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Abstract. Background/Aim: Pancreatic ductal adenocarcinoma
(PDAC) still represents one of the most aggressive cancers.
Understanding of the epithelial-mesenchymal crosstalk as a
crucial part of the tumor microenvironment should pave the way
for therapies to improve patient survival rates. Well-established
cell lines present a useful and reproducible model to study
PDAC biology. However, the tumor—stromal interactions
between cancer cells and cancer—associated fibroblasts (CAFs)
are still poorly understood. Materials and Methods: We studied
interactions between four PDAC cell lines (Panc-1, CAPAN-2,
MIAPaCa-2, and PaTu-8902) and conditioned media derived
from primary cultures of normal fibroblasts/PDAC—derived
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CAFs (PANFs). Results: When the tested PDAC cell lines were
stimulated by PANF-derived conditioned media, the most
aggressive behavior was acquired by the Panc-1 cell line
(increased number and size of colonies, remaining expression of
vimentin and keratin 8 as well as increase of epithelial-to-
mesenchymal polarization markers), whereas PaTu-8902 cells
were rather inhibited. Of note, administration of the conditioned
media to MIAPaCa-2 cells resulted in an inverse effect on the
size and number of colonies, whereas CAPAN-2 cells were rather
stimulated. To explain the heterogeneous pattern of the observed
PDAC crosstalk at the in vitro level, we further compared the
phenotype of primary cultures of cells derived from ascitic fluid
with that of the tested PDAC cell lines, analyzed tumor samples
of PDAC patients, and performed gene expression profiling of
PANFs. Immuno-cyto/histo-chemical analysis found specific
phenotype differences within the group of examined patients and
tested PDAC cell lines, whereas the genomic approach in PANFs
Sfound the key molecules (IL6, ILS, MFGES and periostin) that
may contribute to the cancer aggressive behavior. Conclusion:
The desmoplastic patient-specific regulation of cancer cells by
CAFs (also demonstrated by the heterogeneous response of
PDAC cell lines to fibroblasts) precludes simple targeting and
development of an effective treatment strategy and rather
requires establishment of an individualized tumor—specific
treatment protocol.

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive tumors. Despite effort in pancreatic cancer
research, the mortality to incidence ratio has not experienced
remarkable revision over the last few decades; thus, PDAC
represents the fourth leading cause of cancer-related death (1,
2). The five-year survival rate remains around 5% and the
one-year rate achieves a non-promising level of only 20% (3).
Unfortunately, the incidence is rising worldwide and an
unfavorable two—fold increase may be expected by 2030 (4).
The absence of efficient non-invasive screening markers [e.g.
from peripheral blood (5)], late diagnosis, and high resistance
of PDAC to current therapy has been associated to this poor
prognosis. The only effective treatment represents surgical
removal of the tumor. However, this is possible only in less
than 20% of patients, since in the majority of patients cancer
cells have already spread to local lymph nodes and the liver
(6, 7). Subsequent adjuvant gemcitabine monotherapy was the
only treatment option available for many years (8). More
recently, it has been shown that gemcitabine in combination
with FOLFIRINOX and nab—paclitaxel is more effective than
the monotherapy, but only with slightly improved survival
rates and at costs of higher toxicity (9).

Preclinical models, including epithelial cancer cell lines,
present a useful tool to find effective strategies for early
disease detection and/or treatment (10, 11). However, PDAC
is a unique model of cancer—stroma crosstalk, as the
malignant cells represent only a minority of the population
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(around 10 %) within the tumor, with still poorly understood
interactions between cancer (epithelial) cell and cancer—
associated fibroblasts (CAFs). In this line of evidence, well-
established PDAC cell lines struggle to reproduce the
interactions within the tumor microenvironment (TME),
which seems to play a pivotal role in the progression of this
highly immunosuppressive, hypoxic and desmoplastic cancer
(12, 13). The dominant population of the stroma are -
smooth muscle actin (a-SMA)—expressing CAFs. Most of
the CAFs arise from activated pancreatic stellate cells and
secrete extracellular matrix (ECM) proteins, as well as
numerous factors favoring tumor growth and spreading (14-
18). The stroma also forms an effective physical barrier to
the delivery of anti-neoplastic drugs (19). On the other hand,
the highly immunosuppressive TME in PDAC is related to
the presence of myeloid-derived suppressor cells, M2-type
macrophages, and Foxp3™* regulatory T lymphocytes and the
absence of effector CD4* and CD8" T cells (20-22).

It has been suggested that targeting the TME may be
found promising in the fight against this fatal disease (23),
but intensive research has not been successful to fully
uncover the balance between the bad and good effects of the
tumor-stroma crosstalk in PDAC (24-27). Therefore, the
present study aimed to compare interactions between four
PDAC cell lines (Panc-1, CAPAN-2, MIAPaCa-2 and PaTu-
8902) and primary cultures of PDAC-derived CAFs
(PANFs)/normal fibroblasts (as a control). To explain the
heterogeneous pattern of the observed PDAC crosstalk at the
in vitro level, we also examined primary cultures of cells
derived from ascitic fluid, analyzed tumor samples (at the
histological level) of PDAC patients and performed gene
expression profiling of PANFs. The obtained sets of data
point to heterogeneous regulation of cancer cells by CAFs,
which at the current state-of-art medicine preclude simple
targeting and development of an effective treatment strategy.

Materials and Methods

Cell lines. Pancreatic cell lines CAPAN-2, MIAPaCa-2, and PaTu-8902
were obtained as a friendly gift from prof. Libor Vitek, Institute of
Medical Biochemistry and Laboratory Diagnostics, Charles University,
Prague. The Panc-1 cell line was purchased from ATCC (CRL-1469,
Old Town Manassas, VA, USA). The CAPAN-2 cell line was cultivated
in McCoy medium (BioConcept, Allschwil, Switzerland) supplemented
with 10% fetal bovine serum (FBS) and ATB (penicillin/streptomycin,
both from Biochrom, Berlin Germany) at 37°C and 5% CO,. All other
tested cell lines were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) + 10% FBS and ATB (all Biochrom) at 37°C and 5% CO,.
Cell lines were seeded on microscope supporting glass at a density of
7,500 cells/cm? and cultured for 24 h. They were used for
immunocytochemical inspection; see IHC of cultured cells and tissues.

Human keratinocyte cell line HaCaT (28) was used as a negative
control for the western blot analysis of skin and PDAC-derived
fibroblasts. PDAC cell lines were seeded at a density of 5,500
cells/cm? and cultivated for 120 h. After 48 and 120 h, respectively,
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Table 1. Characteristics of pancreatic ductal adenocarcinoma patients — donors of PDAC-derived cancer-associated fibroblasts and cells isolated

from ascitic fluid.

Patient Gender Age (years) Location Classification

Donors of PANFs Pl Female 72 Head T3/NO/MO

P2 Female 50 Body T3/N1/M1 (liver)

P3 Male 60 Body T3/N1/MO

P4 Female 80 Head T3/NO/MO

P5 Male 56 Body T3/N1/MO

P7 Female 78 Body T3/N1/M1 (liver)

P8 Male 74 Head T3/NO/MO

P9 Male 77 Body T3/NO/MO

P10 Female 68 Head T4/NO/MO

P11 Male 63 Head T3/N1/MO
Donors of cells from ascitic fluid Al Female 65 Head T4/N1/M1 (liver)

A2 Female 70 Body T4/N1/M1 (peritoneum)

A3 Female 65 Head T4/N1/MO

A4 Male 60 Head T3/N1/MI (liver)

PANF: Cancer-associated fibroblasts derived from PDAC; PDAC: pancreatic ductal adenocarcinoma; TNM: tumor, node, metastasis.

cultivation media were harvested, centrifuged at 400 g, aliquots of
supernatants stored in small tubes at —20°C for further ELISA
measurement.

Human primary cultures of cells and tissue sample collection. All
human-derived material was obtained with informed consent of
patients and with approval of the Ethical Committee of the
University Hospital Krdlovské Vinohrady in agreement with the
Declaration of Helsinki (29).

Human fibroblasts (HFs) were isolated (30) from the skin of
healthy donors who underwent routine aesthetic surgery at the
Department of Aesthetic Surgery, Third Faculty of Medicine,
Charles University (Prague, Czech Republic). HF cultures were
expanded in DMEM supplemented with 10% FBS (both from
Biochrom) and penicillin (100 U/ml)/streptomycin (100 pg/ml; both
from Biochrom) at 37°C with 5% CO, in humidified atmosphere.

Tumor samples of PDAC were obtained from the Department of
Pathology, Third Faculty of Medicine, Charles University and
University Hospital Kralovské Vinohrady in Prague. PANFs were
isolated from 11 patients (P1-P11, Table 1) based on the protocol
described earlier (30, 31). The membership to the fibroblast family
was verified by immunofluorescent analysis: vimentin*, keratins-,
CD34-, CD45-, MITF—-, HMB45-, Melan-A- and western blot: high
molecular weight cytokeratin—, vimentin*, PDGFR-B+. The remaining
tissue of each tumor sample was processed for basic histology
(fixation in 4% buffered formaldehyde, dehydration using a series of
solutions with increasing concentration of ethanol, paraffin
embedding, sectioning, and staining with hematoxylin and eosin) and
immunohistochemistry (see bellow: IHC of cultured cells and tissues).

For further crosstalk experiments, fibroblasts prepared from two
patients (P10 and P11) were selected. The presence of a-SMA, Ki67
and nestin was detected in both studied primary cultures. For ethical
reasons, we were not able to obtain normal fibroblasts/stellate cells from
healthy pancreas, and thus PANFs were compared to HFs and MELFs
(representatives of other types of CAFs). They were isolated and
characterized similarly as the PDAC fibroblasts (30). All studied
fibroblasts were seeded on cover slips at a density of 1,500 cells/cm?
and cultured for 120 hours. The slides were then washed three times

with phosphate-buffered saline (PBS), dried and stored at —20°C.
Subsequently, cells were processed for immunofluorescence and bright-
field microscopy, see IF and IHC of cultured cells and tissues. In
addition, secretion of IL6, IL8 and MFGES by fibroblasts into the
culture media was measured after 48 and 120 h of cultivation by ELISA.

Ascitic cells. Ascites from patients with end-stage PDAC (Table I)
were obtained at the Department of Oncology, Thomayer Hospital,
Prague. Ascitic cell suspension was centrifuged at 400 g and
resuspended in sterile PBS, and centrifuged again under the same
conditions. The cell pellet was resuspended in fresh DMEM
(Biochrom) supplemented with 10% FBS (Biochrom) and cultured
at 37°C and 5% CO, in humidified atmosphere for five days.
Following trypsinization (trypsin, Sigma-Aldrich, St. Louis, MO,
USA), cells were seeded on microscope coverslip slides at a density
of 20,000 cells/cm? and cultivated in DMEM + 10% FBS + ATB
(penicillin/streptomycin, Biochrom) for 24 h. Subsequently, cells
were processed for immunocytochemistry, see IHC of cultured cells
and tissues.

Conditioned media from PANFs and HFs. To evaluate the biological
effect of PANFs/HFs mediated by soluble agents on the studied
pancreatic cell lines, we used a model based on the application of
conditioned media. CAF/HF cells were seeded at a density of 6,000
cells/cm?2. After reaching 80% confluence, the medium was changed
to fresh DMEM or McCoy medium that was conditioned for the
next 24 h. Finally, the enriched media were centrifuged at 400 g,
the supernatants were collected in new flasks, stored at +4°C for no
longer than 24 h, and used for PDAC cell conditioning.

PANC-1, MIAPaCa-2 and PaTu-8902 cell lines were seeded on
cover slips at a density of 5,000 cells/cm? in DMEM CAF- or HF-
derived conditioned media for 120 h, whereas the CAPAN-2 cell line
was seeded at 10,000/cm? and cultured in McCoy CAF- or HF—derived
conditioned media. After 48 and 120 h we collected samples of the
culture medium that were processed for ELISA examination. Finally,
the cover slips were washed three times with PBS dried, and stored
at —20°C, and subsequently processed for immunofluorescence, see IF
of cultured cells.
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Table 11. List of antibodies used for western blot.

Primary antibody Host Isotype Clonality Produced by
E-cadherin Rat 1gG Monoclonal eBioscience, San Diego, CA, USA
N-cadherin Rabbit 1gG Polyclonal Invitrogen, Carslbad, CA, USA
Keratin 8 Mouse 1eG Monoclonal Invitrogen, Carslbad, CA, USA
Keratin 14 Rabbit 1gG Polyclonal Invitrogen, Carslbad, CA, USA
Keratin 19 Mouse 1eG Monoclonal Invitrogen, Carslbad, CA, USA
PDGFR-f Rabbit 1gG Monoclonal CST, Danvers, MA, USA
Slug Rabbit 1gG Polyclonal Invitrogen, Carslbad, CA, USA
Snail Mouse IgG Monoclonal eBioscience, San Diego, CA, USA
Vimentin Rabbit 1gG Monoclonal CST, Danvers, MA, USA
WSC Rabbit 1gG Polyclonal Abcam, Cambridge, UK
B-actin Rabbit 1gG Monoclonal CST, Danvers, MA, USA
Secondary antibody Host Isotype Produced by
Anti-rabbit, HRP-linked Goat IgG CST, Danvers, MA, USA
Anti-rat, HRP-linked Goat 1gG CST, Danvers, MA, USA
Anti-mouse, HRP-linked Horse 1eG CST, Danvers, MA, USA

WSC: Wide-spectrum cytokeratin, PDGFR-f3: platelet-derived growth factor receptor beta; HRP: horseradish peroxidase; IgG: immunoglobulin G.

For western blot analysis, cells were seeded at a density of
5,000/cm? (MIAPaCa-2, PaTu-8902 and Panc-1) or 10,000/cm?
(CAPAN-2) on Petri dishes and cultured for two days (37°C, 5%
CO,) in DMEM (MIAPaCa-2 and PaTu-8902 and Panc-1) or
McCoy (CAPAN-2) culture medium supplemented with 10% FBS.
After two days, culture medium was replaced with appropriate
DMEM (MIAPaCa-2, PaTu-8902 and Panc-1) or McCoy (CAPAN-
2) CAF- or HF—derived conditioned media. Cells were lysed after
48 and 120 h of cultivation in the conditioned media. Standard
cultivation medium was used as control.

Effect of conditioned media on colony formation of PDAC cell lines.
We tested the influence of fibroblast—conditioned media on the
capacity of PDAC cell lines to produce colonies. Clonogenic assay
(32) evaluates the number of proliferating colonies of cells, where
a colony is defined as a group of at least 50 cells. Before the
treatment, cells were seeded at a very low density of 100 cells/cm2.
Next day, the medium was replaced by either standard cultivation
medium, or by the fibroblast-conditioned medium. The media were
changed every 72 h and the culture was maintained for two weeks
under standard conditions (37°C, 5% CO,, humidified atmosphere).
Colonies were then fixed with ethanol (70.0% v/v), stained with
crystal violet (0.5% w/v) and evaluated using a stereomicroscope to
establish minimally sized colonies. The whole-well images were
taken on a LED transilluminator using a Universal Imagel hood
(Gel Company, Inc., San Francisco, CA, USA). The number and
size of the colonies were analyzed using the ImageJ software; the
thresholding was based on minimal confirmed colonies.

Western blot analysis. Protein lysates were prepared as follows:
initially, cells were washed with PBS, scratched, and collected in
Laemmli sample buffer (100 mM TRIS-HCL, 10% glycerol, 2%
SDS, pH~6.8) containing protease and phosphatase inhibitors (Sigma-
Aldrich). Afterwards, cells were disintegrated using a sonicator
(QSonica, 40% amplitude, 15 s) and centrifuged (10,000 g, 10 min).
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Finally, protein concentration and purity in the prepared lysates were
measured using a nanophotometer (Implen).

Western blot was performed as follows: after a quick boiling step
(95°C, 5 min), samples were loaded into SDS-PAGE gel (10% Bis-
Tris). Following separation, proteins were transferred to PVDF
membrane using the iBlot 2 dry blotting system (Thermo Fisher
Scientific). Afterwards, membranes were blocked for 1 h in 5%
NFDM (non-fat dry milk) or BSA (bovine serum albumin) dissolved
in TBS (tris—buffered saline) with 0.1% Tween at room temperature
(RT). The blocking step was followed by overnight incubation with
primary antibody at 4°C. Next day, the unconjugated primary
antibody was washed and the membranes were incubated with HRP-
conjugated secondary antibody for 1 h at RT. Afterwards, ECL
(SuperSignal West Pico PLUS chemiluminescent Substrate, Thermo
Fisher Scientific) was used to detect signal from HRP on
immunoblots, which was acquired at MF-ChemiBis 2.0 (DNR Bio-
Imaging Systems). To assess even sample loading on the SDS-PAGE
gel, detection of f—actin was performed. The list of used antibodies
for western blot analysis is summarized in Table II.

IF of cultured cells. For immunofluorescent imaging, cells were
cultivated on glass cover slips. Briefly, cells were fixed in 2%
buffered paraformaldehyde (pH=7.2), washed with PBS and
permeabilized with 0.1% Triton X—100 (Sigma-Aldrich). Non-
specific binding of secondary antibodies was blocked by pre-
incubation of samples in porcine serum albumin (DAKO, Glostrup,
Denmark). Commercial primary and secondary antibodies were
diluted as recommended by the suppliers. The list of used antibodies
is shown in Table III. Controls of specificity were performed by
replacing the primary antibody by an irrelevant antibody of the
same isotype under otherwise identical conditions. Cell nuclei were
counterstained with 4’ ,6-diamidino-2-phenylindole dihydrochloride
(DAPI, Sigma-Aldrich). All specimens were mounted to Vectashield
(Vector Laboratories, Burlingame, CA, USA) and inspected by an
Eclipse 90i fluorescence microscope (Nikon, Tokyo, Japan)
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Table I11. List of antibodies employed for immunofluorescence and immuno-cyto/histo-chemistry.

Primary antibody Host Clonality Produced by Secondary antibody

Keratin 19 Mouse Monoclonal Dako, Glostrup, Denmark Goat anti-mouse (TRITC conjugated),
Sigma-Aldrich, St. Louis, MO, USA

Keratin 17 Mouse Monoclonal Sigma-Aldrich, St. Louis, MO, USA

HMB45 Mouse Monoclonal Invitrogen

Ki67 Mouse Monoclonal Dako, Glostrup, Denmark

Melan-A Mouse Monoclonal Dako, Glostrup, Denmark

Smooth muscle actin Mouse Monoclonal Dako, Glostrup, Denmark

CD34 Mouse Monoclonal Dako, Glostrup, Denmark

CD45 Mouse Monoclonal Dako, Glostrup, Denmark

Vimentin Mouse Monoclonal Dako, Glostrup, Denmark

Keratins (wide spectrum) Rabbit Polyclonal Abcam, Cambridge, UK Swine anti-rabbit (FITC conjugated),

Dako, Glostrup, Denmark

Nestin Rabbit Polyclonal Sigma-Aldrich, St. Louis, MO, USA

Fibronectin Rabbit Polyclonal Dako, Glostrup, Denmark

Keratin 8 Rabbit Polyclonal Sigma-Aldrich, St. Louis, MO, USA

Vimentin Rabbit Polyclonal Abcam, Cambridge, UK

VEGFA Mouse Monoclonal R&D System Goat anti-mouse/rabbit Histonfine

Simple Stain MAX PO, Nichirei
Biosciences, Tokyo, Japan

VEGFARI1 Rabbit Polyclonal Abcam, Cambridge, UK

VEGFAR2 Rabbit Monoclonal Cell Signaling

IL6 Mouse Monoclonal Abcam, Cambridge, UK

IL6R Rabbit Polyclonal Abcam, Cambridge, UK

1L8 Mouse Monoclonal R&D System, Minneapolis, MN, USA

IL8R1 Mouse Monoclonal R&D System, Minneapolis, MN, USA

1IL8R2 Mouse Monoclonal R&D System, Minneapolis, MN, USA

MFGES Mouse Monoclonal Exbio Antibodies, Vestec, Czech Republic

Keratin 7 Mouse Monoclonal Abcam, Cambridge, UK

HMB45: Melanoma marker antibody; IL: interleukin; VEGFAR: vascular endothelial growth factor A receptor.

equipped with filter blocks for FITC, TRITC, DAPI and Cool-
1300Q CCD camera (Vosskiihler, Osnabriick, Germany). Image data
were analyzed using the LUCIA 5.1 computer-assisted image
analysis system (Laboratory Imaging, Prague, Czech Republic).

IHC of cultured cells and tissues. For bright-field imaging, cells were
seeded on Leica X—tra slides (3800050, Leica, Tokyo, Japan) with a
positively charged surface at a density of 7,500 cells/cm?2 and
cultivated overnight. In parallel, formaldehyde-fixed paraffin-
embedded tissues were routinely sectioned (5 pwm) and dried on
positively charged eXtra slides (Leica). The tissue sections were then
deparaffinized and rehydrated. The endogenous activity in
cells/tissue sections was quenched by 1% hydrogen peroxide at room
temperature for 20 min. To avoid non-specific antibody binding, we
applied Universal IHC Blocking/Diluent (Leica) for 1 hour. The
primary antibodies (listed in Table III) were diluted in Antibody
Diluent, Dako REAL (S-2022, DAKO) and incubated overnight at
4°C. After rinsing in running water, the secondary antibody was
applied (Histofine® Simple Stain™ MAX PO (MULTI) (Nichirei
Biosciences, Tokyo, Japan) and incubated for 20 min at room
temperature. The sections were washed in running water and
incubated in N-Histofine Simple Stain AEC (415182F, Nichirei) until
the development of the red-colored product was apparent under a
microscope (approximately 10 minutes). The sections were then

counterstained with Hematoxylin Solution, Gill No. 1 (GHS116,
Sigma-Aldrich) for 3 min and mounted in Hydromount (HS-106,
National Diagnostics, Leicestershire, UK). Negative controls were
performed by replacement of primary antibody by Mouse/Rabbit
Antibody Isotype Controls (08-6599 and 08-6199, Invitrogen,
Carslbad, CA, USA) under otherwise identical conditions.

ELISA — Detection of IL6, ILS and MFGES in culture media.
Production of IL6 (EI1006-1, BioVendor, Brno, Czech Republic),
IL8 (EI1008-1, BioVendor) and MFGES8 (DFGE80, R&D Systems,
Minneapolis, MN, USA) to the cultivation medium was measured
by ELISA according to the manufacturers instructions in all tested
PDAC cell lines and fibroblasts (HF/PANF). The technical
duplicates were measured in 96—well plates at 570 nm in Universal
Microplate Reader EL 800 (BIO-TEK Instruments, Winooski, VT,
USA). In addition, the effect of HF/PANF-derived conditioned
media on the production of IL6, IL8 and MFGES by PDAC cell
lines was evaluated as the relative production factor (RP) defined
according to the formula:

RP = (PDAC in CM-CM)/PDAC (i),

where PDAC in CM is the amount of the factor produced by cancer
cells cultured in the conditioned medium in pg; CM is the amount
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of the factor in the conditioned medium in pg; PDAC is the amount
of the factor produced by cancer cells in a standard medium in pg.
The value RP=1 corresponds to no change in production of the
factor, values RP>1 indicate increased production of the factor.
Whole-genome transcriptome profiling. The cells of each fibroblast
population were seeded at a density of 1,000 cells/cm? into two (6
cm in diameter) Petri dishes (Corning, NY, USA) and cultured for
seven days (95-100% confluence). The culture medium was
changed every two days and 24 h before the harvest. The cells were
washed twice with PBS (Biochrom), and 350ul RLT buffer (Qiagen,
Hilden, Germany) and 2-mercaptoethanol (Sigma-Aldrich) was
added. The cell lysates were collected and immediately stored
at —80°C.

Total RNA was isolated using an RNeasy micro kit (Qiagen)
according to the procedure for animal cells. The quantity and quality
of RNA was analyzed using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA). All RNA samples had RNA
integrity number above 9. Total RNA (200 ng) was amplified using
an Illumina TotalPrep RNA amplification kit (Ambion; Thermo
Fisher Scientific, Waltham, MA, USA), and 750 ng of the amplified
RNA was hybridized on Illumina HumanHT-12 v4 chips (Illumina,
San Diego, CA, USA) according to the manufacturer’s protocol.
The analysis was performed in three biological replicates for normal
fibroblasts, eight biological replicates for the PDAC CAFs and four
biological replicates for the melanoma CAFs.

The raw data was preprocessed using the GenomeStudio software
(version 1.9.0.24624; Illumina) and further analyzed using the oligo
(33) and limma (34) packages of Bioconductor (35). Briefly, the
transcription profiles were background corrected using a normal-
exponential model, quantile normalized and variance stabilized using
base 2 logarithmic transformation. A moderated r-test was used to
detect differentially expressed transcripts (after fitting a linear model
I~group+sex). A Storey’s g-value of <0.05 (36) and a minimally two—
fold change in expression intensity were required to consider the gene
as differentially transcribed. The MIAME compliant data was
deposited to the ArrayExpress database (E-MTAB-8764).

Gene set enrichment analysis (GSEA) was performed using
Fisher’s exact test on gene sets defined by KEGG pathways (37). Only
the KEGG pathways with GSEA p<0.0001, a minimal overlap of ten
genes and odds ratio >2 were considered to be statistically significant.

Statistical analysis. Statistical analysis was performed in the R
statistical environment (https://www.r—project.org) unless stated
otherwise. Multiple testing adjustment was done by the Storey’s
procedure (g-value). Statistical analysis of the size and number of
colonies was performed by one-way analysis of variance (ANOVA)
followed by Tukey's post-hoc test. Statistical analysis was
performed using the Past3 3 x software (38).

Results

Size and number of PDAC cell line colonies under the
influence of fibroblasts. We first evaluated whether
HF/CAF-conditioned media modulate the numbers and sizes
of colonies in the studied PDAC cell lines. The results
demonstrated that the effect of conditioned media was cell-
line dependent, but in six out of eight studied cases, positive
influence prevailed (Figure 1A-H). In detail, the HF-
conditioned medium stimulated the size of colonies and the
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number of colonies in all studied cell lines except CAPAN-
2 cells and MIAPaCa-2/PaTu-8902 cells, respectively
(Figure 1A-C, E, H). Both tested primary cultures of PANF
(P10-PANF and P11-PANF) stimulated the size (Figure 1A,
B and D) and the number of colonies (Figure 1E and H) in
the studied cancer cell lines. However, only in Panc-1 cells
the effect of PANFs was higher than the effect of normal
HFs (Figure 1A and E).

Western blot analysis of PDAC cell lines under the influence of
fibroblasts. At the protein level, we used WB to reveal the
keratin-related differentiation pattern and the status of
epithelial-to-mesenchymal transition of PDAC cell lines
cultured under the influence of conditioned media harvested
from HFs/PANFs for 48 and 120 h, respectively (Figure 2). The
keratin panel revealed most remarkable differences in the
expression of keratin 8 between the treatment conditions and
cell lines, while the expression of keratins 14 and 19 remained
rather stable. In detail, conditioned media induced keratin 8 up-
regulation in Panc-1 and CAPAN-2 cells (only after 48 h) as
well as slight down-regulation in MIAPaCa-2 cells. Of note, an
unchanged level of the protein was seen in PaTu-8902 cells.
Analysis of markers associated with epithelial-to—
mesenchymal transition (Slug, Snail, and E to N cadherin
switch) showed differing behavior in the studied cell lines.
Panc-1 and MIAPaCa-2 cell lines expressed higher amounts
of N-cadherin, decreased levels of E-cadherin as well as
Snail up-regulation most notably after 120 h. In contrast,
CAPAN-2 cells showed minimal changes in Snail and Slug
expression. Furthermore, 120 h cultivation resulted in
stimulated epithelial polarization characterized by higher
amounts of E—cadherin and lack of N—cadherin. Lastly,
PaTu-8902 cells were not affected by the conditioned media.

IF analysis of PDAC under the influence of fibroblasts. The
basic phenotypic changes of cancer cell lines cultivated 120
h under the influence of a conditioned medium harvested
from HFs/PANFs were verified by immunophenotyping
using a panel of standard markers. Based on the in vitro
observation, the PDAC cell lines can be divided into two
categories: Panc-1 and MIAPaCa-2 (Figure 3) formed large
monolayer colonies, whereas CAPAN-2 and PaTu-8902
(Figure 4) formed rather small colonies with a tendency to
form multi—layers.

The immunophenotype analysis revealed moderate
expression of keratin 8 in Panc-1 and MIAPaCa-2 cell lines
grown in normal culture medium (Figure 3A, E, I, M, Q, and
U), whereas added conditioned media slightly modulated its
expression (Figure 3F-H, R-T). Similar levels of keratin 8
were also present in PaTu-8902 and CAPAN-2 control
cultures (Figure 4A, E, I, M, Q, and U). However, in PaTu-
8902 cells (Figure 4F-H), the expression remained rather
stable and in CAPAN-2 cells (Figure 4R-T), a slight decrease
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Figure 1. PANF-derived (patients P10 and P11) conditioned media positively modulated the size of colonies in Panc-1 (A), MIAPaCa-2 (B) and
CAPAN-2 (D) cells, but not in PaTu-8902 cells (C). Conditioned media harvested from HFs increased the size of colonies in Panc-1 (A), MIAPaCa-
2 (B) and PaTu-8902 (C) cells. In CAPAN-2 cells, the HF-derived medium slightly decreased the size of colonies (D). Furthermore, the numbers of
Panc-1 and CAPAN-2 colonies under the influence of PANF/HF-harvested cell-free medium were higher in comparison to the control (E, H), but
only in Panc-1 cell line the effect of CAF-derived medium was higher than the effect of HF-derived medium (E). Inhibition activities of tested
conditioned media were noted in MIAPaCa-2 and PaTu-8902 cell lines (F, G). The level of statistical significance at p<0.05 is marked with asterisk
(*) and plus (+) for the comparison to control medium and HF-derived conditioned medium, respectively.
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Figure 2. Differentiation pattern of the studied PDAC cell lines under the influence of conditioned media for 48 and 120 h derived from normal

dermal fibroblasts (HFs) and PANF's (patients P10 and P11).

of keratin 8 was seen following treatment with conditioned
media. On the other hand, keratin 19 was expressed rather
stable in all settings (Figure 3A-D and 4M-P). Moreover,
Panc-1 and MiaPaCa-2 cells expressed vimentin. Contrary,
vimentin expression in CAPAN-2 cells was remarkably lower
(in particular at day 2) whereas PaTu-8902 did not express
vimentin at all (Figures 3I-L and 4U-X, Table IV).

Microscopic comparison of PDAC cell lines and ascitic cell
primary cultures. To explain the heterogeneous pattern of the
observed PDAC crosstalk at the in vitro level, we further
compared the immuno—cyto/histo—chemical phenotype of
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primary cultures of cells derived from ascitic fluid to the
tested PDAC cell lines (Figure 5A-F and Table V). The
analysis revealed that only the Panc-1 cells were positive for
all tested markers (Figure 5A). Individual variability was
observed in other studied cell lines and ascitic fluid primary
cultures. In particular, the expression of IL8 and its receptors
differed among cell lines. Weak MFGES signal was detected
only in ascitic cells. Ascitic cells also expressed keratins 7, 8,
19 and vimentin (Figure SE-F and Table V).

Histopathology PDAC tumor samples. We also compared the
phenotype of primary cultures of ascitic cells from PDAC
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Figure 3. Immunocytochemical characterization of the studied cancer cell lines in HF/PANF-derived conditioned media: no remarkable changes
were seen in the expression of keratins 19 (K19, red signal; A-D), 8 (K8, green signal; E-H) and proliferation marker Ki67 (red signal; E-H) and
keratin 17 (K17, red signal; I-L) after monolayer colonies of Panc-1 cancer cell line were treated with conditioned media harvested from HFs/PANFs.
Expression of vimentin was rather slightly decreased following cell treatment with conditioned media (Vim, green signal; I-L). The MIAPaCa-2
cancer cell line demonstrated a similar expression pattern as Panc-1 cells with no changes in the expression of keratin 19 (K19; red signal; M-P),
keratin 8 (K8, red signal; Q-T), Ki67 (Ki67, green signal; Q-T) and keratin 17 (K17, red signal; U-X). Expression of vimentin was rather slightly
decreased in all conditioned cells (Vim, green signal; V-X) when compared to the control (Vim, green signal; U).
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Figure 4. Immunocytochemical characterization of the studied cancer cell lines in HF/PANF-derived conditioned media: conditioned colonies of
PaTu-8902 PDAC cancer cell line expressed keratin 19 (K19; red signal; A-D), but lost expression of keratin 8 (K8, green signal; F-H) and vimentin
(Vim, green signal; J-L) when compared to the controls (E, I). Expression of Ki67 (red signal; E-H) and absence of keratin 17 (K17, red signal; I-
L) remained stable; of note, conditioned PaTu-8902 cells (B-D, F-H, J-L) acquired remarkably higher proliferation rates when compared to the
controls (A, E, I). HF/PANF-derived conditioned media stimulated the number of CAPAN-2 cells and increased Ki67 expression (Ki67, red signal;
Q-T). Keratin 19 was slightly increased only in cells treated with HF-derived conditioned media (K19; red signal; N), while expression of keratin
19 in cells treated with PANF-derived conditioned media (K19; red signal; O-P) remained unchanged when compared to controls (K19; red signal;
M). A similar level of keratin 17 expression was observed in all conditions (K17, red signal; U-X). The presence of conditioned media decreased
expression of keratin 8 (K8, green signal; Q-T) and vimentin (Vim, green signal; U-X) in the CAPAN-2 cell line.
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Table IV. Phenotype of native cell lines from human pancreatic ductal
carcinoma after treatment.

Cell line Fibroblast ~ Cytokine Marker
K8 K17 K19  Vim
Panc-1 - - —/+ + 4+
HF —/+ - +++ ++
P10-PANF —/+ - +++ ++
P11-PANF —/+ - —/+ ++
- 1L6 - ND +++ —
1L8 - ND +++ -
MFGE8  + ND +++ —
MIAPaCa-2 - - - - I+ 4+
HF —/+ - —/+ +
P10-PANF —/+ - —/+ +++
P11-PANF —/+ - —/+ +
- 1L6 - ND ++ ++
IL8 - ND + ++
MFGE8 - ND ++ —
PaTu-8902 - - +++ - —+
HF - - ++4+ -
P10-PANF - - +++ -
P11-PANF - - +++ -
- IL6 -/+ ND - -
IL8 —/+  ND - +
MFGES - ND - —
CAPAN-2 - - +++ - - 4+
HF —/+ - + —/+
P10-PANF —/+ - - —/+
P11-PANF —/+ - —/+ —/+
- 1L6 —/+ ND ++ —/+

IL8 —/+ ND ++ —/+
MFGE8 —/+ ND ++ —/+

HF: Human fibroblast; IL: interleukin; K: keratin; MFGES: milk fat
globule epidermal growth factor 8 (lactadherin); ND: not determined;
PANF: cancer-associated fibroblasts derived from pancreatic ductal
adenocarcinoma.

patients with their primary tumor tissue removed during
surgical treatment. The studied tumors exhibited typical
morphological features of PDAC, characterized by infiltrative
groups of cancer cells in extensive desmoplastic stroma
(Figure 6A and I). The expression of IL6 and IL6R was seen
in cancer cells and stroma (Figure 6B, C, J and K), while IL8
and both IL8 receptors, IL§R1 and IL8R2, were absent in
eight of 11 studied tumor samples (Figure 6D, E1, E2, L, M1
and M2). Although the lack of VEGFA protein was recorded
in most studied specimens (Figure 6F and N), both VEGFA
receptors were observed in cancer cells and stroma (Figure
6G1, G2, O1 and O2).

Immunophenotype of PANFs. To reveal whether the expression
profile of fibroblasts is associated with the observed
heterogeneous crosstalk at the in vitro level, we also stained
cells for basic fibroblast/CAF markers (Figure 7) and performed

gene expression profiling of PDAC-derived CAFs (PANFs). In
parallel, normal human dermal fibroblasts (HFs) and CAFs
isolated from malignant melanoma (MELFs) were examined to
complete the panel of experiments. PANFs expressed vimentin,
fibronectin, 0-SMA and nestin (Figure 7A-F) whereas HFs
were 0-SMA and nestin negative (data not shown). Moreover,
the WB analysis revealed only poor expression of PDGFR-f3 in
PANFs when compared to HFs Figure 7G.

Production of IL6, ILS and MFGES by PDAC cell lines and
studied fibroblasts. Production of all studied factors revealed
individual variability in PDAC with very low production of
IL6 (Figure 8A-D). Secretion of all studied factors was time-
dependent in normal HFs and in CAFs (Figure 8E-G).

After 48 h, conditioned media from all types of fibroblasts,
HFs and CAFs, highly stimulated production of IL6 in all
PDAC cell lines (Figure 9A-L). However, the two other studied
factors, IL8 and MFGES, were not affected by the conditioned
media (Figure 9A-L). Of note, IL6, IL8 and MFGES positively
stimulated expression of keratin 19 and inhibited expression of
keratin 8 and vimentin in CAPAN-2 cells (Table IV).

Molecular analysis of CAFs prepared from PDAC. As
demonstrated in the heatmap, PANFs differed from MELFs
and/or HFs in the transcription activity of 1,521 genes (Figure
10). The Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis revealed the main differences in
carcinogenesis—related pathways (Table VI). Although vimentin
was expressed in all studied fibroblasts, its expression in
PDAC and melanoma-derived CAFs was lower than in HFs
(Figure 11A). FAP expression, normally typical of CAFs, was
present in all types of fibroblasts (Figure 11B). Further
differences between HFs and CAFs were seen in the transcripts
of keratin 8 and 18 (Figure 11C, D), which were positive only
in PDAC CAFs. Interestingly, all studied fibroblasts exhibited
keratin 19 at the mRNA level (Figure 11E) but remained
negative at the protein level. CAFs isolated from PDAC
demonstrated remarkably higher SMA expression compared to
all other studied fibroblasts (Figure 11F). Moreover, the levels
of IL6, VEGFA and MFGES transcripts increased in CAFs
compared to HFs (Figure 11G, I and J). On the other hand, the
concentration of IL8 (CXCL8) was lower in PDAC CAFs than
in MELF and HFs (Figure 11H). The expression of integrin
and periostin was higher in all studied CAFs when compared
to HFs (Figure 11K and L).

Discussion

In the present study, we addressed the critical role of CAFs
in the PDAC biology. Using a panel of in vitro experiments
we provide novel evidence that the activity of stromal
fibroblasts towards the four commercially available PDAC
cell lines results in an efficient tumor—stroma crosstalk. Our
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Figure 5. Comparison of PDAC cell lines and cancer cells isolated from ascitic fluid via immunocytochemical labeling of the studied molecules
(IL6, IL8, VEGFA) and corresponding receptors (IL6R, ILSR1, ILSR2, VEGFARI, VEGFAR2). All four pancreas cancer cell lines expressed VEGFA
and both protein receptors VEGFARI and VEGFAR?2 as well as IL6 and IL8 receptors type 2 (R2). Only the Panc-1 cell line was slightly positive
for ILSR1. Lack of signals for IL6R and ILS was demonstrated in MiaPaCa-2 and CAPAN-2 cell lines. Primary cultures from the ascetic fluid
expressed keratins 7, 8, 19 and vimentin, but very weak intensity signals were recorded for ILSR1/ILSR2, VEGFA and MFGES (A-F).

in vitro experiments using conditioned media clearly showed
certain specific differences in the growth, spread, clonogenic
potential and phenotype between the four tested PDAC cells
lines. In these experiments, the most aggressive behavior was
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acquired by Panc-1 cells (increased number and size of
colonies as well as remaining expression of vimentin and
keratin 8), whereas PaTu-8902 cells were rather inhibited.
Of note, the conditioned media had an inverse effect on the
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Table V. Expression of selected markers in pancreatic cancer cell lines and cells isolated form ascitic fluid.

Cell line 1IL6 IL6R IL8 IL8R1 IL8R2 VEGFA VEGFAR1 VEGFAR2 MFGE8 VIM K19 K8
Panc-1 +++ +++ +++ ++ ++ +++ +++ +++ + Data are shown in Table IV
MIAPaCa +++ —/+++ ++ + ++ +++ +++ +++ +

Patu-8902 +++ ++ +++ + +++ +++ +++ +++ +

CAPAN-2 +++ +++ + + +++ ++ ++ +++ +

Ascites-1 ++ ++ +++ + + + +++ +++ + ND ND ND
Ascites-2 +++ ++ +++ + + + ++ +++ + +++ +++ ++
Ascites-3 ++ ++ ++ + + + ++ ++ ND +++ +++ ++
Ascites-4 +++ +++ ++ + - + ++ +++ ND +++ +++ +++

IL: Interleukin; ILR: interleukin receptor; K: keratin; MFGES: milk fat globule epidermal growth factor 8 (lactadherin); ND: not determined;
VEGFA: vascular endothelial growth factor A; VEGFAR: vascular endothelial growth factor A receptor.

size and number of colonies in MIAPaCa-2 cells, whereas
CAPAN-2 cells were rather stimulated (increased size and
number of colonies). Markers associated with epithelial-to—
mesenchymal transition (Slug, Snail and E to N cadherin
switch) of cells were up-regulated in Panc-1 and MiaPaCa-
2 cells whereas PaTu-8902 and CAPAN-2 cells were not
deregulated. TGF-B1 is perhaps the most potent EMT-
inducing factor secreted by CAFs (39, 40) activating MAPK
signaling (41), which in combination with STAT3 signaling
has recently been identified as critical in generating the
invasive and proliferative phenotype (42). Notably, EMT
may be driven in various PDAC cell lines as a response to
different exogenous factors; for instance, TNF-a and IL-13
were shown to induce EMT in PaTu-8988T and AsPC-1 cells
via Hedgehog signaling (43). The heterogeneous responses
of PDAC cell lines to CAF-derived conditioned media in our
study may, thus, reflect diverse sensitivity of PDAC cell
lines to secreted soluble factors and their pre-existing cell
line-specific  epithelial/quasi-mesenchymal  phenotype.
Accordingly, heterogenous responses of cancer cell lines to
stromal cells have also been indicated in numerous
experimental and clinical studies (44-47). For example,
depletion of SMA-positive myofibroblasts in an animal
model of PDAC resulted in multiple adverse outcomes
leading to poor survival (48); thus, it may be suggested that
myofibroblasts rather inhibit than support the growth of
PDAC, as speculated previously (49).

It has been shown that circulating levels of IL6 were
significantly increased in PDAC patients (correlating with
pro—tumorigenic microenvironment, cancer progression and
metastatic dissemination) (50, 51) and that blocking of IL6
receptor in animal models enhanced efficacy of anti-PDAC
chemotherapy (52, 53). The in vitro observed down-regulated
IL6 production by CAFs resulting in inhibition of migration
and epithelial-to-mesenchymal transition of Panc-1 and
Aspc-1 cells (54) supported the involvement of interleukins
in cancer biology. Previously, it has been shown that
simultaneous blocking of IL6 and IL8 signaling pathways

infers a strategy to inhibit tumor cell migration of human
melanoma and sarcoma (55, 56). Hence, we studied whether
the combination of IL6 and ILS8 is also involved in the
epithelial-mesenchymal crosstalk of PDAC. To provide the
answer to that question we examined tumor sections, PDAC
cell lines and primary cultures derived from ascitic fluid for
the presence of IL6, IL8 and their receptors. These analyses
revealed a strong signal of IL6 in the tumors and in ascitic
cancer cells. Nevertheless, the regulation of IL8 expression
demonstrated rather an opposite pattern in terms of histology,
and thus we did not observe any expression of IL8 and both
its receptors in the PDAC sections. IL8 is also produced by
CAFs and drives cancer cell invasiveness and tumor
neovascularization (57, 58).

To provide further answers to the involvement of IL8 and
IL6 in PDAC, we performed functional in vitro co—culture
assays to study how the crosstalk modulated interleukin
production into the culture medium. Although long-term
culture of CAPAN-2 cells resulted in increased production of
IL6 into the medium, the production in normal fibroblasts and
CAFs was higher than in all studied cancer cells. However,
conditioned media from long-term cultured fibroblasts
contained higher concentrations of IL6 than cancer cells. This
increase had, however, no effect on further increase in IL6
production by cancer cells. This observation indicates that the
production of IL6 by PDAC cells is regulated by both
fibroblasts and cancer cells. Interestingly, its production was
stimulated by prolonged cultivation in PaTu-8902 and
CAPAN-2 cells and inhibited in MIAPaCa-2 cells. All types
of fibroblasts stimulated production of IL8 to the medium in
a time-dependent manner. At the mRNA level, the expression
of IL8 was lower than in normal fibroblasts and CAFs from
melanoma. In contrast to the IL6 profile, conditioned media
derived from cultures of HFs and CAFs had no effect on the
production of IL8 by cancer cells. Although serum levels of
IL8 may be considered as a prognostic factor in PDAC
patients (59), the expression of IL8 and its receptors was only
rarely found in PDAC samples (16).
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Figure 6. Basic histology (H+E) and immunohistochemical analysis of paraffin-embedded tumor sections from patients (P10 and P11) with PDAC shows
widespread stroma volume in both tumors (A, I). Positive signal for IL6 (B, J), IL6R (C, K), VEGFRI (G1, Ol) and VEGFR2 (G2, O2) was observed in
cancer cells and tumor stroma. Weak expression of VEGFA was demonstrated in nine of 11 tissue samples (F, N); eight of 11 tumor samples expressed
neither the IL8 (D, L) protein nor both its receptors, ILSR1 (E1, M1) and ILSR2 (E2, M2). Negative control for antibody validation (H, P).

The expression profiles of CAFs clearly indicated that
MFGES$/lactadherin is up-regulated when compared to normal
HFs. Direct high-level secretion of the MFGES protein to the
culture medium was observed only in the biologically most
active Panc-1 cell line. Other tested PDAC cell lines secreted
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MFGES at lower levels, but prolonged cultivation resulted in
an increase of its secretion. Conditioned media derived from
cultures of fibroblasts had little effect on the production of
MFGES by cancer cells. From this point of view, MFGES
appears to play a key role also in other cancers (15, 60, 61), and
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Figure 7. Immunofluorescent analysis of isolated primary cultures of PDAC-derived CAFs (PANFs) from patients P10 and P11. P10/P11-PANFs
expressed vimentin (red signal) and were keratin negative (green signal) (A, B). Proliferation marker Ki67 (red signal; E, F), fibronectin (Fibr,
green signal; C, D) and o-smooth muscle actin (SMA, red signal; C, D) were also detected. Both PANFs also expressed the intermediate filament
nestin (green signal; E, F). Western blot (G) shows expression of fibroblast-negative/positive markers (PDGFR-[3 — platelet derived growth factor
receptor beta; WSC — wide spectrum cytokeratin) in the used primary cultures (HaCaT keratinocytes were used as control). Table (H) summarizes
immunophenotypes of the studied fibroblasts (staining for CD34, CD45, HMB45, and Melan-A is not shown).
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Figure 8. Measurement of MFGES and IL8 production revealed certain inter-cell line variability, while the IL6 protein remained rather at a low

level in all studied PDAC lines (A-D). PANF/HF production of the studied protein demonstrated rather time-line-dependent production into the
culture medium (E-G).
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Figure 9. HF/PANF-derived conditioned media significantly induced production of IL6 in all tested PDAC cell lines after 48 h of cultivation (A-L).

The levels of ILS and MFGES remained rather stable (A-L).

thus an additional important role to its originally identified
function, namely protection of the newborns against rotavirus
infection (62). Even though the data from humans demonstrated
its participation in the progression of acute pancreatitis (63), to
our best knowledge, its involvement in PDAC in humans has
remained unknown.

Comparative analysis of the expression profile of HFs and
PANFs demonstrated differences in several KEGG pathways.
For instance, several important cancer-regulating pathways such
as TGF—f3 signaling pathway, transcriptional misregulation in
cancer, focal adhesion and ECM-receptor interaction pathways
have been identified as dysregulated in the present study.
Focusing on key cancer-related genes, we observed increased

expression of periostin [angiogenesis (64) and epithelial-to—
mesenchymal transition (65) inducer] in the stroma of invasive
PDAC (66). Furthermore, PANFs expressed very high levels of
VEGF-A, a protein whose role is not limited only to
angiogenesis and vascular permeability, but its signaling also
occurs in tumor cells and contributes to key aspects of
tumorigenesis, including the function of cancer stem cells and
tumor initiation (67). We were surprised to observe the
transcripts for keratins 8 and 18 in PNAFs, which was, however,
not seen at the protein level. It has been shown that fibroblasts
in pathological conditions may be formed rather from local
fibroblasts, mesenchymal stem cells or podocytes than from
epithelial cancer cells by EMT (68). However, under certain
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Figure 10. Cancer-associated fibroblasts (CAFs) derived from pancreatic ductal adenocarcinoma (PANF) differ in gene expression from both normal
dermal fibroblasts (HF) and CAFs isolated from malignant melanoma (MELF). The heat map shows expression intensities, in logarithmic scale, of
1,521 genes found to be significantly differentially expressed between PANFs, MELFs and HFs.
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Table V1. Gene set enrichment analysis (GSEA) of KEGG pathways.

Rank Accession Pathway Category size Overlap Odds ratio p-Value

1 hsa05200 (https://www.genome.jp/ Pathways in cancer 521 58 2.168 4 44e-07
kegg-bin/show_pathway?hsa05200)

2 hsa04350 (https://www.genome.jp/ TGF-f} signaling pathway 81 16 3.848 2.02-e05
kegg-bin/show_pathway?hsa04350)

3 hsa05202 (https://www.genome.jp/ Transcriptional misregulation 178 25 2.735 2.57e-05
kegg-bin/show_pathway ?hsa05202) in cancer

4 hsa04510 (https://www.genome.jp/ Focal adhesion 196 26 2.584 4.2e-05
kegg-bin/show_pathway?hsa04510)

5 Hsa04512 (https://www.genome.jp/ ECM-receptor interaction 79 15 3.698 5.38e-05

kegg-bin/show_pathway?hsa04512)

ECM: Extracellular matrix; TGF-f3: transforming growth factor beta.

conditions, fibroblasts and mesenchymal stem cells may also
express keratins (69-73). Whether the herein observed expression
profile of PANFs indicates their epithelial origin remains to be
answered in further studies.

Conclusion

Our study revealed that the four tested PDAC cell lines respond
to the studied fibroblasts (HFs and PANFs) differently. Among
many identified important regulatory molecules, only pro-
inflammatory cytokine IL6 seems to be uniformly regulated in
our in vitro model and was found significantly increased in
serum levels of PDAC patients. Further identified molecules
such as IL8, periostin and MFGES were also critically involved
in the crosstalk of the PDAC ecosystem, but their
regulation/expression revealed certain variations. Our data may
summarize two important aspects of PDAC biology. Firstly,
PANFs are more stable than epithelial cancer cells, and thus an
effective combination of anti—neoplastic drugs with gene—
targeted therapy should rather target the cancer stroma to be
effective as a pharmacological weapon increasing the survival
rates of PDAC patients. Secondly, the present study also reflects
certain limitations of the tested cell lines whose biological
properties do not reflect the original grade of the tumors from
which they were isolated. In general, we conclude that our study
supports the desmoplastic patient-specific character of cancer
cell regulation by CAFs, which precludes development of an
effective treatment strategy and rather requires establishment of
an individualized tumor/patient-specific treatment protocol for
the use in human clinical practice.
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