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Abstract: Osteosarcoma (OS) is the most common bone malignant tumor with a high rate of
lung metastasis and principally emerges in children and adolescents. Although neoadjuvant
chemotherapy is widely used around the world, a high rate of chemoresistance occurs and
frequently generates a poor prognosis. Therefore, finding a new appropriate prognostic marker
for OS is a valuable research direction, which will give patients a better chance to receive proper
therapy. Actin-binding proteins (ABPs) are a group of proteins that interact with actin cytoskel-
eton and play a crucial role in the regulation of the cell motility and morphology in eukaryotes.
Meanwhile, ABPs also act as a bridge between the cytomembrane and nucleus, which trans-
mit the outside-in and inside-out signals in cytoplasm. Furthermore, ABPs alter the dynamic
structure of actin and regulate the invasion and metastasis of cancer. Hence, ABPs have a wide
application in predicting the prognosis, and may be new targets, in tumor therapy. This review
focuses on a series of ABPs and discusses their modulatory functions. It provides a new insight
into the classification of ABPs’ functions in the process of invasion and metastasis in OS and
illuminates the potential ability in predicting the prognosis of OS patients.

Keywords: actin-binding proteins, osteosarcoma, oncotarget, tumor invasion and metastasis,
oncotherapy

Introduction

Osteosarcoma (OS), the most common primary sarcoma of bone in humans, has two
peak incidences at different ages.'> The most important peak age is early adolescent,
which accounts for 2.4% of all malignancies in pediatric patients.> The second peak
occurs in elderly people, which occupies only ~13%-30% of all OS patients.? With the
development of treatment strategy, especially the surgery methods and neoadjuvant
chemotherapy, the 5-year survival rate of OS patients has been raised to 70%—80%.
However, a large number of patients still face frustrated outcome since resistance
of chemotherapy.*® Moreover, the conventional chemotherapeutic methods are also
confronted with life-threatening side effects such as cardiotoxicity, myelosuppres-
sion and gastrointestinal, hepatic and renal dysfunctions. On the other hand, che-
motherapy resistance is also a huge problem that threatens the long-term survival of
OS patients.*’

Now researchers are paying more attention to studying the diagnosis and prognosis
of OS. Recent research reveals that PTEN, an inhibitor of tumor cells, is decreased
in OS cells and upregulation of PTEN blocks the processes of adhesion migration
and invasion in OS.® This is consistent with the result that PTEN suppresses the

submit your manuscript

Dove n,u

http:

OncoTargets and Therapy 2018:11 1553—1561 1553
© 2018 Fu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at ttps:/www.dovepress.com/terms.php

T2 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S159894
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:luaws@zju.edu.cn

Fu et al

Dove

activation of AKT pathway induced by inhibition of PIP3
in tumor cells.’ Yin et al indicated that E-cadherin presents
a repressive effect in patients with OS. Down-expression of
E-cadherin is significantly related to metastasis induced by
Twist.!® Although multiple biomarkers have been studied
in OS, it is still a huge challenge to find an effective marker
to predict the metastasis and prognosis of OS.

Actin and actin-binding proteins
(ABPs)

Actin, one of the most crucial dynamic structures in eukary-
otic cells, has two main states, filamentous actin (F-actin) and
globular actin (G-actin).'"'> As a component of cytoskeleton,
actin plays a major role in maintaining the morphology of
cells. With regulation of multiple proteins, actin filaments
assemble and crosslink to bundles. Then, plasma membrane
protrudes and pseudopods are formed." It is also found that
actin interplays with focal adhesions and promotes inside-
out and outside-in signals that dynamically regulate the
cell adhesion between cell—cell and cell-matrix.!* More-
over, with polymerization and depolymerization of fibrils,
actin provides the force to promote the cell motility.'s'¢
Likewise, actin filaments participate in the formation of

ATP-dependent contractile structures together with myosin

filaments in muscle cells.'"'” Now, it has been proved that

actin promotes invasion and metastasis of cancer cells with
abnormal regulation.'82

To achieve complex functions of actin cytoskeleton, a
process of ABPs’ precise regulation is extremely required.

Until now, dozens of ABPs have been found in various actin

regulatory processes, and their functions are diverse from

each other.?! Totally, they can be divided into five aspects

(Figure 1):

1. Acting as a start of G-actin nucleation and promoting the
formation of new actin filaments: the assembly of actin is
the beginning of cell motion and morphology alteration.
Actin-related protein 2/3 (Arp2/3) complex is the most
important regulator of the initial process. With the activat-
ing of WASP family proteins, Arp2/3 complex promotes
the nucleation of new actin filaments in the branch of
the original one and then dendritic actin networks are
formed.” In addition, formin (FMN) and Spir are another
couple of actin nucleation proteins in cells. On a molecu-
lar level, single Spir cannot recruit and assemble activated
actin, while Spir/FMN complex starts the nucleation
and primarily forms unbranched actin filaments such as
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Figure | Five models of the role of ABP in cell regulation: |) nucleation—promotion of new actin; 2) dynamic regulation of actin filaments by polymerization and
depolymerization; 3) barbed-end capping to stop the elongation of actin; 4) cross-linking F-actin into parallel bundles, and 5) anchoring actin filaments to plasma membrane.
Abbreviations: ABP, actin-binding protein; FMN, formin; ECM, extracellular matrix; Arp2/3, actin-related protein 2/3.

submit your manuscript

1554

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Forecast of actin-binding proteins in osteosarcoma

actin cables, filopodia, stress fibers, cell adhesions, and
cytokinetic actin rings (CARs).?2

2. Inducing the polymerization and depolymerization of
actin filaments: in the dynamic process of actin, profilin
plays a vital role in regulating actin polymerization. Via
connecting with actin monomers, profilin participates in
both Arp2/3- and FMN-dependent actin nucleation. Once
new actin filaments are formed by Spir/FMN complex,
profilin/actin complex elongates filaments at a rapid rate,
which is 10-fold faster than the rate of free barbed ends
assembled by the Arp2/3 complex.?** However, it is also
found that Arp2/3 complex-mediated branch formation
can also be suppressed by high concentrations of profilin
induced by WASP.% This suggests that profilin regulates
the assembly of actin in a concentration-dependent
pathway. Profilin inhibits the polymerization of actin at
high concentrations, whereas it enhances the polymer-
ization at low concentrations. Another actin formation
regulator is actin-depolymerizing factor (ADF)/cofilin.
It promotes the actin depolymerizing in a pH-dependent
manner.”” However, it also presents an inhibiting effect
of actin depolymerization after phosphorylation by LIM
kinase.?®? Thus, this indicates that cofilin plays a key role
in dynamic alteration of structure of actin filaments.

3. Controlling the actin filaments’ elongation by regulation
of capping barbed end: in case of unlimited elongation,
actin needs a stop signal, which is important for the sta-
bilization of cell morphology. The most typical protein
is cap protein (CP), which maintains the stability of actin
filaments and prevents the addition or loss of actin mono-
mers at the end, inducing cell motility, morphogenesis
and endocytosis.*® On the contrary, Ena/WASP has an
opposite function that inhibits the capping effect of CP
and promotes the formation of longer and unbranched
actin filaments at the leading edge.’! Villin, one of the
proteins from the gelsolin family, also participates in
the severing and capping of actin filament in a Ca?*-
dependent manner.?

4. Organizing and cross-linking F-actin into parallel
bundles: to support the mechanical strength and stabi-
lization, actin is cross-linked into numerous parallel
bundles, which requires the mediator to accomplish this
process. Fascin-induced production of actin bundles is
the main process in the formation of cell protrusions.>
Fascin-1 promotes the cross-linking of F-actin in Rac
and Cdc42 pathway with stimulation of outside signals
such as integrin, syndecan-1 and insulin-like growth
factor receptor (IGFR). Furthermore, as the motor

of actin filaments, the processivity of myosin X is
another promoter in the process of actin cross-linking.
With the assistance of myosin X, elongated parallel
bundles are achieved in filopodia, which play a role in
regulating cell motility and migration.*>** In addition,
o-actinin also acts as an actin filament cross-linking
protein, and is abundant in muscle and nonmuscle
cells. On the other hand, some studies also prove that
o-actinin binds to three different B subunits of integ-
rins, participating in the modulation of cell-matrix’s
connection.>*

5. Anchoring actin filaments to plasma membrane and regu-
lating the cell junction, shape and motility: these proteins
mediate the connection of actin and cytomembrane. They
also conduct the signals from member to nucleus. Talin
has a globular N-terminal head region that contains an
FERM domain binding to the first NPxY motif on the
integrin B subunit. It is a 220-kDa rod domain that can
multiply and connect with actin and vinculin.?# Kindlin,
another ABP, also has an FERM domain that binds to the
second NPxY motif on the integrin § subunit.® Both of
them induce the inside-out and outside-in signals in the
regulation of integrin activation.’**° What is more, ERM
proteins, including band 4.1, ezrin, radixin and moesin,
also contain an FERM domain that induces the cross-
linking of actin bundles in binding of membrane and
cytoskeleton.**> Then, ERM proteins regulate the cell
adhesion and participate in the formation of filopodia,
microspikes and microvilli.** Tensin is a bridge between
integrins and actin cytoskeleton. However, tensin appears
later in focal adhesions and enriches in fibrillar adhesions,
while it disappears in nascent adhesions.!* Meanwhile,
some documents also prove that tensin has the ability to
cap the barbed end of actin filaments.***’

To achieve the precise activation and regulation of ABPs,
multiple signal pathways are involved in this process. In these
signal pathways, the Rho-family small GTPases are the most
classic one, which mainly contains Rho, Rac, Cdc42, etc.*®
Rho can be recruited together with profilin and pl40mDia that
stimulate actin polymerization. Rac can increase the number
and motor activity of actomyosin II ATPase by enhancing
the phosphorylation of serine-19 of myosin II regulatory
light chain (MLC).* At the same time, Rac participates in
the phosphorylation of uniform cofilin, which requires the
uniform basal Rac signaling and alternates during the course
of migration.*® Cdc42 induces the formation of filopodia with
the generation of WASP, profilin and Arp2/3 complex alone
with phosphatidylinositol 4,5-bisphosphate (PIP2) in many
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cell types.” Membrane phosphatidylinositol (PI) is also a key
regulator in alternative organization and dynamics of actin
cytoskeleton. Most of the ABPs contain the PI-binding domain.
The PI and phosphoinositides act as the secondary signal in
ABP-induced signal transmission. This regulation results
in the alternation of cell behavior, including cell—cell signal
transition, cytoskeleton reassembly and cell apoptosis.'!

ABPs and OS

The invasion and metastasis of OS is an extremely complicated
process, which contains numerous mutations in modulatory
processes of ABPs. With the abnormal expression of ABPs,
actin filaments elongate without correct regulation. Thus, this
leads to the expansion of filopodia in OS, and further invasion
and metastasis occur.’>* On the other hand, focal adhesion
loses its function because of the absence of ABPs’ anchor-
ing effect. Therefore, cancer cells separate themselves from
the original location and promote the distant metastasis.>*
Moreover, abnormal regulation of ABPs in the F-actin assem-
bly prevents apoptosis of OS.%” The alteration of integrin-
mediated cell adhesion signals leads to the inadequate
or inappropriate cell-matrix connection in normal cells.

Table I Summary of relevant ABPs in OS and other tumors

The apoptosis that caused by abnormal adhesion calls cell
anoikis. With the abnormal expression of ABPs, cancer cells
lose these signals and avoid anoikis, which leads to long-term
survival.’®> In summary, a malfunction in any of these three
steps can induce the invasion and metastasis of cancer cells.
This also suggests that tumorigenesis may not occur by means
of mutative expression of single proteins but may be affected
by multiple abnormal regulations of ABPs, which offers a
potential research option to seek the relationship between
synthetical ABPs’ expression and tumor prognosis.®® Here
are some relationships between different ABPs and OS as
well as other tumors (Table 1).

Arp2/3 complex

Multiple research has revealed that Arp2/3 complex is a
positive factor that accelerates the invasion and metastasis
of cancer cells. Arp2/3 complex contains seven subunit
proteins, and all of these subunits can enhance the migratory
capacity of cells. It has been reported that silencing Arp2/3
complex inhibits cell migration and invasion in head and
neck cancer, pancreatic cancer and glioma.® % The study of
Bernardini et al* has revealed that the dephosphorylation

ABPs Function Relevant cancer Expression Studies in OS Reference
Arp2/3 Initiating actin Head and neck cancer Inhibition Dephosphorylation 61-64
complex formation Pancreatic cancer Inhibition of Arp2/3 complex
Glioma Inhibition subunit suppresses OS
Profilin Regulating Breast cancer Inhibition None reported to 65-70
polymerization Bladder cancer Promotion date
Pancreatic cancer Promotion
Villin Capping actin Intrahepatic Inhibition None reported to 71-73
barbed end cholangiocarcinoma date
Breast cancer Inhibition
Colon cancer Inhibition
Barrett’s adenocarcinomas Promotion
Fascin Cross-linking Colorectal cancer Promotion Relating to poor 74-79
F-actin Gastric cancer Promotion prognosis as in the
Non-small cell lung cancer Promotion TGF-B receptor
Ovarian cancer Promotion expression
Pancreatic cancer Promotion
Talin Anchoring actin Nasopharyngeal cancer Promotion Increasing the cell 80-86
to membrane Colon cancer Promotion motility in OS in vitro
Prostate cancer Promotion
Glioma Promotion
Kindlin Anchoring actin Ovarian cancer Inhibition [B-integrin regulation 87-92
to membrane Colorectal cancer Inhibition in vitro
Gastric cancer Promotion
Pancreatic cancer Promotion
Ezrin Anchoring actin Prostate cancer Promotion Poor prognosis 93-100
to membrane Breast cancer Promotion marker
Gastric cancer Promotion

Abbreviations: ABPs, actin-binding proteins; OS, osteosarcoma.
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of ARPCSL, a subunit of Arp2/3 complex, suppresses the
migration and adhesion of OS induced by SI-83 in vitro.
Nevertheless, the expression level of Arp2/3 complex in OS
tissue remains unknown.

Profilin

With the extracellular regulation, profilin is involved in the
dynamics of actin assembly. Profilin has been extensively
studied in breast cancer. Many studies prove that profilin
suppresses the invasion and metastasis of cancer cells and
silencing profilin results in the oncogenic properties of breast
cancer, consistently.®¢” However, the study of Ding et al®
reveals a reverse conclusion that loss of profilin 1 dramati-
cally inhibits the metastatic outgrowth of disseminated breast
cancer, which is relevant to the anoikis or the transforma-
tion of gene expression pattern. Meanwhile, profilin is also
down-expressed in bladder cancer and pancreatic cancer.*
In conclusion, the downregulation of profilin is a disadvan-
tage to survival rate and promotes the metastasis in multiple
cancers. However, there are no relevant studies that reveal
the specific function of profilin to OS yet.

Villin

Villin is a member of actin filament capping proteins, which
are related to the regulation of calcium. The expression of villin
is varied in tumor cells that can make differential diagnosis
and predict prognosis. It is revealed that villin is a sensitive
biomarker to distinguish between intrahepatic cholangiocar-
cinoma and breast cancer in liver metastasis.”" In the study
of colon cancer, it is also proved that villin acts as a cancer
suppressor and higher expression of villin results in a better
survival rate.”” However, a high expression of villin is also
found in esophageal tumors including Barrett’s adenocarci-
noma, which indicates that villin may be a novel biomarker
in the diagnosis and prognosis of esophageal tumors.”
However, the regulation of villin is still controversial and
requires further research. The relation between OS and vil-
lin is still unclear.

Fascin

Fascin has been widely researched in different tumor cells.
It promotes the activity of NF-xB induced by p53 pathway
and facilitates the invasion of colorectal cancer.” Meanwhile,
the interaction between fascin and transforming growth factor
(TGF) has been illuminated in gastric cancer. The TGF-P3
enhances the expression of fascin, which is identical with
the increase of Smad3.” This indicates that the upregulation
of fascin induced by TGF-f is important to the pathway of

Smad3 in tumor cells. In addition, the abnormal expression of
fascin in non-small cell lung cancer, ovarian cancer and pan-
creatic cancer has also been reported.”®” In childhood, the
elevated level of fascin in solid tumors including OS indicates
poor histopathological subtype with expression of TGF-3
receptor, which contributes to a high risk of metastasis.”
As a result, fascin is a critical marker in tumorigenesis and
is related to the survival time of patients.

Talin

The focal adhesion protein talin functions as a bridge between
integrin and actin. It is a downstream target of activated Rap1
and participates in the formation of integrin activation com-
plex together with RIAM and Rap1.% Talin has been identified
as a poor prognosis biomarker in various tumors. It promotes
the development of tumorigenesis in nasopharyngeal cancer,
colon cancer, prostate cancer and glioma.** No specific
documents have elaborated the expression of talin in OS yet.
However, an in vitro study implied that talin may increase the
cell motility in OS by interacting with vinculin, which is regu-
lated by the activity of nonlocalized Rac1 in one of the OS cell
lines (U208).% Since the importance of integrin in lung metas-
tasis has been found, talin may also have a high possibility of
regulating the integrin-induced metastasis of OS cells.®

Kindlin

Kindlin, a member of fermitin family, consists of three main
homologs; kindlinl, kindlin2 and kindlin3. As the integrin
linker, kindlin connects to the NPxY motif of B1 or B3 inte-
grin cytoplasmic domain, which forms the integrin activative
complex together with talin.’” Unlike talin, the expression
ofkindlin is controversial in various cancers. Some research
identifies kindlin as an inhibitor in ovarian and colorectal
cancers, while opposite results come out in gastric and pan-
creatic cancers.°! This opposite conclusion may result from
two aspects: 1) the diversity of tissues leads to the different
expression of kindlin, and 2) kindlin may have various func-
tions in different stages of cell activities. It might promote
the invasion of tumor cells, while it inhibits the proteolytic
degradation of the extracellular matrix (ECM) and suppresses
the metastasis. Similar to talin, the B-integrin regulation of
kindlin in OS is only illuminated in the cell line. It implies
that the tissue distinction exists in various kinds of tumors,
which indicates the urgency to study kindlin in OS.”

ERM family proteins
With phospholipids and kinases-mediated phosphoryla-
tion, the ERM family regulates the cell structure, such as
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microvilli, ruffling membranes and adhesion of cells.” It has
been reported that the level and phosphorylation of ERM
family proteins are related to tumorigenesis, which has been
confirmed in various cancers such as prostate, breast and
stomach.”**” Among the ERM family, ezrin plays the most
significant role in tumor metastasis. Different from other
ABPs, the function of ezrin in OS has been researched in depth.
Among this family, according to the study by Khanna et al,
ezrin is a significant poor prognosis biomarker that is asso-
ciated with OS metastasis. This may be due to the fact that
ezrin promotes the activation of PI3K-Akt and MAPK path-
way.”® It also implies that CD44, the hyaluronic acid recep-
tor that is also responsible for cancer metastasis, is induced
by ezrin.” Besides cell migration, ezrin also coordinates
HSP70 to modulate cell apoptosis of human OS, especially
early apoptosis.'” However, the specific theories of ezrin
in tumor-promoting effects remain unidentified and require
further research.

ABPs and oncotherapy in OS
The actin cytoskeleton is an important structure that regulates
the cancer apoptosis and is involved in the formation of
chemoresistance in oncotherapy. With the abnormal regula-
tion of ABPs, actin activates the caspase-3 pathway, which
feeds back to the further interaction with actin and leads to
cell death.!®1°1192 However, two aspects of villin’s regula-
tion in the apoptosis of gastrointestinal epithelium have
been reported, which include maintaining morphology and
homeostasis.!”® These processes may also be responsible
for chemoresistance in OS therapy, which has been proved
in ovarian and head-and-neck cancers.'*!% Meanwhile, in
breast cancer, it has been indicated that fascin has the capabil-
ity to enhance the resistance of chemotherapy and makes for
a poor prognosis in patients. It is induced by increasing PI3K/
Akt activation, which enhances anti-apoptotic genes and
reduces proapoptotic ones.'* Likewise, talin plays an essen-
tial role in the regulation of cisplatin resistance within the
microenvironment of the carcinoma matrix via the pathway
of NF-kB in oral squamous cell carcinoma.'”” As the cross-
linker of actin filament, the expression of L-plastin and the
phosphorylation of Ser5 cause alterative sensitivity to TNF-ou
and lead to the resistance of breast cancer to TNF-o..'%:1%
However, the precise molecular mechanism regarding the
multidrug resistance induced by ABPs remains to be addressed
in OS cells. a-Actinin is important in keeping morphology
of cells. Research has revealed that rapid downregulation
of o-actinin exists in drug-treated OS cells, which implies
the regulative role of a-actinin in drug-induced apoptosis.'!
It has been proven that interaction of ezrin with P-glycoprotein

(Pgp) is important in the establishment of Pgp-mediated mul-
tidrug resistance in human OS cells.!'! At the same time, ezrin
is also involved in the inhibition of OS metastatic behavior
induced by rapamycin, which relates to ezrin-associated
phosphorylation of S6K1 and 4E-BP1 in the mTOR signal
pathway.!'? The research by Kim et al''* indicates that the
chemoresponsive patients who are ezrin positive have a poor
outcome with early metastasis and need more active tumor
surveillance, including images of the lungs and bones, after the
curative surgery. These findings provide us with a new concept
to the chemosensitivity of ABPs and other therapy in OS.

Conclusion and prospects

Much research has proven the important role of multiple
ABPs in the regulation of proliferation, adhesion, invasion,
metastasis, apoptosis and angiogenesis in the progress of
cancer cells. Multiple functions of ABPs in different cancer
cells also make it necessary to analyze various ABPs by an
integrated method. Meanwhile, ABPs also present a potential
role in chemotherapy such as inducing chemoresistance.
At the same time, the importance of diverse regulation of
ABPs isrevealed in OS research. ABPs may act as favorable
biomarkers in predicting the prognosis of OS and altering
the treatment of OS patients individually. However, carcino-
genesis in OS is an intricate process that requires further
study in the future. Concerning different tumor tissues and
microenvironments, intensive studies about interaction
between ABPs and OS are still very important and in great
demand.
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