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Abstract
Background  Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma in children. Pathogenesis of RMS is asso-
ciated with aggressive growth pattern and increased risk of morbidity and mortality. There are two main subtypes or RMS: 
embryonal and alveolar. The embryonal type is characterized by distinct molecular aberrations, including alterations in the 
activity of certain protein kinases. Focal adhesion kinase (FAK) is a non-receptor tyrosine kinase that plays a vital role in 
focal adhesion (FA) assembly to promote cytoskeleton dynamics and regulation of cell motility. It is regulated by multiple 
phosphorylation sites: tyrosine 397, Tyr 576/577, and Tyr 925. Tyrosine 397 is the autophosphorylation site that regulates 
FAK localization at the cell periphery to facilitate the assembly and formation of the FA complex. The kinase activity of 
FAK is mediated by the phosphorylation of Tyr 576/577 within the kinase domain activation loop. Aberrations of FAK 
phosphorylation have been linked to the pathogenesis of different types of cancers. In this regard, pY397 upregulation is 
linked to increase ERMS cell motility, invasion, and tumorigenesis.
Methods  In this study, we have used an established human embryonal muscle rhabdomyosarcoma cell line RD as a model 
to examine FAK phosphorylation profiles to characterize its role in the pathogenies of RMS.
Results  Our findings revealed a significant increase of FAK phosphorylation at pY397 in RD cells compared to control cells 
(hTERT). On the other hand, Tyr 576/577 phosphorylation levels in RD cells displayed a pronounced reduction. Our data 
showed that Y925 residue exhibited no detectable change. The in vitro analysis showed that the FAK inhibitor, PF-562271 
led to G1 cell-cycle arrest induced cell death (IC50, ~ 12 µM) compared to controls. Importantly, immunostaining analy-
ses displayed a noticeable reduction of Y397 phosphorylation following PF-562271 treatment. Our data also showed that 
PF-562271 suppressed RD cell migration in a dose-dependent manner associated with a reduction in Y397 phosphorylation.
Conclusions  The data presented herein indicate that targeting FAK phosphorylation at distinct sites is a promising strategy 
in future treatment approaches for defined subgroups of rhabdomyosarcoma.
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Abbreviations
DMSO	� Dimethyl sulfoxide
FAK	� Focal adhesion kinase
hTERT	� ATCC humantelomerase reverse transcriptase 

immortalized cell lines
IC50	� The half maximal inhibitory concentration
RD	� Rhabdomyosarcoma cells
siRNA	� Small interference RNA

Background

Rhabdomyosarcoma (RMS) is the most common form of soft-
tissue sarcoma in pediatric oncology (Malempati and Hawk-
ins 2012). Despite the recent advances in the development 
of therapeutic and clinical care of RMS patients, subgroups 
of RMS remain with high risk of morbidity and mortality 
(Ruymann and Grovas 2000). There are two biologically dis-
tinctive subtypes of RMS: embryonal (ERMS) and alveo-
lar (ARMS) (Shern et al. 2015). ERMS is characterized by 
various molecular aberrations, such as loss of heterozygosity 
(LOH), genetic mutations, and changes of gene expression 
profiles (Kohsaka et al. 2014; Szuhai et al. 2014; Nishimura 
et al. 2013; De Pitta et al. 2006). The previous reports showed 
that the oncogenic process of RMS involves dysregulation of 
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tyrosine kinase phosphorylation and activity (Cen et al. 2007; 
Crose and Linardic 2011). Focal adhesion kinase (FAK) is a 
non-receptor tyrosine kinase that plays essential function(s) in 
integrin-mediated signaling to promote cytoskeleton dynam-
ics, cell adhesion, and regulation of membrane protrusions 
and cell motility (Zhao and Guan 2011; Mitra et al. 2005). It 
has been linked to multiple types of human carcinomas (Fujii 
et al. 2004; Lark et al. 2005; Giaginis et al. 2009; Sood et al. 
2004; Canel et al. 2006; Beierle et al. 2008; Theocharis et al. 
2003; Ocak et al. 2012). Central to this study, prolonged acti-
vation and/or dysregulation of FAK has also been linked to 
RMS tumor progression and development (Yan et al. 2009; Liu 
et al. 2008). The activation of this kinase requires autophos-
phorylation of Tyrosine 397, which serves as a docking site 
for Src homology 2 (SH2) binding (Schlaepfer et al. 2004; 
Seong et al. 2011). This binding leads to the activation of Src 
kinase activity, inducing the phosphorylation of Tyr 576/577 
within the kinase domain activation loop (Zhou et al. 2015). 
Autophosphorylation (pY397) is a pre-requisite for the assem-
bly of focal adhesion complex at the periphery of cell mem-
brane (Israeli et al. 2010; Wozniak et al. 2004; Oh et al. 2009). 
Thus, FAK phosphorylation is integral to the recruitment of 
other key regulatory proteins to this complex, following inte-
grin-mediated cell adhesion (Gilmore and Burridge 1996). In 
addition, FAK cellular functions are not limited to focal adhe-
sion complex formation, but FAK has been shown to mediate 
multiple other nuclear functions, such as scaffolding of distinct 
regulatory proteins and regulation of gene expression (Lim 
et al. 2008; Mei and Xiong 2010; Luo et al. 2009). These data 
suggest a potentially important role(s) of FAK in ERMS cell 
survival and migration. In this study, we set out to examine 
the phosphorylation status of FAK in an ERMS cell model 
using the RD cell line. This cell line was originally established 
from the embryonal rhabdomyosarcoma tumor specimen from 
7-year-old Caucasian female patient and has been shown to 
express myoglobin, myosin ATPase genes (McAllister et al. 
1969). It has been used as a valid experimental model to study 
pathways of RMS tumor growth and proliferation as well as 
to investigate novel therapeutic targets for future treatments 
(Zhou et al. 2018; Kinn et al. 2016; Li et al. 2018). Using this 
cell model, we provide proof-of-concept data to describe that 
activation landscape of FAK in RMS cell survival and migra-
tion and describe the activity of the small molecule inhibi-
tor PF-566227 to validate the targetability of FAK in future 
therapeutic strategies.

Materials and methods

Cell lines and cell culture

RD (ATCC​® CCL-136™) human embryonal rhabdomyosar-
coma cell line was maintained in Opti-MEM media (Gibco, 

Invitrogen Corporation, Burlington, ON) supplemented with 
5% fetal bovine serum and 100 units/ml penicillin and 100 
units/ml streptomycin (Gibco). Immortalized primary fibro-
blast cells (hTERT) (ATCC​® CRL-2846™) were used as a 
control in this study. All cell cultures were maintained at 
37 °C in a humidified incubator with 5% CO2. PF-562271 
compound was purchased from Selleck (Cedarlane, Burl-
ington, Ontario, Canada). Stock solutions of PF-562271 
were prepared as 10 mM in DMSO and stored in aliquots 
at − 20 °C.

Cytotoxicity assay

1 × 104 of RD and hTERT cells were cultured in 100 µl of 
Opti-MEM per well in 96 well plates. Cells were treated with 
a PF-562271 to a final concentration ranging from 1 × 10−3 
to 100 µM. Cultured cells were incubated in the presence 
or absence of the drug for 96 h. Then, total cell viability (% 
cytotoxicity) was assessed by Alamar blue assay. Cells were 
incubated with 5% Alamar blue for 4 h, and then, the absorb-
ance at 570–620 nm was measured (Opsys MR Plate Reader, 
Dynex Technologies, Chantilly, Virginia). Cell survival (%) 
was calculated by normalizing the absorbance ratio of the 
treated (drug) well to the vehicle control (DMSO).

Western‑blot analyses

Whole cell extracts were prepared using RIPA buffer 
[50 mM Tris–HCl (pH 8), 150 mM NaCl, 1% NP-40, 0.5% 
sodium deoxycholate, and 0.1% sodium dodecyl sulphate 
(SDS)] supplemented with 1% phosphatase inhibitor 
(Sigma-Aldrich), 1% protease inhibitor (Sigma-Aldrich), 
and 1% sodium orthovanadate (Alfa Aesar, Ward Hill, 
Massachusetts). Total protein content was quantified using 
the Bicinchoninic Acid (BCA) Protein Assay Kit (Pierce, 
Rockford, Illinois). Cellular extracts were resolved by 
SDS-PAGE and transferred to 0.2 μm nitrocellulose mem-
branes in a Tris/glycine transfer buffer containing 10% 
(v/v) methanol. Non-specific binding sites were blocked 
with 5% (w/v) nonfat dry milk in Tris-buffered saline with 
Tween [TBST, 25 mM Tris–HCl, 137 mM NaCl, 3 mM 
KCl, and 0.05% (v/v) Tween-20]. Membranes were washed 
and incubated overnight with primary antibody at 1:1000 
dilution with 1% (w/v) nonfat dry milk in TBST. Mem-
branes were then incubated for 50 min with horseradish 
peroxidase (HRP)-conjugated secondary antibody (dilu-
tion 1:10,000) in TBST and developed with ECL reagent. 
Antibodies to pTyr397-FAK, pTyr576/577-FAK, and 
pTyr925-FAK were purchased form Abcam (Cambridge, 
United Kingdom); antibodies to FAK and β-actin were 
from Cell Signaling (Danvers, MA);Goat anti-mouse IgG 
(H + L) cross-adsorbed secondary antibody, Alexa Fluor 
568 and goat anti-rabbit IgG (H + L) cross-adsorbed 
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secondary antibody, and AlexaFluor488-phalloidin were 
purchased from ThermoFisher Scientific (Waltham, Mas-
sachusetts, United States).

Immunocytochemistry

RD cells were plated at 5 × 104 in Opti-MEM media with 5% 
(v/v) FBS at 37 °C with 5% CO2. Cells were fixed for 15 min 
in 4% (v/v) paraformaldehyde in PBS and then permeabi-
lized with 0.5% Tween-20 for 15 min. Cells were then incu-
bated at 4 °C overnight with primary antibody diluted 1:200 
in blocking serum (0.3% BSA, 5% goat serum, 0.3% Triton 
X-100 in PBS, pH 7.4). Then, Cells were washed three time 
with PBS before adding Alexa Fluor 568-conjugated second-
ary antibody (1:300) for 1 h at room temperature. For F-actin 
visualization, Alexa Fluor 488-phalloidin was diluted 1:50 
in 1% (w/v) BSA in PBS and then incubated with the cells 
for 1 h at room temperature. Cells were rinsed with PBS, 
counterstained with DAPI for 5 min to detect nuclei, and 
then visualized with an InCell 6000 Imaging System (GE 
Healthcare). For visualization, the InCell 6000 Imaging 
System was programmed to complete whole-well scanning 
for fluorescent (Immunocytochemistry data) using a high-
resolution scientific-grade system.

Flow cytometry

5 × 105 RD cells were treated with 10 μM PF-562271 or 
DMSO (vehicle control) for 24 h. Cells were harvested and 
fixed in ice-cold 70% (v/v) ethanol and then stored at 4 °C. 
Prior to analysis, cells were washed with PBS, resuspended 
in 500 µl PBS with 50 µg/ml propidium iodide (Sigma) sup-
plemented with and 25 µg/ml RNAse A (Sigma), and incu-
bated at 37 °C for 1 h. Analysis of cell cycle was completed 
using propidium iodide and analyzed by FACScan (Bec-
ton–Dickinson). Cell number in each phase was expressed 
as the percentage of the total cell number.

Migration assay

RD cells were cultured in 12-well culture plates (TransWell; 
Corning Inc., Lowell, MA) with 8-μm micropore inserts. 
PF-562271 or vehicle-treated cells (7 × 103) were placed into 
the upper well and allowed to migrate overnight to the bot-
tom side. The inserts were then fixed with 1% crystal violet 
in 95% ethanol for 1 min. Cell migration (%) was quantified 
by counting the stained cells that were adherent to the lower 
side of the membranes in five random fields of view (at 10 × 
magnification). Percent migration was normalized to vehicle 
control treatment.

Statistical analysis

Data are presented as the mean ± SEM, with n indicating the 
number of independent experiments. Data were analyzed by 
Student’s t test, and p < 0.05 was considered to indicate sta-
tistical significance. All statistical analyses were performed 
using the GraphPad Prism 6.0 program.

Results

Focal adhesion kinase (FAK) phosphorylation status 
in RD cells

Dysregulation of FAK phosphorylation is highly associated 
with survival, progression, and invasion of various types of 
solid tumors (Sulzmaier et al. 2014; Lee et al. 2012; Wang 
et al. 2016). We set out to examine the phosphorylation sta-
tus of the key phosphorylation sites of FAK protein in RD 
cells. In our examination, we have profiled three phospho-
rylation sites: Tyr 397, Tyr 576/677, and Tyr 925. Western-
blot analysis showed that FAK autophosphorylation (pY397) 
site was significantly increased in RD, five times higher than 
phosphorylation levels detected in hTERT cells as observed 
in western blots (Fig. 1). FAK-pY397 autophosphorylation 
promotes the assembly and recruitments of other focal adhe-
sion key proteins into the focal adhesion sites at the cell 
periphery. In contrast, phosphorylation of p[Y576/577]-FAK 
located in the activation loop of the kinase domain showed 
lower levels in RD compared to hTERT (Fig. 1). Further-
more, no detectable changes in the phosphorylation of FAK 
at Y925 site was noted (Fig. 1).

PF‑562271 suppresses FAK‑pY397 in RD cells

FAK autophosphorylation at tyrosine 397 is strongly asso-
ciated with formation of focal adhesion complex which 
plays a key role in the regulation of cytoskeleton dynam-
ics (Wu 2007; Xu et al. 2012; Hamadi et al. 2005). This 
phosphorylation promotes complex assembly with vari-
ous SH2-domain containing proteins, such as SRC-family 
kinases (Luo et al. 2009). Tyr-397 phosphorylation has 
been implicated in promoting cell motility and invasion 
events through the activation of downstream signaling 
pathways (Hsia et al. 2003). To explore whether phos-
phorylation of FAK at Tyr 379 associated with ERMS, 
we examined pY397-FAK phosphorylation status in RD 
cells using immunocytochemistry. RD cells were treated 
with PF-562271 (10 µM) or DMSO and then visualized to 
assess phosphorylation levels. Our investigation demon-
strated that a significant amount of pY397-FAK phospho-
rylation was eliminated after 24 h of PF-562271 treatment 
(Fig. 2a). Immunocytochemical analysis of the subcellular 
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localization of FAK phosphorylation at tyrosine 397 in the 
control RD cells revealed a predominant co-localization 
of pY397 with F-actin stress fibers (red arrows). However, 
immunofluorescence signal for pY397 showed a minor 
signal localized in the nucleus (Fig. 2b, left panel). Our 
data showed that a substantial amount of FAK pY397 was 
found to be significantly eliminated from the cell edges/
periphery after PF-562271 treatment (10 µM) (Fig. 2b, 
right panel). In addition, morphological changes were 
observed in RD cells following FAK inhibition. These 
changes may be due to the elimination of a major pool 
of pY397 from the cell edge after PF-562271 treatment.

PF‑562271‑induced cell cytotoxicity in RD cells

We have examined the effects of FAK inhibition on RD cell 
viability. PF-562271 is a potent, and selective ATP-competi-
tive, reversible inhibitor of FAK (Luzzio et al. 2007). In vitro 
cell cytotoxicity assay of RD and hTERT (control) cells was 
achieved by applying a gradient concentration [1 × 10−9 to 
1 × 10−4, μM] of PF-562271 compound. These data demon-
strated that inhibition of FAK by PF-562271 leads to RD cell 
growth inhibition with IC50 values in the micromolar range 
(Fig. 3a). In addition, the maximum concentration used in 
this analysis (100 µM) displayed an acceptable level of cyto-
toxicity (~ 30%) on hTERT cells. These data demonstrated 

Fig. 1   Focal adhesion kinase 
(FAK) phosphorylation status 
in RD and hTERT cells. RD 
or hTERT cells were collected 
and analyzed by Western blot. 
Protein phosphorylation was 
detected using anti-phospho-
specific antibodies (pY397, 
pY576/577, and pY925). Bands 
were quantified by scanning 
densitometry and normalized 
to total FAK protein and to 
the loading control. Values 
represent means ± SEM for 
n = 4 independent experiments. 
*Significantly different from the 
vehicle control (Student’s t test, 
p < 0.05)

Fig. 2   Immunocytochemistry of RD cells for pY397 FAK follow-
ing treatment with PF-562271. RD cells fixed and stained with 
anti-pY397-FAK (red channel) to examine phosphorylation dynam-
ics following vehicle control (DMSO) and PF-562271 (10  μM) (a). 
Cytoskeletal localization of pY397-FAK was detected by staining 
F-actin cytoskeleton with AlexaFluor488-phalloidin (green channel). 

b Higher resolution images were taken for pY397 following vehicle 
control (left panel) and PF-562271 (10  μM) (right panel). Arrows 
indicated signal localization in the nucleus and F-actin cytoskeleton. 
For each independent plate of cells, 10 random visual fields were 
acquired from each whole-well scan, and cells in 8 images were quan-
tified from each field. Scale bars 30 μm
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a pronounced anti-proliferative activity of PF-562271 com-
pound against RD cells with a therapeutic window (Fig. 3a). 
Western-blot analysis was achieved by treating RD cells with 
a gradient concentration [1 nM–100 µM] of PF-562271. 
These data showed a gradual decrease of FAK-pY397 over 
increase of PF-562271 concentration (Fig. 3b). FAK phos-
phorylation signal was normalized to total FAK and β-actin 
protein levels.

PF‑562271 induces cell‑cycle arresting in RD cells

Recent reports have suggested a role for FAK and its asso-
ciated signaling pathways in the regulation of cell-cycle 
progression through integrins signaling (Zhao et al. 1998). 
In this study, we examined whether if FAK inhibition can 
modulate cell-cycle components in RD cells. Cell-cycle 
analysis using flow cytometry in treated RD cells (10 µM of 
PF-562271) or control RD cells (vehicle, DMSO) showed 
that inhibition of FAK resulted in G1 arresting in RD cells 
following FAK inhibition (Fig. 4a). PF-562271 induced G1 
arresting by 14% in the treated cells compared to vehicle 
control (Fig. 4b).

PF‑562271 diminishes RD cell migration

Integrin signaling through FAK has been proposed to play 
a role in the regulation of integrin-mediated cell migration 
(Huttenlocher and Horwitz 2011; Xie et al. 2001; Gupta and 
Vlahakis 2009). This key regulatory mechanism has been 
broadly implicated in metastasis and invasion activities in 
cancer signaling (Jiang et al. 2015). We aimed to inves-
tigate the impact of FAK inhibition using PF-562271 on 
RD cell migration. Our in vitro examination has employed 

a trans-well assay to detect and quantify migration events. 
An increasing concentration [0–25, µM] of PF-562271 
resulted in a dose-dependent suppression of RD cell migra-
tion (Fig. 5, upper panel). Furthermore, we have profiled the 
phosphorylation levels of the tyrosine 397 of FAK using the 
similar concentrations of PF-562271. Western-blot analy-
sis showed a pronounced decrease of FAK phosphorylation 
at tyrosine 397 with increasing PF-562271 concentration 
(Fig. 5, lower panel). These data suggest that the reduction 
of cell migration with exposure to PF-562271 was accompa-
nied with a decrease of pY397-FAK phosphorylation levels. 
These findings suggest that phosphorylation of FAK at Y397 
FAK is a key element of RD cell-migration mechanism, and 
its inhibition leads to the reduction of RD cell migration.

Discussion

In this study, we have explored FAK protein phosphoryla-
tion status with respect to regulation of RD cells’ viabil-
ity and motility. We have employed an embryonic muscle 
rhabdomyosarcoma cancer cells (ERMS) to examine the 
role of FAK in this cell line. Regulation of FAK phospho-
rylation and localization are highly dynamic mechanisms 
that promote various numbers of cellular activities under 
physiological conditions (Cohen and Guan 2005). FAK 
is a cytoplasmic non-receptor protein tyrosine kinase that 
transmits upstream extracellular signals (e.g., growth fac-
tors) to regulate cellular activities, such as cell proliferation 
and migration (Schaller 2001). FAK plays an important role 
during different developmental stages and is highly linked to 
the pathogenesis of various tumors (Gabarra-Niecko et al. 
2003). FAK autophosphorylation and activation is highly 

Fig. 3   PF-562271-induced cell cytotoxicity in RD cells. a Human 
rhabdomyosarcoma (RD) cell lines or hTERT cells were treated 
with increasing concentration of PF-562271 [1 × 10−4 to 100, μM] 
for 96  h. Cellular viability was calculated as (%) by comparing the 
absorbance ratio (percentage) of the treated cells normalized to the 

control (DMSO) treated cells. b Western-blot analysis of FAK-pY397 
in treated RD cells with a concentration gradient of (1 nM–100 µM) 
of PF-562271. FAK phosphorylation signal was normalized to total 
β-actin loading control protein
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dynamic mechanism that regulates protein localization at 
the focal adhesion sites located at the edges of the plasma 
membrane. This dynamic recruitment of FAK to focal adhe-
sions is a key regulatory step towards the formation of focal 
adhesion (FA) complex and activation of the downstream 
signaling phosphorylation cascade (Hu et al. 2014). Phos-
phorylation of Y397 serves as a docking site for Src binding, 
which leads to a conformational change and activation of Src 
and subsequent phosphorylation of FAK at multiple sites 
(Schlaepfer and Hunter 1996). Y576/Y577 phosphorylation 
residues are located within the activation loop at the kinase 
domain, which results in a full activation of FAK kinase 
activity (Westhoff et al. 2004). The phosphorylation of FAK 
at Y925 is possibly important to regulate the FA turnover 
via regulation of protein interaction with other FA key regu-
latory proteins (Deramaudt et al. 2011). In this study, RD 
cells displayed a notable elevation of FAK protein phos-
phorylation at tyrosine 397 compared to hTERT (control) 
cells. Remarkably, we have also observed a major pool of 
pY397 phosphorylation that has mainly co-localized with 
F-actin stress fibers at the cell membrane/periphery. These 
data are consistent with previously defined roles of FAK 
activities in the regulation of cell migration and invasion 
events detected in different types of cancer cell models. In 
a recent study, Waters et al. showed that the inhibition of 
FAK by small molecule inhibitors and/or small interference 
RNA (siRNA) resulted in suppression of rhabdomyosarcoma 
cancer cell migration, invasion, and survival (Waters et al. 
2016). Our data showed a reduced phosphorylation levels 

of Y576/Y577 located in the kinase domain of FAK. The 
phosphorylation of Tyr 576 and Tyr 577 is subsequently 
achieved following Src binding and activation (Schlaepfer 
and Hunter 1996). These data indicate a possible mechanism 
which leads to suppression of full activation of FAK in RD 
cells that might be attributed to aberrations or dysfunction 
of Src signaling. Currently, very little data exist with respect 
to Y576/Y577 phosphorylation of FAK in cancer, whether if 
there is cross-talk with other proteins or protein complexes 
to promote FAK protein autoinhibition leading to the attenu-
ation of FAK phosphorylation in the kinase domain. Further 
investigations are required to examine the details of Y576/
Y577 phosphorylation dynamics in rhabdomyosarcoma. Our 
examination showed no detectable changes of Y925 phos-
phorylation site in RD cells compared to hTERT (Fig. 1).

In this study, we employed a selective and potent FAK 
small molecule inhibitor, PF-562271. This compound has 
been previously characterized by Wiemer et al. during their 
examination of FAK activity in T-cell activation and prolif-
eration (Wiemer et al. 2013). Our in vitro characterization 
showed an inhibitory effect of PF-562271 on RD cell viabil-
ity at micromolar concentrations. Our findings are similar 
with the in vitro cytotoxicity data obtained by Waters et al. 
using another FAK small molecule inhibitor (PF-573228) 
or small RNA interference molecule (siRNA) (Waters et al. 
2016).

Cell-cycle analysis revealed that FAK inhibition induced 
G1 arresting in RD cells. This effect is likely to be associ-
ated with cytoskeleton-dependent mechanisms and strongly 

Fig. 4   PF-562271 effects on RD 
cell cycle. DNA histogram of 
the RD cell cycle was analyzed 
using flow cytometry with PI 
staining following PF562271 
[10 µM] or vehicle control 
(DMSO) treatments (a). Phases 
represent G1%, S%, and G2% 
phases were analyzed for both 
conditions (b)
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associated with FAK activity to stimulate the p42/p44 
MAPKs pathway and/or transcriptional regulation of cyclin 
D1 (Zhao et al. 2001; Margadant et al. 2007). Our immu-
nostaining examinations displayed a nuclear localization of 
FAK which is possibly regulated by the nuclear localization 
signal (NLS) located at the N-terminus that is responsible to 
shuttle the protein towards the nucleus (Serrels et al. 2015; 
Ossovskaya et al. 2008). This nuclear localization of FAK 
may be important to promote regulation of cell cycle in RD 
cells.

FAK-pY397 suppression was achieved in a dose-
dependent fashion using a gradient concentration of 
PF-562271 and was associated with diminishing cell 

motility in RD cells. Fundamentally, FAK phosphoryla-
tion at FAK-pY397 and localization at the focal adhe-
sion and/or association with F-actin stress fibers is inte-
gral to promote cell motility, adhesion, and regulation of 
cytoskeleton dynamics (Zhao and Guan 2011; Westhoff 
et al. 2004; Katz et al. 2003). Phosphorylation of FAK at 
Tyr397 has been repeatedly linked to cell migration and 
metastatic events in cancers (Kolli-Bouhafs et al. 2014; 
Higuchi et al. 2013; Zhao and Guan 2009). Morphologi-
cal changes observed in RD cells following treatment with 
PF-562271 can be associated with the disruption of the 
F-actin assembly and/or modulation of cytoskeletal archi-
tecture. These results strongly suggest that FAK tyrosine 
phosphorylation at Tyr 397 is highly integral to promote 
cell migration of RD cells.

Conclusions

Data presented herein demonstrate the efficacy of FAK 
inhibition using PF-562271 to suppress RD cell-migration 
mechanism by attenuating FAK phosphorylation at Tyr397 
site. This finding points to the presence of aberrant phos-
phorylation of FAK in rhabdomyosarcoma. Overall, the 
data presented in this in vitro study suggest a key role for 
FAK in cell-proliferation signals, cell-cycle regulation, 
and cell-migration activities of RMS. Based on these find-
ings, additional more details can be formulated to provide 
the essential preclinical data for effective early phase clini-
cal trials for RMS in the future.
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Fig. 5   RD cell migration and FAK phosphorylation (pY397) were 
suppressed by FAK inhibition. Cell-migration assay was completed 
by incubating RD cells (7 × 103) with increasing concentration of 
PF-562271 [0–25  µM] for 24  h. Cell migration was calculated and 
expressed as the percentage of number of migrated cells into the 
total number of cells. % Migration was normalized to vehicle control 
treatment (upper panel). FAK phosphorylation was analyzed by SDS-
PAGE with anti-pY397-FAK and normalized to total β-actin loading 
control protein (lower panel). Values represent means ± SEM for n = 4 
independent experiments. *Significantly different from the vehicle 
control (Student’s t test, p < 0.05)
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