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1. Introduction

Charcot-Marie-Tooth disease (CMT) is one of the most common inherited neuropathy, with
estimated prevalence of 17 to 40 in 100,000 affected (Patzko, & Shy, 2011). CMT is
characterized by atrophy of muscle tissue and loss of touch sensation of limb,
predominantly in the feet and legs, foot drop, and hammer toes. The most frequent initial
symptoms include foot drop, claw toe, and muscle wasting in the hands. Symptoms in the
advanced cases may include muscle waste in the hands and fore arms, neck and shoulder,
vocal cords, which leads to scoliosis and malfunction in chewing, swallowing, or speaking.
The defective neurotransmission stems from either degradation of myelin sheath or
breakdown of neuronal axon, which define primary forms of this disease, CMT type 1 and
CMT type 2 respectively. CMT type 1 and CMT type 2 can be clinically distinguished based
on nerve conduction velocity (NCV). Slow NCV (less than 38 m/s) is characteristic of
demyelinating CMT type 1, and the average NCV is slightly below normal, but above 38
m/s in CMT type 2. In addition, dominant intermediate subtypes of CMT (DI-CMT) have
been identified, which are characterized by NCVs overlapping both demyelinating and
axonal range (25 - 45 m/s).

Number of genes and gene loci has been involved in the pathogenesis of CMT, and despite
of diversity of the responsible genes, they are involved in common molecular pathways
within Schwann cells and axons that cause these genetic neuropathies (Patzké & Shy, 2011).
CMT Type 1 primarily affects the myelin sheath, and is inherited as dominant, recessive or
X-linked. Type 2 primarily affects the axon, and is either dominant or recessive. DI-CMT is
classified type A (DI-CMTA), type B (DI-CMTB) type C (DI-CMTC), and type D (DI-CMTD)
according to responsible genes and gene loci.

In this review, we focus on dynamin 2 and the mutations, which are responsible for DI-
CMTB and axonal CMT type 2. We explain physiological role of dynamin 2 in the regulation
of microtubules and propose possible pathogenesis of CMT attributed to dynamin 2
mutants.

2. Dyanmin2 mutation in CMT

As described above, three types of dominantly inherited CMT with intermediate NCV DI-
CMT) are known. DI-CMTA was found in a large Italian family and it is linked to
chromosome 10q24.1-q25.1 (Rossi et al., 1985; Verhoeven et al., 2001; Villanova et al., 1998),
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4 Peripheral Neuropathy — Advances in Diagnostic and Therapeutic Approaches

but the responsible gene remains currently unknown. Two unrelated Midwestern-American
and Bulgarian families with DI-CMT are linked to chromosome 1p34-p35, and it is classified
as DI-CMTC (Jordanova et al., 2003b). In DI-CMTC, a mutation has been identified in
tyrosyl-tRNA synthetase (YARS)(Jordanova et al., 2006).

Studies on DI-CMT in unrelated two large pedigrees originating from Australia and North
America, has assigned the locus (DI-CMTB) to chromosome 19p12-13.2. (Kennerson et al.,
2001; Zhu et al., 2003). Successively, Ziichner and coworkers refined the locus of the two
DICMTB families and additional Belgian family, and identified mutations in dynamin 2
(Ztuchner et al., 2005). The North-American family showed a 9-bp deletion of the 3" end of
exon 14 of DNM2, 1652_1659+1del ATGAGGAGg which is predicted to result in a shift of
the open reading frame leading to a premature stop codon (Lys550fs), and the production of
an in-frame mRNA with predicted deletion of three amino acids (Asp551_Glu553del). The
Australian family and the Belgian family affect the same amino acid residue of dynamin 2:
Lys558. The Australian family carried a missense mutation in exon 15, 1672A—G, resulting
in the amino acid substitution Lys558Glu. The Belgian family showed a deletion of a single
amino acid, Lys558del (1672_1674delAAG). Dynamin mutations in DI-CMTB identified in
the original report were restricted in its PH domain (Ziichner et al., 2005, Fig. 2).
Subsequently, Claeys et al., analyzed the three original families and in three additional
unrelated Spanish, Belgian and Dutch families with DI-CMTB and found two novel
mutations in dynamin 2 (Claeys et al., 2009). They identified the novel missense mutation
Gly358Arg (1072G4A) in exon 7 of dynamin 2 in the Spanish family, and the novel
Thr855_Ile856del (2564_2569delCCATTA) mutation in exon 19 in the index patient of the
Belgian family. These mutations are situated in the middle domain and proline-rich domain
of dynamin 2, respectively (Fig. 2). Other mutations of dynamin 2 have been identified in
CMT patients who present with symptoms typical of axonal CMT (CMT2)(Fabrizi et al.,
2007; Bitoun et al., 2008). The later study identified a heterozygous three base-pair deletion
located in exon 15 of dynamin 2 (1675_1677delAAA) which results in the loss of the highly
conserved lysine 559 (Lys559del) located in the PH domain (Fig.2).

3. Overview of dynamin

Before mentioning possible pathogenesis of CMT caused by the mutation of dynamin 2, the
key molecule will be outlined here. In addition to the biochemical characteristics of the
molecule, when and how the protein has been identified and studied, or what has been
known so far regarding to its functions, will be described below.

3.1 Identification of dynamin

Long before the discovery of mammalian dynamin, Drosophila melanogaster mutant shibire
(shits), a temperature-sensitive paralytic mutant, has been known (Grigliatti et al., 1973)
Ultrastructural analysis of the neuromuscular junction of shits mutant fly revealed depletion
of synaptic vesicles and accumulation of endocytic pits at presynaptic plasma membrane of
neurons (Kosaka & Ikeda, 1983). Thus, the paralysis of shits mutant fly is caused by synaptic
dysfunction due to blockage of synaptic vesicle endocytosis.

Mammalian dynamin was originally isolated from bovine brain as a microtubule-binding
protein (Shpetner & Vallee, 1989). Purified dynamin bound and interconnected microtubules,
and supported microtubule gliding (Shpetner & Vallee, 1989, Fig. 1).
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Fig. 1. Electron micrograph of dynamin polymerizing around microtubules.
Bundle of microtubules decorated with dynamin (from Shpetner & Vallee, 1989 ).

Following the identification, dynamin was cloned and sequenced (Obar et al., 1990). The
amino acid sequence contained three consensus elements characteristic of GTP-binding
proteins and suggested that it is a GTPase (Obar et al., 1990). As suggested, dynamin was
turned out to be a GTPase, which was highly stimulated by the presence of microtubules
(Shpetner & Vallee, 1992). Later on, Drosophila shibire gene was cloned and sequenced
(Obar et al., 1990; van der Bliek et al., 1991), which revealed considerably high homology of
mammalian dynamin and shibire gene product (66% identity, 78% similarity). This
revelation immediately put dynamin in the central stage of endocytosis research. In a short
while, endocytosis was examined in COS and HeLa cells overexpressing mutant dynamin,
and it was found that an endocytosis is blocked at an intermediate stage (Herskovits et al.,
1993; van der Bliek et al., 1993).

3.2 Dynamin Isoforms and their expression

The mammalian brain dynamin was exclusively expressed in neurons (Scaife & Margolis,
1990), preferentially after postnatal day 7 (Nakata et al., 1991). This neuron-specific isoform
is termed dynamin 1 after two other isoforms with different tissue distributions were
identified. Dynamin 2 is expressed ubiquitously (Cook et al., 1994), and dynamin 3 is
expressed highly in brain, testis, lung and heart (Nakata et al., 1993).

3.3 Domain structure of dynamin

Dynamin isoforms were highly homologous, and all the dynamin isoforms share five
characteristic domains (Fig. 2). They include highly conserved N-terminal GTPase domain,
middle domain that binds to y-tubulin (Thompson et al., 2004), pleckstrin homology domain
(PH) that serves as binding motif for phophinositide-4, 5-bisphosphate (PIP>)(Barylko et al.,
1998), and GTPase effector domain (GED). C-terminal Proline/arginine -rich domain (PRD)
considerably varies between dynamin isoforms, and mediates interaction with various SH3-
domains containing molecules, which include endocytic proteins amphiphysin 1 (David et
al., 1996; Yoshida et al., 2004), endophilin (Ringstad et al., 1997), intersectin (Zamanian et al.,
2003), and sorting nexin 9 (Ramachandran & Schmid, 2008). Actin binding proteins, such as
cortactin and Abpl, also contain SH3 domain and bind to dynamin PRD (McNiven et al,,
2000; Kessels et al., 2001).
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Fig. 2. Domain structure of dynamin and its mutation cites identified in CMT patients

All dynamin isoforms contains five functional domains. Reported mutations found in CMT
patients are shown. Among these, four mutations indicated in red are reported in the first
study on dynamin mutation in CMT (Ztichner et al., 2005). Counterparts of dynamin’s
binding motifs, PH and PRD, are also shown. GTPase: GTPase domain, middle: middle
domain, PH: pleckstrin homology domain, GED: GTPase effector domain, PRD:
Proline/arginine -rich domain, PIP,: phophinositide-4, 5-bisphosphate.

3.4 Function of dynamin in endocytosis

Dynamin self-assembles, or assembles with a binding partner molecule into rings and
spirals in vitro (Hinshaw & Schmid, 1995; Takei et al., 1999). Furthermore, in presence of
lipodsomes, dynamin polymerizes on the lipid membranes and deform them into narrow
tubules, and constricts the lipid tubules to fragments upon GTP-hydrolysis (Sweitzer &
Hinshaw, 1998; Takei et al., 1998; Stowell et al., 1999). This biophysical property of dynamin
seems to support its role in the fission of endocytic pits in endocytosis.

Physiologically, dynamin assembles into rings and spirals at the neck of deeply invaginated
endocytic pits formed on the plasma membrane (Takei et al., 1995), and conformation of the
polymerized dynamin is changed upon GTP hydrolysis providing a driving force to squeeze
the neck to membrane fission (Sweitzer & Hinshaw, 1998; Takei et al., 1998, Marks et al.,
2001; Roux et al., 2006; Ramachandran & Schmid, 2008)(Fig.3). This mechanism of action of
dynamin in endocytosis is referred as pinchase model (McNiven, 1998). Another model, in
which conformational change of dynamin cause the extension of the dynamin spirals to pop
off of the endocytic pit, is also proposed as popase model (Stowell et al., 1999). In either case,
dynamin functions as a GTPase-driven mechanoenzyme in endocytosis.
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Dynamin GTPase activity is stimulated by self-assembly (Warnock et al., 1996), by PH
domain-mediated interaction with membrane lipids such as PIP, (Lin et al., 1997), or by
PRD-mediated interaction with subset of SH3 domain-containing proteins (Yoshida et al.,
2004). This enzymatic characteristic of dynamin would be favorable for its function as a
mechanochemical enzyme in endocytosis.
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Fig. 3. Function of domain in endocytosis A: Dynamin assembles into rings at the neck of
deeply invaginated endocytic pits formed on the plasma membrane. Conformational change
of the polymerized dynamin upon GTP hydrolysis provides a driving force to squeeze the
endocytic pit to membrane fission (left). Experimentally inhibiting the GTP hydrolysis
results in overpolymerization of dynamin around elongated endocytic pit (middle).

B: Electron micrograph of elongated endocytic pit decorated with dynamin (arrowheads,
from Takei et al., 1995)

Dynamin PRD interacts with various SH3 domain-containing endocytic proteins enriched in
the synapse, including amphiphysin 1 (David et al., 1996; Takei et al., 1999; Yoshida et al.,
2004), endophilin (Farsad et al., 2001), sorting nexin 9 (Ramachandran & Schmid, 2008; Shin
et al., 2008), syndapin (Kessels et al., 2004), and intersectin (Yamabhai et al., 1998). Such
interactions may be utilized to incorporate various functional molecules synchronously
required for endocytosis. For example, by interacting with amphiphysin or endophilin, BAR
domain-containing endocytic proteins, BAR domain’s function of sensing or inducing
membrane curvature would be synchronized with dynamin’s fission activity (Yoshida et al.,
2004; Itoh et al., 2005). By interacting with Abpl or cortactin, actin dynamics would take
place at the site of endocytosis (Kessels et al., 2001). Treatment with Latrunculin B, actin
monomer-sequestering agent that blocks fast actin polymerization, results in the inhibition
of fission reaction, supporting an implication of actin dynamics in endocytosis (Itoh et al.,
2005).
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Dynamin 1 is phosphorylated by several kinases including PKC and CDKS5, and
dephosphorylated by carcinerurin. Dynamin-dependent endocytosis is enhanced in
presence of Roscovitine, CDK5 inhibitor, indicating that CDK5-dependent phosphorylation
of dynaminl negatively regulates endocytosis. CDK5 phosphorylates not only dynmainl
but also amphiphsyinl, its biding partner in endocytosis, and phosphorylation of these
molecules decreases the binding affinity of these endocytic molecules (Tomizawa et al.,
2003).

3.5 Implication of dynamin in actin dynamics

Involvement of dynamin in the regulation of actin dynamics is based largely on studies
using dynamin 2, a ubiquitous isoform. Dynamin 2 is enriched in variety of actin-rich
structures, such as podosomes (Ochoa et al., 2000), invadopodia (Baldassarre et al., 2003),
lamellipodia and dorsal membrane ruffles (Cao et al., 1998; Krueger et al., 2003; McNiven
et al., 2000), phagocytic cups (Gold et al., 1999), and Listeria actin comets (Lee & De
Camilli, 2002; Orth et al., 2002). Several studies suggest functional implication of dynamin
GTPase in actin dynamics. Expression of dynamin K44A, a GTPase defective mutant,
reduces the formation of actin comets (Lee & De Camilli, 2002; Orth et al.,, 2002),
podosomes (Ochoa et al., 2000; Bruzzaniti et al., 2005), and drastically changes cell shape
(Dambke et al., 1994).

Consistent with the localization and implication of dynamin in these actin-rich structures,
molecular interactions of dynamin 2 with actin (Gu et al., 2010) and actin-regulating proteins
such as Abpl (Kessels et al., 2001), profilin (Witke et al., 1998) and cortactin (Schafer et al.,
2002; McNiven et al, 2000) have been reported. Some studies emphasizes that these
interactions represent mechanisms to incorporate actin dynamics in dynamin-dependent
endocytosis. For example, interaction between dynamin 2 and cortactin, SH3-domain
containing actin binding protein that binds also F-actin and actin-regulating Arp2/3
complex (Ammer & Weed, 2008), is associated with clathrin and dynamin-dependent
endocytosis (Krueger et al., 2003; Cao et al., 2003; Zhu et al., 2005). On the other hand,
however, the same dynamin-cortactin interaction is considered as a mechanism to recruit
dynamin to the site of actin dynamics in other studies (McNiven et al., 2000; Schafer et al.,
2002; Mooren et al., 2009; Yamada et al., 2009).

Assembly and remodeling of actin filaments by dynamin 2, through an interaction with
cortactin, has been investigated by in vitro experiments (Schafer et al., 2002; Mooren et al.,
2009). In their recent study, they demonstrated that, in the presence of dynamin, GTP led to
remodeling of actin filaments in vitro via the actin-binding protein cortactin (Mooren et al.,
2009). As the mechanism of the actin regulation, they suggests that GTP hydrolysis-induced
conformational change within dynamin is transduced to cortactin, which in turn alters
orientation of the F-actin so that actin’s sensitivity to cofilin, an actin depolymerizing factor,
is increased (Mooren et al., 2009). However, as interactions between dynamin’s PRD and
cortactin’'s SH3 domain does not require GTP binding nor hydrolysis by dynamin, it
remains uncertain how GTP hydrolysis dependent conformational change within dynamin
might be transmitted to cortactin. More recently, direct interaction between dynamin and
actin has been identified, and it was proposed that the interaction leads to release of
gelsolin, an actin capping protein, from the actin filament (Gu et al., 2010). However, it
remains unclear how dynamin GTPase activity is utilized to alter the affinity of F-actin to
the actin regulatory factor.
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4. Implication of dynamin in microtubule dynamics

As described above, dynamin 1 was originally identified as a microtubule-binding protein
(Shpetner & Vallee, 1989), and its GTPase activity was stimulated by microtubules (Shpetner
& Vallee, 1989; Maeda et al., 1992). However, physiological significance of the dynamin-
microtubule interaction has not been elucidated yet.

The association between dynamin and microtubules was recently investigated in relation to
mitosis, in which tubulin plays a role as in mitotic spindle and centrosome. In mitotic cells,
dynamin 2 was concentrated at microtubule bundles at mitotic spindle (Ishida et al., 2011),
spindle midzone, and intercellular bridge in cytokinesis (Thompson et al., 2002). The middle
domain of dynamin 2 binds to y-tubulin, and they colocalize at the centrosome, where
dynamin 2 is thought to play a role in centrosome cohesion (Thompson et al., 2004).
Consistent with such observation, dynamin is enriched in spindle midbody extracts
(Thompson et al., 2002).

4.1 Dynamin CMT mutant 551A3 impairs microtubule dynamics

Dynamin’s role of on microtubules at interphase was incidentally revealed as a result of
our recent investigation on dynamin mutations found in CMT patents (Tanabe & Takei
2009).

In order to elucidate molecular pathogenesis of dynamin 2-cused CMT disease, we
overexpressed dynamin CMT mutants, 551A3 and K558E, in COS-7 cells, and examined the
dynamin’s role on microtubules. Endocytosis, which was assessed by transferrin uptake,
was completely blocked by K558E as reported before (Ztichner et al., 2005). Interestingly,
551A3 did not block endocytosis, but the transferrin-containing early and recycling
endosomes no longer accumulated at the perinuclear region suggesting dysfunction of
microtubule-dependent vesicular transport in dynamin 2-caused CMT (Fig.4).

Fig. 4. Endocytosis of transferrin in dynamin 2 mutant expressing cells. COS-7 cells
transfected with the indicated constructs were incubated with Alexa Fluor 488-transferrin
for 30 min, and exogenous dynamin was stained by immunofluorescence (red). Note that
transferrin (green) is internalized in 551A3 expressing cells, but the transferrin is not
accumulated at perinuclear region (second panel from the left) in contrast to dynamin WT
expressing cells (left). Endocytosis is blocked in dynamin K44A and K558E expressing cells
(right two panels). (from Tanabe & Takei, 2009)
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As mentioned above, dynamin was originally identified as a microtubule-associated protein
(Shpetner & Vallee, 1989). Both dynamin 1 and dynamin 2 polymerizes around
microtubules, and the interactions lead to the stimulation of dynamin GTPase activity
(Maeda et al., 1992; Warnock et al., 1997). Consistently, in cells, subpopulation of dynamin 2
is present at microtubules in addition to the plasma membrane and cytosol. Localization of
dynamin at microtubules become more prominent in 551A3 expressing cells (Ziichner et al.,
2005; Tanabe & Takei, 2009), probably because of its increased affinity to microtubules.
Microtubules can be very stable or highly dynamic depending on the cell cycle stage, and on
position of the cell within the organism (Schulze & Kirschner, 1987). Microtubule typically
comprises 13 protofilaments, which are consisted of a/f tubulin heterodimers. The tubulin
dimers can depolymerize as well as polymerize, and microtubules can undergo rapid cycles
of assembly and disassembly. GTP-bound tubulin is added onto plus-tips of microtubules
and hydrolysis of GTP induces conformational change in tubulin dimer, which induces
microtubule depolymerization. This dynamic instability of microtubules is regulated by
many factors (Howard & Hyman, 2007).

Stable microtubules are subject to acetylation (Piperno et al., 1987; Westermann & Weber,
2003), thus they can be distinguished from dynamic microtubules by measuring acetylated
tubulin. Acetylated tubulin was massively increased in 551A3 expressing cells compared to
WT dynamin (Fig.5), in spite of the protein expression levels were unchanged, indicating
that the 551A3 mutation of dynamin 2 impairs dynamic instability of microtubules.

' / Acet-tubulin / Acet-tubulin I/ Acet-tubulin

Fig. 5. Expression of 551A3 dynamin 2 mutant causes accumulation of acetylated tubulin.
COS-7 cells were transfected with the indicated dynamin constructs and visualized by
immunofluorescence for exogenous dynamin (red) and acetylated tubulin (green). Note the
accumulation of abundant acetylated tubulin in 551A3 expressing cells (middle). (from
Tanabe & Takei, 2009)

Impaired dynamic instability of microtubules is known to inhibit intracellular trafficking
along microtubules (Mimori-Kiyosue & Tsukita, 2003; Vaughan, 2005). Microtubule-
dependent traffic can be analyzed by examining the formation of the Golgi apparatus
because the biogenesis involves transport process of pre-Golgi compartment from cell
periphery to perinuclear region, and this transport is dependent on microtubules (Thyberg
& Moskalewski, 1999) (Fig.6).

While mature Golgi apparatus is ribbon-shaped localized at perinuclear region, immature
pre-Golgi compartments are scattered throughout the cytoplasm. Golgi apparatus in the
551A3 expressing cells were massively fragmented, representing impaired microtubule-
dependent vesicular traffic in the cells (Fig.7). This is consistent with impaired dynamic
instability of microtubules in 551A3 expressing cells.
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Fig. 6. Formation of mature Golgi apparatus by microtubule-dependent vesicular transport.
Scheme showing radially arranged microtubules (green) and the formation of matured
Golgi by microtubule dependent vesicular transport of immature pre-Golgi compartments
(orange). Plus end of microtubules extends and shrinks dynamically and capture the cargo.
(A). Loss of dynamic instability of microtubules impairs the microtubule-dependent
transport.

GM130

Control siRNA Dyn2 siRNA

Fig. 7. Dynamin CMT mutant or dynamin 2 RNAi impairs the formation of Golgi apparatus.
Upper panels: Expression of 551A3 dynamin 2 leads to Golgi fragmentation (right). COS-7
cells transfected with the indicated dynamin constructs were visualized by
immunofluorescence for exogenous dynamin (red) and GM130, a Golgi marker (green).
Lower panels: Dynamin 2 RNAi causes fragmentation of Golgi apparatus (right). HeLa cells
were transfected with the indicated siRNAs and visualized with antibodies a Golgi marker
GRASP65 (green) and a-tubulin (red). (from Tanabe & Takei, 2009)
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4.2 Depletion of dynamin affects microtubule dynamics

Accumulation of acetylated microtubules and impairment of microtubule-dependent
vesicular traffic induced by the 551A3 mutation are thought to be due to ‘loss of function” of
dynamin 2, because depletion of endogenous dynamin 2 in HeLa cells by RNAI resulted in
similar phenotypes (Tanabe & Takei, 2009). Golgi apparatus was fragmented in
approximately 90 % of dynamin 2 siRNA cells, indicating suppressed microtubule-
dependent membrane transport. The dynamin 2 siRNA-treated cells did not show any
apparent reorganization of microtubules by immunofluorescence. However, acetylated
tubulin in the cells was increased approximately twofold while total tubulin protein level
remain unchanged. In addition, EB1, which localizes at the plus-end of dynamic/growing
microtubules, was significantly reduced in dynamin 2 siRNA cells, even though the EB1
expression levels were unaffected by the siRNA (Fig.8). This indicates that depletion of
endogenous dynamin 2 reduces dynamic, growing microtubules.

5. Possible mechanism of the regulation of microtubule dynamics by
dynamin

As described above, dynamin 2 is implicated in the dynamic instability of microtubules, and
deletion or mutation of the protein impairs the microtubule dynamics. Then how dynamin
regulates the microtubule dynamics?

Microtubule is regulated, both in polymerization and depolymerization, by many factors.
While microtubule depolymerizing factors involve MCAK, a member of kinesin-13 family
(Hunter ey al., 2003; Walczak, 2003), polymerization factors includes XMAP215, tau and
doublecortin (Howard & Hyman, 2007; Kerssemakers et al., 2006). Furthermore, the
microtubule plus-end proteins, including EB1, CLASPs and CLIP170, are also essential for
dynamic instability of microtubules.

It would be possible that activity of these microtubule-regulating molecules is altered by the
presence of dynamin on microtubules. In another words, microtubule-bound dynamin 2
might function as “ratchet” that limits the access of these molecules to microtubules.
Physiologically, dynamin transiently interact with microtubules, resulting only small
population of dynamin stays at “microtubule-bound” state. On the other hand, dynamin
with CMT mutation has higher affinity to microtubules and preferably localizes at
microtubules (Tanabe & Takei, 2009). This would lessen the access of microtubule-
regulating molecules to microtubules, and as a result, causes to decrease polymerization-
depolymerization cycle. It would be also possible that abundant presence of mutant
dynamin on microtubules may mechanically obstruct polymerization and depolymerization
of microtubules (Fig 9).

It is known that blocking interconversion between stable and dynamic microtubules using
Taxol, a microtubule depolymerization inhibitor, results in abnormal rearrangement of
microtubules (Green & Goldman, 1983). Consistently, abnormal accumulation of
acetylated microtubules is observed in dynamin 551A3 expressing cells (Tanabe & Takei,
2009).

Live cell imaging of GFP tubulin stably expressed in HeLa cells revealed that dynamic
instability of microtubules in dynamin 2-depleted cells was apparently decreased compared
with control cells (Tanabe & Takei, 2009).
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Control siRNA Dyn2 siRNA
Tubulin Tubulin

Acet-tubulin

Fig. 8. Depletion of endogenous dynamin 2 by RNAi results in stable microtubule
accumulation. HeLa cells cells transfected with control or dynamin 2 siRNA were stained by
immunofluorescence as indicated. Note the increase of acetylated tubulin in dynamin 2
knocked-down cells (middle panels) while total tubulin is unchanged (top panels). In the
knocked-down cells, punctate staining of EB1, microtubules plus end factor is lost (bottom
panels). (from Tanabe & Takei, 2009)
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Fig. 9. Possible role of dynamin in the regulation of microtubule dynamics. Transient
interaction of dynamin with microtubules would be essential for dynamic instability of
microtubules (left). Mutation of dynamin would increase dynamin’s affinity of to
microtubules, which in turn obstructs polymerization-depolymerization cycle of

microtubules either mechanically, or indirectly via microtubule-regulating molecules.

6. Conclusion

Dynamin has been originally identified as a microtubule-binding protein in 1989. However,
the most of dynamin studies in the last two decades has been focused on its functions in
endocytosis and actin dynamics. Our recent investigation on CMT mutant dynamin
revealed impairment of microtubule dynamics and microtubule-dependent transport.
Furthermore, this study led to the discovery of a novel role of dynamin, i.e. regulation of
dynamic instability of microtubules.

It remains to be clarified which cells are more affected in the dynamin-caused CMT, in a
correlation with clinical features of the disease. Since dynamin 2 is a ubiquitously expressed
isoform, CMT mutations in dynamin 2 could affect either neurons, Schwan cells, or both.
Precise molecular mechanism how dynamin regulates dynamic instability of microtubules
would require future studies. Especially, it would be of importance which molecules
function with dynamin in the microtubule regulation, or how dynamin-microtubule
interaction is regulated.

7. References

Ammer, A.G. & Weed, S.A. (2008). Cortactin branches out: roles in regulating protrusive
actin dynamics. Cell Motil. Cytoskeleton, 65, pp. 687-707, ISSN 0886-1544

Baldassarre, M., Pompeo, A., Beznoussenko, G., Castaldi, C., Cortellino, S., McNiven, M.A.,
Luini, A. & Buccione, R. (2003). Dynamin participates in focal extracellular matrix
degradation by invasive cells. Mol. Biol. Cell, 14, pp. 1074-1084, ISSN 1059-1524

Barylko, B., Binns, D., Lin, K., Atkinson, M., Jameson, D., Yin, H. & Albanesi, J.P. (1998).
Synergistic activation of dynamin GTPase by Grb2 and phosphoinositides. | Biol
Chem, 273(6), pp. 3791-3797, ISSN 0021-9258

www.intechopen.com



Etiological Role of Dynamin in Charcot—Marie—Tooth Disease 15

Bitoun, M., Stojkovic, T., Prudhon, B., Maurage, C.A., Latour, P., Vermersch, P. &
Guicheney, P. (2008). A novel mutation in the dynamin 2 gene in a Charcot-Marie-
Tooth type 2 patient: clinical and pathological findings. Neuromuscul Disord, 18(4),
pp. 334-338, ISSN 1873-2364

Bruzzaniti, A. Neff, L., Sanjay, A., Horne, W.C., De Camilli, P. & Baron R. (2005). Dynamin
forms a Src kinase-sensitive complex with Cbl and regulates podosomes and
osteoclast activity. Mol Biol Cell, 16, pp. 3301-3313, ISSN 1059-1524

Cao, H., Garcia, F. & McNiven, M.A. (1998). Differential distribution of dynamin isoforms in
mammalian cells. Mol Biol Cell, 9, pp. 2595-2609, ISSN 1059-1524

Cao, H., Orth, ].D., Chen, J., Weller, S.G., Heuser, J.E. & McNiven, M. A. (2003). Cortactin is a
component of clathrin-coated pits and participates in receptor-mediated
endocytosis. Mol Biol Cell, 23, pp. 2162-2170, ISSN 1059-1524

Claeys, K.G., Ziichner, S., Kennerson, M., Berciano, J., Garcia, A., Verhoeven, K., Storey, E.,
Merory, J.R., Bienfait, H.M., Lammens, M., Nelis, E., Baets, J., De Vriendt, E.,
Berneman, Z.N., De Veuster, 1., Vance, ]. M., Nicholson, G., Timmerman, V. & De
Jonghe, P. (2009). Phenotypic spectrum of dynamin 2 mutations in Charcot-Marie-
Tooth neuropathy. Brain, 132 (Pt 7), pp. 1741-1752, ISSN 0006-8950

Cook, T.A., Urrutia, R. & McNiven, M.A. (1994). Identification of dynamin 2, an isoform
ubiquitously expressed in rat tissues. Proc Natl Acad Sci USA, 91(2), pp. 644-648,
ISSN 0027-8424

Damke, H., Baba, T., Warnock, D.E. & Schmid, S.L. (1994). Induction of mutant dynamin
specifically blocks endocytic coated vesicle formation. | Cell Biol, 127, pp. 915-934,
ISSN 0021-9525

David, C., McPherson, P., Mundigl, O. & De Camilli, P. (1996). A role of amphiphysin in
synaptic vesicle endocytosis suggested by its binding to dynamin in nerve
terminals. Proc Natl Acad Sci USA, 93(1), pp. 331-335, ISSN 0027-8424

Fabrizi, G.M., Ferrarini, M., Cavallaro, T., Cabrini, 1., Cerini, R., Bertolasi, L. & Rizzuto, N.
(2007). Two novel mutations in dynamin-2 cause axonal Charcot-Marie-Tooth
disease Neurology, 69(3), pp. 291-295, ISSN 0028-3878

Farsad, K., Ringstad, N., Takei, K., Floyd, S.R., Rose, K. & De Camilli, P. (2001). Generation
of high curvature membranes mediated by direct endophilin bilayer interactions. |
Cell Biol, 155, pp. 193-200, ISSN 0021-9525

Gold, E.S., Underhill, D.M., Morrissette, N.S., Guo, J., McNiven, M.A. & Aderem, A. (1999).
Dynamin 2 is required for phagocytosis in macrophages. | Exp Med, 190, pp. 1849-
1856, ISSN 0022-1007

Grigliatti, T.A., Hall, L., Rosenbluth, R. & Suzuki, D.T. (1973). Temperature-sensitive
mutations in Drosophila melanogaster. XIV. A selection of immobile adults. Mol
Gen Genet, 120(2), pp. 107-114, ISSN 0026-8925

Gu, C., Yaddanapudi, S., Weins, A., Osborn, T., Reiser, J., Pollak, M., Hartwig, J. & Sever, S.
(2010). Direct dynamin-actin interactions regulate the actin cytoskeleton. EMBO ].
29, pp. 3593-3606, ISSN 0261-4189

Herskovits, J.S., Burgess, C.C., Obar, R.A. & Vallee, R.B. (1993). Effects of mutant rat
dynamin on endocytosis. | Cell Biol, 122(3), pp. 565-578, ISSN 0021-9525

Hinshaw, JE, Schmid, SL. (1995). Dynamin, self-assembles into rings suggesting a
mechanism for coated vesicle budding. Nature, 374(6518), pp. 190-192, ISSN 0028-
0836

www.intechopen.com



16 Peripheral Neuropathy — Advances in Diagnostic and Therapeutic Approaches

Howard, J. & Hyman, A.A. (2007). Microtubule polymerases and depolymerases. Curr Opin
Cell Biol, 19(1), pp. 31-35, ISSN 0955-0674

Hunter, A.W., Caplow, M., Coy, D.L., Hancock, W.O., Diez, S., Wordeman, L. & Howard, J.
(2003). The kinesin-related protein MCAK is a microtubule depolymerase that
forms an ATP-hydrolyzing complex at microtubule ends. Mol Cell, 11(2), pp. 445-
457, ISSN 1097-2765

Ishida, N., Nakamura, Y., Tanabe, K, Li, S.A. & Takei, K. (2011). Dynamin 2 associates with
microtubules at mitosis and regulates cell cycle progression Cell Struct Funct, 6(2),
pp-145-154, ISSN 0386-7196

Itoh, T., Erdmann, K.S., Roux, A., Habermann,B., Werner, H. & De Camilli, P. (2005).
Dynamin and the actin cytoskeleton cooperatively regulate plasma membrane
invagination by BAR and F-BAR proteins. Dev Cell, 9(6), pp. 791-804, ISSN 1534-
5807

Jordanova, A., Irobi, J., Thomas, F.P., Van Dijck, P., Meerschaert, K., Dewil, M., Dierick, I.,
Jacobs A., De Vriendt, E., Guergueltcheva, V., Rao, C.V., Tournev, I., Gondim, F.A.,
D'Hooghe, M., Van Gerwen, V., Callaerts, P, Van Den Bosch, L, Timmermans JP,
Robberecht, W., Gettemans, ]., Thevelein, ].M., De Jonghe, P., Kremensky, 1. &
Timmerman, V. (2006). Disrupted function and axonal distribution of mutant
tyrosyl-tRNA synthetase in dominant intermediate Charcot-Marie-Tooth
neuropathy. Nat Genet, 38(2), pp. 197-202, ISSN1061-4036

Jordanova, A., Thomas, F.P., Guergueltcheva, V., Tournev, 1., Gondim, F.A., Ishpekova, B.,
De Vriendt, E., Jacobs, A., Litvinenko, I., Ivanova, N., Buzhov, B., De Jonghe, P.,
Kremensky, I. & Timmerman, V. (2003). Dominant intermediate Charcot-Marie-
Tooth type C maps to chromosome 1p34-p35. Am | Hum Genet, 73(6), pp. 1423-1430,
ISSN 0002-9297

Kennerson, M.L., Zhu, D., Gardner, R.J.,, Storey, E., Merory, J., Robertson, S.P. &
Nicholson, G.A. (2001). Dominant intermediate Charcot-Marie-Tooth neuropathy
maps to chromosome 19p12-p13.2. Am | Hum Genet, 69(4), pp. 883-888, ISSN 0002-
9297

Kerssemakers, J.W.J., Munteanu, E.L.,, Laan, L., Noetzel, T.L. & Janson, M.E. (2006).
Dogterom M. Assembly dynamics of microtubules at molecular resolution. Nature,
442(7103), pp. 709-712, ISSN 0028-0836

Kessels, M., Engqvist-Goldstein, A., Drubin, D. & Qualmann, B. (2001). Mammalian Abpl, a
signal-responsive F-actin-binding protein, links the actin cytoskeleton to
endocytosis via the GTPase dynamin. | Cell Biol, 153(2), pp. 351-366, ISSN 0021-9525

Kessels, M.M. & Qualmann, B. (2004). The syndapin protein family: linking s trafficking
with the cytoskeleton. | Cell Sci, 117, pp. 3077-3086, ISSN 0021-9533

Kosaka, T. & Ikeda, K. (1983). Reversible blockage of membrane retrieval and endocytosis in
the garland cell of the temperature-sensitive mutant of Drosophila melanogaster,
shibirets1. | Cell Biol, 97(2), pp. 499-507, ISSN 0021-9525

Krueger, EW., Orth, ].D., Cao, H. & McNiven, M.A. (2003). A dynamin-cortactin-Arp2/3
complex mediates actin reorganization in growth factor-stimulated cells. Mol. Biol.
Cell 14, pp. 1085-1096, ISSN1059-1524

Lee, E. & De Camilli, P. (2002). Dynamin at actin tails. Proc. Natl. Acad. Sci. U S A 99, pp. 161-
166, ISSN 0027-8424

www.intechopen.com



Etiological Role of Dynamin in Charcot—Marie—Tooth Disease 17

Lin, H., Barylko, B., Achiriloaie, M. & Albanesi, J. (1997). Phosphatidylinositol (4,5)-
bisphosphate-dependent activation of dynamins I and II lacking the
proline/arginine-rich domains. | Biol Chem, 272(41), pp. 25999-26004, ISSN 0021-
9258

Maeda, K., Nakata, T., Noda, Y., Sato-Yoshitake, R. & Hirokawa, N. (1992). Interaction of
dynamin with microtubules: its structure and GTPase activity investigated by
using highly purified dynamin. Mol Biol Cell, 3(10), pp. 1181-1194, ISSN 1059-1524

Marks, B., Stowell, M.H., Vallis, Y., Mills, I.G., Gibson, A., Hopkins, C.R. & McMahon, H.T.
(2001). GTPase activity of dynamin and resulting conformation change are essential
for endocytosis. Nature, 410, pp. 231-235, ISSN 0028-0836

McNiven, M.A. (1998). Dynamin: a molecular motor with pinchase action. Cell, 94(2), pp.
151-154, ISSN 0092-8674

McNiven, M.A., Kim, L., Krueger, E., Orth, J.,, Cao, H. & Wong, T. (2000). Regulated
interactions between dynamin and the actin-binding protein cortactin modulate
cell shape. J Cell Biol, 151(1), pp. 187-198, ISSN 0021-9525

McNiven, M.A., Kim, L., Krueger, EW., Orth, ].D., Cao, H. & Wong, T.W. (2000). Regulated
interactions between dynamin and the actin-binding protein cortactin modulate
cell shape. J. Cell Biol. 151, pp. 187-198, ISSN 0021-9258

Mimori-Kiyosue, Y., Grigoriev, 1., Lansbergen, G., Sasaki, H., Matsui, C., Severin, F., Galjart,
N., Grosveld, F., Vorobjev, L., Tsukita, S. and Akhmanova, A. (2005). CLASP1 and
CLASP2 bind to EB1 and regulate microtubule plus-end dynamics at the cell cortex.
J Cell Biol, 168, pp. 41-153, ISSN 0021-9525

Mooren, O.L., Kotova, T.I,, Moore, A.]. & Schafer, D.A. (2009). Dynamin 2 GTPase and
cortactin remodel actin filaments. . Biol. Chem, 284, pp. 23995-24005, ISSN 0021-
9258

Nakata, T., Iwamoto, A., Noda, Y., Takemura, R., Yoshikura, H. & Hirokawa, N. (1991).
Predominant and developmentally regulated expression of dynamin in neurons.
Neuron, 7(3), pp. 461-469

Nakata, T., Takemura, R. & Hirokawa, N. (1993). A novel member of the dynamin family of
GTP-binding proteins is expressed specifically in the testis. | Cell Sci, 105(Pt 1), pp.
1-5, ISSN 0021-9525

Obar, R., Collins, C., Hammarback, J, Shpetner, H.S. & Vallee, R. (1990). Molecular cloning
of the microtubule-associated mechanochemical enzyme dynamin reveals
homology with a new family of GTP-binding proteins. Nature, 347(6290), pp. 256-
261, ISSN 0028-0836

Ochoa, G.C,, Slepnev, V.I,, Neff, L., Ringstad, N., Takei, K., Daniell, L., Kim, W., Cao, H.,
McNiven, M., Baron, R. & De Camilli, P. (2000). A functional link between dynamin
and the actin cytoskeleton at podosomes. | Cell Biol, 150, pp. 377-389, ISSN 0021-
9525

Orth, ].D., Krueger, EW., Cao, H. & McNiven, M.A. (2002). The large GTPase dynamin
regulates actin comet formation and movement in living cells. Proc. Natl. Acad. Sci.
USA, 99, pp. 167-172, ISSN 0027-8424

Patzko, A. & Shy, MLE. (2011). Update on Charcot-Marie-Tooth disease. Curr Neurol Neurosci
Rep, 11(1), pp. 78-88, ISSN 1528-4042

Piperno, G., LeDizet, M. & Chang, X.J. (1987). Microtubules containing acetylated alpha-
tubulin in mammalian cells in culture. | Cell Biol, 104, pp. 289-302, ISSN 0021-9525

www.intechopen.com



18 Peripheral Neuropathy — Advances in Diagnostic and Therapeutic Approaches

Ramachandran, R. & Schmid, S.L. (2008). Real-time detection reveals that effectors couple
dynamin's GTP-dependent conformational changes to the membrane. EMBO ],
27(1), pp. 27-37, ISSN 0261-4189

Ringstad, N., Nemoto, Y. & De Camilli, P. (1997). The SH3p4/Sh3p8/SH3p13 protein
family: binding partners for synaptojanin and dynamin via a Grb2-like Src
homology 3 domain. Proc Natl Acad Sci U S A, 94(16), pp. 8569-8574, ISSN 0027-8424

Rossi, A., Paradiso, C., Cioni, R., Rizzuto, N. & Guazzi, G. (1985). Charcot-Marie-Tooth
disease: study of a large kinship with an intermediate form. | Neurol, 232(2), pp. 91-
98, ISSN 0340-5354

Roux, A., Uyhazi, K., Frost, A. & De Camilli, P. (2006). GTP-dependent twisting of dynamin
implicates constriction and tension in membrane fission. Nature, 441, pp. 528-531,
ISSN 0028-0836

Scaife, R. & Margolis, R.L. (1990). Biochemical and immunochemical analysis of rat brain
dynamin interaction with microtubules and organelles in vivo and in vitro. | Cell
Biol, 111(6 Pt 2), pp. 3023-3033, ISSN 0021-9525

Schafer, D.A., Weed, S.A., Binns, D., Karginov, A.V., Parsons, ].T. & Cooper, J.A. (2002).
Dynamin 2 and cortactin regulate actin assembly and filament organization. Curr
Biol, 12, pp. 1852-1857, ISSN 0960-9822

Schulze, E. & Kirschner, M. (1987). Dynamic and stable populations of microtubules in cells.
J Cell Biol, 104, pp. 277-288, ISSN 0021-9525

Shin, N., Ahn, N., Chang-Ileto, B., Park, J., Takei, K., Ahn, S.G., Kim, S.A., Di Paolo, G. &
Chang, S. (2008). SNX9 regulates tubular invagination of the plasma membrane
through interaction with actin cytoskeleton and dynamin 2. J Cell Sci, 121, pp. 1252-
1263, ISSN 0021-9533

Shpetner, H.S. & Vallee, R.B. (1989). Identification of dynamin, a novel mechanochemical
enzyme that mediates interactions between microtubules. Cell, 59(3), pp. 421-432,
ISSN 0092-8674

Shpetner, H.S. & Vallee, R.B. (1992). Dynamin is a GTPase stimulated to high levels of
activity by microtubules. Nature, 355(6362), pp. 733-735, ISSN 0028-0836

Stowell, M.H., Marks, B., Wigge, P. & McMahon, H.T. (1999). Nucleotide-dependent
conformational changes in dynamin: evidence for a mechanochemical molecular
spring. Nat Cell Biol, 1(1), pp. 27-32, ISSN1465-7392

Sweitzer, SM. & Hinshaw, J.E. (1998). Dynamin undergoes a GTP-dependent
conformational change causing vesiculation. Cell, 93, pp. 1021-1029, ISSN 0092-8674

Takei, K., Haucke, V., Slepnev, V., Farsad, K., Salazar, M., Chen, H. & De Camilli, P. (1998).
Generation of coated intermediates of clathrin-mediated endocytosis on protein-
free liposomes. Cell, 94(1), pp. 131-141, ISSN 0092-8674

Takei, K., McPherson, P.S., Schmid, S.L. & De Camilli, P. (1995). Tubular membrane
invaginations coated by dynamin rings are induced by GTP-yS in nerve terminals
Nature, 374, pp. 186-190, ISSN 0028-0836

Takei, K., Slepnev, V.I., Haucke, V. & De Camilli, P. (1999). Functional partnership between
amphiphysin and dynamin in clathrin-mediated endocytosis. Nat Cell Biol, 1, pp.
33-39, ISSN 1465-7392

Tanabe, K. & Takei, K. (2009). Dynamic instability of microtubules requires dynamin 2 and
is impaired in a Charcot-Marie-Tooth mutant. | Cell Biol, 185(6), pp. 939-948, ISSN
0021-9525

www.intechopen.com



Etiological Role of Dynamin in Charcot—Marie—Tooth Disease 19

Thompson, HM., Cao, H., Chen, ]., Euteneuer, U. & McNiven, M.A. (2004). Dynamin 2
binds gamma-tubulin and participates in centrosome cohesion. Nat Cell Biol, 6(4),
pp. 335-342, ISSN 1465-7392

Thompson, H.M., Skop, A.R., Euteneuer, U., Meyer, B.J. & McNiven, M.A. (2002). The large
GTPase dynamin associates with the spindle midzone and is required for
cytokinesis. Curr Biol, 12(24), pp. 2111-2117, ISSN 0960-9822

Thyberg, J. & S. Moskalewski. (1999). Role of microtubules in the organization of the Golgi
complex. Exp Cell Res, 246, pp. 263-279, ISSN 0014-4827

Tomizawa, K., Sunada, S., Lu, Y-F., Oda, Y., Kinuta, M., Ohshima, T., Saito, T., Wei, F.Y,,
Matsushita, M, Li S.T., Tsutsui, K., Hisanaga, S., Mikoshiba, K., Takei, K. & Matsui,
H. (2003). Cophosphorylation of amphiphysin I and dynamin I by Cdk5 regulates
clathrin-mediated endocytosis of synaptic vesicles. | Cell Biol, 163(4), pp. 813-824,
ISSN 0021-9525

Toyoshima, Y.Y., Miki-Noumura, T., Shimizu, T., Kokubu, T., Ohashi, S., Hisanaga, S. &
Toyoshima, C. (1991). Dynamin is a microtubule plus end-directed
moter.(Biochemistry)(Proceedings of the Sixty-Second Annual Meeting of the
Zoological Society of Japan). Zoological science, 8(6), pp. 1138, ISSN 0289-0003

van der Bliek, A. & Meyerowitz, E. (1991). Dynamin-like protein encoded by the Drosophila
shibire gene associated with vesicular traffic. Nature, 351(6325), pp. 411-414, ISSN
0028-0836

van der Bliek, A.M., Redelmeier, T.E., Damke, H., Tisdale, E.]., Meyerowitz, EIM. & Schmid,
S.L. (1993). Mutations in human dynamin block an intermediate stage in coated
vesicle formation. | Cell Biol, 122(3), pp. 553-563, ISSN 0021-9525

Vaughan, K.T. (2005). Microtubule plus ends, motors, and traffic of Golgi membranes.
Biochim Biophys Acta, 1744, pp. 316-324, ISSN 0006-3002

Verhoeven, K., Villanova, M., Rossi, A., Malandrini, A., De Jonghe, P. & Timmerman, V.
(2001). Localization of the gene for the intermediate form of Charcot-Marie-Tooth
to chromosome 10q24.1-q25.1. Am | Hum Genet, 69(4), pp. 889-894, ISSN 0002-9297

Villanova, M., Timmerman, V., De Jonghe, P. Malandrini, A., Rizzuto, N., Van
Broeckhoven, C., Guazzi, G. & Rossi, A. (1998). Charcot-Marie-Tooth disease: an
intermediate form. Neuromuscul Disord, 8(6), pp. 392-393, ISSN 0960-8966

Walczak, C.E. (2003). The Kin I kinesins are microtubule end-stimulated ATPases. Mol Cell,
11(2), pp. 286-288, ISSN 1097-2765

Warnock, D.E., Hinshaw, J.E. & Schmid, S.L. (1996). Dynamin self-assembly stimulates its
GTPase activity. | Biol Chem, 271(37), pp. 22310-22314, ISSN 0021-9258

Westermann, S. & Weber, K. (2003). Post-translational modifications regulate microtubule
function. Nat Rev Mol Cell Biol, 4, pp. 938-947, ISSN1471-0072

Witke, W., Podtelejnikov, A.V., Di Nardo, A., Sutherland, J.D., Gurniak, C.B., Dotti, C. &
Mann, M. (1998). In mouse brain profilin I and profilin II associate with regulators
of the endocytic pathway and actin assembly. EMBO ], 17, pp. 967-976, ISSN 0261-
4189

Yamabhai, M., Hoffman, N.G., Hardison, N.L., McPherson, P.S., Castagnoli, L., Cesareni ,G.
& Kay, B.K. (1998). Intersectin, a novel adaptor protein with two Eps15 homology
and five Src homology 3 domains. | Biol. Chem. 273, pp. 31401-31407, ISSN 0021-
9258

www.intechopen.com



20 Peripheral Neuropathy — Advances in Diagnostic and Therapeutic Approaches

Yamada, H., Abe, T., Li, S.A., Masuoka, Y., Isoda, M., Watanabe, M., Nasu, Y., Kumon, H.,
Asai, A. & Takei, K. (2009). Dynasore, a dynamin inhibitor, suppresses lamellipodia
formation and cancer cell invasion by destabilizing actin filaments. Biochem Biophys
Res Commun, 390, pp. 1142-1148, ISSN 0006-291X

Yoshida, Y., Kinuta, M., Abe, T., Liang, S., Araki, K., Cremona, O., Di Paolo, G., Moriyama,
Y., Yasuda, T., De Camilli, P. & Takei, K. (2004). The stimulatory action of
amphiphysin on dynamin function is dependent on lipid bilayer curvature. EMBO
J, 23(17), pp. 3483-3891, ISSN 0261-4189

Zamanian, ].L. & Kelly, R.B. (2003). Intersectin 1L guanine nucleotide exchange activity is
regulated by adjacent src homology 3 domains that are also involved in
endocytosis. Mol Biol Cell, 14(4), pp. 1624-1637, ISSN 1059-1524

Zhu, D., Kennerson, M., Merory, ]J., Chrast, R., Verheijen, M., Lemke, G. & Nicholson, G.
(2003). Refined localization of dominant intermediate Charcot-Marie-Tooth
neuropathy and exclusion of seven known candidate genes in the region.
Neurogenetics, 4(4), pp. 179-183, ISSN 1364-6745

Zhu, J., Zhou, K, Hao, ].J., Liu, J., Smith, N. & Zhan, X. (2005). Regulation of
cortactin/dynamin interaction by actin polymerization during the fission of
clathrin-coated pits. J. Cell Sci. 118, pp. 807-817, ISSN 0021-9533

Ziuchner, S., Noureddine, M., Kennerson, M., Verhoeven, K., Claeys, K., De Jonghe, P.,
Merory, J., Oliveira, S.A., Speer, M.C., Stenger, J.E., Walizada, G., Zhu, D., Pericak-
Vance, M.A., Nicholson, G., Timmerman, V. & Vance, ].M. (2005). Mutations in the
pleckstrin homology domain of dynamin 2 cause dominant intermediate Charcot-
Marie-Tooth disease. Nat Genet, 37(3), pp. 289-294, ISSN 1061-4036

www.intechopen.com



Peripheral Neuropathy - Advances in Diagnostic and Therapeutic

PERIPHERAL Approaches
NEUROPATHY .
ADVANCES IN BIAGNOSTIC AND Edited by Dr. Ghazala Hayat

THERAPEUTI. APPROACHES

Edbtad by Ghazals Hayat

) Sl L ISBN 978-953-51-0066-9

- [' " ﬁA Hard cover, 206 pages
Ty Publisher InTech

Published online 29, February, 2012

Published in print edition February, 2012

Over the last two decades we have seen extensive progress within the practice of neurology. We have refined
our understanding of the etiology and pathogenesis for both peripheral and central nervous system diseases,
and developed new therapeutic approaches towards these diseases. Peripheral neuropathy is a common
disorder seen by many specialists and can pose a diagnostic dilemma. Many etiologies, including drugs that
are used to treat other diseases, can cause peripheral neuropathy. However, the most common cause is
Diabetes Mellitus, a disease all physicians encounter. Disability due to peripheral neuropathy can be severe,
as the patients suffer from symptoms daily. This book addresses the advances in the diagnosis and therapies
of peripheral neuropathy over the last decade. The basics of different peripheral neuropathies is briefly
discussed, however, the book focuses on topics that address new approaches to peripheral neuropathies.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Kohji Takei and Keniji Tanabe (2012). Etiological Role of Dynamin in Charcot-Marie-Tooth Disease, Peripheral
Neuropathy - Advances in Diagnostic and Therapeutic Approaches, Dr. Ghazala Hayat (Ed.), ISBN: 978-953-
51-0066-9, InTech, Available from: http://www.intechopen.com/books/peripheral-neuropathy-advances-in-
diagnostic-and-therapeutic-approaches/etiological-role-of-dynamin-in-charcot-marie-tooth-disease

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




