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INTRODUCTION 
 

Neurodegenerative disease is a heterogeneous group of 

disorders that are caused by the degradation and 

subsequent loss of neurons. These changes in the human 

brain can lead to cognitive or functional decline of the 

patient over time. While some neurodegenerative 

diseases can be due to genetic mutations, some are also 

associated with hazardous living environments. 

However, some of the causes are still unknown. 

Different types of neurodegenerative disorders are 

Alzheimer disease (AD), Parkinson disease (PD), 

Huntington disease (HD), and amyotrophic lateral 

sclerosis (ALS). Since many neurological disorders are 

late-onset diseases, their occurrence will rise in very 

large numbers over the next century. These diseases 

presents a major health and financial burden to every 

health service organization in the world.
[1]

 

 

In neurons, a number of cellular functions are controlled 

by the proline-directed serine/threonine protein kinase 

known as cyclin-dependent kinase 5 (CDK5). Cdk5 was 

first identified two decades ago based on its high 

sequence homology to a key regulator of cell cycle 

progression, cell division cycle protein 2 (Cdc2, also 

known as Cdk1). Despite having a 60% sequence 

identity with Cdc2 and retaining the primary structural 

features of Cdks, Cdk5 is distinct from the other 

members of the Cdk family since it is neither 

significantly involved in cell cycle regulation nor is it 

activated by cyclins. Cdk5 preferentially phosphorylates 

substrates at the S/T sites within a consensus motif (S/T) 

PX(K/H/R), where S/T represents the phosphorylatable 

serine/threonine residue, P is the required proline 

residue, X stands for any amino acid, and K/H/R 

represents a basic residue. Similar to other Cdks, 

monomeric Cdk5 requires connection with either p35 or 

p39, two proteins that function as its regulatory subunits, 

in order to be activated. Although Cdk5 is ubiquitously 

expressed in all tissues, its activity is mostly restricted to 

the nervous system where p35 and p39 are 

predominately expressed, in agreement with the critical 

roles of p35 or p39 in activating Cdk5.
[2] 

 

Cdk: Structure and Activity 

CDKs are serine/threonine protein kinases that 

phosphorylate serine or threonine residues followed by 

proline ([S/T]P motif). Target protein serine or threonine 
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ABSTRACT 
 

Cyclin-dependent kinase 5 (Cdk5) is a member of a family of proline-directed 

serine/threonine kinase. Cdk5 plays a critical role in the development of the nervous 

system, including neuronal migration and differentiation. Unlike the other Cdk family 

members, Cdk5 is neither directly engaged in cell cycle regulation nor is it controlled 

by cyclins. Dopaminergic signalling, release of neurotransmitters, membrane cycling 

and other synaptic functions are all impacted by Cdk5. The two Cdk5 activators are 

p35 and p39, which control the spatial and temporal expression of active Cdk5 in order 

to limit its activity largely to post-mitotic neurons. Despite playing a crucial part in 

central nervous system development, dysregulation of Cdk5 has been linked to a 

number of diseases including Alzheimer's disease, Amyotrophic lateral sclerosis, 

Parkinson's disease etc. When Cdk5 is associated with p25, a shortened version of the 

typical activator p35, it becomes overactivated and relocalizes in these 

neurodegenerative diseases, ultimately resulting in neuronal death. It is important to 

note that Cdk5 inhibitors have been demonstrated to have neuroprotective benefits by 

preventing associated degenerative processes. With a focus on current developments in 

Cdk5 in neurological illnesses and the possibility of targeting Cdk5 for the treatment of 

neurological disorders, this review will briefly describe the physiological and 

pathological mechanisms of Cdk5 in the nervous system. 
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residues have side-chain hydroxyl groups, and CDK 

molecules catalyse the transfer of ATP's -phosphate onto 

those groups. The "catalytic core" of protein kinases, 

which makes up the majority of CDKs, is about 300 

amino acids long and is not extended by N- or C-

terminal extensions (Figure 1). They exhibit the same 

fold as the large family of serine/threonine protein 

kinases, tyrosine protein kinases, and certain 

phospholipid kinases, including phosphatidylinositol 3 

(PI3) kinase. This fold is formed from an N-terminal 

domain of approximately 85 amino acids composed 

largely of β-sheet, and a C-terminal domain (CTD) of 

approximately 215 amino acids composed primarily of 

α-helix. Peptide substrates bind mostly with the CTD 

while ATP is bound between these two domains. A 

sequence of amino acids known as the activation 

segment or T-loop, which is found in human CDK2 

residues 145–172, is necessary for the binding of both 

nucleotide and peptide substrates. Sequence similarity 

and cyclin binding's necessity for complete activity are 

the characteristics that distinguish CDKs.
[3] 

 

 
Figure 1: A three-dimensional view of CDK structure and activation.

 

 

Regulation of Cdk5: regulatory subunit
 

There are 21 members of the Cdk family, and the 

majority of them need to associate with particular cyclin 

partners in order to become constitutively active protein 

kinases. Surprisingly, p35, a protein that is not a cyclin, 

is the subunit necessary for Cdk5 action. The Cdk5 

regulatory component p35 was discovered to be absent 

from the conserved amino acid sequences commonly 

present in cyclins. In brain lysates, p35 physically binds 

with Cdk5 and, upon direct binding, can activate Cdk5.
[4] 

 

Its high degree of sequence identity to p35 led to the later 

discovery of p39, another Cdk5 regulatory component. 

While p35 and p39 have many similarities, such as high 

levels of expression in the brain, direct binding to Cdk5, 

and the capacity to activate Cdk5, they also differ in 

certain ways. When it comes to brain development, p35 

expression is high from the embryonic stage through the 

postnatal stage, but p39 expression only begins to rise 

postnatally. Regional distribution patterns for p35 and 

p39 differ; p35 is expressed most strongly in the cerebral 

cortex and cerebellum, whereas p39 is strongly 

expressed in the cerebellum, spinal cord and brain stem. 

Furthermore, compared to p35, the p39 protein exhibits 

increased protein stability and reduced Cdk5 binding 

affinity. Despite their redundant functions in the nervous 

system, studies have found that Cdk5/p39 preferentially 

regulates some functions while Cdk5/p35 does not. 

While no abnormalities was seen in cultured neurons 

missing p35 expression, deletion of p39 or Cdk5 results 

in impaired dendritic formation.
[5] 

 

Roles of Cdk5 in the nervous system 

*Neuronal migration 

Gene-targeting experiments show that Cdk5 is involved 

in the development of the brain, notably in neuronal 

migration. Multiple mechanisms are used by Cdk5 to 

control neuronal migration. N-cadherin adhesion 

complex interacts with Cdk5/p35. Neuronal migration is 

hampered by increased N-cadherin-mediated cell 

adhesion, which is enhanced by pharmacological 

suppression of Cdk5.
[6] 

 

*Neurite outgrowth 

To develop neurites and generate axons, Cdk5 is 

necessary. When Cdk5 is inactivated in cultured neurons, 

neurite outgrowth is inhibited and Cdk5 and p35 

colocalize with actin filaments in axonal growth cones. 

The length of the neurites in cultured neurons, however, 

increases when Cdk5 and p35 are co-expressed.
[7] 

 

*Synaptic plasticity 

The development of memories depends on synaptic 

plasticity, which is the alteration of the efficacy or 
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intensity of synaptic transmission in response to neuronal 

activity. Numerous processes operate at pre- and post-

synaptic levels to control synaptic plasticity. Cdk5 

modulates Ca2+ influx, endocytosis, and exocytosis 

presynaptically.
[8] 

 

*Synaptic homeostasis  

A compensating mechanism, synaptic homeostasis 

enables neurons to adjust to changed levels of network 

activity. When inputs are muted, neurons potentiate 

synaptic effectiveness, and when inputs are amplified, 

neurons down regulate their activity. Thus, despite 

frequent changes in input activity, homeostatic processes 

keep neuron’s firing rates within a desirable range and 

defend network stability.
[9] 

 

Cdk5 IN NEURODEGENERATIVE DISEASES 

Although Cdk5 activity is essential for proper CNS 

development and a number of other crucial physiological 

nervous system activities, it has been demonstrated that 

dysregulation of this kinase plays a role in the 

neurodegenerative processes of a number of illnesses.
[10] 

 

 
Figure 3: Role of Cdk5 in physiology and pathology of various neurodegenerative Diseases. 

 

Alzheimer’s Disease (AD) 

The most prevalent form of dementia, Alzheimer's 

disease (AD), is identified by three key symptoms: the 

buildup of amyloid plaques, the development of 

neurofibrillary tangles, and severe selective neuronal 

loss.
[11]

 The understanding of Cdk5's role in the 

pathophysiology of Alzheimer's disease has advanced 

significantly. Cdk5 activation is harmful to cultured 

neurons and may be the cause of disease-related 

neurodegeneration. The calcium-activated protease 

calpain can catalytically cleave the unstable isoform p35 

to produce the hyperactive isoform p25.
[12]

 According to 

this result, AD brains had higher amounts of p25 and 

activated calpain. Direct Cdk5 inhibition was 

demonstrated to reduce Aβ neurotoxicity
 [13]

 or by 

interfering with the production of p25 via upstream 

action on calpain activation.
[14] 

The oligomeric form of Aβ has been proposed as the 

primary mediator of its toxicity. Aβ is produced through 

the successive amyloidogenic cleavage of the precursor 

protein APP by the β-secretases BACE1 and ᵧ-

secretase.
[15]

 The APP gene or the genes encoding 

presenilins 1 (PS1) and 2 (PS2), two proteins that are a 

component of the β-secretase complex, are the sites of all 

mutations that are currently known to cause AD.
[16]

  

Dysregulated Cdk5 regulates the processing of APP and 

boosts the synthesis of Aβ by phosphorylating it at 

Thr668. 
[17]

 
 
In fact, a recent study found that specific 

inhibition of Cdk5-p25  inhibits the loss of cortical 

neurons caused by Aβ. According to studies, Cdk5/p25 

increases Aβ synthesis by STAT3-mediated 

transcriptional control of BACE1. Cdk5/p25 

phosphorylates STAT3 at the S727 residue, activating 

BACE1 transcription in the process. The Cdk-p25 mouse 
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brain exhibits a substantial increase in BACE1 

immunoreactivity and APP β-secretase processing.
[18] 

Additionally, Cdk5 phosphorylates APP at T668, which 

makes it easier for BACE1 to cleave APP and enhance 

the production of Aβ.
[19] 

 

Tau is a microtubule-associated protein that stabilises 

neuronal microtubules and controls microtubule 

dynamics involved in axonal outgrowth and transport.
[20]

 

Tau protein kinase Cdk5 phosphorylates tau in vitro. 

Compared to overexpression of the Cdk5/p35 complex, 

overexpression of Cdk5/p25 causes an increase in tau 

phosphorylation in cultured neurons. Hyper 

phosphorylation, on the other hand, causes tau to lose its 

association with microtubules and to accumulate into 

filaments and tangles, which ultimately results in 

synapse loss and neuronal death.
[21]

 In mice models of 

P301L and P301S tauopathy, increased calpain activity, 

p25 protein buildup, and Cdk5 hyperactivity have been 

noted.
[22]

 In mice expressing tau P301L, pharmacological 

suppression of calpain by calpastatin lowers tau 

phosphorylation/aggregation and slows the course of 

illness.
[23] 

 

Parkinson’s’ disease (PD) 

Parkinson's disease (PD), a long-term movement illness, 

is characterised by the development of Lewy bodies, 

mitochondrial dysfunction, and dopaminergic neuron 

loss in the substantia nigra.
[24]

 Recent investigations have 

shown that Cdk5 is involved in the process even though 

the precise mechanism of dopaminergic neuronal death is 

still unknown.
[25]

 

 

The loss of dopaminergic neurons and the development 

of PD are thought to be connected by a dysregulation of 

Cdk5. In early-stage PD, abnormal p25/Cdk5 signalling 

was discovered. Previous research shown that Cdk5 

might increase oxidative stress, which then causes 

mitochondrial malfunction and autophagy dysfunction in 

people with Parkinson's disease (PD).
[26] 

The MPTP 

mouse model has revealed enhanced p25 production and 

upregulated Cdk5 expression/activity.
[27]

 In 

pharmacological animal models of the disease, 

particularly those corresponding to the administration of 

MPTP, as well as in the brains of PD patients, it was 

discovered that the activity and levels of this kinase were 

altered.
[28]

 Given that MPTP treatment significantly 

raises glutamate levels, an imbalance in calcium and 

subsequent calpain activation result from the imbalance, 

this process most likely involves glutamate 

excitotoxicity.
[29] 

 

Numerous studies connect PD's oxidative stress and 

Cdk5 hyperactivity. Reactive oxygen species (ROS), 

which are byproducts of typical mitochondrial 

metabolism, can harm lipids, proteins, and DNA and 

obstruct a variety of cellular functions.
[30] 

Studies 

continue to show that Cdk5 may affect cellular defences 

against oxidative stress, which may contribute to the 

pathophysiology of Parkinson's disease. In reaction to 

MPTP or MPP+ treatment, Cdk5 phosphorylates the 

antioxidant peroxidase peroxiredoxin 2 (Prx2) to 

decrease its activity. More significantly, the protective 

effect of Prx2 against MPP+-induced cell death is 

drastically diminished when a phosphomimetic mutant of 

Prx2 is overexpressed.
[31]

 By impeding DNA damage 

repair, which is frequently prompted by oxidative stress 

and can result in cell death, Cdk5 also worsens oxidative 

stress in MPTP or MPP+ treated cells. The DNA repair 

enzyme a purinic/a pyrimidinic endonuclease 1 (Ape1) is 

phosphorylated by Cdk5 and loses some of its activity as 

well as its ability to protect neurons against MPTP 

toxicity. Collectively, our results indicate that, in models 

of Parkinson's disease, unregulated Cdk5 impairs cellular 

antioxidative defence, which leads to neuronal death.
[32]

 

 

Parkin dysfunction and mitochondrial abnormalities are 

two additional routes for Cdk5 hyperactivity in PD 

development that have been proposed. Parkin and α-

synuclein have both been linked to phosphorylation by 

Cdk5.
[33]

  Parkin functions as an E3 ubiquitin ligase, a 

component of the ubiquitin-proteasome system, whereas 

α-synuclein is the main component of Lewy bodies and 

is typically found in neural tissue where it is known to 

play a role in neurotransmission.
[34]

 The phosphorylation 

of Drp1 by aberrant Cdk5 in a non-human primate model 

of Parkinson's disease is thought to speed up 

neurotoxicity and mitochondrial dysfunction.
[35]

 
 
Parkin 

malfunction is hypothesised to control the progression of 

Parkinson's disease (PD), as Parkin mutations have been 

found in people with the autosomal recessive type of the 

disease. In the brains of people with Parkinson's disease, 

there is decreased Parkin activity and evidence of Parkin 

aggregates in the Lewy body. Numerous studies 

demonstrate that Parkin's ubiquitin ligase activity is 

noticeably decreased and Parkin aggregation is increased 

when Cdk5 phosphorylates it at S131, which results in 

neurotoxicity.
[36]

 Together, our results highlight the roles 

played by oxidative stress, mitochondrial abnormalities, 

and Parkin dysfunction in the aetiology of Parkinson's 

disease (PD). 

 

Amyotrophic lateral sclerosis (ALS) 
A neurodegenerative condition called amyotrophic 

lateral sclerosis (ALS) causes the selective death of 

motor neurons in the cerebral cortex, brainstem, and 

spinal cord. Large-caliber axons, a property that depends 

on neurofilaments, are a distinctive feature of motor 

neurons.
[37] 

In individuals with sporadic ALS and in an 

instance of familial ALS with a defective superoxide 

dismutase type 1 (SOD1) gene, degenerating neurons in 

the spinal cord showed high Cdk5 positivity.
[38]

 

Furthermore, it has been demonstrated that the 

SOD1G93A mouse model of ALS exhibits 

hyperphosphorylation of tau and neurofilament(NF) as 

well as p25 accumulation and Cdk5 hyperactivity in its 

spinal cord. Cdk5 activity interestingly corresponds with 

lethality in the two lines of SOD1G37R mice with varied 

disease severity. In contrast, reducing Cdk5 hyperactivity 
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helps SOD1G93A animals with motor impairments, 

delays pathology, and lengthens survival.
[39]

 

 

Huntington’s disease (HD) 

Huntington's disease (HD) is an autosomal dominant 

illness with a mix of motor, cognitive, and behavioural 

traits. HD is brought on by polyglutamine (polyQ)-

encoding extended CAG trinucleotide repeats in the 

huntingtin gene (HTT).
[40] 

It has been demonstrated that 

Cdk5 is involved in the pathogenic process. It was 

hypothesised that Cdk5, in contrast to AD and PD, had 

neuroprotective effects in HD. Other research, however, 

have shown outcomes that differ.
[41] 

In Huntington's 

disease, excessive cleavage of mutant antiapoptotic 

huntingtin protein (mHTT) by caspases, calpains, and 

aspartic proteases results in the buildup of toxic 

fragments that eventually destroy motor cortex neurons 

and cause degeneration in striatal neurons.
[42]

 According 

to recent research, Huntington's disease Cdk5p35 

activation protects neurons. It has been demonstrated that 

Cdk5p35 inhibits mHTT aggregation by phosphorylating 

mHTT, greatly lowering polyQ cleavage, accumulation, 

and ensuing toxicity.
[43]

 Additionally, it has been 

demonstrated that in response to DNA damage, both in 

vivo and in vitro, Cdk5 phosphorylates mHTT at 

Ser1181 and Ser1201, reducing polyQ-induced p53-

mediated toxicity and cell death in striatal neurons.
[44]  

In 

addition, mHTT aggregation requires the presence of 

intact microtubule cytoskeletons. As was noted earlier, 

MAPs are phosphorylated by Cdk5 to control the 

stability of the microtubule network.  

 

In line with the disruption of the microtubule network, it 

has been demonstrated that Cdk5p35 inhibits mHTT 

inclusion in primary neurons.
[45]

 Low Cdk5 and p35 

levels have been seen in the striatum of mutant mice and 

post-mortem HD patients. Increased mHTT levels are 

associated with decreased Cdk5 expression, decreased 

Cdk5 activity, and increased p35 to p25 conversion, 

suggesting that mHTT may be a potential Cdk5 pathway 

modulator. HD pathophysiology may be influenced by 

both decreased Cdk5p35 activity and increased Cdk5p25 

activity. Treatments for the condition that mimic, 

promote, or block Cdk5p35 activity or inhibit Cdk5p25 

activity may be helpful.
[46]

 

 

Multiple sclerosis (MS) 

The transformation of adult oligodendrocyte precursor 

cells into mature oligodendrocytes is controlled by Cdk5, 

which is crucial. Cdk5 is crucial for the 

oligodendrocytes' development of the myelin sheath. 

Diseases associated with demyelination, such as multiple 

sclerosis, can be brought on by abnormal Cdk5 

activity.
[47] 

In a multiple sclerosis mouse model, 

oligodendrocyte Cdk5 activation induces demyelination 

and impairs cognition. It is yet unknown what exactly 

causes Cdk5 to function in multiple sclerosis. The 

regulation of lymphocyte activation by Cdk5 has been 

demonstrated to contribute to the pathological 

development of multiple sclerosis.
[48] 

CDK5 AS A TARGET FOR DISEASE 

TREATMENT 

Cdk5 is a desirable therapeutic target for these 

indications because of its capacity to direct the 

pathogenic processes that result in the development of 

neurodegenerative disease. However, because to the 

complicated physiological role that Cdk5-p35 plays in 

the adult brain, it is essential to specifically inhibit the 

Cdk5-p25 complex in order to eliminate Cdk5's 

pathogenic characteristics while maintaining its normal 

function. Although the literature has identified the 

following three kinds of Cdk5 inhibitors as inhibiting 

Cdk5p25 activity, to our knowledge, no specific Cdk5 

inhibitor has ever entered clinical trials. 

 Targeting ATP Binding and Non ATP Binding 

Regions on Cdk5-   The ATP-binding areas of the 

kinases are the target of current methods for 

producing kinase activity inhibitors. Due to 

similarities in amino acid sequences in the ATP 

binding region, it is difficult to achieve good 

selectivity for Cdk5 over other Cdks using this 

method. Due to off-target toxic effects and 

significant side effect profiles, non-selective Cdk 

inhibitors are typically undesirable and ineffective 

and prevent dose escalation.
[49]

 

 Peptides inhibitors- The 125 amino acid peptide 

known as Cdk5 inhibitory peptide (CIP), which is 

generated from p35, has a higher affinity for Cdk5 

than p25 or p35 but is unable to activate Cdk5 in 

vitro, leading to competitive inhibition of Cdk5. The 

activity of Cdk5p25 in cortical neurons was found to 

be exclusively and effectively inhibited by CIP, with 

no impact on Cdk5p35 or other Cdk activities, or 

endogenous Cdk5p25 activity.
[50]

 
 
Overexpressing 

CIP in the p25 transgenic mouse model inhibits 

Cdk5 hyperactivation and decreases the buildup of 

A and phosphorylated tau levels. In p25 transgenic 

mice, CIP overexpression also prevents neuronal 

loss and enhances memory performance.
[51]

 

 Small Molecules inhibitors- In order to stop the 

interactions between Cdk5 and p25, small molecule 

protein–protein interaction (PPI) inhibitors have 

recently been researched. Assays based on protein–

protein interactions offer a viable method for finding 

new PPI inhibitors of the Cdk5–p25 interaction.
[52]

 

 

CONCLUSION 
 

Neurological disorders are a group of disorders with 

sensory, motor or cognitive damage, caused by 

dysfunction of the central or peripheral nervous system. 

Normal brain function is compromised by the 

dysregulation of Cdk5, a proline-directed 

serine/threonine protein kinase that controls a number of 

cellular processes in neurons. In general, recent years 

have seen significant advancements in our knowledge of 

Cdk5's role in neurological illnesses. Numerous 

investigations have supported both its crucial 

physiological role and, after being overactivated, its 

harmful effects.  
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The normal growth of the mammalian central nervous 

system depends on the activity of cyclin-dependent 

kinase 5 (Cdk5) and its regulatory component p35. p35 is 

converted to p25 through proteolytic cleavage, which 

causes abnormal Cdk5 activation. p25 buildup has been 

linked to a number of neurodegenerative conditions, 

including AD and PD. The p25/Cdk5 complex causes 

neurodegeneration through a number of distinct 

pathways when Cdk5 activity is dysregulated in 

pathological or disease-related circumstances. Excessive 

Cdk5 activity has been linked to neuronal loss brought 

on by excitotoxicity, ischemia, and oxidative stress, as 

well as in animal models of neurodegenerative disorders 

including Alzheimer's and Parkinson's. The brains of 

people with Alzheimer's disease (AD) have been found 

to have higher quantities of the protein p25, which when 

overexpressed leads to the pathological hallmarks of 

AD—phosphorylated tau, neurofibrillary tangles, and 

cognitive impairments. Additionally, p25/Cdk5 

hyperphosphorylates neurofilament proteins, which are 

pathogenic indicators of amyotrophic lateral sclerosis 

and Parkinson's disease. The discovery of successful 

therapeutic approaches resulting from the dysregulation 

of Cdk5 in disorders including AD, HD, PD, and 

amyotrophic lateral sclerosis may benefit from targeting 

these regulators as a different approach. 

 

These broad-spectrum Cdk5 inhibitors are not without 

drawbacks in an in vivo setting. Therapeutic benefit 

would result from blocking aberrantly active Cdk5/p25 

without affecting Cdk5/p35. Unless strategies are 

developed to ensure focused, efficient distribution to the 

brain, peptides are unlikely to be successful in vivo. 

Moving forward, a possible approach to meet the criteria 

for a successful Cdk5 inhibitor is to develop small 

molecule PPI inhibitors. Before it can be used in clinical 

settings, several concerns still need to be explained, such 

as the more thorough molecular processes of CDK5 in 

various neurological illnesses and the development of 

more focused CDK5 inhibitors. Future treatments for ND 

patients will greatly benefit from those developed with 

an emphasis on selective techniques. 
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