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Abstract: In the last few years, neurological diseases have been among the leading causes of
death worldwide. A severe but rare neurodegenerative disorder is KIF1A Associated
Neurological Disorder (KAND). This disorder is only identified in a few hundred people
worldwide, mainly because the symptoms and genetic mutation associated with this disease
wildly vary between patients making it hard to diagnose. Symptoms of this disease include
cognitive impairment, spastic paraplegia, and epilepsy, among many others. KAND is caused
by a genetic mutation in the kinesin family member 1A (KIF1A) gene, which codes for a motor
protein responsible for the active intracellular transport of synaptic vesicle precursors. Here,
I review recent insights on KAND and the molecular mechanism behind different KIF1A
variants.
Layman’s abstract: Cells are the basic unit of life, in which biochemical reactions are well
separated in space and time. Only through this separation can a precise biological function
arise, which forms the basis of the specific function of our organs, such as our brain. The
brain’s cells, called neurons, have a remarkable architecture with very long compartments.
For an adequate distribution of molecules to the different locations in the cell, specialized
motor proteins are at play. One example of a motor protein is kinesin family member 1A
(KIF1A), which is only found in neurons. This protein walks along roads that span the entire
width of the cell, called microtubules. When KIF1A is not correctly functioning, diseases arise,
showing the importance of KIF1A. One of these diseases is a severe but rare disorder called
KIF1A Associated Neurological Disorder (KAND). This disorder is only identified in a few
hundred people worldwide, mainly because the symptoms and underlying cause associated
with this disease wildly vary between patients, making it hard to diagnose. Symptoms of this
disease include intellectual disability, epilepsy, spasticity (stiffness) of the legs, and many
others. KAND is caused by a mutation in the DNA coding for KIF1A. DNA is the material that
carries the information on how proteins should be built. This mutation alters the code for
KIF1A, which in many cases leads to less transport carried out by KIF1A. In the last few years,
many different mutations have been found in the DNA coding for KIF1A in patients with KAND.
However, what is not known yet is how the transport of molecules is actually disturbed by this
KIF1A mutation.
Here, I will review what is already known about this DNA mutation. I will first explain which
diseases are associated with this mutation, followed by an explanation of how the transport
of molecules works. I will then explain more about KIF1A and its function, and what might be
going wrong on the molecular level in patients with KAND. Lastly, I will elaborate on whether
we can cure this disease.
Introduction:
Neurological diseases were found to be the
second leading cause of death in the past
few
years.
Ranking
just
below
cardiovascular diseases, these diseases
accounted for 9.4 million deaths worldwide
in 20191. The term neurological disease is

used for every disease which affects the
central or peripheral nervous system2, with
the most common diseases being strokes,
Alzheimer’s disease, Parkinson’s disease,
migraine, epilepsy, and multiple sclerosis3.
In 2019, 87.2% of the deaths by
neurological diseases were caused by

strokes and dementia alone1. Much
research has been done into the most
common neurological diseases, but there is
still a lot to discover about the less
common neurological diseases. One of
those less common neurological diseases is
KIF1A Associated Neurological Disorder
(KAND). This disorder is only identified to a
little over 350 people throughout the
world. Diagnosis of KAND is difficult
because the kinesin family member 1A
(KIF1A) gene mutation causing this disease
often occurs spontaneously and is noninherited. Therefore, the actual number of
people affected by KAND might be much
higher. There is no cure for KAND yet, and
the disease symptoms actually vary
between patients. Symptoms of KAND
include spasticity and neurological
abnormalities, epilepsy, impaired vision,
developmental delays, and issues with
coordination, muscle tone, and speech4.
KIF1A is a gene encoding the
kinesin-like protein KIF1A. This protein is
part of the kinesin family proteins (KIFs),
which are microtubule-dependent motor
proteins responsible for the transport of
protein complexes, membrane vesicles and
organelles, and mRNA5. The neuronspecific KIF1A motor protein is responsible
for
the
axonal
transport
along
microtubules (MTs) of synaptic vesicle
precursors (SVP)5,6. In addition, KIF1A also
transports postsynaptic proteins, which
play a role in learning, memory, and
synaptic plasticity7-9.
A wide range of phenotypes in
differing severity is associated with both
dominant and recessive variants of KIF1A.
Homozygous recessive mutations are often
linked to hereditary sensory and
autonomic neuropathy, a severe form of a
neurodegenerative disorder, or hereditary
spastic paraplegia (HSP). Heterozygous
dominant variants are linked to a wide
variety of phenotypes. These include
intellectual disability, optic atrophy, axial

hypotonia, spasticity, growth failure, and
progressive cerebellar atrophy10-12. The
many different variants of KIF1A and
different phenotypes make it hard to find a
cure. Even similar variants are not always
associated with similar phenotypes among
different patients4. Over the past few
years, many variants of KIF1A have been
discovered. Interestingly, not every variant
associated with disease was found to be a
loss of function variant. For example, the
V8M mutation in humans was found to
cause hyperactivation of motor activity and
led to increased SVP transport13.
The molecular mechanism of how
KIF1A variants lead to diseases is poorly
understood. In 2004, LoTurco et al. found
that Kif1a RNAi leads to a decreased
number of neurons14. This relationship was
further investigated by Carabalona et al.
(2016), who found that this can be
explained by a shift in the asymmetric to
symmetric brain stem cell ratio when KIF1A
is knocked down by shRNA15. That
intracellular active transport is affected by
KIF1A variants was already known, but the
underlying cause is not yet completely
understood. Aguilera et al. (2021)
contributed to our understanding of this
underlying mechanism. They found that
the human R169T mutation, which led to
NESCAV syndrome in patients, reduced the
ATPase activity and microtubule-binding of
KIF1A16. This finding is consistent with the
findings of Budaitis et al. (2021). Their
research showed that the V8M and Y89D
variants of KIF1A led to reduced velocities
due to reduced ATPase activity and
microtubule-binding, reduced landing
rates, and decreased force generation17.
Here, I review recently obtained
knowledge about the KIF1A mutation and
the related neurodegenerative diseases
KAND. I address the neurodegenerative
diseases associated with KIF1A variants,
intracellular transport focusing on motor
proteins and the deficits in this transport

on a molecular level of the most common
KIF1A variants. Furthermore, I elaborate on
future possibilities to cure the disease
using drugs or genetics.
The diseases:
Three major diseases have been associated
with variants in KIF1A.
KAND:
Pathogenic variants in KIF1A cause a group
of progressive neurodegenerative diseases
better known as KAND18-29. These variants
can be inherited recessively or dominantly.
However, the most severe phenotypes of
KAND are associated with de novo variants.
Approximately
115
disease-causing
variants of KIF1A have been described in
the literature to date29. Many of these
variants are missense mutations located
within the motor domain of the protein1829. More than 30% of the patients identified
with KAND have private variants, meaning
that there are likely many more variants
still to be identified. Apart from the
diverging variants found in patients, KAND
also encompasses a broad range of
phenotypes. The symptoms can include
neurodevelopmental
delay,
autism,
intellectual disability, progressive spastic
paraplegia, optic nerve atrophy, peripheral
and autonomic neuropathy, cerebellar and
cerebral atrophy, spasticity, and seizures1829.
HSP and NESCAV:
HSP is a name given to a group of
neuropathological
disorders
mainly
characterized by spasticity of the lower
limbs and abnormal gait30. Children
affected by this disease often experience a
delay in walking. In 2011, Erlich et al. were
the first to link a KIF1A variant to HSP. Using
whole-exome sequencing, they found that
a causative mutation in the motor domain
of KIF1A was the cause of HSP in a single
inbred Palestinian family10.

Neurodegeneration and spasticity
with or without cerebellar atrophy or
cortical visual impairment (NESCAV
syndrome) occur as a consequence of de
novo missense variants of KIF1A located in
the motor domain. Patients with NESCAV
can experience intellectual disabilities,
spastic paraparesis, peripheral neuropathy,
language and motor delay, hyperreflexia,
and hypotonia. In addition, MRI images of
these patients can show brain and optic
nerve atrophy16. Experiments performed in
neuroblastoma cells showed that several
de novo missense variants of KIF1A led to
an accumulation of the motor protein in
the cell body instead of the neurite tips21,31.
Molecular mechanisms and the associated
proteins:
To understand the molecular basis of these
diseases, we need to understand the
involved molecular mechanisms and
contributing molecules. Because KIF1A
encodes a motor protein, I will discuss
intracellular transport and its players in the
following.
Active intracellular transport:
Since eukaryotic cells are usually in the
micrometer range, cell organelles are
spatially distant. However, to create a
complete metabolic chain, they need to be
connected. This explains the need for the
cytoskeleton in most eukaryotic cells32.
Since the cytoplasm is rather crowded,
diffusion alone is insufficient to transport
molecules within the cell, creating the need
for active intracellular transport. This
active transport is mediated by molecular
motor proteins, which walk along the
filaments of the cytoskeleton and thereby
transport various types of cargo from one
site to another33. The importance of this
active intracellular transport can be seen
from the many different diseases, amongst
them neuronal diseases, which arise when
the intracellular transport system fails33.

Cytoskeleton filaments:
The cytoskeleton carries out different
functions within the cell. It generates
forces, determines the cell’s shape and
spatial organization, and serves as the road
where the molecular motor proteins walk
along32. The cytoskeleton is composed of
different polymers: microtubules, actin
filaments, and intermediate filaments.
Intermate filaments are the least wellunderstood of the three components. They
are known to be an essential structural
element of cells by absorbing mechanical
stress and therefore providing the cell with
mechanical integrity34-35. The intracellular
transport is, however, restricted to actin
filaments and microtubules32.
Microtubules:
Microtubules have complex assembly and
disassembly dynamics and are the stiffest
cytoskeletal filaments. The length of
microtubules can span distances in the
same order as the cell diameter32, and they
are highly dynamic and alternate between
growing and shrinking phases36. The
binding and hydrolysis of GTP at the E-site
(nucleotide exchangeable site) of β-tubulin
is the cause of this non-equilibrium
dynamic instability36. Apart from β-tubulin,
microtubules also contain the globular
protein α-tubulin. Together they form the
subunit of microtubules, an α/β-tubulin
heterodimer32.
These
dimers
can
spontaneously
assemble
into
protofilaments. To form the actual
microtubule, twelve till fourteen of these
filaments assemble into a helical cylinder37.
Because the filaments are built of
heterodimers, the two ends of the
microtubule are chemically different. This
causes a local polarity which plays a vital
role in intracellular transport since it
determines the walking direction of the
molecular motors. The end that exposes βtubulin is by convention called the plus-end
of the microtubule (Fig. 1)32. The plus-end

is more dynamic than the minus-end and is
known to grow faster. Growth of the
microtubule occurs by adding a single
tubulin dimer or small oligomers. Shrinking
can also happen at both ends, especially
when the ends are not anchored (Fig. 1)32.

Fig. 1: Microtubule dynamics. Stable (intermediate)
microtubules can either grow or shrink at both ends,
but the plus end is more dynamic. Growing occurs
when GTP-bound α/β-tubulin heterodimers add to
the microtubule end. This requires energy, which is
provided by the hydrolysis of the bound GTP.
Shrinking occurs by the release of protofilaments or
heterodimers from the microtubule. Image adapted
from Appert-Rolland et al. (2015)38.

Actin filaments:
Actin filaments are more flexible than
microtubules. They are composed of two
twisted protofilaments and form highly
interconnected lattices. Actin filaments
give the cell membrane its mechanical
strength and shape. Just like microtubules,
actin filaments can grow on the plus-end or
disassemble from the minus-end if the end
is not stabilized32.
Molecular motors:
Motor proteins are molecules that can
move along cytoskeletal filaments, such as
actin filaments or microtubules. In order to
do so, they require energy, which they
derive from hydrolyzing ATP. The
hydrolysis of ATP triggers a conformational
change in the motor protein, resulting in a
step along the filament33.

There are three types of motor protein
families: myosins, kinesins, and dyneins.
Kinesins and dyneins use microtubules as
tracks, whereas myosins move on actin
fillaments33.
Myosin superfamily:
Myosin II, the most famous myosin, is
present in our muscles. A large number of
these myosins complete a coordinated
motion along the actin filaments, which
leads to muscle contraction. Most myosins
move towards the plus-end of actin
filaments. Myosin VI is the only one that
can move towards the minus-end (Fig. 2)39.
Apart from their role in muscle
contractions, a few myosins are also
involved in intracellular transport, where
they transport organelles and vesicles40. In
the following, the focus will be on dynein
and kinesin, the two most important motor
protein families for microtubule-based
transport.
Dynein superfamily:
With a molecular weight of 1.2 MDa,
dyneins are the largest molecular motors41.
The dynein family can be divided into two
groups: cytoplasmic dyneins and axonemal
dyneins. Cytoplasmic dyneins are the ones
that play a role in intracellular transport.
On the other hand, axonemal dyneins are
involved in the motion of cilia or flagella42.
Only the first group will be considered
here. Cytoplasmic dynein is responsible for
most long-range minus-end-directed
transport along microtubules (Fig. 2). By
using different multifunctional adaptors
that can regulate dynein function, these
dyneins can transport a wide variety of
cargo42. The head of a dynein has a ring
shape, from which a stalk stretches out
that can bind to the microtubule. The cargo
carried by dynein is attached to a long tail
and points away from the microtubule.
Dynein is attached to the microtubules
when ATP is not bound and detaches from

it when ATP does bind. This is a significant
difference compared to kinesins, which are
bound to microtubules when ATP is bound
and released when ATP is hydrolyzed32.
Interestingly, in some experiments, dynein
was found to step forward and backward in
the absence of nucleotides when it was
under load43.
Dynein
and
kinesin
have
overlapping binding sites. This causes them
to block one another on encounters in
bidirectional transport on microtubules.
Unlike kinesin, dynein shows irregular
stepping properties. Not only does their
step size vary, but they can also step
sideways. It is hypothesized that this is
needed to bypass obstacles44-45.
Kinesin superfamily:
The kinesin superfamily can be subdivided
into several kinesin families46. All of them
can exert force on microtubules and have
similar motor domains47. However, their
motion patterns vary between the
different subfamilies. This can be explained
by differences in the remaining structures
of the molecule. The position of the motor
domain in the molecule determines to
which family a kinesin belongs10. Most
kinesins (KIFs) move towards the plus-end
of microtubules, when the motor domain is
n-terminal. Some can move in the opposite
direction when the motor domain is cterminal (Fig. 2). Within the axon, KIFs are
responsible for both fast and slow
transport. Fast transport is needed for
membranous organelles, while cytosolic
and cytoskeletal proteins are transported
slowly. Various cargo vesicles are handled
by different KIFs, while the function of
these KIFs sometimes seems redundant.
KIF5, which is part of the kinesin 1 family
and also identified as a slow transport
motor, transports presynaptic membrane
or active zone vesicles and amyloid
precursor protein-containing vesicles in
axons. KIF3 is responsible for the transport

of plasma membrane precursors. KIF1A
and KIF1Bβ are responsible for the
transport of synaptic vesicle precursors48.

Fig. 2: The different molecular motor proteins. The
only myosin which can walk to the minus end of
actin filaments is myosin VI. All other myosins move
towards the plus end of actin filaments. Dyneins and
kinesins both walk along microtubules, however,
dyneins walk towards the minus end, while most
kinesins walk towards the plus end. Image adapted
from Gross et al. (2007)49.

The role of KIFs in physiological
processes is not entirely understood yet,
but their role in axonal transport,
microtubule
activity,
ciliogenesis,
intracellular trafficking, and cell-cycle
progression and regulation is being
increasingly
studied.
During
early
development and organogenesis, they
have been found to play a pivotal role.
Experiments that included functional
disruption of KIF genes in mice often led to
embryonic lethality. This is the case for Kif3
and Kif5, for example50-55. KIF1A, KIF5, and
KIF17 also have a fundamental role in
neuronal function since they are
responsible for the transport of transmitter
receptors and synaptic vesicle precursors
along axons and dendrites56. Their
molecular motor activity is important for
the higher brain function, which includes
memory and learning. Environmental
enrichment was even found to upregulate
KIF1A in mouse hippocampi, revealing that
KIF1A is indispensable for learning
enhancement57. Impaired function of these
KIFs can result in ocular motility disorders

and peripheral neuropathies, as can be
seen in patients with KAND58-59.
KIF1A and KIF1Bβ:
KIF1A and KIF1Bβ are part of the kinesin 3
family and similar molecular motors. Both
motors
transport
synaptic
vesicle
60-61
precursors
. This transport is needed
since synaptic transmission propagates
nerve impulses between neurons and their
target cells. To become functionally mature
by endocytosis at the synaptic plasma
membrane, synaptic vesicle precursors
need to be transported from cell bodies to
the synapse57,62. A major difference
between both motors is that KIF1A is a
neuron-specific motor, whereas KIF1Bβ
can be found in both neurons and glia63.
From molecules to disease: the KIF1A
mutation:
In 1991, Otsuka et al. found that a mutation
in the unc-104 (the C. elegans ortholog of
KIF1A, caused decreased synaptic vesicle
precursor transport in axons64. Knockingout Kif1a in mice leads to lethality soon
after birth, which is caused by massive
neuronal
and
axonal
cell
body
degeneration in the central nervous
system. This was also accompanied by
sensory and motor disturbances, evident in
the hindlimbs. Vesicles were found to be
clustering in the cell body of neurons, and
the number of nerve terminals was
decreased65. Knocking-out the Kif1b gene
in mice gives a similar phenotype and also
leads to lethality in the perinatal period.
These knock-out mice also showed
synaptic dysfunction and severe neuronal
degeneration61. Heterozygous mutations
save the mice from lethality but leave the
mice
with
progressive
peripheral
neuropathy. These experiments show that,
even though both motor proteins transport
the same cargo, KIF1A and KIF1B cannot
compensate for each other. Abnormally

low level of either one of them lead to
lethality or a neuronal phenotype.
In 2010, Tsai et al. already
established that Kif1a RNAi blocks basal
interkinetic nuclear migration in brain
neural stem cells and decreases the
number of neurons14. Although they found
different effects of Kif1a RNAi, the
relationship between these effects
remained unclear. To get more clarity on
the specific role of KIF1A in diseases,
Carabalona et al. (2016) continued this
research and chose to use shRNA to knock
down Kif1A in embryonic rat brain. They
found that when interkinetic nuclear
migration was blocked, cell nuclei
accumulated, but cell cycle progression
persisted. The ratio of asymmetric to
symmetric brain stem cells did decrease
and might explain the decrease in neurons
found in their previous research since
neurons in the subventricular zone and
intermediate zone are generated from
asymmetric brain stem cells. Neurons in
the subventricular or intermediate zone
have a multipolar morphology. After a
while, these neurons take on a bipolar
morphology and migrate to the cortical
plate. Kif1a shRNA was found to almost
entirely prevent this multipolar to bipolar
transition, trapping the neurons in the
subventricular and intermediate zone (Fig.
3). Even though these trapped neurons
cannot progress, they were found to
express the mature neuronal markers. This
shows that the maturation process is not
affected by Kif1a shRNA, purely the
mechanisms
coordinating
morphogenesis15.
As mentioned above, mutations in
the KIF1A motor domain are associated
with different neuronal diseases and
symptoms. However, why different
mutations cause these differences in the
diseases remains unclear. Pennings et al.
(2020) hypothesized that HSP is caused by
mild transport defects, whereas NESCAVS

would be caused by severe transport
defects28. Pennings et al., however, only
took loss-of-function mutations into
account. In 2019, Chiba et al. were the first
to find gain-of-function mutations in
humans. They found that SPG with
intellectual disabilities is mainly caused by
loss-of-function mutations of KIF1A.
Whereas in contrast, three human KIF1A
mutations,
namely
KIF1A(V8M),
KIF1A(A255V), and KIF1A(R350G), were
found to be gain-of-function mutations.
Patients with these mutations still had SPG
but did not show signs of intellectual
disabilities6.

Fig. 3: Kif1a shRNA blocks morphogenesis in
neurons. The ventricular zone (VZ) contains neural
stem cells (yellow), which are also present in the
subventricular zone (SVZ). Here, the neural stem
cells will differentiate into multipolar neurons
(purple) which can then migrate to the intermediate
zone (IZ). In the IZ, morphogenesis will transform
the multipolar neurons into bipolar neurons, after
which they can migrate into the cortical plate (CP).
In the presence of Kif1a shRNA, morphogenesis is
blocked, trapping the multipolar neurons in the SVZ
and IZ.

Although it is known that the KIF1A
variants lead to defects in molecular
transport and a decrease in the number of
neurons, the exact mechanism is unknown.
However, recent investigations began to
shed light on these mechanisms. Aguilera
et al. (2021) studied the underlying

mechanism and looked into patients with
the R169T mutation who showed the
typical signs of NESCAV syndrome. They
found that this de novo missense mutation,
located in the motor domain of KIF1A,
decreases the ATPase activity, thereby
decreasing protein motility and its ability to
bind to microtubules16.
In 2021, Budaitis et al. looked into
the force-generating properties of KIF1A
using optical tweezers. They found that
kinesin 3 motors already detach from the
microtubules under the low force of 3 pN,
whereas kinesin 1 motors can withstand
forces of 5-6 pN. This is not due to the
strength of the motor-microtubule
interaction since KIF1A has a higher
microtubule affinity than kinesin 1
members. Although the KIF1A motors
detach under low forces, they quickly
reattach to the microtubules. This property
was found to be linked to the positively
charged loop present in kinesin 3
members. Replacement of this loop by the
loop of kinesin 1 members led to a
decrease in the amount of forcegenerating events.
They also investigated two KIF1A
disease variants, namely V8M and Y89D.
These mutations were chosen because
they were expected to be in a location of
the motor protein, which was associated
with force generation and occurs in highly
conserved areas of the kinesin superfamily.
These mutations induced multiple
impairments of motor function. These
mutated motors showed reduced
velocities due to reduced ATPase activity
and microtubule-binding, reduced landing
rates, and decreased force generation.
However, the ability to quickly reattach to
the microtubule was not affected. They
also increased the number of motility
events significantly, indicating that these
mutations relieve autoinhibition. For V8M,
this finding was consistent with the
findings of Chiba et al. (2019). However,

Chiba et al. proposed that this mutation
causes hyperactivation of KIF1A. This was
based on comparisons of V8M to the
autoinhibited wildtype motor (this is the
state of KIF1A in the absence of cargo),
whereas in their research, they showed
that V8M is actually inhibited in multiple
motility properties when you compare it to
the uninhibited wildtype motor17.
How KIF1A mutations lead to disease is still
unclear. However, from the previously
mentioned research, it is possible to
suggest that the problem lies within the
ATPase activity and microtubule-binding
abilities of KIF1A.
Discussion: Is there a cure in sight?
KAND is a severe but rare disease linked to
different variants of KIF1A. The disease
causes different symptoms, even if patients
have the same KIF1A variant. Both
recessive and dominant mutations can lead
to this disease. However, the most severe
phenotypes are found in patients with de
novo variants18-29.
The KIF1A gene encodes the KIF1A
motor protein, a kinesin that transports
synaptic
vesicle
precursors
along
microtubules. Even though there are many
different kinesins, it is unlikely that another
kinesin can compensate for the KIF1A
mutation10,46. The only other kinesin that
transports the same cargo is kinesin
KIF1Bβ. Otsuka et al. (1991) showed that
having abnormally low levels of one of
them still leads to lethality or a neuronal
phenotype. This means that KIF1Bβ does
not compensate for the defects in
transport caused by the KIF1A mutation.
However, this was concluded from
wildtype level KIF1Bβ64. It would be
interesting to see whether overexpressing
KIF1Bβ can overcome these defects in
intracellular transport. Perhaps it will
outcompete KIF1A for the synaptic vesicle
precursor cargo in larger quantities.

Carabalona et al. found that KIF1A
RNAi can block the basal interkinetic
nuclear migration and decreases the
number of neurons14. Using shRNA, they
concluded that this was due to the
disturbed multipolar to bipolar transition
of brain neural stem cells, preventing these
cells from progressing to the cortical plate.
However, the cells did show all of the
mature neuronal markers in the right
order15. Future research should be done
into the possibility of freeing these trapped
neurons and whether or not this alleviates
or cures symptoms of KAND.
Different variants of KIF1A can
cause different symptoms and have
differences on the molecular level. Several
variants have been investigated over time,
and one recurring conclusion was that
some mutations led to decreases in the
ATPase activity of KIF1A, thereby
decreasing protein motility and its ability to
bind to microtubules14-17. This suggests
that restoring the ATPase activity in KIF1A
variants might cure the disease. Possible
solutions for this include using chaperones
to correctly fold the misfolded protein or
using small molecule drugs to bypass the
mutated portions of the gene. Such a small
molecule drug is used to treat spinal
muscular atrophy, where the drug Evrysdi
does not correct the mutated gene but
bypasses the mutated portions leading to a
fully functioning protein66. It remains to be
investigated whether this is an option for
KAND.
We are not there yet in terms of
finding a cure for KAND. However, KIF1A
and KAND have become more popular
research topics in the past few years, partly
due to the KIF1A.ORG community4. This
community also raised the interest of Ovid
Therapeutics, a company that specializes in
rare diseases which especially focuses on
rare neurological diseases. They are now
looking into new medicines and therapies
for KAND. A few of their strategies include:

using RNAi or shRNA to degrade the
defective maternal or paternal copy of the
gene, disabling the mutant protein,
replacing the defective gene, and editing
errors in the mutant gene or finding.
Replacing the defective gene is very
challenging due to the relatively big size of
the protein. CRISPR-cas9 might be a
possibility in repairing the allele. However,
this might trigger off-target side effects and
therefore needs to be investigated
extensively before it can be used to treat
KAND in humans. One strategy to disable
mutant KIF1A protein is by using aptamers.
These aptamers can bind to specific mutant
forms of KIF1A and disrupt the function of
mutant protein67. Most of these possible
treatment
strategies
have
some
downsides. KAND is a disease for which the
mutation varies between patients. Some
patients have homozygous, and others
have heterozygous mutations. For patients
with homozygous mutations, disabling the
mutant gene or protein would leave them
without functioning KIF1A, which will be
lethal. Also, each of the approaches
mentioned above would need to be
adapted to the specific mutation of a
patient. Finding a global therapeutic
strategy that can be used for every patient
regardless of their mutation would be
ideal, but in order to find such an approach,
we would need to fully understand the
changes caused by KIF1A mutations on the
molecular level. Therefore, I think the road
to a cure for KAND should continue to focus
on the molecular pathway first.

Literature:
1. Avan, Abolfazl, and Vladimir Hachinski. (2021). “Stroke and Dementia, Leading Causes
of Neurological Disability and Death, Potential for Prevention (5108).” Neurology 96(15
Supplement):5108.
2. WHO Team. (2016, May 3). Mental health: neurological disorders. World Health
Organization.
https://www.who.int/news-room/questions-andanswers/item/mental-health-neurological-disorders
3. Borsook, D. (2012). Neurological diseases and pain. Brain, 135(2), 320–344.
4. KIF1A.org
community.
KIF1A
Associated
Neurological
Disorder.
https://www.kif1a.org/
5. Lee, J. R., Srour, M., Kim, D., Hamdan, F. F., Lim, S. H., Brunel-Guitton, C., Décarie, J. C.,
Rossignol, E., Mitchell, G. A., Schreiber, A., Moran, R., Van Haren, K., Richardson, R.,
Nicolai, J., Oberndorff, K. M. E. J., Wagner, J. D., Boycott, K. M., Rahikkala, E., Junna, N.,
… Michaud, J. L. (2015). De novo mutations in the motor domain of KIF1A cause
cognitive impairment, spastic paraparesis, axonal neuropathy, and cerebellar atrophy.
Human Mutation, 36(1), 69–78.
6. Chiba, K., Takahashi, H., Chen, M., Obinata, H., Arai, S., Hashimoto, K., Oda, T.,
McKenney, R. J., & Niwa, S. (2019). Disease-associated mutations hyperactivate KIF1A
motility and anterograde axonal transport of synaptic vesicle precursors. Proceedings
of the National Academy of Sciences, 116(37), 18429–18434.
7. Ko, J., Kim, S., Valtschanoff, J. G., Shin, H., Lee, J. R., Sheng, M., Premont, R. T.,
Weinberg, R. J., & Kim, E. (2003). Interaction between liprin-alpha and GIT1 is required
for AMPA receptor targeting. The Journal of neuroscience : the official journal of the
Society for Neuroscience, 23(5), 1667–1677.
8. Shin, H., Wyszynski, M., Huh, K. H., Valtschanoff, J. G., Lee, J. R., Ko, J., Streuli, M.,
Weinberg, R. J., Sheng, M., & Kim, E. (2003). Association of the kinesin motor KIF1A
with the multimodular protein liprin-alpha. The Journal of biological
chemistry, 278(13), 11393–11401.
9. Huganir, R. L., & Nicoll, R. A. (2013). AMPARs and synaptic plasticity: the last 25
years. Neuron, 80(3), 704–717.
10. Erlich, Y., Edvardson, S., Hodges, E., Zenvirt, S., Thekkat, P., Shaag, A., Dor, T., Hannon,
G. J., & Elpeleg, O. (2011). Exome sequencing and disease-network analysis of a single
family implicate a mutation in KIF1A in hereditary spastic paraparesis. Genome
research, 21(5), 658–664.
11. Klebe, S., Lossos, A., Azzedine, H., Mundwiller, E., Sheffer, R., Gaussen, M., Marelli, C.,
Nawara, M., Carpentier, W., Meyer, V., Rastetter, A., Martin, E., Bouteiller, D., Orlando,
L., Gyapay, G., El-Hachimi, K. H., Zimmerman, B., Gamliel, M., Misk, A., Lerer, I., …
Stevanin, G. (2012). KIF1A missense mutations in SPG30, an autosomal recessive
spastic paraplegia: distinct phenotypes according to the nature of the mutations.
European journal of human genetics : EJHG, 20(6), 645–649.
12. Hamdan, F. F., Gauthier, J., Araki, Y., Lin, D. T., Yoshizawa, Y., Higashi, K., Park, A. R.,
Spiegelman, D., Dobrzeniecka, S., Piton, A., Tomitori, H., Daoud, H., Massicotte, C.,
Henrion, E., Diallo, O., S2D Group, Shekarabi, M., Marineau, C., Shevell, M., Maranda,

B., … Michaud, J. L. (2011). Excess of de novo deleterious mutations in genes associated
with glutamatergic systems in nonsyndromic intellectual disability. American journal
of human genetics, 88(3), 306–316.
13. Niwa, S., Lipton, D. M., Morikawa, M., Zhao, C., Hirokawa, N., Lu, H., & Shen, K. (2016).
Autoinhibition of a Neuronal Kinesin UNC-104/KIF1A Regulates the Size and Density of
Synapses. Cell reports, 16(8), 2129–2141.
14. Tsai, J. W., Lian, W. N., Kemal, S., Kriegstein, A. R., & Vallee, R. B. (2010). Kinesin 3 and
cytoplasmic dynein mediate interkinetic nuclear migration in neural stem cells. Nature
neuroscience, 13(12), 1463-1471.
15. Carabalona, A., Hu, D. J. K., & Vallee, R. B. (2016). KIF1A inhibition immortalizes brain
stem cells but blocks BDNF-mediated neuronal migration. Nature Neuroscience, 19(2),
253–262.
16. Aguilera, C., Hümmer, S., Masanas, M., Gabau, E., Guitart, M., Jeyaprakash, A. A.,
Segura, M. F., Santamaria, A., & Ruiz, A. (2021). The Novel KIF1A Missense Variant
(R169T) Strongly Reduces Microtubule Stimulated ATPase Activity and Is Associated
With NESCAV Syndrome. Frontiers in Neuroscience, 15(May), 1–9.
17. Budaitis, B. G., Jariwala, S., Rao, L., Yue, Y., Sept, D., Verhey, K. J., & Gennerich, A.
(2021). Pathogenic mutations in the kinesin-3 motor KIF1A diminish force generation
and movement through allosteric mechanisms. Journal of Cell Biology, 220(4).
18. Rivire, J. B., Ramalingam, S., Lavastre, V., Shekarabi, M., Holbert, S., Lafontaine, J.,
Srour, M., Merner, N., Rochefort, D., Hince, P., Gaudet, R., Mes-Masson, A. M., Baets,
J., Houlden, H., Brais, B., Nicholson, G. A., Van Esch, H., Nafissi, S., De Jonghe, P., …
Rouleau, G. A. (2011). KIF1A, an Axonal Transporter of Synaptic Vesicles, Is Mutated in
Hereditary Sensory and Autonomic Neuropathy Type 2. The American Journal of
Human Genetics, 89(2), 219–230.
19. Okamoto, N., Miya, F., Tsunoda, T., Yanagihara, K., Kato, M., Saitoh, S., Yamasaki, M.,
Kanemura, Y., & Kosaki, K. (2014). KIF1A mutation in a patient with progressive
neurodegeneration. Journal of Human Genetics, 59(11), 639–641.
20. Lee, J., Jin, Y. A., Ko, H. Y., Lee, Y. S., Heo, H., Cho, S., & Kim, S. (2015). Magnetic
resonance beacon to detect intracellular microRNA during neurogenesis. Biomaterials,
41, 69–78.
21. Esmaeeli Nieh, S., Madou, M. R. Z., Sirajuddin, M., Fregeau, B., Mcknight, D., Lexa, K.,
Strober, J., Spaeth, C., Hallinan, B. E., Smaoui, N., Pappas, J. G., Burrow, T. A.,
Mcdonald, M. T., Latibashvili, M., Leshinsky-Silver, E., Lev, D., Blumkin, L., Vale, R. D.,
Barkovich, A. J., & Sherr, E. H. (2015). De novo mutations in KIF1A cause progressive
encephalopathy and brain atrophy. Annals of Clinical and Translational Neurology,
2(6), 623–635.
22. Citterio, A., Arnoldi, A., Panzeri, E., Merlini, L., D’Angelo, M. G., Musumeci, O., Toscano,
A., Bondi, A., Martinuzzi, A., Bresolin, N., & Bassi, M. T. (2015). Variants in KIF1A gene
in dominant and sporadic forms of hereditary spastic paraparesis. Journal of
Neurology, 262(12), 2684–2690.
23. Ohba, C., Haginoya, K., Osaka, H., Kubota, K., Ishiyama, A., Hiraide, T., Komaki, H.,
Sasaki, M., Miyatake, S., Nakashima, M., Tsurusaki, Y., Miyake, N., Tanaka, F., Saitsu,
H., & Matsumoto, N. (2015). De novo KIF1A mutations cause intellectual deficit,

cerebellar atrophy, lower limb spasticity and visual disturbance. Journal of Human
Genetics, 60(12), 739–742.
24. Hotchkiss, L., Donkervoort, S., Leach, M. E., Mohassel, P., Bharucha-Goebel, D. X.,
Bradley, N., Nguyen, D., Hu, Y., Gurgel-Giannetti, J., & Bönnemann, C. G. (2016). Novel
de Novo Mutations in KIF1A as a Cause of Hereditary Spastic Paraplegia with
Progressive Central Nervous System Involvement. Journal of Child Neurology, 31(9),
1114–1119.
25. Hasegawa, A., Koike, R., Koh, K., Kawakami, A., Hara, N., Takiyama, Y., & Ikeuchi, T.
(2017). Co-existence of spastic paraplegia-30 with novel KIF1A mutation and
spinocerebellar ataxia 31 with intronic expansion of BEAN and TK2 in a family. Journal
of the Neurological Sciences, 372, 128–130.
26. Krenn, M., Zulehner, G., Hotzy, C., Rath, J., Stogmann, E., Wagner, M., Haack, T. B.,
Strom, T. M., Zimprich, A., & Zimprich, F. (2017). Hereditary spastic paraplegia caused
by compound heterozygous mutations outside the motor domain of the KIF1A gene.
European Journal of Neurology, 24(5), 741–747.
27. Tomaselli, P. J., Rossor, A. M., Horga, A., Laura, M., Blake, J. C., Houlden, H., & Reilly,
M. M. (2017). A de novo dominant mutation in KIF1A associated with axonal
neuropathy, spasticity and autism spectrum disorder. Journal of the Peripheral
Nervous System, 22(4), 460–463.
28. Pennings, M., Schouten, M. I., van Gaalen, J., Meijer, R. P. P., de Bot, S. T., Kriek, M.,
Saris, C. G. J., van den Berg, L. H., van Es, M. A., Zuidgeest, D. M. H., Elting, M. W., van
de Kamp, J. M., van Spaendonck-Zwarts, K. Y., Die-Smulders, C. de, Brilstra, E. H.,
Verschuuren, C. C., de Vries, B. B. A., Bruijn, J., Sofou, K., … Kamsteeg, E. J. (2020). KIF1A
variants are a frequent cause of autosomal dominant hereditary spastic paraplegia.
European Journal of Human Genetics, 28(1), 40–49.
29. Boyle, L., Rao, L., Kaur, S., Fan, X., Mebane, C., Hamm, L., Thornton, A., Ahrendsen, J.
T., Anderson, M. P., Christodoulou, J., Gennerich, A., Shen, Y., & Chung, W. K. (2021).
Genotype and defects in microtubule-based motility correlate with clinical severity in
KIF1A-associated neurological disorder. Human Genetics and Genomics Advances,
2(2), 100026.
30. McDermott, C. J., White, K., Bushby, K., & Shaw, P. J. (2000). Hereditary spastic
paraparesis: A review of new developments. Journal of Neurology Neurosurgery and
Psychiatry, 69(2), 150–160.
31. Kaur, S., Van Bergen, N. J., Verhey, K. J., Nowell, C. J., Budaitis, B., Yue, Y., ... &
Christodoulou, J. (2020). Expansion of the phenotypic spectrum of de novo missense
variants in kinesin family member 1A (KIF1A). Human mutation, 41(10), 1761-1774.
32. Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K. & Walter, P. Molecular biology
of the cell. Garland Science (fifth ed.), Taylor&Francis Group (2008)
33. Ann, S. O. (2007). Molecular Motors. Molecular Motors, 422(April), 759–765.
34. Sanghvi-Shah, R., & Weber, G. F. (2017). Intermediate Filaments at the Junction of
Mechanotransduction, Migration, and Development. Frontiers in Cell and
Developmental Biology (5), 81.

35. Herrmann, H., Bär, H., Kreplak, L., Strelkov, S. V., & Aebi, U. (2007). Intermediate
filaments: From cell architecture to nanomechanics. Nature Reviews Molecular Cell
Biology, 8(7), 562–573.
36. Heald, R., & Nogales, E. (2002). Microtubule dynamics. Journal of Cell Science, 115(1),
3–4.
37. Akhmanova, A., & Steinmetz, M. O. (2008). Tracking the ends: A dynamic protein
network controls the fate of microtubule tips. Nature Reviews Molecular Cell Biology,
9(4), 309–322.
38. Appert-Rolland, C., Ebbinghaus, M., & Santen, L. (2015). Intracellular transport driven
by cytoskeletal motors: General mechanisms and defects. Physics Reports, 593, 1–59.
39. Wells, A. L., Lin, A. W., Chen, L. Q., Safer, D., Cain, S. M., Hasson, T., Carragher, B. O.,
Milligan, R. A., & Sweeney, H. L. (1999). Myosin VI is an actin-based motor that moves
backwards. Nature, 401(6752), 505–508.
40. Tabb, J. S., Molyneaux, B. J., Cohen, D. L., Kuznetsov, S. A., & Langford, G. M. (1998).
Transport of ER vesicles on actin filaments in neurons by myosin V. Journal of Cell
Science, 111(21), 3221–3234.
41. Mizuno, N., Narita, A., Kon, T., Sutoh, K., & Kikkawa, M. (2007). Three-dimensional
structure of cytoplasmic dynein bound to microtubules. Proceedings of the National
Academy of Sciences of the United States of America, 104(52), 20832–20837.
42. Kardon, J. R., & Vale, R. D. (2009). Regulators of the cytoplasmic dynein motor. Nature
Reviews Molecular Cell Biology, 10(12), 854–865.
43. Gennerich, A., Carter, A. P., Reck-Peterson, S. L., & Vale, R. D. (2007). Force-Induced
Bidirectional Stepping of Cytoplasmic Dynein. Cell, 131(5), 952–965.
44. Caviston, J. P., & Holzbaur, E. L. F. (2006). Microtubule motors at the intersection of
trafficking and transport. Trends in Cell Biology, 16(10), 530–537.
45. Qiu, W., Derr, N. D., Goodman, B. S., Villa, E., Wu, D., Shih, W., & Reck-Peterson, S. L.
(2012). Dynein achieves processive motion using both stochastic and coordinated
stepping. Nature Structural and Molecular Biology, 19(2), 193–201.
46. Reilein, A. R., Rogers, S. L., Tuma, M. C., & Gelfand, V. I. (2001). Regulation of molecular
motor proteins. International Review of Cytology, 204, 179–238.
47. Vale, R. D., & Fletterick, R. J. (1997). The Design Plan of Kinesin Motors. Annu. Rev. Cell
Dev. Biol., 13, 745-777.
48. Hirokawa, N., Niwa, S., & Tanaka, Y. (2010). Molecular Motors in Neurons: Transport:
Mechanisms and Roles in Brain Function, Development, and Disease. Neuron, 68(4),
610–638.
49. Gross, S. P., Vershinin, M., & Shubeita, G. T. T. (2007). Cargo Transport: Two Motors
Are Sometimes Better Than One. Current Biology, 17(12), R478–R486.
50. Moawia, A., Shaheen, R., Rasool, S., Waseem, S. S., Ewida, N., Budde, B., Kawalia, A.,
Motameny, S., Khan, K., Fatima, A., Jameel, M., Ullah, F., Akram, T., Ali, Z., Abdullah,
U., Irshad, S., Höhne, W., Noegel, A. A., Al-Owain, M., … Hussain, M. S. (2017).
Mutations of KIF1A cause primary microcephaly by impairing cytokinesis. Annals of
Neurology, 82(4), 562–577.
51. Mohun, T., Adams, D. J., Baldock, R., Bhattacharya, S., Copp, A. J., Hemberger, M.,
Houart, C., Hurles, M. E., Robertson, E., Smith, J. C., Weaver, T., & Weninger, W. (2013).

Deciphering the mechanisms of developmental disorders (DMDD): A new programme
for phenotyping embryonic lethal mice. DMM Disease Models and Mechanisms, 6(3),
562–566.
52. Chauvière, M., Kress, C., & Kress, M. (2008). Disruption of the mitotic kinesin Eg5 gene
(Knsl1) results in early embryonic lethality. Biochemical and Biophysical Research
Communications, 372(4), 513–519.
53. Lin, F., Hiesberger, T., Cordes, K., Sinclair, A. M., Goldstein, L. S. B., Somlo, S., & Igarashi,
P. (2003). Kidney-specific inactivation of the KIF3A subunit of kinesin-II inhibits renal
ciliogenesis and produces polycystic kidney disease. Proceedings of the National
Academy of Sciences of the United States of America, 100(9), 5286–5291.
54. Nonaka, S., Tanaka, Y., Okada, Y., Takeda, S., Harada, A., Kanai, Y., Kido, M., &
Hirokawa, N. (1998). Randomization of left-right asymmetry due to loss of nodal cilia
generating leftward flow of extraembryonic fluid in mice lacking KIF3B motor protein.
Cell, 95(6), 829–837.
55. Tanaka, Y., Kanai, Y., Okada, Y., Nonaka, S., Takeda, S., Harada, A., & Hirokawa, N.
(1998). Targeted disruption of mouse conventional kinesin heavy chain, kif5B, results
in abnormal perinuclear clustering of mitochondria. Cell, 93(7), 1147–1158.
56. Hirokawa, N., Noda, Y., Tanaka, Y., & Niwa, S. (2009). Kinesin superfamily motor
proteins and intracellular transport. Nature Reviews Molecular Cell Biology, 10(10),
682–696.
57. Klopfenstein, D. R., & Vale, R. D. (2004). The lipid binding pleckstrin homology domain
in UNC-104 kinesin is necessary for synaptic vesicle transport in Caenorhabditis
elegans. Molecular biology of the cell, 15(8), 3729-3739.
58. Melo, U. S., Macedo-Souza, L. I., Figueiredo, T., Muotri, A. R., Gleeson, J. G., Coux, G.,
Armas, P., Calcaterra, N. B., Kitajima, J. P., Amorim, S., Olávio, T. R., Griesi-Oliveira, K.,
Coatti, G. C., Rocha, C. R. R., Martins-Pinheiro, M., Menck, C. F. M., Zaki, M. S., Kok, F.,
Zatz, M., & Santos, S. (2015). Overexpression of KLC2 due to a homozygous deletion in
the non-coding region causes SPOAN syndrome. Human Molecular Genetics, 24(24),
6877–6885.
59. Yamada, K., Andrews, C., Chan, W. M., McKeown, C. A., Magli, A., De Berardinis, T.,
Loewenstein, A., Lazar, M., O’Keefe, M., Letson, R., London, A., Ruttum, M.,
Matsumoto, N., Saito, N., Morris, L., Del Monte, M., Johnson, R. H., Uyama, E.,
Houtman, W. A., … Engle, E. C. (2003). Heterozygous mutations of the kinesin KIF21A
in congenital fibrosis of the extraocular muscles type 1 (CFEOM1). Nature Genetics,
35(4), 318–321.
60. Okada, Y., Sato-Yoshitake, R., & Hirokawa, N. (1995). The activation of protein kinase
A pathway selectively inhibits anterograde axonal transport of vesicles but not
mitochondria transport or retrograde transport in vivo. Journal of Neuroscience, 15(4),
3053–3064.
61. Zhao, C., Takita, J., Tanaka, Y., Setou, M., Nakagawa, T., Takeda, S., Yang, H. W., Terada,
S., Nakata, T., Takei, Y., Saito, M., Tsuji, S., Hayashi, Y., & Hirokawa, N. (2001). CharcotMarie-Tooth Disease Type 2A Caused by Mutation in a Microtubule Motor KIF1Bβ. Cell,
105, 587–597.

62. Klopfenstein, D. R., Tomishige, M., Stuurman, N., & Vale, R. D. (2002). Role of
Phosphatidylinositol(4,5)bisphosphate Organization in Membrane Transport by the
Unc104 Kinesin Motor. Cell, 109, 347–358.
63. Lyons, D. A., Naylor, S. G., Scholze, A., & Talbot, W. S. (2009). Kif1b is essential for
mRNA localization in oligodendrocytes and development of myelinated axons. Nature
Genetics, 41(7), 854–858.
64. Otsuka, A. J., Jeyaprakash, A., García-Añoveros, J., Tang, L. Z., Fisk, G., Hartshorne, T.,
... & Bornt, T. (1991). The C. elegans unc-104 4 gene encodes a putative kinesin heavy
chain-like protein. Neuron, 6(1), 113-122.
65. Yonekawa, V., Harada, A., Okada, Y., Funakoshi, T., Kanai, Y., Takei, Y., Terada, S., Noda,
T., & Hirokawa, N. (1998). Defect in synaptic vesicle precursor transport and neuronal
cell death in KIF1A motor protein-deficient mice. Journal of Cell Biology, 141(2), 431–
441.
66. Iftikhar, M., Frey, J., Shohan, M. J., Malek, S., & Mousa, S. A. (2021). Current and
emerging therapies for Duchenne muscular dystrophy and spinal muscular atrophy.
Pharmacology & Therapeutics, 220, 107719.
67. KIF1A Foundation. (2021, July 1). Ovid Therapeutics Update | 2021 KAND Conference
| KIF1A.ORG [Video]. YouTube. https://www.youtube.com/watch?v=SYKbXr9pbfU

