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ABSTRACT 

 

 

 
Neurodegenerative diseases (NDDs) are one of the most frightening medical disorders that affect 

the brain and the nervous system. The limited amount of understanding of the NDDs makes the 

treatment difficult. In the pathogenesis of many neurodegenerative diseases oxidative stress, 

considered to play an important role and can also induce DNA damage and later cell cycle re-entry 

of neuronal cells. Along with oxidative stress, endoplasmic reticulum (ER) stress affects various 

cellular functions, which also includes cell cycle progression. Research performed for several 

years has discovered that cell cycle reentry may be abortive, causing neuronal cell death, or non- 

abortive, leading to DNA synthesis followed by cell death in neurodegenerative diseases. 

Therefore, aberrant cell cycle reentry is probably a contributing factor in disease progression rather 

than a secondary phenomenon. In the brain of AD patients with mild cognitive impairment, cell 

cycle reentry can be seen in the early stage of the disease. In the brain of PD patients, response to 

various neurotoxic signals, the reentry cell cycle of post-mitotic has been observed, which leads 

to neuronal death. On the other hand, the primary reason for the initiation of the cell cycle in 

neurons and the future of dedifferentiating neurons in the pathology of HD and ALS brain is yet 

unclear. There is the various pharmacological drug that has been developed to reduce the 

pathogenesis of several NDDs, but they are still not helpful in eliminating the cause of these NDDs. 

Thus, a major focus of neuroscience research is to examine the mechanism involved in aberrant 

cell cycle reentry and cell death in neurons to find potential drug targets to treat NDDs. 
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CHAPTER 1 

 

 
 

1. INTRODUCTION 

 

Aberrant cell-cycle trials have been considered to be connected with several 

neurodegenerative diseases. Aberrant appearance of cell-cycle proteins along with DNA- 

replication can be detected in the aging brain. As supreme of these neurons have been 

lethally discriminated throughout progress and also been inactive for years, cell-cycle 

reentry in the neuron is both unexpected and perplexing. The cell cycle activity seems to 

be failed, and the authentic partition of neurons cannot occur. Ironically, growing proof 

recommended the departure of inactive neurons, that is actively participate in the cell-cycle 

reemergence upon conveyance mitogenic boosts, fabricated DNA and were then outcome 

in cell demise [1]. Along with AD [2] strange cell-cycle action has been seen in other 

neurodegenerative sicknesses like PD [3] and HD [4] as well. Aberrant cell cycle reentry 

has also been stated in amyotrophic lateral sclerosis (ALS) [5], and ischemia. 

 
sNuclear growth of hyper-phosphorylated pRb & adjusted confinement for E2F-1 happens 

in ALS affected people in motor neurons (above and below), showing involved neurons 

return into the predetermined phase of cycle that is G1 phase. [5]. In Parkinson's sickness, 

ppRb and E2F-1 additionally are extended [6][3] as can be observed bountiful ppRb and 

E2F-1 based staining of substantia nigra, hippocampus and mid-cerebrum by 

immunological techniques. For control, against ppRb inexactly nuclear staining of neuronal 

cells at the core nigra which displayed 0 perceptible stained midfrontal hippocampus and 

cortex. Inside core nigra and additional to ppRb restricted to Lewy bodies, sign of PD. 

Additionally, infusion of neurotoxin that is dopaminergic like 1- methyl-4-phenyl-1,2,3,6-

tetrahydropyridine when injected to the mouse, can be developed as PD model organism 

for research, impels the retinoblastoma-E2F based mechanism in dopaminergic neuronal 

cells after mitosis [3]. It is critical to take note of that, E2F(1)- insufficient mouse models 

were fundamentally highly impervious by MPTP-actuated cells 
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that are dopaminergic passing in other wild type forms demonstrating a significant piece 

of cell phases reemergence in this mouse based system. 

 
1.1 Relevance of cell cycle proteins 

 
The proper functioning of the cell requires proper management and working of cell cycle 

proteins. These cell cycle proteins regulate various functions inside the cell such as DNA 

replication and various other cell cycle events. These proteins control the cell starting with one 

stage then onto the next which prompts the multiplication of cells, needed for the appropriate cell 

development. Proteins such as cyclin and the cyclin dependent kinases (Cdks) varies in their 

activity as the neuronal cell advances from S-stage to M-stage [7]. The presence of mitotic 

development factor set off the outflow of cyclin D/cdk4,6 complex, which controls the 

reemergence of G0 neuronal cells to the G1 stage of the cell cycle [8]. Enactment of cyclin E/cdk2 

complex control the G1/S progress [8]. Without protein cyclin A, neuronal cells reverse back to 

the G0 stage and again seperate while, within the sight of cyclin A, the cells are resolved to gap 

and come up short on the capacity to re-separate. On the off chance that on the off chance that they 

can't finish the cell cycle, they kick the bucket through an apoptotic pathway [9]. 

 

 

 
 

Accordingly, when cyclin A is actuated in the late G1 stage, a capture will prompt cell passing. 

The guideline of the Cyclin–CDK edifices is accomplished through cyclic proteolysis [10]. The 

appropriate working of cells is controlled through the reasonable articulation of cyclins proteins 

and restraint of different proteins. Furthermore, to work with the finishing of initial stage and the 

transition to another, the organized proteolysis of the previous cyclins productively deregulate the 

incident of the primary stage to an extent following stage continue over the accompanying 

upregulated of cyclins. The attributes of neurodegenerative problems are not the consequence of 

its diminished movement but rather enacted withdrawal through from G0 to G1 which starts the 

tragic passing of the cell [11][12]. 
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1.2 Inducer of neuronal Cell Cycle Reentry 

 

 
There are various factors such as environmental stress, genetic factors, and cellular stress 

that trigger the neuronal cell cycle reentry. Reactive oxygen species leads to DNA damage, 

chromosomal breaks, and aborts the movement of DNA repair protein related with the 

process of DNA replication in Alzheimer’s disease. Other than DNA damage, oxidative 

stress is proposed to expand the cell cycle reemergence in outcome to UPS (ubiquitin- 

proteasome system) dysregulation [13]. Also, deposition of DSB intervened practically 

accounted for the Alzheimer’s cerebrum [14]. Moreover, E2F1 are related histone 

alterations, in this way, fundamental for cell cycle reentry as they may assume an important 

part in DNA repair or apoptosis [15]. Be that as it may, barely any research have detailed 

the part of microRNA in the cell cycle reentry, yet microRNA research is still at a starter 

stage. Furthermore, over-activation of miR26b has also provoked Cdk5 intermediated 

increased tau phosphorylation in both vivo and in vitro studies. Also in a recent research, 

induced cyclin E1 up-regulation get induce due to an increase in miR-26b level and 

p27kip1 expression downregulated facilitated, suggesting important part of the cell cycle 

[16]. In the same manner disturbance of other miRNA had associated in Alzheimer and 

other neurodegenerative diseases. Example, amyloid beta facilitated destruction of miRNA 

gives rise to an spontaneous cell cycle re-entry and death through the MAPK pathway that 

facilitated the deprivation of tumor suppressor TAp73 in a Alzheimer’s disease mouse 

model . 
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CHAPTER 2 

 

 

 
ROLE OF OXIDATIVE STRESS AND ER STRESS IN NEURONAL CELL 

CYCLE REENTRY 

The question which arises in front of us is that can the stress which is oxidative and at 

somewhere in molecular level the reactivation of neurons has a slight possibility of being 

connected. The basic connection in between the cell cycle re-entry as well as oxidative stress can 

have mitogenic signaling pathways stimulations. The oxidative stress signals in the rising form of 

ROS level have been somewhere resulted in the increase in the oxidative stress signals which is 

the effect of taking or having low level of ozone doses, also the reactivation of the cell cycle in 

rats, in the transcription factors we can also introduce the FoxO family with FoxO3 and FoxO 1a. 

The level of SOD is increased on the activation of FoxO in the system of antioxidant which causes 

the repeated manifestation of cyclin D1 which leads to the demise of apoptotic [17]. On the note 

of same manners, the impairment of mitochondria can somewhere operate the oxidative stress 

which leads to the neuronal passing and the re-entry of the cell cycle. [18] Interpreted the cycle of 

the cell reactivation and the death of the neurons, leading to H2O2- in nerve extension where the 

induced stress in the extension of the nerve which is the differentiated factor of the ROS. 

 

 

 
 

H2O2 leads for the treatment to decline in the mitochondrial potential typed membrane, the 

cyclin D1 up-regulation, the pRb is also phosphorylated, also the phosphorylation of the inhibitor 

of the cycle of the cell which is p27 (kip1). In addition, the regulation of oxidative stress acquires 

a unique design of the responses of the mitogenic as a side consequence of the impairment of the 

mitochondria. Which somehow rely on the intensity of the stimuli that is the str4ess stimuli or on 

the basis of the growth factor of the nerve. Endoplasmic reticulum (ER) stress impacts different 

cellular functions, which includes the progression cycle of the cell. Several studies have shown 

that the implication of the stress of the ER stops the progression of the cycle of the cell but thinking 
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of the mechanism behind all this that is the molecular mechanism and how it stimulates or causes 

cell cycle arrests. Studies have shown how the stress of ER the induction of the other subsequent 

of the unfolded protein responses can lead to the cycle of the cell which can lead to the arrest at 

the earliest phase of M/G2 cycle arrest by lowering the number or quantity of the cyclin B1 which 

is present [19]. 
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CHAPTER 3 

 

 

 
DNA DAMAGE AND CELL CYCLE REENTRY 

 

 

 
Proof for a connection between the DNA harm reaction and cell-cycle reemergence comes 

from the presence of cell-cycle reemergence in neurodegenerative conditions instigated by 

transformations in DDR (DNA harm reaction) qualities [20]. In the event that in neurodegenerative 

sickness, bit by bit gathering assortment of demonstrating of DNA harm is noticed, for reference, 

upregulation of DNA strand break in neurons have been seen in AD [21] and HD [22] while rising 

8-oxoguanine sores has been seen in ALS [23] and ischemia [24]. Harm to mitochondrial DNA 

has been accounted for in PD [25]. Stunningly it was showed that oxidative DNA harm amassed 

in the human cerebrum with age, and could be answerable for the consistent loss of neuronal 

capacity saw with more established age. Being a neurodegenerative infection, for example 

Promotion, PD, and ALS are incredibly age-reliant, this discovering featuring the odds that 

increments of DNA harm structure the subtle "age part" that may initiate, award to, or award 

neuronal pathogenesis. As demonstrated in the conversation, cell cycle reemergence and DNA 

harm are qualities of different neurodegenerative conditions that may act in a show to actuate 

neuronal end. In any case, just recently have a connection between the two marvels been educated 

in the appearance concerning neurodegeneration. It was seen that DNA harm can convince cell 

cycle reemergence in essential neurons [26]. 

 

 

 
 

Cell cycle enactment identified with neuronal cell demise began by DNA harm. Moreover, 

DNA harm and cell cycle reemergence are being seen going with in culture and mouse models 

showing neuronal passing [27][28] As noticed, DNA harm may enact neuronal cell cycle action 

and demise, however conflictingly, in a registration way [29]. Contrariwise, cell cycle action, 

specifically DNA replication action, in neurons could prompt DNA harm. It is predominant that 
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the S stage is a time of explicitly high powerlessness to DNA strand breaks, for reference through 

slowing down or falling of replication forks [30]. Tumor silencer/DNA destruct reaction qualities 

could be related with degenerate cell cycle action and DNA harm at the atomic level. To cite the 

model, ATM (Ataxia telangiectasia transformed) and p53 can prompt DNA harm designated spots 

and repress cell cycle activities because of DNA harm yet could trigger DNA fix instruments [31]. 

Both freak cell cycle action and DNA harm can be initiated by liberation of principal cell measures 

that are essential for both DNA respectability and legitimate charge of cell cycle quality 

articulation are one of the potential outcomes. Of late, it has been tracked down that an obsessive 

pathway which remains with this idea. In the p25 overexpressing model for neurodegeneration, 

p25/Cdk5 containing HDAC1(Histone deacetylases 1) action, bringing about degenerate cell cycle 

action and formation of DNA twofold strand breaks, and neurodegeneration [32]. Liberation of 

HDAC1 by p25/Cdk5 in neurotoxicity. HDAC1 inactivation-actuated cell cycle protein 

articulation has been seen to be an immediate yield of transcriptional despondency; different 

examinations are expected to guarantee how HDAC1 inactivation yield in twofold strand breaks. 

Shows by this investigation is that neurotoxic upgrades can influence chromatin guideline to 

prompt neurodegeneration. The other chromatin modulators that convincingly may be liberated in 

neurodegenerative problems and different sicknesses fuse the other HDACs and histone 

methylases/demethylases. In the finishing up outcome, the point and principal systems of neuronal 

cell cycle action and DNA harm are still wondering that are still halfway saw, yet they can be said 

to work in show to prompt neuron demise in numerous neurodegenerative conditions. The 

acknowledgment of regular key instruments may have fundamental helpful outcomes. 
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CHAPTER 4 

 

 

 
CELL CYCLE REENTRY AND NEURODEGENERATIVE 

DISEASES 

 

 
4.1 Alzheimer’s Disease and Cell Cycle Reentry 

 

 

 
 

Alzheimer's infection is a improver neurodegenerative problem related with dementia, 

psychological capacity hindrance, conduct changes, lastly demise [33]. The pathophysiological 

signs of AD join the production of neurofibrillary tangles (NFTs) and β-amyloid (Aβ) plaques. 

One of the most seasoned cell measures saw in the AD cerebrum is cell cycle reemergence in 

neurons [34]. Examination performed during the most recent twenty years has found that phone 

cycle reemergence might be failed, setting off neuronal cell demise at the G1/S designated spot 

[35], or on the other hand non-unsuccessful, prompting DNA union followed by cell demise prior 

to going through G2/M change [36]. In AD, most neurons that return the cell cycle go through DNA 

blend and stay with hyperploid DNA content (for example above 2C)[37][38][39]. Cell cycle 

reemergence in these neurons (with hyperploid DNA content) could bring about practical 

modifications basic the etiology of AD [40]. Tragically, neurons that go through cell cycle 

reemergence and become hyperploid remained is obscure because of the absence of atomic 

markers to recognize these phones in vivo. To summarize, unusual cell cycle reemergence gives 

two decisions to neurons; possibly they can gap and kick the bucket in the S stage or stay bursting 

at the seams with twofold DNA content at G2/M change. Given that neurons distinctively lacking 

in mitotic capacity, and no verification of M stage segment has been represented in NDD, cell 

cycle reappearance in terminally, isolated neurons drive them to death after satisfyingly 

incorporating new DNA. Thusly, cell cycle reappearance into grown-up neurons set up an early 

signature of NDDs. The inception of cell-cycle marker proteins in the psyche of AD patients was 
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first depicted during the 1990s [41][42]. In the mind of AD patients with gentle intellectual 

debilitation cell cycle re-emergence happens in the beginning phase of infection[43]. Neurons 

typically stay in the G0 period of the phone cycle, and the variables that brief reemergence to the 

phone cycle are obscure [44][45]. Minds from AD patients show an abatement or decrease in 

neuronal DNA fix. The outflow of MRE 11 (meiotic recombination 11 homolog A) intricate which 

is needed for DNA harm fix, DNA replication, and cell cycle designated spots gest decreased [46]. 

DNA damage is mutated ataxia telangiectasia (ATM), ataxia-telangiectasia Rad 3 associated 

(ATR) and repair of DNA damage from post-division neurons similar to E2F1 induces other 

proteins that control cell decease.[15]. Kruman and colleagues providing proof of the acute part of 

DNA impairment in abnormal cell cycle reentry in neuronal culture. They demonstrated that 

neurotoxins such as colchicine, that do not encourage DNA damage and ROS, do not induce cell 

cycle protein expression / activation. His study showed a link between his β-amyloid along with 

activation of ATM in the cell cycle of neuronal cells. CDK5 irregular activity triggered by p25 is 

associated with neuronal fiber changes [47][48]. Lopes and colleagues demonstrate that in vitro 

treatment of cultured cortical neurons and treatment of rats in vivo with β-amyloid induce cell 

cycle re-entry regulated by activation of Cdk5 and its inhibitors also block this process, 

demonstrating the importance of the calpain / Cdk5 path during neuronal cell cycle 

reentry.[49][50][51]. Therefore, CDK5 inhibition in AD therapy is an attractive target for further 

study as it is involved in both oxidative stress generation and cell cycle reentry.[52]. Senescence 

Accelerated Mouse-Prone 8 (SAMP8) is a line of naturally occurring mice widely used in the study 

of aging because it exhibits an accelerated aging phenotype. 

 

 

 

 
Recent studies have demonstrated that the CCR-mediated pathway of neuronal degeneration 

in AD is the result of a direct functional link between amyloid-β and tau, which is a major 

component of bringing both plaques [53]. CDK5 phosphorylates tau at sites that are most 

frequently overphosphorylated in the AD brain.[54]. In fact, the point of phosphorylation of tau 

during division was demonstrated by in vitro studies. [55]. Tau mutations from the Paris model 

Tau mutations induce cell cycle re-entry from the same neuron.[56]. A recent study done in the 

same way has shown that cell cycle re-entry regulated by simian virus 40 large T antigen (SV40T) 
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conditional expression causes excessive phosphorylation of tau and NFT formation.[57]. Neuronal 

CCR may also trigger APP phosphorylation in AD brain. Phosphorylation of T668 in APP695, the 

main form of neurons [56]. The latest study in a similar manner showed that cell cycle re-entry, 

conciliated by the conditional expression of the simian virus 40 large T antigen (SV40T), raised 

the hyperphosphorylation of tau and NFT formation [58]. The neuronal CCR might also lead to 

APP phosphorylation in AD brains. The phosphorylation of T668 on APP695, the major form in 

neurons [59], It is known to increase significantly in AD, accelerating the production of Aβ. 

Additional studies have demonstrated that phosphorylation of T668 to APP may be achieved 

during the cell cycle by the proteins CDK5 and CDC2 kinase.[60][61][62]. As important evidence, 

such phosphorylated APP accumulates significantly in neurons that tolerate phosphorylated tau 

[63]. We strongly suggest that CCR acts on mutual upstream inducers. CCR events are also 

observed in APP (amyloid-beta precursor protein) transformed mice approximately to 6 months of 

age in which significant amounts of fed Aβ peptide are expressed. [64]. In addition, three genes, 

the amyloid beta precursor protein (AβPP) and the homologous genes presenilin 1 and presenilin 

2 , are associated with early onset of AD [65] and play an important role in the cell cycle and cell 

cycle control. It plays an important role in cell cycle and cell cycle regulation. AβPP, a single pass 

transmembrane protein, is proteolytically cleaved to produce Aβ peptides. Both proteins act as 

mitogens in the invitro [66][67]. Overexpression of AβPP-BP1 provides further neuronal cloning 

of the guiding DNA into the S-phase and expression of the cdc2/cyclin B cycle of the cell marker 

[68][37]. AβPP-BP1 is likely to trigger cell cycle reentry because these phenotypes are evident in 

AD neurodegeneration. In addition, Rb (retinalblastoma) deficient mice exhibit neuronal defects 

with reentry of the cells and death in the middle of pregnancy [69][70][71]. In the hippocampus of 

the AD brain, the phosphorylated histone H3 shows up in the nerve cytoplasm. Rather than their 

typical limitation in the mitotic cores of effectively partitioning cells, they demonstrate unusual 

divisions that happen in neurons [72]. In one study, soluble Aβ oligomers have also been shown 

to trigger neuronal CCR through tau phosphorylation [53]. Irritation is presumably the main 

causative injury other than amyloid course in the pathogenesis of AD and can cause cell cycle 

measures [73][74], Inflammation of the AD brain is most likely to start with the amyloid plaque, 

but is aggravated by the factors which are mostly possible, like persistent amassing of other 

unusual proteins, spillage of the blood cerebrum hindrance, and reactivation of inert organisms 

[75], might act major inducer for the lethal CCR in neurons. Possibly a major inducer of lethal 
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CCR in neurons. Since cell cycle initiation is stringently identified with cell expansion, which is a 

sign of tumor arrangement, acknowledgment of the part of aggravation in AD neuronal CCR can 

be acquired from its focal job in the advancement of disease [76]. Malignant growth and AD are 

two contradicting infections with a typical atomic premise. Loss of control of cell multiplication 

because of ongoing collection of organic changes [77]. Thus, the CCR of neurons can be observed 

as a product of the cessation of tumor formation. MYC overexpression is an oncogene and is often 

involved in tumorigenesis because it encodes a transcription factor that regulates cell growth and 

proliferation [78]. Elevated MYC protein levels have been observed in vulnerable neurons in AD 

patients [79]. In fact, under the control of the induced CaMKII gene, an inspiring bite lance- 

modified mouse (CaMKII-MYC) neuron-specific cell cycle reentry that overexpresses human c- 

Myc (MYC) neuronal degeneration and cognitive decline [80]. However, it is not known whether 

entry of the cycle of these cells which is the cell cycle through Rb somewhere initiate the process 

of degeneration of the neurons in the adult humans. The Rb protein is one of these cell cycle 

markers and plays an important role in lifelong cell cycle inhibition in adult neuron [81]. Because 

Rb directly modulates G1/S cell cycle transitions is more cell cycle explicit than other cell cycle controllers 

utilized in past examinations, the actuation of Rb is recognizable in AD-influenced neurons [82][83]. 

Understanding the impact of Rb inactivation in the adult CNS may provide more direct evidence of a role 

for cell cycle reentry in neurodegeneration and AD. Proof of Aβ-actuated cell cycle reemergence in neurons 

after mitosis is selected by the re-articulation of the presentation of the BrdU, cyclin D1, PCNA. Thus 

providing valid in order to know the proof or existence of the DNA cells. According to recent studies, the 

underlying U1 cytoplasmic appropriation design is like the intracellular movement of spliceosomes of cells 

that are causing mitosis. This recommends that mis-localization of U1 can possibly divert neuronal cell 

cycle reemergence (CCR), which has been broadly demonstrated in the AD cerebrum [84]. These studies 

strongly support the important role of abnormal, neuronal cell cycle reemergence in the pathogenic 

system liable for degeneration of neurons in Alzheimer’s disease. (Figure 4.1) 
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Figure 4.1.1: RELATIONSHIP BETWEEN CELL CYCLE REENTRY AND ALZHEIMER’S 

DISEASE 
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4.2 Parkinson’s disease and the cell cycle reentry 

 
Parkinson’s disease (PD), it is the second most common neurodegenerative disease after AD 

in old people around the globe. It is categorized by the neuronal impairment of dopaminergic (DA) 

neurons in the substantia nigra pas compact (SNc) beside reduction in the level of DA in the nigro- 

striatal dopaminergic pathway inside the brain [85]. The occurrence of insoluble inclusions in 

neurons known as Lewy bodies, which consist mainly of alpha-synuclein acts as a major hallmark 

of this disease. Motor dysfunctions in PD are the consequence of subsequent death of dopaminergic 

neurons in the substantia nigra pars compacta (SNc), parkin, protein deglycase (DJ- 1), Leucine-

rich repeat kinase 2 (LRRK2) and α-synuclein are the four major proteins responsible for the 

pathogenesis of PD [86].In reaction to numerous neurotoxic signals, postmitotic neurons reenter 

the cell cycle, which result in their death. Neurotoxic agents such as β-amyloid peptide leads to 

abnormal initiation of mitogen-activated kinase (MEK)–extracellular signal-regulated kinase 

(ERK) signaling, which reassures the admittance of neurons into the cell cycle, causing in their 

apoptosis [87]. CRNA is controlled by the MEK-ERK pathway by uplifting the levels of cyclin 

D1. The surge in cyclin D1 decreases the initiation of cyclin-dependent kinase 5 (cdk5) by its 

neuronal activator p35 [87]. These research display the role of neurotoxic signals in varying the 

neuronal signaling mechanism to arouse their entry into the cell cycle, which sooner or later leads 

to neuronal cell death. Recent studies have proposed that Cdk5 may be important for cell cycle 

arrest of post-mitotic neurons [88], and Aβ42 changes the localization of Cdk5, resultant in 

neuronal cell cycle reentry [89][90]. Jordan-Sciutto established an increase in pRb phosphorylation 

in the substantia nigra which was co-localized with Lewy bodies along with this they also 

witnessed proteins involved in the activation of cell cycle in the brain of PD patients [91][82][6]. 

Likewise, mutations in Parkin, prevent cyclin E deprivation and encourage cell cycle reentry in 

familial PD. Fascinatingly, PARK2 exhibited neuroprotective properties against excitotoxicity in 

neuronal cell cultures [92]. Thus, the potential neuroprotective mechanism of Parkin could be the 

lessening in cell-cycle protein expression [93].In addition, other genes intricate in PD such as DJ- 

1 and LRRK2 have been implicated in cancer, thus have a supporting role of the cell cycle in PD. 

Furthermore, Ho¨glinger and colleagues demonstrated that in dopaminergic neurons in Parkinson’s 

patients the DNA is replicated [3]. Likewise, using the neurotoxin MPTP they verified an increase 

in neuron BrdU assimilation and an upsurge in cell cycle protein expression. Additional 
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significant point in this study was the observation that neurons with a greater expression in 

caspase-3 also showed an increase in BrdU incorporation. Interestingly, E2F-1 knock-out mice 

were protected from MPTP toxicity in vivo, so these data suggest that cell cycle re-entry is an 

important step in this model of neurotoxicity [3]. In addition, studies by Alvira and colleagues 

revealed that the neurotoxin MPP persuaded the expression of cell cycle proteins in neuronal cell 

cultures [94][95]. In addition, it has been also proven that oxidative stress-mediated by the MPP 

induces ROS production, cell cycle re-entry, and DNA damage linked to the initiation of ATM 

[96] (Figure 5.1). 
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Figure 4.2.1: RELATIONSHIP BETWEEN CELL CYCLE REENTRY AND PARKINSON’S 

DISEASE 

 

(ATM- AtaxiaTelangiectasia Mutated NOS- Nitric Oxide Synthase) 

 
A better understanding of the complex role played by cell cycle reentry in the pathogenesis of 

Parkinson’s may help to expose a different target for beneficial modifications and clinical 

treatment. 
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4.3 Cell Cycle Reentry and other Neurodegenerative disorders 

 

Pathological proof related to cell cycle reentry has been observed in various neurodegenerative 

disease such as ALS, epilepsy, Huntington disease and ischemia. Through the development of 

D/CDK4 complexes cell cycle reentry has been observed in this neurodegenerative disease. The 

cycle of the reemergence was seen during the advancement G0/G1 in neurodegenerative disorders. 

Coworkers Ranganathan with Browser, worked on ALS patients, and recounted sign of the 

appearance of cell cycle proteins in the motor sensory cortex [5][97]. These scientists confirmed a 

nuclear deposition of ppRb, with a simultaneous surge in E2F1 cytoplasmic immunoreactivity, 

signifying the starring role of abnormal initiation of G1 to S phase controllers deprived of 

development to synthesis of DNA; precisely, they establish an surge in the intensities of cyclin D 

and cdk4 in motor neurons inside the motor neuron of ALS patients [5][97]. As of late, freak cyclin 

F, complex the cell which are seen in neurons are seen over ALS patients. Love affirmed 

articulation in neuronal cells of Cdk2, and Cdk4, in the cerebrum of diseased people with 

neurodegenerative issues [98]. Several data have shown that in ischemia most of the neurons in 

the mind reappear the cell cycle in post mitotic neuron. Wang and his colleagues together set 

forward signs multifaceted in the cell demise of neuron in ischemia disease, because of actuation 

of CDKs and cyclins [99][100]. 
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CHAPTER 5 

 

 

 
RESULT AND DISCUSSION 

 
1. Evidences suggest that cell cycle markers and regulatory factors, are early signs in AD of 

cell cycle re-entry. 

2. In Parkinson’s disease various neurotoxic signals, makes post mitotic neurons in cell cycle 

to re-enter, which leads to their death. 

3. Expression of the mHTT gene induces neurons of HD affected brains for re-entry. 

 
Primary reason for initiation of the neuronal cycle for future of neurons that dedifferentiate 

pathology of the HD brain is still unknown. 

4. Presently, to focus on CCRs which are random or reverses long lasting effects of these 

changes, several molecular based therapeutic approaches have been designed to remove 

the effects of disease. 

5.  Proper analysis based on cell cycle therapy are not assumed for the readings in clinical 

practice. 

6. Study and understanding the mechanism of CCR diverse our scientific dimension and 

perception for the NDD in neuroscience. 

7. The current research has recognized that the conflicts in many signaling mechanisms 

monitoring cell death and cell proliferation. 

8. In conclusion, re-entry of cell cycle has a contributing role in pathogenesis of several 

NDDs. and therefore, can be used as a therapeutic target to treat NDDs. 
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CHAPTER 6 

 

 

 
CONCLUSION 

 

 

 
Knowledge into the fundamental basis for the suggested cell-cycle reentry in the brain or its 

biological part in neuro-degeneration may deliver a diverse methodical dimension and perception 

for the NDD in neuro-science and outspread our understanding to improved recognize the neuro- 

biology of NDD. The detailed understanding of such mitotic dysfunction is still not completely 

known, oxidative failings do offer the trails from which transformed cell-cycle resistor could 

ascend. Cell-cycle brokenness is a justification neuronal brokenness in neuro-degenerative 

disorder with plausible fulfilling ways for controlling the condition. The phone cycle pointers 

show a significant job in planning the phone for mitotic partition or for checking different 

purposes like neural connection rule and mischief the recuperating. Moreover, several activating 

influences forcing cell-cycle reentry have been acknowledged, which comprises, environmental 

factors, oxidative pressure. Also, the cell cycle variations have been generally concentrated in 

Alzheimer’s disease, while its examination in other neurodegenerative issues like ischemia along 

with ALS is still at the underlying stage. As of now, to zero in on the variant CCR or converse 

the constant impacts of such irregularities, a few biomolecules interceded remedial 

methodologies have been embraced to eliminate the illness manifestations. Example are, Flavo- 

piridol, Rosco-vitine, and Olomo-ucineas. CDKs inhibitors are used as a medication for the 

handling of Alzheimer’s, Parkinson’s, and ALS. Similarly, the possible defensive part of the a 

few flavonoids, for example, Resveratrol, Apigenin, and Epigallocatechin-gallate has likewise 

been recognized in order to encourage at the cell-cycle arrest at numerous check-points at 

Alzheimer’s, Parkinson’s, and Huntington’s disease. More, it is practical to declare that the 

recent information on the participation of abnormal CCR in the pathogenesis of NDDs is still at a 

basic phase. Nevertheless, with its continuous significant progression in together the clinical 

study and therapeutic claim, we look ahead to significant investigation endeavors being attracted 

this ground to formulate various methods in the near forthcoming future. 
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