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Abstract — The purpose of this paper is to present the project  The objective of the project is to validate the laggtion of
LOCCANDIA as a promising nano-technological applicaion in  plasma protein profiling for early pancreatic candimgnosis
the medical-proteomics for early pancreatic cancerdetection. by means of developing an innovatimano-technology based
LOCCANDIA stands for Lab-On-Chip based protein profiling (lab-on-a-chip) platform integrated in a full prokeics

for CANcer DIAgnosis and it is collaborative and . : . i :

multidisciplinary effort that aims to integrate a full proteomic _ar]:alymsfcham, frog_1 blOOd Sample p(;epf’;\r]:':ltlon i gnol'SIts d

analysis chain from blood sample to diagnosis infanation using Informa |0_n combining 10-an Information  relate
technologies

innovative technologies

I.  INTRODUCTION The main research outcomes of LOCCANDIA project wil
Gastric cancers, such as pancreatic cancers, aegathe P€: (1) An optimised chromatographic-electrospralg-n-

most frequently observed severe diseases in deaglof"iP dedicated to protein profiling for cancer diegis, (2)

countries. These types of cancers are detecteckgnsive A1 INtégrated Clinic-Proteomics Environment suppytthe
diagnostic imaging methods at a late stage resultinpoor integrated device and diagnosis, (3) A proof-ofaapt of this

prognosis and high mortality rate since the onlfeetive innqvative Iab-on-phip te_chnology and the assodiatealysis
therapy is an early resection of the tumours chain for cancer diagnosis.

The human plasma proteome holds the promise of _aThis proof of concept will be validated with a séninety-

revolution in disease diagnosis and therapeuticitmang. SX human samples, coming from adenocarcinoma rafie
The plasma protein analysis aims to characterize gpntrols and confused cases. The expected outcooudw

proteomic status of cells and in particular to defihe degree ©Vercome the actual state-of-the-art approach fagnusis

of their disorder according to their expressionelepattern. Paséd on imaging analysis and single proteins meamnts
This is in particular highly relevant to the efforthat have PY Elisa (Enzyme Linked Immuno Sorbent Assay)..
been done in associating specific protein markeelée in

: . , [ll. MEDICAL USER REQUIREMENT
patients’ blood with the different cancer stages. Q

The general requirements for molecular marker

One major breakthrough comes from the utilizatidn @héasurement are: exact measurement of validatetbipro
multi-protein disease markers detection insteadsioigle Marker concentrations, known concentration range&l an
protein analytes and the detection of all the isof of the maximal tolerated variation of the marker, timenieafor the
selected proteins. Recent advances in mass spettyomiull @nalysis procedure should not exceed 96 h.
coupled with lab-on-chip technologies and bioinfatits may

revolutionize medical diagnosis and cancer scregnin Improved molecular markers and marker detectiorhoukt

should result in the early detection of tumours llendghan 1
II. LOCCANDIA OBJECTIVES cm. The integration of various diagnostic data sthcupport



a reliable decision support system for diagnostios the
selection of treatment options. It should be adhiewith a
minimum of diagnostic markers anéh vivo imaging.
Molecular markers are preferred for cost reasons.

IV. LOCCANDIA BIO ASPECTS

Standards protocols for extraction of blood sampgled
affinity columns for protein
preparation of proteins to make synthetic protenigure, the
production of the specific antibodies and the desij the
affinity columns and the quality control of the peims using
MALDI-MS are the main goals of this module.

For the development of the analytical chain threstgins
with different structural features reflecting thetérogeneity
of human tumour biomarker have been selected: B1Pi& a
small secreted factor with an elevated expressioradute
pancreatitis and pancreatic tumours. 2) CEA is @ela
glycoprotein and an established tumour marker. 320p
Catenin is an intracellular protein which promotescreas
tumour growth. In particular, p120 can be expredsechore
than 20 isoforms, within the project is planned®able of
detecting various p120 Catenin isoforms.

A. PAP1 Protein and Antibody Production

demonstrating the binding of anti-PAP1 antibodies the
protein in organelles of human pancreas tumourscbhyf
immunofluorescence microscopy (Fig. 1, right image)

With the combination of recombinant PAP1 and specif
PAP1 antibodies we have generated tools for theldpment
of an affinity module for the specific isolation BAP1 from

isolation are used. eérhhuman blood samples.

|| Purified PAP1 protein and newly designed and produc  ed antibodies I

PAP1
purified protein
total purified

Anti-PAP1 anti-
bodies detect PAP1

-Ab  +Ab

Antibodies detect PAP1 in pancreas
tumor cells (immunofluorescence)

Figure 1 Total protein extract and purified reconalnit PAP1 protein (left
panel). Purified anti-PAP1 antibodies detect amdi b0 PAP1 protein (+Ab,

Human PAPL1 protein has been produced as a recontbineenter panel). Same protein extracts on filter nremd incubated with non-

protein in bacteriaE. col). cDNA coding for the human

PAP1 protein has been cloned and modified for aafequ

bacterial production of the full length sequence hofman
PAP1 protein and introduced into a procaryotic egpion
vector. Grown bacteria were harvested and brokemyeb
access to the expressed proteins. After severahimgs
procedures the isolated bacterial proteins wereotlied.
Thereby isolated proteins were further refined gsian
affinity-purification  column.  Afterwards, buffer dn
solubilizing conditions for the purified PAP1 wetested and
adjusted by means of dialysis. . PAP1 proteintethg the
predicted molecular weight is produced in quargitié more
than ten milligrams (Fig. 1, left panel)

In order to design and produce antibodies spediic

specific antibodies show no reaction at all (-Abnter panel). Anti-PAP1
antibodies detect native human PAP1 in pancreasuunells (right image).
Anti-PAP1 antibody is able to detect native PAPddoiced by human tumour
cells, an important prerequisite for the project

B. The affinity module

Protein isolation from plasma sample is performsd b
means of an affinity module. Particularly, the depenent of
this module is based on the Immunoaffinity Chrorgedphy
(IAC), which exploits the interactions between
immobilized antibody and the analyte (antigen optémn) to
extract very selectively the analyte from a compsaxnple
matrix. In our case, such a matrix consists of plasample
that is known of its perplexity. Moreover, the dnment of the
immunoadsorber (specific antibody raised againspecific
antigen-protein) leads the sample pre-treatmebetoeduced

an

PAP1 the protein sequence and structure were athlydo a one-step solid-phase extraction and purificathat can

Primary and secondary structure analysis was padgdrto
select peptide sequences which provide a high pitifyafor
hydrophilicity and antigenicity. Finally, peptideguences of

be in the order of thousand-fold.

The principal stages of the immuno-affinity modate the

16 amino acid residues in length were chosen tieglikely to following: First, the antibodies are immobilized ansupport
be presented on the proteins surface and exhibit lonatrix, which has been chosen to be the surfageagnetic
homology to other human proteins. Correspondingtipep beads. Further, the immuno-adsorber is loaded thihcrude

were chemically synthesized and injected
repeatedly to cause an immune response and producfi
specific antibodies against PAP1. Eggs were catkand
antibodies were separated from the egg yolk usieral
steps of lipid/protein extraction. Subsequentlye tisolated
antibodies were tested for reactivity and specifieyoduced
antibodies effectively recognize and bind to imntiabd
PAP1 protein (Fig. 1, center panel). Moreover, wecsed in

into ahick sample (plasma). The analyte (hapten) is retardedthe

column by selective interactions between antibady analyte.
In a washing step, the non-interest molecules a@shed out.
The final step is the elution. In order to achiewenaximum
enrichment of the analyte, the elution volume isyvemall
and the elution agents that are recruited commiseolatile
buffers. The decision for the usage of the latts been taken
owing to the requirements of the digestion modalddw salt



content of the sample. The properties of the efutioffers are volumes or leakages that produce unreliable reslgo
defined according to the magnitude of the extractiwhich integrated modules are being developed based oricia-m
should at least approach an optimum recovery. pillar technology on silicium wafer [1,2]: a digest module
and a nano-liquid chromatography-electrospray atios
The product data sheet provides several protocots module.
ligand coupling which have been evaluated in
semiquantitative manner (SDS-PAGE) in order to dieci !
which one should serve better. According to the esatata ~ MiXtures
sheet the first protocol is less laborious and nobstll gives The silicon microfluidic devices, called E-sprayipsh
higher yields but is not recommended when usingniity that integrate both a reversed-phase separation columeh@a aano-
contain carboxylic acid groups such as proteindchvineact electrospray emitter. Microchips are fabricatedlofeing
with the carbodiimide and cause polymerizationhef ligand. standard steps of silicon microtechnology. The sEjmm
In this case, excess of the latter should be agptie column is a perfectly ordered 2-dimension arraysgfiared
compensate for the loss due to the phenomenon maitro-pillars, directly etched in the silicon sutase, and the
polymerization. The second one protocol seems tsuitable electrospray emitter is a planar nib-like nano-fipo kinds of
when limited amounts of the ligand are availablg iu reversed-phase coatings are grafted in our colursimg (i) a
requires a very fast wash of the beads in coldebudfiter “chip by chip” process in liquid phase with a CliByated
activation. The last protocol should be preferredew the silane and (i) a collective process in vapor phaik a C10-
ligand is in alkaline buffer or a buffer with higthosphate perfluorated silane. Analyses of standard tryptigesits of
concentration. cytochrome c¢ in hydrodynamic pumping mode have
r— = - demonstrated a spray of good quality and effectgmaration
performances of these microdevices with a high&nten
capacity for C10-perfluorated ones. These new rolips can
be produced at a very large scale with a mass ptioau
process from the microfabrication to the chemicahtment.
An optimization of the nano-electrospray emitteoigetrical
parameters is under development in order to aveaflows
that sometimes occur around the nano-electrospnaijtes
and to enhance spray robustness. As well, an gattion of
the analytical conditions, in terms of gradient pmsition and
flow rates and a complete characterization of tgasation
column in terms of capacity, plate height, and #isity are
currently performed. Various surfaces over volunagios,

a
A. Silicon Microchip for LC/MS Analysis of Peptides

Figure 2: Silver staining results of an 8% SDS-EAGn the left is a

prestained protein marker and on the right thezearone-step coupling
protocol, b) two-step coupling protocol without Nid8d c) two-step
coupling protocol with NHS.

After coupling the anti-PAP1 antibodieghwihe beads,
we proceeded with running the denatured ligand 8%
SDS-PAGE. In particular, we have recruited halftla# final
volume of the coupled beads, which had been adjustéqul
with withphosphate-buffered saline pH 7.4. The &lgmation
of the bands had been accomplished by a silver, Stagure 2.
The results indicate that the second protocol per$detter in
comparison with the other two. Our present effartsfocused
on the evaluation of the PAP1 protein isolationnfrmon-
crude synthetic samples of different concentratfoorder to
evaluate the dynamic range of the system to recdver
protein.

V. LOCCANDIA NANO ASPECTS

Microfluidic chip platforms for manipulating liquid
volumes in the nanoliter range are serious alterestto
current robotic systems. Automation will continue lte a
bottleneck for standard laboratory approaches. rinciple,

micropillars shapes and gaps, column lengths anithsiwill
then be tested to improve the column efficiencyalfsis of
more complex peptides mixtures prepared in collatiom
with LOCCANDIA partners will soon be considered.

\

N

Figure 3: Nano-LC separation module. The separatiiumn is a perfectly

ordered two-dimension array of squared micro-g|lairectly etched in the

silicon substrate (left). The ESI emitter is nikelitip integrated directly on
silicon at the end of the chromatographic colunghg).

VI. LOCCANDIA INFO ASPECTS

In this part we focus on the presentation of thsigie of
an integrated information management and analyaifopm

lab-on-chip merges multiple functions onto one CBIRINING for 5 fyll-chain clinico-proteomic  analysis. The rieas

high sensitivity through nanoliter range volumesdae fynctional modules of such an information systene ar
elimination of connections and valves that mayoidtice dead



discussed, and the architectural principles as wsllthe chemometrics methods and is more global than peak
technological standards adopted for the implememtatf the extraction methods since it takes into accountwhele 2D
system are presented. signal. It relies on a functional model linking th@known
molecular concentration profile and the spectrogram
Info part of the project addresses the complexitiedata measurements. The chosen techniques are dall&d(Partial
generated from the analysed mixture and is focusad | eagst Square), NPLS, CLS (Classical Least Squang) a
delivering methods and tools for improving the meement pARAFAC (PARallel FACtor Analysis)it enables to
reliability, and ultimately providing a robust aedsy to USe model the variations of a given number of variablegor
system. As a result, the LOCCANDIA Informationyhich the direct measurement is not possible (incase, the
Management System (LIMS) has been developed. LA ,6teins concentration), as a function of othersiaes Y
innovative integrated ~ clinico-proteomics  computadb easily measurable (the 2D spectrograms at the bufpthe
environment that has been designed, combining atdnd gna|ysis chain). The reconstruction module includessteps:
based informatics systems and best-of-breed coriué he pre-processing step (conversion and interpoiatit the
modules, to support the LOCCANDIA integrated labedp 1S data, time delay correction, chemical noise seggion,
based diagnostic device. LIMS will allow physicians 44t smoothing) and the processing step which sporels to

interpret the digital spectrogram data deliveredthyy mass e estimation of the concentration of the targgtedeins.
spectrometer and to provide support to set thagrisis.

The reconstruction module has been tested on ewpetal

Managing heterogeneous information requires thégdesyatasets obtained with different complexity of ranes (water,

and implementation of a “clinic-proteomics databiaséhich rine plasma) and has provided highly accurateltesvith
must adhere to strict rules ensuring clarity andligu The |ass than 10% of error.

common format should include all proteome data. (papk
lists), linked when possible with other charactérssobtained C. The Identification Module

from fractionation together with the study protb@ampling  This module is responsible for identifying the jeins and
procedure and sample preparation, calibration, liegcand peptides that are not in the initial targeted pamef it is
quahty Control Cr|ter|a, as We” as CI|n|Ca| datS.UCh a possib'e to be present in the measurement. Th|su[a(]d
database does not Currently exist in the pub|iC€dDm based on the Phenyx SoftwarE, which is a Soﬂwmmm
. for proteomic mass spectrometry data analysis. Phés
‘Therefore, a database was designed and develogedcdpable of identifying and characterizing proteiasd
bUIldlng on the outputs of existing standardizatioitiatives peptides from mass spectrometry data, ut|||z|ng EHeAV
and was integrated into the LIMS. The LIMS arcttitee and  trye probabilistic scoring system for applying MSMcoring
the main integrated modules for reconstructionssifecation, gchemes [14].

identification and visualization are described belo ) o
D. The Visualization Module
A. The LIMS Architecture The visualization module provides a sophisticatexy \wf
LIMS is a web-based application, responsible foe thvisualizing mass spectrometer raw data, reconsmugtofiles
storage, examination and manipulation of clinicahda and any relevant information for data analysis.
proteomic data. LIMS acts as a mediation platfoon the Implementation of this module is based on MSightveare
integration and data. Its ultimate objective isiritelligently platform. MSight is the software for displaying abibwsing
correlate clinical and proteomic information towsrdany portion of the collected mass spectra.
LOCCANDIA’s goal of early pancreatic cancer diagisos
The application was designed and developed usidttinee- Phenyx is powered by Aldente algorithm in order to
tier” software architecture. This is a well knowlrent-server identify proteins from peptide mass fingerprintidgta. That
architecture that clearly distinguishes the différenodules implies that an unknown protein is digested withrateinase
that participate in a web-based application soféwar of known cleavage specificity and the resulting tjgs
measurement by mass spectrometry. Phenyx can pewdor
Apart from the usual advantages of modular softweth comparison between the experimentally measuredideept
well defined interfaces, the three-tier architeetig intended masses and the theoretical peptides (in a pro&guence
to allow any of the three tiers to be upgraded eplaced database).

independently as requirements or technology change. o
E. The Classification Module

B. The Reconstruction Module The classification module aims to predict patients
As seen before, the diagnosis is based on the stratien outcomes based on the measurements of the selectesk
estimation of a panel of targeted proteins chosemarkers of proteins. Additionally, relevant clinical data wilk also used
the disease. The profile reconstruction moduleizeslthis to improve the accuracy and sensitivity of the radthThe
guantification from LC-MS spectrograms, at the amitpf the module has been developed in R language and impleghén
analysis chain. The proposed approach is based the Java environment of LIMS. Final users have mepaf



tools based on Logistic regression and Support drect

Machines with nine different kernels. These tooldl Wwe
validated with ninety six real cases to assess libter
methodology for reaching the better patient diagno®ne
major advantage of the selected methods are thpmhility
of continue learning thus, as more the classifieused for
predicting new samples as better would be the ptigdi
outcome.

VII. CONCLUSIONS

Adenocarcinoma of the pancreas is the fourth leadause
of cancer deaths in Western Countries. By the tiofie
diagnosis, at least 80% of tumours are unresectdble
overall five-year survival rate is 4 percent, amatalized,
resectable disease has only a 17 percent suratal r

The earliest stages of this cancer like othergygfeumour
remain poorly understood. Therefore, diagnosis dhase
biomarkers research has found several pitfalls sk lof

LOCCANDIA project intends to detect the disease at
tumour-earliest-stage by measuring circulating girnst by
applying an innovative integrated lab-on-chip systoupled
to mass spectrometer and supported by innovative
developments. Early diagnostics, providing advangexdein
profiling information enables patients/citizensget the right
information at the right time in the right contexthis will

allow them to improve their health by early deteatiof
cancer before symptoms appear, by a personalizeticime
through molecular fingerprints, and by ubiquitouzess to
the information through the development of point aafre
devices.

IT

The big step offered by advanced protein profiliago
early detect and monitor a disease through an sisalyf
protein fingerprints in plasma probes. Early deétectof
disease by following simple molecular parametera imain
objective of modern medicine. The diagnostics obtg@n
fingerprints might help also to specify the relavan

specificity and accuracy. Attempts on detecting ne@hemotherapy treatment of cancers. There is a rafed

biomarkers or on using several biomarkers to gatuiacy
and specificity should be done for improving eatBtection
of this kind of malignancies

automatically operating integrated devices sucthadab-on-
chip. LOCCANDIA is a starting point to allow clirat routine
mass spectrometry based in vitro diagnosis. Theraldo a
need for information technology to improve the etmsase

In vitro diagnostics state of the art and gold standard fand the reliability of this measurement processd, the access
end users are absolute and validated concentratafnsto complementary patient information.

molecular markers (e.g. ng/ml). The analysis of tgiro

markers requires a period of 4 working days. Fochea

molecular diagnostic marker is a concentration earfigr

The development of an innovative lab-on-chip and th

healthy individuals and diseases defined. Diseaseses a associated analysis chain including biomedical rimfatics

shift in the concentration range of relevant molacmarkers.
These concentration ranges are overlapping for maarkers,
a single marker is therefore not indicative andicieht for
diagnosis.

(BMI) technology will strengthen healthcare indiesr
Innovation in LOCCANDIA is based not only on the
development of a full analytical chain that aimsnprove the
state-of-the-art but also on the seamless integraif a bio,
nano and information processing stages for the Idpueent

The advent of new technological improvements based of a novel integrated diagnostic system. From tharoercial

developing of lab-on-chips components that are &blearry
out operations at nano-litter scale providing higsensitivity
and specificity. Using this microsystem coupledhwihass
spectrometry leads to get better reproducibility thie
experiments.

Mass spectrometry (MS) approaches are very atieadt
detect protein panels and protein isoforms in sitiga way.
Information generated using MS needs to be managed
analysed to be useful for physicians. Improvementsising
mathematical and statistical models for analysiogmlex
and heterogeneous data will lead researches anwrdoo
extract knowledge, uncover potential ‘hidden’ patsein the
data and discover biomarker models of predictiveigrothat
would support them in doctors’ clinical decisiomtowever,
the application of MS to clinical diagnosis is Istit its
beginning. The need for new and relatively simpeices to
allow for the translation of these research restdtglinical
practice is urgent.

point of view, the innovation brought by LOCCANDIWill
be major marketing arguments to reinforce industry
competitiveness

The successful achievements of LOCCANDIA obijectives
will lead to revolution the field of cancer diagtios
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