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Abstract
Alzheimer’s disease (AD) is represented by neuronal loss and this loss is correlated to a constant state of neuronal instability induced by intrinsic and extrinsic factors.  
In this paper data is presented regarding the possible roles of late phase cell cycle proteins in normal and affected neurons with the goal that understanding the 
mechanisms involved in the regulation of these proteins may represent a novel strategy for AD treatment.  The results demonstrate a relative differential pattern of 
expression of certain proteins (APC/C, Mad1 and Mad2, Bub R1, Bub1, CDK 11, cohesin subunit Rad 21 and astrin) in the AD brain versus age matched controls, 
and it is suggested that targeting these proteins might translate into potential treatments for AD.  Although the data presented here is of some interest, the ability to 
translate such information into clinical applications is often a challenge.
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Introduction
Alzheimer’s disease (AD) in its two forms, FAD and SAD, is 

represented by accumulated oligomeric fragments of Aβ and Tau 
phosphorylated proteins. AD is still a highly deadly disease with no cure 
on the horizon [1]. A shift has been recently introduced i.e., after on 
only concentrating on Aβ and Tau as the only causative agents for AD, 
researchers explored the notion that there must be a more fundamental 
underlining mechanisms, such as inflammatory processes mediated by 
astrocytes and microglia [2-4] which then in coordination with Aβ and 
Tau deregulates the neuronal cell, thus leading to cell cycle activation 
[4,5]. Neuronal responses to such insults in AD brain include increased 
protein levels and immunoreactivity for kinases known to regulate cell 
cycle progression and consequently cell death [4,6-10]. 

Data supports the hypothesis that neurons have evolutionary 
acquired the ability to use molecular mechanisms primarily developed 
to control proliferation alternatively to control synaptic plasticity 
[11,12]. So, protein multifunctionality has gained attention in the 
neuroscience community, i.e., a number of core cell cycle proteins, 
essential for cell cycle division has been found to coordinate a number 
of complex processes in neurogenesis from neuronal migration, axonal 
elongation, axon pruning, dendrite morphogenesis and synaptic 
maturation and plasticity [13] to neuronal survival [14] and the 
maintenance of the post-mitotic state of neurons [15-17]. These core 
cell cycle proteins have been extensively reviewed by Frank and Tsai 
[13]  so here in this review we shall report only findings of how of some 
of these proteins are expressed in normal versus vulnerable neurons of 
AD patients and their possible relation to achieving an active state in 
non-dividing neurons [18]. One feature of altered expression of late 
phase cell cycle proteins may have been findings of aneuploidy in AD 
[19,20]. Potter et al., [21-23]  has reported that in AD models and the 

AD brain there is constantly a presence of aneuploidy of chromosome 
21 in high percentage of neurons leading to pathology. In our view the 
brain is highly genomicaly heterogeneous meaning that aneuploidy 
must be more broadly perceived, as researchers have found changes 
from DNA content variations, LINE 1 retrotransponsons, copy 
number variations (CNV) to DNA sequence deletion, duplication, 
microdeletions [24-28].

We have recently proposed a new hypothesis that might incorporate 
the cell cycle reentry hypothesis with the amyloid hypothesis, trisomy 
of chromosome 21 and FAD. This hypothesis named ‘’the postmitotic 
state maintained protein hypothesis‘’ [29] represents a relationship 
between the ‘’aneuploidy phenotype’’ of neural progenitors (during 
development and in adult brain) and late phase cell cycle proteins that 
maintain an balanced proteome. 

Aneuploidy increases proteotoxic stress [30] relaying to the state 
of quality control machinery of the neuronal cell. If the neurons 
become unbalanced, through the inhibition or excess activation of 
the late phase cell cycle proteins or the percentage of cells with the 
aneuploidogenic phenotype, then the cell is unable to cope with an 
increase in  proteotoxic stress which then deregulates APP expression 
and Aβ accumulation. If the balance is not restored the cell undergoes 
cell cycle reentry which always leads to apoptosis and cell death [29,31-33].
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Here in this review we shall address the Anaphase Promoting 
Complex/cyclosome (APC/C) and cohesin complex with related 
proteins, in genetic processes that are unrelated to separation and 
segregation of centromeres. By emphasing their roles in neurons and 
their expression levels in AD we shall address the question of target 
evaluation for AD treatment.

Neurodegeneration: it starts with the APC/C-cdh 1?
Anaphase Promoting Complex/cyclosome (APC/C) is a highly 

complex protein initially identified more than 15 years ago, a E3 
ubiquitin ligase, that has 13 subunits, which triggers the metaphase 
to anaphase transition by marking select proteins by polyubiquitin 
chains for degradation. The APC/C requires the binding of a cofactor, 
Cdc20 or Cdh1, in order to select substrates and perform its activity 
[34]. APC/C has substrates that regulate the mitotic checkpoint (MCC) 
and chromosome segregation. They must be degraded for cells to exit 
mitosis (Figure 1). Securin is a protein that inhibits separase, which in 
turn inhibits cohesin, a protein that holds sister chromatids together. 
Therefore, in order for anaphase to progress, securin must be inhibited 
so that cohesin can be cleaved by separase. Separase activated cleaves 
Scc 1 or RAD 21 subunit of the multi protein complex cohesin that 
holds sister chromatides together (Figure 1) [35]. The anaphase-
promoting complex (APC) is tethered to cohesion in processes of 
chromosome segregation and separation in mitotic cells and new data 
show functional activity in post-mitotic neurons in which alterations 
of these proteins may lead to aneuploidy and increased proteotoxicity 
[29,30,36-40].

Gieffers et al., [41] were the first to report that the APC/C 
complex has a role in postmitotic neurons. APC activator subunit 
cdh1 functions in several major processes in the nervous system, from 
cdh-1 controlling G1 maintenance [39,42]  to axonal growth [36,43] 
,cdh-1 also, coordinates neurogenesis [44], synaptic plasticity [45], 
dendritic morphogenesis, presynaptic differentiation [46] and memory 
[47]. Aulia, et al., [18] proposed that APC/cdh1 has a possible role in 
neurodegenerative diseases as it inhibits cyclin B1. Cyclin B1 has been 
found to be re expressed in Alzheimer’s disease [48].

Recent finding by T. Fuchsberger [48] that Aβ with APC/C 
mediates excitotoxicity through the glutaminase pathway showed that 
this protein not only exerts properties for the late phases of the cell 
cycle but also properties for the maintenance of the postmitotic state 
through repressing cyclin B activity which suggest that APC/C has an 
important role in the pathogenesis of Alzheimer’s disease.  Glutamate is 

the most abundant neurotransmitter in the brain, with a wide range of 
functions. One of the more important functions is its role in activation 
NMDAR (N-methyl-D aspartate receptors (NMDARs). NMDR 
activation increases intracellular Ca2+, and if Ca2+  goes unbalanced it 
may impair mitochondrial oxidation, increase cdk 5-p25 protein levels 
and lead to hyperphosphorylation of Tau. Interestingly, glutaminase 
the enzyme that converts glutamine to glutmate and ammonia is 
a target for APC/C cdh-1. More interesting is that Aβ inhibits cdh-
1, depresses APC activity inducing rising levels of glutaminase and 
increases glutamate levels expressing thus exicitotoxicity in AD.  This 
mediated excitotoxicity was found to be regulated through Cdh-1[48]. 
Cdh 1 is primarily in a non phosphyrated form found in the nucleus. 
These processes are also regulated through cdk5 suggesting a crosstalk 
between these two proteins. Cdk 5 is known to be altered in AD [49]. 
The process mediated by cdk 5-p25, indicates that cdk 5 is involved in 
Aβ induced degradation of cdh1 in neurons. Moreover, Maestre, et al., 
[15] showed that NMDAR stimulation triggers CDK 5 activation. CDK 
5 phosphorylates cdh1, modulates cyclin B1 and through the NMDAR 
pathway triggers neuronal death [15,50]. 

Lopes, et al., [49] found that the pathway of CDK 5 a serin-threonin 
kinase is involved in axonal guidance, cortical layering and synaptic 
plasticity. Over activated CDK 5 relocalizes from its protective role in 
the neuronal nuclei to cytoplasm in AD and prion induced pathologies.

Are the APC/C cdh-1 regulated processes connected through the 
dysregulation of CDK 5 activity by elevated levels of p25 relative to p35 
is a question to be explored? It is well known that cdk 5 dysregulation 
may cause neuroinflammation and neurodegeneration [51]  

One study demonstrated that in response to Aβ, neurons will 
reenter the cell cycle and transit through the cell cycle until the 
M phase, and that these processes are mediated by CDK 5 and its 
downstream effectors. So, the importance of CDK 5 as a neuronal 
‘’switch’’ is due to the fact that aberrant hyperactivation of CDK 5 by 
the production of truncated activator p25 results in the formation of 
hyperphosphorylated TAU, neuroinflamation,  amyloid deposition 
and neuronal death in vivo and in vitro [52]. 

To our view this ‘’switch’’ is not regulated solely through CDK 5 
but also through the APC/C complex and one or more of its substrates. 
The data suggest an unsuspected role for Cdk5 during the progression 
of a normal cell cycle and may offer new pharmaceutical targets for 
regulating neuronal cell cycling and cell death.

More on the roles of Cdh1
Cdh1 also plays an important role in DNA damage repair [42,53] 

and cellular metabolism including deoxyribonucleotide synthesis [54] 
and glycolysis [37]. These findings suggested an emerging role for Cdh1 
in controlling developmental processes. Consistent with this notion, 
recent studies demonstrated that depletion of Cdh1 in post- mitotic 
neurons enhanced axonal growth [36], which might occur through 
impaired destruction of the inhibitor of differentiation/DNA binding 2 
(Id2) transcription factor [55] and  SnoN [56] (Figure 2). APC/C-Cdh1 
regulated axonal growth and patterning can be achieved through down 
regulation of Id2 (by the APC/C –cdh1) in primary neuronal stem cells 
exposed to retinoic acid [57]. Cdh1 was also found to activate TGF-β 
signaling by targeting its specific inhibitor, SnoN, for destruction [58] 
(Figure 2). Also, Stegmuller, et al., [59] reports that the Cdh1APC/SnoN 
pathway is regulated by TGF beta-Smad2. A therapeutic potential is 
suggested by inhibiting Smad signaling thus stimulating axonal growth 
after injury of the brain [59]. 

*APC/C cdh1, Anaphase Promoting complex/cyclosome , cdh 1- cadherin type 1

SMC- : structural maintenance of cohesion; Mad 2 and Mad 2B- The Mitotic Arrest 
Deficient Protein, BubR1 – (budding uninhibited by benzimidazoles) Interaction between 
BUBR1(budding uninhibited by benzimidazoles) and C-MAD2 (=”mitotic arrest deficient”)  
plays a critical role in mitotic control center (MCC)-mediated inhibition of APC/C  

Figure 1. Late phase cell cycle proteins regulate the metaphase anaphase transition.

http://en.wikipedia.org/wiki/Separase
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In Figure 2 we are showing known substrates of APC/C cdh1 that 
regulate neuronal development, neurogenesis and have a active role 
in maintaining the postmitotic state in neurons. A number of these 
proteins are found to have altered expression in Alzheimer’s disease 
(CDK 5, CDK11, Abeta, Cyclin B1, pRB, Mad2B)

Liprin-α
In the regulation of synaptic function, the  APC target protein 

Liprin-α, regulates bouton number at neuromuscular junction synapses 
but also has  a post-synaptic role as it has been demonstrated that this 
protein has a role  in mammalian AMPA receptor trafficking, implying 
that Liprin-α may orchestrate pre- and post-synaptic events [45,60-62]. 

APC/C-Cdh1 has been found to have a role in the organization of 
synapses and neuromuscular junctions [63]. How was this acquired 
in an evolutionary sense is best stated by Arendt, et al., [11] , that 
the proliferative machinery has in postmitotic neurons evolved new 
functions such as regulation of synaptic plasticity [12,64]. Interestingly,  
Cdh1/Hct1-APC is essential for the survival of postmitotic neurons 
[18], through degrading cycline  B1, a cyclin that has been repeatedly 
found to be reactivated in degenerating neurons of AD patients [65,66-
68]. The role of APC/C in AD is reinforced by the observation that 
Cdh1 overexpression protects neurons against the neurotoxicity of 
amyloid beta. Also, to our view APC/C cdh-1 clearly plays a major role 
in the process of cell cycle re-entry of affected neurons in AD.

APC/c cdh 1 interacts with pRB
The retinoblastoma protein has been found to be ectopically 

expressed in Alzheimer’s disease [69-71]. These findings suggest 
that entry into the cell cycle requires activation of G1 to S phase cell 
cycle proteins, among which retinoblastoma protein (pRb) is a key 
regulator. In healthy cells pRB inhibits transcription of cell cycle 
proteins and consequently blocking E2F [42,70,71]. Increased levels 
of phosphorylation is found in affected cells with redistribution 
(ectopically expression) of pRB protein from the nucleus to the 
cytoplasm which has been found to be significantly co-localizing with 
tangles and plaques [70,71] 

Fascinatingly, recent data show that pRb physically and genetically 
interacts with both APC/C Cdh-1 and with S-phase kinase-associated 
protein 2 (Skp2). Skp2 functions as the receptor component of the 
Skp–Cullin–F-box complex and is implicated in the degradation of 
several cell cycle regulators, such as p21Cip1, p27Kip1, p57Kip2, and cyclin 
E [72]. By contributing to Skp 2 degradation, pRB connects the G0/
G1 transcriptional repression machinery directly to the APC/C [72]. 
Interestingly all degradation products of skp2 have been found to be 
expressed in AD [73]. 

DNA repair in postmitotic neurons are accompanied by cell cycle 
activation. Tomashevski, et al., [74] have found that cyclin C is directed 
by a pRb-dependent G0 exit which activates the non-homologous end 
joining pathway of DNA repair (NHEJ) in postmitotic neurons. Recent 
reports also link pRB with p53 through skp2. P53 is also an essential 
protein for DNA repair. The APC/CCdh1 substrate Skp2 can act as 
an inhibitor of the transcriptional and apoptotic function of p53 [75]. 
Results from these studies suggest that pRb mutations may influence 
APC/C activity directly. Impaired function of both pRb and APC/ 
CCdh1 is expected to give a significant increase in both Cyclin-Cdk 
production and activity, which would strongly favour S-phase entry, 
as this is seen in cell cycle re-entry in AD brains. Thus impaired cdh-1 
function may feed forward pRB inactivation and promote proliferation 
of cells through the G 1 phase. 

A late G1 phase cell cycle checkpoint has been found [76]. This 
checkpoint was found to be related to metabolic changes in the 
proliferating cell, thus monitoring the balance of oxidative stress, 
and ROS in coordination with the APC/C complex. How does this 
restriction point play out in postmitotic neurons is a notion needed to 
be explored as APC/cdh1 has a clearly different in role neurons than 
in proliferating cells. Also, authors suggested that oxidative stress is a 
co-founding factor in the emergence of changes to vulnerable neurons 
in AD [1,77,78].

We have postulated in previous papers that APC/C in AD neurons 
might be regulated by cohesion and cohesion related proteins such as 
CDK 11 and MAD 2B, Bub R1, Securin [29,80-84].

MAD2B
MAD 2 B comes from a group of proteins, MAD 2 and MAD 1 

that regulate the metaphase cell cycle checkpoint and inhibit APC/C. 
MAD 2 inhibits the cdc20, activator of APC and MAD2B inhibits, 
both activators of APC, cdc 20 and cdh1.  For the checkpoint to be 
active, Mad 2 must interact with MAD1 [85] as MAD2B does not react 
with MAD 1 suggesting that MAD2B transduces the cellular signals 
other than the checkpoint control. This also emphases the fact that 
MAD2B may function in a physiological process other than cell cycle 
regulation [86]. By its regulation of cdh1, it is conceivable that MAD 
2B may play role in the control of APC in neuronal tissues through the 
association of RAN [87]. By the association with RAN, MAD2B may 
be involved in controlling the transport of Cdh 1 across the nuclear 
membrane and, by doing so, the transition from the G1 to the S phase 
of the cell cycle as well [88]. This process might be accompanied by a 
novel cohesion regulated cyclin, CDK 11 [81,88-90] that is Ran GTP 
regulated [88]. CDK 11 is differentially expressed in AD [81] and is 
also known to regulate the apoptotic process [89]. Indirectly we show 
that Mad2B and CDK 11 might be regulated by the APC/C complex. 
Interestingly enough MAD 2B has been found to regulate apoptosis 
through its suppression in the rat diabetic model [90]. This property of 
MAD 2B has been explained through Mad 2 regulation of cyclin B1 and 
cdh1.The involvement of neuronal apoptosis has been demonstrated in 
diabetic animal models, associated with a decrease in neuronal density 
with a present learning and cognitive decline. Attenuation of apoptosis 
of neurons in the hippocampus and cerebral cortex ameliorates the 
cognitive defects in diabetic rats [90]. APC/C is responsible for cyclin 
B stability in postmitotic neurons, and APC is regulated by MAD 
2B [39] suggesting that Meng, et al., [90] may found a dependent 
MAD2B apoptotic pathway in a DM animal model. In DM rats 
cyclin B1 was increased, especially in neurons. MAD 2B modulates 
cyclin B stability in cortical neurons by downregulating cyclin B1 

Figure 2. Secondary roles of APC/C in neuronal physiology.
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accumulation, suggesting a regulative role in neuronal stability, i.e. 
elevated expression of MAD2B induced by hyperglycemia results in 
cyclin B1 accumulation in neurons. By decreasing MAD 2B expression, 
the number of apoptotic cells also decreased. Inhibition of MAD 2B 
expression prevents neurons from entering the S phase. The decreased 
number of cells in the S phase results in abolishing neuronal injury 
and apoptosis that have resulted from hyperglycemia. In the AD brain, 
MAD2B protein expression is decreased [unpublished results].  In AD 
depletion of MAD2B may result of cells ability to cope with ROS and 
or DNA damage. These findings do give a way to strategize MAD2B as 
a possible target for therapy. 

BUBR1
Bub R1 is also one of the key proteins in the spindle assembly 

checkpoint (SAC). Importantly, decreased expression of BubR1 induces 
aneuploidation but its overexpression protects against aneuploidy 
[91]. The mitotic checkpoint complex (MCC) is structured from 
BubR1, Mad2 and Bub3. The MCC dissociates once the chromosomes 
are properly arranged in the mitotic spindle. This allows cdc20 to 
activate the APC/C complex, thus degrading cyclin B1 and securin, 
triggering anaphase onset (Figure 1). Interestingly we have showed 
in previous paragraphs that the late anaphase machinery is also used 
to maintain the G1 phase of neurons. The role of BubR1 at this phase 
is still not understood except for the notion that BubR1 is decreased 
in brain samples of AD patients [84]. However, little is known about 
the function of BUBR1 other than mitotic control. Using cell lines 
from the patients with the mosaic variegated aneuploidy (MVA) 
syndrome, investigators demonstrated that BubR1 is essential for the 
formation of primary cilium [92]. MVA syndrome is a novel ciliopathy. 
Primary cilium is a microtubule-based organelle on the surface of most 
vertebrate cells found in the G0 phase, and that the primary cilium 
is regulated by APC/CCDH1 activity through ubiquitin-mediated 
proteolysis of Disheveled (DVL) [92]. Other than cilium formation, 
Watanabe Y [93] found that the APC/C complex through the BubR1 
protein can mediate regulation of dendritic development through 
the schizophrenia-associated gene FEZ1 protein. Except for APC/C 
complex as a functional key for postmitotic maintenance, there is 
another complex, the Cohesin complex and its associated proteins that 
have been found to be expressed and to regulate numeral processes in 
neurons (Table 1).

 Cohesin: the postmitoic genetic switch?
The centromere is a complex structure that is fundamental 

for chromosome separation and segregation. These processes are 
coordinated with cell division and by the metaphase cell cycle control 
center (MCC), in which Mad2 and BUbR1 play a pivotal role [94,95]. 

Fundamental to the centromere complex is the multifaceted protein 
called Cohesin [34,35,95,96]   (Figure 1). 

The cohesin protein builds a complex that is contained by two 
SMC (structural maintenance of cohesion) subunits and two non SMC 
subunits, designated SMC 1 and 3, Rad 21 (SA1) and SA2, respectively 
[96] in vertebrate cells. Cohesion is dependent on the working of 
regulatory factors designated, PDS 5, Scc2, ESCO 1/ 2, NIPBL and 
MAU-2. 

Removal of cohesin arms in the metaphase anaphase transition 
are regulated by PLK1, Aurora B kinase, condensin  and WAPL. Both 
regulatory factors and factors for cohesin removal have secondary roles 
(see Table 1). To date, PLK 1 a cohesin removal factor is found to be 
elevated in AD [97]. During the metaphase-to-anaphase transition, the 
separase inhibitor securin is degraded by APC (Figure 1). This enables 
sister chromatide separation. This process has been altered in AD and 
has been seen as premature centromere division or PCD [98-101]. Moh, 
et al., [31] proposed that PCD occurrence expresses genome instability 
in which cell cycle re-entry takes place. Interestingly, PCD has been 
found to result in aneuploidy [101], which is again a consequence of 
altered cohesion complex, especially RAD 21 [102], CDK11 [89], SMC1 
[103], Bub1B [104]. Cohesin is essential for chromosome segregation, 
but also for DNA damage repair, suggesting a link with the APC cdh 1 
complex in regulation of the late pages G1/S transition in cell exposed 
to oxidative stress [76]. This damage repair property is found to be tied 
to BRCA1 [105], a known DSB repair protein implicated in cancer 
[106] and AD [107]. The findings of cohesion instability or premature 
centromere division in peripheral cells [98,108] and in neuronal cells 
[99] of AD patients suggest that the secondary roles of cohesion are 
impaired [29,109]. A number of the proteins in the cohesin complex 
are associated with various diseases named ‘’cohesionapathies’’ [110] 
suggesting that cohesin has roles in dividing and non-dividing cells 
other that chromosome regulation (Table 1).

Cohesinopathies such as Cornelia de Lange syndrome (CdLS; 
caused by mutations in SMC1, SMC3, and SCC2) and Roberts 
syndrome (caused by mutations in ESCO2; is a rare autosomal 
recessive developmental disorder) [111] shows us the principle of how 
these processes in gene regulation of neuronal development are altered. 
So, mutation in cohesion genes are not related per se to chromosome 
segregation defects but the problem is in the secondary role of 
cohesins, i.e. in regulation of gene transcription and or gene regulation 
[110,112,113]. From these studies and many others, knowledge 
is emerging in which the necessity of cohesin for chromosome 
segregation is separated from its role in gene regulation in neuronal 
and non-neuronal cells suggesting that cohesin and cohesin related 
protein may be targets for AD treatment (Table 1).

Cohesin and cohesin related proteins Secondary roles in Post- mitotic neurons and other cell types
Cohesin Mutations in the cohesion complex are associated with cohesionopathies (Cornelia de Lang and Roberts syndrome)
Cohesin Gene transcription regulation (transcriptional insulators, CTCF)
Cohesin subunit SMC1 and SA1 Essential for axon pruning in Drosophila;Dentritic targeting
Cohesin subunit Rad 21 Axon pruning in humans; Repair by homologues recombination 
PDSB5 cohesion regulatory protein Abnormal projections of the superior cervical ganglia (mouse model CdLs)
Aurora A A centrosomal kinase that directs translation at the synapse; regulates synaptic plasticity; essential for microtubular dynamics in neurons; 
Polo like kinases Dendritic spikes; synaptic plasticity and remoulding; synaptic strength
BUB R1 Essential for primary cilium formation; cerebellum development in the medaka fish
MAD2B MAD2B has a protective role by controlling APC/C  and cyclin B in insulin sensitive neuronal cells  
SMC 3 Axon pruning
CDK 11 Regulates G2/M cohesion, possible role in synaptic regulation 

Table 1. Cohes in and cohesin related proteins: their secondary roles in post mitotic neurons.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Watanabe Y%5BAuthor%5D&cauthor=true&cauthor_uid=24726361
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Conclusion 
APC or cyclosome is the major ubiqintin ligase involved in cell 

cycle regulation via cyclins recognition and targeting for destruction. 
So, G0 of the postmitotic neurons is an active process in which a new 
hierarchy of CDK and relative proteins has to be established. The other 
crucial complex to postmitotic regulative hierarchy is the cohesin 
complex.

In AD there is an increase in cyclin D, cyclin B1, CDk4, Ki67 which 
suggests exit from Go and these proteins are also ectopically found in the 
cytoplasm rather than in the nucleus, their typical site of action [65,66-
68]. Also, M phase markers: an increase of MPM 2 phosphoepitopes , 
Cdc 35A and B phosphatases and the findings of cell cycle phenotypes 
found as binucleation [114] and premature centromere division ‘’PCD’’ 
[98,99,108] may result in abortive karyokinesis [115-117] found in AD.

The ubiquitation system is also altered in AD, including mutations 
in the ubiqitin 1 protein complex which may influence cell cycle 
regulation [118,119] and protein aggregation and accumulation. 
Moreover, as some ubiqitin ligase, e.g. BRCA 1 , are overexpressed in 
AD neurons, the ubiquintation substrates, ubiquintation dependent 
signaling are most likely to be altered in AD [107]. The recent report 
by Meng et al., [90] showed that the APC/C complex may be in the 
epicenter of the cell cycle reentry process, and that these processes are 
affected by the Aβ peptide. Clearly, the studies described above are just 
beginning to uncover the importance of late phase cell cycle proteins 
in neurobiology.

Two protein complexes that are crucial to healthy G1 neurons, the 
Cdh1-APC complex and the Cohesin complex. To date, from outside 
of the cell cycle regulators, late phase cell cycle proteins exert a number 
of important function in neurons, from axon patterning, neuronal 
death, synaptic function, to processes that lead the transition from a 
neural stem cell to a differentiated neuron. The substrates of neuronal 
Cdh1–APC are only beginning to be identified. Many questions 
remain in the analysis of the functions of these proteins. One of such 
is the PP2A protein (protein phosphatase 2A). It has been shown 
that downregulation of PP2A in AD patients is linked to Tau hyper 
phosphorylation [120]. PP2A is a major tau phosphatase in human 
brain and recently Cheng, et al., [121]   found that PP2A promotes 
axonal growth. 

Abrogating apoptosis: The way to therapy ?
One strategy for AD treatment is to extend the cell cycle by 

abrogating the apoptosis pathway. Some experiments have shown that 
by diminishing apoptosis, neuronal cells do not die, and the cognitive 
phenotype is preserved [116,117]. We here postulate a hypothesis 
that targeting late phase cell cycle proteins will increase neuronal 
survival, thus alleviating the symptoms of AD, dementia and neuronal 
loss. Here, we evaluate the hypothesis that abortive cell cycle reentry 
is due to alteration in the switch of core cell cycle proteins in which 
Late phase cell cycle proteins have a primer role. To consider this view, 
that APP-cell cycle core proteins signaling processes are the core of 
the AD neurodegenerative process may be strengthen by new research 
of Melnikova, et al., [118 ] in which they found that in the inducible 
mouse model od AD, the Aβ plaque that exceeds the same in human 
disease is without cognitive defects in the mouse if the APP gene is 
switched off. This shows that the Aβ burden can be dissociated from 
the cognitive decline associated with AD and that by blocking APP 
did the trick. The study suggests ‘’ that if we could extrapolate these 
findings to AD patients by reducing expression of ‘’bad’’ APP (and 

its βC terminal fragment accumulation) then this ‘’action’’ might 
be sufficient to improve cognitive function’’. In our view APP must 
have a fundamental role in maintaining the Go phase of neurons and 
by this notion we may conclude that altered reorganization of the 
secondary core cell cycle proteins and APP are crucial to the survival/
death processes in AD neurons. Concerning this view we than have 
proposed a number of proteins that might be screened for their altered 
expression patterns as possible targets for therapy. Our preliminary 
results showed a relative differential pattern of expression of proteins: 
Mad1 and Mad2, Bub R1, Bub1, CDK 11, cohesin subunit Rad 21 and 
astrin in the AD brain versus age matched controls and also in Tg 257 
brain (results not published).  An alternative approach is to utilize 
exploration of cohesion and cohesion associated proteins that are not 
directly involved in the formation of amyloid plaques. These processes 
intertwined with late phase cell cycle proteins in the pathology of AD 
are and may thereby contribute to the pathogenesis of AD. These new 
findings imply us to address late phase cell cycle proteins as new targets 
for AD treatment. 
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