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ABSTRACT The avian erythroblastosis viral oncogene
(v-erbB) encodes a receptor tyrosine kinase that possesses
sarcomagenic and leukemogenic potential. We have expressed
transforming and nontransforming mutants of v-erbB in
fibroblasts to detect transformation-associated signal trans-
duction events. Coimmunoprecipitation and affinity chroma-
tography have been used to identify a transformation-
associated, tyrosine phosphorylated, multiprotein complex.
This complex consists of Src homologous collagen protein
(Shc), growth factor receptor binding protein 2 (Grb2), son of
sevenless (Sos), and a novel tyrosine phosphorylated form of
the cytoskeletal regulatory protein caldesmon. Immunofluo-
rescence localization studies further reveal that, in contrast to
the distribution of caldesmon along actin stress fibers in
normal fibroblasts, caldesmon colocalizes with Shc in plasma
membrane blebs in transformed fibroblasts. This colocaliza-
tion of caldesmon and Shc correlates with actin stress fiber
disassembly and v-erbB-mediated transformation. The ty-
rosine phosphorylation of caldesmon, and its association with
the Shc–Grb2–Sos signaling complex directly links tyrosine
kinase oncogenic signaling events with cytoskeletal regulatory
processes, and may define one mechanism regulating actin
stress fiber disassembly in transformed cells.

In cells undergoing anchorage-dependent growth, the disas-
sembly of actin stress fibers is necessary for progression
through the G2yM checkpoint of the cell cycle (1, 2). The cell
cycle-dependent reorganization of the actin-based cytoskele-
ton is controlled by cdc2-mediated serineythreonine phos-
phorylation of the actin-binding protein caldesmon (3, 4). This
regulatory process allows for the orderly disassembly of stress
fibers and the rounding up of an anchored cell immediately
prior to mitosis. In contrast, fibroblasts transformed by ty-
rosine kinase oncoproteins undergo anchorage-independent
growth. These transformed cells contain reduced numbers of
actin stress fibers and focal adhesions, thus displaying altered
regulation of cytoskeletal architecture (5–7). There is emerg-
ing evidence that such alterations in the organization of the
cytoskeleton may be sufficient to establish anchorage-
independent growth. Specifically, reduction in expression lev-
els of the actin-binding protein tropomyosin 1 results in actin
stress fiber reorganization and anchorage-independent growth
in Syrian hamster embryo cells (8). In addition, it has recently
been demonstrated that the interaction between the bovine
papillomavirus E6 oncoprotein and the focal adhesion protein
paxillin is correlated with disruption of the actin-based cy-
toskeleton and soft agar colony formation in murine C127 cells
(9).

The mechanisms that mediate disruption of the cytoskeleton
in cells transformed by tyrosine kinase oncoproteins are
unclear, despite the identification of many components of
tyrosine kinase signaling pathways. This is due, in part, to the
fact that transformation-associated tyrosine phosphorylation
events have been difficult to identify in cells transformed by
tyrosine kinase oncoproteins. Generally, the tyrosine phos-
phorylation of specific substrates, such as those identified in
v-src- and v-erbB-transformed fibroblasts (10–12), has not
been correlated with the transformed phenotype. We recently
have shown, however, that transformation-associated tyrosine
phosphorylation events can be detected in avian erythroblas-
tosis viral oncogene (v-erbB)-transformed chicken embryo
fibroblasts (CEF) (13). Specifically, we have compared the
signaling pathways in cells expressing the constitutively active
mutants E1-v-ErbB and S3-v-ErbB (Fig. 1). E1-v-ErbB is a
transmembrane tyrosine kinase with a truncated extracellular
ligand-binding domain that is capable of transforming eryth-
roblasts and producing avian erythroleukemias (14). Similarly,
S3-v-ErbB has a truncated ligand-binding domain, but unlike
E1, has sustained a 139-aa in-frame deletion within the C
terminus that abolishes the protein’s leukemogenic ability
while conferring sarcomagenic potential (14). In CEF trans-
formed by S3-v-ErbB, we have identified a multiprotein com-
plex involving the signal adapter proteins Shc (Src homologous
collagen protein) and Grb2 (growth factor receptor binding
protein 2), and a 75- to 78-kDa phosphoprotein component by
coimmunoprecipitation using anti-Shc antibodies (13). This
complex does not form in transforming growth factor a-
stimulated fibroblasts or in fibroblasts expressing the leuke-
mogenic E1-v-ErbB protein. Furthermore, the 46-kDa isoform
of Shc and the 75- to 78-kDa phosphoprotein component of
this complex have been shown to be tyrosine phosphorylated
in a transformation-associated manner (13). These studies,
therefore, suggested that this multiprotein complex plays a
vital role in v-ErbB-mediated fibroblast transformation and
sarcomagenesis. In this report, we identify a novel tyrosine
phosphorylated form of the cytoskeletal regulatory protein
caldesmon as the 78-kDa component of this complex. Fur-
thermore, we demonstrate that the formation of this Shc–
Grb2–son of sevenless (Sos)–caldesmon complex correlates
with v-ErbB transformation and actin stress fiber disassembly.

MATERIALS AND METHODS

Cell Infection, Culture, and Lysis. Primary cultures of CEF
were virally infected with the E1 and S3 mutants of the v-erbB
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oncogene (15) using a replication-competent avian retroviral
vector (16) as described (17). Cells were grown in DMEM
(BioWhittaker) supplemented with 10% fetal bovine serum
and 1% chicken serum, and screened by anti-ErbB kinase
domain immunoblotting as described (13) to verify comparable
expression levels of the mutant v-ErbB proteins in fully
infected cells. Cells were lysed in a 1% Triton X-100 based lysis
buffer containing the phosphatase inhibitors sodium or-
thovanadate (1 mM) and diisopropyl f luorophosphate (4 mM)
as described (13). Protein concentrations were determined
using BCA reagents from Pierce.

Protein Purification. Glutathione S-transferase (GST)–
Grb2 in pGEX-3x (Pharmacia) was replicated in Escherichia
coli DH5a grown in Luria–Bertani medium supplemented
with ampicillin. Induction of the fusion protein in bacteria with
isopropyl b-D-thiogalactopyranoside (Sigma) and fusion pro-
tein purification on glutathione agarose beads were performed
as described (18). Large-scale GST–Grb2 affinity chromatog-
raphy was performed on 200 mg of whole cell lysate from
S3-v-ErbB-transformed fibroblasts. The lysate was incubated
with 60 mg GST–Grb2 bound to glutathione beads in precip-
itation buffer (190 mM NaCly50 mM Trisy6 mM EDTAy2.5%
Triton X-100, pH 7.4] overnight at 4°C. Beads were washed in
Tris-buffered saline and eluted with 0.5% SDS at 100°C for 3
min. The eluate was lyophilized, dissolved in standard
Laemmli SDS sample buffer plus 200 mM DTT, and heated at
100°C for 3 min; proteins were separated on 10% acrylamide
SDSyPAGE.

Micropeptide Sequencing. The 78- and 75-kDa Coomassie-
stained protein bands were excised from the gel and in situ
digestion with lysyl endopeptidase (Wako Chemicals, Rich-
mond, VA) was performed using a procedure adapted from
Rosenfeld et al. (19) and Fernandez et al. (20). Peptides were
extracted and separated on an Applied Biosystems model 130A
Separation System (Perkin–Elmer) using a 2.1 3 250 mm
column. Fractions corresponding to peptide peaks were ad-
sorbed to polyvinylidene difluoride membranes and sequenced
on an Applied Biosystems model 492 Procise Protein Sequenc-
ing System. The SWISSPROT database was searched for
matching amino acid sequences.

Phosphoamino Acid Analysis. One 10-cm plate of subcon-
fluent S3-v-ErbB-transformed CEF was washed and grown in
DMEM phosphate-free media (Specialty Media, Lavellette,
NJ) with 5% fetal bovine serum and incubated with
[32P]orthophosphate (Amersham; final concentration 1.7 mCi
per ml; 1 Ci 5 37 GBq) for 6 h. Lysates were immunoprecipi-
tated with anti-caldesmon antibodies (Sigma, C-0297), and
proteins were separated by SDSyPAGE and transferred to
Immobilon-P (Millipore). The 78-kDa 32P-labeled caldesmon
protein band was acid hydrolyzed in 6 M HCl at 110°C for 60
min, and phosphoamino acid analysis was performed by cel-
lulose thin layer electrophoresis (21).

Immunofluorescence Microscopy. Cells were grown over-
night on glass coverslips in DMEM with 10% fetal bovine
serum and 1% chicken serum, fixed in 4% paraformaldehyde,
treated with 0.5% Triton X-100, and blocked for 1 h in PBS
with 5% goat serum, 0.1% BSA, and 0.1% fish skin gelatin.
Cells were incubated at room temperature with primary
antibodies [monoclonal a-caldesmon (Sigma C-0297), 1:50
dilution; polyclonal a-Shc (Upstate Biotechnology, Lake
Placid, NY), 25 mgyml] for 4 h, washed in PBS, and then
incubated with fluorescein isothiocyanate-conjugated goat
a-rabbit or goat a-mouse antibodies for 1 h. F-actin was
visualized by incubating cells with rhodamine-phalloidin
(1:100 dilution; Molecular Probes) for 2 h at room tempera-
ture.

RESULTS

Phosphotyrosyl Protein Complex in v-ErbB-Transformed
Cells. To characterize the transformation-associated Shc-
Grb2-pp75-78 multiprotein complex we used recombinant
GST–Grb2 fusion proteins to precipitate specific protein com-
ponents. Tyrosine phosphorylated proteins migrating at 160,
125, 75–78, 52, and 46 kDa are precipitated by GST–Grb2
exclusively in S3-v-ErbB-transformed CEF (Fig. 2A). We
previously have shown in S3-v-ErbB-transformed fibroblasts
that the 52- and 46-kDa proteins are isoforms of Shc, and that
Grb2 associates with these phosphorylated forms of Shc (13).
By immunoprecipitating lysates of S3-v-ErbB-transformed
CEF with anti-Shc antibodies followed by immunoblotting
with anti-Sos antibodies we also have shown that the 160-kDa
phosphorylated protein in this complex is Sos (data not
shown).

In pursuing the identity of the 75- to 78-kDa phosphotyrosyl
protein component in S3-v-ErbB-transformed fibroblasts, the
S3-v-ErbB protein itself was a possible candidate because it
migrates as a broad tyrosine phosphorylated band at 65–80
kDa and its human homolog, the epidermal growth factor
receptor, is known to associate with Grb2 (22). In cells
expressing equivalent amounts of their respective v-ErbB
proteins (Fig. 2B Left), recombinant Grb2 associates with
E1-v-ErbB but binds minimally to S3-v-ErbB (Fig. 2B Right).
Therefore, while S3-v-ErbB may be a component of the 75- to
78-kDa phosphoprotein complex, it is not the only protein in
this complex.

Transformation-Associated Shc-Grb2-Sos-Caldesmon
Complex. Large-scale GST–Grb2 affinity chromatography and
polyacrylamide gel electrophoresis were used to further char-
acterize the additional phosphoproteins in this complex. On
Coomassie-stained acrylamide gels, two major protein bands
of 75 and 78 kDa, which comigrate with the broad 75- to
78-kDa tyrosine phosphorylated protein band seen in Fig. 2 A
(S3 lane), were seen consistently. The Coomassie-stained

FIG. 1. Schematic comparison of the structures and sarcomagenic potential of the c-erbB1 tyrosine kinase growth factor receptor and proteins
encoded by the E1- and S3-v-erbB mutants. The intrinsic tyrosine kinase activity and ability to induce fibrosarcomas in vivo is indicated. Deleted
amino acids are indicated by dotted lines. s, Ligand-bindingyextracellular domain; black box, transmembrane domain; KINASE, tyrosine kinase
domain.
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protein migrating at 78 kDa was analyzed by micropeptide
amino acid sequencing, resulting in the identification of a 9-aa
peptide (KRLQEALER) identical to an internal sequence in
the cytoskeletal regulatory protein caldesmon.

Quantitative protein immunoblot analysis of caldesmon in
whole cell lysates (Fig. 3A) demonstrates the presence of the
78-kDa nonmuscle isoform of caldesmon (23) in equivalent
amounts in uninfected CEF, CEF expressing E1-v-ErbB, and

S3-v-ErbB-transformed CEF. These results indicate that
caldesmon levels are not altered in S3-v-ErbB-transformed
cells, in contrast to previous reports of decreased expression of
caldesmon at both the mRNA and protein levels in Src and
simian virus 40-transformed cells (23–25). The 78-kDa isoform
of caldesmon is known to contain binding domains for myosin,
actin, tropomyosin, and calmodulin (26), but previously has not
been shown to associate with tyrosine kinase signal adapter
proteins. Because our GST–Grb2 affinity chromatography
results indicated an association between caldesmon and Grb2,
we performed coimmunoprecipitation analyses using antibod-
ies to components of the Shc–Grb2–Sos signal protein complex
to corroborate these findings. Fig. 3B demonstrates that
caldesmon is present in immunocomplexes formed by Grb2,
Shc, and Sos antibodies. A comparison of immunocomplexes
from lysates of uninfected CEF, CEF expressing E1-v-ErbB,
and S3-v-ErbB-transformed CEF reveals that caldesmon co-
immunoprecipitation with antibodies to Grb2 occurs to a
markedly enhanced degree in S3-v-ErbB-transformed fibro-
blasts (Fig. 3B). Thus, the association of the cytoskeletal
regulatory protein caldesmon with the Shc–Grb2–Sos signaling
complex is a transformation-associated event.

Tyrosine Phosphorylation of Caldesmon. Next we analyzed
the phosphorylation status of caldesmon to determine if this
protein is one of the tyrosine phosphorylated components of
this multiprotein complex. Caldesmon was immunoprecipi-
tated from fibroblasts expressing the sarcomagenic (S3) or

FIG. 2. Transformation-associated, tyrosine phosphorylated, mul-
tiprotein complex formation in S3-v-ErbB-transformed fibroblasts.
(A) GST–Grb2 binding assay was performed by incubating 500 mg of
each cell lysate with either GST bound to glutathione agarose beads
(lanes 1) or recombinant GST–Grb2 bound to glutathione beads (lanes
2). Proteins were separated by SDSyPAGE, transferred to nitrocel-
lulose, and immunoblotted with monoclonal antiphosphotyrosine
antibodies (a-ptyr). Several major tyrosine phosphorylated proteins
precipitate with GST–Grb2 in S3-v-ErbB-transformed fibroblasts as
discussed in the text. In contrast, only minor phosphorylated proteins
are detected in uninfected CEF, and a single major tyrosine phos-
phorylated protein migrating at 85–95 kDa is detected in CEF
expressing E1-v-ErbB. Lanes: CEF, uninfected chicken embryo fibro-
blasts; E1, nontransformed CEF expressing the kinase-active E1-v-
ErbB; S3, CEF transformed by S3-v-ErbB. Molecular weight standards
are indicated in kDa. Arrowheads indicate Shc and Sos, as labeled. The
arrow indicates the 75- to 78-kDa phosphotyrosyl protein component.
(B) Association of E1- and S3-v-ErbB proteins with Grb2. Infected
fibroblasts express equivalent amounts of their respective v-ErbB
proteins as demonstrated by immunoblotting 100 mg of whole cell
lysates with polyclonal anti-ErbB kinase domain antibodies (a-ErbB)
(Left). GST–Grb2 binding assay (Right) was performed as in A,
followed by a-ErbB immunoblotting to demonstrate the ability of
Grb2 to associate with E1-v-ErbB (E1 arrowhead) or to S3-v-ErbB (S3
arrowhead). Lanes: CEF, E1, and S3 as defined in A.

FIG. 3. Association of caldesmon with Grb2, Shc, and Sos. (A)
Equivalent protein expression levels of caldesmon in nontransformed
and transformed CEF. A total of 100 mg of each cell lysate was
immunoblotted with a monoclonal antibody to caldesmon (Sigma
C-0297, 1:1,000 dilution). Lanes: CEF, uninfected chicken embryo
fibroblasts; E1, nontransformed CEF expressing the kinase-active
E1-v-ErbB; S3, CEF transformed by S3-v-ErbB. (B) Transformation-
associated coimmunoprecipitation of caldesmon with Grb2, Shc, and
Sos. Equal amounts of each cell lysate were immunoprecipitated with
antibodies to caldesmon, Grb2 (monoclonal a-Grb2 antibody, Upstate
Biotechnology), Shc (polyclonal a-Shc antibody, Upstate Biotechnol-
ogy), or Sos (polyclonal a-Sos antibody, Upstate Biotechnology) as
indicated, followed by immunoblotting with antibodies to caldesmon.
Caldesmon migrates at 78 kDa and coimmunoprecipitates with Grb2,
Shc, and Sos in S3-v-ErbB-transformed fibroblasts. Lane designations
as in A. The 78-kDa protein that is coimmunoprecipitated by anti-
bodies to Grb2, Shc, and Sos in S3-v-ErbB-transformed fibroblasts
comigrates with the 78-kDa isoform of caldesmon immunoprecipi-
tated by anti-caldesmon antibodies and is recognized by three different
monoclonal antibodies to caldesmon (Sigma C-0297, C-6542, and
C-6292). Caldesmon was not detected in the anti-Grb2 immunopre-
cipitates of uninfected CEF or CEF expressing E1-v-ErbB. A repre-
sentative immunoblot of three separate experiments is shown.

Cell Biology: McManus et al. Proc. Natl. Acad. Sci. USA 94 (1997) 11353



leukemogenic (E1) mutants of v-ErbB, followed by antiphos-
photyrosine immunoblotting. These studies demonstrate that
caldesmon is predominantly tyrosine phosphorylated in S3-v-
ErbB-transformed fibroblasts (Fig. 4A). To verify these an-

tiphosphotyrosine immunoblot results caldesmon was immu-
noprecipitated from [32P]orthophosphate-labeled S3-v-ErbB-
transformed fibroblasts, and phosphoamino acid analysis was
performed. In S3-v-ErbB-transformed fibroblasts, caldesmon
contains phosphotyrosine in addition to phosphoserine and
phosphothreonine (Fig. 4B). Caldesmon previously has been
reported to be only serineythreonine phosphorylated (3, 4, 27).
In this study we report the tyrosine phosphorylation of caldes-
mon. In this regard, analysis of the avian caldesmon amino acid
sequence reveals three potential tyrosine phosphorylation
sites: two within the N-terminal myosin-binding domain and
one within a C-terminal actin-binding domain (26, 28, 29).

Transformation-Specific Actin Stress Fiber Disassembly
and Colocalization of Shc and Caldesmon. To further evaluate
the association of caldesmon with the Shc–Grb2–Sos signaling
complex, and to determine the relationship between this
complex and actin stress fiber organization, we analyzed the
distribution of caldesmon and Shc in v-ErbB-transformed and
nontransformed fibroblasts by immunofluorescence micros-
copy. Actin stress fibers are clearly reduced in S3-v-ErbB-
transformed CEF as compared with nontransformed CEF
(Fig. 5 A–C). Caldesmon localizes along actin stress fibers in
nontransformed CEF (Fig. 5 D and E), whereas in S3-v-ErbB-
transformed CEF, caldesmon localizes to the plasma mem-
brane in discrete dorsal cell surface blebs (Fig. 5F). The
localization of Shc also differs in transformed versus nontrans-
formed cells. Shc appears in a dispersed, cytoplasmic pattern
in nontransformed CEF, but in contrast, localizes to dorsal cell
surface blebs in S3-v-ErbB-transformed CEF (Fig. 5 G–I).
Double-label immunofluorescent studies with antibodies to
both caldesmon and Shc directly demonstrate that these two
proteins colocalize to dorsal cell surface blebs in transformed
fibroblasts (Fig. 6 A and B). These plasma membrane blebs,
which stain intensely with antibodies to both caldesmon and
Shc, are distinct from the ventral cell surface structures
referred to as ‘‘rosette adhesions’’ or ‘‘podosomes’’ found in
Src-transformed fibroblasts (30, 31), based on both their cell
surface location and the lack of phalloidin-staining for F-actin

FIG. 4. Tyrosine phosphorylation of caldesmon. (A) Equal
amounts of each cell lysate were immunoprecipitated with anti-
caldesmon antibodies followed by immunoblotting with antiphospho-
tyrosine antibodies (a-ptyr). Caldesmon is predominantly tyrosine
phosphorylated in S3-v-ErbB-transformed fibroblasts. Lanes: CEF,
uninfected chicken embryo fibroblasts; E1, nontransformed CEF
expressing the kinase-active E1-v-ErbB; S3, CEF transformed by
S3-v-ErbB. (B) Phosphoamino acid analysis of caldesmon in 32P-
labeled S3-v-ErbB-transformed CEF by cellulose thin layer electro-
phoresis. Caldesmon is phosphorylated on tyrosine, serine, and threo-
nine in S3-v-ErbB-transformed fibroblasts. pser, Phosphoserine; pthr,
phosphothreonine; ptyr, phosphotyrosine; Pi, inorganic 32P; Ppeptides,
phosphopeptides.

FIG. 5. Localization of F-actin, caldesmon, and Shc in S3-v-ErbB-transformed and nontransformed fibroblasts. Immunofluorescence microscopy
was used to visualize actin stress fibers, caldesmon, and Shc in uninfected fibroblasts (CEF), nontransformed CEF expressing E1-v-ErbB (E1), and
S3-v-ErbB-transformed CEF (S3). (A–C) Marked decrease in actin stress fibers in S3-v-ErbB-transformed fibroblasts. (D–F) Distribution of
caldesmon along actin stress fibers in nontransformed fibroblasts, and the localization of caldesmon to dorsal cell surface blebs in S3-v-ErbB-
transformed fibroblasts. (G–I) Cytoplasmic distribution of Shc in nontransformed fibroblasts and the localization of Shc to dorsal cell surface blebs
in S3-v-ErbB-transformed fibroblasts. Expression of the kinase-active, nonsarcomagenic E1-v-ErbB protein in CEF (E1) does not cause actin stress
fiber disassembly or result in the localization of caldesmon and Shc to dorsal cell surface blebs (B, E, and H, respectively).
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in the dorsal cell surface blebs (Fig. 5C). This altered distri-
bution of caldesmon and Shc is correlated with S3-v-ErbB-
mediated transformation and actin stress fiber disassembly,
and clearly does not occur in CEF expressing the kinase-active,
nontransforming E1-v-ErbB. Thus, the in vivo colocalization of
caldesmon and Shc corroborates our biochemical data dem-
onstrating the transformation-associated formation of a Shc–
Grb2–Sos–caldesmon complex.

DISCUSSION

In conclusion, we have demonstrated the transformation-
associated coupling of a tyrosine kinase downstream signaling
complex with the cytoskeletal regulatory protein caldesmon.
Our coimmunoprecipitation studies reveal the enhanced as-
sociation of caldesmon with the Shc–Grb2–Sos signaling com-
plex in v-ErbB-transformed fibroblasts. Likewise, the immu-
nofluorescent localization studies demonstrate the transfor-
mation-specific disassembly of actin stress fibers, dissociation
of caldesmon from actin microfilaments, and in vivo colocal-
ization of caldesmon and Shc to plasma membrane blebs. The
exact structure and function of this Shc–Grb2–Sos–caldesmon
complex in vivo is unknown. Although the Shc–Grb2–Sos
complex, and its activation of Ras, have been extensively
studied (32, 33), the nature of the association between these
signaling molecules and caldesmon is unclear. In fact, caldes-
mon may associate with multiple protein–protein interaction
domains within this complex with varying degrees of stability.
Specifically, in its tyrosine phosphorylated state, caldesmon
may interact with the phosphotyrosine binding (PTB) or SH2
domains of Shc, or caldesmon may interact with the SH3
domains of Grb2 via a putative PxxP (P, proline; x, any amino
acid) SH3-binding motif in its proline-rich C terminus.

We speculate that the tyrosine phosphorylation of caldes-
mon and its association with the Shc–Grb2–Sos complex
mimics the cdc2 kinase-mediated regulation of caldesmon.

Specifically, tyrosine phosphorylated caldesmon may mediate
the disassembly of actin stress fibers during interphase in
transformed cells, just as serineythreonine phosphorylated
caldesmon directs this process during prophase in normal cells.
Other potential mechanisms of regulating caldesmon in a
transformation-specific manner previously have been re-
ported. These include the reduction of caldesmon expression
in Src and simian virus 40 transformed cells (23–25), and the
disruption of genes encoding caldesmon-like molecules by
chromosomal translocation in certain human tumors (34).
Therefore, caldesmon may be a common target of oncogenic
processes, resulting in the transformation-specific reorganiza-
tion of the actin-based cytoskeleton and establishment of
anchorage-independent cell growth. Further investigation of
the Shc–Grb2–Sos–caldesmon complex, including identifica-
tion of the tyrosine kinase responsible for phosphorylating
caldesmon, will allow us to more precisely define the signaling
network that governs anchorage-independent growth in cells
transformed by tyrosine kinases.
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