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Background: Metastasis is the major cause of therapeutic failure in prostate cancer

patients, and hypoxia has been shown to promote metastatic functions. However, whether

Src family kinases (SFKs) can be upregulated under hypoxia is unclear.

Materials and methods: In the current study, we evaluated the effects of hypoxia on cellular

functions and activities of different SFK members (c-Src, Lyn, Fyn) in prostate cancer cells.

Prostate cancer cell functions were determined in vitro including migration (wound-healing

assay), invasion (Matrigel-based transwell assay) and clonogenic cell survival (colony for-

mation assay). Protein expression was detected by Western blotting and gene knockdown

was accomplished by siRNA transfection.

Results: SRC, but not LYN and FYN, is associated with overall survival in prostate cancer

patients, while all three phosphorylated proteins are highly expressed in tumors compared to

normal tissues. Short-term hypoxic exposure significantly enhances cell migration, invasion,

clonogenic survival, and consistently, c-Src phosphorylation in both PC-3ML and C4-2B

cells. Knockdown of SRC, but not LYN or FYN, abolished hypoxia-induced functions.

Finally, small molecule Src inhibitors strongly inhibited cell behaviors and c-Src activation

under hypoxic conditions.

Conclusion: Our data show that hypoxia is able to enhance metastatic-associated cell

functions by activating c-Src in prostate cancer cells. Importantly, SFK inhibition by small

molecule inhibitors was able to impair hypoxia-induced metastasis associated cell functions,

suggesting a possible role of SFK inhibitors for prostate cancer treatment.
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Introduction
For patients with advanced/metastatic prostate cancer, androgen deprivation therapy

(ADT) remains the standard of care.1 While these patients clearly benefit from such

therapy for palliating their symptoms and for improving their quality of life, this

treatment very rarely results in cure, with the majority of the patients eventually

developing recurrences that are not only castration-resistant but also more

aggressive.2

Hypoxia, a common occurrence in most solid tumors, long known to be a detriment

to cancer treatment, is now also recognized as a key contributor tometastasis.3 Hypoxia

transcriptionally regulates ~1–2% of all human genes, many of which are driven by the

hypoxia-inducible factor 1 (HIF-1); a heterodimeric complex consisting of α and β
subunits.4 Under hypoxic conditions, HIF-1α activation leads to a more aggressive
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tumor cell phenotype. HIF-1α upregulation has been consid-

ered an early event in carcinogenesis5 and highly correlated

with the risk of metastases in prostate cancer.6

The Src family kinases (SFKs) are a family of non-

receptor tyrosine kinases that are frequently hyper-activated

in human cancers7 and contribute to increased aggressiveness

and adverse outcomes in patients.8 In prostate cancer, over-

expressed and/or hyper-activated c-Src is associated with

carcinogenesis,9 hormone insensitivity,10 metastasis11 and

castration resistance.12 Although c-Src is the most often

studied SFK, other non-c-Src members have also been

shown to be overexpressed in prostate cancer patients.13,14

Recent studies have indicated the pro-metastatic potential of

Fyn15 and Yes,16 as well as the involvement of Lyn in tumor

growth17 and castration resistance18 in preclinical prostate

cancer models. In addition, SFKs and androgen receptor

(AR) are able to cooperate to drive prostate cancer tumor-

igenesis and invasion.19 For example, c-Src acts as a crucial

facilitator of invasiveness in AR negative cells,20,21 implying

an independent role for c-Src as a mediator of metastasis

irrespective of AR status. Previous studies in our laboratory

have suggested treatment potential of SFK inhibitors in pros-

tate cancer invasion and metastasis.22–25

A few reports have proposed Src activation in response

to hypoxia in different preclinical models. Pham et al have

reported that Src/FAK signaling tends to be associated

with chronic hypoxia in pancreatic cancer xenografts.26

In a melanoma model, HIF-1α was shown to drive mela-

noma cell invasion and invadopodia formation through

direct activation of Src.27 In prostate cancer, interactions

between c-Src and HIF-1 also have been reported.28,29 In

all these cases it is remains unclear however, whether such

hypoxia activation occurs generally in SFKs or just in

a specific family member. and studies on the direct impact

of hypoxia on SFK activity remain very limited.

In the current study, we examined the effect of hypoxia

on the activation of three key Src family members and

consequent functional behaviors in prostate cancer cells.

Furthermore, we evaluated the treatment effects of small

molecule Src inhibitors in prostate cancer cells under both

aerobic and hypoxic conditions.

Materials and methods
Reagents
Saracatinib was a gift from AstraZeneca (Macclesfield, U.K.).

Dasatinib was a gift from Bristol-Meyer Squibb (Piscataway,

NJ). The powder was dissolved in dimethyl sulfoxide

(DMSO) and stored as aliquots (10 mM) at −20 °C.

Additional chemicals were purchased from Sigma (St. Louis,

MO) unless otherwise indicated.

Patient tumors
Frozen patient tissue samples were acquired from

Biorepository Core of Clinical-Translational Science

Institute (CTSI) at University of Florida. All samples

were deidentified with approved IRB protocol

(IRB201400467). The tumor tissues were from prostate

cancer patients with the protocol approved by CTSI.

Cell culture and hypoxia
Human prostate cancer PC-3ML cells, a highly invasive

subline of PC-3 cells, were kindly provided by

Dr. A. Fatatis (Drexel University, Philadelphia, PA),

while C4-2B cells were purchased from ATCC. PC-3ML

cells were authenticated by Idexx BioResearch

(Westbrook, ME), and were maintained in Ham’s F-12K

supplemented with 10% fetal bovine serum (FBS), while

C4-2B cells were maintained in T-medium supplemented

with 10% FBS, 100 U/ml penicillin, and 100 μg/ml strep-

tomycin. Cells were cultured in a 5% CO2 humidified

incubator at 37 °C. For hypoxic culture conditions, cells

were incubated in a hypoxia incubator chamber (Oxygen

Sensors) flushed with a gas mixture containing 1% O2

balanced with 5% CO2 and N2 at 37 °C. Cells were used

for all experiments in 20 passages.

Cell migration
Cell migration was evaluated using a “wound-healing”

assay. Cells were seeded in a 6-well plate and allowed to

grow for 48 h. Wounds were generated on the confluent

cell monolayer by making a scratch using a sterilized 1 ml

pipette tip. Cells were then exposed to aerobic or 1% O2

for desired times and the cells that had migrated into the

denuded area were photographed. To quantify migrated

cells, 8 fields (original magnification ×100) were randomly

selected in each sample, and cells that moved into the

defined area were scored.

Cell invasion
Invasion was examined using a commercial transwell

insert (8 μm pore membrane) pre-loaded with Matrigel

(BD Biosciences, San Diego, CA). Inserts were incubated

with serum-free medium at 37 °C for 2 h to allow rehy-

dration of Matrigel. After exposure to hypoxia, cells sus-

pended in serum-free medium were loaded onto the top
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chamber (5×103/insert). Complete medium (containing

10% FBS) was used in the lower chamber as a chemo-

attractant. After incubation for 24 h, the Matrigel was

removed and the inserts were stained with crystal violet.

Invaded cells on the underside of the filter were counted.

Colony formation
Cells were seeded into 6-well plates in triplicate (200/

well), after exposed to 1% O2 or aerobic conditions with

or without drug treatment. Cells were incubated for

2~3 weeks and plates were stained with crystal violet.

Cell colonies (≥50 cells) were counted macroscopically.

SiRNA transfection
The siRNA specific for human SRC, LYN and FYN, and

control siRNA were purchased from IDT Technologies

(Des Moines, IA). siRNA fragments (22 pmol) were trans-

fected into prostate cancer cells using jetPRIME (Polyplus,

New York, NY), following the manufacturer’s instruc-

tions. Twenty-four hours after transfection, cells were pro-

cessed for functional assays. The siRNA knockdown

effects were confirmed by Western blotting.

Western blotting
Cells were harvested and disrupted in a radioimmunopreci-

pitation assay (RIPA) lysis buffer buffer (50 mM Tris-HCl,

pH 8.0, 150 mM NaCl, 0.1% SDS, 1% NP-40, 0.25%

Sodium deoxycholate and 1 mM EDTA) with protease inhi-

bitor cocktail, 1 mMNaF and 1mMNa3VO4. Equal amounts

(~20 μg) of whole cell lysates were resolved on a 10% SDS-

PAGE gel (Bio-Rad). After electrophoresis, samples were

electrotransferred to a nitrocellulose membrane (Bio-Rad),

probed with relevant primary antibodies at 4 °C overnight,

incubated with HRP (horseradish peroxidase) conjugated

secondary antibody (Jackson ImmunoResearch, West

Grove, PA), and detected with an enhanced chemilumines-

cence substrate (Amersham, Piscataway, NJ). The following

primary antibodies were used: p-Src (Y416), total Src, p-Lyn

(Y507), total Lyn, p-Fyn (Y530) and Fyn (Cell Signaling,

Danvers, MA); HIF-1α (Genetex, Irvine, CA); β-actin
(Sigma). To quantify the band intensity,

Overall survival analysis in patients
To analyze the association of SFKs’ gene expression levels

with overall survival in patients with prostate adenocarci-

noma, TCGA_PRAD_exp_HiSeqV2_PANCAN-2015-02-

24.tgz datasets (https://genome-cancer.ucsc.edu/) with

a total number of 550 patients was used. The cutoff values

of high- and low- gene expression groups were based on

the sample median value.

Statistical analysis
Two-tailed Student’s t-test was employed for analyzing

functional and Western blotting data in cells for pairwise

comparisons, while for tissue Western blotting data, non-

parametric Mann-Whitney U test was applied, using

GraphPad Prism 6.0 software (San Diego, CA). In the

univariate survival analyses, the Kaplan-Meier method and

log-rank test were used to compare overall survival curves

between high- and low-gene expression groups. A threshold

of P<0.05 was defined as statistically significant.

Results
SFKs are activated in prostate cancer
Previous studies have indicated the important role of SFKs

in prostate cancer; however, which SFK member is the

most critical remains unclear. To elucidate the individual

SFK protein that may be the key player, we analyzed the

relationships between gene expression of three key SFKs,

eg, c-Src, Lyn and Fyn, and overall survival in a cohort of

prostate cancer patients using the TCGA database. Our

data show that patients with highly expressed SRC, but

not LYN and FYN, exhibited significantly shorter overall

survival than patients with lower SRC expression (Figure

1A). To detect the activities of these proteins at the phos-

phorylation level, we tested 6-paired frozen tumors and

non-malignant adjacent normal tissues from prostate can-

cer patients. All three phospho-proteins – p-Src (Y416),

p-Lyn (Y507) and p-Fyn (Y530) – showed greater expres-

sion in tumors than adjacent normal tissues (Figure 1B,

upper). Quantification analysis indicated that p-Src, but

not p-Lyn and p-Fyn, was significantly increased in tumors

compared to adjacent normal tissues (Figure 1B, below).

These data suggest that although SRC appears to be the

only SFK gene that could predict the overall survival in

patients, all three SFKs are activated in malignant tissues.

Hypoxia induces Src activation
In PC-3ML cells, short term hypoxic exposure (2–6 h)

clearly facilitated c-Src phosphorylation, while expression

of p-Lyn and p-Fyn was reduced (Figure 2, left). After

a very short exposure to hypoxia (30 min), p-Lyn and

p-Fyn, but not p-Src, tended to show a mild increase,

however the expression level of total Lyn and Fyn was
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not consistent. After 24 h oxygen depletion, p-Lyn and

p-Fyn were significantly decreased, whereas p-Src

remained unchanged (Figure 2, left). In addition, HIF-1α
was clearly accumulated after 2–6 h of hypoxic exposures,

showing a consistent profile with p-Src, but not p-Lyn and

p-Fyn. C4-2B cells also showed time dependent increases

in p-Src and HIF-1α, over the period of 2–24 h. In con-

trast, both p-Lyn and p-Fyn were significantly decreased

after 24 h of hypoxic exposure (Figure 2, right). These

data indicate, at least for the two prostate cancer lines

investigated here, that hypoxia primarily induces Src acti-

vation, while Fyn and Lyn are not significantly affected.

Hypoxia facilitates metastasis-associated

functions in prostate cancer cells
Migration and invasion are two key steps in metastatic

spread, while clonogenic survival has been indicated as

a crucial event in metastatic colonization at the secondary

site. In PC-3ML cells, the “wound-healing” assay showed

that short-term exposure to hypoxia (2 or 6 h) significantly

increased cell movement, with the greatest increase in cell

migration occurred following a 6 h exposure, while pro-

longed hypoxia (24 h) did not enhance cell migration

(Figure 3A). PC-3ML cells also showed the greatest

increase in invasive capacity (Figure 3B) and clonogenic
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Figure 1 SFKs are activated in prostate cancer. (A) Gene expression of SRC, FYN and LYN and overall survival curve in prostate cancer patients analyzed by TCGA data-

mining. Kaplan-Meier method and log-rank test were used for survival curve plotting and comparison between high- and low-gene expression groups, respectively. *P<0.05
(n=550). (B) Lysates from prostate cancer patient tissues and adjacent normal tissues were processed for Western blotting. Actin is a loading control. Bands were quantified

by Image J and plotted as “Relative Expression” by dividing each band’s density to that of the first sample (T of Pt1) in the blot. Data are presented as median with 95% CI.

**P<0.01; ***P<0.001 (Mann-Whitney U test).

Abbreviations: Pt, patient; T, tumor; N, adjacent normal tissue.
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survival (Figure 3D) after 6 h hypoxic exposure, compared

to 2 or 24 h exposure. In C4-2B cells however, significant

enhancement of invasion (Figure 3C) and survival

(Figure 3E) was observed following 6–24 h exposures to

hypoxia, while acute exposure (2 h) was not sufficient to

trigger functional changes (Figure 3C). In both cell lines,

chronic oxygen depletion (48 h) decreased clonogenic

survival (Figure 3D and E).

SRC knockdown attenuates

hypoxia-induced cell functions
We have shown that hypoxia is able to increase Src autop-

hosphorylation at Y416 (Figure 2). Since this autopho-

sphorylation site in c-Src protein can cross-react with the

site in other non-Src SFKs, the exact SFK member that is

phosphorylated under hypoxia is not clear. To shed light

on the possible contributors, we applied siRNA to transi-

ently knockdown c-Src, Fyn and Lyn. As shown in

Figure 4A (left), PC-3ML cells with SRC knockdown for

48 h showed strong protein inhibition of both Src and

p-Src. Interestingly, hypoxia failed to induce p-Src in

SRC knockdown cells, while in control knockdown cells;

p-Src activation was significantly induced with a 6 h

hypoxic exposure (Figure 4A, right). Consistent with the

results shown in Figure 3, short-term hypoxic exposure

significantly enhanced cell invasion (Figure 4B) and

migration (Figure 4C) in control knockdown cells.

However, in SRC knockdown cells, such enhancement

was not observed (Figure 4B and C, right).

LYN or FYN knockdown does not

attenuate hypoxia-induced functions
In C4-2B cells, individual silencing of the SRC and LYN

gene showed clear inhibition of total protein (Figure 5A).

Similar to the results observed in PC-3ML cells

(Figure 4A), SRC knockdown significantly attenuated

hypoxia-inducedSrc phosphorylation in C4-2B cells,

while p-Lyn was not elevated under hypoxia (Figure 5A).
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Figure 2 Hypoxia induces Src activation. PC-3ML and C4-2B cells were exposed to 1% O2 for 0, 0.5, 2, 6 and 24 h. Whole cell lysates were processed for Western blotting.
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In line with the molecular data, hypoxia-induced clono-

genic cell survival was blocked by knockdown of SRC, but

not LYN (Figure 5B). Similarly, in PC-3ML cells, neither

Fyn nor Lyn was phosphorylated under hypoxia, with or

without gene manipulation (Figure 5C). Also, knockdown

of either gene did not reduce hypoxia-induced clonogenic

cell survival (Figure 5D). Taken together these data suggest

that c-Src may be the most important SFK protein modulated

by hypoxia resulting functional activation in prostate cancer

cells.

Saracatinib inhibits hypoxia-induced cell

phenotypes
To determine whether small molecule agents targeting

SFKs can inhibit the enhanced effects on hypoxia-

mediated functions, cells were pre-treated with Src

inhibitors followed by hypoxic incubation for 6 h.

Following both 20% and 1% O2 exposure, saracatinib

inhibited cell invasion in a dose-dependent manner, but

the inhibition was most striking under hypoxic conditions

(Figure 6A). For example, at a drug concentration of

333 nM, the inhibition of invasion was 26±7.2% (P<0.05

vs DMSO) and 50±5.7% (P<0.001 vs DMSO) under nor-

moxic and hypoxic conditions, respectively (Figure 6A).

Similar effects were observed when assessing PC-3ML

cell migration that saracatinib significantly reduced cell

migration in a greater extent under hypoxic than normal

conditions (Figure 6B). Similarly, C4-2B cells treated with

another Src inhibitor dasatinib showed comparable decrease

in clonogenic survival under both 20% and 1% O2 (Figure

6C). These data indicate that hypoxic tumor cells may be

more sensitive to Src inhibitors than aerobic tumor cells.

1% O2

In
va

de
d 

C
el

ls

In
va

de
d 

C
el

ls

0 2 6 24
0

100

200

300
***

* *

PC-3ML

(h)

1% O2
0 2 6 24

0

50

100

150

**
C4-2B

ns *

(h)

C
ol

on
ie

s

C
ol

on
ie

s
0 6 24 48

0

20

40

60

80

1% O2

(h)

**
PC-3ML

0 6 24 48
0

50

100

150

1% O2

(h)

**

C4-2B

PC-3ML

0 h 

2 h

6 h

24 h

1%
 O

2

A B C

D E

slle
C

detargi
M

0 2 6 24
0

20

40

60

80

100

120

(h)

**

***
PC-3ML
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Saracatinib inhibits hypoxia-induced Src

activation
To explore the molecular events occurring when tumor cells

were treated with Src inhibitors under hypoxic conditions,

lysates from PC-3ML cells, treated under identical hypoxia

treatment protocols as the functional assays, were analyzed

by Western blotting. Pre-treatment of saracatinib inhibited

hypoxia-induced Src phosphorylation and HIF-1α accumu-

lation (Figure 7). With a moderate drug concentration

(333 nM), suppression of p-Src and HIF-1α were clearly

observed only after 1% O2 exposure, with no decrease

under normal conditions (Figure 7). In comparison, high

concentration (1000 nM) of saracatinib resulted in signifi-

cant reduction of both HIF-1 and p-Src under both hypoxic

and normal conditions (Figure 7). These data suggest that

Src inhibitors function equally under hypoxia.

SRC knockdown attenuates

saracatinib-mediated events under

hypoxia
To further determine whether c-Src is required for drug-

mediated effects under hypoxia, PC-3ML cells were

knocked down by siSRC before drug treatment. Cells

were then exposed to 1% O2 for 6 h and cell invasion

and protein expression were tested as described previously.

In control knockdown cells, saracatinib was able to sig-

nificantly suppress cell invasion (P<0.01), while in SRC

knockdown cells, significant inhibition was not observed

(Figure 8A). Consistently, under hypoxic conditions, sar-

acatinib failed to suppress Src phosphorylation in SRC-

knockdown cells, while in control knockdown cells, p-Src

inhibition by drug treatment clearly was observed

(Figure 8B), indicating that the drug-mediated effects are

due to c-Src inhibition. Interestingly, HIF-1α showed simi-

lar changes in response to SRC knockdown (Figure 8B),

suggesting HIF-1α signaling functions as a downstream

component of the Src pathway.

Discussion
Hypoxia is an important microenvironmental factor in tumors

that can enhance many cellular functions associated with

tumor progression and dissemination including invasion,

migration, and survival. In the current study, we found that

c-Src, the major member of SFKs, plays an essential role in

disease progression in prostate cancer patients. All three key

Src

Actin

P-Src (Y416)

20% 1%  20% 1%  (6 h)

siCon siSRC

O2 :

In
va

de
d 

ce
lls

20% 1% 20% 1% 
0

50

100

150

**
*

ns

siCon siSRC
(6 h)O2:

siCon siSRC
1% O220% O2 1% O220% O2

B

C

A
PC-3ML PC-3ML

PC-3ML

M
ig

ra
te

d 
ce

lls

0

20

40

60

80

100

120
**

PC-3ML

O2 :  20%  1%  20% 1%
siCon siSRC

ns

PC-3ML

R
el

at
ive

 e
xp

re
ss

io
n

0

1

2

3

4

5

6

P-Src
Src

***

ns

O2:  20 1 20 1  20 1 20 1 (%)

si
C

on

si
SR

C

si
C

on

si
SR

C

Figure 4 SRC knockdown attenuates hypoxia-induced cell functions. PC-3ML cells were transiently transfected with siSRC or control siRNA for 24 h, and exposed to 1% O2

for 6 h. (A) Knockdown effects were examined 48 h after hypoxia by Western blotting. (B) hypoxic cells were seeded into Matrigel-coated transwell inserts and cell invasion

was detected 24 h after seeding. (C) hypoxic cell monolayers were scratched and the “wound” was photographed 24 h after the scratch. Original magnification, ×50. Data are

from 3 independent experiments. Bars, SD (n=3). *P<0.05; **P<0.01.
Abbreviation: ns, not significant.
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SFKs, c-Src, Fyn and Lyn, were observed to be activated in

prostate tumors compared to adjacent normal tissues.

However, unlike p-Src, we found that hypoxia was unable to

induce p-Lyn and p-Fyn in prostate cancer cells. Knockdown

of SRC, but not LYN and FYN, significantly attenuated

hypoxia-mediated functional changes at the cellular level and

protein expression at the molecular level. Furthermore, small

molecular Src inhibitors counteracted the enhanced meta-

static-associated cell functions induced by low oxygen ten-

sions, and such drug effects were mediated by c-Src. Taken

together, these data suggest that c-Src is a key player in

hypoxia-mediated prostate cancer progression.

Hypoxia in clinically localized primary prostate

tumors is negative prognostic factor associated with dis-

ease progression and poor outcomes.30 Previous studies

in our lab have demonstrated that hypoxia and HIF-1a are

strongly associated with invasiveness and disease pro-

gression in prostate cancer.31–33 Interestingly, although

we have shown the critical role of several oncogenic

TKs including Src in prostate cancer cell migration and

invasion,23,34 whether Src or other non-Src SFKs could

be regulated under oxygen-depleted environments

remained largely unknown. The current study reports

that c-Src, the major SFK member, is significantly upre-

gulated by hypoxia that triggers elevated functions, indi-

cating the potential role of c-Src in prostate cancer

metastasis, but not cell proliferation, particularly under

adverse tumor microenvironments. Lyn and Fyn, two

non-Src SFKs that have been implicated in prostate can-

cer metastasis and castration resistance,15,18 are not acti-

vated under hypoxia. A prior study did show elevated

Lyn’s phosphorylation after a 6 h hypoxic exposure in

PC-3 cells.35 However, that study examined phosphory-

lation at tyrosine 416, which is believed to be the pan-

tyrosine site for all SFKs. In contrast, we detected the

specific autophosphorylation site of Lyn at Y507.

One limitation of the current study is the lack of sophisti-

cated genetic manipulations to elucidate the molecular under-

pinnings of Src signaling. Although knockdownmethods were

utilized in high Src-expressing cells in the current study,
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Figure 5 LYN or FYN knockdown does not attenuate hypoxia-induced functions. (A and B), C4-2B cells were transiently transfected with SRC, LYN or control siRNA for

24 h, and exposed to 1% O2 for 24 h. Protein expression (A) and colony formation (B) were determined. Columns, mean; bars, SD (n=3). *P<0.05; **P<0.01. C & D, PC-
3ML cells were transiently transfected with FYN, LYN or control siRNA for 24 h, and exposed to 1% O2 for 6 h. Knockdown effects were examined 48 h after hypoxia by

Western blotting (C), and colony formation assay was detected after hypoxic exposure (D). Columns, mean; bars, SD (n=9). *P<0.05; **P<0.01. Data are from 3

independent experiments.

Abbreviation: ns, not significant.
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overexpressing Src in low Src-expressing cells may help con-

firm its molecular functions. In addition, to obtain direct evi-

dence for whether Src kinase activity is required for hypoxia-

mediated functions, dominant negative c-Src (K295R) can be

used in high p-Src-expressing cells; alternatively, constitu-

tively active c-Src (Y529F) in low p-Src-expressing cells. We

are currently pursuing these experiments in order to validate

the functional role of c-Src under hypoxic conditions.
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Figure 7 Saracatinib inhibits hypoxia-induced cell phenotypes. PC-3ML cells were treated with saracatinib for 1 h and incubated under 1% O2 for 6 h. Whole cell lysates

were probed for HIF-1α, p-Src (Y416) and total Src by Western blotting. Actin was used as a loading control. Bands from 3 independent experiments were quantified by

Image J. Bars, SD (n=3). *P<0.05; **P<0.01; ***P<0.001.
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Src signaling has been demonstrated to play a pleiotropic

role in mediating various malignant functions. Several pre-

vious studies have suggested a tight association between Src

and hypoxia and its associated molecular markers, such as

HIF-1α. For example, Src activity has been shown to be

associated with hypoxic marker EF5 positive regions in pre-

clinical cancer models, suggesting that the Src signaling path-

way is responsive to tumor hypoxia in vivo.26 Hanna et al

reported that HIF-1α independently activates Src to promote

metastases in melanoma, suggesting that in some preclinical

models Src may function as a downstream effector of HIF-1,

even in the absence of hypoxia.27 Interestingly, other studies

have shown that Src can regulate HIF-1α/VEGF pathway,

leading to enhanced invasion and metastasis, suggesting it

as an upstream regulator of HIF-1.29,36 Our data suggest that

although HIF-1α can be accumulated with only a few hours

hypoxic exposure, the Src inhibitor saracatinib can still inhibit

such HIF-1α accumulation (Figure 7), while knockdown SRC

leads to attenuated HIF-1α expression (Figure 8B), suggest-

ing that HIF-1α may reflect functional inhibition of Src.

Future studies will focus on identifying the detailed mechan-

ism of HIF-1/Src pathway in our current models.

In summary, our current findings demonstrate that

hypoxia is able to enhance metastatic phenotypes by activat-

ing Src in prostate cancer cells, and that c-Src may be the

most important SFK member for hypoxia-mediated cancer

cell behaviors. Importantly, SFK inhibitors were able to

suppress the hypoxia-induced cell functions, suggesting that

such agents may have therapeutic potential to control tumor

metastasis that is driven by hypoxia in prostate cancer.
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