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An in vitro transformation system of carcinogen-treated Syrian hamster embryo (SHE) cell cultures repre-
sents multistep genetic and nongenetic changes that develop during the neoplastic progression of normal cells
to tumor cells in vivo. During this neoplastic progression, SHE cells demonstrate an altered response to epi-
dermal growth factor (EGF). In the present report, we examined the role of the adapter protein Gabl (Grb2-
associated binder-1) in the neoplastic progression of SHE cells. We used two asbestos-transformed SHE cell
clones in different neoplastic stages: a 10W+8 clone, which is immortal and retains the ability to suppress the
tumorigenicity of tumor cells in cell-cell hybrid experiments, and a 10W—1 clone, which has lost this tumor
suppressor ability. 10W+8 cells expressed full-length 100-kDa Gab1 and associated 5.2-kb mRNA. Upon re-
peated cell passaging, 10W—1 cells showed increasing expression of a novel 87-kDa form of Gabl as well as
4.6-kb mRNA with diminishing expression of the original 100-kDa Gab1. cDNA encoding the 87-kDa Gabl1 pre-

dicts a form of Gabl lacking the amino-terminal 103 amino acids (Gab

141-19%) "which corresponds to loss of

most of the pleckstrin homology (PH) domain. Gab1*''%* retains the ability to be phosphorylated in an EGF-
dependent manner and to associate with the EGF receptor and SHP-2 upon EGF stimulation. The endogenous

expression of Gab14'-1%

in 10W—1 cells appeared closely related to EGF-dependent colony formation in soft

agar. Moreover, transfection and expression of Gab1*''*>, but not Gabl, in 10W+8 cells enhanced their
EGF-dependent colony formation in soft agar. These results demonstrate that Gabl is a target of carcinogen-
induced transformation of SHE cells and that the expression of a Gabl variant lacking most of the PH domain
plays a specific role in the neoplastic progression of SHE cells.

Many lines of evidence support the idea that neoplastic
transformation is acquired by multistep genetic and nongenetic
changes (1, 4, 9). Our laboratory developed a Syrian hamster
embryo (SHE) cell transformation system that has been shown
to be a reproducible in vitro culture system (5-8, 27, 36). In this
system, normal SHE cells are isolated from 13-day-gestation
fetuses and exposed to carcinogens such as asbestos, benzo-
[a]pyrene, or diethylstilbestrol for 24 to 48 h. During subse-
quent culture and passages, several defined aspects of trans-
formation develop at different time points.

The first stage in the transformation process following car-
cinogen exposure is typically a morphological transformation
(7). Morphologically transformed cells may still be mortal and
senesce once they reach their maximum life span (16). Another
important early step in the neoplastic transformation of SHE
cells is the acquisition of immortality (loss of senescence) (34).
Genetic instability enhances the probability of an immortal,
nontumorigenic (preneoplastic) cell to acquire the additional
alterations required to achieve the next step in the transfor-
mation process, tumorigenicity. These alterations include the
activation of proto-oncogenes and the loss of tumor suppressor
genes (9, 21). Tumorigenicity of SHE cells in nude mice is
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closely correlated with their growth in soft agar (6). Finally,
tumorigenic SHE cells increase their ability to metastasize in
vivo, to increase in the blood supply, and to avoid host tumor
immunosurveillance systems (21).

Thus, in this in vitro transformation system, one can initiate
intermediate or preneoplastic cells that have acquired some,
but not all, of the properties necessary for tumorigenicity (5).
Early-passage, chemically immortalized cells retained the abil-
ity to suppress tumorigenicity of a benzo[a|pyrene-transformed
hamster fibrosarcoma cell line, BP6T, in cell-cell hybrids,
thus classified as tumor suppressor gene positive phenotype
(supB™). Upon subsequent passage in culture, some cell vari-
ant clones lose this tumor suppressor ability (classified as tu-
mor suppressor gene negative phenotype [supB™]) (27). By
subcloning these preneoplastic populations arising from asbes-
tos-transformed SHE cells, two distinct clones were isolated, a
supB™, 10W+38 clone and a supB~, 10W—1 clone (27). We
have previously investigated signaling through the receptor for
epidermal growth factor (EGF) using these two SHE cell vari-
ants. These cells were biochemically different in the modula-
tion of ligand-induced EGF receptor (EGFR) activation by
lipooxygenase products (13), dephosphorylation rate of EGFR
(14), and the recruitment of signaling molecules such as
SHP-2, an SH2-containing protein tyrosine phosphatase, to the
activated EGFR (19).

In the present study, we investigated the expression of an
adapter protein, Gabl, and its functional differences between
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10W+8 and 10W—1 cells. Gab1 was first identified and cloned
as a Grb2-associated protein from a human glial tumor expres-
sion library (18). Gabl is a member of the insulin receptor
substrate 1 (IRS-1) family of proteins, which includes IRS-1,
IRS-2, IRS-3, Daughter of Sevenless (DOS), fibroblastic
growth factor receptor substrate 2 (FRS2), Downstream of
tyrosine kinase (Dok), Linker for activation of T cells (LAT),
Dok-related (Dok-R), and Gab2 (10, 15, 17, 18, 23, 28, 35, 38,
44-46). The most striking homology with other IRS-1 family
proteins lies within the pleckstrin homology (PH) domain in
the amino terminus of Gabl (18), which is involved in the
interactions with specific phospholipids in the plasma mem-
brane (20, 31, 33, 40). Gabl plays a pivotal role in EGFR
signaling through EGF-dependent tyrosine phosphorylation
and association with SHP-2, phospholipase Cy and phospha-
tidylinositol 3-kinase (PI3K) (11, 18, 29, 30, 37, 41).

Here we report that a novel form of Gabl lacking most of
the PH domain is exclusively expressed in a preneoplastic SHE
cell clone of supB™~ phenotype. This variant form of Gabl is
associated with anchorage-independent growth of the cells in
the presence of growth factors, including EGF.

MATERIALS AND METHODS

Materials. Dulbecco’s modified Institute for Biological Research medium
(IBR), calcium- and magnesium-free phosphate-buffered saline (cmf-PBS), tryp-
sin-EDTA, and gentamicin were from Life Technologies, Inc. Fetal bovine serum
(FBS) was purchased from HyClone Laboratories. Nonfat dry milk was pur-
chased from Bio-Rad. Bicinchoninic acid protein assay reagent was from Pierce.
EGF and insulin were obtained from Collaborative Research Associates. The
acrylamide and bisacrylamide were purchased from Amresco. The nitrocellulose
membrane was obtained from Schleicher & Schuell. The immunoglobulin (Ig)
conjugates, Hyperfilm, and enhanced chemiluminescence (ECL) reagents were
purchased from Amersham. The anti-SHP-2 (SC-280) and antiphosphotyrosine
(anti-p-Tyr) antibody (PY99) were obtained from Santa Cruz Biotechnology.
Anti-Gabl (06-579; against amino acids 664 to 694) was from Upstate Biotech-
nology Inc., and another anti-Gab1 (162D-124-3; against amino acids 192 to 205)
was a generous gift from Richard P. DiAugustine, NIEHS. p44/42 MAP Kinase
Assay kit and SAPK/INK Assay kit were purchased from New England BioLabs,
Inc. The protein A-Sepharose beads and all other reagents were obtained from
Sigma.

Cell culture and transfections. The experiments were performed with two
subclones obtained from asbestos-transformed SHE fibroblast cell line clones
10W+8 and 10W—1 described above. Cells were cultured in IBR containing
10% FBS and gentamicin (10 wg/ml) at 37°C in a humidified 5% CO,, 95% air
atmosphere. Trypsin-EDTA (0.05%) was used to subculture the cells. 10W+8
cells, under passages 11 to 17, were used in these experiments. 10W—1 cells
under passages 11 to 17 were used as early passages and named 10W—1E, while
10W—1 cells at passages 25 to 40 were used as later passages and named
10W—1L in this study. Cell transfections were performed using the Lipo-
fectamine Plus reagent (Gibco BRL) following the manufacturer’s instruction.

Immunoprecipitation. After reaching 50 to 60% confluence on 150-mm-diam-
eter dishes, cells were serum deprived for 20 h to synchronize cell cycles in G.
At least 1 h after changing the medium to fresh IBR, cells were further incubated
at 37°C with or without 100 ng of EGF per ml for indicated times. Then dishes
were placed on ice, the cells were rinsed twice with 10 ml of ice-cold cmf-PBS,
and the cells were lysed with 0.4 ml of ice-cold lysis buffer (1% Triton X-100, 50
mM HEPES [pH 7.5], 150 mM NaCl, 10% glycerol, 1 mM EDTA, 2 mM sodium
orthovanadate, 100 uM p-nitrophenylphosphate, 1 mM phenylmethylsulfonyl
fluoride, 50 mM NaF, 10 mM sodium phosphate, 10 wg of aprotinin per ml, 10
pg of leupeptin per ml). After the cells were scraped, the lysate was collected,
sonicated on ice for 7 s twice, and centrifuged at 2,000 X g for 10 min at 4°C. The
supernatant was transferred to a new tube, and an aliquot was removed to
measure the protein concentration by bicinchoninic acid protein assay reagent.
Two milligrams of cellular protein from 107 cells was precleared with 5 pl of
normal rabbit serum and 100 pl of protein A-Sepharose beads. The mixture was
tumbled at 4°C for 1 h and centrifuged at 10,000 X g for 2 min, and the
supernatant was transferred to a new tube. Specific antibodies (anti-Gabl, 2 ng;
anti-SHP-2, 2 pg) were added to the supernatant, the samples were tumbled
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overnight at 4°C, and 100 wl of protein A-Sepharose beads was added and
tumbled for an additional 2 h. After centrifugation at 10,000 X g for 2 min, the
pellet was washed three times with 1 ml of 20 mM HEPES (pH 7.5)-150 mM
NaCl-0.1% Triton X-100-10% glycerol. Protein sample buffer (2X) was added
to the final pellet; the sample was boiled for 8 min and centrifuged at 10,000 X
g for 10 min. The supernatant was immediately used or frozen at —70°C for later
use with sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE).

Western blot analysis. The samples obtained by immunoprecipitation were
loaded and run on SDS-PAGE (8% acrylamide gel) and electrophoretically
transferred to a nitrocellulose membrane in 25 mM Tris—192 mM glycine-20%
methanol-0.1% SDS using semidry electrophoresis equipment (Hoefer). Mem-
branes were blocked in Tris-buffered saline containing 0.1% Tween 20 (TBST)
with 5% bovine serum albumin (BSA) at 4°C overnight or in 3% nonfat milk in
cmf-PBS for 20 min at room temperature (for anti-Gab1). The blots were then
incubated for 1 h with anti-SHP-2 antibody (1:2,000) or anti-p-Tyr antibody
(1:1,000) with 1% BSA plus TBST at room temperature for 1 h or anti-Gab1
antibody (1:1,000) with 3% nonfat milk in cmf-PBS at 4°C overnight. The blots
were washed five times in TBST or water (for anti-Gab1) and then incubated
with horseradish peroxidase-conjugated anti-rabbit Ig (1:5,000) or anti-mouse Ig
(1:5,000; for anti-p-Tyr antibody) in 1% BSA plus TBST at room temperature for
1 h or 3% nonfat milk in cmf-PBS at room temperature for 1.5 h (for anti-Gab1).
The blots were again washed five times in TBST or water and once with 0.05%
Tween 20 plus cmf-PBS (for anti-Gab1) and visualized using the Amersham ECL
system.

Northern blot analysis. Total RNA was isolated with Trizol Reagent (Life
Technologies), and 10 pg of total RNA samples was separated by electrophoresis
in 1% agarose-formaldehyde gel and transferred onto nylon membranes (Hy-
bond-N*; Amersham) by capillary blotting. The membranes were cross-linked by
UV radiation. cDNA probes of 0.4 kb corresponding to the middle portion of
Gab1l ¢cDNA sequence were amplified with 5'-CCTTTATAACCTGCCCAG
GAGT-3' and 3'-GCAG/ATCTTGAGAACTAGCATCT-5' and labeled with
[*?P]dCTP with the Prime-It RT Random-Primer Labeling kit (Stratagene).
Blots were prehybridized in Rapid-hyb buffer (Amersham) at 65°C for 2 h
followed by hybridization at 65°C overnight. The blots were then washed once in
2X SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% SDS at
room temperature and then twice in 0.1X SSC-0.1% SDS at 65°C. The mem-
brane was exposed to Hyperfilm (Amersham) for 24 h.

c¢DNA cloning and plasmid construction. nRNA was isolated from 10W—1L
cells using mRNA Separator kit (Clontech), and a 5’ rapid amplification of
c¢DNA ends (RACE) strategy with SMART RACE c¢cDNA Amplification kit
(Clontech) was applied for the cloning of cDNAs encoding two forms of Gabl.
Two antisense primers, 3'-GTAAGAGGGAGGTAGTGTGACTGGAGAGGC
TT-5" (486R) and 3'-CAGTGGCAACGGCGTGTCTTCACTTTACGCTCTT
G-5" (2104R, which includes the translation stop codon 3'-TCA-5' [italicized]),
were used with Advantage-GC ¢cDNA Polymerase Mix kit (Clontech). Sequence
analysis of PCR products by ABI PRISM dRhodamine terminator cycle sequenc-
ing ready kit (Perkin-Elmer Applied Biosystems) was performed both directly
and after a subcloning into a cytomegalovirus (CMV) promoter-driven mamma-
lian expression vector pCR3.1 using Eukaryotic TA Cloning kit (Invitrogen).
Plasmids were purified with a plasmid purification kit (Qiagen). For overexpres-
sion of hamster Gabl of 100 kDa, a 2.1-kb cDNA product amplified by 5'-AC
CATGAGCGGTGGTGAAGTGGTC-3’, which includes the translation start
codon 5'-ATG-3', and by 2104R was used. On the other hand, a cDNA product
obtained by 5'-RACE with 2104R antisense primer was used for overexpression
of 87-kDa Gab1/Gab1211%% (described below).

Reverse transcription (RT)-PCR. First-strand cDNA was generated with 1 ug
of total RNA and oligo(dT),g primer using Advantage RT-for PCR kit (Clon-
tech). RNA samples were also subjected to the reaction of cDNA synthesis
without reverse transcriptase and served as negative controls. Primers used were
5'-TCGCGGCGTGCACCATGAGCGGCGGCGAAG-3" (—14F; the transla-
tion start codon 5'-A7G-3' is included), 5'-GAGATCTGCTGGGCTTCTCGG
GGTT-3' (LSP), and 2104R. Thermal cycling conditions were 1 cycle at 94°C for
1 min; 35 cycles at 94°C for 45 s, 68°C for 45 s, and 72°C for 2 min; and 1 cycle
at 72°C for 10 min.

Cell growth in soft agar. Soft agar assay was performed as previously described
(2, 26). Briefly, 2 X 10° cells were suspended in 0.3% Bacto-agar (GIBCO)
containing 0.1% Bacto Peptone and 10% FBS on a 0.6% Bacto-agar layer
containing 0.1% Bacto Peptone and 10% FBS in IBR medium using six-well
plates. The plates were incubated at 37°C for 14 to 21 days and scored for
colonies that were greater than 60 um in diameter (greater than 30 cells). For
some assays, 50 ng of EGF per ml and/or 1 ug of insulin per ml was added to the
top layer of agar.
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[*H]thymidine incorporation assay. [*H|thymidine incorporation assay was
employed to measure DNA synthesis as previously described (13). Briefly, 10°
cells were seeded in 96-well plates (Costar) and cultured until 60 to 70% con-
fluence was reached. Cells were then serum deprived for 16 to 20 h and incubated
in the presence of 1 pCi of [*H]thymidine (ICN Pharmaceuticals, Inc.)/well with
or without 50 ng of EGF per ml at 37°C for 24 h. Cells were rinsed twice with
ice-cold cmf-PBS and then treated with ice-cold 5% trichloroacetic acid for at
least 30 min at 4°C. Cells were rinsed three times with water and lysed with 0.2
N NaOH-0.1% SDS at room temperature for at least 1 h. Samples were neu-
tralized with hydrochloric acid, and radiation was quantitated in a Packard
2000CA scintillation counter. All incubations were performed in sextuplicate.

p44/42 mitogen-activated protein kinase (MAPK) activity assay. EGF-depen-
dent activation of p44/42 MAPK (extracellular signal-regulated kinase 1 [ERK1]
and ERK2) was measured by p44/42 MAP Kinase Assay kit according to the
manufacturer’s instructions. Briefly, cells were stimulated with 100 ng of EGF
per ml for the indicated times and lysed with cell lysis buffer. The cell lysate was
subjected to immunoprecipitation of phospho-p44/42 MAPK (both Thr?*? and
Tyr?* phosphorylated) with an immobilized monoclonal antibody. Immunopre-
cipitates were washed and incubated with 200 uM ATP and 2 pg of Elk-1 fusion
protein at 30°C for 30 min. Samples were analyzed by SDS-PAGE (10% acryl-
amide gel), followed by Western blotting with anti-phospho-Elk-1 antibody spe-
cific to Ser*®!-phosphorylated Elk-1.

Indirect immunofluorescence. 10W+8 and 10W—1L cells (10*) were plated on
four-well chamber slides (Nunc, Inc.) and cultured for 3 days. After plating the
slides on ice, cells were rinsed twice with ice-cold PBS and incubated with 2%
paraformaldehyde in PBS on ice for 30 min. Cells were further incubated in PBS
containing 50 mM ammonium chloride at room temperature, followed by wash-
ing once with PBS. After incubation with 5% BSA-0.1% Triton X-100 in PBS
(BT-PBS) for 30 min, cells were treated with BT-PBS containing either 10 ug of
nonimmune rabbit IgG per ml or 10 ug of anti-Gabl per ml at 4°C overnight.
Following two additional washings with PBS, cells were incubated with fluores-
cein isothiocyanate-conjugated anti-rabbit IgG (diluted 1:100 with BT-PBS) at
room temperature for 1 h. Cells were washed five times with PBS, and fluores-
cence intensity was measured using a laser-emission confocal fluorescence cy-
tometer (ACAS 570; Meridian Instruments, Inc.) as previously described (25).
The threshold of fluorescence intensity representing nonspecific fluorescence
was determined using the images obtained with nonimmune rabbit IgG. The
images with nonimmune IgG were essentially cleared with the threshold thus
obtained. Then we applied the threshold to the images with anti-Gab1 to subtract
nonspecific fluorescence from the whole fluorescence.

RESULTS

Expression of a novel 87-kDa form of Gabl in 10W—1 cells.
First, we examined the expression of Gabl in preneoplastic
SHE cell variants 10W+8 (passages 11 to 17), I0W—1E (pas-
sages 11 to 17), and 10W—1L (passages 25 to 40). Cell lysates
were subjected to immunoprecipitation with specific antibodies
against the carboxy terminus of human Gabl, followed by
SDS-PAGE (8% acrylamide) and anti-Gabl1 blotting (Fig. 1A).
All of these variants showed the expression of Gabl with an
apparent molecular mass of 100 kDa, although its expression
was minimal in 10W—1L cells. Instead, an intense band at 87
kDa was observed in 10W—1L cells, which was not detected in
10W+8 and slightly detectable in 10W—1E. Both 100- and
87-kDa proteins were also detected by another anti-Gabl an-
tibody raised against a different epitope (amino acids 192 to
205, data not shown), which strongly suggests that the 87-kDa
protein is a variant form of Gabl. We analyzed the expression
of these two forms of Gabl following serum starvation and
stimulation and found that these two forms were oppositely
regulated. When stimulated with 10% FBS, the expression of
the 100-kDa Gabl1 expression decreased while the expression
of the 87-kDa Gabl increased.

To determine whether the difference between the 100- and
87-kDa products occurs before or after translation, we per-
formed a Northern blot analysis using a *?P-labeled specific
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FIG. 1. Increasing expression of a novel 87-kDa form of Gabl
protein and 4.6-kb mRNA in 10W—1 cells during passages. (A)
10W+8, 10W—1E, and 10W—1L cells were cultured with 10% FBS for
48 to 72 h, and some of the cells were serum starved for 20 h before
harvest (10% FBS — lanes). Gabl was immunoprecipitated (IP) from
the lysates of 10W+8, 10W—1E, and 10W—1L cells, analyzed by
SDS-8% PAGE followed by anti-Gabl blotting, and visualized by
ECL. Signals at 100 kDa commonly observed among those cells and
signals at 87 kDa clearly detected in 10W—1L cells are indicated by
arrows as well as signals representing IgG. (B) 10W+8, 10W—1E, and
10W—1L cells were cultured with 10% FBS, and some of the cells were
serum starved for 20 h before harvest (10% FBS — lanes). Ten micro-
grams of total RNA was loaded onto each lane and analyzed for Gabl
mRNA expression. A broad signal around 5.2 kb observed in all cells
and an intense signal at 4.6 kb clearly detected in 10W—1L cells are
indicated by arrows.

probe for Gabl (Fig. 1B). 10W+8 cells showed a broad signal
of mRNA around 5.2 kb. The expression of mRNA around 5.2
kb decreased with 10% FBS. On the other hand, 10W—1L cells
intensely expressed a 4.6-kb mRNA as well as a limited signal
around 5.2 kb. 10W—1E cells typically showed similar results
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FIG. 2. Time course of protein and mRNA expression of two forms of Gabl during cell growth. 10W+8 or 10W—1L cells (10°) were plated
on 150-mm-diameter dishes and cultured with 10% FBS for 5 days. The degrees of cell confluence, 20 to 25% on day 1 to 100% on day 5, are
indicated (A). On each day, cells were simultaneously harvested both for protein analysis (A) and RNA analysis (B). To examine the Gab1 protein
expression, cell lysates containing 1 mg of protein from 10W+8 and 10W—1L cells were subjected to immunoprecipitation (IP) of Gabl and
analyzed by anti-Gab1 blotting (A). The 100-kDa form of Gab1 and the 87-kDa form of Gab1 were detected in 10W+8 and 10W—1L, respectively,
with different time courses during cell growth. For Northern analyses, 20 g of total RNA from 10W+8 cells and 10 g from 10W—1L were
examined for Gabl mRNA expression and visualized with ethidium bromide staining (B, lower panel).

with 10W+8, although a modest expression of the 4.6-kb
mRNA band was often detected. Moreover, 10% FBS stimu-
lation significantly increased the expression of the 4.6-kb
mRNA. Based on these results, it is very likely that 100- and
87-kDa proteins are translated from the 5.2- and 4.6-kb mR-
NAs, respectively. Interestingly, the expression of 100-kDa
Gabl as well as 5.2-kb mRNA in 10W—1L cells continuously
decreased by further passaging and became hardly detectable
typically at passages 25 to 30 (data not shown).

Time courses of Gabl expression in 10W+8 and 10W—1L
cells during cell growth. We also examined the time course of
expression of 100-kDa Gabl in 10W+8 and that of 87-kDa
Gabl in 10W—1L cells (Fig. 2A). The expression of 100-kDa
Gabl in 10W+8 was low on day 1 of culture (the next day after
cell plating) and gradually increased with cell growth. The
highest expression of 100-kDa Gabl was observed when the
cells reached full confluence on day 5. In contrast, the expres-
sion of 87-kDa protein in 10W—1L was intense on days 1 to 3
and dramatically decreased after the cells became confluent.
Concordant with the results of protein expression, Northern

analysis showed increasing expression of 5.2-kb mRNA in
10W+8 and the decreasing expression of 4.6-kb mRNA in
10W—1L during the growth of the cells (Fig. 2B). These results
further support the hypothesis that 100- and 87-kDa forms of
Gabl are translated from 5.2- and 4.6-kb mRNA, respectively.

The 87-kDa form of Gab1 shares pivotal functions in EGFR
signaling with 100-kDa Gabl. Next, we examined whether the
87-kDa Gabl is a functional protein involved in EGFR signal-
ing as is the 100-kDa Gabl. We investigated the phosphoryla-
tion of 87-kDa Gabl and its association with other proteins
upon EGF stimulation. The incubation of 10W—1L cells with
100 ng of EGF per ml for 1 min resulted in the mobility shift
of 87-kDa Gabl to 90 kDa, which was sustained over 15 min
(Fig. 3A). Anti-p-Tyr blot analysis of Gabl immunoprecipi-
tants revealed that 87-kDa Gab1 was tyrosine phosphorylated
upon EGF stimulation and became associated with EGFR
(170 kDa) and other tyrosine-phosphorylated proteins (Fig.
3B). In addition, the 87-kDa Gab1l showed an EGF-dependent
association with SHP-2 (Fig. 3C). These results demonstrated
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FIG. 3. The 87-kDa form of Gabl is a functional protein involved
in EGFR signaling in 10W—1 cells. (A and B) 10W—1L cells were
serum starved for 20 h and left unstimulated or stimulated with 100 ng
of EGF/ml for 1, 3, 5, and 15 min. Cells were lysed and subjected to
immunoprecipitation (IP) of Gabl, followed by SDS-8% PAGE and
anti-Gab1 (A) or anti-p-Tyr (B) blotting. (C) Gabl (left) or SHP-2
(right) was immunoprecipitated (IP) from the lysates of 10W—1L cells
left unstimulated or stimulated by 100 ng of EGF/ml for 1 min and
analyzed by anti-SHP-2 (left) and anti-Gabl1 (right) blottings, respec-
tively.
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TABLE 1. Colony-forming efficiency of carcinogen-transformed
SHE cells in soft agar and effects of additional
growth factor stimulation on it

Growth factor(s) added Colony-forming

Cell to 10% serum efficiency (%)
10W+8 None 0.0
EGF“ + Insulin” 3.9
10W—1E None 0.0
EGF 1.3
Insulin 0.0
EGF + Insulin 7.4
10W—1L None 0.2
EGF 13.6
Insulin 7.7
EGF + Insulin 26.4
BP6T None 63.4

“ EGF concentration, 50 ng/ml.
? Insulin concentration, 1 mg/ml.

that 87-kDa Gab1 retains some shared functions with 100-kDa
Gabl in EGFR signaling.

Growth factor-dependent growth of 10W—1L in soft agar.
Previous works in our laboratory showed that 10W—1 clones
exhibited significant growth in soft agar only when stimulated
with growth factors like EGF, insulin, and platelet-derived
growth factor (2, 26). On the other hand, 10W+8 clones did
not grow in soft agar even with the combination treatment of
EGF, insulin, and platelet-derived growth factor. Therefore,
we examined the possible relationship between the expression
of 87-kDa Gabl1 variant and the growth factor-dependent col-
ony formation in soft agar. 10W+8 cells did not show any
colony formation with 10% FBS alone and exhibited a limited
growth in soft agar (3.9% colony-forming efficiency [CFE] in
the presence of both EGF [50 ng/ml] and insulin [1 pg/ml]
(Table 1). 10W—1E showed a slightly increased CFE of 7.4%
in the presence of both EGF and insulin. Interestingly, 10W—
1L cells were found to grow in the presence of either EGF or
insulin, with EGF (CFE, 13.6%) proving more potent than
insulin (CFE, 7.7%). A combined stimulation of 10W —1L with
EGF and insulin showed a synergistic increase of CFE up to
26.4%. Moreover, 10W—1L, but not 10W+8 or 10W—1E,
formed colonies large enough to be observed without micro-
scopic magnification after staining with 2-(p-iodophenyl)-3-(p-
nitrophenyl)-5-phenyltetrazolium chloride (data not shown). A
benzo[a]pyrene-transformed hamster fibrosarcoma cell line,
BP6T, was cultured as a positive control and grew well in soft
agar in the absence of additional growth factors. Thus, 10W—1
cells showed a remarkable increase in growth factor-dependent
colony formation in soft agar with the development of 87-kDa
Gabl1 expression.

Cloning of cDNA encoding the 87-kDa Gabl revealed that it
lacks the amino-terminal 103-amino-acid sequence correspond-
ing to most of the PH domain. In order to further characterize
the 87-kDa Gabl, we attempted to determine its cDNA. We
used two different antisense primers (486R and 2104R) in
5'-RACE of cDNA from 10W—1L, and both PCRs gave us two
products with an ~0.4-kb difference in their sizes, the shorter
products being much more predominant (data not shown).
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Gab141-103 > GAGATCTGCTGGGCTTCTCGGG
hamster Gabl ATGAGCGGCGGCGAAGTGGTTTGCTCGGGATGGCTCCGCAAGTCCCCCCCGGAGARGAAG 60
M 8§ 6 G E V V C S8 G WUILRI K GSUPPEK K 20
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hamster Gabl TTGAAGCGTTATGCATGGAAGAGAAGGTGGTTCGTGTTACGCAGTGGCCGTCTGACTGGA 120
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Gab1%1-193 gnd GACCCCGATGTCCTGGAGTACTACAAAAACGACCACGCCAAGAAACCTATCCGGATTATT 180
hamster Gabl D P D V L E Y Y K N D H A K K P I R I I 60
Gab141-103 and GATTTAAATCTATGCCAGCAAGTTGATGCCGGGTTGACATTCAACAAGAAGGAGTTCGAA 240
hamster Gabl, D L N L C Q Q V D A G L T F N K K E F E 80
Gab121-193 and AACAGCTACATCTTTGATATCAACACCATTGACCGGATTTTCTACCTGGTCGCGGACAGC 300
hamster Gabl N § Y I F D I N T I D R I F Y L V A D S 100
Gab12'-1%3 and GAAGAGGACATGAACAAGTGCGTTCGTTGTATCTGTGACATCTCTGGCTTCAATCCCACA 360
hamgter Gabl E E DM N K W V R ¢ I ¢ D I €C G F N P T 120

Gabl12'1% translation start site

B PH domain MBD

i
%

Gab1

%
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Gab1 A1-103

FIG. 4. Comparison of two cDNA sequences and deduced protein sequences cloned from 10W—1L cells. (A) The nucleotide sequence of
c¢DNA encoding Gab1 was cloned by 5'- and 3'-RACE strategy. Although hamster Gab1 is composed of 694 amino acids (2,085 nucleotide bases
for the coding region), only the amino-terminal sequence of 120 amino acids (up to **°A in the nucleotide sequence) is shown here. Two cDNAs
were cloned from 10W—1L, one of which (the minor product) was identical with cDNA from nontransformed SHE 83-9. A cDNA product specific
to 10W—1L lacks the upstream sequence to G of the coding region of the original hamster Gabl cDNA, and that sequence has been replaced
by an uncharacterized sequence of at least 34 nucleotide bases, 5'-GAGATCTGCTGGGCTTCTCGGGGTTTGGTATCTT-3' (sense), followed
by the common sequence to the 3’ end. Therefore, translation of the product specific to 10W—1 starts from *°ATG (M%?), instead of "ATG (M?).
A 5" primer named —14F (5'-TCGCGGCGTGCACCATGAGCGGCGGCGAAG-3'; sense) is specific to cDNA encoding Gab1, while another
5’ primer named LSP (5'-GAGATCTGCTGGGCTTCTCGGGGTT-3'; sense) is specific to cDNA encoding Gab14'"'%%, Dashes, nucleotide bases
of Gab1*'"'%% identical with those of hamster Gabl. (B) Comparison of the protein structures of Gabl and Gab1*!"'%, Gab14!1%% lacks most of
the amino-terminal PH domain (amino acids 14 to 116) observed in Gabl and shares downstream structure including the MBD with Gabl.

Sequence analysis showed that the longer product is the same
as the cDNA obtained from nontransformed SHE 83-9 cells.
This cDNA encodes hamster Gabl composed of 694 amino
acids (GenBank accession number AF307847) with 92% ho-
mology to human (GenBank accession number U43885) and
mouse (GenBank accession number AJ250669) Gabl1 (18, 24,
43). On the other hand, the shorter product lacked the 5'-
untranslated region of ~0.4 kb found in the longer product.
When we compared the nucleotide sequence of the shorter
product with the hamster Gab1 sequence, the first 72-nucleo-
tide sequence of coding region was missing in the shorter form
and it was replaced by an uncharacterized nucleotide se-
quence, 5'-GAGATCTGCTGGGCTITCTCGGGGTTTGGT
ATCTT-3" (sense), followed by a sequence identical to the
original Gabl sequence to the 3 end (Fig. 4A). Protein trans-
lation analysis revealed that the shorter form should be trans-
lated from *1°ATG, which encodes the second methionine of
the original 100-kDa hamster Gabl ('**M), thus Gab14''%%,

Gab14'"'% lacks most of the PH domain (amino acids 14 to
116) and retains the Met-binding domain (MBD) and binding
sites for PI3K and SHP-2, all of which are clustered in the
carboxy-terminal portion of Gab1 (Fig. 4B). These results are
consistent with the EGF-dependent association of 87-kDa
Gabl with EGFR (through MBD) and SHP-2 (40).
Exclusive expression of mRNA encoding Gabl1*''* in
10W—1 cells. To confirm that the mRNA encoding Gab14'-'%
is exclusively expressed in 10W—1 cells, we performed RT-
PCR with two sense primers: 5'-TCGCGGCGTGCACCATG
AGCGGCGGCGAAG-3' (—14F), which is specific to the
original Gabl ¢cDNA, and 5'-GAGATCTGCTGGGCTTCTC
GGGGTT-3" (LSP), which is specific to the novel sequence
observed in Gab1#'"'® ¢DNA (Fig. 4A). As an antisense
primer, 2104R, corresponding to the terminal portion of the
coding region, was used. A single product of 2.1 kb arose from
PCR amplifications using —14F sense primer with all cells
examined (Fig. 5, lanes 2, 4, and 6). However, it is noteworthy
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FIG. 5. Exclusive expression of Gabl mRNA led by LSP sequence
in 10W—1, especially in 10W—1L cells. One microgram of RNA from
10W+8, 10W—1E, and 10W—1L cells was subjected to reverse tran-
scription reaction using oligo(dT),g primer. For some samples, reverse
transcriptase (RT) was not included in the reaction (lanes 1, 3, 5, 7, 9,
and 11). cDNA, in turn, was provided for PCR with either —14F or
LSP as 5’ primer and 2104R as 3’ primer. PCR products were analyzed
by 1.2% agarose gel and visualized with ethidium bromide staining and
UV exposure.
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that the intensity of the PCR product with 10W—1L (lane 6)
was significantly decreased compared to those with 10W+8
(lane 2) or 10W—1E (lane 4) cells. In contrast, when we per-
formed PCR with LSP sense primer, I0W+8 cells gave us no
products (lane 8) and 10W—1E showed a small amount of
2.1-kb product (lane 10), which dramatically increased with
10W —1L cells (lane 12). These results demonstrate that cDNA
encoding Gab14!'9 corresponds to the 4.6-kb mRNA ob-
served in Fig. 1B and 2B while cDNA encoding full-length
Gabl containing the —14F primer sequence corresponds to the
5.2-kb mRNA. In addition, the expression of the 4.6-kb mRNA
seems to develop at the stage of the loss of tumor suppressor
gene function (supB™) in the neoplastic progression of SHE
cells.

Different subcellular localization between Gabl and
Gab14''%, The results reported by Maroun et al. (32, 33)
prompted us to examine the subcellular localization of Gabl in
10W+38 cells and that of Gab1*''%% in 10W—1L cells, respec-
tively. As shown in Fig. 6, Gabl is preferably localized at cell
membranes, while Gab141"1%% is diffusely expressed in the cy-
toplasm. These results were similar to those with human wild-
type Gabl and Gabl lacking the PH domain (32, 33).

A
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Overexpression of Gabl and Gab1*''% in 10W+8 resulted
in the enhanced mitogenic response to EGF stimulation. We
cloned cDNAs encoding hamster Gabl and Gab1*'"'** into a
CMYV promoter-containing mammalian expression vector pCR
3.1 and constructed 10W+8 cells overexpressing either Gabl
or Gab14!"'% as well as mock-transfected cells. 10W+8 cell
pools stably expressing exogenous Gabl or Gab14'1% were
obtained (Fig. 7A and B). 10W +8 cells with exogenous expres-
sion of 100-kDa Gabl1 (lane 2) as well as its endogenous ex-
pression showed approximately twofold overall expression of
100-kDa Gab1 compared to mock-transfected (lane 1) I0W+8
(Fig. 7A). Similarly, the amount of exogenous expression
of Gab1#'"'%% was comparable to that of endogenous 100-
kDa Gabl expression (lane 3). The exogenously expressed
Gab12''% showed a migration on SDS-PAGE identical to
that of the 87-kDa Gabl from 10W—1L, which appears to
confirm that the 87-kDa Gab1 is Gab1*'"'°®>, Northern anal-
ysis (Fig. 7B) enabled us to distinguish the exogenous ex-
pression of Gabl or Gab1*''> mRNA (2.7 kb) from en-
dogenous Gabl mRNA (5.2 kb).

Next we examined the effect of exogenous expression of
Gabl or Gab14''%* on EGF-dependent mitogenic activity of
10W+8 cells assessed by the [*H]thymidine incorporation as-
say. As shown in Fig. 7C, exogenous expression of Gab141-103,
as well as Gabl, significantly enhanced the mitogenic response
to EGF stimulation, up to twofold compared to that in mock-
transfected 10W+8. To elucidate the molecular mechanism
of the increased mitogenic response to EGF in Gabl- or
Gab14'1%_gverexpressing cells, we compared the activation
levels of MAPK, p44/ERK1, and p42/ERK2 among these cells
by a MAPK activity assay using Elk-1 as a substrate (Fig. 7D).
Mock-transfected 10W+8 cells showed EGF-dependent MAPK
activation assessed by Elk-1 phosphorylation, which peaked at
5 min after EGF stimulation and gradually decayed. Unexpect-
edly, overexpression of either Gabl or Gab1*'"'** did not
enhance the EGF-dependent MAPK activation measured by
Elk-1 phosphorylation at any time point examined including 60
min after EGF stimulation (data not shown). These results
indicate the involvement of other signaling pathways in the
enhanced mitogenic response to EGF by exogenous expression
of Gabl or Gab1*''** in 10W+8 cells.

FIG. 6. Subcellular localization of Gab1 in 10W+38 cells (A) and Gab1*!'% in 10W—1L cells (B). Cells were cultured in 10% FBS-containing

medium for 3 days and subjected to the analysis of the cellular expression of Gab1/Gab

14119 ysing indirect immunofluorescence.
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FIG. 7. Exogenous expression of Gabl or Gab14!1%* in 10W+8 cells enhances the mitogenic response to EGF stimulation without an

upregulated p44/42 MAPK activation. (A) Immunoprecipitation (IP) and Western analysis of Gabl- or Gab14'"'®.overexpressing 10W+38.
Gab1*'"'% expressed in 10W+8 (lane 3) comigrated with 87-kDa Gab1 from 10W— 1L (lane 4). (B) Northern analysis of 10W+38 cells exogenously
expressing Gabl or Gab1'!%, Exogenously expressed mRNA of Gabl (lane 2, 2.7 kb) or Gab14!"1% (lane 3, 2.7 kb) lacking most of the 5'- and
3’-untranslated region was distinct from endogenous Gabl mRNA (5.2 kb). The lower panel shows equal RNA loading onto each lane and the
integrity of RNA samples by visualization of 28S/18S rRNA with ethidium bromide staining and UV exposure. (C) [*H]thymidine incorporation
assay was performed using mock-transfected 10W+8 and Gab1/Gab14!"1%-overexpressing 10W+8 cells. Cells were serum starved for 20 h and
incubated with or without 50 ng of EGF/ml for a further 24 h in the presence of 1 wCi of [*H]thymidine/well. Both Gabl and Gab14'-'%3
overexpression significantly potentiated the mitogenic response to EGF stimulation. *, P < 0.05 versus mock-transfected 10W+8. (D) EGF-
dependent activation of p44/42 (ERK1/2) MAPK in 10W +8 cells was not significantly modulated by Gab1 or Gab1*'19® overexpression. Cells were
serum starved for 20 h and left unstimulated or stimulated with 100 ng of EGF/ml for 5 and 15 min. Cell lysates containing 200 pg of protein were
incubated with anti-phospho-MAPK antibody. Immunoprecipitated phospho-MAPK was then reacted in vitro with Elk-1 as a substrate. MAPK-
phosphorylated Elk-1 was analyzed by SDS-10% PAGE and anti-phospho-Elk-1 blotting. Some of the Ser**'-phosphorylated Elk-1 showed various
degrees of delayed migration on SDS-PAGE.

Exogenous Gab1*''°) but not Gabl, expression potenti-
ated growth of 10W+8 cells in soft agar in response to EGF
stimulation. Finally we performed a soft agar assay using
10W+8 cells exogenously expressing Gabl or Gab14'1%% to
determine whether the enhanced CFE of growth factor-stim-
ulated 10W—1L cells (Table 1) can be attributed to the devel-
opment of 87-kDa Gab1/Gab14'!%* expression. Mock-trans-
fected 10W+8 showed 7.8% of CFE when stimulated with 50
ng of EGF per ml, which was higher than that of parental
10W+8 (Table 2). This increase might be related to the trans-

fection procedure including Lipofectamine treatment and
many passages during antibiotic selection of stably expressing
cells. Therefore, cells with identical passage numbers were
used in this comparative study. Additional expression of Gabl
did not enhance the CFE of 10W+8 but rather slightly de-
creased it. In contrast, exogenous expression of Gabl*!''*?
increased the CFE up to threefold (22.2%) the value observed
with mock-transfected cells when stimulated with EGF. None
of these cells showed significant growth in soft agar when
cultured with 10% FBS alone. All of these results taken to-
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gether indicate that 10W—1 cells have acquired the phenotype
of growth factor-dependent, anchorage-independent growth,
at least in part, by developing Gab14'1%% expression.

DISCUSSION

In the present report, we demonstrated the expression of a
novel 87-kDa Gabl during the neoplastic progression of car-
cinogen-transformed SHE cells. The cloning and expression of
the cDNA encoding 87-kDa Gabl1 revealed that the protein
lacks the amino-terminal 103 amino acids of Gabl, hence the
designation Gab12'1%3, Gab14!1% Jacks most of the amino-
terminal PH domain of Gabl (amino acids 14 to 116). There-
fore, the differences between Gabl and Gab14'"'% are most
likely to be attributed to the presence or absence of the func-
tional PH domain.

The PH domains were first identified as regions that share
homology with an internal repeat of pleckstrin, a major sub-
strate of protein kinase C in platelets (31, 39). These domains
are composed of ~100 amino acids with seven { strands, which
form two antiparallel 8 sheets, with a carboxy-terminal « helix.
PH domains are believed to mediate intermolecular interac-
tions, primarily protein-phospholipid interactions. The Gabl
PH domain preferentially binds to phosphatidylinositol 3,4,5-
triphosphate, which is a product of phosphatidylinositol 3-ki-
nase (20, 33, 40). While the present work was in progress,
several reports that examined the roles of the Gabl PH do-
main using artificial deletion mutants of the whole PH domain
or site-directed mutants of Trp*® and Arg?’ residues were
published (32, 33, 40). These reports showed several observa-
tions similar to ours, as follows: (i) Gabl lacking the functional
PH domain was phosphorylated upon hepatocyte growth fac-
tor or EGF stimulation, although its phosphorylation seemed
to be decreased and/or altered compared to that of Gab1 (32,
33, 40); and (ii) the Gabl PH domain is not required for its
ability to associate with the Met receptor and SHP-2 following
activation of the Met receptor (32). Likewise, 87-kDa Gabl/
Gab14'"'% showed an EGF-dependent phosphorylation deter-
mined by a modest mobility shift on SDS-PAGE (Fig. 3A) and
anti-p-Tyr blotting (Fig. 3B), as well as the EGF-dependent
association with EGFR (Fig. 3B) and SHP-2 (Fig. 3C). Other
characteristic features of Gab1 lacking a functional PH domain
reported so far include the following: (i) it failed to play a role
in Met-dependent branching tubulogenesis (32, 33); (ii) the
functional Gabl PH domain is required for the localization of
Gabl to sites of cell-cell contact (32, 33); and (iii) PH domain-
deleted Gabl did not activate Jun kinase (JNK) by EGF stim-
ulation (40). Furthermore, the Gabl PH domain was able to
act as a dominant-negative mutant of Gabl and inhibited the
EGF-stimulated increase in JNK activity (40).

The analysis of genomic DNA sequence encoding hamster
Gab1 identified an exon-intron junction between *T and G
(H. Kameda and T. E. Eling, unpublished data). Therefore,
mRNA encoding Gab1*!'% is likely to be an alternatively
spliced form. Moreover, the opposite, complementary regula-
tions of Gab1 and Gab1*'"'** expression (for example, serum
starvation and cell confluence increase the expression of 5.2-kb
mRNA and decrease the 4.6-kb mRNA expression) suggest
that the transcription of these two mRNAs may be driven by
distinct promoter regions. In addition, such a complementary

Gabl LACKING PH DOMAIN AND NEOPLASTIC PROGRESSION 6903

TABLE 2. Effects of exogenous expression of Gabl and Gab14'"'%
on colony-forming efficiency of 10W+8 cells in soft agar

EGF concn (ng/ml) added Colony-forming

Cell to 10% serum efficiency (%)
10W+8, mock 0 0.0
50 7.8
10W+8, Gabl 0 0.0
50 3.1
10W+38, Gab141-103 0 0.0
50 22.2

expression pattern between two forms of Gabl indicates their
distinct roles in cell proliferation and cell-cell interactions. In
this context, we have analyzed the subcellular localization of
wild-type Gabl in 10W+8 cells and Gab14''* in 10W—1L
cells. We found that wild-type Gab1 was preferably localized at
cell membranes, especially at the site of cell-cell contact, while
Gab14'"'% was predominantly expressed in the cytoplasm (Fig.
6). These observations were consistent with recent reports (32,
33) and may explain why the expression of 100-kDa Gabl in-
creases after confluence, while Gab14'"'%% expression de-
creases.

There may exist a mutational hot spot in genomic DNA
encoding Gabl because Gabl expression has been lost in an
asbestos-transformed tumorigenic SHE cell clone 10W2T (24).
Therefore, at least two distinct alterations in Gab1 expression
have been demonstrated during the neoplastic progression of
SHE cells. And when we consider that most proto-oncogenes
and tumor suppressor genes are involved in the regulation of
cellular growth (1, 9), the roles of the altered expression of
Gabl in the signaling pathways required for the neoplastic
progression of SHE cells seem to be much more complicated.

The expression of mRNA encoding Gab14!1%% was always
clearly observed in 10W—1E cells by RT-PCR (Fig. 5), al-
though Northern analysis (Fig. 1B) and immunoprecipitation
and Western analysis (Fig. 1A) seem to be less sensitive than
RT-PCR. In addition, the expression amount of Gab14!-1%3
dramatically increased during passages. Therefore, genetic
changes leading to the development of Gab14!1% are likely to
follow, or at least occur along with, the loss of tumor suppres-
sor gene(s).

The reason why the overexpression of Gab14''%, but not of
the full-length Gabl, resulted in the upregulated soft agar
colony formation of 10W+8 cells in response to EGF stimu-
lation remains to be clarified. Gabl is implicated in the trans-
forming signaling through Tpr-Met, the oncogenic version of
the Met receptor in which the 5’ sequence of Tpr derived from
chromosome 1 forms a hybrid with the 3" sequence of Met
located on chromosome 7 (3, 12). Moreover, two Gabl-over-
expressing (8- and 13-fold over control) NIH 3T3 cell clones
were shown to exhibit significant colony formation in soft agar
in the presence of additional growth factors, with EGF being
more potent than insulin (18). To avoid possible clonal devia-
tions (cellular factors other than Gabl overexpression) con-
tributing to the cell growth in soft agar, we used transfected-
cell pools instead of single-cell clones. In these experiments, we
did not observe any increase in the anchorage-independent cell
growth of 10W+8 cells by Gabl overexpression. In contrast,
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we did observe an enhanced colony formation in soft agar by
overexpression of Gab1*'"'°%, The expression amounts of the
exogenous Gab1 and Gab14''%% were comparable and did not
explain the exclusive effect of Gab14'!?* (Fig. 7A and B). And
we have confirmed the expression of Gab1 in 10W+8 cells and
Gab1211%% in 10W—1L cells cultured under anchorage-inde-
pendent (suspension) conditions (data not shown). The exog-
enous expression of Gabl and Gab14''*% is likely to be
regulated similarly by the CMV promoter-driven expression
system. Therefore, we could not explain the specific effect of
Gab12'1%% expression on EGF-dependent, anchorage-inde-
pendent cell growth by the overall amount of Gab1/Gab14!-19
expression in SHE cells. Moreover, the transforming ability of
Gab14'"'% was found to be closely related to Gab14''* ex-
pression when we examined several single-cell clones (data not
shown). To address a dominant effect of the Gab14'1%® ex-
pression on EGF-dependent colony formation in soft agar over
the wild-type Gabl expression, we constructed 10W—1L cells
exogenously expressing wild-type Gabl. The expression of
wild-type Gabl did not significantly inhibit the EGF-depen-
dent colony formation of 10W—1L cells (10W—1L-mock
showed 13.9% of CFE with EGF stimulation; 10W—1L-Gab1l
showed 11.1% of CFE with EGF stimulation). These results
were consistent with the fact that 10W—1 cells at around pas-
sage 23, which expressed both Gab1 and Gab1*'"'%%, showed a
colony formation comparable to that of 10W—1L cells but not
of 10W—1E cells (data not shown). It is noteworthy that both
10W—1L cells and exogenously Gab1*'%-expressing 10W+38
cells require growth factor stimulation in addition to 10%
serum for their colony formation in soft agar. Therefore, an-
other step, such as the overexpression of growth factor recep-
tor or autocrine production of growth factors, may be needed
for 1I0W—1 cells before the acquisition of tumorigenicity. In-
deed, 10W—1L cells did not form tumors when subcutaneously
injected into nude mice (Kameda and Eling, unpublished).

The two Gabl-overexpressing NIH 3T3 clones investigated
by Holgado-Madruga et al. showed an attenuated EGF-depen-
dent MAPK (p42/ERK2) activation compared to that in con-
trol cells (18). However, several subsequent studies demon-
strated the upregulated MAPK (p44/ERK1 and p42/ERK2)
activation upon growth factor and cytokine stimulation, includ-
ing EGF, by Gabl overexpression (40, 42, 43). Moreover,
Gabl-deficient mouse embryonic fibroblasts showed a reduced
MAPK activation (22). In our study, although exogenous ex-
pression of either Gabl or Gab1*!'% resulted in an enhanced
mitogenic activity upon EGF stimulation as assessed by [*H]
thymidine incorporation, EGF-dependent MAPK activation
was not modulated by the exogenous expression of Gabl/
Gab14''%, Thus, a multiple signaling pathway from EGFR
through Gabl to nuclear events may exist, and factors other
than p44/42 MAPKs may be involved in these pathways. We
examined the involvement of JNK in our cells, but we could
not detect any JNK activity.

In conclusion, we demonstrated the expression of a novel
87-kDa Gab1/Gab14''% in carcinogen-transformed SHE cells
at a specific stage of neoplastic progression. The expression of
Gab14''%% showed a transforming ability measured by cell
growth in soft agar upon stimulation by growth factors, includ-
ing EGF. These observations suggest that Gabl1 is a key ele-
ment in EGF signal transduction and that its transforming
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potential may be activated by the loss of its amino-terminal PH
domain.
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