. However, 
to the best of  our knowledge, none of  these studies report 
the comparison between pancreatic and colon cancer cell 
lines. Moreover, this study reports, for the first time, about 
the use of  the dedicated Atlas Human Cancer 1.2 cDNA 
macroarray containing 1176 cancer-associated genes to 
study expression profile in pancreatic carcinoma. We re-
port the expression profiles of  pancreatic adenocarcinoma 
cell lines and tumors and compared with that of  normal 
pancreas specimens, colon cancer cell lines and one he-
matopoietic cell line K562. This was done to differentiate 
pancreatic and non-pancreatic cancer gene profile in view 
of  differential diagnosis. The fact that several groups have 
previously reported elevated expression levels of  LCN2 
mRNA in pancreatic cancer[18-21], was reassuring for the 
validation of  our study design. However, reports validating 
this overexpression at the protein level are very scarce[22]. 
Lipocalins are small extracellular proteins with important 
role in cell proliferation and differentiation, possessing 
protease inhibitory properties and/or carrying lipophilic 
ligands such as retinoids and fatty acids into the cells[23]. 
The localization of  LCN2 protein at the apical side of  
cells from ducts invaded by the tumoral process might be 
of  pathophysiological importance and supports further 
analysis for a better understanding of  the role of  this pro-
tein in cancer. 

Interestingly, the overexpression of  PLAT in pancre-
atic adenocarcinoma has not been reported in previous 
expression profiling studies. PLAT was recently shown to 
play a critical role in tumor angiogenesis and in the devel-

Table 3  Relative mRNA levels presented as 2[Ct(18S)-Ct(gene of interest)] 
(mean x 10-2±SEM)

Gene n KRT7 LCN2 PLAT

Pancreatic tumors  6  1.14. ± 0.47     3.58 ± 0.65a   2.34 ± 0.89a 
Pancreatic cell lines 6 79.62 ± 90.97 188.99 ± 81.13a 13.51 ± 4.67a

Normal pancreas 3   0.42 ± 0.23     1.05 ± 0.85   0.14 ± 0.08

A B C

Figure 4   Lipocalin 2 protein expression in pancreatic cancer t issue 
Immunohistochemical analysis by AEC + substrate chromogen staining. A (x 40): 
normal pancreas; B (x 200), C (x 1000): pancreatic adenocarcinomas. aP < 0.05, vs normal pancreas.
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opment of  exocrine pancreatic cancer[24], contributing to 
an invasive phenotype[14,25]. The vast majority of  pancreatic 
adenocarcinomas express KRT7[26,27] and it has previously 
been indicated as overexpressed in pancreatic cancer by 
gene expression profiling studies[28]. However, the KRT7 
protein is suggested as a marker of  normal pancreatic 
duct epithelial cells playing a role in cell differentiation[29]. 
The reported expression of  KRT7 in both normal and 
malignant pancreas could, at least in part, explain why we 
were unable to observe a significant difference in expres-
sion levels between both sample types. Among the seven 
genes retained on our study, three are highly implicated in 
the immune response: CD74, HLADRA, IGHG3. IGHG3 
was only overexpressed in tumor samples suggesting an 
immune cell origin. In contrast, elevated levels of  CD74 
and HLADRA were found in tumor samples and also in 
some pancreatic cancer cell lines. Elevated levels of  CD74, 
and HLADRA were observed in several types of  cancers, 
including gastric cancer and renal epithelial neoplasms[30,31]. 

The quantitative RT-PCR on EUS-guided FNA sam-
ples of  PLAT and LCN2, validated the overexpression 
found by the macroarray analysis. Thus, the quality and the 
amount of  cellular sampling using pancreatic EUS-guided 
FNA allow the extraction of  sufficient quantities of  RNA 
to perform RT-QPCR analysis as a new tool for early diag-
nosis, as described recently for lymph node metastasis[32]. 
Furthermore, when performed directly on resected tumor 
pieces, fine needle aspiration has been shown to produce 
a relative enrichment of  cancer cells, in comparison to tu-
mor samples. This enrichment has been attributed to the 
capability of  epithelial cancer cells to be aspirated more 
easily than stromal cells[33]. To the best of  our knowledge, 
no gene expression had been evaluated with EUS-guided 
FNA biopsies from patients with pancreatic adenocarci-
noma. EUS-guided FNA is a safe method for patient ex-
ploration. Morbidity rate ranges from 1% to 3% when per-
formed by experienced endosonographers[34]. Therefore, 
identification and quantification of  potential molecular 
markers for pancreatic cancer on cellular samples obtained 
by EUS-guided FNA could be a promising approach for 
the diagnosis of  solid pancreatic masses. Future studies are 
needed to prospectively evaluate new molecular biomark-
ers using this procedure, in order to increase the accuracy 
of  current standard histological and cytological analyses, 
that was only 80 to 85% in pilot studies[35,36]. 
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