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Ras GTPase-activating proteins (GAPs) are important regulators for Ras
activation, which is instrumental in tumor development. However, the
mechanism underlying this regulation remains elusive. We demon-
strate here that activated EGFR phosphorylates the Y593 residue of
the protein known as family with sequence similarity 129, member B
(FAM129B), which is overexpressed in many types of human cancer.
FAM129B phosphorylation increased the interaction between FAM129B
and Ras, resulting in reduced binding of p120-RasGAP to Ras. FAM129B
phosphorylation promoted Ras activation, increasing ERK1/2- and
PKM2-dependent β-catenin transactivation and leading to the en-
hanced glycolytic gene expression and the Warburg effect; promoting
tumor cell proliferation and invasion; and supporting brain tumorigen-
esis. Our studies unearthed a novel and important mechanism under-
lying EGFR-mediated Ras activation in tumor development.

EGFR | FAM129B | Ras | p120-RasGAP | Warburg effect

Overexpression or mutation of EGFR has been detected in
many types of human tumors and correlates with poor

clinical prognosis (1, 2). EGFR activation initiates an array of sig-
naling events, including activation of Ras family proteins (3–5).
Three members of the RAS family—H-Ras, N-Ras, and K-Ras—
are activated and play direct roles in cancer development (6). Ras
proteins are active in a GTP-bound form and inactive when bound
to GDP (7, 8). Guanine exchange factors (GEF), such as Son of
Sevenless (SOS), enhance the rate of GDP dissociation for Ras
activation, whereas Ras GTPase-activating proteins (GAPs), such as
p120-RasGAP and neurofibromin 1 (NF1), accelerate the GTPase
activity of Ras to promote Ras inactivation (9, 10). Activated Ras
activates Ras effectors, including Raf, phosphatidylinositol 3-kinase
(PI3K), and RAL-GDS, a GDP-GTP exchange factor for RAL
proteins (9, 11). Ras regulation has been intensively studied.
However, the mechanism underlying the alleviation of RasGAP
inhibition on Ras remains elusive.
Like EGFR, family with sequence similarity 129, member B

(FAM129B), also known as MINERVA, is up-regulated in many
types of cancer, including breast, kidney, large intestine, lung,
and endometrial cancers as well as hematopoietic and central
nervous system tumors (12, 13). FAM129B contains a pleckstrin
homology (PH) domain near the amine terminus and a proline-
rich domain near the carboxyl end. FAM129B has been found
to promote tumor cell invasion via extracellular signal-regulated
protein kinases 1 and 2 (ERK1/2)-dependent phosphorylation (14).
In addition, FAM129B depletion inhibits Wnt3A/β-catenin target
gene AXIN2 expression and promotes TNFα-induced apoptosis
(15, 16). However, the mechanism by which FAM129B is regu-
lated, thereby promoting tumor development, is largely unknown.
In this report, we show that EGFR phosphorylated FAM129B

at Y593, which promoted the interaction between FAM129B and Ras
and subsequently reduced binding of p120-RasGAP to H-Ras. En-
hanced H-Ras activity resulted in increased β-catenin transactiva-
tion, leading to an enhanced Warburg effect and tumorigenesis.

Results
FAM129B Promotes EGF-Induced Ras Activation. H-Ras, a major regu-
lator in response to EGFR activation, is highly activated in glio-
blastoma (GBM) and is required for GBM cell proliferation (8, 17).
To determine whether FAM129B is involved in regulation of EGFR-
activated H-Ras, we used two FAM129B shRNAs targeting different
FAM129B regions and depleted FAM129B in U251 and LN229
GBM cells and PC14 nonsmall cell lung cancer cells and treated
these cells with EGF for different periods of time.We then examined
the H-Ras activity in these cells by using GST-tagged Ras-binding
domain of Raf-1 (GST-Raf-RBD) to pull down GTP–H-Ras from
cell lysates. As expected, EGF stimulation enhanced H-Ras activity
(Fig. 1A). Intriguingly, depletion of FAM129B by expressing its
shRNA largely reduced the basal and EGF-enhanced H-Ras activity.
In line with this finding, EGF-induced Ras-downstream ERK1/2
activation was inhibited by FAM129B depletion (Fig. 1B). In addi-
tion, depletion of FAM129B greatly reduced the activities of H-Ras
and ERK1/2 in U87 cells expressing the constitutively activated
EGFRvIII mutant (Fig. 1C), which lacks 267 amino acids from its
extracellular domain and is found frequently in GBM (18, 19); No-
tably, K-Ras activity was also significantly reduced in U87/EGFRvIII
cells with FAM129B depletion. These results indicate that
FAM129B regulates EGF-induced activation of H-Ras and K-Ras.

EGFR Phosphorylates FAM129B at Y593 and Promotes the Interaction
Between FAM129B and H-Ras. To determine the mechanism of
FAM129B-regulated and EGFR activation–dependent H-Ras
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activation, we first investigated whether EGFR directly regulates
FAM129B. Immunoprecipitation with an anti-EGFR antibody
followed by immunoblotting with an anti-FAM129B antibody
showed that EGF treatment induced an interaction between
EGFR and S-tagged FAM129B (Fig. 2A). Incubation of purified
GST-tagged intracellular domain of EGFR (GST-EGFR) with
bacterially purified FAM129B proteins showed that these two
proteins directly interacted with each other (Fig. 2B).
To examine whether EGFR phosphorylates FAM129B, we per-

formed an in vitro phosphorylation assay by mixing GST-EGFR
and S-tagged FAM129B in the presence of [γ-32P]ATP. Fig. 2C
shows that EGFR phosphorylated FAM129B. Analysis of the
FAM129B protein sequence by NetPhosK-1.0 (www.cbs.dtu.dk/
services/NetPhosK/) revealed that Y593 is a potential site of
phosphorylation by EGFR (Fig. S1A). Mutation of Y593 to
phenylalanine (F) largely reduced EGFR-mediated FAM129B
phosphorylation, which was confirmed by a phospho-FAM129B
Y593 antibody. The specificity of this FAM129B pY593 antibody
was validated by using a specific phosphorylation-blocking peptide,
which blocked basal and EGF-induced FAM129B Y593 phos-
phorylation (Fig. S1B). In addition, EGF stimulation of U251
cells resulted in enhanced phosphorylation of V5-tagged wild-
type (WT) FAM129B but not of the FAM129B Y593F mutant
(Fig. 2D). Pretreatment with EGFR inhibitor AG1478 blocked
EGF-induced phosphorylation of endogenous FAM129B Y593
(Fig. 2E). These results indicate that EGFR phosphorylates
FAM129B at Y593 in vitro and in vivo.
To determine the effect of FAM129B Y593 phosphorylation

on H-Ras activation, we examined the potential interaction be-
tween phosphorylated FAM129B and H-Ras. Incubation of pu-
rified S-tagged WT FAM129B with purified GST–H-Ras in the
presence or absence of purified activated GST-EGFR showed
that binding of WT FAM129B to H-Ras was limited, and this
binding was dramatically increased in the presence of activated
EGFR (Fig. 2F). The interaction between EGFR-phosphory-
lated FAM129B and H-Ras was mostly not affected by removal

of GST-EGFR from the reaction buffer, suggesting that EGFR
is not an adaptor for this interaction and that phosphorylation of
FAM129B by EGFR promotes the binding of FAM129B to
H-Ras (Fig. S2A). In line with this finding, EGF stimulation,
which did not result in obvious association of EGFR with H-Ras
(Fig. S2B), increased the binding of H-Ras to WT FAM129B,
which was blocked by AG1478 (Fig. 2G). In addition, activated
EGFR failed to enhance the association of purified FAM129B
Y593F with H-Ras (Fig. 2H), further supporting the finding
that FAM129B Y593 phosphorylation is required for FAM129B
binding to H-Ras.
It was previously reported that ERK1/2 may phosphorylate

FAM129B at 6 Ser residues (S641, S646, S665, S681, S692, and
S696) (14). Expression of FAM129B 6-S/A mutant (Fig. S2C,
Top) or treatment of U251 cells with MEK/ERK inhibitor U0126
(Fig. 2G), which inhibited Ser phosphorylation of HA-FAM129B
(Fig. S2D), did not affect EGF-induced interaction between
FAM129B and H-Ras. In addition, FAM129B 6-S/A expression
did not affect EGFR-regulated ERK1/2 activation (Fig. S2C,
Bottom). These results strongly suggest that ERK1/2-dependent
FAM129B phosphorylation does not regulate the binding of
FAM129B to H-Ras and subsequent ERK1/2 activation (Fig. 2G).
In contrast, EGFR phosphorylation-resistant FAM129B Y593F
mutant largely abrogated EGF-enhanced binding of FAM129B
to both H-Ras and K-Ras (Fig. 2I). Notably, FAM129B Y593F
expression reduced EGF-induced and ERK1/2-dependent Ser
phosphorylation of FAM129B (Fig. S2E) (14). These results in-
dicate that EGFR-mediated FAM129B Y593 phosphorylation
promoted the binding of FAM129B to H-Ras and K-Ras, which in
turn promoted downstream ERK1/2-dependent FAM129B phos-
phorylation in a feedback manner.

FAM129B Y593 Phosphorylation Reduces Binding of p120RasGAP to H-Ras
and Enhances Ras Activity and Subsequent β-Catenin Transactivation.
H-Ras activity is mediated by Ras-GEF and Ras-GAP proteins.
FAM129B depletion did not affect EGF-induced SOS binding to

Fig. 1. FAM129B promotes EGF-induced H-Ras activation. (A) U251, LN229, and PC14 cells with or without stable expression of the indicated FAM129B shRNA
or a control shRNA were treated with EGF (100 ng/mL) for the indicated time intervals. H-Ras activity was determined by using GST-Raf-RBD to pulldown GTP–
H-Ras from cell lysates. Immunoblotting analyses were performed with the indicated antibodies. (B) U251 and LN229 cells with or without stable expression of
FAM129B shRNA or a control shRNA were treated with EGF (100 ng/mL) for the indicated time intervals. Immunoblotting analyses were performed with the
indicated antibodies. (C) The activities of H-Ras and K-Ras were determined in U87/EGFRvIII cells with or without expression of FAM129B shRNA or a control
shRNA. Immunoblotting analyses were performed with the indicated antibodies.
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H-Ras in U251 cells as determined by coimmunoprecipitation
analyses (Fig. S3A). In addition, immunoprecipitated SOS activity
was not obviously altered in the presence or absence of depletion of
FAM129B (Fig. S3B), suggesting that FAM129B does not directly
regulate EGF-induced SOS binding to H-Ras or SOS activity.
In contrast to the increased binding of SOS to H-Ras, p120-

RasGAP was dissociated from H-Ras upon EGF stimulation
(Fig. 3A, Right). Notably, FAM129B depletion (Fig. 3A, Left)
increased the basal level of the interaction between p120-
RasGAP and H-Ras and largely abrogated EGF-induced dissoci-
ation of p120-RasGAP from H-Ras (Fig. 3A, Right). The FAM129B
depletion-increased association of p120-RasGAP with H-Ras was
alleviated by reconstituted expression of WT FAM129B but not of
FAM129B Y593F in U251 cells (Fig. 3A). Similar results were
observed in U87/EGFRvIII cells, showing that FAM129B de-
pletion increased binding of p120-RasGAP to H-Ras, which was
abrogated by reconstituted expression of WT FAM129B but not
of FAM129B Y593F (Fig. S3C). In addition, an in vitro GST
pulldown assay showed that purified His-p120-RasGAP protein
interacted with purified GST–H-Ras, and this interaction was

modestly reduced by inclusion of WT FAM129B (Fig. 3B), which
had limited binding to Ras (Fig. 2F). In contrast, inclusion of
EGFR-phosphorylated WT FAM129B significantly abrogated
the interaction between p120-RasGAP and H-Ras. As expected,
FAM129B Y593F abrogated the activated EGFR-enhanced dis-
sociation of p120-RasGAP from H-Ras. In line with this finding,
His-p120-RasGAP, which did not associate with GDP-bound GST–
H-Ras, interacted with GST–H-Ras in the presence of GDP and
tetrafluoroaluminate (AlF4

−), which occupies the γ-phosphate–
binding site and mimics the transition state of Ras (GTP) during
the GTP hydrolysis reaction (20); however, this interaction was
largely reduced by inclusion of EGFR-phosphorylated FAM129B,
but not nonphosphorylated FAM129B, in the pulldown assay (Fig.
S3D). These results indicate that FAM129B Y593 phosphorylation
promotes the dissociation of p120-RasGAP from H-Ras.
FAM129B Y593 phosphorylation-reduced binding of p120-

RasGAP to Ras likely affects Ras activity. As expected, FAM129B
depletion-dependent inhibition of EGF-induced H-Ras and K-Ras
activity and ERK1/2 phosphorylation was rescued by recon-
stituted expression of WT FAM129B but not of FAM129B Y593F

Fig. 2. EGFR phosphorylates FAM129B at Y593 and promotes the interaction between FAM129B and H-Ras. Immunoprecipitation and immunoblotting
analyses were performed with the indicated antibodies. (A) U251 cells were treated with EGF (100 ng/mL) for 15 min. (B) Purified bacterially expressed
S-tagged FAM129B protein was incubated with purified active GST-EGFR (intracellular domain). A pulldown assay was performed. (C) In vitro kinase assays
were performed with purified bacterially expressed WT FAM129B or FAM129B Y593F with or without GST-EGFR. (D) U251 cells expressing the indicated
V5-tagged FAM129B were treated with or without EGF (100 ng/mL) for 15 min. (E) U251 cells were treated or not treated with AG1478 (1 μM) for 30 min
before stimulation with or without EGF (100 ng/mL) for 15 min. (F and H) In vitro kinase assays were performed by mixing purified bacterially expressed
S-tagged WT FAM129B (F and H) or FAM129B Y593F (H) with or without active GST-EGFR, which was followed by incubation with purified GST–H-Ras for a
S-tag FAM129B pulldown assay. (G) U251 cells were treated with EGFR inhibitor AG1478 (1 μM) or MEK/ERK inhibitor U0126 (20 μM) for 30 min before
stimulation with EGF (100 ng/mL) for 15 min. (I) U251 cells overexpressing the indicated V5-tagged FAM129B were treated with or without EGF (100 ng/mL)
for 15 min.
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(Fig. 3C). These results indicate an essential role for FAM129B
Y593 phosphorylation in full activation of H-Ras and K-Ras and its
downstream ERK1/2.
ERK1/2 regulates many signaling events, including β-catenin

transactivation (21, 22). ERK1/2 phosphorylates and activates
CK2α, leading to CK2α-dependent α-catenin S641 phosphory-
lation and subsequent α-catenin dissociation from β-catenin in
adherence junctions for enhanced nuclear translocation and trans-
activation of β-catenin (22, 23). In addition, ERK1/2 phosphorylates
PKM2 at S37, leading to the nuclear translocation of PKM2 and
subsequent binding of PKM2 to β-catenin in the nucleus for
β-catenin transactivation (19, 21). To examine whether FAM129B
Y593 phosphorylation plays a role in β-catenin regulation, we
performed T-cell factor/lymphoid enhancer factor-1 (TCF/LEF-1)
luciferase reporter analyses by expressing TCF-responsive promoter
reporter (TOP-FLASH) and non-responsive control reporter
(FOP-FLASH) plasmids, showing that FAM129B depletion sig-
nificantly inhibited EGF-induced β-catenin transactivation (Fig.
3D). This inhibition was abrogated by reconstituted expression
of WT FAM129B but not of FAM129B Y593F. Notably,
FAM129B Y593F reduced phosphorylation of PKM2 S37 and
α-catenin S641 in U87/EGFRvIII cells (Fig. 3E). Consistent with
this finding, β-catenin transactivation-dependent expression of
c-Myc, cyclin D1, and PKM2 was reduced by FAM129B depletion,
and the reduced protein expression was restored by recon-
stituted expression of WT FAM129B but not of FAM129B
Y593F (Fig. 3F). These results indicate that FAM129B Y593
phosphorylation promotes H-Ras activation and subsequent
ERK1/2-dependent β-catenin transactivation.

FAM129B Y593 Phosphorylation Promotes the Warburg Effect, Tumor
Cell Proliferation and Invasion, and Brain Tumorigenesis. β-Catenin
transactivation-dependent expression of c-Myc and PKM2 promotes
glycolysis, whereas β-catenin–enhanced expression of cyclin D1
accelerates G1–S transition (24–26). Therefore, we next investigated
the role of FAM129B Y593 phosphorylation in EGFR-regulated
glycolysis of both U251 cells and U87/EGFRvIII. FAM129B de-
pletion significantly reduced EGFR activation-promoted glucose
consumption and lactate production, which were rescued by re-
constituted expression of WT FAM129B but not of FAM129B
Y593F (Fig. 4A and Fig. S4A). Similarly, cell counting (Fig. 4B and
Fig. S4B) and Transwell invasion (Fig. 4C and Fig. S4C) assays
showed that EGFR-promoted cell proliferation (Fig. 4B and
Fig. S4B) and invasion (Fig. 4C and Fig. S4C) were inhibited by
FAM129B depletion, and in both cases the inhibition was ab-
rogated by reconstituted expression of WT FAM129B but not of
FAM129B Y593F. These results indicate that FAM129B Y593
phosphorylation promotes the Warburg effect and tumor cell
proliferation and invasion.
To investigate the role of FAM129B Y593 phosphorylation in

brain tumorigenesis, we injected U87/EGFRvIII, U87/EGFRvIII–
FAM129B shRNA, or U87/EGFRvIII–FAM129B shRNA cells
with reconstituted expression of WT FAM129B or FAM129B
Y593F intracranially into athymic nude mice. Depletion of
FAM129B significantly reduced the growth of brain tumors (Fig.
4D) and prolonged the survival time of mice (Fig. 4E); these ef-
fects were reversed by reconstituted expression of WT FAM129B
but not of FAM129B Y593F. These results highlight the signifi-
cance of EGFR-dependent FAM129B Y593 phosphorylation in
brain tumor development.

Fig. 3. FAM129B Y593 phosphorylation reduces binding of p120-RasGAP to H-Ras and enhances Ras activity and subsequent β-catenin transactivation.
Immunoprecipitation and immunoblotting analyses were performed with the indicated antibodies. (A) U251 cells with or without expressing
FAM129B shRNA and with or without reconstituted expression of WT rFAM129B or rFAM129B Y593F mutant (Left) were treated or not treated with
EGF (100 ng/mL) for 15 min (Right). (B) In vitro kinase assays were performed by mixing purified indicated S-tagged FAM129B protein with or without
active GST-EGFR, which was followed by incubation with purified GST–H-Ras and His-tagged p120-RasGAP for a His-pulldown assay. (C ) The activates of
H-Ras and K-Ras of FAM129B-depleted U251 cells with or without reconstituted expression of WT rFAM129B or rFAM129B Y593F mutant were de-
termined by a pulldown assay using GST-Raf-RBD protein. (D) TOP-FLASH or FOP-FLASH plasmids were transfected into U251 cells expressing FAM129B
shRNA with or without reconstituted expression of WT rFAM129B or rFAM129B Y593F mutant, which were treated or not treated with EGF (100 ng/mL)
for 8 h. Luciferase activity was measured. The relative levels of luciferase activity were normalized to the levels of untreated cells and to the levels of
luciferase activity in the Renilla control plasmid. Data represent mean ± SD of three independent experiments. *P < 0.01, Student’s t test. (E ) U87/EGFRvIII
cells expressing FAM129B shRNA and reconstituted expression of WT rFAM129B or rFAM129B Y593F were analyzed by immunoblotting assays. (F ) U87/
EGFRvIII cells expressing or not expressing FAM129B shRNA and with reconstituted expression of WT rFAM129B or rFAM129B Y593F were analyzed by
immunoblotting assays.
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Discussion
Ras activation has been detected in many types of human can-
cers, and its activity can be regulated by its association with GTP
or GDP, facilitated by GEF or GAP proteins, respectively (6).
We demonstrated that activation of EGFR by EGF stimulation
or expression of active EGFRvIII mutant results in an associa-
tion of EGFR and FAM129B, leading to EGFR-dependent
FAM129B phosphorylation at Y593 and subsequent binding of
phosphorylated FAM129B to H-Ras and K-Ras. The interaction
between FAM129B and Ras reduced the association of p120-
RasGAP with Ras, thereby enhancing Ras activation for ERK1/
2-dependent β-catenin transactivation. The activated β-catenin/
TCF/LEF transcriptional complex promoted the expression
of cyclin D1, c-Myc, and PKM2, which in turn promoted the
Warburg effect, tumor cell proliferation, and brain tumorigenesis
(Fig. 5).
Because FAM129B structure has not been revealed, it is un-

clear whether FAM129B and p120-RasGAP have some struc-
tural similarities that would allow them to compete for activated
Ras. However, the evidence that FAM129B binds to Ras in
a FAM129B phosphorylation-dependent manner suggests that
FAM129B and p120-RasGAP do not share the same mechanism
of binding to Ras. Because Ras has no reported phosphotyrosine
binding domain, FAM129B Y593 phosphorylation may alter the
FAM129B structure to promote the binding of FAM129B to
Ras, which in turn results in structural changes in Ras that fa-
cilitate subsequent dissociation of p120-RasGAP from Ras.
A previous report showed that ERK1/2 phosphorylated

FAM129B at six Ser residues and mutation of these residues

reduced melanoma cell invasion via an unknown mechanism
(14). We found that expression of FAM129B 6-S/A mutant or
inhibition of ERK1/2 did not affect the binding of FAM129B to
H-Ras. In addition, FAM129B 6-S/A expression did not affect
EGFR-regulated ERK1/2 activation. In contrast, FAM129B
Y593 phosphorylation is required for H-Ras and K-Ras acti-
vation and subsequent ERK1/2 activation and ERK1/2-dependent
FAM129B Ser phosphorylation. These results indicate that
EGFR-mediated FAM129B Y593 phosphorylation is a mo-
lecular event upstream to ERK1/2-dependent FAM129B phos-
phorylation and provides regulatory feedback for the functions
of FAM129B.
FAM129B depletion inhibits WNT3A-mediated activation of

β-catenin transactivation in melanoma cells via undefined mecha-
nisms (16). We previously showed that ERK1/2 phosphorylates
PKM2 at S37, leading to the binding of PKM2 to β-catenin in the
nucleus for β-catenin transactivation (19, 21), and that ERK1/2
phosphorylates CK2α, which activates CK2α and results in CK2α-
mediated α-catenin S641 phosphorylation, promoting the dissocia-
tion of inhibitory α-catenin from β-catenin in adherens junctions
and β-catenin transactivation (22, 23). Here we show that expression
of FAM129B Y593F mutant largely reduced Ras and downstream
ERK1/2 activation and subsequent phosphorylation of PKM2 S37
and α-catenin S641 and β-catenin transactivation. Thus, our findings
elucidate a novel mechanism underlying FAM129B regulation of
β-catenin transactivation and β-catenin–promoted glycolysis and
tumor cell proliferation and invasion upon EGFR activation.
p120-RasGAP plays an important role in regulation of Ras

activation. However, the mechanism underlying regulation of

Fig. 4. FAM129B Y593 phosphorylation promotes the Warburg effect, tumor cell proliferation and invasion, and brain tumorigenesis. (A) U251 cells depleted
or not depleted of FAM129B and with reconstituted expression of WT rFAM129B or rFAM129B Y593F mutant were cultured in no-serum DMEM with or
without EGF (100 ng/mL) for 18 h. The media were collected for analysis of glucose consumption (Left) or lactate production (Right). Data represent the means ±
SD of three independent experiments. *P < 0.01, Student’s t test. (B) U251 cells depleted or not depleted of FAM129B and with reconstituted expression of WT
rFAM129B or rFAM129B Y593F mutant were cultured with or without EGF (100 ng/mL) for 5 d and harvested for cell counting. Data represent the mean ± SD of
three independent experiments. *P < 0.01, Student’s t test. (C) U251 cells depleted or not depleted of FAM129B and with reconstituted expression of WT
rFAM129B or rFAM129B Y593F mutant were plated on the surface of Matrigel coating the upper chamber of Transwell chambers. After 16 h, cells that
migrated to the opposite side of the insert were stained with crystal violet. The membranes with invaded cells were dissolved in 4% (wt/vol) deoxycholic acid
and read colorimetrically at 590 nm for quantification of invasion. Data represent the mean ± SD of three independent experiments. *P < 0.01, Student’s t
test. (D) U87/EGFRvIII cells depleted or not depleted of FAM129B and with reconstituted expression of WT rFAM129B or rFAM129B Y593F mutant were
intracranially injected into athymic nude mice. After 2 wk, mice were killed and tumor growth was examined. Hematoxylin and eosin-stained coronal brain
sections show representative tumor xenografts. (E) U87/EGFRvIII cells depleted or not depleted of FAM129B and with reconstituted expression of WT
rFAM129B or rFAM129B Y593F mutant were intracranially injected into athymic nude mice. The mouse survival times were recorded. Data represent the
means ± SD of eight mice.
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p120-RasGAP and thus enhancement of Ras activation is unclear.
Here we present a previously unknown mechanism showing that
EGFR-mediated FAM129B Y593 phosphorylation results in
binding of FAM129B to Ras, leading to reduced association of
p120-RasGAP with Ras. Given that FAM129B is overexpressed

in human cancer and that Ras has been targeted for human
cancer treatment (6, 12, 13), disruption of Ras activation by
interfering with FAM129B function can be an alternative ap-
proach for treating human cancers that overexpress FAM129B
and activated Ras.

Materials and Methods
Phosphorylation of FAM129B Y593 was detected in Western blots using
validated antibody from Signalway Antibody. H-Ras GTP charging reactions
were performed by incubation with 1mMGTP in a buffer solution containing
50 mM Tris·HCl (pH 7.5), 2 mM EDTA, 1 mMMgCl2, 100 μg/mL BSA, and 2 mM
DTT for 1 h at 4 °C. The reaction was terminated by addition of 20 mM
MgCl2. For nucleotide exchange assays, the rate of nucleotide dissociation
was determined using H-Ras preloaded with BODIPY-GDP (Life Technolo-
gies), and reactions were performed with addition of excess GTP in the
presence or absence of immunoprecipitated SOS from tested cells. Tran-
scriptional activities of TCF/LEF-1 were measured as described previously (22).
Statistical significance was calculated by using the two-tailed Student’s t test.
P < 0.05 was considered significant. All mouse experiments were approved
by the Institutional Animal Care and Use Committee of The University of
Texas MD Anderson Cancer Center.

Further details of materials and methods are included in SI Materials
and Methods.
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