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Transglutaminase 2 maintains hepatocyte growth factor signaling to enhance the epidermal cancer cell phenotype
Xi Chen1, Gautam Adhikary1, Suruchi Shrestha1, Wen Xu1 , Jeffrey W Keillor2 , Warren Naselsky3 ,and Richard L. Eckert1,4 Departments of Biochemistry and 

Molecular Biology1, Department of Chemistry, University of Ottawa, Ottawa, Ontario, Canada2, Department of Surgery, Division of Thoracic Oncology3,  and the 

Marlene and Stewart Greenebaum Comprehensive Cancer Center4, University of Maryland School of Medicine, Baltimore, Maryland, 21201 

INTRODUCTION
Epidermal squamous cell carcinoma (SCC) is one of the most frequent skin cancers that

develops from proliferation of malignant keratinocytes. Exposure to UV radiation leads to DNA

damage in keratinocyte stem cells which form epidermal cancer stem cells (ECS cells) that

give rise to SCC. Our published findings show that Transglutaminase 2 (TG2) is an

important SCC cancer stem cell survival factor that maintains the cancer phenotype and drives

tumor formation. Our goal is to identify downstream targets that mediate TG2 action.

Our present studies suggest that HGF/MET signaling is a downstream TG2 target. Inhibition

of TG2 reduces HGF/MET signaling and this is associated with reduced cancer cell spheroid

formation, invasion and migration, suggesting that HGF/MET signaling is a TG2 downstream

target. Moreover, HGF/MET knockdown or treatment with MET inhibitor (SGX-523) reduces

cancer cell spheroid formation, invasion and migration to phenocopy the impact of TG2

knockdown. In addition, MEK1/2 and ERK1/2 activities are reduced in the MET knockout

cells, and treatment with MEK1/2 (U0126) or ERK1/2 (LY3214996) inhibitor decreases cancer

cell invasion and migration suggesting that MEK1/2-ERK1/2 are MET targets. Moreover,

SCC13-MET-KO cells display reduced ERK1/2 activity and reduced tumor formation. These

findings suggest that TG2 maintains HGF/MET, MEK1/2 and ERK1/2 signaling to

enhance and maintain the aggressive cancer phenotype and drive tumor formation.

MATERIALS AND METHODS
siRNA knockdown SCC-13 cells (1.2 x 106) were suspended in nucleofection reagent with 3

g of siRNA and electroporated using T-018 setting on the AMAXA Electroporator. Prewarmed

complete media was added, and the mixture was transferred to a 60 mm cell culture plate with

4 ml media. The electroporation was repeated after 48 hours and after recovery the cells were

harvested, counted and plated for assay of spheroid formation, invasion and migration.

Spheroid Formation Assay SCC-13 cells were maintained in DMEM supplemented with 4.5

mg/ml D-glucose, 200 mM L-glutamine, 1 mM sodium pyruvate, 100 U/ml penicillin, 100 U/ml

streptomycin and 5 % fetal calf serum. Eighty percent confluent cultures were dissociated with

trypsin followed by serum-dependent inactivation of trypsin. Cells were suspended in spheroid

medium [DMEM/F12 (1:1) containing 2% B27 serum-free supplement from Invitrogen, 20

ng/ml EGF, 0.4% bovine serum albumin and 4 g/ml insulin and plated at 40,000 cells per 9.5

cm2 well in ultra-low attachment dishes. Parallel cultures were plated in spheroid medium on

conventional plastic dishes for growth as monolayers. The cells were assayed as 100%

viable.

Invasion Assay To measure cells invasion through Matrigel, 25,000 single cells were plated

into Millicell (1 cm diameter, 8 m pore-size) chambers atop 100 l of Matrigel layer (BD

Bioscience)on a matrigel-coated membrane in a transwell chamber. Growth medium

containing 1% FCS (top chamber) or 10% FCS (bottom) is added. The ability of cells to invade

through the membrane was monitored over 0 - 18 h. The membrane was then fixed with 4%

paraformaldehyde and stained with DAPI to detect invaded cells. Nuclei of the invaded cells

were detected by fluorescence microscopy, and cell numbers are counted from images.

Proliferation Assay To monitor proliferation potential, 20,000 cells were plated into 35 mm

plates in triplicate. Cells were maintained in complete growth medium. Cells were trypsinized

and counted at 0 - 3 d.

CRISP/Cas9 knockout we generated stable MET KO cell lines using CRISPR/Cas9 genome

editing technology. Twenty nucleotide guide RNA (gRNA) was cloned into PX458-Cas9

plasmid. We introduced 3 µg of PX458-hMET-KO CRISPR plasmid into cells by double

electroporation and then plated the cells for recovery. After two days, the cells were

transferred to new wells and treated for 48 h with 2 mg/ml puromycin before they were

harvested and transferred to wells for dilution cloning to select single cell clones. Extracts

were prepared from the clones to immunoblot confirmation of MET knockout

Immunoblot analysis Equivalent amounts of protein were electrophoresed on denaturing and

reducing 10% polyacrylamide gels and transferred to nitrocellulose membrane. The

membrane was blocked by 5% non-fat dry milk and then incubated with appropriate primary

and secondary antibody. Antibody binding was visualized using chemiluminescence detection

reagents.

Tumor xenograft growth assay Spheroid selected (ECS) cells or monolayer cells were

trypsinized to prepare single cell suspension, re-suspended in phosphate buffer saline

containing 30% Matrigel and 100,000 cells, in 100 l was injected subcutaneously into two

front flanks of NOD scid IL2 receptor gamma chain knockout mice (NSG) using 26.5 gauge

needle. Five mice were used per data point. Tumor growth was monitored by measuring tumor

diameter and calculating tumor volume=4/3πx(diameter/2)3. Tumor samples were harvested to

prepare extracts for immunoblot and sections for immunostaining.
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Fig. 1 TG2, HGF/MET signaling and the cancer cell phenotype A TG2

knockdown using TG2-siRNA. B/C TG2 knockdown reduces SCC-13 cell

invasion, and migration. D TG2 knockdown is associated with decreased

MET mRNA. E/F TG2 knockout reduces SCC-13 and HaCaT cell

proliferation. G TG2 knockout reduces MET activity. H/I TG2 knockdown

reduced SCC-13 and HaCaT cell proliferation can be reversed by HGF

stimulation of MET and ERK1/2. These findings suggest that HGF/MET

signaling as a downstream target for TG2 action.

Fig. 2 Impact of inhibiting HGF/MET in SCC-13 cancer cells A HGF- or MET-

siRNA knockdown. B/C/D HGF or MET knockdown in SCC-13 cells decreases

spheroid formation, invasion and migration. E SGX523 treatment decreases MET

activity. F/G SGX523 treatment decreases SCC-13 cell invasion and migration.

H/I MET-siRNA or SGX523 treatment decreases SCC-13 cell EMT. These data

suggest that HGF/MET is required to maintain the aggressive SCC-13 cancer

cell phenotype.

Fig. 3 Impact of inhibiting HGF/MET in HaCaT cells A/B MET-

siRNA or SGX-523 treatment decreases MET-P. C MET knockdown

reduces ECS cell spheroid formation. D/E MET knockdown or SGX-523

reduces HaCaT cell invasion. F/G MET knockdown or SGX-523

treatment reduces HaCaT cell migration. H/I MET knockdown or SGX-

523 treatment reduces EMT. These data suggest that HGF/MET is

important for HaCaT cancer phenotype.

Fig. 4 Characterization of MET knockout cells A MET knockout

reduces cancer cell EMT. B SCC13-MET-KO ECS cells display reduced

spheroid formation capacity. C/D SCC13-MET-KO ECS cells show

reduced invasion and migration. E/F HGF treatment does not enhance

MET activity and reverse reduced spheroid formation capacity in MET

knockout ECS cells. These findings show that MET knockout

phenocopies the TG2 knockdown phenotype.

Fig. 5 MEK1/2 and ERK1/2 are downstream MET targets A

ERK1/2 activity is reduced in MET knockout clones. B/C MEK1/2

inhibitor (U0126) and ERK1/2 inhibitor (LY3214996) decrease invasion

and migration in wild-type SCC-13 cells, but invasion and migration

are not further reduced in MET knockout SCC-13 cells. These

findings suggest that MET1/2 and ERK1/2 mediate MET action.

Fig. 6 Role of MET in tumor formation A Wild-type and

SCC13-MET-KO ECS enriched cells were injected subQ into

NSG mice and tumor formation was monitored for 0 - 8 wks.

B MET knockout reduces ERK1/2 activity, and stem and EMT

marker expression in MET-KO tumors. C/D SCC13-MEK-KO

tumor express reduced CD31 indicating reduce

vascularization. These findings suggest that MET is

required to maintain aggressive ECS cell tumor

formation.


