Psychology, 2014, 5, 707-717 #9% Scientific
Published Online May 2014 in SciRes. http://www.scirp.org/journal/psych .02:0 Research
http://dx.doi.org/10.4236/psych.2014.57082

Roles of BMP6/7 in Actin Dynamics in
Amyloid 3-Induced Neurotoxicity

Lin Sun}, Yingjie Zhang?, Shifu Xiao?*

1Department of Geriatric Psychiatry, Shanghai Mental Health Center, Shanghai Jiao Tong University School of
Medicine, Shanghai, China

2Department of Psychiatry, Beijing Anding Hospital, Beijing Capital Medical University, Beijing, China

Email: "xiaoshifu@msn.com

Received 19 February 2014; revised 15 March 2014; accepted 12 April 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

pen Access

Abstract

Actin dynamics plays an important role in many physiological functions such as long-term poten-
tiation, neurotransmission, regulatory proteins translocation, ATP cycle, etc. When amyloid (8
(AB)- induced neurotoxicity occurs, the imbalance of actin dynamics leads to dystrophy of den-
drites, which is characteristic pathology in Alzheimer’s disease (AD). Transient and persistent A3
neurotoxicity provokes distinct manifestations of actin dynamics and causes opposing effects in
AD. It has been shown that bone morphogenetic protein 6/7 (BMP6/7) protects neuronal mor-
phology against AB-induced neurotoxicity, and can directly bind to LIM kinasel (LIMK1), being
one part of the upstream regulatory pathway of actin dynamics. This review aims to discuss a po-
tential mechanism of BMPs underlying maintainance of cytoskeletal stabilization in neurite.
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1. Introduction

Neurons contain three primary kinds of cytoskeleton filaments, i.e. microtubules, actin filaments and interme-
diate filaments (Guharoy et al., 2013). These three subcellular structures, which interact extensively and inti-
mately with cellular membranes, help to maintain the shape and structure of cells (Doherty et al., 2008). Actin
filaments, the thinnest filaments of the cytoskeleton filaments, are the basic cytoskeletal proteins in neurites, es-
pecially in dendritic spines (Hotulainen et al., 2010). Actin dynamics contributes to many physiological func-
tions such as long-term potentiation, neurotransmission, enzyme translocation and ATP cycle. Abnormality in
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actin dynamics is a common feature of many neurodegenerative disorders such as Alzheimer’s disease (AD)
(Fulga et al., 2007), which is associated with the accumulation of amyloid § (AB) in senile plaque (Sepulveda et
al., 2010). AP deposition is a typical pathological feature of AD, in which destruction of cytoskeleton occurs in
dendritic spines and synapses (Mendoza-Naranjo et al., 2007). However, the mechanism underlying the imbal-
ance of actin dynamics in AD is yet unclear. Thus, elucidating the mechanism underlying neuronal cytoskeletal
dysfunction can provide a basis for us to further explore potential drug treatments for patients with AD.

Bone morphogenetic proteins (BMPs), a member of the p-transforming growth factor (TGF-) subfamily, are
synthesized as precursor proteins, proteolytically cleaved at the N-terminus and secreted into the extracellular
matrix (Sun et al., 2011). BMPs are originally found as a cartilage anabolic factor, which can induce matrix
synthesis and promote fracture healing (Doi et al., 2011). Recent studies have shown that BMP6 and BMP7, as
the same subgroup of BMPs family, also are responsible for the development of the nervous system and for pro-
tection against brain injuries. BMP6 and BMP7 can protect cerebellar granule cells against low-potassium and
serum-free medium-induced apoptosis (Yabe et al., 2002). BMP7 can protect human disc cells against apoptosis
through inactivation of caspases-3 (Wei et al., 2009), and reduces lesion volume in injured spinal cord (Enz-
mann et al., 2005). Our previous experiments have shown that BMP7 protects neuron viability and morphology
of dendrites against AB-induced neurotoxicity (Sun et al., 2011); however, further study is warranted to better
understand the detailed mechanisms. Here we reviewed AP neurotoxicity-induced pathological changes in the
aspect of actin dynamics, the changes of BMP upstream regulatory pathways, and the mechanism underlying
BMP6/7 protecting morphology of dendrites from AB-induced neurotoxicity.

2. The Composition of Intracellular Actins

Actin is a major cytoskeletal protein in neurons, and it is uniformly distributed throughout axons and dendrites
(zhang et al., 2013). The actin can be either stable or dynamic. Stable actins underlie specialized cellular struc-
tures whereas dynamic actins mediate various types of cellular processes (Hoffman et al., 2011). Actin dynamics
is involved in many physiological functions such as spine formation, long-term potentiation, vesicle transport,
enzyme translocation, and ATP cycle (Minamide et al., 2000).

Actin has two forms found in neurons: monomer form-globular actin (G-actin) and polymer form-filamentous
actin (F-actin) (Suurna et al., 2006). F-actin forms a two-stranded asymmetrical helical structure which allows
for different binding specificities at each end. One end is termed the “barbed end” or positive end, while the
other end is called “pointed end” or minus end (Evans et al., 2007). The balance of F-actin and G-actin is in a
constant flux, which can be attributed to actin treadmilling. New G-actin monomer is preferentially added to the
barbed end of F-actin polymer and older G-actin monomer is removed from the pointed end (Ando et al., 2013).
The rate of F-actin assembly and disassembly will reach a steady state when the concentration of free G-actin
monomers decreases to a critical level (Bennett et al., 2011).

3. The Physiological Functions of Actin
3.1. The Roles of Actin in Long-Term Potentiation

Long-term potentiation (LTP) is a long-lasting enhancement in signal transmission that results from stimulating
synchronously. As a typical form of synaptic plasticity, LTP, is required for memory acquisition and learning
processes (Whitehead et al., 2013). Actin assembly in dendritic spine plays an essential role in hippocampal LTP
process (Chen et al., 2007). Actin provides the only structural basis for cytoskeleton in dendritic spines (Halpain
et al., 1998). A rapid increase in F-actin content in dendritic spines is observed 40 seconds after LTP and is
maintained for 5 weeks (Fukazawa et al., 2003; Lisman et al., 2003). However, the role of actin in dendritic
spines in modulating synaptic plasticity is unclear; Nevertheless, there are several possibilities. First, early phase
of LTP is mediated by exocytosis and endocytosis of glutamate receptors at postsynaptic sites, and F-actin
serves as an anchor for regulatory proteins and a path for glutamate receptor trafficking. Second, late phase of
LTP is dependent on protein synthesis to form new synapses (Fukazawa et al., 2003; Lisman et al., 2003). The
actin pool is localized in specialized smooth endoplasmic reticulum, which is a spine apparatus to generate more
actins, resulting in protrusion of new dendritic filopodia and spine outgrowth (\lachos et al., 2013).
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3.2. The Roles of Actin in Neurotransmission

The abilities of nervous system to orchestrate complex behaviors and deal with complex concepts depend main-
ly upon neurotransmission between two neurons (Chotibut et al., 2013). Actin dynamics plays an important role
in the process of neurotransmission. There is an active zone in the portion of the presynaptic membrane which is
the site of synaptic vesicle docking and neurotransmitter releasing (Kreis et al., 2013). When synaptic vesicles
are close to presynaptic membrane, actin is recruited to assemble and form an extensive F-actin network, which
surrounds vesicle clusters and promotes vesicles movement. Vesicles move directionally along these network
connections and reach the presynaptic membrane for neurotransmission in a random and flexible manner (Schuh
etal., 2011).

3.3. The Roles of Actin in the ATP Cycle

Actin has a subdomain that binds to ATP and is involved in ATP cycle (Baker et al., 2013). ATP-bound G-actin
is available for further assembly to form F-actin. F-actin can hydrolyze its bound ATP to ADP + Pi. The release
of Pi causes a conformational change in F-actin that promotes actin depolymerization, leading to ADP-bound
G-actin being released from F-actin. ADP released from G-actin can bind ATP through the ADP/ATP exchanger,
which usually occurs in neurons at high concentration of ATP (Becker et al., 2006). The brain consumes a dis-
proportionate (20%) of total oxygen, most of which is used to produce ATP for electrical activity (Becker et al.,
2006; Ravera et al., 2009). ATP hydrolysis is required for actin dynamics in synaptic regions (Kneussel et al.,
2013). Typically, actin dynamics in cultured embryonic neurons consumes approximately 50% of total cellular
ATP (Becker et al., 2006). Thus, slowing actin dynamics is an effective way to preserve ATP, which can signif-
icantly decrease energy consumption and protects neuronal viability under stress (Barbara et al., 2003).

3.4. The Roles of Actin in Translocation of Regulatory Proteins in Cytoplasm

F-actin plays an important role in the translocation of intracellular regulatory proteins to complete signaling
pathway. In response to extracellular stimulus, the F-actin cytoskeleton can be used for transmitting target pro-
teins from integrins to intracellular organelles (Rustom et al., 2004). Typically, in process of sterol depletion,
sterol regulatory element binding proteins (SREBPs) as key regulators of cellular sterol and lipid homeostasis,
are needed to transported from plasm membrane to endoplasmic reticulum (ER) or ER to Golgi body (Lin et al.,
2003). The transmitting forces of active proteins to move organelles are attributed to enhanced F-actin activity,
which provides a scaffolding on which regulatory molecules can translocate (Janmey et al., 1999).

4. The Change of Actin Dynamics in AB-Induced Pathology

Abnormality in cytoskeletal organization in dendritic spines is a common feature of many neurodegenerative
disorders, including Alzheimer’s disease (AD) (lijima-Ando et al., 2012). The characteristic of senile plaque
deposition in AD appears to be linked to the accumulation of amyloid B (AP) in the brain and exacerbates the
loss of dendritic spines, which causes dramatic cognitive decline in patients (Mendoza-Naranjo et al., 2007).
AB1-42 is the full length of AP and the most toxic form, which exists as monomers, oligomers, fibrils and inso-
luble aggregates. The soluble monomeric form is non-toxic, and soluble oligomers are more neurotoxic than fi-
brils and insoluble aggregates (Heredia et al., 2006).

Imbalance in actin dynamics is believed to contribute to the formation of actin rods, which is found in neuro-
degeneration diseases (Davis et al., 2009). Brain sections of AD display rod-like inclusions, especially in areas
surrounding AP deposition, supporting the idea that AP can induce the turbulence of actin dynamics (Mendo-
za-Naranjo et al., 2007). The rods are the precursors of Hirano bodies which are found in the neurons of the
brains of patients with certain neurodegenerative disorders, such as AD and Creutzfeldt-Jakob disease (Mina-
mide et al., 2000; Davis et al., 2011). Besides AP, other rod inducers, such as glutamate, peroxide, and anoxia,
initially impair mitochondria and then induce ATP depletion (Maloney et al., 2005). Rods formation has been
initially observed in organotypic slice cultures within 10 minutes (min) of ATP depletion, and rods are generated
in more than 80% of cultured hippocampal neurons after 20 - 30 minutes of ATP depletion (Davis et al., 2011;
Bernstein et al., 2006).

Rods contain actin and actin depolymerizing factor/cofilin (ADF/cofilin) in a 1:1 complex, and they form in
tandem arrays within neurites (Davis et al., 2011). As we known, ADF and cofilin are both actin-binding pro-
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teins with similar amino acid sequences and functions (Marsick et al., 2012). The binding of ADF/cofilin to
G-actin leads to sequestering actin monomers, while the binding of ADF/cofilin to F-actin leads to severing ac-
tin polymers (Jang et al., 2005). ADF/cofilin prefers binding the ADP form of F-actin, inducing a twist in the fi-
lament that will destabilize interaction between actin monomers and enhances the dissociation of actin at the
pointed end of F-actin (Minamide et al., 2000; Suurna et al., 2006). Filament severing by ADF/cofilin is a “Ja-
nus-faced” process, since the process can cause either an increase or a decrease in polymerized actin.
ADF/cofilin causes fast and extensive severing which leads to actin depolymerization at the slow-growing
pointed ends, and eventually, filament loss (Ono et al., 2007). Meanwhile, filament severing creates new barbed
ends on actin fragments, which facilitates actin reassembly and elongation if the rate of monomer association
overrides monomer dissociation (Marsick et al., 2011). Therefore, ADF/cofilin proteins are critical modulators
in actin filament turnover and maintain a balance in cytoskeletal dynamics (Reymann et al., 2011) (Figure 1).

In acute period of ATP depletion, the rapid drop of ATP levels leads to an activation of ADF/cofilin pool
through dephosphorylation (Maloney et al., 2005). Reactive ADF/cofilin which binds ADP-bound form of
F-actin or G-actin with a higher affinity than the ATP form, can inhibit ADP/ATP exchange, depolymerize actin
filaments, and reserve more ATP for important organelles activities (Sinha et al., 2011). Mitochondria are re-
covered within many of the neurites, proximal to rods, because local ATP levels have been restored to near
normal levels (Minamide et al., 2000). The formation of rods during times of transient neurodegenerative stress
represents an early neuroprotective mechanism (Maloney et al., 2005). Rapid reassembly and elongation of actin
filaments can be seen during cell recovery in the early period of neurodegenerative stimulation. First, less
F-actin destruction is observed following 30 min of ATP depletion, then the concentration of F-actin increases at
60 minutes of ATP depletion, leading to promote actin assembly and form a very fine actin network (Suurna et
al., 2006). Incubating AP with primary cultured cortical neurons for 60 minutes also induces actin polymeriza-
tion, which can form stress fibers and exert a protective role (Song et al., 2002) (Figure 1).

It has been shown that total ADF/cofilin recovery, being slower than total actin recovery, is consistent with
ADF/cofilin being more effectively sequestered in rods and eliminating the blockage of actin turnover and as-
sembly (Bernstein et al., 2006). ADF/cofilin in rods is exposed and regulated by upstream molecules, unless the
actin in rods are separated and reassembled in an orderly fashion (Bernstein et al., 2006). With time, prolonged
depletion of ATP occurs, the activities of ADF/cofilin upstream regulators begin to decline, with the rods
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Figure 1. The imbalance of actin dynamics in dendrites induced by AB. As an ATP depletion inducer, AB can lead to an ac-
tivation of ADF/cofilin pool through dephosphorylation by phosphatase SSH. Reactive ADF/cofilin can depolymerize
F-actin, inhibit ADP/ATP exchange, and reserve more ATP for important organelles activities. The inhibitory effect of reac-
tive ADF/cofilin results in formation of rods which contain actin and ADF/cofilin in a 1:1 complex. When AB is removed
and just induces transient ATP depletion, ATP levels are restored to near normal levels and lead to inactivation of
ADF/cofilin through phosphorylation by LIMK1. F-actin concentration increases secondary to phospho-ADF/cofilin, tending
to promote actin assembly and form a stable actin dynamics. When prolonged depletion of ATP occurs, the rods become
large enough to completely occlude and disrupt distant neurite. The accumulation of AB protein precursor (APP) and AP
converting enzyme (BACE) assemble at rods, resulting in enhanced production of AB. Therefore, the actin dynamics enter a
deteriorative cycle. An increase in rods can block and disrupt the neurite, leading to more AP peptide generation and the in-

duction of rod formation.
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becoming large enough to completely occlude the neurites (Koyama et al., 1996). This phenomenon can disrupt
the distal cytoskeleton and inhibit vesicular transport. The blockage in transport leads to the swelling of distant
neurites and synapse loss, which are typical pathological features of AD (Davis et al., 2011). The accumulation
of amyloid precursor protein (APP) and B-site APP cleaving enzyme (BACE) assemble at rods, resulting in en-
hanced production of AP peptides (Maloney et al., 2005). Therefore, with extensive neurodegenerative stress,
the actin dynamics enter a deteriorative cycle, whereby an increase in rods can block and disrupt the neurite cy-
toskeleton, leading to more AP peptide generation and the induction of rods formation (Figure 1).

5. The Possible Mechanism of BMP6/7 Protecting Actin Cytoskeleton against
ApB-Induced Neurodegenerative Stress

BMPs, members of p-transforming growth factor (TGF-B) subfamily, have been shown to act as a cartilage
anabolic factor due to their abilities to induce matrix synthesis and promote cartilage repair (Odabas et al., 2013).
Recently, it has been shown that BMP6/7 can affect neurogenesis, axonal pathfinding, and dendritic branching
during development of nervous system (Garred et al., 2011; Di Liddo et al., 2010). On the other hand, BMP6/7
can protect mature neurons against Ap-induced neurodegenerative stress (Sun et al., 2011).

Bone morphogenetic protein receptors (BMPRs) are transmembrane serine/threonine protein kinases that be-
long to the receptors of TGF-B family and consist of BMP receptor type I (BMPRI) and BMP receptor type II
(BMPRII). BMP ligand binding leads to phosphorylation and activation of BMPRII (Miyagi et al., 2011).
BMPRIL, in turn, phosphorylates one of receptor regulating small mothers against decapentaplegic (R-Smad)
proteins including Smad1, Smad5 and Smad8, then combined with common mediator Smad (co-Smad)-Smad4
which specially transduces extracellular signals from TGF-p to the nucleus and elicits genes transcription, in-
cluding actin genes (Sartori et al., 2013). Whereas, inhibitory Smad (I-Smad) including Smad6 and Smad7 could
negatively regulate BMP-Smad signaling pathway (Sartori et al., 2013). Endoplasmic reticulum produces actin
monomers that supply the material basis for actin dynamics (Ramabhadran et al., 2013).

As shown in Figure 2, BMPRII has a large cytoplasmic tail of approximately 600 amino acids C-terminal to
the kinase domain (Breen et al., 2013). As one of ADF/cofilin upstream molecules, LIM kinase 1 (LIMK1) in-
teracts specifically via its LIM domains to the tail of BMPRII and this interaction results in negative regulation
of LIMKI pathway (Foletta et al., 2003; Podkowa et al., 2013). The reason is that LIMKI binding with BMPRII
can reduce C-terminal availability in the cytoplasm and limit their accesses to the upstream activators (Foletta et
al., 2003). However, this inhibitory effect appears to be alleviated by BMPs ligand stimulation. Because upon
engagement of BMPs, followed by formation of BMPs-BMPR complex, LIMKI is dissociated from the
C-terminal of BMPRII, bringing about more free interaction with the upstream activators to phosphorylate
LIMKI pathway (Miyagi et al., 2011). ADF/cofilin is the sole substrate of LIMK1 and is inactivated by LIMK1
through phosphorylation. Phosphorylated ADF/cofilin is unable to bind F-actin, consequently, leading to actin
polymerization (Zhao et al., 2008).

BMPs-BMPR complex has the ability to maintain synaptic actin stability and dendrite outgrowth, via both
slow Smad-dependent and fast LIMK1-dependent pathway (Eaton et al., 2005). It has been reported that the
protective effects of BMP7 on AB-induced neurotoxicity involve decreasing cell morphology damage and main-
taining dendrites outgrowth (Sun et al., 2011), which are mainly attributed to the stability of intracellular actin
filaments. As shown in Figure 2, the possible mechanism underlying BMPs reducing AB-induced cytoskeleton
impairment in dendrites may involve release of BMPRII C-terminal and reactivation of LIMK1, leading to
phosphorylation of ADF/cofilin and reassembly of F-actin. BMPs can mediate early protective signalling of ac-
tin filaments via indirectly regulating the activity of the LIMK1 pathway.

Similar to LIMK1, LIM kinase 2 (LIMK?2) is also an actin binding serine/threonine kinase and serve as a main
negative regulator, which can phosphorylate and inactivate its sole substrate-ADF/cofilin (Wang et al., 2013).
There are two upstream kinases including p21 activated kinase (PAK) and Rho associated coiled-coil kinase
(ROCK) to activate LIMK1 and 2 by phosphorylation in the kinase domain, respectively (Aleksic et al., 2009).
Rho GTPases, which belong to Ras superfamily of small GTPases, translate transmembrane signaling to regu-
late actin cytoskeleton (Rex et al., 2009). RhoA and CDC42/Rac, as members of Rho GTPases, are the upstream
activators of ROCK and PAK, respectively, and both can phosphorylate LIMK pathway (Hocking et al., 2009).
By switching between a GDP-bound inactive form and a GTP-bound active form, Rho GTPases can regulate the
cytoskeleton construction guided by many actin dynamic cues (Lin et al., 2003). Guanine nucleotide exchange
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Figure 2. The possible mechanisms underlying maintaining the stabilization of actin dynamics in dendrites by BMPs. BMP
ligand transduces downstream signaling pathway including SMAD and non-SMAD through bingding to BMP receptor.
BMPRII phosphorylates one of receptor regulating small mothers against decapentaplegic (R-Smad) proteins including
Smadl, Smad5 and Smad8, then combines with common mediator Smad (co-Smad)-Smad4 which specially transduces
extracellular signals from TGF-B to the nucleus and elicits genes transcription, including actin genes. Whereas, inhibitory
Smad (I-Smad) including Smad6 and Smad7 can negatively regulate BMP-Smad signaling pathway. Futhermore, BMPRII
through its large cytoplasmic tail can bind and inactivate LIMK1. When BMP binds BMPR to form BMP-BMPR complex,
LIMK1 is dissociated from the cytoplasmic tail of BMPRII, leading to LIMK1 activated by the upstream molecules such as
PAK and CDC42/Rac. LIMK1 can phosphorylate and inactivate ADF/cofilin. Phosphorylated ADF/cofilin is unable to sever
F-actin, which finally leads to actin polymerization, actin organization and then F-actin stabilization. We speculate that the
mechanism of BMPs maintaining actin dynamics in dendrites is LIMK1-dependent. Compared to LIMK1, SSH plays an op-
posite role which can dephosphorylate and activate ADF/cofilin, at the same time, SSH can also dephosphorylate and inacti-
vate LIMKZ1. As an auxiliary regulatory molecule, 14-3-3¢ can cooperate with LIMK1 activities. Additionally, LIMK2 and
its upstream activators including ROCK and RhoA can be an inhibitory pathway for ADF/cofilin as well. However, the pre-
cise role of BMPs in actin dynamics is unclear. Besides LIMK1 pathway, BMPs probably can activate Smad-dependent
pathway via BMPR to elicit actin gene transcription. Endoplasmic reticulums produce actin monomers to supply the material
basis for actin polymerization.

factors (GEFs) activate the switch by catalyzing the exchange of GDP for GTP, whereas GTPase activating pro-
teins (GAPS) inactivate the switch and increase intrinsic GTPase activity (Hall et al., 2010). These upstream
cascades of LIMK pathway converge on the ADF/cofilin protein that directly regulates the organization of actin
cytoskeleton. The constitutively active forms of RhoA-ROCK-LIMK2 and CDC42/Rac-PAK-LIMK1 induce
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phosphorylated and inactive form of ADF/cofilin, which promotes actin polymerization and stress fiber forma-
tion (Ng et al., 2008).

In contrast, re-activation of ADF/cofilin protein occurs by dephosphorylation, which has been reported to be
mediated by Slingshot (SSH) phosphatase (Soosairajah et al., 2005). Apart from dephosphorylating ADF/cofilin,
SSH also serves as a phosphatase toward LIMK1 to inhibit its activity. The effect of SSH on LIMK1 pathway
appears to decrease the levels of both ADF/cofilin and F-actin, consequently, inhibiting LIMK1-induced actin
reorganization (Soosairajah et al., 2005). At the same time, the phosphatase activity of SSH toward LIMK1-
ADF/cofilin is suppressed by phosphorylation of PAK (Ishibashi et al., 2008). There is another regulatory mo-
lecule, 14-3-3( scaffolding proteins, which can bind to phospho-ADF/cofilin and cooperate with LIMK. The
role of 14-3-3( scaffolding proteins is to protect phospho-ADF/cofilin from dephosphorylation, resulting in in-
creased levels of F-actin (Foletta et al., 2003; Soosairajah et al., 2005). Furthermore, 14-3-3( scaffolding pro-
teins have the property of phospho-SSH binding and reduce its effects on F-actin, serving as a negative regulator
of SSH activity (Soosairajah et al., 2005). Therefore, multiple and complex regulatory molecules are required to
maintain the balance of intracellular actin dynamics (Figure 2).

ADF/cofilin activity depends on the net balance of kinase LIMK1 and phosphatase SSH (Kousaka et al.,
2008). There are very complex molecule signals involving the regulation of LIMK1 and SSH. Previous experi-
ments have demonstrated that CDC42/Rac considerably overlaps with early cytoskeleton abnormalities which
were observed in AD brain sections, the defects in P21-activated kinase (PAK) activity can lead to actin pa-
thology during development of AD, and high levels of LIMK1 coexist with delayed F-actin cytoskeleton de-
struction in transient ATP depletion (Mendoza-Naranjo et al., 2007; Suurna et al., 2006; Heredia et al., 2006).
Thus, it can be assumed that reactive CDC42/Rac-PAK-LIMK1 pathway is promoted to counteract over hy-
per-dephosphorylation of ADF/cofilin and rescue cytoskeleton damage. It has been reported that CDC42/Rac
can synergize the interaction of LIMK1 with BMPRII and active CDC42/Rac can enhance the activity of
LIMK1 (Matsuura et al., 2007; Liu et al., 2009; Ng et al., 2004), however, the exact correlation between
BMPRII and CDC42/Rac is unknown. Previous experiments have demonstrated that there are inhibitory effects
on PAK-SSH pathway and SSH-LIMK1 pathway respectively (Kousaka et al., 2008; Ng et al., 2004). Alterna-
tively, PAK can downregulate the activities of SSH, and SSH can downregulate the activities of LIMK1 (Malo-
ney et al., 2005).

6. Conclusion

Taken together, we can speculate that CDC42/Rac, and its downstream effector PAK, contribute to activating
LIMKZ1 and inhibiting SSH. As the upstream activators of CDC42/Rac, GEFs, GAPs, or other proteins, may in-
crease CDC42/Rac activities to modulate BMPs protective signaling; however, future studies are necessary to
verify this assumption. The future studies will focus on how to avoid or decrease the impairment of dendritic ac-
tin caused by AP and explore the changes of different signaling pathways including BMP ligand, BMP receptor,
downstream signaling of the BMP-LIMKZ1 pathway, protein associated with LIMK1-SSH, and upstream signal-
ings of the BMP-Rho-GTPase pathway. Moreover, it is essential to search the targets which can alleviate or in-
hibit the impairment of dendritic actin induced by Ap. The study of roles of BMP6/7 in dendritic actin dynamics
could provide us with a better understanding of AB-induced degenerative diseases, which may be beneficial for
the clinical treatment of AD.
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