
THE TWEAK-FN14 LIGAND RECEPTOR AXIS
PROMOTES GLIOBLASTOMA CELL INVASION

AND SURVIVAL VIA ACTIVATION OF MULTIPLE
GEF-RHO GTPASE SIGNALING SYSTEMS

Item Type text; Electronic Thesis

Authors Fortin Ensign, Shannon Patricia

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the College of Medicine - Phoenix, University
of Arizona. Further transmission, reproduction or presentation
(such as public display or performance) of protected items is
prohibited except with permission of the author.

Download date 19/05/2023 15:54:29

Link to Item http://hdl.handle.net/10150/528171

http://hdl.handle.net/10150/528171


Abstract

Glioblastoma (GB) is the highest grade and most common form of
primary adult brain tumors. Despite surgical removal followed by
concomitant radiation and chemotherapy with the alkylating agent
temozolomide (TMZ), GB tumors develop treatment resistance
and ultimately recur. Impaired response to treatment occurs
rapidly conferring a median survival of just fifteen months. Thus, it
is necessary to identify the genetic and signaling mechanisms that
promote tumor resistance in order to develop targeted therapies to
combat this refractory setting. We have previously reported the
SGEF guanine nucleotide exchange factor (GEF) to be
overexpressed in GB tumors and play an important role in
promoting TWEAK-Fn14 mediated glioma invasion. Here we
report a role for SGEF, a RhoG specific GEF, in glioma survival.
SGEF protein is elevated in a subset of GB tumorgrafts with
derived TMZ-resistance, and is up-regulated by TWEAK-Fn14
signaling via NF-B activity. Inhibition of SGEF expression via
shRNA shutdown sensitizes glioma cells to TMZ-induced
apoptosis and suppresses colony formation following TMZ insult,
and SGEF is activated in the nucleus following TMZ exposure.
Therefore, understanding the role of SGEF in promoting
chemotherapeutic resistance may direct the development of novel
targeted therapeutics for TMZ refractory, invasive GB cells.

Introduction

•Rho GTPases are a family of molecular switches that regulate the
actin cytoskeleton, cell polarity, and microtubule dynamics. They are
activated by more than 80 known guanine nucleotide exchange
factors (GEFs)

•SGEF was first described in prostate cells as an androgen
responsive gene (Endocrinology. 2003 May;144(5):1742-52) and
has been characterized as a RhoG guanine nucleotide exchange
factor. (Mol Biol Cell. 2004 Jul;15(7):3309-19).

•The TWEAK-Fn14 signaling axis has been described to play a role
in cell migration, invasion, and survival, and is known to activate
Rho GTPase family members Rac1 and Cdc42 via guanine
nucleotide exchange factors (GEFs) Ect2 and Trio leading to robust
lamellipodia formation. (Mol Cancer Res. 2012 Jul;10(7):958-68).
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Figure 1: Gene expression profiling of SGEF across non-neoplastic brain samples and brain
tumor samples. (A) Box and whisker plots of SGEF mRNA expression levels from NCBI Gene
Expression Omnibus GDS1962 (B) Principal component analysis of brain tumors from NCBI Gene
Expression Omnibus GDS1962 correlating SGEF expression level in long term (median = 952 days)
and short term (median = 401 days) survival groups. (C) Paraffin sections of an invasive glioma tissue
microarray were immunostained with a polyclonal antibody against SGEF. a, representative SGEF
immunohistochemistry micrograph of reactive tissue adjacent to tumor. “V” indicates vessel, arrows
indicate normal glial cells, and arrowheads indicate reactive astrocytes in the tumor rim. b,
representative SGEF immunohistochemistry micrograph of tumor core.

Hypothesis of SGEF regulation and signaling.

Figure 2: SGEF expression is increased in the rim of GB tumor specimens and knockdown of
SGEF expression suppresses glioma cell migration and invasion. (A) qRT-PCR analysis of SGEF
mRNA expression from patient tumor samples laser capture micro-dissected for either the core (C) or
rim (R) tumor population. (B) U87 or U118 cells were stably transduced with two independent lentivirus
encoding shRNA targeting SGEF (SGEF-12 & SGEF-13) or an empty vector (Ctrl) and cell lysates
immunoblotted for SGEF. (C) U87 and U118 glioma cells stably transduced with shRNA targeting either
SGEF (SGEF-12 & SGEF-13) or an empty vector (Ctrl) were seeded onto 10-well glass slides pre-
coated with 10 µg/ml human laminin. Cells were either left untreated or TWEAK stimulated and cell
migration was assessed over 24h. Data represents the average of 10 replicates (*, ** = p < 0.01). (D)
U87 and U118 glioma cells stably transduced with shRNA targeting either SGEF (SGEF-12 & SGEF-13)
or empty vector (Ctrl) were implanted into the bilateral putamen of murine organotypic brain slices and
observed at 48 hours. The depth of invasion was calculated from Z-axis images collected by confocal
laser scanning microscopy. Data represents the average of 9 replicates (* = p < 0.01).

Figure 3: TWEAK-Fn14 signaling activates
SGEF and the SGEF dependent activation of
RhoG. (A) U87 glioma cells were serum reduced
(0.5% FBS) overnight and treated with TWEAK
for the indicated times. SGEF activation was
assessed using RhoG G15A-GST constructs and
compared against levels of total SGEF in the
corresponding whole cell lysates. (B) U118
glioma cells were serum reduced (0.5% FBS)
overnight and treated with TWEAK for the
indicated times. RhoG activation was assessed
using GST-ELMO-NT constructs and compared
against levels of total RhoG in the corresponding
whole cell lysates. (C) U118 glioma cells stably
expressing either control empty vector (Ctrl) or
shRNA targeting SGEF (SGEF12) were cultured
overnight in reduced serum medium (0.5% FBS)
and either left untreated or TWEAK treated for 2
minutes followed by assessment for levels of
active RhoG using GST-ELMO-NT constructs as
compared to total levels of RhoG in
corresponding whole cell lysates.

Figure 4. TWEAK‐Fn14 activation of Rac1 is dependent upon SGEF and RhoG. (A) U87 &
U118 glioma cells stably expressing either control empty vector (Ctrl) or shRNA targeting
SGEF (SGEF‐12) were cultured overnight in reduced serum medium (0.5% FBS). Cells were
left untreated or treated with TWEAK for 5 minutes. Cells were lysed and assessed for levels
of active Rac1. (B) U87 glioma cells were transfected with one of two independent siRNA
oligonucleotides targeting RhoG (RhoG‐1 & RhoG‐2), or with siRNA targeting non‐
mammalian luciferase (Ctrl), or left untreated (NT). After 72 hours, cell lysates were
immunoblotted with the indicated antibodies. (C) U87 glioma cells were transfected with
siRNA targeting non‐mammalian luciferase (Ctrl), or with a siRNA oligonucleotide targeting
RhoG (RhoG‐2). 48 hours after transfection, cells were cultured an additional 16 hours
overnight in reduced serum medium (0.5% FBS) prior to addition of TWEAK treatment for 5
minutes in the indicated samples. Cells were lysed and assessed for levels of Rac1 activity.
Data are representative of two independent experiments.

Figure 5. SGEF and Fn14 interaction is dependent upon a functional TRAF domain. (A) The SGEF
protein contains fiveTRAF2 binding consensus motifs of the pattern (P/S/A/T/)X(Q/E)E, including TPEE
(aa 157-160), PSQE (aa 221-224), AGEE (aa 292-295), SDEE (aa 392-395), and SQEE (aa 434-437).
(B) Whole cell lysates of HEK293 cells transiently transfected with plasmids encoding Fn14wt-HA,
Fn14TRAFaa-HA, or SGEF-myc were immunoblotted as indicated. (C) Whole cell lysates of HEK293
cells transiently transfected with plasmids encoding Fn14wt-HA or Fn14TRAFaa were collected and pre-
cleared, followed by immunoprecipitation using antibodies as indicated for anti-TRAF2 or control IP
(Ctrl), and resolution via SDS-PAGE analysis using an anti-HA antibody. (D) Whole cell lysates of
HEK293 cells transiently transfected with plasmids encoding Fn14wt-HA or SGEF-myc were collected
and pre-cleared, followed by immunoprecipitation using antibodies as indicated for anti-TRAF2 or
control IP (Ctrl), and resolution via SDS-PAGE analysis using anti-myc and anti-HA antibodies. (E & F)
HEK293 cells transiently transfected with plasmids encoding Fn14wt-HA, Fn14TRAFaa, or SGEF-myc
were collected and pre-cleared, followed by immunoprecipitation using antibodies as indicated for anti-
myc(E), anti-HA (F), or control IP (Ctrl), and resolution via SDS-PAGE analysis using an anti-HA (E) or
anti-myc (F) antibody.

Figure 6. SGEF protein levels across a panel of primary parental versus TMZ-R tumorgrafts.
SGEF protein levels from 17 pooled tumorgraft samples comparing parental tumor versus each
corresponding tumor derivative selected in vivo for TMZ resistance (TMZ-R), and plotted after
densitometry normalized to tubulin control. Inset contains three tumorgraft representative western blot
images.

Figure 7. SGEF mRNA expression is inducible via TWEAK cytokine stimulation. T98G glioma cells
were cultured in reduced serum (0.5% FBS DMEM) for 16 hours prior to stimulation with TWEAK
(100ng/mL) for the indicated times. SGEF mRNA (A) and protein (B) expression were analyzed via
qPCR with fold change relative to histone and via western blotting with the indicated antibodies,
respectively.

Figure 8: TWEAK-Fn14 induction of SGEF mRNA is dependent upon NF-κB. (A) T98G glioma
cells were transiently infected with IκBα WT or MT expressing adenovirus followed by culture for 16
hours in reduced serum medium (0.5% FBS DMEM) and subsequently treated with TWEAK for 4
hours prior to mRNA collection and qRT-PCR analysis. (B) T98G glioma cells were cultured for 16
hours in reduced serum medium (0.5% FBS DMEM) followed by pre-treatment with SN50 NF-κB
inhibitor or control SN50M as indicated for 1 hour with the subsequent addition of TWEAK for 4 hours
prior to protein collection. (C) T98G cells were treated with TWEAK and nuclear proteins were isolated
2 hours posttreatment and incubated with biotin end-labeled, wild-type SGEF (SGEFwt)
oligonucleotides containing the NF-κB consensus binding region or a mutated binding region
(SGEFmt). In certain experiments, either 200-fold molar excess of unlabeled NF-κB-SGEFwt
oligonucleotides or anti-p65 antibody was incubated with nuclear lysates from TWEAK-treated cells.

• SGEF mRNA expression correlates with increasing brain tumor
grade and is negatively associated with patient survival
•shRNA mediated depletion of SGEF expression reduces glioma
cell migration in vitro and glioma cell invasion ex vivo
• TWEAK-Fn14 signaling promotes SGEF dependent RhoG
activation and the SGEF and RhoG dependent activation of Rac1
• SGEF and Fn14 interaction is dependent upon a functional TRAF
domain and TRAF2 recruitment
• SGEF protein levels are elevated in a subset of primary GB
tumorgrafts selected for resistance to TMZ
• SGEF mRNA expression is inducible by TWEAK-Fn14 signaling
and is dependent upon NF- κB
• shRNA-mediated depletion of SGEF sensitizes glioma cells to
TMZ induced cell death and impairs colony formation without
affecting proliferation

Conclusion

Figure 9: Depletion of SGEF impairs colony formation following TMZ insult and sensitizes
glioma cells to TMZ induced cell death. (A) U87 and U118 glioma cells stably transduced with
shRNA targeting SGEF were treated with either TMZ (500µM) or control DMSO for 48 hours following
by plating for clonogenic studies. (B) U87 cells were treated with either control DMSO or TMZ (500µM)
for 48 hours and whole cell lysates were analyzed for cleaved PARP by western blot.
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