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Abstract

Transglutaminase 2 (TG2) is an important mesothelioma cancer cell survival protein. However,
the mechanism whereby TG2 maintains mesothelioma cell survival is not well understood.

We present studies showing that TG2 drives hepatocyte growth factor (HGF)-dependent MET
receptor signaling to maintain the aggressive mesothelioma cancer phenotype. TG2 increases
HGF and MET mRNA and protein levels to enhance MET signaling. TG2 inactivation reduces
MET tyrosine kinase activity to reduce cancer cell spheroid formation, invasion and migration.
We also confirm that HGF/MET signaling is a biologically important mediator of TG2 action.
Reducing MET level using genetic methods or treatment with MET inhibitors reduces spheroid
formation, invasion and migration and this is associated with reduced MEK1/2 and ERK1/2.

In addition, MEK1/2 and ERK1/2 inhibitors suppress the cancer phenotype. Moreover, MET
knockout mesothelioma cells form 10-fold smaller tumors compared to wild-type cells and these
tumors display reduced MET, MEK1/2 and ERK1/2 activity. These findings suggest that TG2
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maintains HGF and MET levels in cultured mesothelioma cells and tumors to drive HGF/MET,
MEK1/2 and ERK1/2 signaling to maintain the aggressive mesothelioma cancer phenotype.
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mesothelioma; transglutaminase 2 (TGM2); hepatocyte growth factor (HGF); MAPK signaling;
ERKZ1/2 signaling

Introduction

Mesothelioma is a cancer of the pleural and peritoneal mesothelial linings that develops

in response to asbestos exposure 12, Mesothelioma patients have a very limited life
expectancy 2. Cisplatin/pemetrexed chemotherapy with or without surgical resection is

the standard of care; however, microscopic cancer ultimately leads to regrowth of aggressive
drug-resistant disease 2. This poor clinical experience speaks to the need for new therapeutic
strategies 3. We proposed that mesothelioma cancer stem-like (MCS) cells survive tumor
excision/chemotherapy and give rise to aggressive tumor regrowth 4. We further propose
that effective therapies must target both MCS cells and non-stem cancer cells. We have
identified transglutaminase 2 (TG2) as overexpressed and required for MCS cell survival 4.
Transglutaminase (TG2), which is an important pro-cancer signaling protein 410, is a novel
transglutaminase family member that functions as a GTP binding signaling protein to drive
cancer cell survival signaling >8:11-15_ |ts expression is associated with increased metastasis
and drug resistance 16-20, acquisition of cancer stem-cell traits 78:21-23 and resistance to
chemotherapy 10.

TG2 activates a range of signaling pathways 10:13, However, information is limited

regarding the mechanism whereby TG2 maintains the mesothelioma cancer phenotype.
Gene expression profile analysis of mesothelioma cell mMRNA reveals that hepatocyte growth
factor (HGF) mRNA is markedly reduced in the absence of TG2. HGF, also called scatter
factor, interacts with the MET tyrosine kinase receptor to enhance cell signaling 2425,
HGF/MET has been shown to stimulate the mesothelioma cancer phenotype 26. However,
little is known about mechanisms that maintain HGF/MET signaling.

We now show that TG2 maintains HGF mRNA and protein level to stimulate MET signaling
which activates MEK1/2 and ERK1/2 to drive mesothelioma cell spheroid formation,
invasion, migration and tumor formation. Interfering with HGF or MET attenuates the
cancer phenotype and phenocopies the response to TG2 knockout. In addition, HGF
treatment can partially restore the attenuated cancer phenotype observed in TG2 knockout
cells suggesting that HGF/MET signaling is a biologically important downstream TG2
target.

Materials and Methods

Antibodies and reagents

RPMI1640 with L-glutamine (10-040-CV) and trypsin-EDTA 0.25% (25200-056) were
purchased from Gibco (Grand Island, NY). Anti-p-actin (A5441), fetal calf serum
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(FCS, F4135) and 4’,6-diamidino-2-phenylindole (DAPI, D9542) were obtained from
Sigma (St. Louis, MO). Matrigel (354234) and BioCoat Millicell inserts (359097) were
purchased from BD Bioscience (Franklin Lakes, NJ). Peroxidase-conjugated donkey anti-
rabbit IgG (NA934V) and peroxidase-conjugated sheep anti-mouse 1gG (NA931V) were
purchased GE Healthcare (Piscataway, NJ) and used at a 1:5000 dilution. Antibodies

for AKT (9272), phospho-ATK (9271), MET (8198S), HGF (5244S), CD31 (3528),
phospho-MET (3077S), ERK1/2 (9102S), phospho-ERK1/2 (4370S), MEK1/2 (4694S), and
phospho-MEK1/2 (9154S) were obtained from Cell Signaling Technology (Danvers, MA).
AlexaFluor 488-conjugated donkey anti-mouse 1gG secondary antibody (A-21202) was from
ThermoFisher Scientific (Waltham, MA). TG2-siRNA (sc-37514) was obtained from Santa
Cruz Biotechnology (Dallas, TX). Control- (D-001206-13-20), HGF- (M-006050-01-0005)
and MET-siRNA (M-003156-02-0005) were purchased from Dharmacon (Lafayette, CO).
ERK1/2-inhibitor LY 3214996 (S8534) was obtained from Selleckchem (Houston, TX)

and the MEK1/2-inhibitor U0126 (VV1121) was purchased from Promega (Madison, WI).
Anti-transglutaminase 2 (TG2) (MAB3839) and SGX-523 MET inhibitor (448106) were
purchased from EMD Millipore Corp (Burlington, MA). The students t-test was used to
assess significance. All values are presented as mean + SD. Asterisks indicate a significant
reduction and double asterisks indicate a significant increase.

Spheroid formation, invasion and migration assays

Meso-1 27 and NCI-Meso-17 28 are malignant cell lines derived, respectively,

from peritoneal and pleural mesothelioma. Cell lines were maintained in RPM11640
supplemented with 2 uM L-glutamine and 10% FCS. Spheroid assays were used to derive
highly enriched cancer stem cell populations and to measure the impact of TG2 and
HGF/MET on cell function 4. For spheriod assay, 20,000 cells in 3 ml were plated in six
well ultra-low attachment cluster dishes 4. Spheroids, defined as a collection of cells with
diameter = 25 pM, were counted after 0 - 5 d. For invasion assay, BioCoat Millicell inserts
(1 cm diameter, 8 UM pores), coated with 120 uL of 250 ug/mL Matrigel (BD Biolabs)
diluted in 0.01 M Tris-HCI/0.7% NacCl, were placed individually into wells of a flat-bottom
24-well plate. Cells (20,000) were seed atop the Matrigel in growth medium containing
1% FCS, while the bottom chamber contained growth medium containing 10% FCS.

Cell migration was monitored at 18 h. Invaded cells were fixed in 4% paraformaldehyde
prior to staining with DAPI (1:5000) for fluorescent visualization. For migration, confluent
monolayer cultures were wounded using a 10 pl pipette tip, washed to remove excess cells,
and wound closure was monitored from 0 - 24 h.

Gene knockdown

Cells were grown to 80% confluence and harvested with trypsin and replated the

night before the electroporation. Cells (1.2 million/group) were harvested with trypsin

to produce single cells and resuspended in 100 pL of Lonza VPD-1002 nucleofection
reagent (Wakersville, MD) containing 3 ug of siRNA and electroporated using an AMAXA
electroporator on the T-018 setting 2930, After 48 h, the electroporation was repeated and the
cells were permitted to recover for 12 h before use in biological assays.
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Creating MET knockout cells

MET-specific CRISPR guide RNA, forward (5’-caccCGTCATACTGCTGACATACAGT)
and reverse (5’-aaacACTGTATGTCAGCAGTATGAC), were identified at http://
crispr.technology and cloned in the U6-driven pSpCas9(BB)-2A-Puro (PX459) V2.0 vector
from Addgene (#2429). Meso-1 cells were electroporated with 3 pg of plasmid using

the AMAXA electroporator. At 48 h post-electroporation cells were treated with 2 pug/mi
puromycin for 24 h and single cell-derived MET knockout clones were selected by dilution
cloning.

Immunoblot

Cell lysates were prepared in modified Laemmli buffer (0.063 M Tris-HCI, pH 7.5,

10% glycerol, 5% SDS, 5% B-mercaptoethanol). Equivalent amounts of protein were
electrophoresed on denaturing and reducing 10% polyacrylamide gels prior to transfer to
nitrocellulose membrane. Membranes were blocked in 5% non-fat dry milk for 1 h and
then incubated with primary antibodies (1:1000). After a 12 h incubation, membranes
were washed and soaked in the appropriate secondary antibody (1:5000) for 2 h. Antibody
binding was then monitored by chemiluminescence detection.

Tumor xenografts

Cancer cells were grown as spheroids for 6 d and harvested to prepare a single cell
suspension. Cells (3 million) were resuspended 100 pl PBS containing 30% Matrigel and
injected subcutaneously using a 26.5-gauge needle into each front flank of five eight-week-
old female NOD/scid/IL-2 receptor gamma chain (NSG) knockout mice 4. Tumor growth
was monitored using a caliper and was reported as tumor volume = 4/3 x = x (diameter/

2)3. Tumors were harvested and sections and lysates were prepared for immunostain and
immunoblot. All animal procedures were reviewed and approved by the Institutional Animal
Care and Use Committee (IACUC) at the University of Maryland Baltimore.

Immunostaining

To detect CD31 using immunofluorescence, paraffin-embedded tumor sections were
incubated overnight at 4 C with mouse anti-CD31 primary antibody (1:500), followed

by a 2 h incubation with AlexaFluor 488-conjugated donkey anti-mouse 1gG secondary
antibody (1:400). Following secondary antibody incubation, the slides were co-stained with
Hoescht for 5 minutes at room temperature and the fluorescence signal was detected using
an inverted confocal microscope.

Results
TG2 maintains HGF/MET signaling and the cancer phenotype

We recently showed that TG2 is required for mesothelioma cell survival and tumor
formation 4. However, we have limited information regarding how TG2 modulates
downstream targets to maintain the cancer phenotype. To assess this, we used RNA-seq
transcriptomic analysis to compare the gene expression profiles of wild-type and TG2
knockout (TG2-KO) Meso-1 cells. Meso-1 cells are derived from peritoneal mesothelioma
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21 This anaylsis revealed that HGF mRNA levels are markedly reduced in TG2-negative
cells, suggesting that HGF/MET may have a role in mediating TG2 maintainence of the
aggressive cancer phenotype. Consistent with this finding, gqRT-PCR analysis confirms a
marked reduction in HGF mRNA in TG2-null Meso-1 cells as compared to wild-type cells
(Fig. 1A). We next examined the relationship between TG2 and HGF/MET. If HGF is a key
downstream TG2 target, treatment of TG2 knockout cells with HGF should partially restore
MET signaling and TG2-dependent biological responses. Fig. 1B shows that MET activity
is low in Meso-1 and Meso1-TG2-KOc4 cells and that HGF treatment increases wild-type
Meso-1 cell MET activity but that activity is much less efficiently activated in the TG2
knockout cells. Moreover, the TG2 knockout associated reduction in spheroid formation

and invasion is also only partially reversed by HGF treatment (Fig. 1C/D). Consistent with
this, Fig. 1E/F shows a very similar patten of regulation for NCI-Meso-17 cells, which are
derived from a patient with pleural mesothelioma. HGF only partially restores MET receptor
activity (Fig. 1E) and cell invasion (Fig. 1F) in cells treated with TG2-siRNA as compared to
control-siRNA treated cells.

To examine the impact of TG2 HGF/MET function in tumors, we used a xenograft model.
TG2 knockout tumors grow slowly (Fig. 1G) and this is associated with reduced HGF and
MET mRNA and reduced MET protein (Fig. 1H/I). Moreover, an important observation is
that the TG2 knockout tumors display reduces ERK1/2 activity which is a MET responsive
target 24. The importance of the reduction in ERK1/2 activity in TG2-null cells will become
apparent later in the manuscript. These findings suggest that TG2 maintains HGF and

MET mRNA expression to increase HGF/MET signaling via a mechanism that may involve
ERKZ1/2 signaling to drive an aggressive cancer phenotype.

HGF signaling and the cancer cell phenotype

Our next goal was to determine if the HGF/MET signaling pathway is a functionally
important TG2 target. This required characterizing the role of HGF/MET in regulating the
cancer phenotype. Fig. 2A/B show that HGF knockdown reduces Meso-1 cell invasion

and ability to close a scratch wound. To examine the impact of MET knockdown on

cell signaling, Meso-1 cells were treated with control- or MET-siRNA and extracts were
prepared to monitoring signal transduction. Fig. 2C confirms that MET knockdown reduces
MET-Pand Fig. 2D/E shows that this is associated with reduced invasion and migration.

HGF/MET signaling is known to regulate a wide range of downstream kinases, including
PI3K/Akt, Ras, FAK/Src, INK and ERK1/2, in a cell type-dependent manner 2531, We
therefore measured the impact of MET knockdown on a host of downstream kinases and
found that only ERK1/2 activity is consistently reduced (Fig. 2C). It is important to note
that the reduction in ERK1/2 activity in MET knockdown cells phenocopies the reduction
in ERK1/2 activity observed following TG2 knockout (Fig. 11). To further confirm a role
for HGF/MET signaling, we treated cells with SGX-523, a MET inhibitor 32, which we
show reduces MET and ERK1/2 activity (Fig. 2F) and spheroid size, invasion and migration
(Fig 2G/H/). We next tested the impact of HGF treatment on MET signaling and biological
response. We show that HGF treatment activates MET, MEK1/2 and ERK1/2 (Fig. 1J) and
increases cell invasion and migration (Fig. 2K/L).
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We repeated these experiments using pleural mesothelioma-derived NCI-Meso-17 cells

28 Fig. 3A/B show that HGF knockdown reduces cell invasion and migration. Fig.

3C/D/E show that MET knockdown reduces MET and ERK1/2 activity, and cell invasion
and migration. In addition, SGX-523 treatment reduces MET activity (Fig. 3F) and

inhibits spheriod formation, invasion and migration (Fig. 3G/H/I). These findings predict
that HGF treatment should stimulate an aggressive cancer cell phenotype. Indeed, HGF
stimulates MET signaling (Fig. 3J) and invasion and migration (Fig. 3K/L). Taken together,
these finding suggest that HGF/MET activation phenocopies the TG2 stimulation of the
mesothelioma cancer phenotype.

To further assess the role of MET as a mediator of HGF action, we suppressed MET

level using siRNA in Meso-1 and NCI-Meso-17 cells and monitored the impact of HGF
treatment. Fig. 4A/B show that HGF treatment increases control-siRNA treated cell invasion
and migration but minimally impacts cells treated with MET-siRNA. MET knockdown also
prevents HGF-stimulated NCI-Meso-17 cell invasion (Fig. 4C), and eliminates MET and
MEKZ1/2 activity, and attenuates ERK1/2 activity (Fig. 4D). We next examined the impact
of HGF on MET knockout Meso-1 cells. Fig. 4E confirms the absence of MET receptor in
two clonal MET knockout cells lines. Fig. 4F/G/H/I show that the MET knockout clones
display reduced cell proliferation, invasion and migration. Moreover, treatment of wild-type
cells with HGF increases invasion (Fig. 41) and MEK1/2 and ERK1/2 activity (Fig. 4J), but
these responses are absent in the Mesol-MET-KOc1-4 cells.

MEK1/2 and ERK1/2 are required to maintain the aggressive cancer phenotype

We next examined downstream signaling events. HGF/MET can activate a host of signaling
cascades, including PKC, Src/FAK, STAT3, Ras/Raf, PI3K/Akt and MAPK (MEK1/2,
ERK1/2) 2425, We screened for changes in these signaling cacades in response to interfering
with TG2 function and found that only ERK1/2 activity was reduced (Fig. 11). MEK1/2 is
the immediate upstream regulator of ERK1/2 33, To determine if MEK1/2 and ERK1/2 are
essential mediators, we used inhibitors. Treatment with MEK1/2 inhibitor (U0126) reduces
ERKZ1/2 activity as evidenced by reduced phosphorylation of the ERK1/2 activation loop
(reduced ERK1/2-P) (Fig. 5A). The ERK1/2 inhibitor (LY3214996) inhibts ATP binding to
the ERK1/2 catalytic site to inhibit ERK1/2 modification of downstream targets, but does
not inhibit MEK1/2 labeling of the ERK1/2 activation loop 34. Thus, although ERK1/2 is
inhibited, the ERK1/2 activation loop can still be phosphorylated via feedback mechanisms
as is evident in Fig. 5A. Fig. 5B/C/D show that treatment with U0126 or LY 3214996
reduces Meso-1 cell spheroid formation, invasion and migration, suggesting that MEK1/2
and ERK1/2 activity are required to maintain the cancer phenotype.

MET signaling in tumors

We next assessed the impact of MET knockout on tumor formation. Meso-1 cells, grown as
unattached spheroids to enrich for MCS cells, were injected subcutaneously in NSG mice

4. Fig. 5E/F show that the MET knockout cells are severely attenuated in tumor formation,
compared to wild-type cells, and this is associated with reduced MET, MEK1/2 and ERK1/2
activity. These responses and the reduction in tumor formation for MET knockout cells
mimic the signaling changes and reduction in tumor size observed for TG2 knockout cells
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(Fig. 1G/H/I). In addition, MET knockout reduces vascularization which is confirmed by
reduced levels of CD31, as measured by immunostaining and immunoblot (Fig. 5G).

Discussion

TG2 acts via HGF/MET to maintain the cancer phenotype

TG2 is a pro-cancer regulator that activates a range of signaling cascades 9:13:35,

TG2 maintains VEGF 36, NRP1 37, GIPC1/SY X/RhoA/p38 37, a.6/p4-integrin 138 and
YAP1/TAZ 15 pro-cancer signaling in various cancer cell types. However, very little is
known about the role of TG2 in mesothelioma other than that it is highly expressed,
maintains the MCS cell phenotype and promotes EMT 439, To study the mechanism of TG2
action, we performed RNA-seq transcriptomic analysis to identify TG2 specific changes

in gene expression. This analysis showed a marked reduction in HGF mRNA in TG2
knockout Meso-1 cells, suggesting that HGF/MET signaling is a mediator of TG2 action.
We confirmed these finding by showing that HGF/MET signaling is reduced along with
spheroid formation and invasion in TG2 knockdown Meso-1 and NCI-Meso-17 cells. In
addition, TG2 knockout tumors, which grow slowly, display reduced HGF and MET mRNA,
reduced MET protein level and reduced ERK1/2 signaling. These findings clearly implicate
HGF/MET as potential mediators of TG2 pro-cancer action in mesothelioma.

HGF/MET regulates the cancer phenotype

Of course it is possible that the reduction in HGF/MET activity in TG2 knockdown cells
may not be biologically important. To address this issue, we performed experiments to
directly demonstrate a biological role for HGF/MET. These studies show that HGF/MET
knockout/knockdown or treatment with MET inhibitor reduces mesothelioma cell spheroid
formation, invasion and migration in both Meso-1 (peritoneal) and NCI-Meso-17 (pleural)
mesothelioma cells. Moreover, these responses require HGF interaction with MET, as
inhibiting MET action attenuates the response to HGF. The finding that HGF/MET is
important in mesothelioma is consistent with previous studies showing that HGF is highly
expressed in mesothelioma and is secreted to produce autocrine and paracrine actions
26,40.41 Moreover, HGF acts as a mesothelioma cell chemoattractant 2642, stimulates
microvessel formation 43, modulates metalloproteinase function 42 and serves as a therapy
target 44. However, less is known about mechanisms that maintain HGF/MET signaling

in mesothelioma. The present studies identify the TG2 cancer cell survival protein as an
upstream factor that maintains HGF and MET levels, and MET signaling, in mesothelioma
cancer cells.

The role of MEK1/2 and ERK1/2 signaling

HGF/MET signaling is known to regulate a range of downstream kinases including PI3K/
Akt, Ras, FAK/Src, INK and ERK1/2 in a cancer cell type-dependent manner 24:25:31 and
can also crosstalk with and activate EGFR signaling 26. For example, HGF/MET activates
PI3K/MEKS/Fra-1 4546 Akt 4748 and other signalling pathways 26.

A role for MEK/ERK signaling in mesothelioma has been documented. Agents that induce
mesothelima, such as aronite 4% and asbestos %0, induce ERK1/2 activity. Cisplatin treatment

Mol Carcinog. Author manuscript; available in PMC 2023 April 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Naselsky et al.

Page 8

can induce ERK1/2 activity as a resistance mechanism 1. In contrast, gallic acid 52,
Gefitinib (an EGFR inhibitor) 3 and U0126, a MEK1/2 inhibitor, reduce ERK1/2 signaling
and attentuate mesothelioma cell proliferation ®4. In addition, HGF/MET activity can
crosstalk with and activate EGFR signaling which can contribute to ERK1/2 activation 25
ERK1/2 signaling also stimulates mesothelioma cell proliferation 2, makes cells resistant
to chemotherapy 56 and confers drug resistance 3. Our studies show that TG2 triggers
HGF/MET activity to increase MEK1/2 and ERK1/2 signaling as a mechanism to maintain
the cancer phenotype.

TG2 and HGF/MET signaling in tumors

It is important to confirm that the TG2, HGF/MET, MEK1/2 and ERK1/2 pro-cancer
pathway is relevant in tumors. To assess this, we monitored wild-type and MET knockout
cell tumors for expression of these proteins. These experiments show that wild-type
mesothelioma cells initiate rapid tumor growth at six weeks with optimal tumor size at
eight weeks, but that MET knockout tumors grow slowly and at eight weeks are only 10%
the size of wild-type tumors. Thus, MET loss markedly reduces tumor formation. Moreover,
consistent with the cell culture findings, the MET knockout tumors display reduced MET,
MEK1/2 and ERK1/2 activity. MET loss also reduces tumor vascularization, as evidenced
by reduced CD31 levels. It is important to note that these responses in MET knockout

cell tumors phenocopy the responses observed for TG2 knockout cells, confirming a close
relationship between TG2 presence and activation of HGF/MET signaling in mesothelioma.

A TG2, HGF/MET and MEK/ERK pro-cancer signhaling cascade

Knowledge is limited regarding upstream mechanisms that regulate and maintain HGF/MET
levels and signaling. Our study points to a novel role for TG2 in maintaining HGF and MET
gene expression and HGF/MET signaling to drive the mesothelioma cancer phenotype. This
is of interest from a therapy standpoint, as TG2 interacts with a host of membrane-associated
receptors to maintain pro-cancer signalling cascades 15:36-38 syggesting that inhibiting TG2
may facilitate inactivation of multiple cascades that could drive mesothelioma cancer cell
survival. Based on the present studies, we propose that TG2 maintains HGF and MET gene
expression and HGF/MET activity which stimulates MEK1/2-ERK1/2 signaling to drive
cancer cell invasion, migration and tumor formation (Fig. 5H). The fact that TG2 maintains
the HGF/MET pro-cancer signaling cascade %13 suggests that inhibition of TG2 may be a
useful mesothelioma treatment strategy.

Acknowledgements

This work was supported by a grant from the Kazan McClain Partners’ Foundation to RLE and JSF. Warren
Naselsky was supported by the Cancer Biology T32 Training Grant (T32 CA154274) an International Lung Cancer
Foundation Young Investigator Award, and a 2021 iMIG Young Investigator Microgrant Award sponsored by
Kazan, McClain, Satterley & Greenwood PLC. This work utilized the facilities of the Greenebaum Comprehensive
Cancer Center (P30 CA134274) at the University of Maryland School of Medicine.

Data Availability

The author elect to not share data

Mol Carcinog. Author manuscript; available in PMC 2023 April 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Naselsky et al.

Page 9

Abbreviations:

HGF hepatocyte growth factor

TG2 Transglutaminase 2

MCScells mesothelioma cancer stem-like cells
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Fig. 1.

TG2 maintains the cancer phenotype via HGF/MET receptor. A TG2 knockout reduces
HGF mRNA transcript levels. B/C/D TG2 knockout attenuates MET and ERK1/2 signaling,
and spheroid formation and invasion. HGF treatment partially restores MET and ERK1/2
signaling and biological responses. E/F TG2 knockdown reduces NCI-Meso-17 MET

and ERK1/2 signaling and invasion, and these responses are partially reversed by HGF
treatment. G/H/I TG2 knockout reduces tumor formation, HGF and MET mRNA, MET
protein level and ERK1/2 activity. Single asterisks indicate a significant decrease (n =3, p <
0.001) and double asterisks indicate a significant increase (n = 3, p < 0.001).
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80 [==3 Control-siRNA

Nuclei/Field
P )

Nuclei/Field

c + Control-siRNA

Meso-1 Cor\lrol~§iRNA + MET-siRNA

B HGF-siRNA 150- 58 « MET-P
0 150- @ « MET
. 38- = <+ MEK1/2-P
0 HGF-siRNA -+ 38-wmw® < MEK1/2
’ 52 ¢ AKT-P

52+ e+ AKT

38-— — <« ERK1/2-P

38- s + ERK1/2

38- === < f-actin
Meso-1

) Meso-1 Control-siRNA
] Control-siRNA| N

Control

60 HEEEM MET-siRNA F L oo
150- @8 «MET-P
0 MET-siRNA | 150- jg—s w0 « MET
_ W= . «ERK1/2-P
20 38
0

3g. - +ERK1/2
I I 38- —~— <« B-actin

G I H120 Control
) 100
2B (1 uM
(! 380
w
A B @60
Meso-1 Spheroids B SGX-523 (1 uM)
Z40
20
J o+ Control
+ HGF (30 ng/ml) 0
150- 0088 « MET-P
150 M « MET K % [Meso1 Control
;i . - ontro
52- i « AKT-P 3 Control
52-R « AKT o 60 HEEM HGF . :
3g. e «MEK12-P 3 (30 ng/ml) a8
38 « MEK1/2 5 b
g @ HGF (30 ng/ml)
S R S
38- e < ERK1/2 =z
38- M <« B-actin .
Meso-1 Meso-1

Page 14

Meso-1 cell invasion and migration. C/D/E Meso-1 cell MET knockdown reduces MET

and ERK1/2 activity which is associated with reduced invasion and migration. F/G/H/I

MET-inhibitor SGX-523 reduces Meso-1 ERK1/2 activity and spheroid formation, invasion,
and migration. J/K/L HGF treatment activates MET, MEK1/2 and ERK1/2 signaling and
increases invasion and migration. Single asterisks indicate a significant decrease (n =3, p <

0.001).
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Fig. 3.

-
o

NCI-Mes0-17

NCI-Meso-17

HGF/MET maintains the NCI-Meso-17 cell cancer phenotype. A/B HGF-knockdown
reduces NCI-Meso-17 cell invasion and migration. C/D/E MET-knockdown reduces
ERK1/2 activity and cell invasion and migration. F/G/H/I Treatment with the SGX-523
MET inhibitor reduces spheroid formation, invasion and migration. J/K/L HGF treatment
increases MET signaling and cell invasion and migration. Single asterisks indicate a
significant decrease (n = 3, p < 0.001) and double asterisks indicate a significant increase (n

=3, p <0.001).
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HGF activation of MET enhances the cancer phenotype. A/B HGF stimulates Meso-1 cell

invasion and migration and this response requires MET receptor. C/D HGF stimulates

NCI-Meso-17 cell MET, MEK1/2 and ERK1/2 activity and increases invasion, and these

responses require MET receptor. E/F/G/H MET knockout cell lines display reduced

cell proliferation, invasion and migration. 1/J HGF treatment does not increase MEK1/2
or ERK1/2 activity in Meso1-MET-KOc1-4 cells. Single asterisks indicate a significant
decrease (n = 3, p <0.001) and double asterisks indicate a significant increase (n =3, p <

0.001).
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critical for MET-dependent activation of the cancer

phenotype. A/B/C/D Treatment with MEK1/2 (U0126) or ERK1/2 (LY 3214996) inhibitor
reduces Meso-1 cell MEK1/2 or ERK1/2 activity leading to reduced spheroid formation,
invasion and migration. E/F/G MET knockout cells display reduced tumor formation and
these tumors display reduced MET, MEK1/2 and ERK1/2 activity and reduced levels of
CD31. Bars = 50 microns. H These studies show that TG2 maintains HGF/MET mRNA

and protein levels to facilitate HG

F/MET signaling which increases MEK1/2 and ERK1/2

activity to drive the aggressive cancer phenotype. Single asterisks indicate a significant

decrease (n = 3, p<0.001).
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