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Abstract

The vav proto-oncogene product (p95"™"}) s specifically
expressed in cells of hematopoietic origin and has one sre
homology 2 (SH2) domain, two SH3 domains, and motifs tvp-
ical of guanine exchange factors. Insulin-like growth factor-1
{IGF-1) receptors are expressed on a variety of hematopoietic
cells and, upon ligand binding, mediate signals regulating
hematopoietic cell praliferation. We studied the phosphoryla-
tion status of p95"™ in the U-266 human myeloma cell line,
in response to IGF-1 stimulation. Immunoblotting experi-
ments with an antiphosphotyrosine monoeclonal antibody
disclosed that p93"™ is phosphorylated on tyrosine in an 1GF-
1-dependent manner. The tyrosine phosphorvlation of p95™"
was rapid, appearing within 5 minutes of IGF-1 treatment,
and transient, diminishing by 90 minutes. Similar results were
obtained when the mouse plasmacytoma [558L cell line was
studied. IGF-1-dependent tyrosine phosphorvlation of pos™
was also seen in the 32D mouse myeloid cell line that lacks
expression of insulin receptor substrate (IRS) proteins, suggest-
ing that it is not regulated by activation of the [RS-signaling
systermn., Taken together, these data suggest that the vav proto-
oncogene is a substrate for the IGF-1 receptor tyrosine kinase
and may be involved in the signal transduction of IGF-1 in
cells of hematopoietic origin.
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Intreduction

Insulin and insulin-like growth factor-1 exhibit cell growth
and differentiation effects on a variety of hematopoietic cells
[1-4]. For insulin and IGF-1 to exhibit their biological effects
omn target cells, binding to their cognate cell-surface receptors
is required. The insulin and IGF-1 receptors have similar stuc-
tures, consisting of homodimers of two extracellular a-sub-
units, which serve as the ligand binding domain{s), and
homodimers of two transmembrane g-subunits, which pos-
sess intrinsic tyrosine kinase activity [5,6]. Binding of these
ligands to their receptors activates the respective p-subunit
tvrosine Kinases, resulting in tyrosine phosphorylation of sev-
eral downstream signaling elements. The major substrate for
the IGF-1 and insulin receptor tyrosine kinases is the insulin

receptor substrate-1 [7-9], which is tyrosine phosphorylated
on multiple sites by both the insulin and [GF-1 receptors
[7-11]. IR5-1 plays a critical role in the signal transduction of
Insulin and IGF-1 [12] by its function as an SH2-domain dock-
ing site for various downstream proteins, including the p&5
regulatory subunit of the phosphatidylinositol 3'-kinase
[13,14], the adaptor protein Grb-2 that provides a link to the
Ras signaling cascade [15-17], the phosphotyrosine phos-
phatase SHFTP-2 [18], and the oncogenic protein Nek [19]. It
appears, however, that these receptors also activate pathways
that are TRS-1-independent. One such pathway involves the
adaptor protein She, which also links the insulin receptor
tyrosine kinase to Ras [20]. Furthermore, we have recently
observed that insulin induces rapid tyrosine phosphorylation
of the vay proto-oncogene product, a molecule that contains
SHZ and SH3 domains and motifs typically present in guanine
exchange factors [21]. In the current study, we sought to
determine whether vav 15 a substrate for [GF-1-dependent
tyrosine kinase activity. Our data establish that p95"™™ is rapid-
Iv phosphorvlated on tyrosine in response to IGF-1 stimula-
tion of hematopoietic cells, suggesting that it is a common
element in the signaling pathways of insulin and 1GF-1.

Materials and methods

Cells and reagents

The human myeloma U-266 cell line was grown in RPMI-
1640 (Life Technologies) supplemented with 10% (volfvol)
fetal bovine serum (Life Technologies) and antibiotics. The
mouse plasmacytoma J558L cell line (kindly provided by Dr.
Hans Martin Jack, Lovola University) was grown in RPMI-
1640 (Life Sciences) with 10% (vol/vol) defined calf serum
{Hyclone} and antibiotics. The antiphosphotyrosine monoclo-
nal antibody (4G10) was obtained from UBI (Lake Flacid, WNY).
A rabbit polvclonal antibody against a peptide corresponding
to residues 576-589 of the mouse vav protein {identical to
residues 528-541 of the human Vav protein) was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA).

Immunoprecipitations and immunoblotting
Immunoprecipitations and immunoblotting were performed
as previously described [21-23]. Briefly, cells were stimulated
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Fig. 1. IGF-1-dependent tyrosine phosphorylation of p95'™. U-266 cells were stimulated with 100 nM IGF-1 for the indicated
times at 37°C. Cell lysates were immunoprecipitated with efther nonimmune rabbit immunoglobulin (RIgG) or an antibody
against p95™ as indicated. A. Antiphosphotyrosine immunoblot. The tyrosine phosphorylated form of pI5™ Is Indicated. B.
The same blot was stripped and reprobed with an antibody against p25s™,

with the indicated amounts of IGF-1 for the indicated periods
of time. In some experiments, the cells were serum-starved for
2-3 hours immediately before [GF-1 treatment. After stitnula-
tion, the cells were rapidly centrifuged and lysed in phospho-
rylation lysis buffer (0.5-1% Triton X-100, 150 mM NaCl, 1
mM EDTA, 200 pM sodium orthovanadate, 50 mM Hepes, 10
mM sodium pyrophosphate, 100 mM sodium fluoride, 1.5
mM magnesium chloride, 10% glycerol, 1 mM phenylmethyl
sulfonyl fluoride, and 10 pg/mL aprotinin). Cell lysates were
immunoprecipitated with either a polyclonal antibody
against p93"™" or contral purified rabbit immunoglobulin
iSigma). Immunoprecipitates were washed five times with
phosphorylation Ivsis buffer containing 0.1% Triton X-100
and analyzed by SDS-PAGE. The proteins were transferred to
polyvinylidene difluoride membranes (Immobilon; Millipore),
and the residual binding sites on the filters were blocked by
incubating with TBST (10 mM Tris, pH 8.0, 150 mM NaCl,
0.05% Tween 20)/10% bovine serum albumin for 1-3 hours at
room temperature or overnight at 4°C. The filters were subse-
quently incubated with antiphosphotyrosine, washed with
TBST, and developed using an enhanced chemiluminescence
(ECL) kit following the manufacturer’s recommended proce-
dure (Amersham, Arlington Heights, IL),

Labeling of cells with **P-orthophosphoric acid

J558L cells were washed two times with phosphate-free RPMI
1640 and incubated for 30 minutes at 37°C in phosphate-free
medium. The cells were subsequently incubated for 4 hours in
phosphate-free medium with carmrier-free *P-orthophosphoric
acid (Du Pont, Mew England Nuclear) at a concentration of
0.1 mCi/mL. The labeled cells were stimulated with 1GF-1 for
the indicated times and lyvsed in phosphorylation lysis buffer,
Lysates cells were immunoprecipitated with either an anti-
body against p25"™ or control nonimmune rabbit immuno-
globulin, washed five times in phosphorylation lysis buffer,
and analyzed by SDS-PAGE.

Phosphoamine acid analysis
Phosphoaminao acid analysis was performed as previously
described [22,24]. Briefly, *P-labeled proteins were transferred

to polyvinylidene difluoride membranes (Immobilon, Milli-
pore). The membranes were rinsed three times with deionized
water, dried, and subjected to autoradiography. After identifi-
cation of the phosphorylated proteins, the pieces of the mem-
brane containing the individual phosphoproteins were cut
out and rewetted sequentially with methanol and deionized
water. The peptides were subsequently hydrolyzed in 200 pL
of 6N HCI at 110°C for 1 hour. The acid was separated from
the Immobilon by centrifugation, and samples were
Iyophilized twice, Samples were subsequently resuspended in
pH 3.5 buffer (glacial acetic acid:pyridine:water, 5:0.5:94.5,
volfvolfvol), and the individual phosphoamino acids were
separated by electrophoresis in pH 3.5 buffer at 1 kV. Control
phosphoserine, phosphothreonine, and phosphotyrosine
were detected by reaction with ninhydrin, and radioactive
phosphoaminoacids were detected by autoradiography.

Results

IGF-1 induces tyrosine plhosphorylation of p95™

To determine whether IGF-1 induces tyrosine phosphoryla-
tion of pe3"™" in the U-266 human myeloma cell line, lysates
of untreated or IGF-1-treated cells were immunoprecipitated
with either an anti-p%5"" antibody or control rabbit immuno-
globulin, The immunoprecipitates were analyzed by SDS-
PAGE and immunoblotted with an antiphosphotyrosine
monoclonal antibody (4G-10). Figure 1A shows that within 5
minutes of treatment of U-266 cells with 1GF-1, p25™ was
strongly phosphorylated on tyrosine residues. The 1GF-1-
induced tyrosine phosphorvlation of p95"™ was also clearly
detectable after 30 minutes of treatment of cells and dimin-
ished to baseline levels by 90 minutes. To exclude the possi-
bility that the intense signal detected at 5 and 30 minutes was
due to variations in the amounts of immunaoprecipitated pro-
tein, the same bhlot was stripped and reprobed with the anti-
p35"™ polyclonal antibody. Figure 1B shows that similar
amounts of vav protein were present before and after [GF-1
treatment of the cells, excluding such a possibility. Thus, vav
is tyrosine phosphaorylated during IGF-1 stimulation in a
rapid and transient manner. Similarly, [GF-1-dependent tyro-
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Fig. 2. 1GF-1-dependent tyrasine phosphorylation of
P55 in |558L cells, Antiphosphotyrosine immunoblots are
shown, A. Cells (4x107/lane) were stimulated with IGF-1
(200 ng/mL) for the indicated times at 37°C. Cell lysates
were immunoprecipitated with either nonimmune RigG or
an antibody against p95™ as indicated, B, Cells were
preincubated in serum-free medium for 2 hours alone
(lanes 1-2) or in the presence of 100 pg/mL genistein
(lanes 3—4) or 100 pM staurosporine (lanes 5-6) and treat-
ed with IGF-1 for 5 minutes as indicated, Cell lysates were
immunoprecipitated by the anti-vav antibody and analyzed
by 5D5-PAGE.

sine phosphorylation of p95™ was also observed when the
J558L mouse plasmacytoma cell line was studied (Fig. 2A).
Furthermore, the IGF-1-induced phosphorylation of vay was
blocked by preincubation of the cells in the presence of the
tyrosine kinase inhibitors genistein or staurosporine, suggest-
ing that it results from tyrosine kinase activation (Fig. 2B). To
further establish the specificity of the process, dose-response
experiments were performed. Figure 3 shows such an experi-
ment, Tyrosine phosphorylation of vay was clearly inducible
with as little as 10 nM IGF-1 and maximal at 1 puM. These
results strongly suggest that phosphorylation of p25™ in
these cells results from activation of the -subunit of the IGE-
1 but not the insulin receptor tyrosine kinase, since at the
physiologic dose of 10 nM IGF-1, the insulin receptor is not
activated by cross-reactivity.

*p.labeling experiments and phosphoamino acid analysis
We subsequently sought to directly establish the IGF-1-depen-
dent phosphorylation of p25™ on tyrosine residues by ana-
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Fig. 3. Dose—response experiment of the I1GF-1-induced
phosphorylation of vav, Serum-starved cells were stimulat-
ed with indicated doses of IGF-1 for 10 minutes at 37°C,
Cell lysates were immunoprecipitated with either nonim-
mune RIgG (lane 1) or an antibody against p95™ (lanes
2-6) and immunoblotted with antiphosphotyrosine.

Iyzing its phosphoamino acid content before and after IGF-1
treatment of cells, J358L cells were metabolically labeled with
“P.orthophosphate and stimulated with [GF-1, and after cell
lysis the “P-labeled proteins were immunoprecipitated by the
anti-vav antibody. Figure 4A shows that a 95-kD band corre-
sponding to the phosphorylated form of p95"™ was detectable
before and after stimulation of the cells, Upon IGF-1 stimula-
tion, however, its phosphorvlation increased significantly.
The identities of the other phosphoproteins coimmunopre-
cipitated by the anti-vav antibody remain unknown at this
time. Phosphoaming acid analysis of the bands corresponding
to pB53"™ demonstrated that, prior to [GF-1 stimulation, p@s™
is primarily phosphorylated on serine residues. After 1GF-1
treatment, significant amounts of phosphorylation on tyro-
sine were detectable, confirming the immunoblotting find-
ings (Fig. 4B).

Engagement of p95"™" in IGF-1 signaling does not require

IRS proteins

We subsequently sought to determine whether tyrosine phos-
phorylation of vav during [GF-1 stimulation is dependent on
the SH2-docking function of the IRS-signaling system. We
determined whether vav is tyrosine phosphorvlated in the 320
mouse myeloid cell line, which lacks expression of [RS-1, as
well as the related 4PS (IRS-2) [25]. Figure 5 shows that 1GF-1
induces tyrosine phosphorvlation of p25™ in 32D cells, estab-
lishing that tyvrosine phosphorvlation of vav is not dependent
on engagement of the [RS-signaling system by 1GF-1.

Discussion

The vav proto-oncogene (p25™) is a 95-kD protein selectively
expressed in hematopoietic cells that contains SH2 and 5H3
domains and motifs typically present in guanine exchange
factors [26-32]. p95™ is rapidly phosphorylated in response
to multiple stimuli in cells of hematopoietic origin: in T cells
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a pathway involving members of the Bho family of proteins
[42]._This apparent controyersy. may. be_explained by the
bind to the C-terminus SH3 domain of the adaptor protein
Fahidn’ BY rFEF vy 16 End suilin 1he Cterninius SH3
domain of vav may also play an important role in transducing
that is part of hnRPNF particles and is involved in the

Hanseriehaves s swatjsevb N nme RRS Rl e

role in IGF-1 and insulin signal transduction.
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