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Oncogenic Functions of PTK6 are Enhanced by Its Targeting to
Plasma Membrane But Abolished by Its Targeting to Nucleus
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PTKG6 (also known as Brk) is an intracellular tyrosine kinase whose expression is up-
regulated in several tumour types. Because localization of protein tyrosine kinases
plays an important role in the development of cancers, we investigated the
relationship between subcellular localization of PTK6 and its oncogenic properties.
PTKG6 was targeted to the plasma membrane or the nucleus of HEK 293 cells using the
Src myristoylation signal (Myr) or SV40 T-antigen nuclear localization signal (NLS),
respectively. The profile of cellular proteins phosphorylated by Myr-PTK6 was quite
different from those phosphorylated by NLS-PTK6. Localization of PTK6 to the
plasma membrane enhanced the ability of PTK6 to promote proliferation, cell
survival and migration and to permit anchorage-independent colony formation.
In contrast, nuclear localization of PTK6 impaired these functions. Our results
demonstrate that recruitment of PTK6 to the plasma membrane is required for
oncogenic function.

Key words: Brk, myristoylation, nuclear localization, oncogene, PTK6, subcellular
localization, tyrosine kinase.

Abbreviations: DAPI, 4’,6-diamidino-2-phenylindole; DMEM, Dulbecco’s Modified Eagle Medium; FBS, fetal
bovine serum; Myr, myristoylation signal; NLS, nuclear localization signal; OSCC, oral squamous cell

carcinoma; TUNEL, terminal deoxynucleotidyl transferase biotin-dUTP nick end labelling.

PTK6 (also known as Brk) is an intracellular tyrosine
kinase containing an SH3 domain, an SH2 domain and a
catalytic tyrosine kinase domain (7). Expression of PTK6
is up-regulated in breast carcinomas (I-3), melanomas
(4) and colon carcinomas (5, 6), whereas PTK6 is not
expressed in normal mammary gland epithelial cells and
melanocytes (3, 7).

PTKG6 is present in both the cytosol and nucleus (2, 8, 9);
however, its subcellular location appears to vary between
cell types. PTKG6 is located in the cytosol in some cancer cell
lines, such as breast carcinoma T-47D cells (2). In addition,
PTK6 was detected in the nucleus in normal prostate
epithelia and well-differentiated prostate carcinomas, but
mainly in the cytosol in poorly differentiated and highly
tumorigenic prostate carcinoma PC3 cells (9). Similarly,
PTKG6 is present in both the cytosol and nucleus in normal
oral epithelial cells, mainly in the cytosol in moderately
differentiated oral squamous cell carcinomas (OSCC) cells,
and in perinuclear regions in poorly differentiated OSCC
cells, with a correlation between reduced PTK6 expression
and decreased differentiation (10). These findings suggest
that abnormal subcellular localization of PTK6 may con-
tribute to tumorigenesis.

N-myristoylation is a cotranslational modification of
proteins, in which myristate is covalently attached to the
amino-terminus of various cellular proteins, viral proteins
and oncoproteins (11). N-myristoylation targets proteins
to membranes and plays an essential role in many
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physiological and pathological events such as signal
transduction, carcinogenesis and viral replication and
assembly. Proteins destined for the nucleus contain a
nuclear localization signal (NLS) sequence; this sequence
is recognized by cytosolic nuclear transport receptors that
direct proteins to the nucleus and confine them there (12).

To examine the relationship between subcellular local-
ization and oncogenic properties of PTK6, we constructed
variants of PTK6 that were targeted to the plasma
membrane by the Src myristoylation signal (Myr) (Myr-
HA-PTK®6) or to the nucleus by the SV40 T-antigen NLS
sequence (NLS-HA-PTK®6), and expressed these in HEK
293 cells. Tyrosine-phosphorylation of cellular proteins
and cell proliferation, survival, migration and anchorage-
independent colony formation were examined in HEK
293 cells expressing Flag-PTK6 (wild-type), Myr-HA-
PTKS6, or NLS-HA-PTKS6.

MATERIALS AND METHODS

Expression Constructs—To construct a mammalian
expression vector expressing Flag-tagged PTK6 (Flag-
PTK6), a DNA cassette containing a translation initiat-
ing methionine, a Flag-tag sequence and sticky ends
corresponding to Asp718I at the 5’ end and Ncol at the
3’ end, was made by annealing the primer pair 5-G
TACCGGCCGCCACCATGGATTACAAGGATGACGACG
ATAAGCT-3 and 5-CATGAGCTTATCGTCGTCATCC
TTGTAATCCATGGTGGCGGCCG-3' (the translation
start codon is shown in bold and the FLAG-tag sequence
is underlined). A fragment containing PTK6 c¢cDNA was
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isolated by digestion of pBS-PTK6-MR (13) with Ncol
and BamHI, and subcloned with the Flag-tag cassette
into pcDNA3.1 (Invitrogen) that was digested with
Asp7181 and BamHI.

To make a construct for expression of Myr-HA-PTK6 in
mammalian cells (pcDNA3.1-Myr-HA-PTKS6), a fragment
containing the Myr sequence of Src ¢cDNA (14) was PCR
amplified using mouse Src c¢cDNA (pLNCX-mSrc) as
template and the primer pair 5-GGGGTACCG
GCCGCGCCACCATGGGCAGCAACAGAGCAAGCCCAA
GGAC-3 and 5-GGACCTCATGAGAGCGTAATCTGGA
ACATCGTATGGGTAAGCGTTTTCCGAGGGCTCCAG-3
(the Myr sequence is underlined and the HA-tag
sequence is denoted by italics). The PCR product was
digested with Asp718I and BspHI. A fragment containing
full-length PTK6 ¢cDNA was isolated by digestion of pBS-
PTK6-MR with Ncol and BamHI and these two frag-
ments were subcloned into pcDNA3.1 that was digested
with Asp7181 and BamHI.

An expression construct for NLS-HA-PTK6 (pcDNA3.1-
NLS-HA-PTK6) was made by primer-mediated site-
directed mutagenesis with a Quickchange kit
(Stratagene) using pcDNA3.1-Myr-HA-PTK®6 as template
and the following primers: 5-CTTGGTACCGGCCGCGC
CACCATGGGCCCAAAAAAGAAGAGAAAGGTAGAAGC
TTACCCATACGATGTTCCAGATTAC-3' and 5-GTAAT
CTGGAACATCGTATGGGTAAGCTTCTACCTTTCTCTT
CTTTTTTGGGCCCATGGTGGCGCGGCCGGTACCAAG-
3’ (the NLS sequence of the SV40 T-antigen is under-
lined) (15). All constructs were verified by DNA
sequencing.

Cell Culture and Transfection—HEK 293 cells were
maintained in Dulbecco’s Modified Eagle Medium
(DMEM) containing 10% fetal bovine serum (FBS;
Hyclone). For transient expression, transfection of
constructs into HEK 293 cells was carried out with
WelFect-EX PLUS (WelGENE Inc.) following to the
manufacturer’s instructions, and the cells were
analysed 48h after transfection. For stable expression,
transfection was performed with calcium phosphate fol-
lowed by selection with 1.2 mg/ml G418 (16). G418-resistant
cell colonies were pooled and expanded for further analysis.

Western Blot Analysis and Immunoprecipitation—
Western blot analysis and immunoprecipitations were
carried out as described previously (17) using the
following primary antibodies: anti-Flag (Sigma), anti-
HA (Sigma), anti-PTK6 (Santa Cruz Biotechnologies),
anti-phospho-tyrosine (4G10; Upstate Biotechnology),
anti-Stat3 (Santa Cruz Biotechnologies), anti-paxillin
(Santa Cruz Biotechnologies), anti-Sam68 (Santa Cruz
Biotechnologies) and anti-f-actin (Sigma).

Immunostaining and Confocal Microscopy—
Immunostaining of cells was performed as described
previously (18). Cells were incubated with anti-Flag or
anti-HA antibody and stained with Rhodamin Red-X-
conjugated goat anti-mouse IgG. After washing the cells,
the nucleus was stained with 4’-6-diamidino-2-phenylin-
dole (DAPI) in phosphate-buffered saline for 3min at
room temperature. Cells were washed, mounted with
Vectashield mounting medium (Vector Laboratories)
containing the anti-fading agent p-phenylenediamine
and analysed by confocal microscopy.
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Fig. 1. Expression of PTK6 and its variants in HEK 293
cells. (A) Schematic diagram of wild-type Flag-PTK6, plasma
membrane-targeted Myr-HA-PTK6, and nuclear-targeted NLS-
HA-PTKS6. (B) HEK 293 cells were transiently transfected with
vector (pcDNA3.1) alone, or constructs expressing Flag-PTK6,
Myr-HA-PTK6, or NLS-HA-PTK6. Expression of PTK6 and its
variants was measured by western blot analysis with anti-PTK6
antibody. (C) HEK 293 cells transiently expressing PTK6 and its
variants were subjected to immunofluorescence staining with
anti-Flag or anti-HA antibody and examined by confocal
microscopy.

Cell Proliferation Assay—Subconfluent cells were
depleted in serum-free DMEM for 24h and incubated
in DMEM containing 1% FBS and 50ng/ml EGF in the
presence of [*H]thymidine for the indicated time inter-
vals. Cell proliferation was determined by the amount of
[®H]thymidine incorporated, as described previously (19).

Cell Survival and Apoptosis Assays—To measure cell
survival, subconfluent cells were starved in serum-free
DMEM containing various concentrations of HyO, for
48h. Viable cells were determined using the
3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay as described previously (20). To detect
apoptotic cells, subconfluent cells were incubated with
serum-free DMEM containing 0 or 500 uM H,0, for 24 h.
Apoptotic cells were detected by fluorescence microscopy
using the In Situ Cell Death Detection Kit, TMR red
(Roche Diagnostics) for Terminal deoxynucleotidyl
Transferase Biotin-dUTP Nick End Labelling (TUNEL)
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Fig. 2. Protein phosphorylation in HEK 293 cells stably
expressing PTK6 or its variants. (A) Phosphorylation of
cellular proteins by PTK6 and its variants. Lysates from HEK
293 cells stably expressing Flag-PTK6, Myr-HA-PTK6, or NLS-
HA-PTK6 were analysed by western blot analysis using anti-
phospho-tyrosine antibody (upper panel), anti-PTK6 antibody
(middle panel) and anti-B-actin antibody to normalize levels of
loading (bottom panel). Arrowheads in the upper panel denote

assay according to the manufacturer’s instructions.
Double-stranded DNA in nuclei was counterstained
with DAPL.

Anchorage-Independent Colony Formation Assay—
Anchorage-independent colony formation was measured
as described previously (17). Cells (1 x 10*well) were
suspended in DMEM-10% FBS containing 0.35% low
melting point agarose (SeaPlaque, FMC Corp.) at 42°C
and overlaid onto the solidified 0.5% agarose layer
containing DMEM-10% FBS. After 5 weeks of incubation,
the numbers of colonies formed were counted with a
microscope.

Migration Assay—Cell migration was assayed as
described previously (21, 22) using modified Boyden
chambers (8-um pore size, Costar Transwell filters,
Corning-Costar Corp.) coated with 10pul 0.1% gelatin.
Confluent cells were detached using trypsin and resus-
pended in DMEM supplemented with 1% FBS. Typically,
100,000 cells were added to the upper chamber and
allowed to migrate to the lower chamber for 12h in
DMEM medium containing 1% FBS. Cells were fixed and
stained with Gill’s Hematoxylin No. 3 (Fisher) and Eosin-
Y. Cells that had migrated through the membrane were
observed wusing bright-field microscopy (200x, IX51
inverted microscope, Olympus). All assays were per-
formed three times in duplicate.
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phosphorylated Flag-PTK6, Myr-HA-PTK6 and NLS-HA-PTKS.
(B) Phosphorylation of paxillin, Stat3 and Sam68 by PTK6 and
its variants. Paxillin, Stat3 and Sam68 were immunoprecipitated
from the cell lysates described above. Immunoprecipitates were
analysed by western blot analysis with anti-phospho-tyrosine
antibody, and antibodies against Stat3, paxillin and Sam68,
respectively. PTK6 and its variants were detected in the lysates
by western blotting with anti-PTK6 antibody.

RESULTS

Expression of PTK6 and Its Variants in HEK 293
Cells—To examine the effect of subcellular localization
on oncogenic properties of PTK6, wild-type PTK6 (Flag-
PTK6) and modified PTK6 targeted to the plasma
membrane by a myristoylation signal (Myr-HA-PTK6)
or to the nucleus by an NLS (NLS-HA-PTK6) (Fig. 1A)
were transiently expressed in HEK 293 cells. The
molecular weights of Flag-PTK6, Myr-HA-PTK6 and
NLS-HA-PTK6 were ~53, 57 and 56kDa, respectively
(Fig. 1B). The subcellular location of PTK6 and its
variants was examined by immunofluorescence micros-
copy. Flag-PTK6 was detected in both cytoplasm and
nucleoplasm. In contrast, Myr-HA-PTK6 was located
mainly in the plasma membrane and NLS-HA-PTK6
predominantly in the nucleus (Fig. 1C).

Protein Phosphorylation by PTK6 or Its Variants—We
next examined the profile of protein phosphorylation in
HEK 293 cells stably expressing Flag-PTK6, Myr-HA-
PTK6 and NLS-HA-PTK6. Wild-type and variant PTK6
proteins were expressed at similar levels (Fig. 2A, middle
panel). Expression of PTK6 and its variants increased
the level of phosphorylation of cellular proteins (Fig. 2A,
upper panel), confirming that these proteins are cataly-
tically active as tyrosine kinases. Interestingly, the
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Fig. 3. Cell proliferation, survival and chemotactic
migration in HEK 293 cells stably expressing PTK6 and
its variants. (A) Effect on cell proliferation. HEK 293 cells
stably expressing Flag-PTK6, Myr-HA-PTK6, or NLS-HA-PTK6
were grown for 7 days in 1% FBS. Cell proliferation was
determined by [*H]thymidine incorporation. (B) Effect on cell
survival. HEK 293 cells stably expressing PTK6 or its variants
were incubated in serum-free DMEM containing various
concentrations of HoOs for 48h. Surviving cells were measured
by MTT assay. pcDNAS3.1 vector alone (black), Flag-PTK6
(white), Myr-HA-PTK6 (dark grey), NLS-HA-PTK6 (light grey).
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pattern of phosphorylation of cellular proteins by Myr-
HA-PTK6 was quite different from that of NLS-HA-
PTK®6, suggesting that there are substrates specific to
the plasma membrane-anchored PTK6 or the nuclear
PTKe6.

PTK6 substrates include Stat3, paxillin and Sam68
(23-25). To examine whether phosphorylation of specific
PTKG6 substrates is dependent on PTK6 localization, Stat3,
paxillin and Sam68 were immunoprecipitated from HEK
293 cell lysates and their phosphorylation status was
analysed by western blotting with anti-phospho-tyrosine
antibody. Compared with cells expressing Flag-PTK6, a
strong increase in tyrosine phosphorylation of Stat3 and
paxillin was detected in cells stably expressing Myr-HA-
PTKS6, but not in cells expressing NLS-HA-PTK®6 (Fig. 2B,
first and second panels). Conversely, phosphorylation of
Sam68 was increased in cells expressing NLS-HA-PTK6
but not in cells expressing Myr-HA-PTK6 (Fig. 2B, third
panel). These results demonstrate that the phosphoryla-
tion substrates of PTK6 are determined by its subcellular
location.

Effect of Intracellular Location of PTK6 on Cell
Proliferation, Anti-Apoptosis, Migration and Anchorage-
Independent Growth—To examine the biological conse-
quences of different subcellular localizations of PTK®6,
HEK293 cells stably expressing Flag-PTK6, Myr-HA-
PTK6 or NLS-HA-PTK6 were assayed for several proper-
ties associated with oncogenesis. First, we analysed cell
proliferation by measuring [*H]thymidine incorporation
after exposure to EGF (Fig. 3A). Compared with control
vector-transfected cells, expression of wild-type Flag-
PTK6 markedly stimulated [PH]thymidine incorporation
after six or more days of EGF stimulation. Expression of
Myr-HA-PTK6 enhanced cell proliferation over that
induced by Flag-PTK6, whereas no further stimulation
was seen in cells expressing NLS-HA-PTK6. We next
analysed apoptosis of cells after 1- or 2-day incubation in
serum-free medium containing various concentrations of
H50,; qualitatively by TUNEL assay (Fig. 4) or quanti-
tatively by MTT assay (Fig. 3B). TUNEL assay showed
that appearance of apoptotic cells were reduced by
expression of Flag-PTK6, markedly in cells incubated
with 500 uM Hy0, (Fig. 4). Similarly, MTT assay showed
that expression of Flag-PTK6 inhibited induction of cell
death by serum depletion irrespective of the presence of
H305, but most markedly at 100pM H,0, (Fig. 3B).
Expression of Myr-HA-PTK6 enhanced the anti-apoptotic
activity of PTK6, whereas expression of NLS-HA-PTK6

Statistical comparison of cell growth or survival of Myr-HA-
PTK6 or NLS-HA-PTKG6 cells compared with Flag-PTK6 cells
was performed using Student’s ¢ test. **P<0.01; ***P<0.001.
(C) Effect on chemotactic cell migration. HEK 293 cells stably
expressing PTK6 or its variants were plated onto Transwell
chambers coated with 10ul 0.1% gelatin and were allowed to
migrate into the lower chamber containing 1% FBS for 12h.
Cells that had migrated to the lower side of the chamber were
counted. Statistical comparisons of the cell migration of Flag-
PTK6 cells compared with HEK 293 vector cells (*), and of
Myr-HA-PTK6 or NLS-HA-PTK6 cells compared with Flag-
PTK6 cells (+), were performed using Student’s ¢ test. *** or
***P<0.001. The error bars represent standard deviations (SD).
Each value is the mean +SD of three independent determina-
tions of duplicate experiments.
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Fig. 4. Detection of apoptosis in HEK 293 cells expressing Apoptotic cells were detected by TUNEL staining (orange) as

PTKG6 and its variants. HEK 293 cells stably expressing Flag-
PTK6, Myr-HA-PTK6, or NLS-HA-PTK6 were incubated in
serum-free medium containing 0 or 500puM H,0, for 24h.

abolished the anti-apoptotic function (Figs 3B and 4).
Thirdly, since PTK6 promotes EGF-induced migration
(24), we used a chemotactic migration assay to determine
the effect of PTK6 and its variants on migration of HEK
293 cells. Consistent with a previous report (24),
chemotactic migration was stimulated in cells expressing
Flag-PTK6 (Fig. 3C). The migration-stimulating activity
of PTK6 was enhanced by targeting to the plasma
membrane (Myr-HA-PTK6) but reduced to the level of
the vector control by targeting to the nucleus (NLS-HA-
PTKS®6). Lastly, the transforming potential of PTK6 and
its variants was evaluated by examining the capacity of
transfected HEK 293 cells for anchorage-independent
growth. Compared with the vector control, expression of
wild-type PTK6 stimulated colony formation in soft agar
(Fig. 5). Expression of Myr-HA-PTK6 resulted in a
significant further increase in the number and size of
colonies formed, whereas expression of NLS-HA-PTK6
inhibited the colony-forming ability of PTK6 (Fig. 5).
These findings suggest that targeting to the plasma
membrane enhanced oncogenic functions of PTK6 in
HEK 293 cells, whereas targeting to the nucleus
suppressed such properties.

DISCUSSION

Although PTK6 shows strong homology to Src family
members, it lacks an N-terminal myristoylation site
(1, 13), allowing localization in both the cytosol and
nucleus. PTK®6 is aberrantly expressed at higher levels in
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described under MATERIAL AND METHODS section. Nuclei were
counterstained with DAPI (blue).

breast cancers and cultured breast tumour cells but not
in normal mammary epithelial cells (1, 8). In addition,
subcellular localization of PTK6 differs between normal
prostate epithelia and well-differentiated prostate
tumours (9) and between normal oral epithelia and oral
squamous cell carcinoma (10). These findings suggest
that both the subcellular localization of PTK6 and its
expression level may play a role in tumorigenesis. To
address the impact of subcellular localization of PTK6 on
tumorigenesis, we analysed the oncogenic properties of
PTK6 using HEK 293 cell lines expressing either
membrane-targeted (Myr-HA-PTK6) or nuclear-targeted
(NLS-HA-PTKS6) forms of PTK6.

The myristoylation signal of Src results in localization
to the plasma membrane and is required for the
transforming functions of Src (14, 26). Inhibition of Src
myristoylation by replacement of the N-terminal glycine
with either alanine or glutamic acid abrogated its
transforming potential (27). Although PTK6 lacks an N-
terminal myristoylation site, in breast cancer cells PTK6
can be recruited to the plasma membrane upon activa-
tion of membrane-anchored signaling proteins, such as
ErbB family members (28-30).

Expression of PTK6 sensitizes mammary epithelial
cells to the mitogenic effects of EGF and permits
anchorage-independent proliferation (29). PTK6 stimu-
lates ErbB3 phosphorylation by association with epider-
mal growth factor receptor, which subsequently recruits
PI3-kinase and Akt (28). Thus, it was suggested that
breast cancers that express PTK6 might acquire
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Fig. 5. Anchorage-independent colony formation by HEK
293 cells stably expressing Flag-PTK6, Myr-HA-PTK6 and
NLS-HA-PTK6. HEK 293 cells transfected with pcDNA3.1
alone or stably expressing Flag-PTK6, Myr-HA-PTK6, or NLS-
HA-PTK6 were plated on soft agar at a density of 1 x 10%cells/
dish and grown for 5 weeks. Colonies larger than 50 pm in
diameter were counted. Each experiment was performed in
duplicate.

resistance to pro-apoptotic signals through regulation of
PI3-kinase and Akt activity. PTK6 also promotes cell
migration and invasion by EGF-dependent phosphoryla-
tion of paxillin and p190RhoGAP (24, 31). In addition, a
correlation between PTK6 and ErbB2 overexpression was
found in tissue of invasive ductal breast carcinomas (32),
and PTKS6 increases the ErbB2-induced activation of Ras/
MAPK signaling and cyclin E/cdk2 activity to induce cell
proliferation in breast cancers (30). Consistent with the
functional association of PTK6 with membrane-anchored
signaling proteins, we found that targeted localization of
PTK6 to the plasma membrane increases proliferation,
migration, anchorage-independent colony formation, and
cell survival, especially under conditions of oxidative
stress, in the HEK 293 cell system.

Here, we showed that wild-type PTK6 and its variants
differ in their ability to phosphorylate the specific
substrates Stat3, paxillin and Sam68. In cells expressing
endogenous PTKG6, Stat3 is transcriptionally activated

H.I. Kim and S.-T. Lee

and tyrosine-phosphorylated, and stimulates prolifera-
tion (25). PTK6 directly binds and phosphorylates
paxillin at Y31 and Y118, and phosphorylated paxillin
induces cell migration and invasion (24). A strong
increase in tyrosine phosphorylation of Stat3 and paxillin
was detected in cells stably expressing the plasma
membrane-anchored Myr-HA-PTKG6, supporting the pro-
posal that recruitment of PTK6 to the plasma membrane
enhances oncogenic activities such as proliferation and
migration.

A nuclear localization signal has not been found in
PTK6; however, PTK6 has been detected in the nucleus
when associated with one of its substrates, Sam68 (23).
PTK6 phosphorylates Sam68 in Sam68-SLM nuclear
bodies and inhibits its RNA-binding activities (33). An
RNA-binding-defective splice variant of Sam68 fails to
promote cell proliferation, thus its RNA-binding func-
tions appear to positively regulate cell growth (34).
Therefore, the ability of PTK6 to phosphorylate and
inhibit the RNA-binding activities of Sam68 is expected
to decrease cell growth and promote differentiation. In
our study, nuclear localization of PTK6 abolished the
ability of PTK6 to promote proliferation and migration,
to prevent apoptosis of HEK 293 cells, and to permit
anchorage-independent colony formation, in strong con-
trast to plasma membrane-anchored PTK6. In addition,
expression of NLS-HA-PTK6 markedly increased the
phosphorylation level of Sam68 compared with expres-
sion of wild-type PTK6. This result explains, at least in
part, our observation that nuclear localization of PTK6
decreases its oncogenic function and previous reports
that PTK6 tends to be localized in the nucleus in normal
epithelia and well-differentiated carcinomas, but not in
poorly differentiated carcinomas (9, 10).

We have shown that PTK6 performs contrasting roles
in tumorigenicity depending on its intracellular localiza-
tion, displaying increased oncogenic abilities when
targeted to the plasma membrane and decreased onco-
genicity when targeted to the nucleus, as a result of
access to different substrates and signaling molecules. In
this regard, determination of PTK6 at the plasma mem-
brane could be a valuable prognostic indicator for
progression of various tumours, whereas nuclear PTK6
may provide a prognostic marker for long-term survival
in patients with PTK6-positive cancers. In addition,
identification of substrates that are specifically phos-
phorylated by membrane- or nuclear-localized PTK6 may
provide potential targets for therapeutic intervention in
the treatment of cancer.
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