1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

Published in final edited form as:
J Cell Physiol. 2012 November ; 227(11): 3621-3628. d0i:10.1002/jcp.24068.

Knock-down of plasminogen-activator inhibitor-1 enhances
expression of E-cadherin and promotes epithelial differentiation
of human pancreatic adenocarcinoma cells

Monica Lupu-Meiril, Elizabeth Geras-Raaka?, Ruth Lupu?, Hagit Shapira®, Judith
Sandbank#®, Liora Segall, Marvin C. Gershengorn?, and Yoram Oronl”

1Department of Physiology and Pharmacology, Sackler Faculty of Medicine Tel Aviv University,
Ramat Aviv 69978, Israel

2L aboratory of Endocrinology and Receptor Biology, NIDDK, National Institutes of Health,
Bethesda, Maryland 20892, USA

3Division of Experimental Pathology and Laboratory Medicine, Mayo Clinic, Rochester, Minnesota
4Institute of Pathology, Central Lab, Maccabi, Rehovot 76703, Israel

SAssaf Harofe Hospital Institute of Pathology and the Department of Pathology, Sackler Faculty of
Medicine, Tel Aviv University, Ramat Aviv 69978, Israel

Abstract

High levels of plasminogen activator inhibitor-1 (PAI-1), which is produced by stromal,
endothelial and cancer cells and has multiple complex effects on cancers, correlate with poor
cancer prognosis. To more definitively study the role of endogenously produced PAI-1 in human
pancreatic adenocarcinoma (PAC) PANC-1 cell line biology, we used anti-PAI-1 shRNA to create
stable PAI-1 deficient cells (PD-PANC-1s). PD-PANC-1s exhibited a heterogeneous morphology.
While the majority of cells exhibited a cuboidal shape similar to the parental PANC-1 or the
vector-infected control cells, numerous large cells with long filopodia and a neuronal-like
appearance were observed. Although both Vector-control cells and PD-PANC-1s expressed
mMRNA s that are characteristic of mesenchymal, neural and epithelial phenotypes, epithelial
marker RNAs were up-regulated (e.g. E-cadherin, 32-fold) whereas mesenchymal marker RNAs
were down-regulated (e.g. Thy1l, 9-fold) in PD-PANC-1s, suggesting mesenchymal-to-epithelial
transition. Neural markers exhibited both up- and down-regulation. Immunocytochemistry
indicated that epithelial-like PD-PANC-1s expressed E-cadherin and B-catenin in significantly
more cells, while neural-like cells exhibited robust expression of organized p-3-tubulin. PAI-1 and
E-cadherin were rarely co-expressed in the same cells. Indeed, examination of PAI-1 and E-
cadherin mRNAs expression in additional cell lines yielded clear inverse correlation. Indeed,
infection of Colo357 PAC cells (that exhibit high expression of E-cadherin) with PAI-1-
expressing adenovirus led to a marked decrease in E-cadherin expression and to enhanced
migration of cells from clusters. Our results suggest that endogenous PAI-1 suppresses expression
of E-cadherin and differentiation in PAC cells in vitro, supporting its negative impact on tumor
prognosis.
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Introduction

Epidemiological evidence demonstrates a correlation between high levels of plasminogen
activator inhibitor-1 (PAI-1) and poor cancer prognosis (Foekens et al. 2000; Janicke et al.
1991; Harbeck et al. 2004) and a number of reports pointed at the involvement of tumor
PAI-1 expression in tumor progression and metastasis (Bajou et al. 1998; Gutierrez et al.
2000; Maillard et al. 2005; Nishioka et a/. 2011). Based on these findings, many studies
have been performed in attempt to understand the role(s) of PAI-1 in cancer biology (for
review, see Ulisse ef a/. 2009). In many of these experiments, the role of PAI-1 on cancer
cells was studied by administering exogenous PAI-1, since PAI-1 is known to be
synthesized and secreted by stromal and endothelial cells, although it is produced by cancer
cells also (Offersen et al. 2003; Lindberg et al. 2006). A role for PAI-1 produced
endogenously by cancer cells, has been studied in a much more limited number of reports.
Knockdown of PAI-1 in gastric cancer cells decreased the formation of metastases
(Nishioka et al. 2011). PAI-1-deficient malignant keratinocytes from PAI-1(/7) mice were
used to show that both tumor-produced and host PAI-1 were involved in tumor invasion
(Bajou et al. 2004). Malignant fibroblasts from PAI-1(-) mice exhibited altered sensitivity
to chemotherapeutic agents (Lademann et a/. 2005) and altered tumorigenesis (Li ef a/.
2005). Downregulation of PAI-1 by RNA interference has been used to show that PAI-1 is
involved in the induction of “replicative senescence” by p53 in mouse embryo fibroblasts
and human BJ fibroblasts (Kortlever et al. 2006) and in the signaling activity of
transforming growth factor-p in human keratinocytes and mouse embryo fibroblasts
(Kortlever et al. 2008; Pedroja et al. 2009).

Pancreatic adenocarcinoma, the fourth highest cause of cancer deaths, is a uniquely
aggressive malignancy with no effective therapy and extremely poor prognosis (Wong and
Lemoine, 2009). We reported that PANC-1 cells, an established line of human pancreatic
adenocarcinoma, exhibit high PAI-1 expression that inhibits the conversion of plasminogen
to plasmin and, consequently, plasmin-induced aggregation (Deshet et a/. 2008). In the
present report, we studied the effects of endogenous PAI-1 depletion on the biology of
PANC-1 cells. Our results suggest that PAI-1 negatively controls the expression of E-
cadherin and differentiation of PAC cells, supporting the epidemiological link between
increased endogenous PAI-1 expression and worse prognosis.

Materials and Methods

Cell culture

PANC-1 cells were routinely cultured in DMEM, 10% fetal bovine serum (FBS), penicillin
and streptomycin (50U/ml and 50pg/ml, respectively) at 37° and in 6/94% CO»/air mixture.
Cells were re-fed twice each week.

Plasminogen activator inhibitor-1 deficient cells (PD-PANC-1s) or cells without insert
(Vector—control cells) were generated by infection with retroviral vector containing anti-
PAI-1 shRNA insert, as described previously (Deshet et al. 2008). Stably infected cultures
were periodically cultured in the same medium containing 0.2mg/ml hygromycin.

Other cell lines were cultured according to the ATCC protocols.
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Adenovirus infection

Colo357 cells (50-70% confluent) plated on Mat-Tek poly-d-lysine coated 35mm plates
were infected at 2 to 100 MOI adenovirus in serum free media at 37° with gentle shaking
every 15min for 1.5h; complete media was then added to a final serum concentration of
10%. At 2 or 5 days post infection, cells were fixed with 4% paraformaldehyde and
processed for immunofluorescence staining, as described below.

Proliferation assay

PCR

Proliferation was assessed by the MTT assay in 96-wells clusters following 24, 48 and 72 h
in culture. The optical density was determined by microplate Elisa reader at 570 nm.

RNA was extracted using either the EZ-RNA 11 kit (Biological Industries, Bet HaEmek,
Israel) or, for low number of cells, the RNeasy Micro kit (Qiagen, Hilden, Germany).
Reverse transcription was performed using either the Applied Biosystems High Capacity Kit
(Applied Biosystems, Carlsbad, CA, USA) or, for low number of cells, the Qiagen (Hilden,
Germany) Sensiscript kit, according to the manufacturers’ instructions. Real time-PCR was
essentially performed according to manufacturer’s protocol (TagMan® Gene Expression
Assays — Protocol, Applied Biosystems).

Cell counting and measurments

Cells were counted either manually with hemacytometer or using Vi-Cell® (Beckman
Coulter, Miami, FL, USA). Mean cell diameter was measured using Vi-Cell®.

Immunocytochemical staining

Cells were grown on Superfrost Plus glass slides (Menzel, Brunschweig, Germany). The
slides were rinsed with Hank’s solution and fixed for 3h in 4% paraformaldehyde in Hank’s
solution. Immunocytochemical stain was performed on the BenchMark XT (Ventana) using
standard protocol (60min pretreatment with CC1, blocking with 1-View Inhibitor, 40min/37°
C 15t Ab and detection with SA-HRP/DAB).

Immunofluorescence staining

Materials

Cells (92,000/well) were grown overnight on Mat-Tek glass bottom (#1.5 poly-d-lysine
coated) culture dishes (Mat-Tek Corp, Ashland, MA, USA). Cells were fixed overnight with
4% paraformaldehyde, washed with PBS, permeabilized with 0.1% SDS in PBS for 5min
and washed with PBS. Samples were blocked with donkey serum (5%) for 30min, then
incubated with primary antibodies for 1h at 37°, rinsed extensively, exposed to secondary
antibodies for 1h at 37°, rinsed again and mounted with Mowiol plus DAPI, as a nuclear
counterstain. Confocal micrographs were acquired on a Zeiss NLO META system using a
40x Plan-Apochromat 1.3NA objective. Detector gains remained constant for all
acquisitions.

PANC-1, ML-1 and ATC238 cells were purchased from the ATCC (VA, USA). Colo357
pancreatic adenocarcinoma was a gift of Dr. Nadir Arber. MCF7 and MDAZ231 breast cancer
cell lines were a gift of Dr. Ilan Tsarfaty. PC-3 prostatic adenocarcinoma cell line was a gift
of the late Dr. Eliezer Flesher. DMEM, F12, antibiotics, Hank’s solution, and trypsin
solution were purchased from Biological Industries, Beth HaEmek, Israel. Human PAI-1
(stable mutant) was purchased from Calbiochem (Merck KGaA, Darmstadt, Germany).
Horseradish peroxidase-linked antilgG was from Cell Signaling Technology (Danvers, MA,
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USA). Matrigel was from BD-Bioscience (Bedford, MA, USA). Anti-E-cadherin and anti-
vimentin antibodies (clones EP700Y and SP20, respectively) were purchased from
NeoMarkers (Fremont, CA, USA) and anti-p-catenin (clone 14) was purchased from Cell
Marque (Rocklin, CA, USA). For immunofluorescence, primary mouse monoclonal to
CDH1 (E-cadherin, HECD-1) antibody and antiPAI-1 antibody were purchased from Abcam
(Cambridge, MA, USA) and rabbit polyclonal to Neuronal Class Il B-tubulin was from
BAbCO (Richmond, CA, USA). DAPI and AlexaFluor secondary antibodies F(ab’),
fragment, 488 anti-mouse and 546 anti-rabbit were purchased from Invitrogen (Eugene, OR,
USA). MTT was from Sigma (Petah Tigva, Israel).

We gratefully acknowledge the gift of PAI-1 expressing adenovirus by Dr. Robert D. Gerard
(UT Southwestern Medical Center).

All other reagents were of analytical grade.

All experiments were performed several times in triplicates or quadruplicates. Student’s t-
test was used and differences were considered significant when p<0.05.

Effects of downregulation of PAI-1 on cell morphology

We have previously shown that PANC-1 cells express PAI-1 protein (Deshet et al. 2008)
and that cells stably infected with a retroviral vector expressing anti-PAl-1 shRNA (PD-
PANC-15s) exhibited an approximately 70% decrease in PAI-1 protein when compared to
cells infected with the empty vector (Vector-controls) (Deshet et al. 2008).

Although PD-PANC-1s proliferated at the same rate as Vector-control cells (not shown),
they exhibited major changes in size and morphology (Fig. 1). The mean diameter of
suspended Vector-control cells was 17.34+0.62um whereas that of PD-PANC-1s was
19.73+0.49um (p<0.005). Hence, PD-PANC-1 mean cell volume was 47% larger than that
of Vector-controls. In monolayer culture, the predominant majority of VVector-controls were
cuboidal (Fig. LA-top); there was only a rare cell that had filopodia. In contrast, although the
majority of PD-PANC-1s were cuboidal (see Figs. 1A-bottom and 1B), many cells in low-
density cultures appeared much larger, exhibiting irregular shape and numerous lamellipodia
and filopodia (Fig. 1A-bottom and 1C,D). The filopodia tended to connect to filopodia or
bodies of neighboring cells, suggesting neural-like morphology (Fig. 1E).

PAI-1 has been implicated in direct and indirect interactions of integrins with vitronectin.
Lower PAI-1 expression and secretion could have, thus, affected the gross morphology by
changing the cells’ attachment to the surface. However, addition of PAI-1 to the medium
(0.03-3ug/ml) had no effect on PD-PANC-1s’ morphology (not shown).

Effects of downregulation of PAI-1 on differentiation state

As seen in Figure 1, PD-PANC-1s in monolayer culture included a population of cells that
exhibited characteristics of neural cells that were not present, or present in very low
abundance, in Vector-control cultures. We, therefore, considered the possibility that the
heterogeneity in the PD-PANC-1 population may be caused by differentiation along
different cell lineages. We measured a number of mRNAs that characterized mesenchymal
(SNAIL, SNAI2, THY1, CTNNB1, ACTAZ2, VIM, NES, P4HA1 and MMP2), epithelial
(CDH1, PDX1, HLXB9, PTF1A, MAFA, CLDN3, CLDN4, OCLN, PNLIP, CPAL, INS,
GCG and SST) and neural (NCAM1, CDH2, NEUROG3, POU3F2, OLIG1, MAPT, GFAP
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and TUBBB3) cell types. Five epithelial marker mMRNAs, CDH1, PDX1, HLXB9, CLDN4
and SST, and three neural marker MRNAs, NCAM1, NEUROG3 and GFAP, were
expressed at higher levels in PD-PANC-1s than in Vector-controls, whereas four
mesenchymal marker mRNAs, THY1, VIM, NES and MMP2, were expressed at lower
levels in PD-PANC-1s than in Vector-controls (see Table 1 and Fig. 2). It is noteworthy that
the levels of CDH1 and NCAM1 mRNAs were 34- and 25-fold higher, respectively, and
THY1 mRNA was 9-fold lower in PD-PANC-1s than in Vector-controls. These findings
were consistent with the idea that PD-PANC-1s were more epithelial or neural and less
mesenchymal than Vector-controls.

To confirm that PD-PANC-1s exhibited a more epithelial phenotype than Vector-controls,
we monitored the expression and localization of E-cadherin and B-catenin proteins by
immunocytochemistry (Fig. 3A). E-cadherin was expressed at intermediate levels in
approximately 10% of Vector-controls (Fig. 3A,B) and fewer than 6% of the cells exhibited
staining at cellular perimeter, i.e. likely to be associated with plasma membrane (Fig. 3C). In
contrast, a majority of the PD-PANC-1s strongly stained for E-cadherin. In more than half
of the E-cadherin expressing cells, the protein was associated with the cell perimeter,
delineating intercellular interfaces. In both Vector-control and PD-PANC-1 cultures, some
small cells exhibited very dense staining throughout the cytoplasm.

Staining for B-catenin revealed a pattern qualitatively similar to that of E-cadherin (Fig. 3).
PD-PANC-1 cultures exhibited more strongly staining cells and more cells exhibiting
cellular perimeter B-catenin than Vector-controls (Fig. 3C). Although PD-PANC-1s
expressed four-fold less vimentin mMRNA, the majority of both Vector-controls and PD-
PANC-1s stained for vimentin at the same intensity (not shown).

Having found that PD-PANC-1s expressed the epithelial marker E-cadherin at high levels
and with appropriate cell surface distribution, we used immunofluorescence microscopy to
determine whether the neural proteins p-3-tubulin (TUBB3) and glial fibrillary acidic
protein (GFAP) were expressed also. Immunofluorescence microscopy confirmed that E-
cadherin was expressed at high levels in 35% of PD-PANC-1s but was not expressed in
Vector-controls and in only 3% of uninfected PANC-1 cells (Fig. 4A). GFAP protein was
present diffusely in the cytoplasm of many cells in all three cultures (not shown). TUBB3
staining was diffuse in the cytoplasm of 80% of PD-PANC-1s and in approximately 35% of
PANC-1 cells and Vector-controls. Approximately 25% of PD-PANC-1s expressed both
markers (Fig. 4B).

Although the staining for TUBB3 was generally less intense in most of the PD-PANC-1
cells, in a minor population of large cells with filopodia (exclusively observed in PD-
PANC-1 cultures), TUBB3 staining was prominent and similar to that found in neural cells
(Fig. 4A, see arrows).

Thus, it appears that PD-PANC-1 cultures were much less homogeneous than either
PANC-1s or Vector-controls, comprised of individual cells expressing higher levels of
epithelial, neural, or both marker proteins. Since PD-PANC-1s also exhibited decreased
expression of mesenchymal markers, the culture appears to represent significant sub-
populations of cells partially differentiated along the epithelial or neural lineage. These
results, coupled with the marked increase in E-cadherin protein in PD-PANC-1s, suggested
that decreased PAI-1 expression may correlate with increased expression of E-cadherin.

Immunostaining for PAI-1 revealed cytoplasmic distribution, including pseudopodia, with
numerous punctate foci (Fig. 5A). No clear association with plasma membrane was
observed. Although precise quantitation was difficult, the staining was weaker in PD-
PANC-1s (Fig. 5B).
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To determine the relationship between the expression of PAI-1 and E-cadherin, we doubly
stained Vector and PD-PANC-1s for both markers (Fig. 5B). In PD-PANC-1s E-cadherin
was expressed in 24%, but co-expressed with PAI-1 in only 4.6% of the cells, confirming
our observation that PAl-knockdown resulted in a dramatic increase in E-cadherin.

To further study the relationship between the expression of PAI-1 and E-cadherin, we
examined the expression of their mMRNAs in several cell lines; pancreatic adenocarcinoma
Col0357, breast carcinomas MCF-7 and MDA-231, prostatic carcinoma PC-3, thyroid
carcinomas ATC238 and ML-1, human islet-derived pancreatic precursor cells (hIPCs,
Gershengorn et al., 2004), as well as control, vector infected-PANC-1 and PD-PANC-1s.
Indeed, a clear inverse relationship between the expression of E-cadherin and that of PAI-1
was observed (Fig. 6).

Our data suggested that the expression of PAI-1 suppresses the expression of E-cadherin. To
test this hypothesis directly, we infected Colo357 cultures, a human PAC cell line which
expresses high levels of E-cadherin and forms tight spherical colonies (Fig. 7, Control) ,
with an adenovirus construct in which PAI-1 gene was constitutively driven by a CMV
promoter. Indeed, Colo357 infection with low virus levels (2MOI, 5 days post-infection)
resulted in a decrease in the level of expression of E-cadherin and a disruption of the
colonies architecture, suggesting that cells migrate out of the spherical colonies. High viral
levels (100MOlI, 2 days), resulted in a more pronounced decrease in the expression of E-
cadherin and a more dramatic change in the colonies morphology (Fig. 7).

Discussion

Epidemiological evidence indicates that high expression of PAI-1 in many cancers correlates
with poor prognosis (Binder and Mihaly, 2008). This finding challenges the simple logic of
PAI-1’s primary function — to inhibit the conversion of plasminogen to plasmin (also
slowing the plasmin activation of pro-uPA to uPA). Indeed, we previously demonstrated that
PD-PANC-1s convert plasminogen to plasmin more rapidly than control (Vector-infected)
PANC-1 cells and, consequently, are more sensitive to plasminogen-induced aggregation
(Deshet et al. 2008). Plasmin activates matrix metalloproteinases and promotes proteolysis
of extracellular matrix, cellular migration and invasion (see Dang et al. 2005, for review),
contributing to the aggressiveness of tumor cells. However, PAI-1 appears to be involved in
a number of additional important processes, such as direct competition of binding of
integrins to vitronectin (Stefansson et a/. 1996) and indirect internalization of the uPAR-
uPA-integrin-PAI-1 complex (NyKkjaer ef al. 1997; Czekay et al. 2001). These aspects of
PAI-1 activity are often invoked to explain the epidemiological data. The present report was
designed to test the /n vitro effect of PAI-1 depletion in cells of an aggressive human
pancreatic tumor.

In the present report we demonstrate that depletion of endogenous PAI-1 affects the biology
of PANC-1 cells in a way that cannot be directly attributed to its previously described
functions, including changes in expression of epithelial, neural and mesenchymal markers.

The morphology of PD-PANC-1s changed dramatically. Some cells appeared much larger
and/or with numerous filopodia and lamellipodia. PD-PANC-1s, when compared with
Vector-control cells, exhibited higher expression of a number of mMRNAs for genes that are
considered markers of epithelial cells (CDH1, CLDN4, SST, PDX1,GCG and HLXB9) and
lowers levels of MRNAs for several genes that are markers of mesenchymal cells (THY1,
ACTAZ2, VIM). It is noteworthy that PANC-1s expressed much more cell membrane-
associated E-cadherin than the Vector-control and parental PANC-1 cells. Increased
expression of E-cadherin is generally perceived as a hallmark of more differentiated
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epithelial phenotype (Schmalhofer et al. 2009). Indeed, PD-PANC-1s expressed more cell
membrane-associated p-catenin, which is consistent with a more epithelial phenotype also.
These changes can be considered as changes of precursor or stem cells when they undergo a
transition from a mesenchymal to an epithelial phenotype (Yang et a/. 2008). Indeed, we
showed previously that PANC-1 cells can undergo mesenchymal-to-epithelial transition
(Gershengorn et al. 2004).

Several markers of a neural phenotype were appreciably expressed in Vector-control cells
(CDH2, POU3F2, TUBB3, MAPT). Indeed, TUBB3 and GFAP proteins were also detected
in uninfected PANC-1 cells. This is not surprising since it is known that pancreatic
epithelial/endocrine cells have characteristics of neural cells and express genes that are
expressed most highly in neural cells (van Arensbergen et al. 2010). PD-PANC-1s expressed
both higher (NCAM1, NEUROG3 and GFAP) and lower (MAPT and TUBB3) levels of
mMRNA coding for neural marker genes. Unexpectedly, immunofluorescent staining revealed
that the proportion of TUBB3-positive cells increased from 30-35% in uninfected and
Vector-control cells to over 50% in PD-PANC-1s. The intensity of staining, however, was
much less in most of the cells (consistent with the decrease observed in TUBB3 mRNA
expression), but in a minority of cells that also displayed neural morphology, strong staining
was seen. These cells also did not stain for cell surface E-cadherin. Hence, depletion of
endogenous PAI-1 resulted in a shift of PANC-1 cells’ phenotype from mesenchymal
towards differentiated, mostly epithelial, but also neural.

Our results do support the epidemiological data. Decreased expression of PAI-1 in PD-
PANC-1 cells promotes more differentiated phenotype and expression of differentiation
markers. Moreover, many of the data relevant to PAI-1 expression fail to differentiate
between PAI-1 expressed in the cancer cell proper, as opposed to that expressed by the
stroma or invading cells of the immune/inflammatory response. Here we demonstrate the
importance of PAI-1 expressed by tumor cells alone.

There are few reports describing PAI-1 localization in cultured cells. In our hands,
immunofluorescent staining for PAI-1 in Vector-control cells revealed diffuse cytoplasmic
localization with punctuate foci, suggesting PAI-1 association with cytoplasmic vesicles,
possibly involved in PAI-1 internalization. Indeed,Balsara et a/. (2011) andYang et al.
(2007) reported similar PAI-1 staining in endothelial cells. Although PAI-1 staining was less
intense in PD-PANC:s, it still allowed visualization of both PAI-1 and E-cadherin in
individual cells. Only a negligible proportion of cells expressed both proteins.

Our results, including the scarcity of individual PD-PANC-1 cells staining for both PAI-1
and E-cadherin, implied that PAI-1 and E-cadherin expression is inversely regulated. We
therefore examined several cancer cell lines, in which the inverse relationship between
PAI-1 and E-cadherin mRNAs expression was clearly apparent. Conversely, forcing
increased expression of PAI-1 in Colo357 PAC cells markedly decreased the expression of
endogenous E-cadherin and changed the morphology of Colo357 colonies from tightly
spherical to more dispersed, consistent with decreased inter-cellular adhesion and increased
migration.

In conclusion, PAI-1 knockdown in PANC-1 cells produces heterogeneous population,
mostly more differentiated along the E-cadherin-expressing epithelial and TUBB3-
expressing neural lineages. Our results suggest that PAI-1 expression may control the
expression of E-cadherin and, possibly, other markers of differentiation, thus controlling the
phenotype of pancreatic tumor cells.
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Figure 1.
Morphology of PD-PANC-1s. A-Vector-controls (Left-top) or PD-PANC-1s (Left-bottom)

were plated at high density. Note cells with long filopodia present in the PD-PANC-1s
culture that are not present in Vector-controls (X4 objective). B- PD-PANC-1 culture
displaying epithelial cuboidal morphology (X4 objective). C-E-micrographs (X20 phase
objective) of low density plated PD-PANC-1s showing large individual cells with filopodia.
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Figure2.

Expression of epithelial, neural and mesenchymal marker mRNAs in PD-PANC-1s
compared to Vector-controls. Cells were grown in DMEM with 10% FBS. RNA was
extracted and the levels of MRNAs were measured by RT-gPCR. The official gene symbol
for each mRNA is listed. The genes with measurable levels of mMRNAs are illustrated. The
following mRNAs were below the level of detectability — PTF1A, PNLIP, INS and CPAL.
The data are the mean of duplicate determinations. * - p<0.05.
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Figure 3.
Expression of E-cadherin and B-catenin in PD-PANC-1 cells compared to VVector-controls.

A-Immunocytochemical staining of E-cadherin, and p-catenin in VVector-controls and PD-
PANC-1s growing in monolayer was performed as described in Materials and Methods.
B-Statistics of immunopositive cells. Light grey bars — Vector-control cells; dark grey bars —
PD-PANC-1 cells. Arbitrary degree of staining: (-) — none; () — weak; (+) — significant; (+
+) — strong. Statistics were performed on 10-15 random fields at X30 magnification
comprising 165-258 cells.

C-Quantitation of cells expressing cell perimeter-associated staining of E-cadherin and p-
catenin. The data are the mean+SE of 165-258 cells.
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Figure 4.
Expression of E-cadherin and beta-3-tubulin in PANC-1 cells, Vector-control cells and PD-

PANC-1s.

A- Immunocytochemical fluorescence staining was performed on cells growing in
monolayer as described in Materials and Methods. For PD-PANC-1s, a field demonstrating
a large number of cell membrane-associated E-cadherin (green) or neural-like cells
expressing dense filamentous TUBB3 (red) is shown.

B- Quantitation of cells expressing E-cadherin and beta 3 tubulin. The data are the mean+SE
of 488 PANC-1 cells, 516 Vector-control cells and 363 PD-PANC-1s.
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A. Vector-control cells were fixed and double stained for E-cadherin and PAI-1 and
counterstained with DAPI for nuclei, as described in Methods. Since very few Vector-
infected cells expressed E-cadherin, the E-cadherin channel (green) was omitted. Left panel
— overlay of PAI-1 and DAPI stain, right panel — PAI-1 staining alone.

B. Vector-control and PD-PANC-1 cells were fixed and double stained for Ecadherin and
PAI-1 and counterstained with DAPI for nuclei, as described in Methods.
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Figure®6.

The cultures of the indicated cell lines were processed for RNA extraction, cDNA reverse
transcription and qPCR for E-cadherin (CDH1) and PAI-1 mRNA levels as described in
Methods. The results were normalized to Ct=18 of GAPDH.
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Figure7.

Colo357 cells were cultured in DMEM and infected with PAI-1-containing adenovirus at
different MOI. The cells were fixed and stained for E-cadherin as described in Material and
Methods. Control cells were infected with empty adenovirus, which had no effect on the
expression of E-cadherin or on colonies morphology. The control in the figure was infected
with 10MOI of empty adenovirus for 5 days.
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