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Abstract

Pancreatic ductal adenocarcinoma remains one of the
most deadly types of tumor. Endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) is a safe,
cost-effective, and accurate technique for evaluating
and staging pancreatic tumors. However, EUS-FNA may
be inconclusive or doubtful in up to 20% of cases. This
review underlines the clinical interest of the molecular
analysis of samples obtained by EUS-FNA in assessing
diagnosis or prognosis of pancreatic cancer, especially
in locally advanced tumors. On EUS-FNA materials
DNA, mRNA and miRNA can be extracted, amplified,
quantified and subjected to methylation assay. AKras
mutation assay, improves diagnosis of pancreatic can-
cer. When facing to clinical and radiological presenta-
tions of pseudo-tumorous chronic pancreatitis, wild-
type Kras is evocative of benignity. Conversely, in front
of a pancreatic mass suspected of malignancy, a mu-
tated A7as is highly evocative of pancreatic adenocarci-
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noma. This strategy can reduce false-negative diagno-
ses, avoids the delay of making decisions and reduces
loss of surgical resectability. Similar approaches are
conducted using analysis of miRNA expression as well
as Mucin or markers of invasion (S100P, S100A6, PLAT
or PLAU). Beyond the diagnosis approach, the predic-
tion of response to treatment can be also investigated
form biomarkers expression within EUS-FNA materials.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic ductal adenocarcinoma; Endo-
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Core tip: This review depicts the widespread potential
for the molecular analysis of samples obtained by ultra-
sound-guided fine needle aspiration in assessing diagno-
sis or prognosis of pancreatic adenocarcinoma, as well
as translational studies on new markers and epigenetic
alterations. Among these markers, Kras oncogene as-
say appears now the most robust for improvement of
positive and differential diagnosis of pancreatic cancer.
Clinical implication of miRNA, Mucins and markers of
invasion is still debated. Future molecular developments
may open windows towards personalized treatments af-
ter molecular characterization of a single patient.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) remains one
of the most deadly types of tumor. The 5-year survival
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rate after diagnosis is < 3.5%!". The only curative treat-
ment is surgical resection but this surgery is possible in
only 10% to 15% of cases. The remaining cases with
locally advanced and/or metastatic pancreatic cancer ate
treated in a palliative way with chemotherapy (Gemcit-
abine or FOLFIRINOX) or best supportive cares'"’. This
dismal prognostic is partly due to the lack of robust
markers for the early diagnosis of PDAC that may jeop-
ardize treatment efficacy in a subset of patients. Endo-
scopic ultrasound-guided fine-needle aspiration (EUS-
FNA) is a rapid, safe, cost-effective, and accurate tech-
nique for evaluating and staging pancreatic tumors” . In
addition, EUS-FNA is the main clinical appliance for cy-
tological and histological material collection from locally
advanced PDAC that represents 85% of pancreatic can-
cer patients. However, its accuracy for the diagnosis of
malignancy varies widely with a sensitivity ranging from
65% to 95%, and with a mean accuracy of 85% (negative
predictive value ranging from 50% to 70%). Despite the
miniaturization of histological samples provided by the
FNA using 22 Gauge needle, immunohistochemistry can
be achieved when micro biopsies ate collected, fixed and
embedded in paraffin. In our experience, micro-biopsies
can be thus obtained in near 80% of cases. These Immu-
nodiagnostic can be useful to differentiate for instance
PDAC from endocrine tumots. It is harder to differenti-
ate malignant from inflammatory lesions of exocrine
pancreas. Despite modern imaging techniques, difficul-
ties persist to early diagnose PDAC and to differentiate
PDAC from benign diseases such as chronic pancreatitis
especially in its pseudotumoral form™?. Tt is indeed criti-
cal to avoid unnecessary resection of benign lesions (such
as focal lesions of chronic pancreatitis or autoimmune
pancreatitis) or to delay the treatment of PDAC in a sub-
set of patients. Finally EUS-FNA may be inconclusive
or doubtful in up to 20% of cases””. An explanation for
an inconclusive cytopathology is multiple: (1) in PDAC
the presence of desmoplastic reaction often associated
with poor cellularity; (2) distinguishing well-differenti-
ated PDAC and reactive atypia is difficult to appreciate
in small samples; (3) small tumors are often not easy to
biopsy and performances of cytopathology are lower',;
and (4) well vascularized tumors that have a high risk of
coagulating within the FNA materials. In cases where
there is an inconclusive biopsy, a doubt persists regard-
ing the presence or not of malighancy. Some technical
improvements have been developed such as contrast ul-
trasound, elastography, new generations of needle (pro-
core biopsy needle), or transport media for samples”®'".
However, a subset of samples remained inconclusive
and accuracy of EUS-FNA is still around 80%-85%. In
parallel, the improvement of molecular biology tech-
niques including DNA and RNA amplification permits
the analysis and the quantification of molecular markers
in cytological samples, especially from EUS-guided FNA
of pancreatic lesions™"". In addition, EUS-FNA that
allows sampling of biological material and molecular
biology is mandatory not only for pathologists but also
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for scientists to discover new molecular biomarkers for
this disease. This review depicts the widespread potential
for the molecular analysis of samples obtained by EUS-
FNA in assessing diagnosis or prognosis of PDAC, as
well as translational studies on new markers and epigen-
etic alterations.

POTENTIAL OF MOLECULAR ANALYSIS
ON EUS-FNA MATERIALS

DNA extraction

Despite using fine needles, sufficient materials can be
obtained for cytology and histology. A portion of this
material, collected following air or saline flushing of
the needle once the core biopsies have been reclaimed
for histopathology, can be used for further molecular
analysis. A mean of 550 nanograms of DNA (range 100
nanograms to 1.5 mg) is obtained and DNA amplifica-
tion is possible in 98 to 100 of cases"". For compari-
son, previous studies and protocols conducted on pure
pancreatic juice attested for a lack of extraction/am-
plification in almost 13% of samples[w’m. Thereaftert,
purified DNA authorizes PCR followed by Restriction
Fragment Length Polymorphism or sequencing. Recently
we developed an allelic discrimination assay on material
sampled on EUS-FNA as well as specific Methylation-
Specific PCR assay”. All these procedures are success-
ful in almost 100% of the cases, in the absence of DNA
pre-amplification. This is of prime importance because
DNA amplification generates mutations especially when
using a low amount of starting material that can eventu-
ally bias subsequent analysis. In addition, new develop-
ment of large-scale sequencing allows analysis of 400
genes simultaneously with a minimal quantity of DNA
of 50 ng DNA. High volume for sequencing is also of-
fered with a mean value of 1.5 pg. That opens a window
to large-scale molecular analysis from a single EUS-FNA
materials and from a single patient.

RNA extraction

While material collected from pancreatic tumor or in-
flammatory tissue is less exposed to RNAse digestion as
compared to normal pancreatic tissue, the risk of degra-
dation is very high if one wants to analyze high-quality
RNA. From a practical point of view, cytological samples
should be immediately stored in transport medium (such
as RNable) and frozen at -25 C until use. After cen-
trifugation, total RNA can be extracted using Micro kits
(for example RNeasy from Qiagen) followed by DNAse
treatment. At this crucial stage, RNA quality and quan-
tity should be determined with specific bioanalyzer (for
example Biorad Experian analyser and Agilent Tech-
nologies). RNA samples that are highly degraded (RNA
18S/28S ratio less than 1) or with a quantity lower than
5 ng should be discarded. Indeed, degraded RNA are
not suitable for reverse transcription or amplification.
In our experience, near 50% of FNA materials appears
non available for a reliable mRNA analysis. For assay of
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Table 1 Main studies investigating Kras mutation assay on specimens obtained by endoscopic ultrasound-guided fine-needle aspira-

tion for the differential diagnosis between pancreatic carcinoma and pseudo-tumorous chronic pancreatitis

Ref. Patient Sensitivity (%) Specificity (%) Overall accuracy (%)
PC/CP  Cytopathology alone/Kras + cytoP Cytopathology alone/Kras + cytoP Cytopathology alone/Kras + cytoP
Tada et al™" 28/8 62/81 100/100 71/85
Pellisé et al™ 33/24 97/97 100/100 84/98
Takahashi ef al™ 62/15 84/94 100,/100 CytoP alone: 58
Maluf-Filho et al®™ 57/11 82/90 97/47 59/89
Bournet et al™ 129/27 83/88 100/100 72/90
Reicher et al®™ 34/16 88 94 90
Ogura et al™ 307/47 87/93 100/100 89/94
Ginesta et al™ 43/18 76/86 100/100 82/90
Bournet ef al®"? 104/72 71/90 100/99 84/94

'Combination of Kras + cytoP + FISH/Fluorescence in situ hybridization; *PC vs others malignant and benign pancreatic lesions. PC: Pancreatic carcinoma;

CP: Chronic pancreatitis; CytoP: Cytopathology.

qPCR for 3 to 5 molecular markers an amplification is
theoretically not required but if analysis on a larger panel
of molecular targets is mandatory, amplification should
be performed. Using 5 ng of total RNA (not degraded)
is sufficient to perform RNA amplification kits (for in-
stance Full Spectrum Kit) that permit up to 500-fold am-
plification with satisfactory reproducibility and reliability.
In other terms, the RNA amplification from EUS-FNA
material preserves the pattern of gene expression and
is not influenced by the origin of the sample™. We had
thus apply the technology of Tagmann Low Density Ar-
ray to assess simultaneously the quantitative expression
of 20 to 50 genes from EUS-FNA cellular materials (see
below).

Micro RNA extraction

Interestingly, microRNAs are small molecules (19-25
nucleotides) of non coding RNA with high stability (less
prompted to be degraded by RNase) in tissues and fluids.
Moreover, they can be quantified in very low amounts
of material and in highly degraded samples. Prior to mi-
croRNA analysis, tissues can be stored either frozen, or
formalin-fixed and paraffin-embedded or in specific me-
dium such as RNARetain, Tt is important to mention
that microRNA analysis of pancreatic FINA samples is
possible but still in its infancy and may prove essential to
help clinicians for the diagnosis of pancreatic lesions.

GENETIC MARKERS

Kras oncogene

The molecular mechanisms underlying pancreatic onco-
genesis remain partially understood. However, several
genetic alterations are well characterized in PDAC such
as codon-12 Kras mutation (75% to 95%) and to a less
extend p76 (CDKN2A, INK4), DPC4 and p53 gene
mutations™*” associated to a loss of heterozygosity of
respectively 9p21, 18q and 17p. These somatic genetic
alterations are also detected in pre-cancerous lesion of
PDAC as intraepithelial neoplasias (PanIN) and intra-
ductal papillary mucinous neoplasm (IPMN) I, Previous
studies conducted by we and others on pure pancreatic
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juice obtained by ERCP concluded that Kras mutation
was found in 60% to 65 % of PDAC""". Morecover,
additional p76 and DPC4 mutations analysis in pure
pancreatic juice did not improve the sensitivity and
specificity of Kras mutation analysis alone for diagnosis
of PADC and to differentiate PDAC from CP?!. Several
research groups, including ours, have demonstrated that
KRAS mutations can be detected in cellular materials
obtained by EUS-FNAP"". Kras-mutation analysis after
EUS-FNA appears to be highly accurate at differentiat-
ing benign »s malignant pancreatic solid lesions”",

We have conducted a multicenter prospective study
to assess whether combining EUS-FNA with KRAS-
mutation analysis could facilitate a differential diagnosis
between PDAC and CP in a subgroup of patients with
pseudo-tumorous forms™., We concluded that, when fac-
ing to clinical and radiological presentations of pseudo-
tumorous CP, both pathological analyses (inflammation,
fibrosis) and wild-type Kras are evocative of benignity.
Based on the combination of cytopathological (includ-
ing a second biopsy in case of negative results at the first
biopsy) and Kras mutation analysis a medical or surgical
conservative treatment can be applied. Otherwise, unnec-
essary pancreatic resection could be avoided. Conversely,
when facing a clinical and radiological presentation of CP
the presence of mutated Kras at EUS-FNA may justify a
second biopsy and a follow up to rule out a PADC.

Whether the combination of EUS-FNA plus the
Kras-mutation assay can improve diagnosis of malignant
pancreatic tumors is still debatable. However, several
studies have suggested that combining cytopathology
and Kras-mutation analysis, improves the diagnosis of
PDAC and malignancy (Table 1). This appears crucial in
case of inconclusive or doubtful diagnosis at cytopathol-
ogy. Inconclusive specimens were defined as the pres-
ence of coagulum with normal cells or acellular samples.
Doubtful samples can be defined by the presence of
atypia and/or low-grade dysplasia. Even if molecular
biology cannot replace histology, the presence of a Kras
mutation in EUS-FNA material indicates several possi-
bilities: either immediate re-reading of the cytopathology
(especially if doubtful) or a rapid indication from a sec-
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‘ Positive ‘ ‘ Other benign or malignant lesions ‘

Inconclusive or doubtful

Wild type Aras Mutated Kras

3
|

‘ Cytology or histology ‘ <
‘ Pancreatic cancer ‘

Figure 1 Integration of Kras mutation assay coupled to cytopathology in the algorithm of diagnosis of pancreatic cancer using endoscopic ultrasound-

guided fine needle aspiration. EUS: Endoscopic ultrasound.

ond FNA, or surgery. In addition, from a clinical point
of view, reducing false-negative diagnoses avoids the
delay of making decisions, improves patients’ treatment,
and reduces loss of surgical resectability. Conversely, in
cases where there is an inconclusive EUS-FNA speci-
men, the presence of wild-type Kras may be evocative
of benignity. Figure 1, integrates these conclusions in
a proposed algorithm that include Kras mutation assay
in the diagnosis approach of pancreatic solid masses
using EUS-guided FNA. Because Kras analysis is now
widely available, due to its use as a predictive marker
for anti-EGFR therapy in colon cancer, this diagnostic
tool could also be applied to help clinicians manage
solid pancreatic masses. Kras assay has been improved
by means of Taqmann Allelic discrimination that is
cheaper, faster and more selective than other previous
methods™. We have conducted recently a prospective
study that included 186 patients with a pancreatic mass
(including 104 PDAC, 22 other malignant pancreatic
tumors and 60 benign lesions). Cytopathology and Kras
mutations, using TagMan® allelic discrimination, were
performed on EUS-guided FNA material. We concluded
that EUS-guided FNA plus Kras-mutation analysis, us-
ing allelic discrimination, is accurate and improves the
diagnosis of pancreatic adenocarcinoma when pathology
is inconclusive or doubtful (Table 1)*”. In addition, we
also confirmed that, when facing a clinical, radiological
presentation of pseudo-tumorous chronic pancreatitis
(including an evocative cytopathology), identification of
wild-type Kras can rule out malignant transformation””,
A retrospective study that included PDAC patients but
also patients with an autoimmune pancreatitis reported
also that a Kras mutation in EUS-guided FNA material
from a pancreatic mass is associated with malignancy
and may help discriminate from benign conditions such
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as autoimmune pancreatitis. In the study from Khalid ez
al™ all of autoimmune pancreatitis cases had a wild type
Kras.

Several groups, including ours, investigated whether
presence or not of Kras mutation can influence prog-
nosis of PDAC, especially in advanced tumors that are
only investigated through EUS-FNA. Four recent stud-
ies have reported Kras mutations in advanced PDAC,
though no correlation was found between Kras muta-
tions and patient survival ™). Conversely, three other
published studies (one that included patients with re-
sected PDAC, and two that included mixed populations
with resected and locally advanced/metastatic PDAC)
suggest that the presence of Kras mutations in tumor
tissues have a significant adverse impact on median suz-
vival time™*. Therefore, it is still difficult to conclude
that the presence of Kras mutations influences or does
not influence the prognosis of advanced PDAC. To gain
further insights and to obtain a definitive conclusion,
investigations on a larger cohort of similar patients (to
allow strong multivariate analysis) are needed.

Others molecular alterations

Itoi et a/*" conducted a p53 immunohistochemical analy-
sis in FNA biopsy specimens obtained from CP and
pancreatic cancers. They reported that p53 protein over-
expression was observed in 67% of the samples with
pancreatic cancet, but not in samples with chronic pan-
creatitis, and they found that by using the combination
of p53 protein overexpression and conventional histo-
logical examination, the diagnosis of pancreatic cancers
improved as follows: 90% sensitivity, 91% specificity,
and 92% accuracy, whereas the conventional histologi-
cal EUS-FNA diagnostic test statistics for the pancreatic
masses were as follows: 76% sensitivity, 91% specific-

August 21, 2014 | Volume 20 | Issue 31 |



Bournet B et a/. Molecular diagnosis of pancreatic cancer

ity, and 79% accuracy. Jahng ez al™ reported that the
combination of p53 and cytology to detect malignancy
increased the sensitivity to 51% with 100% specificity,
whereas cytology alone had 41% sensitivity and 100%
specificity. Salek ez al™ reported also that EUS-guided
FNA cytology combines with screening of Kras muta-
tions and allelic losses of tumor suppressor p16 and
DPC4 represents a very sensitive approach particularly in
cases where FINA has been inconclusive. Another group
recently investigated Wigé] the same issue the quantitative

analysis of MMR genes

MICRORNA

MicroRNA: from basics to clinics?
MicroRNAs are small non coding RNA that functions
as translation inhibitors of messenger RNA mainly
following binding to 3’-untranslated regionm’m. This
mechanism is conserved from plants to humans. These
molecules are tightly involved in the regulation of many
physiological processes. Indeed they regulate more than
30% of mammalian gene products. In addition, microR-
NAs play important roles in many diseases, including
cancer, cardiovascular disease, and immune disorders.
Besides their high stability in tissues and fluids, microR-
NAs can repress the expression of dozens or hundreds
of genes, making them an attractive therapeutic target.
MicroRNA expression is finely regulated by epigene-
tic modification (DNA methylation of promoters encod-
ing for microRNA), change in DNA copy numbers, and
genetic mutations””, For example miR-21 production
is increased by Kras (G12D) or EGFR and decreased
by TGE-b™. For epigenetic regulation Choi e# al’ de-
scribed in 2012 the DNA methylation of promoter en-
coding for many microRINAs as a physiological process
for mesenchymal stem cell differentiation. As described
previously, microRNAs are very stable in tissues and
fluids (urine, plasma, saliva). This is a key advantage as
compare to protein or mRNA. That is why microRINAs
are an emerging class of biomarkers in physiological and
pathological processes, including pancreatic diseases.

MicroRNA and pancreatic cancer

microRNA expression is profoundly altered in cancer or
is strongly modulated during carcinogenesis. MicroRNAs
can be organized in two classes; the oncomicroRNAs
which are upregulated in cancer (miR-155, miR-21)""
and the tumor suppressor microRNAs (let-7 family)
which are down regulated in cancer cells™.

Concerning pancreatic cancer, many articles described
that there is an early aberrant mictoRNA production in
pancreatic carcinogenesis and more precisely in the de-
velopment of precancerous lesions called PanIN. Indeed,
the production of miR-21, miR-221, miR-222, and let-
7a increased with human PanIN grade, with peak pro-
duction occurting in hyperplastic PanIN-2/3 lesions™
Epigenetic regulation of microRNA is also described
to modulate microRNA expression during pancreatic
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carcinogenesis. For example, miR-148 is down regulated
due to an hypermethylation of its DNA™. These early
disturbances in the expression of microRNA persist
then partly in advanced pancreatic cancer stages. In ad-
dition, many recent reports describe the alteration of
microRNA expression in IPMNs, well-described non-
invasive precursor lesions of pancreatic cancer™. Such
approach may aid in diagnosis and surgical treatment de-
cisions for patients with pancreatic cystic lesions. Taken
together, micrtoRNAs could be the ultimate biomarkers
at the clinical level for the early diagnosis of pancreatic
cancer and would thus allow tumor resection that is usu-
ally associated with the best prognosis.

Wang ez al®" were the first to report the detection of
microRNA in the blood of pancreatic cancer patients.
Interestingly, mictoRNA profiling in plasma can differ-
entiate pancreatic cancer patients from healthy controls.
They demonstrate that the plasma levels of panel of four
microRNAs (miR-21, miR-210, miR-196a and miR-155)
reveal a sensitivity of 64% and a specificity of 89% for
pancreatic cancer. In addition, expression profiles of
microRNAs may also be very informative not only to
discriminate pancreatic cancer from the normal pancreas,
but also for the differential diagnosis of chronic pancre-
atitis. This shows the interest of mictoRINAs as diagnos-
tic tool in biological fluids in a non-invasive manner.

MicroRNA have been described as key players in
pancreatic cancer development but above in pancreatic
cancer cell chemoresistance. The mechanisms involved
in drug resistance of cancer cell include alteration of
drug target, altered regulation of the cell cycle and apop-
tosis, increased DNA damage repair and ejection of the
drug from the cell by drug efflux pumps. Interestingly,
microRNAs can influence the drug response by regulat-
ing all of these cellular processesm. MiR-21, miR-146,
miR205, miR10b, miR-7 and many others microRNAs
are implicated in these phenomenon. In this context,
microRNAs can serve not only as a valuable therapeutic
target but also as a predictive marker for a large number
of diseases including pancreatic cancer. The study of
microRNA expression in tumors may also lead to the
identification of different molecular subtypes of pan-
creatic cancer that may provide insight into selection of
patients likely to benefit from therapies. Nevertheless,
whether this will translate into clinical applications is still
highly debated.

Some microRNAs are not only predictive and di-
agnostic markers but also prognostic markers. Indeed,
Bloomston ¢ a/*” originally reported that 6 microRNAs
(miR-452, miR-105, miR-127, miR-518a-2, miR-187, miR-
30a-3p) are over-expressed in the patients with a longer
survival (greater than 2 years). In addition, Yu ez al®
reported that patients with high levels of miR-200c ex-
pression present with significantly better survival rates
than those with low levels of miR-200c expression.

To conclude microRNA expression signature may
be informative for the diagnosis, prognosis and predic-

. . 65 .
tive of pancreatic cancer™™. In other words microRNAs
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Table 2 Main studies with expression of miRNA in endo-

scopic ultrasound-guided fine needle aspiration specimens

Ref. miRNA FNA  Possible clinical
implication

Torrisani et al™ Let-7a X Diagnosis

Hanoun et al™ miR-148b X | Diagnosis

Szafranska et al™"

Szafranska et al™ miR-196a X 1 Diagnosis

Szafranska-Schwarzbach et al™

Szafranska et al™ miR-217 X | Diagnosis

Szafranska-Schwarzbach et al'*”
Du Rieu et al® miR-21

(63]

X1 Diagnosis, prognosis,
response to treatment

miR-10b Xt Prognosis, response to

treatment

Bloomston et al
Preis et al™

X 1: Up regulated; X |: Down regulated. FNA: Fine needle aspiration.

appear to be reliable biomarkers to assist clinicians in all
stages of care for patients with pancreatic cancer. Thus,
microRNAs are expected in the future to prove specific
and/or sensitive as a long-awaited screening tool for
pancreatic cancet.

MicroRNA detection EUS-FNA

Nowadays, the vast majority of pancreatic cancer pa-
tients have metastatic and/or locally advanced diseases
at the time of diagnosis; in other words, these patients
are not eligible for curative resection which explains the
limited access to pancreatic tissue specimens. As ex-
plain before, endoscopic ultrasound-guided fine needle
aspiration-biopsy is the most widely used approach for
cytological and histological material sampling in this situ-
ation. Szafranska ez a/”" revealed that microRNA and
more precisely, miR-196a and miR-217 expression analy-
ses from FNA material can discriminate pancreatic can-
cer from benign lesion with a high sensitivity (90%) and
specificity (100%). These results paved the way to the
first development of a molecular test using microRNA
for the differential diagnosis of pancreatic cancer®’.

Preis’s”” group has demonstrated that miR-10b and
miR-21, two well-characterized onko microRNAs, are over
expressed in the FINA material from pancreatic cancer
patients. MiR-10b is now classified as a novel and power-
ful diagnostic biomarker for pancreatic cancer. In addi-
tion, reduced expression of miR-10b is associated with
improved response to multimodality neoadjuvant therapy,
surgical resection, time to metastasis, and increased sur-
vival. Thus, miR-10b may serve as a novel diagnostic and
prognostic biomarker in PDAC and as a tool for predict-
ing response to therapy.

Then, we recently demonstrated that let-7a tumor
suppressor microRNA expression is repressed”™ in FNA
material of pancreatic cancer and that the measurement of
hypermethylation of mictoRNA miT-148a encoding DNA
region is potentially useful to differentiate pancreatic can-
cer and pseudo-tumor forms of chronic pancreatitis™

To conclude, mictoRNAs are very promising emerg-
ing molecular markers in pancreatic cancer that can be

Baishidenge ~ WJG | www.wjgnet.com

10763

Bournet B ef a/. Molecular diagnosis of pancreatic cancer

quantified in EUS-FNA specimens. Table 2 resumes
clinical applications of microRNAs in FNA material.
However, forthcoming prospective studies are needed to
ask whether microRNAs may translate into reliable bio-
markers for pancreatic cancer management.

MUCINS AND MARKERS OF INVASION

Expression of mucins

Mucine (MUC) are the main components of mucus.
They are synthesized and secreted by specialized cells of
the epithelium and in some case, by non mucin-secreting
cells. MUC are membrane-tethered high molecular
weight glycoprotein, and frequently overexpressed in
PDAC. Mucins have been implicated in tumorigenicity,
invasiveness, metastasis and drug resistance through their
characteristic O-linked and N-linked oligosaccharides,
extended structures and unique domains. MUC are clas-
sified into three categories, membrane associated mucins
with MUC1, MUC3 or MUC4, gel-forming mucins with
MUC 2 or MUC5AC and soluble mucin with MUC7.
MUC are expressed in normal pancreatic tissue, PDAC
or precusors lesions as IPMN or PanIN'™., The MUC
expression profile has a hight value for the diagnosis of
PDAC (especially MUC1) and several studies implicated
these markers in the prognosis and outcome of patient.
From samples obtained under EUS FNA, MUC can be
detected using immunohistochemistry™™. By this way,
Nagata ez al® investigated the expression of MUC in
various pancreatic tissues. MUC1 and MUCG are expressed
in normal pancreatic tissues while MUC 2 and MUC 5AC
are never expressed. The expression profile of MUC
in IPMN is different between the different subtypes of
IPMN. IPMN of intestinal type display a high expression
of MUC2 and MUC5 AC while IPMN of pancreaticobili-
ary type has a low expression of MUC2 and a high expres-
sion of MUC 5AC. In PDAC tissues, MUC1 has a high
expression but no expression of MUC2. Wang e#al'", after
immunohistochemistry on EUS-FNA samples demon-
strated the expression of MUC1, MUC2 and MUC5AC
in PDAC and in benign pancreatic disease samples. They
investigated the diagnosis value of cytology analysis alone

vs combination of cytology together with the presence of
MUC1 or MUC 5AC. They concluded that the combina-
tion of cytology and MUC1+ or MUC5AC+ provide
higher sensibility and accuracy for the diagnosis of PDAC
(Table 3).

Expression of factors implicated in tumor invasion
The identification of others biomarkers has been pro-
posed from samples of pancreatic tissue obtained by
EUS-FNA. Indeed the quality and the amount of cel-
lular pancreatic samples obtained by EUS-FNA allow
immunohistochemistry thanks to cellblocks but also the
extraction of RNA to perform Real Time Reverse Tran-
scription Polymerase Chain Reaction.

We previously performed an expression study using
c¢DNA macro array of pancreatic cancer cells and PDAC
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Table 3 Main studies investigated expression of Mucin and molecular markers for the diagnosis of pancreatic cancer using endo-

scopic ultrasound-guided fine needle aspiration materials

Molecular markers Methods for analysis Sensitivity (%) Specificity (%) Accuracy (%) Ref.
MUC1+/MUC2-/MUC5AC+ THC 70 100 75 70
CytoP + MUC5AC THC 90 93 91 71
CytoP + MUC1 85 100 89

MSLN, UPAR qRT-PCR 100 94 - 77
S100P THC 90 90 87 78
MSLN 62 74 66

S100P + KRT7 qRT-PCR 80 77 - 23
cytoP alone qRT-PCR 68/88 100/90 75/89 73

cytoP alone/cytoP + S100A6

CytoP: Cytopathology; IHC: Immunohistochemistry; qRT PCR: Quantitative reverse transcription polymerase chain reaction; MUC: Mucin; MSLN: Meso-

thelin; UPAR: Urokinase plasminogen activator receptor.

tissues. Following this DNA chip study, RT-QPCR vali-
dated the increased expression of LCN2 (lipocalin 2)
and for the first time PLAT (tissue-type plasminogen
activator or tPA) in PDAC as compared with normal
pancreas. Following, PLAT and LCN2 transcripts ob-
tained through EUS-guided FNA from patients with
PDAC showed a significant increased expression levels
in comparison with those found in normal tissues, indi-
cating that a sufficient amount of high quality RNA can
be obtained with this techniquemj.

Subsequently we conducted a prospective multicenter
study using dedicated TagMan Low Density Array tech-
nology on EUS-FNA materials™. We quantified candi-
date gene expression in biopsies sampled from 44 locally
advanced and/or metastatic pancreatic carcinoma and
from 17 pseudotumoural chronic pancreatitis. We found
that eight genes (S700P, PLAT/ Plasminogen Activator Tis-
sue, PL AU/ PLasmine Activator Urokinase, MSIIN/Mesothe-
lin, Matrixc MetalloProteins 7 and 11, KRT7 and 17/ Keratin)
were significantly over expressed in pancreatic cancer
samples when compared to pseudotumoural chronic
pancreatitis. The area under receiver operating curve es-
tablishes the clinical validity of the potential diagnostic
markers identified in this study (values ranging from 0.69
to 0.76). In addition, combination of S100P (calcium
binding protein P) and KRT7 gave better diagnosis per-
formances (Table 3). We demonstrate that molecular
studies on EUS-guided FNA material are feasible for the
identification and quantification of markers in PDAC
patients diagnosed with non-resectable tumours. Using
low-density array, we isolated a molecular signature of
advanced pancreatic carcinoma including mostly cancer
invasion-related genesm]. Zihao et al” demonstrated the
interest of S100AG for the diagnosis of pancreatic cancer.
The material used RNA extracted for quantification of
gene expression by RT PCR and S100A6 immunohisto-
chemistry to validate the expression. Deng e7 al™ demon-
strated also a nuclear or cytoplasmic staining for S100P
and it was specific for pancreatic cancer with 100% diag-
nostic sensibility. Kosarac ez al™ obtained similar results.
These different biomarkers as calcium binding proteins
such as S100P (that are associated to metastase and poor
prognosis) may contributed in positive diagnosis of
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pancreatic cancer but also in differential diagnostic with
) .. 678
benign pancreatic disease™!,

MARKERS FOR THE TREATMENT
EFFICACY

Gemcitabine is transported into cells predominantly by
human equilibrative nucleoside transportersm]. A defi-
clency of activity of one of them, hENT1, conferred
high-level resistance to the toxicity of gemcitabinelgo*ss],
and patients with PDAC that have detectable hENT1
or high hJENTT7 gene expression have significantly pro-
longed survival after gemcitabine chemotherapy when
given as adjuvant treatment after resection™™. After
transport, Gemcitabine must be sequentially converted
into mono- di- or triphosphorylated forms to exert its
full cytotoxic activity. In this cascade, the first two steps
of phosphorylation are rate-limiting. In mammalian cells,
gemcitabine conversion into gemcitabine monophosphate
is performed by the deoxycytidine kinase (DCK)™*".
Then, the Uridylate monophosphate kinase yields gem-
citabine diphosphate[gﬂ. Gemcitabine derivatives exhibit
antitumor activity either by interfering with intracellular
nucleotide pools, or through direct inhibition of DNA
synthesis. Resistance to gemcitabine has been reported
to involve a deficiency in DCK enzyme, a decrease in
nucleoside transport and an overexpression of ribo-
nucleotide reductase. After cellular entry, gemcitabine
must be phosphorylated by deoxycytidine kinase (dCK),
which is a rate limiting step. We previously demonstrated
that down-regulation of dCK specifically enhanced
acquired resistance to gemcitabine in pancreatic cancer
cells, whereas transfection of wild-type dCK restored
sensitivity to the drug™. Conversely, active metabolites
of gemcitabine are reduced by 5'-nucleotidase, and gem-
citabine itself is inactivated by cytidine deaminase (CDA).
High levels of these catabolic enzymes are associated
with resistance to the drug. Ribonucleic Reductase (RR)
1s a dimeric enzyme composed of regulatory subunit
M1 and catalytic subunit M2. PDAC patients with high
levels of RRM1 expression had poor survival rates after
gemcitabine treatment. Moreover, RRM2 gene silencing
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by RNA interference is an effective therapeutic adjunct
to gemcitabine treatment. These data suggest that the
genes encoding proteins involved in the transport and
metabolism of gemcitabine and in the metabolism of
targets can be potential candidates to predict sensitivity
to gemcitabine.

Fujita e al® investigated 70 patients with PDAC. Of
the 70 patients, 40 received gemcitabine-based adjuvant
chemotherapy. They measured hENT1, dCK, CDA,
RRM1, and RRM2 mRNA levels by quantitative real-
time reverse transcription-polymerase chain reaction
in endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) cytological specimens. High dCK, low
RRM2 groups had a significantly longer disease-free sur-
vival in the gemcitabine-treated group[w. Itoi e al* as-
sessed 35 PDAC biopsy specimens for RRM2 expression
levels. In the low RRM2 expression group, a complete
response was observed in one patient, and a partial re-
sponse was observed in eight patients. In contrast, in the
high RRM2 expression group, complete response was
not observed. In the work from Ashida e a/°" mRNAs
were extracted from 35 unresectable pancreatic adeno-
catcinoma tissues obtained by EUS-FNA before GEM-
treatment. Among these GEM sensitivity-related genes,
dCK alone showed a significant correlation with Gem-
citabine efficacy. Among all molecules that are crucial
for Gemcitabine intracellular transport and metabolism,
hENT1, dCK and RRM2 appear important. If their ex-
pression has been studied at the mRNA levels on EUS-
FNA, immunohistochemistry on these materials remains
to be validated.

CONCLUSION

Both clinician and scientist take benefit from cellular
and tissue material sampled under EUS-FNA in PDAC
patients. The progress of molecular biology authorizes
now extraction of DNA, mRNA and miRNA. After
amplification identification of genetic abnormalities and
quantification of biomarkers for improvement of diag-
nosis, prognosis and hopefully treatment together with a
better knowledge of pancreatic carcinogenesis especially
in locally advanced pancreatic adenocarcinoma. Among
these markers, Kras oncogene assay appears now the
most robust for improvement of positive and differential
diagnosis of pancreatic cancer especially when FINA are
inconclusive or doubtful. Clinical implication or miRNA,
Mucins and markers of invasion is still debated. Future
molecular developments may open windows towards
personalized treatments after molecular characterization
of a single patient.
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