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Abstract
Background The up regulation of Phospho-Src family
kinase oncogene has been correlated with reduced post-
operative survival in various cancers but never in tongue
cancer.
Methods We analyzed phospho-Src family kinase in 39
tongue (mobile) cancer patients by immunohistochemistry,
compared these results with similar analysis for TUNEL
and c-erbB-2 and with both clinical tumor characteristics
and patient survival probability rates.
Results Phospho-Src family kinase overexpression was
found in most tongue cancer biopsies (62%), signiWcantly
correlating with tumors larger in size (P = 0.05), progres-
sion—lymph node metastasis (0.004) and stage (P = 0.05),
and correlating with TUNEL (P = 0.01) and c-erbB-2
(P = 0.05) expression rates. At 60 months, survival proba-
bility for negative phospho-Src family kinase level (=0)
patients was 67%, but 30% for positive phospho-Src family
kinase level (>0) patients (P = 0.05).
Conclusions Inverse correlation between phospho-Src
family kinase and patient survival demonstrates the

prognostic role of phospho-Src family kinase in tongue
cancer. These Wndings suggest a novel link between phos-
pho-Src family kinase and TUNEL and c-erbB-2 pathways,
tilting the balance toward cell proliferation.
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Introduction

More than 300,000 new cases of oral squamous cell carci-
noma (SCC) are diagnosed annually worldwide. This
aggressive epithelial malignancy is associated with high
mortality and severe morbidity among the long-term survi-
vors. The 5-year mortality rate is approximately 50% (Alho
et al. 1999; Kantola et al. 2000; Myers et al. 2000) and the
poor survival index has not changed signiWcantly in the past
half-century (Muir and Weiland 1995; Yeole et al. 2000;
Ribeiro et al. 2000). Of those patients who survive, therapy
frequently results in signiWcant physical mutilation and
compromised speech, taste, mastication and swallowing
(Jackson et al. 1999). Improvement of patient survival and
reduction of the therapeutic-related morbidity require a bet-
ter understanding of the biological nature of the disease.
Currently available diagnostic tools based on stage and
grade rates are sometimes crude and often miss evaluating
the true carcinogenic nature and aggressiveness of the
tumor. Improved understanding is also expected to facili-
tate the development of novel and more eYcient treatment
modalities for this lethal disease (Nagler et al. 1999, 2006;
Bahar et al. 2007). Thus, we have previously studied various
biological aspects of salivary gland and tongue tumors (Ben-
Izhak et al. 2005, 2006, 2007), examining an array of tumor
markers that are part of pathways related to tumorogenicity,

O. Ben-Izhak
Department of Pathology, 
Rambam Medical Center, Haifa, Israel

V. Cohen-Kaplan
Cancer and Vascular Biology Research Center, 
Rappaport Faculty of Medicine, Technion, Haifa 31096, Israel

R. M. Nagler (&)
Oral Biochemistry Laboratory, 
Department of Oral and Maxillofacial Surgery, 
Rambam Medical Center, Bruce Rappaport Faculty of Medicine, 
Technion-Israel Institute of Technology, 
Rambam Health Care Campus, Haifa 31096, Israel
e-mail: nagler@tx.technion.ac.il
123



28 J Cancer Res Clin Oncol (2010) 136:27–34
proliferation and apoptosis though until now we have not
investigated the well-known oncogene phospho-Src family
kinase. Up-regulation of phospho-Src family kinase, a non-
receptor tyrosine kinase, has been documented in numerous
tumors including those derived from the colon, liver, lung
and breast (Warmuth et al. 2003; Martin 2004; Ishizawar
and Parsons 2004; Dehm and Bonham 2004; McCarty and
Block 2005; Alper and Bowden 2005; Chong et al. 2005;
Alvarez et al. 2006). The relationship between phospho-Src
family kinase activation and cancer progression is signiW-
cant, since phospho-Src family kinase has been found to be
a critical component of multiple signaling pathways that
regulate proliferation, survival, metastasis and angiogenesis.
Furthermore, aberrant phospho-Src family kinase activation
has been identiWed as one of the molecular alterations
involved in human pancreatic carcinogenesis. It has been
postulated that phospho-Src family kinase may induce
transformation by causing the overexpression of the insu-
lin-like growth factor-1 receptor (IGF-1R) in pancreatic
tumor cell lines and indeed, signiWcantly higher coexpres-
sion of both these molecules was found in human pancre-
atic ductal adenocarcinomas, suggesting an important role
in transformation of pancreatic ductal cells (Hakam et al.
2003). In this respect it is worth mentioning that we have
recently reported that the concentrations of salivary IGF
was signiWcantly higher by 117% (P = 0.03) in oral cancer
patients when compared with healthy controls (Shpitzer
et al. 2007).

Surprisingly phospho-Src family kinase examination in
human oral SCC lesions has never been documented in the
professional literature, though it was investigated once in
an animal model and once in a cellular model of oral SCC
(Tamura et al. 2003; Conway et al. 2006).

The purpose of the current study was to correlate phos-
pho-Src family kinase level of expression with the expres-
sion of other cancer-related markers: TUNEL and c-erbB-2,
which are related to tumorogenicity, proliferation and apop-
tosis, as well as with the “traditional” clinical characteris-
tics of tongue cancer and with the survival probability rates.
Such an examination performed concurrently in the same
cohort of tongue tumors has never been documented, and is
expected to shed further light on the biological pathways
related with tongue SCC, hopefully contributing to the
uncovering of new prognostic tools for this lethal cancer.

Patients and methods

Experimental design

This study included 39 patients (20 males and 19 females
ages 64 § 15 years) with tongue cancer (located at the lat-
eral border of the oral—“mobile” tongue) whose archival

paraYn-embedded pathological material was available for
immunohistochemical analysis at the Department of
Pathology of Rambam Health Care Campus, Haifa, Israel.
Three of the patients were diagnosed with stage 1 disease,
16 patients with stage 2 disease and 8 and 12 patients were
diagnosed with stage 3 and stage 4 disease, respectively.
All patients had their tumors resected within 1–2 weeks
after diagnosis, followed by radiation therapy to the head
and neck region for patients at stages 2–4, with a mean dose
of 60 Gy. The study protocol was approved by the Institu-
tional Review Board. Clinical data included clinical charac-
teristics, tumor-node-metastasis staging, histological
grading status at the end of the study (alive or deceased),
failure (local, regional or distant), time to failure, follow-up
and survival and an immunohistochemical analysis of phos-
pho-Src family kinase and various other molecular markers.

Pathological study

All specimens were formalin-Wxed and paraYn-embedded
following surgical harvesting. Shortly prior to the immuno-
logical evaluation, serial sections (4–5 �m in thickness) were
prepared for hematoxylin and eosin staining, phospho-Src
family kinase, c-erbB-2 (Her-2) and for the terminal deoxy-
nucleotidyl transferase (TdT)-mediated biotinylated deox-
yuridine-triphosphate (dUTP) nick end-labeling (TUNEL)
staining.

TUNEL staining

Sections were stained by the in situ Death Detection POD
kit (Roche Diagnostic GmbH, Mannheim, Germany),
according to the manufacturer’s instructions. BrieXy, after
deparaYnization and rehydration, sections were incubated
with proteinase K (20 �M/ml in 10 mm Tris/Hcl pH 7.4) for
30 min at 37°C. Slides were rinsed with phosphate-buVered
saline (PBS) and incubated with 3% H2O2 in methanol for
10 min at room temperature to block endogenous peroxidase
activity, followed by PBS washing and incubation in 0.1%
Triton X-100 in 0.1% sodium citrate for 2 min on ice (4°C).
Sections were incubated with a mixture of TdT solution and
Xuorescein isothiocyanate dUTP solution in a humidiWed
chamber at 37°C for 60 min. This was followed by washings
with PBS and incubation with anti-Xuorescein antibody Fab
fragments conjugated with horse-radish peroxidase in a
humidiWed chamber at 37°C for 30 min. After washing with
PBS, amino ethyl carbazole solution was applied, followed
by light counterstain with hematoxylin. ParaYn-embedded
sections of normal tonsils were used as positive controls.
Negative control was obtained by replacing the TdT solution
with distilled water. The presence of clear nuclear staining
was indicative of apoptotic cells. At least 1,000 tumor cell
nuclei were examined in the most evenly and distinctly
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labeled areas. The number of TUNEL-positive tumor cell
nuclei was counted, and the apoptotic index was the percent-
age of apoptotic cells in the tumor. The positive apoptotic
indices were classiWed into three groups: 0–1% (+1), 1–3%
(+2) and above 3% (+3).

c-erbB-2 staining

Four micrometers paraYn-embedded sections were
dewaxed and rehydrated. Endogenous peroxidase was
blocked by incubation with 3% H2O2 in methanol for
10 min. NonspeciWc binding was blocked by incubation in
10% normal serum for 20 min. Sections were heated in a
microwave oven for 15 min in 10 mm citrate buVer pH 6.
The antibodies used were anti-c-erbB-2/Her-2/neu (poly-
clonal, 1:10,000, Dako).

Slides were incubated with the antibodies and antiserum
for 60 min at room temperature, followed by the applica-
tion of the streptavidin–biotin complex method (Histostain
Plus, Zymed Laboratories). Color development was per-
formed with amino ethyl carbazole followed by light hema-
toxylin counterstaining. Positive controls were run in parallel:
breast tumor, known to strongly express the c-erbB-2
protein. Negative controls were obtained by substituting
nonimmune mouse or rabbit serum for the primary anti-
body. Staining for c-erbB-2 was considered positive when
more than 10% of tumor cells showed moderate (+1) to
strong (+2) complete membranous staining.

c-Src staining

To identify phospho-Src family kinase protein expression, a
phospho-Src family (Tyr416) antibody (Cell Signaling
Technology, dilution 1:100, with antigen retrieval) was
used. Antigen retrieval was performed prior to reactivity
with phospho-Src family kinase antibody by microwaving
(1,100 W) slides for four periods of 5 min each in 500 ml
0.01 M citrate buVer at pH 6.0. Staining was performed
manually using the avidin–biotin–peroxidase complex
method (Vectastain ABC Kit; Vector, Burlingame, CA,
USA) at room temperature. Endogenous peroxidase and
nonspeciWc background staining were blocked by incubat-
ing slides with 3% aqueous hydrogen peroxide for 10 min.
After washing with PBS for 5 min, slides were blocked
with normal serum for 20 min, followed by incubation with
the primary antibodies for 60 min. After rinsing with PBS
for 5 min, sections were incubated with a biotinylated sec-
ondary antibody for 20 min. Following washing with PBS
for 5 min, slides were incubated with avidin–biotin complex
for 30 min and washed again. Chromogen was developed with
10 mg of 3,3�-diaminobenzidine tetrahydrochloride (Sigma)
diluted in 12 ml of Tris buVer at pH 7.6 for 2 min. All slides
were lightly counterstained with Mayer’s hematoxylin for

30 s before dehydration and mounting. Positive controls
and nonimmune protein-negative controls were used for
each antibody. The stain was semiquantitatively examined
by two independent pathologists using the Allred 8-unit
system with a combination of a proportion score from 0 to 5,
and an intensity score on a scale from 0 to 3 (none, weak, mod-
erate, strong). A total score of 2–3 was considered low, 4–5
was considered intermediate and 6–8 was considered high.

Statistical analysis

For categorical variables, frequencies and percentages were
calculated. Distributions for categorical variables were
compared and analyzed by the Fisher–Irwin exact test
(small sample). For continuous variables, ranges, mean
values and standard deviation and standard errors were
calculated. The results of continuous variables between
subgroups of patients were compared and analyzed by one-
way analysis of variance. The “Kaplan–Meier estimate”
was used to calculate the probability of survival rates as a
function of time. The “Log Rank test” was used to compare
between survival curves.

Results

Phospho-Src family kinase staining

Of the 39 patients analyzed, 15 (38%) stained negatively
for phospho-Src family kinase (0) while the other 24 (62%)
stained positively. The phospho-Src family kinase positive
group was further categorized according to the intensity of
staining. Thus, weak staining (+1) was found in 31% (12/
39) of specimens, while 18% (7/39) were stained moder-
ately (+2) and 13% (5/39) were strongly stained (+3) for
c-Src (Fig. 1). Adjacently, normal-looking tissue was not
stained by the anti-c-Src antibody, thus serving as internal
controls (Fig. 1). c-Src immunostaining was neihter signiW-
cantly diVerent between males and females (P = 0.90) nor
signiWcantly altered by age (P = 0.58).

Phospho-Src family kinase expression correlates 
with tongue tumor progression

Phospho-Src family kinase expression signiWcantly corre-
lated with the T, N and stage values of the disease but not
with its pathological grade as presented in Tables 1, 2 and 3.
Phospho-Src family kinase expression signiWcantly corre-
lated with tumor size (P = 0.05; Tables 1, 2). Here, 33% of
the cases negative for phospho-Src family kinase originated
from small tumors (T 1), while 83% of the phospho-Src
family kinase positive cases were obtained from large
tumors (T 2–4, >2 cm in diameter), diVerences that were
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statistically signiWcant (P = 0.05). All Wve patients express-
ing the most intense phospho-Src family kinase staining
(+3) were diagnosed with large tumors (T 2–4)
(Tables 1, 2). Similar to the results obtained for the tumor T
values were the results demonstrated for the N values, i.e.,
the correlation between phospho-Src family kinase staining
level and the rate of neck lymph node metastatic involve-

ment was signiWcant (P = 0.004). Hence, while 80% of the
patients with phospho-Src family kinase negatively stained
tumors had no lymph node involvement (N = 0), only 58%
of the patients with phospho-Src family kinase positively
stained tumors had no neck metastasis diagnosed
(Tables 1, 2). Also the correlation between the phospho-Src
family kinase staining level and the stage rates was signiW-
cant (P = 0.05). Hence, while all stage 1 patients exhibited
phospho-Src family kinase negative staining, not more than
80% of the advanced-stage patients (stages 3–4) exhibited
phospho-Src family kinase positive staining (Table 3).

Prognostic value of phospho-Src family kinase 
for tongue carcinoma

The frequency of patients with a positive phospho-Src family
kinase level (>0) who died due to the disease (67%) was
signiWcantly higher (P = 0.05) than those patients with neg-
ative phospho-Src family kinase staining (=0), (33%). The
probability of survival of patients with negative phospho-
Src family kinase level (=0) at 60 months was 67% (with
95% conWdence interval of 37–84%) while the probability
of survival of patients with positive phospho-Src family
kinase level (>0) at 60 months was 30% (with 95% conW-
dence interval of 13–50%; P = 0.05; Fig. 2).

Fig. 1 Phospho-Src family kinase staining of predominantly membra-
nous staining of tumor cells (a), and of focal granular cytoplasmic
staining, in addition to areas of membranous staining of tumor cells
(b), (£300). The antibody currently used was against phosphorylated

Src family kinases and in this respect it is noteworthy that phosphory-
lation of Src results in its activation and recruitment to the plasma
membrane which may explain this reported observation

Table 1 T by phospho-Src family kinase level

c-Src 
level/T

0 1 2 3 P value

Patients 
(%)

Patients 
(%)

Patients 
(%)

Patients 
(%)

1 5 (33) 1 (8) 3 (43) 0.05

2 7 (47) 8 (67) 4 (57) 2 (40)

3 2 (13) 1 (8) 3 (60)

4 1 (7) 2 (17)

Total 15 (100) 12 (100) 7 (100) 5 (100)

1 5 (33) 1 (8) 3 (43)

>1 10 (67) 11 (92) 4 (57) 5 (100)

Total 15 (100) 12 (100) 7 (100) 5 (100)

Table 2 N by phospho-Src family kinase level

c-Src 
level/N

0 1 2 3 P value

Patients 
(%)

Patients 
(%)

Patients 
(%)

Patients 
(%)

0 12 (80) 8 (67) 5 (72) 1 (20) 0.05

1 3 (20) 2 (17) 1 (14) 1 (20)

2 2 (17) 1 (14) 3 (60)

Total 15 (100) 12 (100) 7 (100) 5 (100)

·1 15 (100) 10 (83) 6 (86) 1 (20) 0.004

>1 2 (17) 1 (14) 4 (80)

Total 15 (100) 12 (100) 7 (100) 5 (100)

Table 3 Stage by phospho-Src family kinase level

c-Src 
level/stage

0 1 2 3 P value

Patients 
(%)

Patients 
(%)

Patients 
(%)

Patients 
(%)

1 3 (20) 0.05

2 8 (54) 5 (42) 2 (28) 1 (20)

3 2 (13) 3 (25) 2 (28) 1 (20)

4 2 (13) 4 (33) 3 (44) 3 (60)

Total 15 (100) 12 (100) 7 (100) 5 (100)
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Correlation between phospho-Src family kinase 
and other tumor markers expression

Of the 39 patients analyzed, 13 (33%) stained negatively
(0) for TUNEL while the other 26 (66%) stained positively.
The c-erbB2 staining analysis revealed that 34 patients
(87%) stained negatively while 5 (13%) stained positively
for c-erbB-2.

The phospho-Src family kinase level of staining signiW-
cantly correlated with the levels of staining of TUNEL
(P = 0.01) and c-erbB-2 (P = 0.05). In the subgroup of
patients with negative phospho-Src family kinase level (=0)
there were none with TUNEL level >1. In the subgroups of
patients with phospho-Src family kinase level (+1) only
17% of patients had TUNEL level >1, while in the sub-
groups of patients with phospho-Src family kinase level
(+2) only 14% of patients had TUNEL level >1, but in the
subgroups of patients with phospho-Src family kinase level
(+3) 60% of patients had TUNEL level >1 (Tables 4, 5).

Discussion

Most interesting is the Wnding that phospho-Src family
kinase induction was noted in most examined biopsies of
tongue cancer, correlating with tumors larger in size
(Tables 1, 2) and in progression (lymph node metastasis
and stage) and also correlating with TUNEL and c-erbB-2
expression rates (Tables 1, 2, 3, 4, 5) but not with grade. It
is worth mentioning that we used an antibody against phos-
phorylated Src family kinases, whose drawback is that it is
not speciWc to phospho-Src family kinase but cross-reacts
with other members of the Src-kinase family. As such the
levels of activated Src family kinases in tongue cancer are
demonstrated rather than speciWcally phospho-Src family
kinase levels. In the absence of a reliably speciWc antibody
to phospho-c-Src, it is important to demonstrate the role of
c-Src and phospho-c-Src via immunoprecipitation followed
by immunoblotting experiments on protein extracts from
the patient tumors. Furthermore, it is important to examine
the expression of total phospho-Src family kinase in the tis-
sues and correlate the levels to that of activated or phos-
phorylated Src. These experiments were beyond the scope
of the current study but should certainly be performed in a
further study. In any case, the current study’s most impor-
tant result, however, is the novel demonstration of the prog-
nostic role of phospho-Src family kinase in tongue cancer,
given the inverse correlation found between phospho-Src
family kinase expression and patient survival (Fig. 1).
Reduced post-operative survival of cancer patients over-
expressing phospho-Src family kinase is most likely due to
increased tumor metastasis and indeed we found that the
correlation between the level of phospho-Src family kinase
expression and lymph node metastasis (N) was highly sig-
niWcant (P = 0.004; Tables 1, 2). This pro-metastatic func-
tion of phospho-Src family kinase is probably explained by
the accumulating evidence which strongly suggest that
phospho-Src family kinase functions as a pro-angiogenic
mediator via the induction of the vascular epithelial growth
factor (VEGF) and thus, it is likely that phospho-Src family
kinase facilitates tumor vascularity and cell survival. This
notion is further supported by the recently reported capacity

Fig. 2 Cumulative survival by phospho-Src family kinase level (0 vs.
>0). The probability of survival of patients with phospho-Src family
kinase level (=0) at 60 months was 67% (with 95% conWdence interval
of 37–84%) while the probability of survival of patients with phospho-
Src family kinase level (>0) at 30 months was 30% (with 95% conW-
dence interval of 13–50%; P = 0.05)

Table 4 TUNEL by phospho-Src family kinase level

c-Src level/
TUNEL

0 1 2 3 P value

Patients 
(%)

Patients 
(%)

Patients 
(%)

Patients 
(%)

0 6 (40) 4 (33) 3 (43) 0.05

1 9 (60) 6 (50) 3 (43) 2 (40)

2 1 (14)

3 2 (17) 3 (60)

Total 15 (100) 12 (100) 7 (100) 5 (100)

·1 15 (100) 10 (83) 6 (86) 2 (40) 0.01

>1 2 (17) 1 (14) 3 (60)

Total 15 (100) 12 (100) 7 (100) 5 (100)

Table 5 c-erbB2 by phospho-Src family kinase level

c-Src level/
c-erbB2

0 1 2 3 P value

Patients 
(%)

Patients 
(%)

Patients 
(%)

Patients 
(%)

0 13 (87) 12 (100) 4 (57) 5 (100) 0.05

1 2 (29)

2 2 (13) 1 (14)

Total 15 (100) 12 (100) 7 (100) 5 (100)
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of phospho-Src family kinase inhibitors to completely abro-
gate VEGF up-regulation (Zetser et al. 2006).

The currently demonstrated mutual expression of
TUNEL and phospho-Src family kinase markers in the
tongue lesion is especially intriguing as we have recently
reported that higher expression of TUNEL in salivary gland
malignancies is a signiWcant predictor for poor prognosis
(Ben-Izhak et al. 2007). Hence, this study adds credence to
the current demonstration of phospho-Src family kinase’s
prognostic role for poorer outcome. Further credence for
the association between cancer and the mutual expression
of phospho-Src family kinase and TUNEL may be found in
the recently published studies of Ducker et al. (2005) and
Fukuda et al. (2004). The former reported that inhibition of
phospho-Src family kinase resulted in a reduction of the
VEGF-mediated vascular permeability while the latter
reported that a loss of activation of phospho-Src family
kinase was associated with inhibition of cell replication. In
any case, TUNEL staining of tongue SCC tumors for evalu-
ation of their malignancy proWle was performed in this
study since TUNEL examination has been performed by
researchers in other cancer types. Moreover, an unbalanced
admixture of proliferative cells and apoptotic cells in neo-
plastic parenchyma is related to tumor growth. When the
growth features of tumors are discussed, not only cell pro-
liferation but also cell death, especially apoptosis, should
be taken into consideration. However, TUNEL in situ tech-
nique for the detection of apoptosis is not completely spe-
ciWc, as overlap between apoptotic and necrotic cell death
has been reported, possibly resulting in the fact that some
of the apoptotic cells do not stain (Finlay et al. 1988; Wyl-
lie et al. 1999). The report of Grasl-Kraupp et al. (1995),
which found that TUNEL failed to distinguish between
apoptotic and necrotic cells, strengthens this point. Thus,
the exact biological pathway expressed by the mutually
positive TUNEL phospho-Src family kinase staining is yet
to be fully elucidated, and its exploration is highly war-
ranted, as it may lead to Wnding novel anti-cancer cellular
targets.

The currently demonstrated up-regulation of the c-erbB-2
oncogene is not surprising, as c-erbB-2 shares considerable
homology with the epidermal growth factor receptor
(EGFR), a tyrosine kinase involved in cell growth and
diVerentiation and, consequently, with carcinogenesis, cell
growth and diVerentiation (Akiyama et al. 1986). EGFR
was shown to be involved in the pathogenesis of oral cancer
(Nestor et al. 2007), yet it was never studied in relation to
either TUNEL or to phospho-Src family kinase which
might be important with respect to further elucidating the
pathogenesis of the disease. It has been demonstrated that
this proto-oncogene ampliWcation and/or protein overex-
pression is associated with poor prognosis in breast carci-
noma and other human neoplasms, including stomach,

renal, pancreatic, ovarian and salivary gland carcinomas
(Quenel et al. 1995; Hanna et al. 1999; Nagler et al. 2003).
Further credence for these results is found in the reported
mutual pro-carcinogenic role for c-erbB-2 and phospho-Src
family kinase, previously shown in other cancers (though
never in oral SCC). For example, Wilson et al. recently
reported that in ductal carcinoma, high levels of activated
phospho-Src family kinase correlated with c-erbB-2 posi-
tivity, high tumor grade, comedo necrosis and elevated epi-
thelial proliferation, and that high activated phospho-Src
family kinase level associated with lower recurrence-free
survival at 5 years (Wilson et al. 2006). Similar results
were reported by others as well (Vadlamudi et al. 2003;
Kim et al. 2005).

Taken together, our results indicate that phospho-Src
family kinase expression is enhanced in tongue tumors, and
that the outcome in these patients inversely correlates with
phospho-Src family kinase levels. The results further reveal
a correlation between phospho-Src family kinase levels and
tongue tumor progression, metastasis and size, and suggest
a novel link between phospho-Src family kinase and the
TUNEL and c-erbB-2 pathways, likely tilting the balance
toward cell proliferation. This link seems to be part of a
wide carcinogenetic network important in oral cancer pro-
gression and metastasis which contains various molecules
such as heparanase, VEGF, PDGF and others (Nagler et al.
2007; Wood et al. 2000), some of whom are independent of
phospho-Src family kinase while others are related. In any
case the currently presented data further encourage the
development of phospho-Src family kinase inhibitors for
the treatment of this lethal cancer.
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