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Abstract

Conditioned medium (CM) from clonal sub-populations of the pancreatic cancenegll li
MiaPaCa-2 with differing invasive abilities, were examined for thig@ceonin vitro invasion.
Conditioned medium from Clone #3 (CM#3) strongly promoted invasion, while CM from Clone
#8 (CM#8) inhibited invasiom vitro. 2D DIGE followed by MALDI-TOF MS analysis of

CM#3 and CM#8 identified 41 proteins which were differentially regulated; 27 proteires
down-regulated and 14 proteins up-regulated in the invasion-promoting CM#3 when compared
to CM#8. Western blotting analysis confirmed the down-regulated expressiosalirgand

the up-regulation of aldehyde dehydrogenase 1A1 in CM#3. Down-regulation of aldehyde
dehydrogenase 1Al in Clone #3 CM and gelsolin levels in Clone #8 CM by siRNA traorsfecti
revealed an important involvement of these proteins in promoting and inhibiting invasion in

these pancreatic cancer cell lines.



1.0 Introduction

Pancreatic cancer is one of the most lethal cancers and {8 ladéng cause of cancer-related
deaths in Europe [1]. Pancreatic cancer is associated with poor prognosite tiemartality
being similar to that of the rate of incidence.

All-stage 5-year survival rate is less than 5% [2, 3]. Conventional approachesnggludi
surgery, radiation, chemotherapy and combinations of these therapies, haseheifeltttlon the
survival rate of patients diagnosed with pancreatic cancer. Pancasater @ppears to be
inherently resistant to a wide variety of chemotherapeutic agents, whichfeaugickatly and
are unrelated with respect to molecular structure and target speciflfogtynalignant
progression, invasion and metastasis of this cancer is complex and poorly understosd. In thi
study, we investigated the proteomic profile of proteins from the conditioned media sfib-
clones of a pancreatic cancer cell line with varymgtro invasive characteristics. Proteins
released by pancreatic tumour cells may be detectable in bodily fluids suchealood,
serum and pancreatic ductal juice. Such proteins could be useful in early diagnosis;imgonit
and perhaps even molecular classification of pancreatic tumours [4]. Proteatyises of
pancreatic tissue, pancreatic juice as well as blood plasma and sera havedéed [&. The
main biomarker currently available for pancreatic cancer detection, CA19-Beba
demonstratetb be quite sensitive and specific in the diagnosis of this malignancy [6, 7],
however, this marker is not fully specific as false-posiivialse-negative findings occur in
patients with other gastrointestinal malignaneied also in patients with benign disease,
particularly wherassociated with obstructive jaundice or cirrhosis, which may contribute to late
diagnosis of pancreatic cancer. Approximately 10% of the population with the hegative

genotype are not able to produce CA 19-9, due to a defidercfucosyltransferase specified



by theLe gene that is involveid its synthesis [8]. Therefore, in a sub-set of patients, CA 19-9

expression will be falsely low eventime presence of advanced pancreatic cancer [9].

We previously isolated sub-clones of the human pancreatic adenocarcinoma delidiP@Ca-
2. This cell line was chosen as it displays modest invasion through matrigel, and couitybe eas
cultured as single cell colonies. Two sub-clones, Clone #3 and Clone #8 displayed the largest

differences in invasion compared to the parental cell line and were chose far dndhesis.

In this study, we compared proteins in the conditioned media of highly and poorly invasive sub-
clones of the pancreatic cancer cell line, MiaPaCa-2, and identified mariyuperegulated

and down-regulated proteins in our model. Furthermore, we investigated the functionél role
aldehyde dehydrogenase 1A1 and gelsolin in invasion by siRNA analysis amdidedethat

these proteins may have a novel role in the invasive phenotype of pancreatic cancer.

20 Materialsand methods

21 Cdllines

The human pancreatic cell line MiaPaCa-2 was obtained from the Europeani@otécCell
Cultures (ECACC, UK). BxPc-3, Panc-1 and AsPc-1 human pancreatic cancereselére
obtained from the American Tissue Culture Collection (ATCC, Rockville, MD, USkne #3
and Clone #8 were obtained by single cell dilution in this laboratory. Briefly tieataacell
line, MiaPaCa-2 was diluted to a concentration of 3 cells/ml angili@ted onto each well of
a 96-well plate. After 24 hours each well was studied for single cells, lameedlto grow into
colonies. The colonies were then screened by invasion assay to assess tinegr abvdges.

Cells were maintained in a humidified atmosphere containing 5 %aC&°C in DMEM



supplemented with 5 % FCS (Sigma-Aldrich). All cell lines were free frojnddlasma as

tested with the indirect Hoechst staining method.

2.2  Callection of pancreatic cancer cell line-conditioned media

Clone #3 and Clone #8 monolayers were cultured in T175lasks until approximately 60%
confluent in culture medium. Cells were then washed 3% with serum free (SF) Ci&M
incubated for 1 hr with SF DMEM. Cells were washed 3x again in SF DMEM, then placed in
SF DMEM for 72 hrsAt the time of collection, cellular debris was removed by centrifugation

and filtration through 0.2@m filter; aliquots were frozen at -80 °C until analysed.

2.3  Invasion assays

Invasion assays were performed using an adapted method [10]. Matrigelwted @til1 mg/ml
in serum free DMEM. 100l of matrigel was placed into each insert (Falcon) (BrOpore size)
in a 24 well plate (Costar). The coated inserts were incubated overnidi@t.afde following
day, the matrigel was allowed polymerise af@7or 1 hr. The inserts were then washed with
DMEM, 100ul of 1x10°/100pl cells in complete DMEM and 1Q@ of CM supplemented with
5 % serum was added onto the insert. @56f total DMEM: 250ul CM supplemented with 5%
serum was added to the 24-well. After 24 hours incubation, the inside of the inseifipeds
with a wet cotton swab. The under surface was gently rinsed with PBS and staimed®%#6
crystal violet for 10 minutes, rinsed again with sterile water and allowaxytd@o determine
total number of invading cells, the inserts were then viewed under the microscope and t
number of cells per field in 10 random fields, were counted at 200x magnification. Thgeaver

number of cells per field was then multiplied by a factor of 140 (growth arearmabrane/field



area viewed at 200x magnification (calibrated using a microscope grati€io&)jimetric
quantification of invasion was determined by eluting the crystal violet sthitian with 33%
acetic acid extraction buffer and the absorbance was read with Bio-Tekgader (Becton
Dickinson Labware) at 570 nm and a reference wavelength of 620 nm. The mean vedues we
obtained from a minimum of three individual experiments and were subjedtéests. All

experiments were performed in triplicate.

24  Sample preparation and protein labelling

Three 50 ml of CM#3 and CM#8 (3 biological replicates and two technical replCitex cell
line) were concentrated using 10,000 molecular weight cut-off (Millipore)pkss were
cleaned-up using ready-prep 2D clean-up kit (BioRad). Protein concentratialeiganined
using the BCA protein assay kit (Bio-Rad). CM samples were labelled whiydikoxy
succinimidyl ester-derivatives of the cyanine dyes Cy2, Cy3 and Cy5 [1dikally, 50ug of
the CM was minimally labelled with 200 pmol of either Cy3 or Cy5 for comparison omanhe s
2-D gel. Labelling reactions were performed on ice in the dark for 30 min and theshgqde
with a 50-fold molar excess of free lysine to dye for 10 min on ice. A pool containing equal
amounts of all samples was also prepared and labelled with Cy2 to be used agc ctaalia
gels to aid image matching and cross-gel statistical analysis. The Cg3/amdverse labelling

reactions (5Qug of each) from each CM sample were mixed and run on the same gels with an

equal amount (5Qg) of Cy2-labelled standard.



2.5  Protein separation by 2-DE and gel imaging

Immobilised 24 cm linear pH gradient (IPG) strips, pH 3-11, were rehydratetiydration

buffer (7 M urea, 2 M thiourea, 4% CHAPS, 0.5% IPG buffer, 50 mM DTT) overnight,
according to manufactures guidelines. IEF was performed using as IPGphatappaE
Healthcare) for 40 kV/h at 2T with resistance set at 50 mA. Strips were equilibrated for 20
min in 50 mM Tris-HCL, pH 8.8, 6 M urea, 30% v/v glycerol, 1% w/v SDS containing 65 mM
DTT and the for 20 min in the same buffer containing 240 mM iodoacetamide. Equilibrated IPG
strips were transferred onto 18 x 20 cm 12.5% uniform polyacrylamide gels poured between |
fluorescence glass plates. Strips were overlaid with 0.5% w/v low mpltingagarose in

running buffer containing bromophenol blue. Gels were run at 2.5 W/gel for 30 min and then
100 W total at 16C. All the images were collected on a Typhoon 9400 Variable Mode Imager
(GE Healthcare). Statistics and quantification of protein expression aredcout in DeCyder

software (GE Healthcare).

26  Spot digestion and MALDI-TOF analysis

Excision of protein spots, trypsin digestion and protein identification by MS @&hakisg an

Ettan MALDI-TOF Pro (GE Healthcare) was performBceparative gels containing 30 of
protein were fixed in 30% v/v methanol, 7.5% v/v acetic acid overnight and washed in water,
and total protein was detected by post-staining with CBB and Deep purplavibéciflar

Probes) for 3 hrs at room temperature. Excess dye was removed by wasténig twater, and
gels were imaged using a Typhoon 9400 Variable Mode Imager (GE Healthdhee) a
appropriate excitation and emission wavelengths for the stain. The subsequeatygeivias

imported into the BVA module of DeCyder software and was matched to imagasigel from



DIGE analysis. Spots of interest were selected and confirmed using tinargdfor subsequent
picking using an Ettan Spot Picker. Gel plugs were placed into a presiliconisedplasto

tube for destaining, desalting and washing steps. The remaining liquid abovepghegelas
removed and sufficient ACN was added in order to cover the gel plugs. Following shrikage
the gel plugs, ACN was removed and the protein containing gel pieces were rehfairéate

min with a minimal volume of 100 mM ammonium bicarbonate. An equal volume of ACN was
added, and after 15 min of incubation the solution was removed from the gel plugs and the
samples were dried for 30 min using a vacuum centrifuge. Individual gel preceshen
rehydrated in digestion buffer (12.5 ng trypsin pleof 10% ACN, 40 mM ammonium
bicarbonate) to cover the gel pieces. Exhaustive digestion was carried out luvarGigfC.

After digestion, the samples were centrifuged at 12000 x g for 10 min using a bench top
centrifuge. The supernatant was carefully removed from each sample eedi ipta clean

plastic tubes. Samples were stored at’@0intil analysed by M.S. For spectrometric analysis,
mixtures of tryptic peptides from individual samples were desalted usinigdAdiC-18 Zip-

Tips (Millipore) and eluted onto the sample plate with the matrix solution (5 n@HGIA in

50% ACN/0.1% TFA v/v). Mass spectra were recorded using the MALDI-TOF instrum
operating in the positive reflectron mode at the following parameterseeaiigf voltage 20

kV; and pulsed extraction; on (focus mass 2500). Internal calibration was performg cntsi
analysis peaks at/z 842.50,m/z 2211.104 and external calibration was performed using Pep4
mix. The mass spectra were analysed using MALDI evaluation softwaréléalthcare), and

protein identification was achieved with the PMF Pro-Found search engine.



2.7  Western blot

Protein concentrations were determined using the Bio-Rad protein ass&8a@@io35.g of

protein was separated by 7.5% SDS-PAGE under reducing conditions. Proteinamnsfezred

to nitrocellulose membrane. Membranes were blocked@tavernight in TBS (25mM Tris-

HCI, pH 7.4, 150mM NaCl, 2.7mM KCI) containing 5% (w/v) lowfat milk powder. Membranes
were probed with monoclonal antibodies, anti-gelsolin (G4896, Sigma) and anti-aldehyde
dehydrogenase 1A1 (488-501, Calbiochem). Membranes were washed 3x for 5 min with PBS-
Tween-20 (0.5%) and incubated with secondary antibodies, anti-mouse and anti-goatiobtai
from Sigma for 1 hr at RT and washing step repeated. Detection was perfortmédinwinol

reagent (Santa Cruz Biotechnology).

2.8 siRNA transfection

For each set of siRNA transfections carried out, a non-treated control aiasndlec (SCR)
transfection control (Ambion, # 17010) were used. SIRNA experiments were set up pbking 2
NeoFx (Ambion, AM4511), to transfect 30 nM siRNA at a cell density of 3xt€ll/ml of a 6-

well plate. Cells were transfected with two different GSN siRNAs, both aftwiarget variant

1, isoform a and variant 2, isoform b of GSN (NM_000177 Exon 5, NM_198252 Exon 6:
Sequence GCAAUCGGUAUGAAAGACULt (sense), Ambion, #8127) and (NM_000177 Exon
2, NM_198252 Exon 3: Sequence GCUGAGGAACGGAAAUCUGtt (sense), Ambion, #8031)
and with three different ALDH1A1 siRNAs targeting the ALDH1A1 isoform (NM_000689
Exon 11, 12: Sequence GGAACAGUGUGGGUGAAUULt (sense), Ambion, #106197),
(NM_000689 Exon 9: Sequence GGAGUGUUGAGCGGGCUAALt (sense), Ambion,

#106196), and (NM_000689 Exon 4: Sequence GGGCCGUACAAUACCAAUULt (sense),



Ambion, #106195)After 32 hrs, the media was removed, washed 3x in SF DMEM and 1 ml of
SF DMEM was added onto the cells. The effects of sSiRNA silencing wergsadain the SF

CM after 48 and 72 hrs. SiIRNA transfected SF CM was collected, centrifngditered

through a 0.22um filter. SIRNA transfected SF CM was concentrated using 10,000 molecular
weight cut-off concentrators (Millipore); samples were cleaned-ung usady-prep 2D clean-

up kit (BioRad) and protein concentration was determined using the BCA protein ag8ay-ki
Rad). Western blot analysis was then carried out to assess efficientdians#ll experiments

were repeated in triplicate.

29  Statigtical analysis

Student’s-test was used to identify the difference in mean values between treated and non
treated samples. In siRNA experiments, siRNA scrambled transfesdtedvere used as control
compared to siRNA treated samples. This was to ensure no ‘off-target’ eff¢iots

transfection procedure. Non-treated controls were used to ensure scraRblad\sis having

no effects and to normalise datapAalue of< 0.05 * was deemed significaptyvalue< 0.01

** was deemed more significarg,value< 0.005 *** was deemed highly significant.

3.0 Results

3.1 Factorsin conditioned medium alter invasive abilities of pancreatic cancer cell lines
CM#3 enhanced invasion of Clone #3 by 1.8-fqd(.0008) compared to an invasion assay
control containing fresh medium. Clone #3 containing CM#8 in the invasion assay showed a
3.33-fold decrease in invasiop<0.001) (Figure 1 A). Figure 1 B shows that CM#3

significantly increased the invasion (4.2-fofi(0.005)) of Clone #8 compared to an invasion
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assay control containing fresh medium. CM#8 caused a very slight (1.1-fold)s#errea

invasion of Clone #8pc0.7).

3.2  Proteomic analysisof CM#3 and CM#8 by 2-D DIGE MALDI-TOF MS

Proteins found in CM#3 and CM#8 were analysed by 2-D DIGE. Triplicate biologp=sdte
were reverse labelled with Cy3 and Cy5 dyes. All samples used in the exipieniere pooled
and labelled with the internal dye, Cy2. Each sample was compared internallpaobe
standard, to account for any gel-to-gel variation. DeCyder image analgsgjed the Cy2, Cy3
and Cy5 images for each gel and detected spot boundaries for the calculation 6§@drma
protein abundance. All paired images were then matched to generate civegaoas-gel
statistical analysis. Biological variation analysis of these shoiwiag greater that 1.2-fold
change in expression withtdest score of < 0.05, revealed 41 proteins significantly
differentially regulated between CM #3 versus CM #8. Protein expression maygs ¢Pall
identified proteins are shown in figure 2 (position number corresponds to table 1 and 2). For
protein identification, all proteins were digested and identified at least fwam separate gels
with MALDI-TOF MS. An expectation value &f 0.002 was used for all reported
identifications, which indicates a 0.2% chance that the identification is randne. T outlines
the down-regulated proteins in CM#3 compared to CM#8 and table 2 shows the proteins up-

regulated in CM#3 compared to CM#8.

3.3  Geneontology enrichment analysis

Using DAVID gene ID tool software (http://david.abcc.ncifcrf.gov), all pheteins

differentially regulated in our model were converted to their gene IDs. G#algy (GO
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STAT) (http://gostat.wehi.edu.au/cgi-bin/goStat.pl) was then used tofgldssiproteins and
their corresponding genes into gene categories. Enrichment of a particalagpmérm, for
significantly expressed genes in response to the process under study, mehestitatdgy
term is likely to be involved in the process. In our study, the process refers te fagtived in
invasion of pancreatic cancer. Using the over-expression function of the sofbsdedse
discovery rate (Benjamini) statistics, 30 GO terms was found signifycamtiched in both the
up-regulated and down-regulated proteins list in CM#3 versus CM#8. The “glycobsrs” t
achieved the highest degree of significance in both the up-regulated and dolatecegene
class p=0.005,p=0.001). In the up-regulated class, “cytoplasp¥(.01), “oxidoreductase
activity” (p=0.01) and “intracellular part™- (including cytoplasmic and nucleus proteins)
(p=0.03) were highly significant terms. In the down-regulated class, “cyteqold
membranous or subcellular componenps)0(007), “actin filament severingp€0.03) were
also significantly enhanced. Figure 3 outlines the top ten ranked functional ezgegong GO

terms in the differentially expressed proteins in the pancreatic cancer. model

3.4  Invasion inhibitory role of GSN by sSsSRNA in CM#38

GSN, a down-regulated protein in CM#3 compared to CM#8 was &dalys assess its
functional involvement in pancreatic cancer cell invasion. Figure ghéws the successful
knockdown of GSN in CM#8 by two independent siRNA targets relabivantrol (untreated)
and siRNA scrambled CM#8. The addition of CM from Clone #8 GSN-siRNAnto Clone
#8 cells significantly increased the invasive abilitieshef tells by 1.3 foldp=0.01). CM from
GSN-siRNA (2) treated Clone #8 cells onto Clone #8 also increased the invasivttiescells

1.5 fold (p=0.2) (Figure 4 B).

12



3.5 Invasion enhancement role of ALDH1A1 by SRNA in CM#3

ALDH1A1, which is up-regulated in CM #3 compared to CM #8, was knocked do@iome

#3 to assess its functional role in pancreatic cancer cell anasigure 5 A shows the efficient
knock down of ALDH1A1l in CM#3 by three independent siRNAs. CM from ALDH1A
siRNA treated Clone #3 cells was added into the invasion ass@jooné #3. Reduction of
ALDH1Al expression resulted in a significant decrease in invasioiClohe #3. CM#3
ALDH1A1-siRNA (1) on Clone #3 reduced invasion 4.2-fops@.01), ALDH1A1 siRNA (2)
decreased invasion 2.7-folg=50.003) and ALDH1A1 siRNA (3) also significantly reduced the

invasive abilities of Clone #3 2.5-folg<£0.02), compared to the scrambled control (Fig 5 B).

36 GSNand ALDH1A1 expression in panel of pancreatic cancer cell lines

GSN and ALDH1A1l expression was detected western blot in three lotinean pancreatic
cancer cell lines, BxPc-3, Panc-1 and AsPc-1 (Figure 6 A).ré&iguB. shows the relative
invasive potential of the cell lines. Both BxPc-3 and Panc-1 esgaebw levels of GSN
compared to AsPc-1, which is less invasive. ALDH1A1 expressiorstsasger in BxPc-3 and

Panc-1 than in AsPc-1 which corresponds to the high invasive abilities of BxPc-3 antl Panc-

40 Discussion

In this study, proteins were analysed from culture medium condition€ldme #3 and Clone
#8 in serum-free conditions (SF) (to reduce the abundance of bovine sest@mgin the
samples). 2D DIGE followed by MALDI-TOF MS analysis of SM#&3 and CM#8 resulted in
identification of 41 differentially expressed proteins. Bio-infoimainalysis (GO STAT) was

applied to all differentially abundant proteins between CM#3 and CM#8. Gdoégy (GO

13



STAT) classified the proteins and their corresponding genesgemne categories. Although
membrane-bound and secreted proteins are more likely to be cleaveduwd ifi the
circulation [12], our GO STAT analysis determined that most upkaéed and down-regulated
proteins were involved in glycolysis, cytoplasm, cytosol and intiaeelpart. Proteins, such as
heat shock proteins and actins, generally viewed as cytoplasmie, been increasingly
implicated in extracellular functions [13, 14]. Eukaryotic proteinresgan normallyroutes
through the endoplasmatic reticulum (ER) and Golgi, endinon a secretory vesicle fusing to
the cell membrane. In addition, recent stuchase shown that the non-classical secretory
pathway works independenttf the ER—Golgi network; the secreted proteins doentgr the
ER and have not been glycosylated [15]. Non-classealetion by cell lines of the cytosolic
green fluorescent protein (GFP) was shown experimentally [1fhrewas not hampered by
inhibitors of the classical secretgogthway, such as monensin and brefeldin A. Maatial.
[17] also identified many intracellular proteins from both the pig®emic and nuclear
compartments from proteomics analysis of medium conditioned byprbstate cell line,
LNCaP. During cell culture in serum free conditions, some wgllslie, resulting in the release
of intracellular proteins into the media. These intracellulargmmetcould serve as viable cancer-
specific markers as cancer cells undergoing death refgasgins which can be detected in
circulation [18]. During our analysis we observed very little difieeein the proliferation rate
of cells grown in serum-free conditions versus normal cell cyltbezefore cell death was not a
major contributor to the expression of intracellular proteins in e Eurther analysis into the
possible “secretion” mechanisms of these intracellular proteins would be ekinter

Two proteins, GSN and ALDH1A1, were chosen for siRNA silencing based on folceditter

andp-value. GSN is a calcium-binding protein, which binds to and regulates actinrfteame
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GSN binds to the barbed ends of actin filaments and prevents capping [19]. Severing and
capping of actin filament enhances the rate of cell motility and migration [23oli is

located intracellularly in the cytoplasm and mitochondria [21] as well ascelttdarly in the
blood plasma [22]The intracellular form, termed cytoplasmic, and the secreted form,derme
plasma GSN, are derived from a single gene by alternative trarstiigtiation sites and
differential sequencing [23]. Plasma GSN differs from cytoplasmic GSNatnittis larger,
contains 25 extra amino acids at its Nerminus, and is more positively charged [24],
suggesting that it is synthesised more rapidly or catabolised more §BjlPlasma GSN is
removed from the cells more rapidly, consistent with a secreted protein, andeoplggma

form of GSN is secreted in HepG2, a human hepatoma-derived cell line. ExpdSSiBN

was lowest in the CM of the high invasive cell line, Clone #3, and highest in the CM of the
poorly invasive Clone #8. RNAI technology was used to study GSN protein function in CM#8.
Using two independent GSN siRNA target sequences, GSN protein expressioncifiaaipe
down-regulated in Clone #8 cells, resulting in decreased expression of GSN. Addition of CM
from GSN-siRNA transfected Clone #8 cells into the invasion chamber, increassin of
Clone #8. Our results suggest that GSN has functional effects on invasion in Clone.#8 cells
Decreased expression of GSN has been detected in several types of humanioahming
urinary bladder carcinogenesis [26], NSCLC [27], prostatic adenocarcinoma [28], [B&a

and ovarian cancer [30], suggesting a possible role as a tumour suppressor. OwwugEpests
that the invasion-inhibitory effects of CM#8 may be in part due to GSN expressibn. GS
expression suppresses the activation of phospholipase C (PLC)/protein kinasest (PKC
involved in phospholipid signalling pathways, thus inhibiting cell proliferation and

tumourigenicity [31]. Furthermore, Tana&aal. [32] functionally knocked down GSN
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expression by siRNA in the human mammary epithelial cell line, MCF10A, and sujtjeste
GSN functions as a switch that controls E- and N-cadherin conversion via the ptsorscri

factor Snail. GSN knockdown led to an epithelial to mesenchymal transition, tehesedt by
fibroblastic morphology, loss of contact inhibition, focus formation in monolayer graad
enhanced motility and invasivenessitro. Therefore, silencing GSN expression could
possibly lead to tumour progression. However, GSN over-expression in 56% of breast cance
was shown to be associated with over-expression of EGFR and HER2, as well as a more
aggressive phenotype [33]. High GSN levedse also been identified as a negative prognostic
factorin pulmonary carcinomas, stage | non-small cell lung carcin{@d@swhere they have
been linked to enhanced cellular matility. In pancreatic cancest, &ll{35] found reduced GSN
expression in 71% (30/42) of pancreatic cancer cases compared to matched ssué®hy
immunohisochemistry. This reduction seemed to be dependent on the ubiquitin-proteasome
dependent degradation of GSN. However, GSN expression was higher in lymph node positive
pancreatic cancers compared to lymph node negative tumours. Thoehpk{86] reported

that high levels of nuclear GSN correlated with reduced patient survival toméysig re-
emergence of GSN during the most aggressive metastatic stages efparmancer. Reduction
in the level of GSN in pancreatic cancer cells decreased the motilitg oétls, which differs
from our results; the up-regulation of motility-modulating actin-capping preitepancreatic
cancer cells may have different consequencethéomotility of these cells at different stages of
the metastatic process [36]. This study found GSN expression in the MiaPaChr2 cahd
showed that down-regulation of GSN decreased maotility. In our model, both cytop&asinic
plasma GSN were detected by western blot and 2D-DIGE from the conditionexdoh&one

#8, the less invasive clonal population of MiaPaCa-2. Clone #8 is a clonal population of

16



MiaPaCa-2, with very different properties from Clone #3, isolated at the same ti
Furthermore, we found that down-regulation of plasma GSN expression in CM#8 increased
invasion of Clone #8 cells. Thompson et al [36] detected cytoplasmic/nuclear expression of
GSN in pancreatic cancer tissue specimens and cytoplasmic GSN in parcaeedr cell lines.
The differences in the GSN isoforms detected between the two studies mary exyla

differing effects on invasion and migration were observed, however further stneliesquired

to specifically clarify the roles of cytoplasmic and plasma GSN on tregrand invasion in
pancreatic cancer. A study detailing antibody microarray profiling obaoed serum proteins
associated with pancreatic cancer, showed a significant reduction of pl&hia @ancreatic
cancer serum compared to healthy controls [37], and plasma GSN expressicsowas al
decreased in lung cancer serum by proteomic profiling [38]. The mechanismdiy@HBN
stimulates invasion by interacting extracellularly with cancs es detailed is not known. To
further characterise function of GSN in this system, experiments involvintjcedol
recombinant GSN protein into CM#3 would be valuable, but highly purified GSN would be
needed to generate useful results.

A novel protein identified as promoting the invasive abilities of paticrecancer cells is
aldehyde dehydrogenase 1A1 (ALDH1A1l). ALDH1A1 is an enzymenigeig to the aldehyde
dehydrogenase family of proteins which are involved in the conveddiaidehydes to their
corresponding acids by NAD(Pdlependent reactions [39]. ALDH1AL1 is a cytosolic enzyme
found in many tissues, including brain [40] and red blood cells [41]. ALAHexpression has
also been implicated in drug resistance, as ALDH1AL1 levels higreer in metastatic tumours
that did not respond to cyclophosphamide-based treatment than thoselthedpdind to the

regime [42]. ALDH1A1 expression has also been reported in the lamcgec cell line, A549,
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where its expression along with ALDH1A3 was knocked down by RNAI amglicated in
cyclophosphamide resistance [43]. Jelskial. [44] also found that ALDH is expressed in
pancreatic cancer cells and furthermore ALDH could also be ddtettthe sera of pancreatic
cancer patients, although not significantly different between paincreancer patients and
healthy controls [45].

ALDH1AL1 is highly expressed in CM#3 compared to CM#8. ALDH1A1 expression was
reduced in CM#3 through siRNA targeting three independent sequences of the ALDH1A1 gene.
Addition of CM from ALDH1A1-siRNA transfected Clone #3 cells into the invasion chamber
reduced invasion of Clone #3 cells. This is the first time that ALDH1A1 has beeteckpera
protein involved in pancreatic cancer cell invasion. Further research willjbieee to

determine its role in the clinical setting.

The expression of GSN and ALDH1A1 determined by western blot in the human pancreatic
cancer cell lines, BxPc-3, Panc-1 and AsPc-1 corresponded to the invasive propdrges
cells. A larger panel of pancreatic cancer cell lines would be required ioncomé link

between expression of these proteins and invasion status in pancreaticldaneeal [46]

found that GSN mRNA is expressed at low levels in a panel of nine pancrea#c calhtnes
compared to normal pancreas using cDNA microarrays.

In conclusion, identification of released proteins from cancétioces may serve as an efficient
method in the establishment of a panel of potential therapeutictstaagel biomarkers
correlating to invasion/metastatic cascade of pancreatic cakRo&ure work will include
examining the sera of pancreatic cancer patients to furthesrdgrate if GSN and ALDH1Al

have a diagnostigotential as biomarkers for pancreatic adenocarcinoma.
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Figurelegends

Figurel A. Invasion assays of Clone #3 under control conditions and containing CM#3 and
CM#8 in the invasion inserB. Invasion assays of Clone #8 under control conditions and
containing CM#3 and CM#8 in the invasion insert. The total number of invading cells was
determined by counting the number of cells per field in 10 random fields, at 200x nstgmific
The average number of cells per field was then multiplied by a factor of leWtligarea of
membrane/field area viewed at 200x magnification (calibrated using a oupeograticule)).

Insert: Colorimetric relative quantification of invading cells was alsoraheted by elution of
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inserts with 0.33% acetic acid and spectrophotometrically quantified. All exgresmwere

performed in triplicate. Statistics;p< 0.05, **p<0.01, *** p < 0.005 Student'stest.

Figure 2 Protein expression map (PEM) of differentially regulated proteins in the cisopaf
CM#3 versus CM#8. All protein numbers correspond to table 1 and 2.

Figure 3. Term-ranking GO categories. Representation of the 10 top-ranked functional
categories, using GO terms that are enriched in all significantlyelitiatly expressed proteins

identified between CM#3 and CM#8.

Figure4 A. Western blot of two independent target SIRNA-GSN knockdown in CM#8. Bip
antibody was used to demonstrate even loading between the sd@njhtession assay of Clone
#8 cells with the addition of CM#8 untreated control, CM#8 scrambled siRNA , CM#8 treated
with GSN-siRNA (1) and CM#8 treated with GSN-siRNA (8¥8). The total number of
invading cells was determined by counting the number of cells per field in 10 rareddsn dit
200x magnification. The average number of cells per field was then multipliethbioa of

140 (growth area of membrane/field area viewed at 200x magnification (cadilusing a
microscope graticule)). Insert: Colorimetric relative quantifaradf invading cells was also
determined by elution of inserts with 0.33% acetic acid and spectrophotometrically

quantified.Experiments performed in triplicate. Statistics;305, **< 0.01, *** < 0.005.

Figure5 A. Western blot of ALDH1A1 knockdown in CM#3 untreated control, scrambled,

SiRNA ALDH1A1 (1), sSiRNA ALDH1A1 (2) and siRNA ALDH1A1 (3B. Invasion assay of

Clone #3 with addition of CM#3 media (control), CM#3 media with scrambled siRNA, CM#3

26



treated with ALDH1A1 siRNA (1), CM#3 treated with ALDH1A1 siRNA (2), CM#3 tesh

with ALDH1A1L siRNA (3) (=3). The total number of invading cells was determined by
counting the number of cells per field in 10 random fields, at 200x magnification. Thgeavera
number of cells per field was then multiplied by a factor of 140 (growth arearmabrane/field
area viewed at 200x magnification (calibrated using a microscope gratituobe)):

Colorimetric relative quantification of invading cells was also determyreduiion of inserts

with 0.33% acetic acid and spectrophotometrically quantified. The total numipeading

cells were stained with 0.25% crystal violet, eluted with 0.33% acetic acid and
spectrophotometrically quantified, to determine the relative number of invadisag ce
Experiments performed in triplicate. Magnification, 200x. Scale bayr20&tatistics; * 0.05,

** <0.01, *** < 0.005.

Figure 6 A. Western blot of GSN and ALDH1A1 expression in pancreatic cancer cell lines,
BxPc-3, Panc-1 and AsPc{fi-actin was used as loading contBl.Invasion assay of BxPc-3,
Panc-1 and AsPc-1. The total number of invading cells was determined by countogther
of cells per field in 10 random fields, at 200x magnification. The average numbelsqierel
field was then multiplied by a factor of 140 (growth area of membrane/fietdveéewed at 200x
magnification (calibrated using a microscope graticule)). Insertor@@wtric relative
quantification of invading cells was also determined by elution of inserts with (a88t6 acid

and spectrophotometrically quantified. Experiments performed in triplicate.
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Table

Table 1. 2D DIGE and MALDI-TOF MS identification of down-regulated proteins in the conditioned media of the invasive Clone #3

No Protein name Gene Protein AC Theoretical % Fold Molecular function
symbol number pI/Mw Coverage change

1 Gelsolin isoform b (a) GSN 21|38044288| 5.6/80.9 17.9 -21.0 ***  Structural constituent of the
cytoskeleton

2 Gelsolin isoform b (b) GSN 21|38044288| 5.6/80.9 24.4 -15.2 ***  Structural constituent of the
cytoskeleton

3 Gelsolin isoform b (¢) GSN g1|38044288| 5.6/80.9 18.6 -10.7 ***  Structural constituent of the
cytoskeleton

4 Gelsolin isoform b (f) GSN g1|38044288| 5.6/80.9 15.2 -6.4 *** Structural constituent of the
cytoskeleton

5 Gelsolin isoform b (d) GSN g1|38044288| 5.6/80.9 18.3 -3.8 wxE Structural constituent of the
cytoskeleton

6 Gelsolin isoform b (g) GSN g1|38044288| 5.6/80.9 18.5 -3.4 wxE Structural constituent of the
cytoskeleton

7 Gelsolin (amyloidosis: Finnish type) GSN 2155960299| 5.9/86.0 9.5 =25 Structural constituent of the
cytoskeleton

8 Pro-MMP-2TIMP2 complex TIMP2  gi|22218678| 6.5/22.4 30.9 -1.8 Fx* ECM structural constituent

9 Beta actin (a) ACTB  gi|15277503| 5.6/40.5 36.6 -1.7 Fx* Structural constituent of the
cytoskeleton

10 Nucleoside-diphosphate kinase 2 isoform  NDPK2 gi|66392203| 9.3/30.5 21.7 -1.7 ** Transcription factor
activity

11 Beta actin (c) ACTB  gi|15277503| 5.6/40.5 24.4 -1.6 *** Structural constituent of the

cytoskeleton
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Table 2. 2D DIGE and MALDI-TOF MS identification of up-regulated proteins in the conditioned media of the invasive Clone #3

No Protein name Gene Protein AC Theor % Fold Molecular function
symbol number pI/Mw  Coverage change

28  Capping protein, muscle Z line, alpha 1 CAPZAI gi|12652789|  5.4/33.0 39.9 1.2 #*** Structural molecule activity

29  Beta actin (g) ACTB gi|15277503]  5.6/40.5 30.6 1.2 * Structural constituent of the
cytoskeleton

30 Beta actin (f) ACTB gi|15277503]  5.6/40.5 244 1.2 * Structural constituent of the
cytoskeleton

31  Glycerate-3-phosphate dehydrogenase =~ GAPDH gi|31645| 8.4/36.2 19.4 1.2 ** Catalytic activity

32 Beta actin (e) ACTB gi|15277503]  5.6/40.5 24.5 1.2 * Structural constituent of the
cytoskeleton

33 Galectin-1 LGALSI1 gi|56554350, 5.1/14.8 38.1 1.3 #*** Receptor binding

34  Mu-protocadherin isoform MUCDHL  gi|62020550] 4.8/88.4 18.2 1.3 *** Cell adhesion molecule
acitivity

35 Pi glutathione transferase GSTP1 2134811304 5.7/23.4 364 1.3 #*** Glutathione transferase
activity

36  Elongation factor EEF1A1 gi|15277711]  9.3/46.5 12.1 1.4 *** Translation regulator
activity

37  Alpha enolase (b) ENOI1 g1]2661039 7.0/47.4 28.6 1.5 *** Catalytic activity

38  Peroxiredoxin 1 PRDX1 gi|55959887|  6.4/19.1 53.2 1.5 *** Peroxidase activity

39  Alpha enolase (a) ENO1 2i]2661039| 7.0/47.4 15.5 1.5 *** Catalytic activity




40  Mitochondrial malate dehydrogenase MDH2 gi|12804929|  9.4/359 37.0 1.6 *** Catalytic activity
41  Aldehyde dehydrogenase 1A1 ALDHIA1  gi|2183299| 6.3/55.4 18.4 21.0 ***  Aldehyde dehydrogenase

activity

The theoretical isoelectric point (pI) and molecular weight (Mw) were calculated from the sequence of the protein in the database. Isoforms of
the same protein are referred to as (a), (b) etc. The percentage coverage is the amount of the protein sequence covered by the matched peptides.

Statistical analysis between replicates is referred to as; * p <0.05, *** p <0.01, *** p <0.005.





