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Three ADF/cofilin family members are expressed in mammals: ADF, cofilin-1, and cofilin-2. The first member ADF
(also known as destrin), encoded by the gene DSTN in humans, was initially identified in the chick brain. Cofilin
was discovered as an actin-interacting protein in the porcine brain. Later, Ono et al. identified two mammalian
variants of cofilin, non-muscle type (also known as cofilin-1 and n-cofilin) and muscle type (also known as cofilin-2
and m-cofilin). In humans, cofilin-1 and cofilin-2 are encoded by the genes CFL1 and CFL2, respectively. Different
isoforms of ADF/cofilin have qualitatively similar but quantitatively different effects on actin dynamics. To be noted,
both ADF and cofilin show cooperative binding with actin filaments. Interestingly, cofilin-1 comprises almost 90% of
the total ADF/cofilin family in CNS.

Cofilin can bind to both G-actin and F-actin, exhibiting stronger affinities for the ADP-bound actins than the ATP- or
ADP-Pi-bound forms. Cofilin binding to F-actin induces actin subunit rotation, enhances Pi release along the

filament, and promotes filament severing in a concentration-dependent manner.

cofilin cofilin-1 cytoskeleton neurodegeneration actin neuron

Alzheimer’s disease schizophrenia LIMK1 SSH1

| 1.Introduction

Neurons contain a cytoskeleton consisting of microtubules, neurofilaments, and actin filaments. Microtubules are
composed of tubulin proteins and other polypeptides and provide the essential organization of organelles.
Neurofilaments, which are class IV intermediate filaments, offer structural support to axons and influence nerve
conduction velocity. Actin filaments (F-actin) are composed of globular actin monomers (G-actin). Dynamic
transition can occur between G-actin and F-actin, and the polymerization-depolymerization events are
spatiotemporally regulated in response to numerous extracellular and intracellular stimuli. Actin is an ATPase, and
both G-actin and F-actin can bind to ATP. When ATP-bound G-actin monomers assemble into a polymer, ATP
hydrolyzes rapidly to generate ADP-Pi actin, slowly releasing the inorganic phosphate producing ADP-actin
subunits. Consequently, actin filaments exhibit considerable asymmetry with a plus end (barbed end or growing
end) and a minus end (pointed end or shrinking end) dominated by ATP- and ADP-actins, respectively. ATP-G-actin
monomers are preferentially polymerized to the barbed end whereas, ADP-actin subunits are depolymerized from
the pointed end. The actin dynamics is precisely controlled by various actin-binding proteins (ABPS) such as actin-
related protein 2/3 complex (Arp2/3), cortactin, formin, profilin, and actin-depolymerizing factor (ADF)/cofilin

(reviewed in [1)),
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Three ADF/cofilin family members are expressed in mammals: ADF, cofilin-1, and cofilin-2 (reviewed in &), The
first member ADF (also known as destrin), encoded by the gene DSTN in humans, was initially identified in the
chick brain 4. Cofilin was discovered as an actin-interacting protein in the porcine brain BIE. Later, Ono et al.
identified two mammalian variants of cofilin, non-muscle type (also known as cofilin-1 and n-cofilin) and muscle
type (also known as cofilin-2 and m-cofilin) [Z. In humans, cofilin-1 and cofilin-2 are encoded by the genes CFL1
and CFL2 , respectively. Different isoforms of ADF/cofilin have qualitatively similar but quantitatively different
effects on actin dynamics [&l. To be noted, both ADF and cofilin show cooperative binding with actin filaments 219,
Interestingly, cofilin-1 comprises almost 90% of the total ADF/cofilin family in CNS 2. For simplicity, we will use the

term ‘cofilin’ to mention cofilin-1 hereafter.

Cofilin can bind to both G-actin and F-actin, exhibiting stronger affinities for the ADP-bound actins than the ATP- or
ADP-Pi-bound forms 12, Cofilin binding to F-actin induces actin subunit rotation, enhances Pi release along the
filament, and promotes filament severing in a concentration-dependent manner [BIl13114] Severing is rapid at a low
cofilin/actin ratio and suppressed at a high cofilin/actin ratio. Interestingly, only a few cofilin molecules can induce
actin filament fragmentation, predominantly at the pointed end of the cofilin domain 2218l Severing generates
newer ends of the filament where cofilin may accelerate the disassembly of ADP-actins from the pointed end 18],
On the contrary, higher cofilin concentrations can favor actin polymerization through nucleation 2!, Thus, cofilin is

capable of controlling actin dynamics through both polymerization and depolymerization.

Conceivably, regulation of cofilin activity is immensely complex where diverse stimuli in the cell microenvironment
orchestrate the cytoskeleton dynamics in physiological and pathophysiological conditions 48 For instance, two
guidance cues, nerve growth factor (NGF) and netrin-1, were found to activate cofilin, increase free actin barbed
ends, and promote growth cone protrusion 2. Meyer et al. (2005) showed that insulin-like growth factor | (IGF-I)
enhances neuroblastoma cell motility through activation of cofilin and its upstream regulators 29, Tilve and
colleagues (2015) observed an extracellular synuclein-induced cofilin inactivation and dysregulation of neuronal
actin dynamics [l At the molecular level, cofilin activity is modulated by phosphorylation-dephosphorylation,
binding to other regulatory proteins, and redox modifications. We have discussed essential cofilin regulators in the
next section. For further details, interested readers are referred to many outstanding reviews describing the roles
and regulations of cofilin in actin dynamics [22123][241[25][26][27]

2.Signaling Mechanisms for Cofilin Activation and
Inactivation

The Ser-3 residue in cofilin is a conserved phosphorylation site 28221 Cofilin is activated via dephosphorylation at
Ser-3 by slingshot family proteins (SSHs; SSH1, SSH2, and SSH3) through the Ca 2+ /calmodulin-dependent
calcineurin activation pathway BBl On the other hand, cofilin is deactivated via phosphorylation at Ser-3 by LIM

domain kinases (LIMKs) and dual-specificity testis-specific protein kinases (TESKs) [22I[33],

TESKSs are structurally related to LIM-kinases with a kinase domain and a unique C-terminal proline-rich domain.

TESK1 can phosphorylate cofilin at Ser-3 in vitro and in vivo to affect actin organization 4. When active cofilin
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was expressed in HelLa cells, rhodamine-phalloidin (a conjugate dye used to stabilize actin filaments in vitro)
staining was markedly decreased by cofilin-mediated actin depolymerization, and this phenomenon was reversed
by co-expression of TESK1 with cofilin 2. Using TESK1 knockout mice, Wang et al. (2018) showed that TESK1
kinase activity is critical in cofilin-induced actin depolymerization 8. TESK2 was also found to mediate cofilin

phosphorylation and the formation of actin stress fibers in cultured cells B2,

CAPs are multi-domain actin-binding proteins having the capability of actin dynamics regulation at multiple levels
(38 CAPs and cofilin synergize to enhance depolymerization of F-actin at the pointed end B2, CAPs compete with
cofilin to bind with G-actin and promote its nucleotide exchange. Though two homologs of CAPs, CAP1 and CAP2,
have been described in mammals, in humans, CAP2 plays a crucial role in neuronal cells, most notably in spine
morphology 9. CAP2 dimers/oligomers promote depolymerization of cofilin-saturated fragments of F-actin 321281,
Alterations in dendritic architecture and spine morphology have been reported in CAP2 knockout neurons 4. A
recent study reported CAP2 as a postsynaptic protein relevant to regulating synaptic transmission and plasticity by
shaping dendritic and spine morphology, which are all interconnected to actin depolymerization through cofilin
activity (411,

In addition to phosphorylation-dephosphorylation, cofilin activity is also altered by several other mechanisms,
including redox regulation. ROS can directly modulate cofilin in two different ways. First, direct oxidation of cofilin at
Cys-139/147 to sulfenic acid in response to hydrogen peroxide (H 20 2) impairs cofilin binding to actin (42, Second,
under mild oxidative stress, ROS induces cofilin activation and an intermolecular disulfide bond between Cys-147
and Cys-39, forming cofilin-actin oligomers “3l441 and may lead to rod formation under an oxidative environment.

Nonetheless, ROS can modulate cofilin by oxidation and inhibiting its actin-severing action.

| 3.Cofilin Functions in the CNS Development

Neurulation in human embryos proceeds in two phases, primary and secondary. The neural tube, the embryonic
precursor of the CNS, is developed from the neural plate (a section of the ectoderm) via primary neurulation 43
involving four overlapping stages: neural induction, shaping, bending of the neural plate, and neural tube closure
(461 Neural crest cells are generated from the neural tube during neurulation and take long migration routes before
settling and differentiating into distinct cell types. Gurniak et al. (2005) showed that the cofilin-mutant mouse
embryos fail to form the neural tube and exhibit substantial aberration migration of neural crest cells 4. Cofilin
mutation results in malformation of actin structure and loss of polarity of the neural crest cells, which severely
affects neuronal development in mice ¥, Cofilin is indispensable for actin depolymerization and actomyosin
organization in the neural epithelium, which are critical for neural tube formation 48149, A |ack of secretory pathway
calcium ATPase (SPCA1) in mouse embryos shares similar neural tube deformation with cofilin mutants B9,
Interestingly, SPCA1 was found to direct cofilin colocalization with apical actin filaments in the neuroepithelium.

Thus, cofilin appears as an essential protein for proper neural tube closure during embryonic development.

The formation of neurites, the immature projections arising from the neuronal cell body, is a unique and significant

step in neurogenesis. The brain’s development and function largely depend on neurite formation, which requires

https://encyclopedia.pub/entry/14867 3/12



Cofilin Signaling | Encyclopedia.pub

many growth signals, receptor stimuli, and a complex interplay among intracellular and extracellular signals. Actin
can function as a microtubule entry barrier in dendritic spines and guide microtubules growing into filopodia B2,
Penetration of microtubules is determined by an adequate balance between forward polymerization and backward
transport by the retrograde flow of lamellipodium actin B2l Three steps are involved in axon elongation: protrusion,
engorgement, and consolidation. In protrusion, F-actin’s polymerization triggers elongation of lamellipodia and
filopodia, whereas F-actin depolymerization guides polymerized microtubules to elongate into the peripheral
domain. In the consolidation step, the transition of microtubules from polymerization to stabilization enables the
formation of the neurite shaft. Repeated cycles of these three steps lead to axon elongation. Again, the growth
cone’s lamellipodial extension and filopodial retraction are necessary for all three axon elongation stages 32,
Cofilin is highly concentrated in dendritic spines and growth cones of neurons 231, |t controls the number and length
of filopodia in response to brain-derived neurotrophic factor (BDNF) 24, At the rear of actin meshwork in the growth
cone, cofilin promotes actin monomers’ recycling to the leading edge for assembly. Cofilin thereby enhances
membrane protrusion by altering interactions of F-actin with microtubules B2, Cofilin also facilitates bundling and

penetration of microtubules into the growth cone and restricts microtubule entry into dendritic spines.

Furthermore, several proteins such as neuronal Nogo-A, semaphorin 3A, and BDNF have been found to regulate
the growth cone through cofilin 22158, Overexpression of cofilin or its phosphorylation-resistant mutant cofilin S3A
(active cofilin mutant) can stimulate more growth cone-like waves, which produce significantly longer axons. In
contrast, the inactivation of cofilin by LIMK1 overexpression disrupts the fan-like structure of the growth cone,
perturbing axon elongation and growth cone motility 7581, Such defects can be recovered by overexpressing S3A
or slingshot homolog (SSH), a protein phosphatase 2. Enhancement of actin filament turnover in vivo is critically
regulated by cofilin during neurite formation. Cofilin knockout mice exhibit severe abnormalities in multiple brain

regions resulting from a profound retrograde flow reduction 27,

Axonal distortion following external or internal injury or inflammation in the CNS ensues neurodegeneration.
Ironically, a failed regeneration of injured axons in the adult CNS is contrasted with the vigorous axonal growth
during embryonic development. Regeneration failure is associated with extracellular inhibitory factors and
downregulation of neuron-intrinsic regenerative programs (reviewed in 61l Unlike the developing neurons,
injured CNS neurons do not display growth cones following axon injury ©2: instead, dystrophic bulbs called

‘retraction bulbs’ are generated.

4.Cofilin Dysregulation and Neurodegenerative and
Psychiatric Disorders

An appearance of amyloid-beta (AB)- and tau-dependent spine loss is a pathologic feature that directly correlates
with cognitive declines in AD €8l Cofilin was found to aggregate with AB oligomers in human AD brain tissues and
mouse AD models B4l AR interacts with many synaptic proteins such as NMDA receptors, PrP C (prion protein),
ephrin type B-2 receptor (EphB2), metabotropic glutamate receptor 5 (mGIuR5), and B-integrin 3. Woo et al.
(2015) showed, using both cultured neurons and in vivo mouse models, that the ran-binding protein 9 (RanBP9)

can mediate the accumulation of cofilin-actin rods €8, RanBP9 enhanced the PrP C-dependent AB-Bl-integrin
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signal and cofilin dephosphorylation by SSHs. The RanBP9-SSH1-cofilin axis promoted cofilin translocation in the
mitochondria and induced a cofilin-actin pathology leading to synaptic and mitochondrial dysfunction [BEI67],
Decreased cofilin expression by downregulation of RanBP9 resulted in protection from memory and learning
defects in a mouse model of contextual fear conditioning, signifying roles of cofilin activity levels in hippocampal

learning and memory (€8],

Decreased CAP2 and increased cofilin levels were reported in hippocampal postsynaptic fractions in an AD mouse
model (8 Small hairpin RNA (shRNA)-mediated down-regulation of CAP2 altered dendritic and spine
morphologies in cultured neurons. Additionally, induction of LTP in rat hippocampal neurons augmented CAP2
dimerization and CAP2-cofilin association. This study also found a decreased hippocampal CAP2 protein level and
a reduction in the ratio of CAP2/cofilin in AD patients compared to healthy controls, implicating CAPs in AD

pathophysiology (68!,

Immediately after ischemic stroke, neuronal cell death occurs rapidly due to initial loss of blood flow, increased
oxidative stress by an overload of cytosolic Ca 2+ , increased excitotoxicity, lack of oxygen, and glucose. Overload
of Ca 2+ activates NADPH-oxidase (NOX) through PKC and nitric oxide (NO), leading to a high level of glutamate
accumulation in extracellular space (reviewed in BI9)  Glutamate causes excitotoxicity at higher doses by
overstimulating NMDA, AMPA receptors, Ca 2+ overload, and mitochondrial dysfunction [, Several studies
reported that both non-NMDA and NMDA receptors can stimulate glutamate-induced cofilin dephosphorylation and
rod formation 2281741 Dyring excitotoxic neuronal death, NMDARs stimulation promotes cofilin dephosphorylation
by the Ca 2+ -SSH1-cofilin pathway in cortical neurons where cofilin physiologically remains phosphorylated.
NMDA-induced cofilin dephosphorylation enhances cofilin translocation in mitochondria and decreases p-cofilin
level in the cytosol. Cofilin contributes to the translocation of Bax into mitochondria. 2, promoting mitochondrial
membrane depolarization and releasing apoptotic factors like cytochrome C. Acute knockdown of cofilin or SSH1
exhibited a marked neuroprotective action on NMDA-mediated neuronal death 3. Another recent study
demonstrated that rod-induced microtubule-associated protein-2 (MAP2) degradation and cofilin-mediated

apoptosis are reduced if cofilin is inhibited by LIMK1 overexpression in the infarct cortex after stroke 8],

Moreover, cofilin oxidation may lead to oxidant-induced apoptosis 2. Ischemic and hemorrhagic stroke-induced
oxidative stress might be a consequence of ROS-induced cofilin oxidation, which enhances translocation of free
cofilin into the mitochondria, thereby initiates cytochrome C release leading to apoptosis 8. During the acute
phase of ischemic injury and the initial phase of secondary injury to intracranial hemorrhage (ICH), inhibition of
elevated cofilin activation in the extracellular region either using pharmacological inhibitor or via phosphorylation

could diminish excitotoxicity-induced neuronal death (reviewed in [Z9).

| 5.Conclusions

The findings generated from a plethora of studies implicate that proper balance in cofilin activity is a prerequisite for
actin turnover and CNS functions. Among various regulatory pathways already discovered for cofilin,

phosphoregulation through SSHs and LIMKs is the most critical mechanism, where the Ser-3 residue of cofilin is
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the specific target. Roles of cofilin Cys-39 and Cys-147 residues are also becoming apparent in the context of

ROS-induced rod formation in many neurodegenerative disorders. Newer studies report different molecular

pathways of cofilin through which cofilin dysregulation and translocation in subcellular regions might be associated

with various CNS disorders.

Recent advances in experimental techniques will significantly facilitate the understanding of the signaling pathways

of cofilin function in development and disease conditions. Drugs or peptides targeting the critical amino acid

residues of cofilin might be a new potential therapeutic strategy for neurodegenerative disorders.

References

1.

10.

Pollard, T.D.; Borisy, G.G. Cellular Motility Driven by Assembly and Disassembly of Actin
Filaments. Cell 2003, 112, 453-465.

. Bamburg, J.R. Proteins of the ADF/Cofilin Family: Essential Regulators of Actin Dynamics. Annu.

Rev. Cell Dev. Biol. 1999, 15, 185-230.

. Maciver, S.K.; Hussey, P.J. The ADF/Cofilin Family: Actin-Remodeling Proteins. Genome Biol.

2002, 3, reviews3007.1.

. Bamburg, J.R.; Harris, H.E.; Weeds, A.G. Partial Purification and Characterization of an Actin

Depolymerizing Factor from Brain. FEBS Lett. 1980, 121, 178-182.

. Maekawa, S.; Nishida, E.; Ohta, Y.; Sakai, H. Isolation of Low Molecular Weight Actin-Binding

Proteins from Porcine Brainl. J. Biochem. 1984, 95, 377-385.

. Nishida, E.; Maekawa, S.; Sakai, H. Cofilin, a Protein in Porcine Brain That Binds to Actin

Filaments and Inhibits Their Interactions with Myosin and Tropomyosin. Biochemistry 1984, 23,
5307-5313.

.0Ono, S.; Minami, N.; Abe, H.; Obinata, T. Characterization of a Novel Cofilin Isoform That Is

Predominantly Expressed in Mammalian Skeletal Muscle. J. Biol. Chem. 1994, 269, 15280—
15286.

. Blanchoin, L.; Pollard, T.D. Mechanism of Interaction of Acanthamoeba Actophorin (ADF/Cofilin)

with Actin Filaments. J. Biol. Chem. 1999, 274, 15538—15546.

. Hayden, S.M.; Miller, P.S.; Brauweiler, A.; Bamburg, J.R. Analysis of the Interactions of Actin

Depolymerizing Factor with G-and F-Actin. Biochemistry 1993, 32, 9994-10004.

McGough, A.; Pope, B.; Chiu, W.; Weeds, A. Cofilin Changes the Twist of F-Actin: Implications for
Actin Filament Dynamics and Cellular Function. J. Cell Biol. 1997, 138, 771-781.

https://encyclopedia.pub/entry/14867 6/12



Cofilin Signaling | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Minamide, L.S.; Striegl, A.M.; Boyle, J.A.; Meberg, P.J.; Bamburg, J.R. Neurodegenerative Stimuli
Induce Persistent ADF/Cofilin—Actin Rods That Disrupt Distal Neurite Function. Nat. Cell Biol.
2000, 2, 628-636.

Carlier, M.F.; Laurent, V.; Santolini, J.; Melki, R.; Didry, D.; Xia, G.X.; Hong, Y.; Chua, N.H.;
Pantaloni, D. Actin Depolymerizing Factor (ADF/Cofilin) Enhances the Rate of Filament Turnover:
Implication in Actin-Based Motility. J. Cell Biol. 1997, 136, 1307-1322.

Andrianantoandro, E.; Pollard, T.D. Mechanism of Actin Filament Turnover by Severing and
Nucleation at Different Concentrations of ADF/Cofilin. Mol. Cell 2006, 24, 13-23.

Galkin, V.E.; Orlova, A.; Kudryashov, D.S.; Solodukhin, A.; Reisler, E.; Schréder, G.F.; Egelman,
E.H. Remodeling of Actin Filaments by ADF/Cofilin Proteins. Proc. Natl. Acad. Sci. USA 2011,
108, 20568-20572.

De La Cruz, E.M. Cofilin Binding to Muscle and Non-Muscle Actin Filaments: Isoform-Dependent
Cooperative Interactions. J. Mol. Biol. 2005, 346, 557-564.

Wioland, H.; Guichard, B.; Senju, Y.; Myram, S.; Lappalainen, P.; Jégou, A.; Romet-Lemonne, G.
ADF/Cofilin Accelerates Actin Dynamics by Severing Filaments and Promoting Their
Depolymerization at Both Ends. Curr. Biol. 2017, 27, 1956-1967.

Meyer, G.; Feldman, E.L. Signaling Mechanisms That Regulate Actin-based Motility Processes in
the Nervous System. J. Neurochem. 2002, 83, 490-503.

Samstag, Y.; John, I.; Wabnitz, G.H. Cofilin: A Redox Sensitive Mediator of Actin Dynamics during
T-Cell Activation and Migration. Immunol. Rev. 2013, 256, 30-47.

Marsick, B.M.; Flynn, K.C.; Santiago-Medina, M.; Bamburg, J.R.; Letourneau, P.C. Activation of
ADF/Cofilin Mediates Attractive Growth Cone Turning toward Nerve Growth Factor and Netrin-1.
Dev. Neurobiol. 2010, 70, 565-588.

Meyer, G.; Kim, B.; van Golen, C.; Feldman, E.L. Cofilin Activity during Insulin-like Growth Factor
I-Stimulated Neuroblastoma Cell Motility. Cell. Mol. Life Sci. 2005, 62, 461-470.

Tilve, S.; Difato, F.; Chieregatti, E. Cofilin 1 Activation Prevents the Defects in Axon Elongation
and Guidance Induced by Extracellular Alpha-Synuclein. Sci. Rep. 2015, 5, 16524.

Bamburg, J.R.; Bernstein, B.W. Roles of ADF/Cofilin in Actin Polymerization and Beyond. F1000
Biol. Rep. 2010, 2.

Huang, T.Y.; DerMardirossian, C.; Bokoch, G.M. Cofilin Phosphatases and Regulation of Actin
Dynamics. Curr. Opin. Cell Biol. 2006, 18, 26-31.

Mizuno, K. Signaling Mechanisms and Functional Roles of Cofilin Phosphorylation and
Dephosphorylation. Cell. Signal. 2013, 25, 457-469.

https://encyclopedia.pub/entry/14867 7/12



Cofilin Signaling | Encyclopedia.pub

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ostrowska, Z.; Moraczewska, J. Cofilin—A Protein Controlling Dynamics of Actin Filaments.
Postepy Hig. Med. Dosw. (Online) 2017, 71, 339-351.

Sarmiere, P.D.; Bamburg, J.R. Regulation of the Neuronal Actin Cytoskeleton by ADF/Cofilin. J.
Neurobiol. 2004, 58, 103-117.

Van Troys, M.; Huyck, L.; Leyman, S.; Dhaese, S.; Vandekerkhove, J.; Ampe, C. Ins and Outs of
ADF/Cofilin Activity and Regulation. Eur. J. Cell Biol. 2008, 87, 649-667.

Klejnot, M.; Gabrielsen, M.; Cameron, J.; Mleczak, A.; Talapatra, S.K.; Kozielski, F.; Pannifer, A.;
Olson, M.F. Analysis of the Human Cofilin 1 Structure Reveals Conformational Changes Required
for Actin Binding. Acta Crystallogr. D Biol. Crystallogr. 2013, 69, 1780-1788.

Moriyama, K.; lida, K.; Yahara, I. Phosphorylation of Ser-3 of Cofilin Regulates Its Essential
Function on Actin. Genes Cells 1996, 1, 73-86.

Niwa, R.; Nagata-Ohashi, K.; Takeichi, M.; Mizuno, K.; Uemura, T. Control of Actin Reorganization
by Slingshot, a Family of Phosphatases That Dephosphorylate ADF/Cofilin. Cell 2002, 108, 233—
246.

Wang, Y.; Shibasaki, F.; Mizuno, K. Calcium Signal-Induced Cofilin Dephosphorylation Is
Mediated by Slingshot via Calcineurin. J. Biol. Chem. 2005, 280, 12683-12689.

Arber, S.; Barbayannis, F.A.; Hanser, H.; Schneider, C.; Stanyon, C.A.; Bernard, O.; Caroni, P.
Regulation of Actin Dynamics through Phosphorylation of Cofilin by LIM-Kinase. Nature 1998,
393, 805-809.

Yang, N.; Higuchi, O.; Ohashi, K.; Nagata, K.; Wada, A.; Kangawa, K.; Nishida, E.; Mizuno, K.
Cofilin Phosphorylation by LIM-Kinase 1 and Its Role in Rac-Mediated Actin Reorganization.
Nature 1998, 393, 809-812.

Toshima, J.; Toshima, J.Y.; Amano, T.; Yang, N.; Narumiya, S.; Mizuno, K. Cofilin Phosphorylation
by Protein Kinase Testicular Protein Kinase 1 and Its Role in Integrin-Mediated Actin
Reorganization and Focal Adhesion Formation. MBoC 2001, 12, 1131-1145.

Lou, D.; Sun, B.; Wei, H.; Deng, X.; Chen, H.; Xu, D.; Li, G.; Xu, H.; Wang, Y. Spatiotemporal
Expression of Testicular Protein Kinase 1 after Rat Sciatic Nerve Injury. J. Mol. Neurosci. 2012,
47, 180-191.

Wang, L.; Buckley, A.F.; Spurney, R.F. Regulation of Cofilin Phosphorylation in Glomerular
Podocytes by Testis Specific Kinase 1 (TESK1). Sci. Rep. 2018, 8, 12286.

Toshima, J.; Toshima, J.Y.; Takeuchi, K.; Mori, R.; Mizuno, K. Cofilin Phosphorylation and Actin
Reorganization Activities of Testicular Protein Kinase 2 and Its Predominant Expression in
Testicular Sertoli Cells. J. Biol. Chem. 2001, 276, 31449-31458.

https://encyclopedia.pub/entry/14867 8/12



Cofilin Signaling | Encyclopedia.pub

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ono, S. The Role of Cyclase-Associated Protein in Regulating Actin Filament Dynamics—More
than a Monomer-Sequestration Factor. J. Cell Sci. 2013, 126, 3249-3258.

Kotila, T.; Wioland, H.; Enkavi, G.; Kogan, K.; Vattulainen, I.; Jégou, A.; Romet-Lemonne, G.;
Lappalainen, P. Mechanism of Synergistic Actin Filament Pointed End Depolymerization by
Cyclase-Associated Protein and Cofilin. Nat. Commun. 2019, 10, 5320.

Peche, V.; Shekar, S.; Leichter, M.; Korte, H.; Schréder, R.; Schleicher, M.; Holak, T.A.; Clemen,
C.S.; Ramanath-Y, B.; Pfitzer, G.; et al. CAP2, Cyclase-Associated Protein 2, Is a Dual
Compartment Protein. Cell Mol. Life Sci. 2007, 64, 2702-2715.

Kumar, A.; Paeger, L.; Kosmas, K.; Kloppenburg, P.; Noegel, A.A.; Peche, V.S. Neuronal Actin
Dynamics, Spine Density and Neuronal Dendritic Complexity Are Regulated by CAP2. Front. Cell.
Neurosci. 2016, 10.

Cameron, J.M.; Gabrielsen, M.; Chim, Y.H.; Munro, J.; McGhee, E.J.; Sumpton, D.; Eaton, P,;
Anderson, K.1.; Yin, H.; Olson, M.F. Polarized Cell Motility Induces Hydrogen Peroxide to Inhibit
Cofilin via Cysteine Oxidation. Curr. Biol. 2015, 25, 1520-1525.

Bernstein, B.W.; Shaw, A.E.; Minamide, L.S.; Pak, C.W.; Bamburg, J.R. Incorporation of Cofilin
into Rods Depends on Disulfide Intermolecular Bonds: Implications for Actin Regulation and
Neurodegenerative Disease. J. Neurosci. 2012, 32, 6670-6681.

Pfannstiel, J.; Cyrklaff, M.; Habermann, A.; Stoeva, S.; Griffiths, G.; Shoeman, R.; Faulstich, H.
Human Cofilin Forms Oligomers Exhibiting Actin Bundling Activity. J. Biol. Chem. 2001, 276,
49476-49484.

Yuskaitis, C.J.; Pomeroy, S.L. Development of the Nervous System. In Fetal and Neonatal
Physiology; Elsevier: Philadelphia, PA, USA, 2017; pp. 1294-1313.e2. ISBN 978-0-323-35214-7.

Esteves, M.; Almeida, A.; Leite-Almeida, H. Insights on nervous system biology and anatomy. In
Handbook of Innovations in Central Nervous System Regenerative Medicine; Elsevier:
Philadelphia, PA, USA, 2020; pp. 1-28. ISBN 978-0-12-818084-6.

Gurniak, C.B.; Perlas, E.; Witke, W. The Actin Depolymerizing Factor N-Cofilin Is Essential for
Neural Tube Morphogenesis and Neural Crest Cell Migration. Dev. Biol. 2005, 278, 231-241.

Escuin, S.; Vernay, B.; Savery, D.; Gurniak, C.B.; Witke, W.; Greene, N.D.E.; Copp, A.J. Rho-
Kinase-Dependent Actin Turnover and Actomyosin Disassembly Are Necessary for Mouse Spinal
Neural Tube Closure. J. Cell Sci. 2015, 128, 2468-2481.

Grego-Bessa, J.; Hildebrand, J.; Anderson, K.V. Morphogenesis of the Mouse Neural Plate
Depends on Distinct Roles of Cofilin 1 in Apical and Basal Epithelial Domains. Development 2015,
142, 1305-1314.

https://encyclopedia.pub/entry/14867 9/12



Cofilin Signaling | Encyclopedia.pub

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Brown, J.M.; Garcia-Garcia, M.J. Secretory Pathway Calcium ATPase 1 (SPCA1) Controls Mouse
Neural Tube Closure by Regulating Cytoskeletal Dynamics. Development 2018, 145.

Dent, E.W.; Kalil, K. Axon Branching Requires Interactions between Dynamic Microtubules and
Actin Filaments. J. Neurosci. 2001, 21, 9757-9769.

Mallavarapu, A.; Mitchison, T. Regulated Actin Cytoskeleton Assembly at Filopodium Tips Controls
Their Extension and Retraction. J. Cell Biol. 1999, 146, 1097-1106.

Star, E.N.; Kwiatkowski, D.J.; Murthy, V.N. Rapid Turnover of Actin in Dendritic Spines and Its
Regulation by Activity. Nat. Neurosci. 2002, 5, 239-246.

Fass, J.; Gehler, S.; Sarmiere, P.; Letourneau, P.; Bamburg, J.R. Regulating Filopodial Dynamics
through Actin-Depolymerizing Factor/Cofilin. Anato. Sci. Int. 2004, 79, 173.

Aizawa, H.; Wakatsuki, S.; Ishii, A.; Moriyama, K.; Sasaki, Y.; Ohashi, K.; Sekine-Aizawa, Y.;
Sehara-Fujisawa, A.; Mizuno, K.; Goshima, Y. Phosphorylation of Cofilin by LIM-Kinase Is
Necessary for Semaphorin 3A-Induced Growth Cone Collapse. Nat. Neurosci. 2001, 4, 367-373.

Montani, L.; Gerrits, B.; Gehrig, P.; Kempf, A.; Dimou, L.; Wollscheid, B.; Schwab, M.E. Neuronal
Nogo-A Modulates Growth Cone Motility via Rho-GTP/LIMK1/Cofilin in the Unlesioned Adult
Nervous System. J. Biol. Chem. 2009, 284, 10793-10807.

Flynn, K.C.; Hellal, F.; Neukirchen, D.; Jacob, S.; Tahirovic, S.; Dupraz, S.; Stern, S.; Garvalov,
B.K.; Gurniak, C.; Shaw, A.E. ADF/Cofilin-Mediated Actin Retrograde Flow Directs Neurite
Formation in the Developing Brain. Neuron 2012, 76, 1091-1107.

Flynn, K.C.; Pak, C.W.; Shaw, A.E.; Bradke, F.; Bamburg, J.R. Growth Cone-like Waves Transport
Actin and Promote Axonogenesis and Neurite Branching. Dev. Neurobiol. 2009, 69, 761-779.

Endo, M.; Ohashi, K.; Sasaki, Y.; Goshima, Y.; Niwa, R.; Uemura, T.; Mizuno, K. Control of Growth
Cone Motility and Morphology by LIM Kinase and Slingshot via Phosphorylation and
Dephosphorylation of Cofilin. J. Neurosci. 2003, 23, 2527-2537.

Hilton, B.J.; Bradke, F. Can Injured Adult CNS Axons Regenerate by Recapitulating
Development? Development 2017, 144, 3417-3429.

Saxena, S.; Caroni, P. Mechanisms of Axon Degeneration: From Development to Disease. Prog.
Neurobiol. 2007, 83, 174-191.

Hill, C.E.; Beattie, M.S.; Bresnahan, J.C. Degeneration and Sprouting of Identified Descending
Supraspinal Axons after Contusive Spinal Cord Injury in the Rat. Exp. Neurol. 2001, 171, 153—
169.

Terry, R.D.; Masliah, E.; Salmon, D.P.; Butters, N.; DeTeresa, R.; Hill, R.; Hansen, L.A.; Katzman,
R. Physical Basis of Cognitive Alterations in Alzheimer’s Disease: Synapse Loss Is the Major

https://encyclopedia.pub/entry/14867 10/12



Cofilin Signaling | Encyclopedia.pub

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Correlate of Cognitive Impairment. Ann. Neurol. Off. J. Am. Neurol. Assoc. Child Neurol. Soc.
1991, 30, 572-580.

Rahman, T.; Davies, D.S.; Tannenberg, R.K.; Fok, S.; Shepherd, C.; Dodd, P.R.; Cullen, K.M.;
Goldsbury, C. Cofilin Rods and Aggregates Concur with Tau Pathology and the Development of
Alzheimer’s Disease. J. Alzheimers Dis. 2014, 42, 1443-1460.

Woo, J.A.; Zhao, X.; Khan, H.; Penn, C.; Wang, X.; Joly-Amado, A.; Weeber, E.; Morgan, D.;
Kang, D.E. Slingshot-Cofilin Activation Mediates Mitochondrial and Synaptic Dysfunction via A3
Ligation to B1-Integrin Conformers. Cell Death Differ. 2015, 22, 921-934.

Woo, J.A.; Boggess, T.; Uhlar, C.; Wang, X.; Khan, H.; Cappos, G.; Joly-Amado, A.; De Narvaez,
E.; Majid, S.; Minamide, L.S.; et al. RanBP9 at the Intersection between Cofilin and A3
Pathologies: Rescue of Neurodegenerative Changes by RanBP9 Reduction. Cell Death Dis.
2015, 6, 1676.

Woo, J.A.; Jung, A.R.; Lakshmana, M.K.; Bedrossian, A.; Lim, Y.; Bu, J.H.; Park, S.A.; Koo, E.H.;
Mook-Jung, I.; Kang, D.E. Pivotal Role of the RanBP9-Cofilin Pathway in AB-Induced Apoptosis
and Neurodegeneration. Cell Death Differ. 2012, 19, 1413-1423.

Pelucchi, S.; Vandermeulen, L.; Pizzamiglio, L.; Aksan, B.; Yan, J.; Konietzny, A.; Bonomi, E.;
Borroni, B.; Padovani, A.; Rust, M.B.; et al. Cyclase-Associated Protein 2 Dimerization Regulates
Cofilin in Synaptic Plasticity and Alzheimer’s Disease. Brain Commun. 2020, 2.

Dirnagl, U.; ladecola, C.; Moskowitz, M.A. Pathobiology of Ischaemic Stroke: An Integrated View.
Trends Neurosci. 1999, 22, 391-397.

Wang, Y.; Qin, Z.-H. Molecular and Cellular Mechanisms of Excitotoxic Neuronal Death. Apoptosis
2010, 15, 1382-1402.

Mabuchi, T.; Kitagawa, K.; Kuwabara, K.; Takasawa, K.; Ohtsuki, T.; Xia, Z.; Storm, D.;
Yanagihara, T.; Hori, M.; Matsumoto, M. Phosphorylation of CAMP Response Element-Binding
Protein in Hippocampal Neurons as a Protective Response after Exposure to Glutamate in Vitro
and Ischemia in Vivo. J. Neurosci. 2001, 21, 9204-9213.

Chen, B.; Jiang, M.; Zhou, M.; Chen, L.; Liu, X.; Wang, X.; Wang, Y. Both NMDA and Non-NMDA
Receptors Mediate Glutamate Stimulation Induced Cofilin Rod Formation in Cultured
Hippocampal Neurons. Brain Res. 2012, 1486, 1-13.

Shu, L.; Chen, B.; Chen, B.; Xu, H.; Wang, G.; Huang, Y.; Zhao, Y.; Gong, H.; Jiang, M.; Chen, L.;
et al. Brain Ischemic Insult Induces Cofilin Rod Formation Leading to Synaptic Dysfunction in
Neurons. J. Cereb. Blood Flow Metab. 2019, 39, 2181-2195.

Won, S.J.; Minnella, A.M.; Wu, L.; Eun, C.H.; Rome, E.; Herson, P.S.; Shaw, A.E.; Bamburg, J.R.;
Swanson, R.A. Cofilin-Actin Rod Formation in Neuronal Processes after Brain Ischemia. PLoS
ONE 2018, 13, e01987009.

https://encyclopedia.pub/entry/14867

11/12



Cofilin Signaling | Encyclopedia.pub

75.

76.

77.

78.

79.

Posadas, |.; Pérez-Martinez, F.C.; Guerra, J.; Sanchez-Verdu, P.; Cefa, V. Cofilin Activation
Mediates Bax Translocation to Mitochondria during Excitotoxic Neuronal Death. J. Neurochem.
2012, 120, 515-527.

Chen, B.; Lin, W.; Qi, W.; Li, S.; Hong, Z.; Zhao, H. Cofilin Inhibition by Limk1l Reduces Rod
Formation and Cell Apoptosis after Ischemic Stroke. Neuroscience 2020, 444, 64—75.

Juurlink, B.H.; Thorburne, S.K.; Hertz, L. Peroxide-scavenging Deficit Underlies Oligodendrocyte
Susceptibility to Oxidative Stress. Glia 1998, 22, 371-378.

Wabnitz, G.H.; Goursot, C.; Jahraus, B.; Kirchgessner, H.; Hellwig, A.; Klemke, M.; Konstandin,
M.H.; Samstag, Y. Mitochondrial Translocation of Oxidized Cofilin Induces Caspase-Independent
Necrotic-like Programmed Cell Death of T Cells. Cell Death Dis. 2010, 1, e58.

Alhadidi, Q.; Bin Sayeed, M.S.; Shah, Z.A. Cofilin as a Promising Therapeutic Target for Ischemic
and Hemorrhagic Stroke. Transl. Stroke Res. 2016, 7, 33-41.

Retrieved from https://www.encyclopedia.pub/entry/history/show/36739

https://encyclopedia.pub/entry/14867 12/12



