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(Bacl(ground: Although the GABI adaptor is the main partner of the MET receptor, its role under apoptotic stress is

Results: During apoptosis, GABI is caspase-cleaved, generating a p35-GAB1 fragment that plays a pro-survival role in HGF/
SE-MET signaling by retaining some signal transduction properties of GABI.

Conclusion: The caspase-cleaved GAB1 can maintain HGF/SF-MET survival signaling.

Significance: A caspase-generated protein fragment can be anti-apoptotic.

J

The GRB2-associated binder 1 (GAB1) docking/scaffold pro-
tein is a key mediator of the MET-tyrosine kinase receptor acti-
vated by hepatocyte growth factor/scatter factor (HGF/SF).
Activated MET promotes recruitment and tyrosine phosphory-
lation of GABI, which in turn recruits multiple proteins and
mediates MET signaling leading to cell survival, motility, and
morphogenesis. We previously reported that, without its ligand,
MET is a functional caspase target during apoptosis, allowing
the generation of a p40-MET fragment that amplifies apoptosis.
In this study we established that GAB1 is also a functional
caspase target by evidencing a caspase-cleaved p35-GABI frag-
ment that contains the MET binding domain. GABI is cleaved
by caspases before MET, and the resulting p35-GAB1 fragment
is phosphorylated by MET upon HGEF/SF binding and can inter-
act with a subset of GAB1 partners, PI3K, and GRB2 but not with
SHP2. This p35-GAB1 fragment favors cell survival by main-
taining HGF/SF-induced MET activation of AKT and by hinder-
ing p40-MET pro-apoptotic function. These data demonstrate
an anti-apoptotic role of caspase-cleaved GAB1 in HGF/SF-
MET signaling.

Scaffold/docking/adaptor proteins play an important role in
receptor-tyrosine kinase-mediated signaling pathways (1) as
well as in many other transduction pathways (2, 3). Among
them, GAB1® was initially identified as a GRB2-associated
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binder (GAB) protein (4) and as an interaction partner of the
MET-tyrosine kinase receptor (5). GAB1 belongs to the GAB/
DOS multisubstrate docking/adaptor protein subfamily that
includes the Drosophila daughter of sevenless (DOS), Caenorh-
abditis suppressor of Clr (SOC)-1, and mammalian GABI,
GAB?2, and GAB3 (6 —8). Although all GAB/DOS family mem-
bers contain an N-terminal pleckstrin homology domain, two
GRB2 binding proline-rich sequences, and multiple phosphor-
ylation sites (4, 5), GABL1 is the only subfamily member to carry
the MET binding site (GAB1 MBS) within a larger domain
called the MET binding domain (GAB1 MBD) (3,9-11).
Upon HGF/SF binding, the MET receptor autophosphory-
lates on tyrosine residues, in particular on two tyrosine residues
of the MET multi-docking site located within its C-terminal
part (12). This phosphorylated MET multi-docking site is
responsible for the recruitment of most MET signaling media-
tors (13), including GAB1, through both a direct binding via the
corresponding GAB1-MBS (5) and an indirect binding via
GABI interaction with the GRB2 adaptor bound to the MET
multi-docking site (9). Subsequent phosphorylation of GAB1
on tyrosine residues by the activated MET receptor leads to the
recruitment and activation of multiple SH2 domain-containing
proteins, including the GRB2 adaptor, the p85 subunit of the
phosphatidylinositol 3-kinase (p85-PI3K), and the SH2-con-
taining tyrosine phosphatase (SHP2) (7, 8, 14, 15). These pro-
teins can in turn activate PI3K-AKT and RAS-ERK pathways,
which are known to be responsible for the major phenotypes
observed in response to MET activation (16, 17). Moreover,
activated PI3K catalyzes the production of PIP3 within the

oncogene homolog 1 or protein kinase B; GRB2, growth factor receptor-
bound protein 2: SH2, Src homology; SHP2, SH2 domain-containing pro-
tein tyrosine phosphatase-2; MBS, MET binding site; MBD, MET binding
domain; MDCK, Madin-Darby canine kidney cell; TRAIL, TNF-related apo-
ptosis-inducing ligand; Z-VAD-FMK, Z-Val-Ala-Asp (OMe)-fluoromethyl
ketone; PARP, poly(ADP-ribose) polymerase; MTT, 3-(4,5-Dimethyl-2-thia-
zolyl)-2,5-diphenyltetrazolium bromide; aa, amino acids; PH, pleckstrin
homology; Bis-Tris, 2-[bis(2-hydroxyethyl)aminol-2-(hydroxymethyl)pro-
pane-1,3-diol; ALLN, N-acetyl-L-leucinyl-L-leucinyl-L-norleucinal.
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plasma membrane and, therefore, facilitates additional GAB1
recruitment via its PH domain in the vicinity of MET. This leads
to an increase in p85-PI3K recruitment on GAB1 and thus to a
GABI1-PI3K positive feedback loop (18). GAB1 phosphoryla-
tion also leads to termination of HGF/SF-MET-induced signal-
ing via its c-CBL-dependent ubiquitination and proteasomal
degradation (19).

Genetic evidence for the critical role of GAB1 in MET signal-
ing is based on the extensive similarities between the pheno-
types of GAB1 ™/~ -, MET /" -, and HGF/SF /™ -deficient mice.
GABI1-null mice die between embryonic days 13.5 and 18.5
with severe defects in liver, placenta, and muscle development
(20, 21), reminiscent of what was also observed in mice
knocked-out for either the HGF/SF (22, 23) or the MET gene
(24). In addition, the ERK kinases were activated at much lower
levels in cells from GABI1-deficient embryos in response to
HGF/SF, demonstrating that ERKs are downstream kinase tar-
gets of GABI1 in HGF/SF signaling (20, 21). In agreement with
cellular responses to HGF/SF, overexpression of GAB1 leads to
constitutive scattering of MDCK epithelial cells (5), whereas
overexpression of truncated versions of GAB1 impairs HGF/SF
signaling, with defects in cell morphogenesis, as well as in cell-
cell contacts (5, 25, 26). GABI is, therefore, a multisubstrate
docking protein that amplifies, diversifies, and integrates the
HGEF/SF-MET-induced signaling pathways (7).

The HGF/SF-activated MET is known to stimulate prolifer-
ation, survival, scattering, invasion, and morphogenesis of epi-
thelial cells as well as of other cell types, indicating that HGF/SF
functions mainly as a trophic and/or as an invasive growth fac-
tor (12, 27, 28). Nonetheless, we have previously shown that
under stress induction and in the absence of HGF/SF, MET
operates as a pro-apoptotic protein, with two sequential
caspase-dependent cleavages of MET generating an intracellu-
lar p40-MET fragment (29, 30) and an extracellular membrane-
bound pl100-MET decoy fragment (31). In contrast, under
stress induction and in the presence of HGF/SF, the phosphor-
ylated MET receptor itself hinders its caspase-dependent cleav-
age, pointing out a possible fine-tuning of MET activity by
stress and/or HGF/SF (32). These data indicate that the MET
receptor can be pro- or anti-apoptotic according to environ-
mental conditions. Given the various links between MET and
GAB1 in HGF/SF-induced signaling, we have investigated
whether GABLI is also a functional target of caspases and,
accordingly, whether it plays a role in the anti- or pro-apoptotic
functions of the HGF/SF-MET signaling complex.

EXPERIMENTAL PROCEDURES

Cell Lines—Canine kidney MDCK epithelial cells and human
cell lines (hepatocellular carcinoma HepG2, osteosarcoma
U20S, and cervical adenocarcinoma HeLa cells) were cultured
in Dulbecco’s modified Eagle’s medium containing 10% fetal
bovine serum (FBS) (Invitrogen). Human mammary MCF10A
epithelial cells were cultured as described previously (33). A
p40-MET Tet-on inducible MDCK cell line was kindly pro-
vided by Dr. D. Tulasne (CNRS-UMR8161, Lille, France).

Reagents—Recombinant human HGF/SF, TNF-related apo-
ptosis-inducing ligand (TRAIL), and TNFa were purchased
from Peprotech, anisomycin and ALLN were from Biomol,
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cycloheximide was from ICN, staurosporine was from Sigma,
and Z-Val-Ala-Asp (OMe)-fluoromethyl ketone (Z-VAD-
FMK) was from Kamiya Biomedical Co. B-Nerve growth factor
(B-NGF) and epidermal growth factor (EGF) were purchased
from R&D Systems, and insulin was from Sigma. Purified active
caspase-3, -6, -7, -8, and -9 were generously provided by Dr.
G.S. Salvesen (The Burnham Institute, La Jolla, CA). This labo-
ratory verified the titration of the active recombinant caspases
using in vitro cleavages against synthetic substrates (caspase-3,
13.9 mmv; caspase-6, 7.5 mM; caspase-7, 19.7 mM; caspase-8, 15
mum; caspase-9, 41.5 mm).

Antibodies—A rabbit monoclonal antibody directed against
residues surrounding Tyr-472 within the GAB1-MBD was pur-
chased from Epitomics (clone Y423), and rabbit polyclonal
antibodies directed against the C-terminal tail of GAB1 (amino
acids (aa) 664—694; GAB1-C) were purchased from Upstate
Biotechnology. We purchased and/or generated six other anti-
GABI1 antibodies from distinct sources and/or targeting
various GABI regions that were not useful, indicating that
workable GAB1 antibodies are not easily available. Mouse
monoclonal antibodies directed against the kinase domain of
MET (clone 3D4) or GAPDH (clone 6C5) were purchased from
Invitrogen, anti-phospho-MET (Tyr-1234/1235), anti-total
AKT, anti-phospho-AKT (Ser-473), anti-phospho-ERK1/2
(Thr-202/Tyr-204), and anti-active caspase-3 (Aspl75) anti-
bodies were from Cell Signaling, anti-ERK2 (C-14), anti-poly-
(ADP-ribose) polymerase (PARP; H-250), and anti-SHP2
(N-16) antibodies were from Santa Cruz, anti-Na™t/K*-
ATPase-al (clone 464.6) was from Novus Biologicals, anti-
LaminB1 (ab16048) was from AbCam, anti-p85-PI3K was from
Upstate Biotechnology, and anti-GRB2 antibody was from BD
Transduction Laboratories. Horseradish Peroxidase (HRP)-
conjugated antibodies directed against rabbit or mouse IgG
were purchased from Jackson ImmunoResearch Laboratories.
Mouse monoclonal antibody against Myc-tag and anti-GFP
antibody were purchased from Santa Cruz Biotechnology. Rab-
bit polyclonal antibody against HA-tag was purchased from
Berkeley Antibody Co., Inc./Covance Research. An antibody
directed against the N-terminal tail of GAB1 was purchased
from Santa Cruz Biotechnology (N-17).

Plasmids and Transfections—Experimentally manipulated
DNA sequences of GAB1 are from human origin (GenBank™
sequence NM_002039 encoding GABI1 isoform b, 694 aa),
except for the canine siRNA GAB1 (GenBank™ predicted
sequence XM_540929.2). The C-terminal-Myc-tagged GAB1
(pcDNA3-GAB1-Myc) as well as the N-terminal-HA-tagged
GAB1 (pcDNA3-HA-GABL1) vectors were kindly provided by
Prof. P. Raynal (EA4568, Université Toulouse III, Toulouse,
France). The size of the Myc-tag is 20 kDa, as the
pcDNA3-GAB1-Myc plasmid contains multiple repeats of the
EQKLISEEDL Myc-tag sequence. Single or multiple mutated
(replacement of aspartate, Asp, by asparagine, Asn) versions of
GABI1 were generated from the pcDNA3-GAB1-Myc plasmid
using the QuikChange Lightning site-directed mutagenesis kit
(Stratagene). Introduced mutations were verified by standard
Sanger DNA sequencing.

The following are the siRNA sequences (Eurogentec) target-
ing: human GABI (5'-GAGAGUGGAUUAUGUUGUUTT-
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3"), canine GAB1 (5'- GAGAGUAGAUUAUGUUGUGTT-3’),
or canine MET (5'-GUGAGAGCACAACAAAUAUTT-3").
The AllStars Negative Control siRNA (Qiagen) was used as a
control.

Vector transient transfections were performed using PEI/Ex-
Gen 500 (Euromedex) for HeLa cells and Lipofectamine 2000
reagent (Invitrogen) for MDCK cells, according to the manu-
facturer’s instructions. For siRNA, transfections were per-
formed using Lipofectamine RNAIMAX (Invitrogen) accord-
ing to the manufacturer’s reverse transfection protocol.

Immunoblotting—Unattached floating cells were collected
by gentle centrifugation and pooled with adherent cells in a lysis
buffer (20 mm HEPES, pH 7.4, 142 mMm KCl, 5 mm MgCl,, 1 mm
EDTA, 5% glycerol, 1% Nonidet P-40, and 0.1% SDS) supple-
mented with freshly added protease and phosphatase inhibitors
(#P8340 and #P5726, respectively, Sigma). Cells were lysed with
this buffer on ice. Lysates were clarified by centrifugation
(20,000 g X 15 min), and protein concentration was determined
(BCA protein assay method, Pierce). The same protein amount
of cell extracts was separated by either classic SDS-PAGE or
NuPAGE (4-12% or 10% Bis-Tris precast gels) (Invitrogen) and
electro-transferred to polyvinylidene difluoride membranes
(Millipore). Membranes were probed with indicated primary
antibodies followed by incubation with appropriate HRP-con-
jugated secondary antibodies. Protein-antibody complexes
were visualized by chemiluminescence with the SuperSignal
West Dura Extended Duration Substrate (Pierce) using a LAS-
3000 camera acquisition system, and quantification of the
acquired bioluminescent images was performed using the Mul-
tiGauge v3.0 image analysis program (FujiFilm). For image
processing, contrast and brightness adjustment was applied to
the whole images using Photoshop graphic software (Adobe).

Caspase Cleavage Assay—Caspase cleavages using cell
lysates were performed as described previously (29). Samples
were then analyzed by SDS-PAGE and immunoblotting. For
GST-GAB1°%#~%%% analyses were performed using mass spec-
trometry. The total mass of a cleavage fragment was deter-
mined in linear, positive ion linear mode. External calibration
was performed over yeast enolase protein.

Immunoprecipitation Assays—Cells were lysed on ice in PY
lysis buffer (20 mm Tris-HCI, pH 7.4, 50 mM NaCl, 5 mM EDTA,
and 1% Triton X-100) containing freshly added protease and
phosphatase inhibitor cocktails (protease inhibitor mixture
(catalog no. P8340) and phosphatase inhibitor mixture 2 (cata-
log no. P5726) from Sigma). Lysates were clarified by centrifu-
gation (20,000 ¢ X 15 min), and protein concentration was
determined using a BCA protein assay method (Pierce). Cell
lysates (700 ug) were incubated with the GAB1 MBD antibody
(3.5 wl) for 2 h at room temperature on an end-over-end rota-
tor. The immune complexes were captured using protein A/G-
agarose resin (Pierce) for 20 min at room temperature under
gentle rotation. Beads were washed 3 times with PY lysis buffer,
and immunoprecipitates were eluted with 0.2 m glycine pH 2
and subsequently analyzed by immunoblotting.

GST Fusion Protein Constructs—The ¢cDNA sequence of
GABI1 was inserted into pGEX4T-1 using EcoRI and Sall clon-
ing site. GAB1 DNA sequence contains a single Xhol site
located at the codon corresponding to amino acid 558. Accord-
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ingly, the pGEX4T-1-GABI plasmid was digested with EcoRI
and Xhol. The pGEX4T-1-GAB1°°®~%** vector was obtained
by self-ligation of EcoRI and Xhol sites after blunting with Kle-
now DNA polymerase fragment. The resultant glutathione
S-transferase (GST) fusion protein (GST-GAB1°°%~%%%) was
then expressed in Escherichia coli BL21 strain using 0.5 mMm
isopropyl 1-thio-B-p-galactopyranoside as an inducer and puri-
fied by glutathione affinity chromatography according to the
manufacturer’s instructions (Amersham Biosciences). The
obtained recombinant protein was quantified using the Bio-
Rad protein assay.

His-tagged Recombinant Proteins—Purified recombinant
polyhistidine-tagged full-length GAB1 (His-Full GAB1) or p35-
GABI (His-p35-GAB1) proteins were functionally expressed in
bacteria using the Champion™ pET200 Directional TOPO®
expression kit with BL21 Star™ (DE3) One Shot® (Invitrogen).
c¢DNA fragments corresponding to the full-length GAB1 gene
(aa 1-694) and p35-GABI sequence (aa 371-610) were ampli-
fied by PCR using the primers pairs 5'-CACCAGTAGTTACT-
GTATCCCTACAGCAGGG-3' and 5 -TTAATCAAGACT-
GTTACTGCCAAAGAGATT-3' for full-length GAB1 and
5'-CACCAGCGGTGGTGAAGTGGTCTGCTCCGGA-3' and
5'-TTATCTAAATTCAAGTCCTCTTCAGAAATG-3' for p35-
GABI. Plasmid sequences were verified by standard Sanger
DNA sequencing. The His-Full-GAB1 and His-p35-GAB1 vec-
tors were then expressed in E. coli BL21 strain using isopropyl
1-thio-B-p-galactopyranoside as an inducer. After an overnight
incubation, cells were harvested by centrifugation, and bacte-
rial pellets were suspended in lysis buffer (25 mm HEPES, pH
7.4, 100 mm KCl, 10% (w/v) glycerol, 2 mm B-mercaptoethanol,
and 4% Triton X-100) containing freshly added protease inhib-
itors (#P8340, Sigma). Lysates were sonicated on ice and cen-
trifuged (15,000 ¢ X 5 min); this process was repeated 4 times.
Supernatants were subjected to ultracentrifugation in a SW41
rotor at 4 °C. The resultant recombinant His-Full-GAB1 and
His-p35-GAB1 fusion proteins were purified by immobilized
metal affinity chromatography procedure using HisPur Cobalt
resin (Pierce). The clarified supernatants were adsorbed onto
Cobalt-agarose beads. Beads were then washed with lysis buffer
containing 10 mm imidazole. Elution of recombinant proteins
was performed with an imidazole gradient (50 — 400 mm) using
an appropriate buffer (25 mm HEPES, pH 7.4, 100 mm KCI, 10%
(w/v) glycerol, 2 mm B-mercaptoethanol, and 0.5% Triton
X-100). Eluted fractions were analyzed using NuPAGE gels, and
protein purity was assessed and quantified by Coomassie Blue
staining using a BSA standard.

Pulldown Protein-Protein Interaction Assays—Whole-cell
lysates were prepared as described under “Immunoblotting”
above, and a minimum of 600 ug of protein extract was incu-
bated with 5-10 ug of the purified recombinant His-Full-GAB1
or His-p35-GABI1 proteins for 1 h30 at4 °C on an end-over-end
rotator. Control samples without recombinant protein were
prepared in parallel. After saving an aliquot of each sample
(inputs), HisPur Cobalt resin (Pierce) was added to each sample
for an additional 1 h incubation at 4 °C under gentle rotation to
allow binding of His-tagged proteins complexes to the metal
ion. Samples were then washed 3 times with lysis buffer (see
“Immunoblotting”) containing 1 mMm imidazole. Bound pro-

VOLUME 287+-NUMBER 42-OCTOBER 12,2012



teins were eluted with the lysis buffer containing 500 mm imida-
zole and analyzed by SDS-PAGE and immunoblotting.

Generation of Stable MDCK Cell Lines—A DNA fragment
corresponding to the p35-GAB1 sequence (aa 371-610) was
amplified by PCR using pcDNA3-GAB1-Myc expression vector
as a template and the primers 5'-GAGAGAAAGCTTAG-
TAGTTACTGTATCCC-3' and 5-GAGAGAGGATCCG-
GATCAAGACTGTTACTGCC-3'. The amplified cDNA was
cloned into the modified pL(FLAG-X-GFP)SH expression vec-
tor (34) using the HindIII/BamHI restriction sites included in
the primers, respectively. The pL(FLAG-p35-GAB1-GFP)SH
plasmid was verified by sequencing. MDCK or MDCK-p40-
MET-Tet-On inducible cells were then transfected using
pL(FLAG-p35-GAB1-GFP)SH or the empty pL(FLAG-X-
GFP)SH as a control and were selected for 1 week in the pres-
ence of hygromycin (0.2 mg/ml). Cells stably expressing either
FLAG-p35-GAB1-GFP or FLAG-GFP were analyzed by flow
cytometry for their GFP expression and were subsequently iso-
lated by FACS.

Subcellular Fractionation—Stably expressing FLAG-GFP
and FLAG-p35-GAB1-GFP MCDK cells were seeded in
100-mm plates (80% confluence). Endogenous canine GAB1-
targeted siRNA or control siRNA were transfected using Lipo-
fectamine RNAiMax. After overnight starving (0.1% EBS), cells
were treated with HGF/SF (100 ng/ml) for 5 min and immedi-
ately washed twice with ice-cold PBS. Differential subcellular
cell lysis was performed according to manufacturer’s instruc-
tions (Subcellular Proteome Extraction kit, Calbiochem).
Nuclear, membrane, and cytoplasmic fractions were next ana-
lyzed by Western blotting. Relative fractions loads were nor-
malized based on cytoplasmic protein content.

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium  Bro-
mide (MTT) Assay—Cells were washed with PBS to eliminate
dead cells and were incubated in medium containing 0.5 mg/ml
MTT; Invitrogen) for 1 h. After a washing step with PBS, the
formazan crystals were solubilized and mixed thoroughly with
0.04 N HCI in isopropyl alcohol. For each condition, 60 ul of
formazan solution was loaded in triplicate onto a 96-well plate.
Absorbance was then measured with a microplate spectropho-
tometer at 550 nm and 620 nm as test and reference wave-
lengths, respectively. The absorbance correlates with cell
number.

Scratch Wound-healing Assay—Cells were grown to 80 —90%
confluence in a 6-well plate, and three wounds were then per-
formed in each plate using a 1-ml pipette tip. The cell mono-
layers were then washed with PBS to remove cell debris and
subsequently incubated under the indicated conditions in cul-
ture medium containing 0.1% FBS. Representative images were
snap-captured using a phase contrast microscopy with X40
magnification (Nikon Eclipse TS100) at 0 and 24 h post-
wounding.

Caspase-3 Activity Assay—Caspase-3 enzymatic activity for
caspase-3 was assayed using the EnzChek caspase-3 assay kit #1
(Invitrogen) following the manufacturer’s instructions. Briefly,
floating and adherent cells from a well of a 6-well plate were
washed once in PBS and lysed in 40 ul of lysis buffer, and sam-
ples were cleared by centrifugation. Protein concentration was
measured using the Pierce BCA Protein Assay, and 50 ug of cell
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lysate was diluted in lysis buffer and then incubated with sub-
strate solution at 37 °C for 2 h in a Fluostar Optima (BMG
Labtech) fluorescence reader which measures (excitation =
355 nm, emission = 430 nm) every 15 min. Experiments were
performed in triplicate, and data are expressed as -fold change
in fluorescence (% treatment/control).

RESULTS

The Down-expression of GABI in Stress Conditions Is Associ-
ated with a Reduced Activation of Both AKT and ERK in
Response to HGF/SF—MDCK epithelial cells were treated with
agents known to promote apoptosis through different mecha-
nisms. Every treatment was found to induce GAB1 degradation
together with apoptosis, as evidenced by detection of active
caspase-3 (Fig. 1a). A decrease of GAB1 expression was also
observed in various cell lines treated by anisomycin, making a
cell line-specific effect unlikely (Fig. 15). During time-course
experiments, GAB1 degradation occurred within few hours,
and this result was correlated with increased level of active
caspase-3 and inhibition of cell survival (Fig. 1¢).

To evaluate the functions of GAB1 in mediating downstream
signals of diverse growth factors in HeLa cells, GAB1 expres-
sion was knocked down using transient transfection of siGAB1,
and cells were then treated or not by HGF/SF, NGF, EGF, or
insulin (Fig. 1d). GAB1 was found to be crucial for activation of
AKT and ERK only in response to HGF/SF, as demonstrated
using antibodies recognizing phosphorylation sites of AKT
(Ser-473) or ERK (Thr-202/Tyr-204). Such a GABI critical role
in MET signal transduction is likely due to its specific and
unique GAB1 MBS that confers its direct interaction with MET
(9-11).

We then investigated the consequences of GAB1 down-ex-
pression on HGF/SF-MET signaling under stress conditions.
Upon HGEF/SF treatment, phosphorylation of GABI1 was
induced, as evidenced by an up-shifted migration band, and in
parallel both AKT and ERK were activated (Fig. 1e). In agree-
ment with Fig. 1d, transient transfection of siGAB1, but not of
the negative control siRNA (siCtrl), led to a decrease of both
HGEF/SF-induced AKT and ERK activation, whereas MET
phosphorylation was unmodified. The combination of TRAIL
with the proteasome inhibitor ALLN caused sustained
down-expression of GAB1 and, to a lesser extent, down-
expression of MET, which correlated with the increased
cleavage of PARP that reflects caspases activation. Under
these apoptotic conditions, HGF/SF-mediated activation of
AKT and ERK was consistently decreased, and this effect was
further amplified using siGAB1 (Fig. 1le). These data demon-
strated down-expression of GABI1 in cells undergoing apo-
ptosis, leading to a deleterious impact on downstream acti-
vation of both AKT and ERK, similarly to the forced
siRNA-mediated GAB1 knockdown.

Stress Conditions Cause the Generation of a Stable GABI
Fragment, Which Is Hindered by HGF/SF—We further exam-
ined the mechanism leading to GAB1 down-expression during
apoptosis. Upon staurosporine-induced apoptosis, GAB1 was
found to be both degraded and cleaved, with the generation of
fragments detectable with an antibody specifically recognizing
the central part of GABI1 (anti-GAB1 MBD) (Fig. 2a). Despite

JOURNAL OF BIOLOGICAL CHEMISTRY 35385



Anti-apoptotic Role of Caspase-cleaved GAB1

TNFa
a Ani CHX ActD STS uv c
Ani(h) - 4 8 16 24

- + = + -+ - + - +
sersric @ == |[EEES | g 1T
IB act. caspase-3 | \| | -i | -I | -l | ~—-| IB act. caspase-3 m
IB ERK2 ﬁ M M H M IB ERK2 E

100

MDCK MCF10A U208 HepG2 Hela

N %80
IBGAB1C|. -| |.-| |.d|--”.. | g 60

40

IB act. caspase-3| .—H .H -|| -H .__| %20

/BERK2bi|!‘|~| o

- 4 8 16 24

Ani (h)
d e - TRAIL + ALLN
- HGF/SF NGF EGF Insulin siCtrl siGAB1 siCtrl siGAB1
siGAB1 - + - + - 4+ - + - + (kDa) HGF/ISF - + - + - + - + (kDa)
- 110 p-GAB1 110
|— — - -—_ - 8 GAB1 :;I - I:80
1B GAB1 MBD 1B GAB1 MBD
MET precursor —p
| ——— |'16° P MET*-—--——._.—PGO
1B p-MET IB MET
| = - 260
—_— - 160 +| [N — - |>160
IB p-EGFR . 1B p-MET
[ = — 40 p-ERK1 _p m— - = 50
IB p-ERK1/2 p-ERK2 —¥| - D G w— w— |- 40
[ T jg IB p-ERK 1/2
I
1B total ERK2 | [ o0
—————— —— 40
g - 60
| -] IB total ERK2
B p-AKT 60
I _|— 60 | - P ..- [ 50
IB total AKT 1B p-AKT o
| S — — — e — [
50
IB total AKT
- 160
—P| = . - L 110
cl. » ————
1B PARP

FIGURE 1. GAB1 down-expression by either stress conditions or by siGAB1 knockdown contributes to inhibition of HGF/SF-MET downstream signal-
ing. a, MDCK cells were cultured in medium, 0% FBS for 8 h in the absence (—) or presence (+) of different apoptotic inducers: anisomycin (Ani, 50 um), a
combination of TNFa (30 ng/ml) and cycloheximide (CHX, 10 wg/ml), actinomycin D (ActD, 5 ug/ml), or staurosporine (STS, 1 um). For UV treatment, cells were
exposed to UV-B light 400 J/m? for 2.5 min and then cultured in medium-0% FBS for an additional 8 h. Whole-cell lysates were immunoblotted (/B) using the
anti-C terminus GAB1 antibody (GABT C) and an anti-active caspase-3 antibody. The filter was stripped and reprobed using an anti-ERK2 antibody to verify
comparable loading. GAB1 was detected as a doublet that may correspond to the known A and B isoforms of GAB1 produced by alternative splicing. b, MDCK,
MCF10A, U20S, HepG2, or Hela cells were treated for 8 h without (=) or with (+) anisomycin (Ani, 50 um) in medium-0% FBS. Whole-cell lysates were
immunoblotted using antibodies, as described for panel a. ¢, upper panel, MDCK cells were treated with anisomycin (Ani) or left untreated as described above
for the indicated times in hours. Cell lysates were collected and then analyzed by immunoblotting using the same antibodies as described for panel a (IB act.
caspase-3). Lower panel, the percentage of cell survival was determined by trypan blue staining. d, HelLa cells were transiently transfected with either siRNA
negative control (—) or siRNA targeting the endogenous Gab1 transcript (siGab1, +). The next day cells were cultured in medium, 0.1% FBS for 6 h and
subsequently treated with either HGF (50 ng/ml, 10 min), NGF (100 ng/ml, 10 min), EGF (10 ng/ml, 5 min), or insulin (0.1 wm, 3 min) or left untreated for 10 min.
Cell lysates were then subjected to immunoblot analysis using an anti-GAB1 middle antibody (GAB1 M) directed against the residues surrounding Tyr-472 of
GAB1. The same blot was stripped and reprobed several times using the indicated antibodies. e, HeLa cells were transiently transfected with either siRNA
negative control (siCtrl) or siRNA targeting the endogenous GAB1 transcript (siGABT). The next day cells were cultured overnight in medium, 0.1% FBS and
subsequently treated with TRAIL (30 ng/ml) in combination with the proteasome inhibitor ALLN (50 um) or left untreated (—) for 4 h. Cells were then treated (+)
or not (—) with HGF/SF (50 ng/ml) for 10 min. Cell lysates were subjected to immunoblot analysis using an antibody directed against the GAB1-MBD (/B
GAB1-MBD)). The same blot was stripped and reprobed several times using the indicated antibodies. Detection of PARP cleavage (cl.) was assessed to monitor
caspases activation.

the detection of many fragments, only a 35-kDa GABI1 frag- with Z-VAD-FMK, a general caspase inhibitor (Fig. 2b), indi-
ment was consistently found and generated in parallel of the cating that GAB1 is a target of caspases and possibly of other
previously described intracellular p40-MET fragment (29-31).  stress-induced proteases. In parallel, the p35-GABI fragment
GABI was also found to be down-expressed by various stress ~ was detected using the same stress inducers, and its generation
inducers, and its expression was partially restored by treatment ~ was prevented by Z-VAD-FMK (Fig. 2b).
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FIGURE 2. Stress conditions cause the generation of a stable fragment of GAB1 and this caspase-dependent mechanism is hindered by HGF/SF.
a, MDCK cells were treated with staurosporine (STS, 1 um) or left untreated (—) for 8 h and then lysed. Immunoblot analysis (IB) was performed on cell lysates,
and the membrane was probed using anti-GAB1 MBD or anti-MET antibodies. The filter was stripped and reprobed with anti-PARP antibody and anti-ERK2
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for 16 h. Cell lysates were analyzed by immunoblotting using the indicated antibodies. ¢, MDCK cells were lysed, and the same amount of protein for each
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antibodies. a-c, arrows point to full-length (black arrow) and cleaved (black arrowhead) proteins. The small white arrowhead corresponds to a nonspecific
immunoreactive band (NS). Cleaved proteins are abbreviated as c/.

To establish which caspases cleave GABI, cell lysates were
subjected to an in vitro caspase cleavage assay using purified
active recombinant caspases (Fig. 2¢). Among them, two effec-
tor caspases (caspases-3 and -6) were capable to cleave GAB1
even though only caspase-3 led to p35-GABI1 generation. In
contrast caspase-7, -8, and -9 have no significant effects on
GABI cleavages, and no cleavages were evidenced in the pres-
ence of Z-VAD-FMK (Fig. 2¢). In this experiment we have ver-
ified the correct processing of caspase-7, -8, and -9 in their
active form (supplemental Fig. S1a). These results show the
preferential cleavage of GAB1 by caspase-3, similarly to MET

OCTOBER 12,2012+VOLUME 287 +-NUMBER 42

(29, 30). To investigate the possible existence of other GAB1
fragments, cells were transfected with either a C-terminal Myc-
tagged human GAB1 (GAB1-Myc, ~120 kDa) or an N-terminal
hemagglutinin-tagged human GAB1 (HA-GAB1, ~100 kDa)-
encoding plasmids, and cell lysates were then subjected to an in
vitro caspase-3 cleavage assay (supplemental Fig. S1b). A
35-kDa fragment was observed in both samples using the GAB1
MBD antibody, whereas no detectable fragment was found
using either an anti-HA antibody or an anti-GAB1 antibody
directed against the C terminus of human GABI1 (anti-GAB-C).
A fragment of about 24 kDa was recognized by the anti-Myc
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antibody but not by the C-terminal antibody, indicating the
presence of a cleavage site in the extreme C-terminal region of
GABI, as the size of the Myc tag is of 20-kDa (constituted of
Myc-tag repeats). Nonetheless, the absence of detectable N-
and C-terminal fragments using anti-HA or anti-GAB1-C
antibodies, respectively, confirmed that p35-GAB1 is the
only stable GAB1 fragment generated by caspase cleavages
(supplemental Fig. S1b).

Finally, pretreatment with HGF/SF before stress induction
was found to partially protect GAB1 from degradation and to
impair generation of p35-GABI fragment. In parallel, HGF/SF
also prevented the caspase-dependent cleavage of MET and
PARP (Fig. 2d). These data are in agreement with the known
anti-apoptotic effects of HGF/SF (16, 17) and with protection of
MET-dependent caspase cleavages by HGF/SF (30, 32). These
results demonstrated that the GAB1 adaptor is cleaved by
caspases under stress induction, leading to the generation of a
unique and stable 35-kDa GAB1 fragment containing its cen-
tral region.

The Caspase-cleaved p35-GAB1 Fragment Contains the Pre-
viously Described GABI MBD—According to the detection of
the p35-GABI1 fragment with an antibody recognizing the
GAB1 MBD domain (aa 450-532), we examined whether
GABLI is cleaved at multiple sites on both sides of the GAB1
MBD. It is generally accepted that caspases cleave substrates
after an aspartate residue located at the end of a tetrapeptide
motif followed preferentially by a small residue (such as glycine,
serine or alanine) even though phenylalanine and tyrosine aro-
matic residues are also well tolerated (35). We analyzed puta-
tive caspase cleavage sites in GAB1 using the Server for SVM
Prediction of Caspase Substrates Cleavage Sites (CASVM) (36).
This analysis revealed 17 predicted motifs within the GAB1
sequence (694 aa) (supplemental Table 1).

Among these sites, the SDTD?”® motif is a caspase cleavage
site for two distinct proteins, Rad9 (37) and JNK (38), and this
motif is followed by a favorable residue (serine) only for GABI.
We proceed to a D370N substitution in the sequence of
the GAB1-Myc plasmid to examine its functionality as a
caspase cleavage site (Fig. 3a). Transient cellular expression of
the GAB1 D370N mutant caused an upward shift in the size of
the GAB1 fragment from 35 to ~45 kDa, showing that Asp-370
is a caspase cleavage site. The modest upward shift of the frag-
ment also revealed the existence of another upstream cleavage
site. By further mutating upstream putative sites, individually
or in combination with D370N, we progressively found that the
GAB1 D28IN/D370N and D212N/D281N/D270N multiple
mutants increased the size of p35-GABI to ~55 and ~90 kDa,
respectively (Fig. 3a). Three caspase-cleavage sites Asp-212,
-281, and 370 were therefore identified, located upstream of the
GAB1 MBD.

Attempts to identify C-terminal cleavage sites by site-di-
rected mutagenesis strategies were unsatisfactory. We, there-
fore, generated a GST-GAB1 recombinant fusion protein con-
taining the last aa of GAB1 (GST-GAB1°°®~%%% ~50 kDa). The
purified GST- GAB1°%®~%** fusion protein was subjected to a
caspase-3 cleavage assay, which led to the generation of a main
GAB1 ~35-kDa fragment (Fig. 3b). Using mass spectrometry
analysis, a major peak was observed and, according to its molec-
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ular weight of 32,382, was attributed to a caspase cleavage at
Asp-610 (Fig. 3¢c). A GAB1 D610N mutant was then generated
and introduced into cells by transfection before treatment by
anisomycin. After immunoblotting of cell lysates, an upward
shift in the size of the GAB1 fragment from 35 to ~38 kDa (Fig.
3d), confirmed that Asp-610 was a caspase cleavage site. Finally,
the four putative caspase cleavage sites were introduced in
GABI1 (D212N/D281N/D370N/D610N), and no more detecta-
ble GAB1 fragments were observed by immunoblotting using
the anti-GAB1 MBD antibody (Fig. 3e), showing that the four
sites are the main caspase cleavage sites in GAB1. Overall, the
p35-GABI fragment contains the previously described GAB1
MBD domain, and we have mapped its upstream (Asp-212,
Asp-281, and Asp-370) and downstream (D610) caspase cleav-
age sites (see Fig. 8D).

The GABI1 Adaptor Is Both Stress-degraded and Caspase-
cleaved Faster and More Progressively Compared with the MET
Receptor—We next investigated the kinetics of degradation and
caspase cleavage of MET and GAB1. Time-course experiments
were performed from either cells treated by stress inducers (Fig.
4a) or from cell lysates subjected to a caspase-3 cleavage assay
(Fig. 4b) to mobilize endogenous stress proteases or to analyze
the effect of caspase-3, respectively. The two approaches gave
similar results; GAB1 was found to be cleaved faster than MET,
leading to the generation of unstable truncated forms of GAB1
and finally to the stable p35-GAB1 fragment, whereas p40-
MET was detected without any detectable intermediate pro-
cessing. Nevertheless, both p35-GAB1 and p40-MET were
detected at the same time point. Interestingly, other binding
partners of the activated MET signaling complex, e.g. GRB2,
p85-PI3K, and SHP2, were neither degraded nor caspase-3-
cleaved. Accordingly, it is possible that in response to stress
induction, the full MET receptor is rapidly unable to interact
with intact full GAB1 but rather may interact with truncated
GABI1, which in turn may impair normal MET receptor
signaling.

The p35-GABI Fragment Maintains Parts of Full-length
GABI Recruitment Capacities—The p35-GAB1 fragment is
potentially able to interact with both MET and p85-PI3K. It
contains the GAB1-MBD and has conserved one of the two
GRB2 binding motifs (aa 516 —525) and all three SH2 binding
sites for p85-PI3K but has lost the C-terminal SHP2-interacting
domains containing crucial Tyr phosphorylation sites (Tyr-627
and -659) (7, 8, 14, 15) (Fig. 8b).

To examine the subcellular distribution of p35-GABI1, we
generated MDCK cells stably expressing the p35-GABI frag-
ment with an N-terminal FLAG tag and a C-terminal GFP
(FLAG-p35-GAB1-GFP) or the control vector (FLAG-GFP)
(supplemental Fig. S2). The FLAG-p35-GAB1-GFP fusion pro-
teins were detected at the expected size of 60 kDa using anti-GAB1
MBD or anti-GFP antibodies and were largely overexpressed
compared with endogenous GABI1. The FLAG-p35-GABI-
GEFP protein was tyrosine-phosphorylated in response to HGF/
SF, indicating that this protein can interact with the activated
MET receptor (supplemental Fig. S2b). Cells were transiently
transfected with siGAB1 directed against the canine sequence
to knock down endogenous GABI expression and were then
treated or not by HGF/SF and subjected to cell fractionation.
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transient transfection for 24 h with Myc-tagged wild type (WT) GAB1 or its mutated version D212N/D281N/D370N/D610N, HelLa cells were cultured overnight
in medium, 0.1% FBS. Cells were then left untreated (—) or pretreated (+) with Z-VAD-FMK (20 um) for 30 min immediately followed by an additional 5-h
incubation with (+) or without (—) TRAILand ALLN (as described in panel a).Immunoblot analysis was then performed on whole-cell lysates using an anti-GAB1
MBD antibody. a-e, arrows point to full-length (black arrow) and cleaved (black arrowhead) proteins. Cleaved GAB1 is abbreviated as cl. GAB1.

The p35-GABI fragment was found to be mainly cytosolicand Coomassie Blue staining at the expected sizes (~38 kDa for

to relocalize to the membrane compartment upon HGF/SF
treatment, similarly to endogenous full GAB1 (Fig. 5a). In
agreement with these results, FLAG-p35-GAB1-GFP was
detected at the plasma membrane in response to HGF/SF by
confocal microscopy analysis (supplemental Fig. S3).

To investigate the p35-GAB1 binding properties, we gener-
ated and expressed recombinant proteins, corresponding to
p35-GABI1 (His-p35-GAB1) and full-length GAB1 (His-Full
GABL). The purified recombinant proteins were detectable by

OCTOBER 12,2012+VOLUME 287 +-NUMBER 42

His-p35-GAB1; ~110 kDa for His-Full GAB1) (supplemental
Fig. S4). Pulldown assays were performed by incubating these
purified recombinant proteins with lysates from cells treated or
not by HGF/SF and pretreated (Fig. 5¢) or not (Fig. 5b) with
stress. Samples were processed for immunoblotting.

In response to HGF/SF, p35-GAB1 was found tyrosine-phos-
phorylated and able to interact with the phosphorylated MET
receptor, showing that p35-GAB1 can be recruited and phos-
phorylated by the activated MET receptor. Similar data were
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obtained using full GABI as expected. We also found that p35-
GABI interacts with GRB2 independently of HGF/SF action,
whereas full GABI interacts more efficiently with GRB2 in
response to HGF/SF. Both p35-GAB1 and full GAB1 were
found to bind p85-PI3K in the presence of HGF/SF. In contrast
to full GABI, p35-GABI1 was found unable to bind SHP2, as
expected (see Fig. 5b and supplemental Fig. S4b for input
details). These data demonstrated that in response to HGF/SF,
the p35-GABI1 fragment is still able to interact with MET and
p85-PI3K, but not with SHP2, and interacts constitutively with
GRB2.

Cells were also exposed overnight to stress induction by ani-
somycin and then challenged for 10 min by HGF/SF. The p35-
GABI fragment was still found to interact with the MET recep-
tor activated by HGF/SF, whereas it was found to interact with
p40-MET or GRB2 independently of HGF/SF treatment.
Endogenous p40-MET was not found to be phosphorylated in
response to HGF/SF (see Fig. 5¢ and supplemental Fig. S4c for
inputs details), in agreement with the fact that this caspase-
cleaved fragment corresponds to the intracellular kinase
domain, not bound to the p100-MET membrane fragment (30,
31). These data demonstrated that under prolonged stress con-
ditions, the p35-GAB1 fragment has conserved the capacities to
interact with MET activated by HGF/SF, whereas it interacts
with p40 MET independently of HGF/SF action.

In Response to HGF/SF, the p35-GAB1 Fragment Allows
Resistance to Apoptotic Stress—We evaluated HGF/SF-MET
signaling in MDCK cells stably expressing the FLAG-p35-

35390 JOURNAL OF BIOLOGICAL CHEMISTRY

GABI1-GFP construct. To optimize examination of the func-
tional consequences of overexpression of FLAG-p35-GABI1-
GFP, we knocked-down endogenous expression by siGAB1
before examining HGF/SF downstream targets (Fig. 6a). In
response to HGF/SF, we found that AKT activation was main-
tained in FLAG-p35-GAB1-GFP compared with FLAG-GFP-
expressing cell lines, whereas ERK activation was decreased in
both cell lines (Fig. 6a). It is worth mentioning that the ability of
p35-GABI to sustain AKT activation was evidenced in these
conditions of p35-GAB1 overexpression and not in endoge-
nous conditions (see Fig. 1e). Indeed, in endogenous conditions
and in response to HGF/SF and apoptotic stimuli, the down-
stream activation of AKT or ERK is a combination of the com-
plex contributions of MET, GAB1, and their corresponding
fragments (see Fig. le).

These results show that p35-GAB1 maintains part of the
intact GAB1 protein functional capacities in response to HGF/
SF. Indeed, p35-GABL1 is still recruited to the activated MET
receptoralong with GRB2 and subsequently tyrosine-phosphor-
ylated, which allows p85-PI3K recruitment (Fig. 5b) and
downstream activation of the PI3K-AKT pathway (Fig. 6a).
In contrast, p35-GABI is unable to bind SHP2 (Fig. 5b),
which alters downstream activation of the RAS-ERK path-
way (Fig. 6a).

The effect of the p35-GABI1 fragment was examined on
cell motility using a scratch wound-healing assay. After
siRNA-mediated extinction of endogenous GAB1, stably trans-
fected cells were incubated or not with HGF/SF for 24 h (Fig.
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FIGURE 5. Subcellular localization and association capacities of the p35-GAB1 fragment. a, MDCK cells stably expressing FLAG-p35-GAB1-GFP proteins
were transiently transfected with siRNA control (siCtrl) or targeting endogenous GAB1 transcripts (siGABT). The next day cells were grown overnightin medium,
0.1% FBS and subsequently treated with HGF/SF (50 ng/ml) for 10 min (+) or left untreated (—). Cell lysates were sequentially fractionated in subcellular
compartments (nu, nucleus; mb, membrane; cy, cytosol) and subjected to immunoblot (/B) analysis using GAB1 or MET antibodies as well as antibodies directed
against classical compartment markers (Na*/K*-ATPase, Lamin B1, and GAPDH). b and ¢, MDCK cells were cultured overnight in medium, 0.1% FBS in the
absence (b) or presence (c) of anisomycin (Ani, 50 um) and were then left untreated (—) or treated (+) with HGF/SF (100 ng/ml) for 5 min. Cell lysates were
prepared and incubated without (—) or with purified recombinant His-tagged p35-GAB1 (His-p35-GABT) or full-length GAB1 (His-Full GABT) proteins. Pulldown
assays were performed, and eluates were analyzed by immunoblotting using the indicated antibodies. Total cell lysates before pull down (Inputs) were also

loaded and analyzed (supplemental Fig. S4, b and ¢). In ¢, the white arrowhead corresponds to a nonspecific immunoreactive band (NS).

6b). HGF/SF-induced migration was conserved in FLAG-p35-
GABI1-GFP cells but not in control FLAG-GFP cells, demon-
strating the efficiency of the p35-GAB1 fragment in favoring
cell motility by reversing the knockdown of GABL.

A similar experiment was performed in the presence of both
HGEF/SF and anisomycin. Under these conditions, the survival
rather than the scattering effect of HGF/SF was evidenced, and
this survival effect was more pronounced in FLAG-p35-GAB1-
GFP cells than in control FLAG-GFP cells (Fig. 6b). To more
directly address this question, we examined cell viability using a
MTT assay (Fig. 6¢). The results demonstrate that in response
to HGF/SF, the p35-GABI fragment allows resistance to apo-
ptotic stress.
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In the Absence of HGF/SF, the p35-GABI Fragment Impedes
Apoptosis Amplified by the p40-MET Fragment—Because p35-
GABI1 can interact with p40-MET even in the absence of
HGEF/SF (Fig. 5¢), we investigated whether p35-GAB1 can mod-
ulate the pro-apoptotic p40-MET function. To this end we sta-
bly expressed the FLAG-p35-GAB1-GFP construct or the cor-
responding control (FLAG-GFP) in a MDCK cell line stably
carrying a doxycycline-inducible p40-MET fragment (MDCK-
p40-MET-Tet-On®). To avoid interference with endogenous
GAB1 and MET and their corresponding fragments, we
knocked down the canine endogenous transcripts by double-

¢ D. Tulasne, unpublished results.
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FIGURE 6. In response to HGF/SF, the p35-GAB1 fragment maintains
AKT activation and cell migration and allows resistance to apoptotic
stress. a, MDCK cells stably expressing FLAG-GFP or FLAG-p35-GAB1-GFP
proteins were transiently transfected with either siRNA negative control
(siCT) or siRNA targeting the endogenous GAB1 transcript (siGABT). The
next day cells were grown overnight in medium, 0.1% FBS and subse-
quently treated with HGF/SF (50 ng/ml) for 10 min (+) or left untreated
(=). Cell lysates were subjected to immunoblot (/B) analysis using the
indicated antibodies. Note that expression of endogenous GAB1 (Endog.
GABT) was faint compared with FLAG-p35-GAB1-GFP. b, MDCK cells stably
expressing FLAG-GFP or FLAG-p35-GAB1-GFP protein were transiently
transfected with either siRNA negative control (siCtrl) or siRNA targeting
the endogenous GABT1 transcript (siGABT). The next day a scratch wound-
healing assay was performed. After 24 h of incubation without (=) or with
HGF/SF (30 ng/ml) in medium, 0.1% FBS, cells were stained using Hema-
color kit, and the wound closure areas were visualized under an inverted
microscope (X40). Dotted lines were added to delineate the migrating cell
front. Note that the width of scratched wounds was comparable between
samples just before incubation of HGF/SF. ¢, MDCK cells stably expressing
FLAG-GFP or FLAG-p35-GAB1-GFP proteins were transiently transfected
with siRNA as described above. The next day cells were treated for 16 h
with or without anisomycin (Ani, 1 um) in medium-0.1% FBS in the absence
(=) or presence (+) of HGF/SF (30 ng/ml). An MTT assay was performed to
evaluate cell survival. Results are expressed as a percentage of untreated
control cells. All values are shown as the mean = S.D. of three indepen-
dent MTT assays, each condition measured in triplicate (**, p < 0.01 using
Student’s t test with Bonferroni correction).
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silencing MET and GABL. In these conditions induction of p40-
MET effectively amplified TNFa/ALLN-induced apoptosis, as
revealed by the augmentation of activated caspase-3 in FLAG-
GFP-expressing cells (Fig. 7a). In FLAG-p35-GAB1-GFP-ex-
pressing cells, production of the activated caspase-3 was low-
ered and was no longer increased upon induction of p40-MET
expression (Fig. 7a). These results were confirmed by quantifi-
cation of caspase-3 activity (Fig. 7b). These results show that the
caspase-generated p35-GAB1 fragment can also counteract
amplification of apoptosis by p40-MET.

DISCUSSION

Although the multisubstrate docking protein GABI1 is
known to amplify, diversify, and integrate the HGF/SF-MET-
induced signaling pathways (7), its role in mediating cell sur-
vival has led to controversial results. Indeed, overexpression of
GAB1 was found to inhibit the ability of HGF/SF to protect cells
against adriamycin, a DNA-damaging agent (39), whereas cells
with a homozygous deletion of the GAB1 gene were more sen-
sitive to the deleterious effects of H,O, (40) or of UV irradiation
(41). Our present results reveal the importance of examining
the fate of GABI in stress conditions to understand its role
during apoptosis. We found that under apoptotic stresses,
GABI1 undergoes proteolytic processing by caspases, leading
to the generation of a unique 35-kDa cleavage fragment, p35-
GABI, that accompanies the caspase-dependent cleavage of
MET in a pro-apoptotic p40-MET fragment that we previ-
ously reported (29-31). Although it could be expected that
the cleavage of GAB1 will simply reinforce the pro-apoptotic
function of MET, we found that the p35-GABI fragment can
maintain the survival function of HGF/SF-MET under mod-
erate stress.

We mapped four main caspases sites in human GABI1
sequence located on both sides of the GAB1 MET MBD, i.e.
Asp-212, Asp-281, Asp-370, and Asp-610 (Fig. 8b). Caspase
sites are usually defined as sequences of four amino acids, with
a terminal aspartate, after which caspases cleave. None of the
identified caspase sites, i.e. SETD?**?, TEAD?*!, SDTD?"°, and
NSLD®'°, resemble identified caspase motifs, except SDTD*"°
(42), which is a caspase cleavage site for at least two other pro-
teins, Rad9 (37) and JNK (38). However, for all these sites, the
aspartate position is immediately followed by a small amino
acid residue (either glycine, serine, or cysteine), which is often a
common signature for caspase cleavage sites (35). Interestingly,
by aligning known GAB1 amino acid sequences from different
species, we found that these caspase cleavage motifs are
extremely conserved along evolution, with the four aspartate
sites being found in all vertebrates (Fig. 8c and supplemental
Fig. S5). These cleavage sites allow the generation of a p35-
GABI fragment that contains the GAB1 MET MBS, which also
align almost perfectly in vertebrates. Therefore, preservation of
both caspase sites and MBS bring us to propose that generation
of p35-GABI in apoptotic cells is a highly conserved process
throughout evolution that might not be limited to human and
canine GABI, as presently demonstrated.

We demonstrated that full-length GAB1 is severely and rap-
idly cleaved by caspases, with the p35-GAB1 fragment being
progressively generated. In contrast, the full membrane-bound
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FIGURE 7. The p35-GAB1 fragment hinders amplification of caspase 3 activity by the p40-MET fragment. MDCK-p40-MET-Tet-On cells stably expressing
FLAG-GFP or FLAG-p35-GAB1-GFP proteins were transiently transfected with siRNAs targeting both endogenous GAB1 and MET transcripts (siMET + siGABT).
After 48 h of cell culture in a complete medium, cells were starved overnight in medium, 0.1% FBS with (+) or without (—) doxycycline (0.2 wg/ml) and
subsequently treated with TNFa (30 ng/ml) and ALLN (50 um) for 4 h (+) or left untreated (—). Cell lysates were subjected to immunoblot analysis (/B) using
indicated antibodies (a), or caspase-3 activity assay was performed from an independent experiment (b) (¥, p < 0.05 using Student’s t test with Bonferroni

correction). Similar results were obtained in distinct experiments.

MET receptor remained present for a longer period of time
than GABI and can coexist with the generated cytosolic p40-
MET fragment. In agreement with these data, we demonstrated
that p35-GABI is responsive to HGF/SF through activation of
MET. Indeed, p35-GABI is recruited and phosphorylated by
the activated MET receptor and can recruit p85-PI3K. We also
found a constitutive interaction of GAB1 with the GRB2 adap-
tor, in agreement with its original identification (4). Such GRB2
interaction with p35-GAB1 could reinforce the complex
between MET and the caspase-cleaved fragment of GABI.
Overexpression of p35-GAB], itself activated by HGF/SF, was
capable of causing the subsequent downstream activation of
the PI3K-AKT pathway as well as cell migration and resis-
tance to apoptotic stress. On the other hand, p35-GAB]I, in
agreement with the loss of the C-terminal part of GAB1, was
not capable to recruit SHP2 any more, and its overexpression
in cells was associated with a reduced activation of the RAS-
ERK pathway, as expected for the role of SHP2 in GAB1
signaling (7, 8, 14, 15). Taken together, these data indicate
that the caspase cleavage of the GAB1 docking adaptor pro-
tein can maintain HGF/SF-induced cell survival/resistance
to apoptosis (Fig. 8a).

In the time-course of the apoptotic response, we evidenced
the simultaneous generation of both p40-MET and p35-GAB1,
which can interact independently of HGF/SF action. Under
prolonged or extreme stress conditions, we also observed that
both MET and GABI1 are fully degraded and cleaved by
caspases, indicating that cells will not be responsive to HGF/SF
anymore. To address the relative importance of both fragments
in regulating apoptosis, we coexpressed the p40-MET and p35-
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GABI fragments in the context of double silencing of endoge-
nous MET and GABI. In response to stress, we found that the
p35-GABI fragment can hinder apoptosis by the p40-MET
fragment. These results indicate that the p35-GAB1 fragment
can play an additional anti-apoptotic role by modulating the
pro-apoptotic function of the cleaved MET receptor (Fig. 8a).
Although we previously demonstrated that p40-MET exhibits
pro-apoptotic functions (28, 29), the mechanism by which p40-
MET induces apoptosis is still undefined.

The N-terminal PH domain mediates localization of GAB1
to the plasma membrane where receptor-tyrosine kinases are
activated. Nonetheless, due to the presence of the MBD, which
confers the specificity to the MET/GABLI interaction (5, 9, 10),
the PH domain would be likely dispensable for part of the MET
receptor biological activities. This explains why the p35-GAB1
fragment still functions as a cell survival and migration
mediator despite a reduced ability to concentrate to the cell
membrane.

Several component members of ERK and AKT signaling
pathways, including RasGAP, RAF-1, and AKT-1, are cleaved
by caspases in apoptotic cells, which results in the inhibition of
survival and cell growth, allowing the death signals to predom-
inate (43—46). However, AKT cleavage occurs relatively late
during the apoptotic response (45), which is consistent with our
observations that PI3K/AKT survival signals persist when p35-
GABI is generated. More generally, only a limited set of pro-
teins with signaling functions could be cleaved in cells under-
going cell death, thus inducing the specific turn-off of survival
pathways, which could otherwise interfere with the apoptotic
response.
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FIGURE 8. The GAB1 adaptor is a checkpoint regulator of HGF/SF-MET signaling under stress conditions. g, shown is a model for the regulatory role of the
GAB1 adaptor and its caspase-cleaved p35-GAB1 fragment in HGF/SF-MET signaling under distinct stress conditions (see “Discussion”). Full MET or Full GAB1
stands for full-length MET or full-length GAB1, respectively; p40-MET and p35-GAB1 stands for the caspase-dependent fragment of MET and GAB1, respectively;
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caspase cleavage sites in the GAB1 adaptor and main signaling partners binding sites for either full-length GAB1 protein or the p35-GAB1 fragment. Specific aa
in GAB1 are indicated corresponding in particular to phosphorylated tyrosine residues known to be involved in binding of SH2 domain-containing proteins.
The apparent molecular weights of GAB1 and p35-GAB1 in SDS gels are indicated. ¢, sequence alignment shows conservation of the GAB1-MBS and the
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indicated. Numbering is indicated according to the human sequence. Aspartate sites are underlined. See also the full sequence alignment of various species in
supplemental Fig. S5.

GABI is not the unique example of an adaptor protein that is
a substrate for caspase cleavage. For instance, insulin receptor
substrate-1 is cleaved by caspase-10, which leads to the sup-
pression of insulin-like growth factor-I-mediated signals (47).
Gads cleavage results in the uncoupling of signaling pathways
downstream of the T cell receptor (48). Proteolytic processing
of kinase suppressor of RAS 1 (KSR1) alters ERK activity in
apoptotic cells (49). The functional consequence of caspase
cleavage of these proteins is the loss/destruction of their full-
length scaffold/adaptor role as well as the production of cleav-
age product, which can act in a dominant negative/inhibitory
manner, resulting in the down-regulation of survival signals to
promote cellular apoptosis. GAB1 distinguishes itself from
other adaptor proteins by the fact that caspase-mediated cleav-
age of GAB1 does not lead to the simple disruption of HGF/SE-
MET signaling and/or to amplification of apoptosis but rather
can maintain MET receptor survival signals. These data origi-
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nally document the fine-tuning provided by a docking protein
to its specific receptor.
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