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Abstract: Despite of the improvement in gastric cancer (GC) therapies patients still suffer from cancer recurrence
and metastasis. Recently, the high ratio of these events combined with increased chemoresistance has been re-
lated to the asymptomatic Helicobacter pylori (Hp) infections. The limited efficiency of GC treatment strategies is
also increasingly attributed to the activity of tumor stroma with the key role of cancer-associated fibroblasts (CAFs).
In order to investigate the influence of Hp infection within stromal gastric tissue on cancer initiation and progression,
we have exposed normal gastric epithelial cells to long-term influence of Hp-activated gastric fibroblast secretome.
We have referred obtained results to this secretome influence on cancer cell lines. The invasive properties of cells
were checked by time-lapse video microscopy and basement membrane assays. The expression of invasion-related
factors was checked by RT-PCR, Western Blot, immunofluorescence and Elisa. Hp-activated gastric fibroblast secre-
tome induced EMT type 3-related shifts of RGM1 cell phenotype; in particular it augmented their motility, cytoskel-
etal plasticity and invasiveness. These effects were accompanied by Snaill/Twist activation, the up-regulation of
cytokeratin19/FAP/TNC/Integrin-31 and MMPs, and by the induction of cMet"&"/pEGFR"e" phenotype. Mechanistic
studies suggest that this microevolution next to TGFp relies also on c-Met/EGFR signaling interplay and engages
HGF-Integrin-Ras-dependent Twist activation leading to MMP and TNC upregulation with subsequent positive auto-
and paracrine feedback loops intensifying this process. Similar shifts were detected in cancer cells exposed to this
secretome. Collectively, we show that the secretome of Hp-infected fibroblasts induces reprogramming/microevolu-
tion of epithelial and cancer cells towards type 3 EMT-related invasive phenotype in a manner reciprocally reliant
next to TGFB on cMet/Integrin-B1/p-EGFR-dependent axis. Apparently, the phenotypical plasticity of Hp-activated
fibroblast reprogrammed gastric epithelial cells determines their susceptibility to the pro-invasive signaling, which
results in re-organization of gastric niches and provides the cues for GC promotion/progression.

Keywords: Helicobacter pylori-activated fibroblasts, gastric cancer, cancer associated fibroblasts, metastasis,
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Introduction rence and metastasis [2] due to the high inva-

siveness, rapid proliferation and the activity
Gastric cancer (GC) remains the fourth most of anti-apoptotic systems in tumor cells [3].
common cause of cancer-related death in the Helicobacter pylori (Hp)-induced GC develop-
world with 90% of all stomach tumors being ment is a complex cascade of events, charac-
malignant [1]. Despite the improvement in terized mainly by the interplay between Hp

therapies patients still suffer from GC recur- infection, host and environmental factors. The
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particular emphasis has been placed on direct
interactions of Hp with the epithelium. How-
ever, despite that Hp colonizes mainly gastric
epithelium; it may also penetrate the mucus
layer reaching pits of gastric glands. The pre-
sence of Hp was found in the lamina propria
and the correlation between asymptomatic Hp
infections and subsequent GC development
has been reported [3-8]. Additionally, this bug
has recently been correlated with stromal
tumor development [6]. Parallely, the limited
efficiency of GC treatment strategies is in-
creasingly attributed to the activity of tumor
stroma with the key role of cancer-associated
fibroblasts (CAFs) [9]. It's well known, that CAFs
are responsible for the constitution of tumor
microenvironment [10-12] through mediating
cancer-related inflammation [13, 14], re-arran-
gement of extracellular matrix (ECM) proteins
[14, 15] and epithelial-mesenchymal transition
(EMT) type 3 initiation in epithelial cells [9-14,
16]. EMT is a biological process in which polar-
ized epithelial cells lose the adherence and
tight cell-cell junctions, enhance their migratory
capacity, and become resistant to apoptosis.
EMT type 1 and 2 are essential for numerous
developmental as well as regenerative pro-
cesses like wound healing, while EMT type 3
initiation in epithelial cell compartment is a
prerequisite for tumor promotion and progres-
sion [9-14].

The depth of invasion and the regional lymph
node activation represent two critical survival-
influencing factors in GC [9-14], with the initia-
tion of metastatic cascade remaining one of
the most enigmatic aspects of this disease
[17]. An essential steps in metastasis are: EMT
type 3 progression, which enables tumor cells
to acquire invasive properties [17] and its
reversal counterpart MET (mesenchymal-epi-
thelial transition) responsible for establishing
secondary tumors. Both processes demand
precise regulation of master EMT-TFs, such as
Twist and Snail. Snail initiates EMT leading to
the induction of motile, mesenchymal pheno-
type [18, 19], while Twist is involved in tumor
invasion and metastasis [18, 20-26]. Despite
increasing knowledge in this area, a better
understanding of EMT-TF function and regula-
tion of expression is required, particularly in
Hp-induced GC.

Recently, we have reported that oncogenic Hp
strain (cagA+vacA+s1ml) activates fibroblasts
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towards cells bearing the features of CAFs [27,
28]. Such Hp-activated fibroblasts were capa-
ble of EMT process initiation in normal gastric
epithelium in short-term (up to 96 hrs) cultures
[19, 29], while in long-term cultures (one mon-
th) they switched normal gastric epithelium
microevolution towards cancer stem cell-relat-
ed differentiation program [28]. Herein, we
have attempted to assess further consequenc-
es of the prolonged exposition of gastric epithe-
lial cells to Hp-AGF secretome. In particular, (i)
we have concentrated on the hallmarks of the
permanent phenotypic reprogramming of nor-
mal gastric epithelial cells towards EMT type 3
related invasive phenotype (ii) and we have
attributed these reprogramming events to the
activation of Hp-AGF triggered signaling path-
ways in gastric epithelial cells. Finally we have
focused on the versatility of Hp-AGF short-term
evoked reprogramming as well as on the as-
sessment how this influence will affect already
developed gastric/colon cancer cells and to
what extent these mechanisms can participate
in neoplasm.

Materials and methods
Experimental design

The Hp strain expressing CagA and VacA cyto-
toxins (43504 Hp cagA+vacA+(s1/m1)) was
purchased from American Type Culture Col-
lection [19, 27-30]. Stock cultures were main-
tained and cultured as previously described
[19, 27-30]. Gastric samples were harvested
from 8-week-old Spraque-Dowley rats for fibro-
blasts isolation and subsequent activation by
Hp as described [19, 27-29]. RGM1 cells
(RCBO876, Riken Cell Bank, lbaraki, Japan)
were cultured in 5 ml of neat rat gastric Hp-
activated fibroblast (Hp-AGF) supernatant for
96 hrs on 6-well plates then trypsinized and
resuspended in serum-free DMEM with antibi-
otics. The cells were seeded on the upper side
of transwell inserts containing native micropo-
rous membranes (pore diameter: 8 ym) at a
density of 1x10* and allowed to transmigrate
towards the Hp-AGF supernatant for 24 hrs.
RGM1 cells, which successfully transmigrated
through the cell culture inserts (s.t.EMT'RGM1
cells) were then cultured in the supernatant
from Hp-AGFs for at least 30 days long-term
RGM1 cells originating from EMT-positive
short-term RGM1 cells (I.t.EMT'RGM1 cells) in
25 cm? flasks. The neat Hp-AGF supernatant
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was added in an amount of 4 ml and changed
every 3 days. Simultaneously, RGM1 cells cul-
tured for 96 hrs in GF supernatant (abbrevi-
ated as s.t.EMTRGM1 cells) were cultured in
normal rat gastric fibroblast (GF) supernatant
for at least 30 days long-term RGM1 cells origi-
nating from short-term EMT negative RGM1
cells (.t.EMTRGML1 cells). RGM1 cells were cul-
tured in DMEM+10% FBS (RGM1) for the identi-
cal period of time. During all experiments, the
amounts of the media as well as the proce-
dures applied to the cells were standardized
[28] (Figure 11A).

Human fibroblasts were isolated from the biop-
sies of patients without systemic inflammatory
and autoimmunologic diseases and Hp infec-
tion, qualified to laparoscopic, sleeve gastrec-
tomy. The cells were isolated and cultured as
previously described for rat fibroblasts [19,
27-30] and then activated by Hp for 120 hrs
according to previusly established protocol
[19, 27-30] in F12/DMEM+10% FBS. For the
experiments with AGS cells (ATCC CRL-1739,
Manassas, VA, USA), the supernatant from
Hp-activated human gastric fibroblasts (Hp-
hAGF) and from normal human gastric fibro-
blasts (hGF) was collected as described previ-
ously [19, 28].

HaCaT (CLS 300493 GmbH, Heidelberg,
Germany) and HT29 (ATCC HTB38, Manassas,
VA, USA) cells were cultured in: DMEM+10%
FBS (control), hGF and in Hp-hAGF superna-
tants for 24 and 96 hrs [19, 28] and then used
for analysis. AGS cells were cultured in F12/
DMEM+10% FBS (control), hGF and in Hp-hAGF
supernatants [19, 28] for 24 and 96 hrs and
then used for analysis.

Immunofluorescence

Image acquisition was performed with a Leica
DMIBO0O0OB microscope equipped with the
total internal reflection fluorescence (TIRF) and
Nomarski interference contrast (DIC) modules.
LAS-AF deconvolution software was used for
image processing. Actin distribution was ana-
lyzed in formaldehyde (3.7%)-fixed, Triton X-100
(0.1%) permeabilized cells. Nuclear transloca-
tion of Twist was analyzed in aceton: metanol-
fixed, Triton X-100 (0.1%) permeabilized cells.
Specimens were labeled with the TRITC conju-
gated phalloidin (A2547, Sigma-Aldrich, Saint
Louis, MO, USA) to stain F-actin and with anti-
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Twist primary antibody (ab50581, Abcam,
Cambridge, UK). Then the secondary, mouse
anti-rabbit 1gG (F4890, Sigma-Aldrich, Saint
Louis, MO, USA) antibody was used and coun-
terstained with Hoechst 33258 (N0.B2883,
Sigma-Aldrich, Saint Louis, MO, USA).

Spheroid/aggregate production-gravity forced
aggregation

Tripsinized cells were suspended in DMEM
and in the case of AGS cells in F12/DMEM.
Hanging drops (0.5x10* cells/aggregate in 40
ul of DMEM) were formed on the lid of a 60 mm
tissue culture dish, inverted onto the PBS filled
bottom chamber and incubated (5% CO,, 37°C)
until cell aggregates formed (5 hrs).

Cell 3D expansion potential, Geltrex invasion
chambers and analysis of MMP activity

The invasion of [t.EMT'RGM1 and |t.EMT
RGM1 cells towards Hp-AGF supernatant and
DMEM+10% FBS was investigated using inva-
sion chambers. The chambers consisted of cell
culture inserts with 8 ym pore membrane
(Corning, NY, USA), and thin layer of Geltrex BM
(Geltrex™LDEV-Free, Gibco, Dublin, Ireland).
The cells (5.0x10* cells/ml) were re-suspended
in a serum-free DMEM and placed on the layer
of Geltrex in invasion chambers. DMEM+10%
FBS and Hp-AGF supernatants were added to
the outer chamber. The cells were incubated
under humidified conditions (37°C, 5% CO,) for
48 hrs. The invasive cells found on the surface
of the outer chamber were counted under the
microscope (Nikon TMS) (Figure 11B). The inva-
sion of HT29 and AGS cells towards culture
media (DMEM+10% FBS and F12/DMEM+10%
FBS respectively), hGF supernatant, and
Hp-hAGF supernatant has been investigated
for 24 hrs identically to the invasion of
Lt.EMT*RGM1 and I.t.EMTRGM1 cells. For AGS
cells additionally the bottom side of the inva-
sion chamber membrane was stained with bis-
benzimide (Hoechst 33342, Sigma-Aldrich) to
visualize transmigrated cells attached to the
membrane. Three independent experiments
were performed for each condition.

For Geltrex MMP activity assay, the Lt.EMT*
RGM1, ItL.EMTRGM1 cell aggregates and
groups were suspended in 1:1 Geltrex™LDEV-
Free/DMEM (FBS free) and the drops of 40 ul
were placed on 6-well plates, incubated under

Am J Cancer Res 2022;12(3):1337-1371



Hp-activated fibroblast secretome induces reprogramming of gastric epithelium

humidified conditions (37°C, 5% CO,) and
carefully monitored to prevent Geltrex drying.
Then the Geltrex/cells drops were flooded with
Hp-AGF and GF supernatants (Figure 11C). For
HT29 and AGS cells, the analogous technique
has been applied. The Geltrex/cell drops were
flooded with culture medium, hGF and Hp-
hAGF supernatants. To visualize I.t.EMT'RGM1
and L.t.EMTRGM1 cell expansion potential, the
technique based on cell migration in 1:1 solidi-
fied Geltrex/DMEM (FBS free) cell sandwiches
in 6 well plates was developed. The cell aggre-
gates were placed on 1:1 solidified layer of
Geltrex™LDEV-Free/DMEM (FBS free) in 6 well
plates. After the aggregates attached to the
Geltrex surface, they were covered with the
next layer of GeltrexMLDEV-Free/DMEM (FBS
free) (1:1). The solidification was monitored to
prevent cell and Geltrex drying (Figure 11D).

Assessment of aggregate dynamics

To compare the dynamics of .t.EMT'RGM1 and
.t.EMTRGM1 cell groups in 3D ECM matrices,
we have developed a new method, based on
solution of reversed Mahalonobis problem [31]
enabling direct computation of standard devia-
tions (0,,0,), centroid position (u,, u,) and cor-
relation coefficient r (according to original
method designed by dr Janusz Opila).

Image acquisition and time-lapse video mi-
croscopy

Image acquisition and cell movement recording
was performed with a Leica DMI6GO0O0B time-
lapse system. Deconvolution software (Leica
Microsystems) was used for image processing.
The trajectories were constructed from a
sequence of cell centroid positions recorded at
300 s time intervals using a dry x20, NA-0.75
objective. Total length of cell trajectory (um),
velocity of cell movement (speed; total length
of cell trajectory/time of recording; um/min)
and total length of cell displacement (i.e. the
distance from the starting point directly to the
cell’s final position; um) were quantified with
the Hiro program [19, 32].

RT-PCR technique

Tripsinized cells were seeded at 8x10° cells/
well and cultured for 96 hrs. The PCR was car-
ried out, using 1 ug cDNA and Promega PCR
reagent. Specific primers for rat and human
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Snail, Twist, Fap, MMP2, MMP3, MMP9, HGF,
c-Met, EGFR, TNC, Oct4, Sox-2, c-Myc and 18S
RNA (RNA integrity verification) were used
(Sigma-Aldrich, Saint Louis, MO, USA). Primer
sequences and annealing temperatures are
listed in the Table 1. PCR products were sepa-
rated by electrophoresis in 2% agarose gel
containing 0.5 pg/mL ethidium bromide and
then visualized under UV light. Location of pre-
dicted PCR product was confirmed by using
O’GeneRuler 50 bp DNA ladder (Thermo Fisher
Scientific, Waltham, MA, USA) and O’GeneRuler
TM Low Range DNA Ladder (Thermo Fisher
Scientific, Waltham, MA, USA) as standard
marker.

Western blot

The cells were harvested with 0.25% trypsin
and the proteins were then extracted with the
Subcellular Protein Fractionation Kit (Thermo
Fisher Scientific, Waltham, MA, USA). Total pro-
tein concentration was determined by nano-
drop measurement. Proteins were separated
by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (NuPAGE, Invitro-
gen, Carlsbad, CA, USA) and transferred to
nitrocellulose membranes (iBlot System Invit-
rogen, Carlsbad, CA, USA). Membranes were
washed with Tris-buffered saline containing
0.05% Tween-20 (TBST) and blocked with 3%
BSA. Next, the membranes were incubated
overnight with primary antibodies at 4°C and
washed with TBST. Then, the membranes were
incubated in the presence of HRP-conjugated
secondary antibodies for 1 hr at RT.

The primary antibodies used: anti-GAPDH
(D16H11 Cell Signaling), anti-Snail (ab180714,
Abcam, Cambridge, UK), anti-Twist (ab50887
Abcam, Cambridge, UK), anti-Cytokeratinel9
(GTX112666 Genetex, Irvine, CA, USA), anti-
TNC (GTX17605 Genetex, Irvine, CA, USA),
anti-B1-integrin (GTX128839 Genetex, Irvine,
CA, USA), anti-c-Met (25869-1-AP ProteinTech,
Manchester, UK) and anti-p-EGFR (22318, Cell
Signaling, Danvers, MA, USA) and anti-EGFR
(@bb52894, Abcam, Cambridge, UK). The HRP-
conjugated secondary antibodies used: goat
antirabbit 186G (@b97051 Abcam, Cambridge,
UK) and goat anti-mouse I1gG (ab205719, Ab-
cam, Cambridge, UK). Immunoreactive bands
were visualized and quantified by chemilumi-
nescence imaging densitometry Image Studio
Lite software (Li-Cor).
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Influence of EGFR kinase activity receptor
inhibition on AGS cells

AGS cells were cultured in Hp-hAGF superna-
tant as described in the section Experimental
design with the addition of inhibitor of EGF
receptor kinase activity A46 (0.1 mM/I) [33,
34].

Determination of TGFf31 release

Cells were placed on the 6 well plates in
DMEM+10% FBS (0.3x10° cells per well) and
allowed to release HGF for 48 hrs. Then, the
supernatants were collected and the concen-
tration of HGF was measured by ELISA (Biorbyt,
Cambridge, UK, orb180665) according to man-
ufacturer protocol.

Statistical analyses

Statistical analysis of the data was performed
with the use of Excel Software. Each variable
was expressed as the mean (+ S.E.M.). Sta-
tistical significance of difference was deter-
mined using analysis of variance (one-way
ANOVA) test (Statistica Software). Further sta-
tistical analysis for post hoc comparisons was
carried out with Newman-Keuls test. Differ-
ences were considered statistically at P<0.05.

Results
Migrative properties of long-term RGM1 cells

The motility of LL.EMT'RGM1, I.t.EMTRGM1
and RGM1 in DMEM+10% FBS, Hp-AGF and GF
supernatants have been checked to identify
migrative properties of each cell type as well as
to examine the influence of different environ-
mental niches on cell motility parameters.
Hp-AGF supernatant significantly enhanced
migration of [.t.EMT'RGM1 and Lt.EMTRGM1
cells (Figure 1A-C). Even though higher direc-
tionality of Lt.EMTRGM1 cells in Hp-AGF, move-
ment was observed (measured as the ratio of
cell displacement over distance; 0.64 com-
pared to 0.44 for I.t.EMT'RGM1; Figure 1F),
their distance/speed of movement was compa-
rable and significantly higher than of control
RGM1 cells (Figure 1A). Similarly, in GF super-
natant the values for distance/speed and direc-
tionality of cell movement of I.t.EMT'RGM1 and
.t.LEMTRGM1 cells were significantly higher
than these of RGM1 cells (Figure 1A, 1B, 1D).
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Nevertheless these values were much lower
than in Hp-AGF secretome (Figure 1A, 1B, 1D).
DMEM+10% FBS again enhanced both, the
distance/speed and displacement of [.t.EMT*
RGM1 and I.t.EMTRGM1 cells (Figure 1A, 1B,
1E). LL.EMT'RGM1 and Lt.EMTRGM1 cells
were motile in all media which indicates gener-
al reprogramming of Lt.EMT*RGM1 and [.t.EMT
RGM1 cells towards motile phenotype regard-
less of the medium (Figure 1A-E). However
.t.EMTRGM1 cells were characterized with
higher persistence of movement (Figure 1F)
accompanied with fibroblastoid morphology
(Figure 1G), while 1.t.EMT'RGM1 cells present-
ed medium-dependent heterogeneity of move-
ment starting from more settle epithelioid-like
cells (Figure 1H) to polarized more motile cells
showing intermediate morphology/movement
(both mesenchymal and epithelial) (Figure 11).
This heterogeneity was particularly prominent
in DMEM+10% FBS medium, which confirms
our previous observations [28] on phenotypi-
cal, niche-dependent plasticity of |Lt.EMT*
RGM1 cells. Our data also underlie pro-meta-
static, migration-promoting properties of Hp-
AGF supernatant favoring excessive migration
of normal and pro-cancerogenic cells and anti-
metastatic migration-limiting properties of GF
supernatant (Figure 1A, 1B, 1D).

Hp-AGF induces phenotypical heterogeneity
and plasticity of actin cytoskeleton organiza-
tion in Lt. EMT*RGM1 cells

Since cytoskeleton is regarded as the primary
force-generating machinery in the cell, being
particularly important for cell migration [35-
37], we have focused on the long-term effect of
Hp-AGF and GF secretomes on actin organiza-
tion in epithelial cells. Control RGM1 cells
established colonies with typical actin organi-
zation [19] characteristic for non-motile cells
(Figure 2A). Lt.EMTRGM1 cells (Figure 2B)
were characterized by flat lamellipodia-broad
zones of branched F-actin at their leading
fronts (Figure 2C, white arrow), which has been
known to provide pushing forces for cell migra-
tion and its persistence [35, 38]. L.L.EMTRGM1
cells were also characterized with the pre-
sence of abundant stress fibers characteristic
for fibroblasts (Figure 2B, 2C, blue arrows). In
migrating cells, stress fibers generate contrac-
tile forces applied to focal adhesions [35, 39]
which serve for cell motility and ECM remodel-
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Figure 1. Motility of RGM1, .ttEMTRGM1 and I.t.EMT'RGM1 cells in Hp-AGF supernatant, GF supernatant and
DMEM+10% FBS. Total length of cell trajectory (um), velocity of cell movement (speed; total length of cell trajectory/
time of recording; um/min) and total length of cell displacement (i.e. the distance from the starting point directly to
the cell’s final position; ym) were quantified with the Hiro program. Column charts show migration parameters at
the population level (registered for 8 h; N=50): distance (A) and displacement (B). Cell trajectories are presented
as circular diagrams (axis scale in pm) drawn with the initial point of each trajectory placed at the origin of the plot.
Circular diagrams represent migration parameters at the single-cell level of all three cell types in: Hp-AGF super-
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natant (C), in GF supernatant (D) and in DMEM+10% FBS (E). Distance over displacement ratio for each cell type
in respective media (F). For constant directionality the parameter equals 1, for random movement the parameter
tends to zero. The movement strategies of .L.EMTRGM1 cells (G) and I.t.EMT*RGM1 cells (H, ).

RGM1 cells 1.t.EMT RGM1 cells

Lt.EMT*RGML1 cells
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Figure 2. Hp-AGF induces phenotypical diversity and plasticity of actin cytoskeleton organization in I.t.EMT*RGM1
cells associated with nuclear actin localization. The composition of Nomarski contrast and immunofluorescence
micrographs of actin cytoskeleton in RGM1 cells characterized by the thin bundles of actin filaments in the peri-
nuclear zone and thick cortical bundles of actin filaments at cellular peripheries, which formed a tangential system
at the periphery of epithelial islets (A); in .t.EMTRGM1 cells showing their reprogramming towards fibroblast-like
phenotype: blue arrows point stress fibers (B), white arrow points lamellipodium (C) and in Lt.EMT*RGM1 cells
characterized by enhanced formation of filopodia and broad diversity of actin cytoskeleton organization (D). Nuclear
localization of actin in Lt.EMT*RGM1 cells (respectively: actin, chromatin and composite); white arrows indicate
filopodia, yellow arrows indicate nuclear actin (E). Red: F-actin and blue: Hoechst.

ing. These results indicate that prolonged GF
secretome exposure induces epithelial repro-
gramming prompting their epithelial-fibroblast
transition (EFT). In turn, Lt.EMT'RGM1 cells
were characterized by enhanced formation of
filopodia (Figure 2D, 2E white arrows), believed
to guide cell locomotion during normal tissue
morphogenesis or cancer metastasis [35, 40],
which was accompanied by broad diversity of
actin cytoskeleton organization. It ranged from
the sparse cells possessing vestigial stress
fibers, through the cells with an elongated mor-
phology and diffusible actin distribution devoid
of stress fibers, to cells with epithelial-like mor-
phology and typical actin cytoskeleton (Figure
2D). The limited presence of lamellipodia and
stress fibers reflects lower directionality of
.t.EMT'RGM1 cell movement (Figures 1F and
2E), while diversity of actin organization indi-
cates high degree of phenotypic plasticity
(Figures 1H, 11, 2D, 2E) correlating with overall
increase of Lt.EMT'RGM1 cell motility. Addition-
ally, we have observed tumor-like nuclear local-
ization of actin [41, 42] (Figure 2E, yellow
arrows) exclusively in 1.t.EMT'RGM1 cells (Fig-
ure 2A-E). These observations confirm differ-
ent reprogramming scenarios induced by long-
term influence of GF and Hp-AGF secretomes.

Long-term exposition of .t.EMT*RGM1 cells to
Hp-AGF secretome induces their shift towards
invasive potential

The pro-migratory phenotype and cytoskeleton
plasticity pushed us to check |.t.EMT'RGM1 cell
behavior in 3D BM. We have focused on the
responsiveness of L.t.EMT'RGM1 and Lt.EMT
RGM1 to the strongest motility inducers: Hp-
AGF and DMEM+10% FBS gradients. Geltrex
invasion assay showed highly accelerated
movement of [.L.LEMT'RGM1 towards DMEM+
10% FBS, additionally intensified towards
Hp-AGF supernatant (Figure 3A). Only a few
.t.LEMTRGM1 cells managed to pass through
the Geltrex layer exclusively towards Hp-AGF
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supernatant (Figure 3A). RGM1 cells failed to
pass the BM layer (Figure 3A). These results
confirm differential abilities of [.t.EMT'RGM1
and L.t.EMTRGM1 cells to move across BM.

To substantiate this notion we have checked
the expression of MMPs, responsible for ECM
degradation [43-46]. LL.EMT'RGM1 cells sh-
owed strong up-regulation of mMRNAs encoding
MMP2, MMP3 and MMP9 accompanied by the
appearance of FAP mRNA (Figure 3B) charac-
teristic for CAFs and tumor cells [47, 48].
L.t.EMTRGM1 cells were characterized with
up-regulation of MMP9 mRNA expression and
vestigial MMP3 and MMP2 mRNA expressions
(Figure 3B). These results led us to visualize
the ability of .t.EMT'RGM1 and I.t.EMTRGM1
cells to degrade BM. Geltrex MMP activity
assay showed dense central concentration of
I.t.EMTRGM1 cells, whereas the profound dis-
persion of Lt.LEMT'RGM1 cells combined with
complete destruction of artificial BM matrix
within 48 hrs (Figure 3C). These results under-
line pro-invasive long-term influence of Hp-AGF
secretome as compared to GF secretome.

Hp-AGF secretome induces increased dynam-
ics of long-term RGM1 cell groups and aggre-
gates in 3D BM

Next, we have checked the behavior of
[t.EMT*RGM1 cells in 3D BM. 8 hrs after
seeding, RGM1 cells were organized in aggre-
gates, while [t.EMTRGM1 and particularly,
.t.LEMT'RGM1 cells stayed largely scattered
due to E-cadherin down-regulation [25]. The
already existing RGM1 cell aggregates signifi-
cantly reduced their area within next 8 hrs
(Figure 4A, 4D). At the same time I.t.EMTRGM1
(Figure 4B, 4E) and I.t.EMT'RGM1 (Figure 4C,
4F) cell groups started to cluster in the aggre-
gates. The cell group area reduction and the
rate of group area relative change were signifi-
cantly higher for .t.EMT'RGM1 cells (Figure 4F)
and the lowest for RGM1 cells (Figure 4D). The
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overall migration speed of Lt.EMTRGM1 and
Lt.LEMT'RGM1 cells were comparable (0.12
um/s vs. 0.13 um/s) (Figure 4E, 4F) while over-
all migration speed of RGM1 cells was more
than three times lower (0.04 um/s) (Figure 4D).
The translation spotted was approximately lin-
ear in all cases, i.e. no random movement was
observed. No change of sign was spotted, i.e.
general orientation of the aggregate movement
was not changing (Figure 4D-F). Given dynam-
ics of cell behavior during first 8 hrs of observa-
tion, we have then checked the organization of
Lt.EMT*RGM1 (Figure 4G) and I.t.EMTRGM1
cells (Figure 4H) after 24 and 48 hrs. After 24
hrs both cell types were arranged in dense,
round aggregates, however while Lt.EMTRGM1
cells kept compacting cell aggregate areas up
to 48 hrs (Figure 4H), |.t.EMT'RGM1 cells start-
ed to actively migrate from the aggregates
(Figure 4G). Although the total area of
.t.EMT'RGM1 cell groups increased, the area
of densely aggregated cells decreased due to
cell migration (Figure 4H). Apparently [.t.EMT*
RGM1 cells exhibited prominent two stage
behavior first compacting into densely packed
aggregates minimizing their area (Figure 4C,
4F), then invasively migrating from the aggre-
gates towards Hp-AGF secretome (Figure 4D).
The underlying mechanism of such two-step
behavior requires following in-depth study. The
obtained results confirm that GF ensures inva-
sive restrictions.

Invasive potential of .. EMT*RGM1 cells is
related to the function of Twist

Obtained results prompted us to analyze Snail
and Twist expression in Lt.EMT'RGM1 and
Lt.LEMTRGM1 cells. Considering the invasive
potential of Lt.EMT*RGM1 cells, we've analyzed
Snail and Twist expression in their population.
Both I.t.EMT*RGM1 and I.t.EMTRGM1 cells dis-
played significant Snail and Twist transcription-
al up-regulation (Figure 5A). The increase of
Snail mRNA expression led to the induction of
Snail protein expression in both LL.EMTRGM1
and Lt.EMT'RGM1 cells, however, in LL.EMT
RGM1 cells it was significantly higher (Figure
5B). At the same time increased expression of
Twist mMRNA resulted in Twist protein expres-
sion only in Lt.EMT'RGM1 cells (Figure 5B). To
further confirm Twist expression in [t.EMT*
RGM1, we have applied immunofluorescence
which is more sensitive than Western Blot
technique. We have not only confirmed the
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exclusive Twist expression in [t.EMT'RGM1
cells but also its translocation into the nucleus
(Figure 5C). Thus, we conclude that long-term
administration of Hp-AGF secretome induces
both, Snail and functional Twist protein expres-
sion in normal gastric epithelial cells, while GF
secretome induces only Snail protein expres-
sion, implicating Twist in pro-invasive behavior
of .Lt.EMT'RGM1 cells. Additionally the pro-can-
cerogenic, elastic phenotype of I.t.EMT'RGM1
cells was confirmed by Cytokeratinl9, which
increasing expression is characteristic for
reprogramming of normal tissues to premalig-
nant lesions and finally to adenocarcinoma in
situ [48]. On the contrary, GF secretome down-
regulated Cytokeratin19 which together with
Snail expression in Lt.EMTRGM1 cells clarifies
their reprogramming and differentiation to-
wards myofibroblasts (EmyoT) which strength-
en our previous results [28].

Invasive potential of .Lt.EMT*RGM1 cells is
associated with HGF/TenascinC/B1-integrin
pathway

To look into the mechanistic insight of the
pathways governing motility and invasion of
.t.EMT'RGM1 cells, we have checked the level
of c-Met, the activator of signaling pathways
responsible for motility and cell scattering.
Both [t.EMT'RGM1 and Lt.EMTRGM1 cells
were characterized by elevated level of c-Met
MmRNA as well as c-Met protein expression
(Figure 6A, 6C). Additionally .t.EMT'RGM1 cells
gained the ability to produce and release HGF
(Figure 6A, 6B). These observations together
with highly increased HGF concentration in
Hp-AGF secretome [27] implicates, that des-
pite of c-Met up-regulation in L.t.EMT'RGM1
cells, the increased amount of HGF ligands in
Hp-AGF and I.t.EMT'RGM1 cell secretome pro-
vides I.L.EMT'RGM1 cells with higher para-
and autocrine stimulation. Additionally, I.t.EMT*
RGM1 cells increased expression of functional
c-Met partner, Integrin-B1 [49] which was only
slightly up-regulated in I.t.EMTRGM1 (Figure
6C). Importantly, Hp-AGFs were characterized
with upregulation of TenascinC (TNC) [29], the
HGF responsive factor involved in cancer cell
scattering [50-52], Bl-integrin clustering and
activation [53, 54]. We have found that also
.t.EMT'RGM1 cells have started to express
small, hardly detectable amounts of TNC
(Figure 6A, 6C). L.t.EMT*RGM1 cells showed
also increased expression of EGFR and its acti-
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F .t EMT*RGM1/Hp-AGF supernatant
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2.Start|39.4 (33.7|869.1| 742 |37483.8 -0.233

End |27.9(27.4|854.9|731.6 |21605.4 |-15878.4|-42.4%| -0.033

Figure 4. Dynamics of cell groups/aggregates in 3D Geltrex BM. Nomarski contrast of initial and final distribution of cell groups in 3D Geltrex BM flooded with ap-
propriate culture medium: RGM1 cells in DMEM+10% FBS (A), .t.EMTRGMA1 cells in GF supernatant (B) and [.t.EMT*RGM1 in Hp-AGF supernatant (C). Upper and
lower pictures show the initial and final distribution of cell groups (8 hrs after seeding and 16 hrs after seeding) with visible computed ellipses (magenta) coinciding
with error ellipse (white). Cell group dynamics was registered with Leica DMIGO0O0B time-lapse system for 8 hrs. The computed parameters of relevant aggregates
e.g. standard deviations (o,, 0,), centroid positions (u,, 4,) and correlation coefficient r for given cell type are shown in the tables: RGM1 cells in DMEM+10% FBS
(D), .t.EMTRGM1 in GF supernatant (E) and I.t.EMT*RGM1 cells in Hp-AGF secretome (F). The changing values of correlation coefficient reflect the aggregate shape
changes and standard deviations changes reflect the area changes. Decreasing value of correlation coefficient points to striving round shape adaptation (evolu-
tion of linearly elongated aggregates into more circularly shaped ones) and decreasing values of standard deviations point to the overall area decrease. Nomarski
contrast of Lt.EMT'RGM1 (G) and I.t.EMTRGM1 (H) depicting aggregated cells in 3D Geltrex basement membrane 24 hrs after seeding and 48 hrs after seeding
and showing invasive properties of .L.EMT*'RGM1 cells. Computed ellipses (magenta) and computed parameters of relevant aggregates: standard deviations (g,, 0,),
centroid positions (u,, 4,) and correlation coefficient r. The aggregate area was calculated according to the formula: S=9mo,0,. Cell group dynamics was registered
with Leica DMIGOOOB.
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vation (Figure 6A, 6C), which is frequently over The short-term influence of Hp-hAGF secre-
expressed in many types of cancers including tome on EMT induction in human skin kerati-
GC. These findings are consistent with the find- nocytes

ings that among other signaling molecules,

also EGFR activation leads to E-cadherin re- To verify if Hp-activated fibroblast secretome-
pression through STAT3 induced Twist activa- induced reprogramming is not one cell-line
tion and thereby, promote EMT [55]. specific and to what extend Hp-AGF short-term
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evoked reprogramming can be universal mech-
anism eliciting EMT in other cell types of epithe-
lial origin, we have checked the morphology
and motility of normal skin keratinocytes HaCaT
after 96 hrs of culture in Hp-activated human
gastric fibroblast (Hp-hAGF) supernatant. In
control conditions (DMEM+10% FBS), HaCaT
cells adopted predominantly polygonal, epithe-
lioid morphology, which was characterized by
the lack of polarization. The cells showed the
tendency to form islets in the subconfluent cul-
ture (Figure 7A) and were characterised with
very slow, collective cell movement (Figure 7C).
The morphology of HaCaT cells cultured in the
supernatant from hGFs was similar to this, esti-
mated for the cells cultured in control medium
(Figure 7A). The cells in Hp-hAGF supernatant
were also characterized with collective cell
movement, accompanied by the formation of
multicellular leading fronts (Figure 7A-C). The
front cells moved ahead of follower cells, pro-
viding the guidance for the migrating group,
which is characteristic for wound healing and
morphogenesis [58]. Only a few cells were char-
acterized by single, but typical epithelial cell
movement (Figure 7A).

In turn, Hp-hAGF secretome induced scattering
of HaCaT cells, with the appearance of few big-
ger and more elongated cells with the tendency
to pro-fibroblastic movement. The cells failed to
form islets and the collective migration was
replaced by single cell movement (Figure 7A).
Both, hGF and Hp-hAGF secretomes enhanced
motility of HaCaT cells, which were almost non-
motile in culture medium (Figure 7B, 7C). All
motility parameters were the highest in hGF
secretome, particularly the displacement (Fi-
gure 7C) which pointed to ordering exerted by
normal fibroblasts during physiological wound
healing. Nevertheless, only Hp-hAGF secre-
tome induced pro-EMT phenotypical shift and
cell scattering of HaCaT cells (Figure 7A, 7B).

To further confirm the influence of Hp-hAGF
secretome on HaCaT cells, we have checked
the expression of EMT-TFs and EMT markers.
Both, hGF and Hp-hAGF secretome induced
Snail mRNA upregulation, however only Hp-
hAGF secretome elicited Twist mRNA expres-
sion (Figure 7D). Twist appearance was accom-
panied by increased expression of mRNA for
EMT markers: a-SMA and N-cadherin and char-
acteristic decrease of E-cadherin mRNA ex-
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pression (Figure 7D) confirming EMT commit-
ment evoked by Hp-hAGF. The secretome from
hGF slightly decreased E-cadherin mRNA ex-
pression, nevertheless failed to significantly
change N-cadherin and a-SMA mRNA expres-
sion (Figure 7D). The obtained results were
uniform with the results obtained by our team
for short-term EMT induction in RGM1 cells,
which strongly points to the versatility of EMT-
inducing capacity of Hp-activated fibroblasts.

The influence of Hp-hAGF secretome induces
EMT related changes of motility mode in can-
cer cells

To assess how Hp-hAGF will affect already
developed gastric/colon cancer cells we have
checked the morphology and motility of human
colon adenocarcinoma HT29 and human gas-
tric adenocarcinoma AGS after 24 hrs of cul-
ture in Hp-hAGF supernatant.

Neither hGF, nor Hp-hAGF secretome induced
the change of HT-29 cell morphology and
motility in applied 2D culture conditions (cul-
ture dish surface) and the cells stayed non-
motile (Figure 8A). Then, we investigated mor-
phology and motility parameters of AGS cells.
The hGF secretome didn’t induce any changes
in cell morphology as compared to control
conditions (Figure 8A). On the contrary, in
Hp-hAGF secretome, some AGS cells changed
their morphology from epithelioid towards
strongly elongated, fibroblastoid shape (Figure
8B) with the appearance of fibroblastoid motili-
ty mode (Figure 8E). Additionally, the distance
rate and the speed of displacement of epitheli-
oid type of movement were only slightly lower in
Hp-hAGF secretome comparing to control and
hGF secretome (Figure 8D). In non-gradient
conditions, the AGS cells in Hp-hAGF secre-
tome were also characterized with more ran-
dom movement (Figure 8C, 8D). Previously, we
have shown EMT type 3 commitment of RGM1
cells to be dependent on TGFB signaling [19,
28]. It's now well recognized that EMT engages
discrete interplay between different growth
factor and cytokine signaling pathways. Thus,
focusing on GC, to specify the influence evoked
by Hp-hAGF on progression of this type of can-
cer, we have attempted to determine if EGFR
signaling can participate in this mechanism.
Though, the addition of A46 (inhibitor of EGF
receptor kinase activity) to AGS cells cultured
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in Hp-hAGF secretome, didn’t significantly influ-
ence motility parameters of epithelioid cells
(Figure 8C, 8D), it resulted in disappearance of
AGS fibroblastoid motility mode (Figure 8E).
Collectively, the above results confirm EMT-
inducing and migration promoting activity of
Hp-hAGF secretome in normal and cancer
motile cells in non-gradient 2D conditions. The
EMT-inducing, but not migration-promoting
influence of Hp-hAGF on motile human gastric
adenocarcinoma AGS was at least partially
dependent on EGFR signaling in short-term
conditions. These findings are consistent with
the findings that among other signaling mole-
cules, also EGFR activation leads to E-cadherin
repression through STAT3 induced Twist activa-
tion and thereby, promote EMT [55]. Never-
theless, one should still remember, that EGFR
downstream signaling cascades can shift to be
activated via EGFR-independent mechanisms
[56-59].

The influence of Hp-hAGF secretome induces
Twist upregulation accompanied with EMT type
3-related pro-pluripotent changes in cancer
cells

Next, we have focused on the correlation
between EMT-TF expression and pro-pluripo-
tent plasticity of cancer cells upon the influ-
ence of Hp-hAGF secretome. We have checked
Snail and Twist gene upregulation in cancer
HT29 and AGS cell lines. Consistently, Hp-hAGF
secretome induced increased expression of
Snail mRNA in both cell lines as well as Twist
gene upregulation in HT29 and Twist mRNA
expression appearance in AGS cells (Figure
9A). Accordingly to its EMT-inducing capacity,
Hp-hAGF secretome elicited increased expres-
sion of mMRNA for pluripotency markers [28]:
c-Myc, Oct4 and Sox-2 confirming pro-pluripo-
tent activity of Hp-activated fibroblast secre-
tome. At the same time hGF secretome only
slightly increased mRNA expression for Twist,
c-Myc and Oct4 mRNA in HT29 cells. In AGS
cells hGF secretome didn’t elicit neither Snail
transcriptional upregulation nor Twist appear-
ance, additionally decreasing the expression of
c-Myc and Sox-2 mRNA (Figure 9A, 9B). The
appearance of Twist expression in AGS cells
was dependent on EGFR signaling at least
within 96 hrs of experimental procedure and
disappeared after the addition of A46, which
also diminished Snail, c-Myc, Oct4 and Sox-2
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gene upregulation (Figure 9A, 9B), which is
consistent with the supportive role of EGFR in
EMT and stemness [60, 61]. Above results
confirm that Hp-AGF secretome induces both,
Snail and Twist gene upregulation in normal
cells and predominantly Twist upregulation in
cancer cells. At the same time, GF secretome
induces Snail gene upregulation and doesn’t
influence Twist. In cancer cells, Twist mMRNA
upregulation was combined with EMT with EMT
type 3-connected propluripotent markers up-
regulation. The appearance of Twist gene activ-
ity and associated pluripotency markers gene
upregulation in AGS cells, depended on EGFR
signaling in our experimental conditions. These
results confirm our previous observations on
plasticity inducing properties of Hp-activated-
fibroblast secretome and the opposite role of
GF secretome [28].

Increased invasiveness in adenocarcinoma
cells engages the interplay of cMet/HGF/[31-
integrin/TNC and EGFR signaling

To verify further influence of Hp-hAGF on can-
cer cells, we have focused on their invasive-
ness. We have also checked EGFR depend-
ence of the mechanism leading to changes in
invasiveness of AGS cells. We have first check-
ed the impact of Hp-hAGF secretome gradient
on HT29 and AGS cells. Surprisingly, 3D gradi-
ent conditions evoked chemotactic invasive
response of 2D non-motile HT29 cells, accom-
panied with their morphology change. Both
HT29 and AGS cells showed highly accelerat-
ed movement towards Hp-hAGF secretome
already after 24 hrs, as compared to control
medium and hGF supernatant (Figure 10A,
10B). We have also observed decrease of inva-
sive properties of AGS cells towards Hp-hAGF
secretome after EGFR signaling inhibition
(Figure 10A, 10B). Additionally, we have
observed that Hp-hAGF secretome induced
motile, elongated phenotype in 3D gradient
conditions also in 2D non-motile HT29 cells
(Figure 10C), which underlie not only promo-
tion of BM degradation ability induced by
Hp-hAGFs, but also high chemotactic proper-
ties of Hp-hAGF secretome (Figure 10A). These
results again confirm pro-invasive influence of
Hp-hAGF secretome as compared to both, hGF
and control medium.

To specify this notion, we have checked the
expression of MMPs. Both, HT29 and AGS cells
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Figure 9. Hp-hAGF secretome prompts Twist related EMT type 3 pro-pluripotent changes in cancer cells. RT-PCR
analysis of the expression of mRNA for 18S, Snail, Twist and pluripotency-related Yamanaka factors: c-Myc, Oct4
and Sox-2 in HT29 (A) and AGS (B) cells cultured for 96 hrs in control medium, hGF and Hp-hAGF supernatants
and the ratio of selected genes over 18S mRNA. Additionally AGS cells were cultured in Hp-hAGF secretome with
the addition of A46 (0.1 mM). The analysis shows Snail mMRNA expression increase and strong Twist transcriptional
upregulation. Results are mean + SEM of four independent experimental repeats. Asterisk (*) indicates a significant
change (P<0.05) as compared to the control value. Hash (#) indicates a significant change (P<0.05) as compared
to the value for cells cultured in hGF secretome.

showed strong up-regulation of mRNAs encod- 10E). Next, we have visualized the ability of
ing MMP2, MMP3 and MMP9 (Figure 10D, HT29 and AGS cells to move across and de-
10E) accompanied by the upregulation of FAP grade BM. The Geltrex assay showed that both
MRNA (Figure 10D, 10E). On the contrary, hGF cell types actively migrated towards Geltrex/
secretome strongly decreased the expression Hp-hAGF secretome interface and actively
of MMP9 only slightly increasing MMP2 in crossed it already after 24 hrs (Figure 10F,
HT29 cells. In AGS cells hGF secretome induc- 10G). Consistently, the acceleration of invasive
ed decreased expression of MMPs tested, as properties in AGS cells was again leveled by
compared to control values. The upregulated EGFR inhibition, however it's worth noting that
expression of MMPs as well as FAP expression these properties weren’t entirely abolished as
appearance in AGS cells disappeared after seen in Figure 10A, 10E, 10G. These results
EGFR signaling inhibition with A46 (Figure underline general, pro-invasive properties of
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Figure 10. Hp-hAGF secretome induces increased invasiveness of cancer cells. This phenomenon in adenocarcinoma cells is related to cMet/HGF/Integrin-31/TNC
and EGFR signaling. Geltrex invasion assay of HT29 and AGS cells towards culture medium, hGF and Hp-hAGF supernatants and in the case of AGS cells towards
Hp-hAGF secretome with the addition of tyrphostin A46 (0.1 mM) showing enhanced invasiveness towards Hp-hAGF supernatant and the decrease after A46 (A).
Fluorescent microscopy of transmigrated AGS cells attached to the bottom side of the geltrex/transwell membrane stained with bisbenzimide (Hoechst 33342)
(B). The phase contrast microscopy showing HT29 and AGS cells that transmigrated through invasion chambers towards Hp-hAGF supernatant. Three independent
experiments were performed for each condition (C). RT-PCR analysis of the expression of 18S, Fap, MMP 2, 3, 9 and mRNA in HT29 (D) and AGS (E) cells cultured in
culture medium, hGF, Hp-hAGF supernatants and in the case of AGS cells in Hp-hAGF secretome with addition of tyrphostin A46 (0.1 mM) and the ratio of selected
genes over 18S mRNA showing their strong upregulation in Hp-hAGF secretome. Phase contrast microscopy of Geltrex metalloproteinase activity assay (1:1) of HT29
(F) and AGS (G) flooded with culture medium, hGF, Hp-hAGF supernatants and in the case of AGS cells with Hp-hAGF secretome with the addition of A46 (0.1 mM),
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showing enhanced ability of cells flooded with Hp-hAGF supernatant to cross basement membrane components
already after 24 hrs. RT-PCR analysis of the mRNA expression for 18S, cMet, HGF, EGFR and Integrin-1 in AGS
cells cultured in control medium, hGF, Hp-hAGF and in Hp-hAGF secretome with the addition of A46 (0.1 mM) and
the ratio of selected genes over 18S mRNA (H). Results are mean + SEM of four independent experimental repeats.
Asterisk (*) indicates a significant change (P<0.05) as compared to the control cell value. Hash (#) indicates a sig-
nificant change (P<0.05) as compared to the value of cells grown in GF supernatant.
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Hp-AGF secretome exerted on cancer cells at The decrease, but not complete disappear-

least partially by EGFR signaling activation.

Further verifying the mechanism of EMT type
3-relared invasive expansion exerted by Hp-
activated fibroblasts, we have confirmed the
upregulation of c-Met, EGFR and Integrin-f1
MRNA combined with strong upregulation of
EGF mRNA in AGS cells (Figure 10H). We have
found that above increases in mRNA expres-
sion were dependent on EGFR signaling at
least within 96 hrs of stimulation (Figure 10H).
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ance of mRNA level for EGFR points to its par-
tial autoregulation. The obtained results in the
combination with Hp-induced upregulation of
TNC in Hp-activated fibroblasts [29] streng-
then our notion that the process of proinvasive
cell stimulation evoked by Hp-activated fibro-
blasts engages the interplay of cMet/HGF/
Integrin-B1/TNC and EGFR signaling. We have
additionally found some upregulation of TGF
mMRNA in Hp-hAGF stimulated AGS cells (Figure
10H).
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Table 1. Rat and human oligonucleotide primers for detection of mRNA by RT-PCR, annealing tem-

perature and size of PCR products employed in experimental protocol

Gene Primer sequence Size of PCR Annealing
product (bp) temp. (°C)

Rat 18S Forward 5’-GTTGGTTTTGATCTGATAAATGC-3’ 143 60
Reverse 5’-CATTAAATCAGTTATGGTTCCTTTG-3’

Rat Fap Forward 5’-AGCCATATGGGGATGGTCCT-3’ 154 60
Reverse 5’-TGTTGGGAGGCCCATGAATC-3’

Rat MMP9 Forward 5-AGGTGCCTCGGATGGTTATCG-3’ 156 63,3
Reverse 5’-TGCTTGCCCAGGAAGACGAA-3’

Rat MMP3 Forward 5’-CTCTCCCAAGATGATGTAGATGGTATTC-3’ 124 59
Reverse 5’-AGCTACACATTGGTAAGGTCTCAG-3’

Rat MMP2 Forward 5’-CAGGGAATGAGTACTGGGTCTATT-3’ 126 60
Reverse 5’-ACTCCAGTTAAAGGCAGCATCTAC-3’

Rat Twist Forward 5’-GCCGGAGACCTAGATGTCATT-3’ 185 60
Reverse 5’-GGCCTG TCTCGCTTT CTCTT-3’

Rat Snail Forward 5’-CTGGGCGCT CTGAAGATGCA-3’ 250 60
Reverse 5’-GGAGCAGCCAGACTCTTGGTGT-3’

Rat HGF Forward 5’-TCTTGGTGTCAT TGTTCCTG-3’ 157 60
Reverse 5’-CCATGGATGCTTCAAATACA-3’

Rat cMet Forward 5’-TCCAGCTGTTGCAGGGAAG-3’ 66 60
Reverse 5’-GGCGTGCCAACATCGC-3’

Rat EGFR Forward 5’-GTAGCATTTATGGAGAGTG-3’ 454 64
Reverse 5’- GAGAGGAGAACTGCCAGAA-3’

Rat TNC Forward 5’-AGGCCACTGAGTACG AAATT-3’ 360 55
Reverse 5’-GACCATCGAGAGGCTGTGATT-3’

Human Snail Forward 5’-GGCAATTTAACAATGTCTGAAAAGG-3’ 105 60
Reverse 5’- GAATAGTTCTGGGAGACACATCG-3’

Human Twist Forward 5’-CTCAAGAGGTCGTGCCAATC-3’ 119 60
Reverse 5’-CCCAGTATTTTTATTTCTAAAGGTGTT-3’

Human FAP Forward 5’-AGCCATATGGGGATGGTCCT-3’ 154 60
Reverse 5’-TGTTGGGAGGCCCATGAATC-3’

Human MMP2 Forward 5’-AGATCTTCTTCTTCAAGGACCGGTT-3’ 225 67,2
Reverse 5’-GGCTGGTCAGTGGCTTGGGGTA-3’

Human MMP3 Forward 5’-AGGCTGTATGAAGGAGAGGCTGAT-3’ 246 56,6
Reverse 5’-AGTGTTGGCTGAGTGAAAGAGACC-3’

Human MMP9 Forward 5’-GCCACTACTGTGCCTTTGAGTC-3’ 125 60
Reverse 5’-CCCTCAGAGAATCGCCAGTACT-3’

Human cMet Forward 5’-TGCACAGTTGGTCCTGCCATGA-3’ 142 60
Reverse 5’-CAGCCATAGGACCGTATTTCGG-3’

Human EGFr Forward 5’-AACACCCTGGTCTGGAAGTACG-3’ 106 60
Reverse 5’-TCGTTGGACAGCCTTCAAGACC-3’

Human Oct4 Forward 5’-AACCTGGAGTTTGTGCCAGGGTTT-3’ 123 60
Reverse 5’-TGAACTTCACCTTCCCTCCAACCA-3’

Human Sox2 Forward 5’-AGAACCCCAAGATGCACAAC-3’ 204 48
Reverse 5’-CTCCGGGAAGCGTGTACTTA-3’

Human c-Myc Forward 5’-CTGCTTGAATGGACAGGATGTA-3’ 320 60
Reverse 5’-CTCCACTCACCAGCACAACTAC-3’

Human 18S Forward 5’-TAGTAGCGACGGGCGGTGTG-3’ 230 60
Reverse 5’-CAGCCACCCCAGATTGAGCA-3’

Human aSMA Forward 5’-ATCACCAACTGGGACGACAT-3’ 175 60
Reverse 5’-CATACATGGCTGGGACATTG-3’

Human E-Cadherin Forward 5-AACGAGGGCATTCTGAAAACA-3’ 75 60
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Reverse 5'-CACTGTCACGTGCAGAATGTACT-3’
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Human N-Cadherin Forward 5-ATGAAGAAGGTGGAGGAGA-3’ 152 60
Reverse 5’-AGATCGGACCGGATACT-3’
Human Integrin-p1 Forward 5’-GGATTCTCCAGAAGGTGGTTTCG-3’ 143 60

Reverse 5’-TGCCACCAAGTTTCCCATCTCC-3’

Human TGFj Forward 5’-CTCGCCAGAGTGGTTATCTT-3’ 123 60
Reverse 5’-AGTGTGTTATCCCTGCTGTCA-3’

Human EGF Forward 5’-TGCCAGCTGCACAAATACAGAGGG-3’ 167 58
Reverse 5’-CATCGTGGGACAGGGGACATTCA-3’

Discussion ming towards motile phenotype. However, while

The development of cancer is a multistep pro-
cess in which cells gradually increase capacity
for proliferation and survival, progressively
becoming malignant through a series of altera-
tions [62]. Recently, we have shown that long-
term presence of Hp-AGF secretome switched
microevolution of normal gastric epithelium
towards EMT type 3 cancer stem cell-related
program, while GF secretome induced differen-
tiation related EmyoT in these cells [28]. Type 3
EMT occurs in neoplastic cells that have previ-
ously undergone genetic and epigenetic chang-
es, specifically in genes that favor clonal out-
growth and the development of localized
tumors [63]. EMT type 3 is observed in these
cells as a part of dedifferentiation program
conferring cancer cells with the traits of stem-
ness [64]. Beside neoplastic growth, this type
of transition has been also associated with
cancer progression and metastasis. Now-
adays, cancer metastasis is considered as an
adaptive process requiring increased motility
and the pluripotency-related cell phenotypical
plasticity acquired through EMT type 3 and its
reversed counterpart MET.

Guided by these premises, we have decided
herein to check if Hp-AGFs are not only res-
ponsible for the induction of pro-pluripotent
phenotype in normal gastric epithelial cells
[28] but can also elicit their permanent repro-
gramming towards EMT-type 3 related invasive
phenotype.

The analysis of obtained results presented
herein showed that Hp-AGF secretome was
characterized with general migration-promot-
ing properties favoring excessive migration of
normal and pro-cancerogenic cells. Parallely
GF secretome exerted strong, migration-limit-
ing effect.

We have also observed that both .t.EMT'RGM1
and LLt.EMTRGM1 cells undergone reprogram-
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Lt.LEMTRGM1 cells were characterized with
higher persistence of movement and perma-
nent fibroblastoid morphology, [.t.EMT'RGM1
cells presented phenotypical, niche-dependent
heterogeneity of motility mode with the pres-
ence of intermediate, both mesenchymal and
epithelial types of movement. These results
stay in agreement with our previous observa-
tions [28] on phenotypical, niche-dependent
plasticity of Lt.EMT'RGM1 cells. Above observa-
tions were reflected in highly differential actin
distribution in 1.t.EMT'RGM1 and I.t.EMTRGM1
cells. LL.EMTRGML1 cells were characterized
with the presence of abundant stress fibers
characteristic for fibroblasts, which together
with our previous results [28] showing a-SMA
incorporation into their stress fibers, confirm
permanent EmyoT of epithelial cells under pro-
longed GF secretome exposure. Such changes
are the hallmarks of EMT type 2 ultimately
leading to fibrosis. In turn, Lt.EMT'RGM1 cells
showed heterogeneous, diffused F-actin distri-
bution characteristic for transition between epi-
thelial and mesenchymal state, accompanied
with enhanced formation of filopodia, believed
to guide cell locomotion during normal tissue
morphogenesis or cancer metastasis [35, 40].
Such dynamic transition between epithelial and
mesenchymal actin organization is known to
facilitate EMT type 3/MET switch [65, 66]. EMT
type 3/MET transition enables cell dissemina-
tion under diverse microenvironmental condi-
tions during the process of metastasis and
then formation of secondary tumors to some
extent returning back to epithelial characteris-
tic [67-71]. Our observations on pro-pluripo-
tent, pro-cancerogenic motile characteristic of
.t.LEMT'RGM1 cells were strengthened by
nuclear accumulation of actin in .Lt.EMT'RGM1
cells. Actin presence in the nucleus has been
linked to DNA transcription and repair. In the
normal epithelium, extracellular cues maintain
low level of nuclear actin, while tumorigenic
microenvironment promotes relocation of actin
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into the nucleus. This event leads to further
cell transcriptome reprogramming towards tu-
mor-like phenotype [41, 42]. Additionally the
pro-cancerogenic, elastic phenotype of [.t.EMT*
RGM1 cells was confirmed by Cytokeratinl9,
which increasing expression is characteristic
for reprogramming of normal tissues to prema-
lignant lesions and finally to adenocarcinoma
in situ [48].

We have previously shown that comparing to
GF secretome, Hp-AGF secretome is enriched
in TGFB and HGF [27]. Accordingly, it has been
proposed, that while the presence of TGFp
itself triggers EMT type 2, the parallel adminis-
tration of TGFB and HGF/c-Met is a potent EMT
type 3 inducer leading to dynamic actin reorga-
nization in epithelial cells [72-75]. Additionally,
we have previously shown, that although TGF
acted as EMT inducer in short-term gastric epi-
thelial cultures [19], strongly reduced, but still
sustained activity of TGFBRII in long-term cul-
tures (Lt.EMT'RGM1) was a necessary condi-
tion enabling EMT type 3 related proliferation
arrest escape and pro-pluripotent phenotype
of epithelial cells [27]. Accordingly, Kubiczkova
and coworkers [76] have shown complementa-
ry activation of HGF receptor cMet in tissues
where TGFBRII had been suppressed. This fact
implicates paracrine dependence between
TGFB and HGF signaling in regulation of carci-
noma development [71, 76] which seems to be
also true for Hp-AGF-reprogrammed gastric epi-
thelial cells, as shown in this study.

HGF/c-Met pathway has been shown to be
essential for growth, survival and invasiveness
of GC [77]. It stimulates multiple downstream
pathways, including ERK/MAPK [78], which
may collectively trigger signaling cascades re-
sulting in the loss of cell-cell contacts, scatter-
ing, motility, angiogenesis, apoptosis escape
and the ability to proliferate and settle down in
a new environment [79-83].

Indeed, next to TGFpB, also HGF has been sh-
own to trigger activation of ones of the main
EMT type 3 related transcription factors (EMT-
TFs): Snail and Twist [71, 80, 81]. Snail has
been shown to repress epithelial and to
enhance mesenchymal gene expression lead-
ing to induction of motile phenotype [84-86],
i.e. by actin dynamic related Cdc42 activation
[70, 73-75]. Additionally, Snail was proposed to
act as a key regulator of RhoA/a-SMA axis [85]
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leading to o-SMA incorporation into stress
fibers. Concomitantly, in our present studies
the overexpression of Snail in LL.LEMTRGM1
and I.t.EMT'RGM1 cells was correlated with
their accelerated motility. It also correlated
with increased o-SMA content as reported by
our team previously [28]. However, although
a-SMA expression was much higher in LL.EMT*
RGML1 cells, it was not incorporated into stress
fibers like in the case of .Lt.EMTRGM1 [28]. The
observed dispersion of a-SMA in .t.EMT'RGM1
suggests the existence of mechanism uncou-
pling Snail/RhoA/a-SMA machinery under the
influence of Hp-AGF resulting in more plastic,
motile phenotype.

According to the observation showing induction
of Twist expression under increased HGF sig-
naling [81-83, 87-89] we have observed exclu-
sive upregulation of Twist expression (Snail*
Twist'.t.EMT'RGM1 versus Snail*Twistl.t.EMT
RGM1) followed by its nuclear translocation in
.t.EMT'RGM1 cells. Twist expression has been
shown to promote invadopodia formation with
upregulation and increased activation of
MMPs. As the consequence, cells acquire abili-
ty to degrade tight barriers, such as the BM
surrounding epithelial organs and to invade
surrounding tissues [18, 89-94]. Moreover,
through degradation of proteins and ECM com-
ponents, MMP expression participates in the
formation of tumor microenvironment, charac-
terized e.g. by altered matrix structural tension
and release of ECM-bound signaling molecules
(cytokines and growth factors). Such changed
outside-in signaling resulted in the acceler-
ation of cancer cell activation [88-92]. Both,
MMP2 and MMP9 which are responsible for
digestion of type IV collagen, constituting the
main BM component [43-45], have been linked
to invasive growth and cancer-related inflam-
mation [44, 94-971]. In turn, high expression of
MMP3 has been shown to contribute to the late
stage of GC [98] and to negatively correlate
with GC differentiation [99, 100]. Consistently
with these findings, Snail*Twist’l.t.EMT'RGM1
cells were characterized with upregulated
MMP2, MMP3 and MMP9 mRNA expression,
revealing strong correlation with increased abil-
ity of these cells to degrade and migrate
through BM.

Long-term guidance exerted by Hp-AGF secre-
tome resulted also in Fap gene expression in
Snail*Twist'.t.EMT*RGM1 cells, which is a char-
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acteristic feature of CAFs [101] and metasta-
static tumor cells [47, 102, 103]. It has been
shown that MMP2, MMP9 and Fap localizing to
invadopodia facilitate the process of cell inva-
sion [104, 105]. MMP2 and MMP9 were also
shown to be responsible for HGF release from
the ECM and their proteolytic processing to
active form [106-108] which in turn coincided
with c-Met overexpression [109]. While cMet
receptor is expressed by epithelial cells, HGF
production has been restricted to cells of mes-
enchymal origin [107], CAFs and cancer cells
[110].

Accordingly, we have found previously, that pro-
longed administration of Hp-AGF secretome
resulted in the induction of HGF release by
overall pro-pluripotent Snail*Twist*Fap*Cytoke-
ratin19*LGR5*I.t.EMT'RGM1 cell population
[LGR5 determined in 28]. Herein, we have
shown that these cells were also characterized
with increased expression of c-Met enabling
next to strengthened paracrine, also autocrine
c-Met activation. All above findings implicate
accelerated HGF/c-Met signaling in cytoskele-
tal plasticity, increased motility and invasive-
ness of LLEMT'RGM1 cells, triggered by
increased content of HGF in both Hp-AGF [27]
and I.t.EMT'RGM1 secretomes and by increas-
ed expression of c-Met on the surface of
.t.EMT*RGM1 cells.

Additionally, our results underline the notion of
EMT type 3 conferring stem cell-like properties
consistent with the migratory CSC concept
[64]. In the light of these findings, we postulate
that long-term Hp-AGF secretome-reprogram-
med epithelial cells may constitute the source
of both, CAFs and cancer cells, possibly switch-
ing from pro-invasive cancerous phenotype to
CAF characteristic. Nevertheless, this notion
demands further studies. Simultaneously,
long-term administration of GF secretome
failed to induce such properties in Snail*Twist
FapCytokeratin19'LGR51.t.EMTRGM1 cell po-
pulation [LGR5 determined in 28]. Spix and
coworkers postulated that HGF promotes
motility and tumor progression in part by EGFR
activation [72]. Elevated level of EGFR is fre-
quently observed in different forms of cancer
and often correlates with cancer progression
and poor prognosis also in Hp-induced GC
[111]. Indeed, it has been stated, that activa-
tion of c-Met, can result in proteolytic cleavage
of EGF ligand precursors located in the cell
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membrane, which can then activate EGFR (the
triple membrane-passing signaling mechan-
ism) [112, 113]. This interaction seems to be
reciprocal, as increased c-Met protein level
after increased EGFR activation has also been
reported [114]. Moreover, it has been shown,
that TGFB over released by activated fibro-
blasts [114], including Hp-activated fibroblasts
[19] can lead to production of several mito-
genic growth factors including EGF [114]. In
turn, EGFR has been proposed to potentiate
TGFB induction of a subset of invasion-associ-
ated genes, along with transcriptional regula-
tion of HBEGF, a heparin-binding EGFR ligand
[114]. This phenomenon could give additional
explanation of decreased expression of TGBRII
active form in L.t.EMT'RGM1 cells [28], which
on one hand allowed the escape from TGF[-
induced arrest of proliferation and on the other
hand still sustained cell pro-pluripotent [28]
and invasive properties presented herein. The
sustained activation of TGF[ elicited also by
autologous TGFB release [28], increased ex-
pression of c-Met, EGFR and activated form of
EGFR point to the role of these reciprocal inter-
actions in Hp-AGF induced reprogramming of
epithelial cells. Thus, we conclude that cMet,
TGFB and EGFR interplay participate in the pro-
cess of cell reprogramming evoked by Hp-AGF
secretome at least at some stage of malignant
transformation. Additionally, the cross-talk bet-
ween growth factor receptors (GFR) and integ-
rins has been well established i.e. in metasta-
tic diffusion of tumor cells [115]. In vitro, mes-
enchymal fibroblasts and cancer cells migrate
along 2D or through 3D ECM using integrins
composed of B1, B3, B5 and B6 subunits [116,
117] with the abundance of B1 subunits in the
contact with collagen type IV [108, 115, 118].
C-Met activation leads to activation of Ras/
Raf/MEK/ERK cascade which is known to pro-
mote proliferation and invasion of tumor cells
[119-121] by increased expression of integrin-
o631 [122]. Apart from the increased expres-
sion of integrins- 31, the physical and function-
al interactions between c-Met and Integrins-31
where shown to drive the process of metasta-
ses [49] e.g. by MMP modulation [123-125].
The Integrin-B1-FAK-JNK signaling pathway has
been shown to up-regulate the expression of
both, MMP2 and MMP9 [126, 127]. All this
observations are again consistent with our pre-
vious results showing MEK1 upregulation in
.t.EMT'RGM1 cells [28] and present findings
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showing an increased expression of Integrin-f1
in these cells which points to the interplay
between c-Met/Integrin-31/MMP pathways.
We have also previously shown that Hp infec-
tion induced TNC upregulation in gastric fibro-
blasts [29] and herein we have observed that
Hp-AGF secretome induced expression of small
amounts of TNC in L.t.EMT'RGM1 cells. It is
known, that TNC is an Integrin-B1 ligand and is
expressed at sites of epithelial-mesenchymal
interactions during chronic inflammation and
cancer [52, 128]. TNC is transcriptionally up-
regulated mainly in CAFs, however it may also
be upregulated in cancer cells. Importantly,
TNC was found to promote migration through
shifts from the stable focal adhesion with
stress fibers to intermediate adherence [129]
which are favorable for cell migration and
spreading [50, 51]. In GC, Twist-associated TNC
expression has been linked to metastasis and
poor prognosis [50, 52, 128, 130]. Addition-
ally, De Weaver group identified HGF and TGF[3
as potent inducers of TNC expression [131]. In
turn, cell contact with TNC was shown to in-
duce expression of MMPs e.g. MMP2 [11, 132]
which subsequently cleaved TNC, creating ad-
hesive sites for cell adhesion receptors. This
event further led to clustering and activation of
Integrins-B1 resulting in increased cancer cell
spreading [53, 54, 128]. It is also worth noting,
that TNC is susceptible to proteolytic degrada-
tion also by MMP3 in vitro [133, 134].

Therefore, we conclude that long-term influ-
ence of Hp-AGF secretome induces reprogram-
ming of normal epithelial cells towards pro-plu-
ripotent, cancerogenic and invasive phenotype
which can be extrapolated to EMT type 3-
linked plasticity and accelerated invasiveness
in vivo. We hypothesize, that this microevolu-
tion next to TGFp relies also on c-Met/EGFR
signaling interplay and involves the HGF-
Integrin-Ras-dependent Twist activation lead-
ing to MMP and TNC upregulation with subse-
quent positive auto- and paracrine feedback
loops intensifying this process.

To assess versatility of Hp-induced activation
within fibroblast populations and subsequent
impact of such activated fibroblasts on epithe-
lial cells, we have applied short-term cultures
of normal skin keratinocytes (HaCaT) in the
secretome from Hp-hAGFs. The obtained re-
sults showed that the effect of human fibro-
blast activation is similar to that of rat fibro-
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blast activation. Hp-hAGFs induced EMT type 3
related changes in HaCaT cells. These changes
were similarly to RGM1 cells manifested by
fibroblastoid morphology, transcriptional up-
regulation of EMT markers, EMT-TFs: Snail and
Twist as well as for pluripotency markers: Oct,
Sox-2 and c-Myc. We have also observed typi-
cal E- to N-cadherin mRNA switch. These find-
ings indicate that EMT type 3 related mecha-
nisms evoked in RGM1 cells are not restricted
to one given cell line and even to the origin of
epithelium.

Thus we have further attempted to assess how
Hp-activated gastric fibroblast secretome may
affect already developed gastric/colon cancer
cells and to what extent the mechanisms
engaged in RGM1 reprogramming towards
I.t.EMT'RGM1 cells can participate in the neo-
plasm. Our results on short-term cultures of
human colon adenocarcinoma HT29 and
human gastric adenocarcinoma cells AGS in
Hp-hAGF secretome, revealed the appearance
of fibroblastoid motility mode in AGS cells. The
EMT-inducing, but not migration-promoting
influence of Hp-hAGF on motile human gastric
adenocarcinoma AGS was at least partially
dependent on EGFR signaling in these condi-
tions. This observation is consistent with the
findings that among other signaling molecules,
also EGFR activation leads to E-cadherin re-
pression through STAT3 induced Twist activa-
tion and thereby, promote EMT [53]. To further
verify the influence of Hp-hAGF on cancer cells,
we have focused on their invasiveness. We
have discovered that similarly as for RGM1
cells, Hp-hAGS secretome evoked chemotactic
response and increased invasiveness of both
HT29 and AGS cells within 24 hrs of stimula-
tion. The increased invasiveness was again
accompanied by strong upregulation of mRNAs
encoding MMP2, MMP3 and MMP9 and by
FAP mRNA appearance. Importantly, we have
observed the decrease of invasive properties
of AGS cells towards Hp-hAGF secretome after
EGFR signaling pathway inhibition. Decreased
invasiveness was followed by the reduction of
MMP and disappearance of Fap expression.
These results underline general, pro-invasive
properties of Hp-AGF secretome exerted on
cancer cells at least partially by EGFR signaling
activation.

To look deeper into Hp-hAGF elicited changes,
we have checked EMT-TF and pluripotency
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marker expression. Hp-hAGF secretome in-
duced some increase in Snail mRNA expres-
sion in both, HT29 and AGS cells as well as
strong Twist transcriptional upregulation in
HT29 and Twist mRNA appearance in AGS
cells. Accordingly to its EMT type 3 inducing
capacity, Hp-hAGF secretome elicited an in-
crease in expression of mRNA for pluripotency
markers [28]: ¢c-Myc, Oct4 and Sox-2 in these
cell types, confirming general pro-pluripotent
activity of Hp-activated fibroblast secretome.

Above results also indicate that Hp-AGF secre-
tome induces predominantly Twist upregulation
in cancer cells, followed by pluripotency marker
upregulation. The appearance of Twist gene
activity and associated pluripotency markers
gene upregulation in AGS cells, depended on
EGFR signaling in our experimental conditions.
These results confirm our previous observa-
tions on cell phenotypical plasticity inducing
properties of Hp-AGF secretome and the oppo-
site role of GF secretome and are consistent
with the supportive role of EGFR in EMT and
stemness [60, 61].

To get insight into the mechanism of Hp-hAGF
induced, EMT type 3-related invasive expan-
sion of gastric cancer cells exerted by Hp-
hAGFs, we have checked the expression of fac-
tors involved in cancerogenic and invasive
reprogramming of RGM1 also in AGS cells. We
have confirmed the upregulation of c-Met,
EGFR and Integrin-B1 mRNA expression com-
bined with strong upregulation of EGF and
increased expression of TGF mRNAs in these
cells. Again, the upregulation depended on
EGFR signaling at least within 96 hrs of stimula-
tion. The decrease, but not complete disap-
pearance of mRNA level for EGFR after EGFR
signaling inhibition suggests its partial auto-
regulation. These findings indicate that Hp-
activated fibroblasts involve similar mecha-
nisms to reprogram epithelial cells and already
existing cancer cells.

EGFR signaling dependent upregulation of
c-Met, EGFR and TGFPB mRNA in gastric adeno-
carcinoma cells indicate the cross-talk bet-
ween these pathways also under Hp-hAGF
induced stimulation at least at some stage of
malignant transformation. Accordingly, the
abolishment of Hp-hAGF secretome-induced
c-Met transcriptional upregulation triggered by
EGFR signaling inhibition was accompanied by
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decreased expression of MMP and Integrin-f1
mRNA. The obtained results in the combina-
tion with Hp-induced upregulation of TNC in
Hp-activated fibroblasts [29] strengthen our
notion that the process of proinvasive cancer
cell stimulation evoked by Hp-hAGFs next
to the cross-talk between growth factors and
their receptors engages also cMet/HGF/
Integrin-B1/TNC signaling.

Therefore we conclude that long-term influence
of Hp-infected fibroblast secretome induces
reprogramming of normal epithelial cells to-
wards pro-pluripotent, cancerogenic and inva-
sive phenotype which can be extrapolated to
EMT type 3-linked plasticity and accelerated
invasiveness of cancer cells in vivo. It also
potentiates pro-pluripotent and invasive pheno-
type of already existing cancer cells. We hypoth-
esize, that this microevolution next to TGF(
relies also on c-Met/EGFR signaling interplay at
least at some stage of invasive growth and
engages HGF/Integrin/Ras-dependent Twist
activation leading to MMP and TNC upregula-
tion with subsequent positive auto- and para-
crine feedback loops intensifying this process.
However, one should still remember, that EGFR
downstream signaling cascades can shift to be
activated via EGFR-independent mechanisms
[56-59].

Thus, it would be beneficial to investigate how
inhibition of each of these pathways affects
the activation of others in this complex inter-
play. It would be also important to check how
these interrelations change with the time of
stimulation.

We also postulate that long-term influence of
Hp-activated fibroblast secretome induces ph-
enotypical plasticity of normal epithelial cells
which can serve as the source of both cancer
cells and CAFs, being able to switch between
phenotypes. This hypothesis needs to be fur-
ther elucidated with precise identification of
eventual phenotypical subpopulations within
.t.EMT'RGM1 cells. Concomitantly, GF secre-
tome reprograms epithelial cells towards pro-
fibrotic, EMyoT non-invasive phenotype reflect-
ing microenvironmental induction of EMT type
2. The influence exerted by Hp-infected fibro-
blast secretome reflects in some simplification
the guidance of cancerous niche in the process
of carcinogenesis and the development of inva-
sive traits in cancer cells and can give the hint
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to the correlation between initially asymptom-
atic Hp (cagA+, vacA+) and further GC inci-
dence. It also provides a convenient start-up
model for studying more complex interactions
between gastric mucosal epithelium and its
microenvironment contributing to GC develop-
ment.
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