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Abstract
One of the most prevailing conditions of dementia is the illness known as Alzheimer's disease. The
diagnostic signs of Alzheimer's disease progressively get worse over a long period since it is a cumulative
condition. Alzheimer's disease causes modest memory loss in its initial stages, but people cannot converse
or react to their surroundings in the later stages of the disease. In Alzheimer’s disease, the destruction of
neurons and the interconnection between them in the cortical region and the hippocampus is the beginning,
after which the disease proceeds. The cerebral cortex regions are subsequently involved in thinking,
linguistics, and interpersonal communication. Other parts of the brain eventually suffer harm as well. A
person with Alzheimer's slowly loses the capacity to live and do daily tasks on their own over time. The
illness is lethal in the end. Dementia is most commonly caused by ageing. Although dementia grows more
prevalent as individuals age, this does not imply that dementia is a natural component of ageing. Up to 40%
of those over 85 years who have dementia suffer from this condition. Amyloid, a beta protein that wrongly
builds up and creates neurofibrillary tangles in the brain, causes Alzheimer's, a condition of protein
misfolding. According to tradition, the primary cause of neuronal degeneration caused by the amyloid
hypothesis is the buildup of beta-amyloid peptides. According to theory, the hazardous protein form that
upsets the cell's calcium ion balance clumps amyloid fibrils, which leads to apoptotic cell death. This review
article discusses the pathophysiology and biochemistry of various neuroprotective proteins to examine the
potential of future anti-medications for Alzheimer's disease.
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Introduction And Background
Intracellular neurofibrillary tangles and extracellular plaques containing tau and amyloid are indicatives of
Alzheimer's disease (AD), a neurodegenerative condition. Amnestic cognitive impairment is the most
frequent form of AD manifestation, while non-amnestic cognitive impairment may rarely appear
[1]. Estimates indicate that 6.2 million Americans aged 65 years and over suffer from Alzheimer's dementia.
If no medical advances are made to prevent or cure AD, there may be 13.8 million AD sufferers worldwide by
2060 [2]. In contrast to reported deaths from AD, which increased by more than 145% between 2000 and
2019, deaths from HIV, heart disease, and stroke all decreased between 2000 and 2019 [2]. AD is
characterized by five stages: preclinical AD, AD with mild cognitive impairment (MCI), AD with mild
dementia, AD with moderate dementia, and AD with severe dementia [2].

Preclinical Alzheimer's disease
Patients have measurable brain changes that are the disease's early biomarkers but have not yet manifested
symptoms like memory loss. When the early symptoms (such as forgetting about recent conversations or
events, misplacing items, and having trouble thinking of the right word) of preclinical AD appear, the brain
makes up for them, allowing people to carry on with their daily lives as usual. It is essential to keep in mind
that not everyone who exhibits signs of AD-related brain changes eventually develops MCI or dementia as a
result of AD [2].

Mild cognitive impairment due to Alzheimer's disease
AD-related MCI patients show biomarker evidence of altered brain structure in addition to subtle memory
and cognitive issues. These cognitive issues may be apparent to the person, family, and friends but not
others, and they do not affect the person's capacity to carry out daily tasks. When the brain cannot repair the
harm and death of nerve cells brought on by AD, mild cognitive changes occur. After two years, 15% of MCI
patients start to experience dementia. Within a five-year follow-up period, 32% of MCI patients develop
Alzheimer's dementia [2].

Dementia due to Alzheimer's disease
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Alzheimer's dementia, also known as AD dementia, is distinguished by evident memory, thinking, or
behavioural symptoms that impair a person's ability to function in daily life. People with advanced AD
frequently experience multiple types of evolving symptoms. The extent of the harm done to the nerve cells
in various brain areas is reflected in these symptoms. Each person experiences dementia differently,
progressing from mild to moderate to severe symptoms at different rates [2].

Mild Alzheimer's dementia
Most people with mild Alzheimer's dementia are still able to function independently in many situations, but
they may need assistance with some tasks to maintain their safety and level of independence. It is possible
that they can continue to drive, work, and engage in their hobbies [2].

Moderate Alzheimer's dementia
The moderate stage of Alzheimer's dementia, which is frequently the most protracted stage, is characterized
by changes in personality and behaviour, including suspicion and agitation, as well as communication and
performance difficulties with daily activities (such as dressing and bathing) [2].

Severe Alzheimer's dementia
In the advanced stages of Alzheimer's dementia, patients need assistance with daily tasks and probably need
round-the-clock care. At this stage, AD's effects on a person's physical health stand out, mainly because
people become bedridden due to damage to the brain's movement-related regions. It is challenging to eat
and drink when parts of the brain that regulate swallowing are damaged. Because of this, some people may
swallow food into their trachea instead of their oesophagus. As a result, food particles may become lodged
in the lungs, leading to an infection [2]. Various stages of AD are depicted in Figure 1 [2].

FIGURE 1: Stages of Alzheimer’s disease (AD)
This image depicts the progression of Alzheimer's disease in an individual [2].

AD is a deceptive, complex illness that damages neurons and impairs cognitive function. Proteins are crucial
in the pathogenesis of AD, along with altered genes and enzymes. Some proteins connected to AD include
amyloid precursor protein (APP), glial fibrillary acidic protein, calmodulin-like skin protein, and matrix
metalloproteinase-2. These proteins are essential to the AD hypothesis, which encompasses the damage to
cholinergic neurons, the amyloid-beta (Aβ) hypothesis, and the tau hypothesis. The relevance of essential
proteins and their physiological roles in the early diagnosis of AD is highlighted in the current review.
Memory loss, synaptic malfunction, and cognitive decline are all caused by altered protein expression [3].
The significant neuropathological signs of AD seem to be neurofibrillary tangles and senile plaques. As the
illness advances, the senile plaques start forming in brain regions connected to cognition before spreading
to other cortical regions. The amyloid p-peptide (Aβ), a portion of the APP, is insoluble in senile plaques,
among other things. Aβ peptide is produced from APP by two subsequent cleavage events: β-secretase
produces one end of the peptide by proteolytic activity, and γ-secretase produces the other end through the
same process [4].

Furthermore, even though specific other proteins might cause neurodegeneration, others, such as skin
proteins with calmodulin-like properties, interact with heterotrimeric humanin receptor (htHNR) to stop it.
Mutant presenilin-1 can increase the production of Aβ through the degradation of APP by presenilin-
dependent secretase [5]. Pentraxin interactions are seen with all neurofibrillary tangles and senile plaques,
in contrast to proteins like ubiquilin-1, which only interacts with APP and stimulates the production of
insoluble Aβ peptides [6].
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Review
Methodology
In this study, we conducted focused literature searches using databases such as PubMed and Google Scholar
to identify relevant original research and review articles. Search terms focused on Alzheimer's disease and
associated proteins, and associations of neuro-protective and neuro-regenerative proteins in Alzheimer's
disease. Titles and abstracts from these searches were reviewed, full-text articles were obtained for relevant
manuscripts, and reference lists were reviewed to identify additional manuscripts appropriate for review.
This is a traditional review and not a systemic review, so PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) or AMSTAR (Assessment of Multiple Systematic Reviews) guidelines were not
followed.

Neuro-protective and neuro-regenerative proteins
Calmodulin-Like Skin Protein and Humanin

Calmodulin-like skin protein (CLSP), with 146 residues and a mass of 15.92 kDa, and calmodulin have 49%
of the same amino acid sequence [7]. CLSP, a secreted peptide, interacts with the htHNR and starts an
intracellular survival pathway to prevent neuronal cell death, which is connected to AD. Similar epithelial
cells only found in skin keratinocytes expressing CLSP are capable of bridging the blood-cerebrospinal fluid
(CSF) barrier [8]. Humanin inhibits a family gene associated with AD from causing neuronal cell death by
interacting with the htHNR (AD). Humanin may thus perform a preventive function in the development of
AD [9]. The differential characteristics of CLSP and humanin are mentioned in Table 1 given below [9]. Aβ is
not necessary for CLSP-mediated neuroprotection or the improvement of memory impairment. The amounts
of Aβ, soluble Aβ oligomers, or gliosis are not affected by CLSP. Additionally, CLSP prevents signal
transducer and activator of transcription 3 (STAT3) inactivation and the disappearance of the synaptic
marker synaptophysin in the hippocampus. The CLSP-1 gene, which produces CLSP, also lessens
synaptophysin loss and the deficiency in spatial learning, and it activates the Janus kinase 2 (JAK2)/STAT3-
mediated pro-survival signalling cascade in neurons via htHNR [10].

 Humanin CLSP

Amino acid length 24 146

Gene location The exact location of the gene is unknown but is hypothesized to be in the mitochondria Nucleus

Expression Full expression profile unknown but assumed to be ubiquitous Epithelial cells of the thyroid, mammary gland, prostate, kidney, and skin

Strongest expression Testis Skin

Entrance into CNS via BBB Controversial Yes

TABLE 1: Features of CLSP and humanin
This table describes the differential characteristics of CLSP and humanin [9].

CLSP: calmodulin-like skin protein; CNS: central nervous system; BBB: blood-brain barrier.

Heat Shock Protein

To defend themselves against stressful situations such as exposure to rapid heating, hypothermia,
ultraviolet rays, wound repair, or tissue regeneration, cells create heat shock proteins (HSPs). The HSPs
Hsp60, Hsp70, and Hsp90 have received the most investigation. HSPs are categorized according to their
molecular weight [11,12]. The brain expresses HSPs as one of its many defences against oxidative stress.
Patients with one or two copies of the HSP70-2 A2 allele in charge of the HSP70-2 protein's production
exhibit noncognitive changes in AD [13].

HSP60, HSP70, and HSP90 expression levels in the brain's cerebellum were previously downregulated in AD.
A critical transcription factor involved in the production of HSPs genes, heat shock factor 1 (HSF1), also
undergoes a significant drop in the cerebellum. Nevertheless, increasing HSF1 expression aids in slowing
Purkinje cell loss. In the brain's cerebellum, HSP60, HSP70, and HSP90 expression levels have previously
been downregulated and considerably reduced AD [14].

Collapsin Response Mediator Protein 2
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The family of proteins known as collapsin response mediators includes the phosphoprotein called collapsin
response mediator protein 2 (CRMP-2). The amino acid sequence of CRMP-2, CRMP-1, CRMP-3, CRMP-4,
and CRMP-5 are remarkably similar (50-70%), and their sizes vary from 60 to 66 kDa. Axon development
from neurites is aided in the early stages by an excess of CRMP-2. Growth cone collapse results from CRMP-
2 being phosphorylated by rho-kinase. CRMP-2 is phosphorylated by glycogen synthase, which also binds to
and regulates microtubule formation, and this process is regulated [15].

Low-Density Lipoprotein Receptor-Related Protein 1

Low-density lipoprotein (LDL) receptor-related protein 1 regulates the brain parenchyma, neurons,
astrocytes, microglia, vascular smooth muscle cells, and pericytes in the cerebrovasculature. Clearance at
the blood-brain barrier is made more accessible by the ease of Aβ transfer from the brain to the circulation.
These pathways regulate the Rho family GTPase activity to govern the RhoA-dependent endocytosis
process, regulate the trafficking of other Aβ receptors like heparan sulphate proteoglycan (HSPG) and PrPc,
and alter actin polymerization, and are probably involved in lipoprotein receptor-related protein 1 (LRP1)-
mediated cellular Aβ uptake. In light of this, cellular Aβ clearance by LRP1 is probably handled through
several endocytic routes depending on the type of brain cell [16]. LRP1 communicates with proteins
implicated in the synthesis of Aβ, such as APP, beta-site amyloid precursor protein cleaving enzyme 1
(BACE1), and presenilin (PS), and its expression is reduced at the blood-brain barrier in AD patients.
Additionally, it has been demonstrated that LRP1 regulates the impact of apoE on microglial inflammatory
response in cell culture systems and mediates the relationship between apoE and cholesterol levels in the
CNS via APP [17].

Mortalin

The capacity of mitochondrial proteins to function is maintained by the HSP mortalin (mtHsp70).
Overexpression of mortalin exhibited the opposite effect, inhibiting mPTP activation and guarding SH-SY5Y
neurons against Aβ-induced degeneration. Additionally, when exposed to Aβ, neurons overexpressing
mortalin demonstrated improved control over the regulation of free calcium in the cytoplasm, a decline in
the production of reactive oxygen species in the mitochondria, and a reduction in the Bax/Bcl-2 ratios in
comparison to the control group [18]. Mortalin binds with a wide range of proteins, including APP, ApoE,
fibroblast growth factor 1, HSP60, p53, 94 kDa glucose-regulated protein, and protein Dj-1, which in turn
influences its range of activities, including cell survival, regulation of cell proliferation, and stress response
[19].

It is found that overexpression of mortalin efficiently attenuated Aβ(1-42)-induced cell viability damage and
apoptosis. Mortalin-specific small interfering RNA (siRNA) oligonucleotides significantly increased the
susceptibility of SH-SY5Y cells to the neurotoxicity brought on by Aβ by inhibiting the expression of
mortalin (1-42). Additionally, Aβ(1-42) reduced the activity of cytochrome c oxidase and adenosine 5′-
triphosphate (ATP) production while increasing reactive oxygen radicals and lipid peroxidation. These
effects were reversed entirely by overexpressing mortalin. However, the up-regulation of mortalin
remarkably reduced Aβ-mediated mitochondrial fragmentation and cytotoxicity [20].

Neurogranin

Neurogranin, primarily generated in dendritic spines and involved in post-synaptic signalling pathways,
regulates the calcium-binding protein (CBP) calmodulin. In model organisms and genetic studies,
neurogranin has been linked to cognitive function and synaptic plasticity [21]. Neurogranin (Ng) is
reportedly a key biomarker of injuries, but it also shows that neurons and dendrites are being repaired and
regenerated [22]. According to Huang et al., Ng is thought to promote synaptic plasticity and long-term
memory, and this concept was supported in their study. Its high concentration in neurons and propensity
for binding to Ca2+-free CaM, which delays direct Ca2+ interaction with CaM by a "mass action" mechanism
and effectively raises the free [Ca2+]i to enhance synaptic responses, are the most likely causes of this [23].

P-glycoprotein

Another element in the elimination of amyloid from the brain is P-glycoprotein. This 170 kDa plasma
membrane protein is generated in humans by the multi-drug resistance of one gene and is a member of the
ATP-binding cassette transporter family (MDR1 or ABCB1). The blood-brain barrier, the liver, the kidney,
and the gastrointestinal tract are a few examples of the organs that express P-glycoprotein. On the luminal
surface of epithelial cells at the blood-brain barrier, P-glycoprotein, an efflux transporter to release
chemicals from the brain into the blood, is significantly expressed [24]. Increasing P-glycoprotein
production has the potential to have two beneficial effects: accelerating the clearance of Aβ and reducing
the pathologic levels of Aβ peptides [25]. On the other hand, its inhibition could accelerate the
neurodegeneration linked to AD brought on by Aβ [26].

Ubiquitin
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It is generally recognized that ubiquitination, a reversible post-translational modification of cellular
proteins, is essential for controlling several cellular functions, including cell cycle regulation, protein
degradation, DNA repair, and apoptosis [27]. The degree of neurofibrillary alterations in the tissue closely
mirrored the increase in cerebral cortex ubiquitin levels in patients with Alzheimer's. The increase in
ubiquitin levels in the cerebral white matter was noticeably less pronounced. The cerebellum's grey and
white matter, unaffected by neurofibrillary changes in AD, had normal ubiquitin levels. The increase in
ubiquitin reactivity was probably only partially mediated by the presence of ubiquitin in paired helical
filaments (PHF). Tau accounts for the bulk of PHF, and only minimal amounts of ubiquitin have been
explicitly related to PHF [28]. Normal neurons, plaque core amyloid, and tangle preparations soluble in
sodium dodecyl sulfate (SDS) do not succeed in immunostaining. They also do not result in ubiquitin-
positive blots [29].

Insulin and Insulin-Like Growth Factor-I

Reduced energy economy and low glucose absorption are two early symptoms of AD. These pathways are
mediated by insulin and insulin-like growth factors (IGF) I and II. Serious problems are brought on by
impaired insulin and IGF-mediated signalling and decreased energy utilization but, by activating the ERK-
mediated pathway in astrocytes, insulin promotes the development of the enzymes that break down insulin
and neprilysin, which are both necessary for the breakdown of Aβ [30]. Oligomers cause the breakdown of
plasma membrane insulin receptors via a pathway sensitive to the inhibition of calcium- and casein-
dependent kinase II (insulin receptor substrate (IRs)). Furthermore, insulin can stop this downregulation of
surface IRs [31,32]. Coordinating hippocampal-dependent spatial learning and regulating astrocytic
mitochondrial activity depends on IGF-I signalling. AD may be brought on by age-related astrocytic
dysfunction brought on by decreased IGF-I signalling [33].

Calbindin-D28K, Calretinin, and Parvalbumin

Calbindin-D28K, calretinin, and parvalbumin are the three CBPs. Although calcium is essential for healthy
brain development and operation, prolonged high levels of calcium in the brain can harm neurons and
trigger cell death [34]. Early AD causes selective degeneration of the entorhinal cortex, which is connected to
memory-related brain circuits. Non-principal neurons carrying calretinin, however, were better retained
even in Alzheimer's patients with significant entorhinal disease, according to research by Mikkonen et al.
[35]. Initially, in the AD entorhinal pathophysiology, non-principal cells harbouring parvalbumin or
calbindin-D28k had morphological alterations. In AD, the vulnerability of neurons with various CBPs varies.
Neurons expressing parvalbumin and calbindin-D28K start to deteriorate in layer II of the lateral, middle,
and caudal subfields and in layer III in the most severe types of AD. Calretinin neurons of the entorhinal
cortex exhibit less degradation in AD than parvalbumin-containing neurons [35]. These CBPs are indirectly
linked in specific ways to the pathophysiology of AD, and by controlling intracellular calcium, the
condition's course can be somewhat slowed [36].

Conclusions
This review concentrates on the proteins connected to AD-related neuroprotection and regeneration. It is
thought that mitochondrial cells are involved in the progression of AD because mitochondria are cytotoxic
to an amyloid-beta peptide. A variety of proteins, including CLSP, humanin, HSP, CRMP-2, calbindin-D28K,
calretinin, parvalbumin, LDL receptor-related protein 1, mortalin, and others, can have neuroprotective
effects. It may be possible to lessen the neurotoxicity caused by Aβ by protecting mitochondria with these
proteins. Research on proteins mentioned above in AD is urgently needed, as these might be promising
targets for creating anti-AD treatments. In contrast, new potential biomarkers for diagnosing AD include C-
reactive protein, pentraxins, CRMP-2, and growth-associated protein-43. In the future, a unique and
effective pharmaceutical or disease-modifying approach that targets these proteins for the management and
therapy of AD may become available.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Knopman DS, Amieva H, Petersen RC, et al.: Alzheimer disease. Nat Rev Dis Primers. 2021, 7:33.

10.1038/s41572-021-00269-y
2. Alzheimer's Association: 2021 Alzheimer's disease facts and figures . Alzheimers Dement. 2021, 14:327-406.

10.1002/alz.12328

2022 Agrawal et al. Cureus 14(10): e30412. DOI 10.7759/cureus.30412 5 of 7

https://dx.doi.org/10.1038/s41572-021-00269-y
https://dx.doi.org/10.1038/s41572-021-00269-y
https://dx.doi.org/10.1002/alz.12328
https://dx.doi.org/10.1002/alz.12328


3. Sharma L, Sharma A, Kumar D, et al.: Promising protein biomarkers in the early diagnosis of Alzheimer's
disease. Metab Brain Dis. 2022, 37:1727-44. 10.1007/s11011-021-00847-9

4. Schachter AS, Davis KL: Alzheimer's disease. Dialogues Clin Neurosci. 2000, 2:91-100.
10.31887/DCNS.2000.2.2/asschachter

5. Hashimoto Y, Nawa M, Kurita M, Tokizawa M, Iwamatsu A, Matsuoka M: Secreted calmodulin-like skin
protein inhibits neuronal death in cell-based Alzheimer's disease models via the heterotrimeric humanin
receptor. Cell Death Dis. 2013, 4:e555. 10.1038/cddis.2013.80

6. Abad MA, Enguita M, DeGregorio-Rocasolano N, Ferrer I, Trullas R: Neuronal pentraxin 1 contributes to the
neuronal damage evoked by amyloid-beta and is overexpressed in dystrophic neurites in Alzheimer's brain. J
Neurosci. 2006, 26:12735-47. 10.1523/JNEUROSCI.0575-06.2006

7. Babini E, Bertini I, Capozzi F, Chirivino E, Luchinat C: A structural and dynamic characterization of the EF-
hand protein CLSP. Structure. 2006, 14:1029-38. 10.1016/j.str.2006.04.004

8. Hashimoto Y, Umahara T, Hanyu H, Iwamoto T, Matsuoka M: Calmodulin-like skin protein is
downregulated in human cerebrospinal fluids of Alzheimer's disease patients with apolipoprotein E4; a pilot
study using postmortem samples. Neurol Res. 2017, 39:767-72. 10.1080/01616412.2017.1335458

9. Matsuoka M: Protective effects of humanin and calmodulin-like skin protein in Alzheimer's disease and
broad range of abnormalities. Mol Neurobiol. 2015, 51:1232-9. 10.1007/s12035-014-8799-1

10. Kusakari S, Nawa M, Sudo K, Matsuoka M: Calmodulin-like skin protein protects against spatial learning
impairment in a mouse model of Alzheimer disease. J Neurochem. 2018, 144:218-33. 10.1111/jnc.14258

11. Ritossa F: A new puffing pattern induced by temperature shock and DNP in drosophila . Experientia. 1962,
18:571-3. 10.1007/BF02172188

12. Laplante AF, Moulin V, Auger FA, et al.: Expression of heat shock proteins in mouse skin during wound
healing. J Histochem Cytochem. 1998, 46:1291-301. 10.1177/002215549804601109

13. Clarimón J, Bertranpetit J, Boada M, Tàrraga L, Comas D: HSP70-2 (HSPA1B) is associated with
noncognitive symptoms in late-onset Alzheimer's disease. J Geriatr Psychiatry Neurol. 2003, 16:146-50.
10.1177/0891988703256051

14. Wu C: Heat shock transcription factors: structure and regulation . Annu Rev Cell Dev Biol. 1995, 11:441-69.
10.1146/annurev.cb.11.110195.002301

15. Arimura N, Menager C, Fukata Y, Kaibuchi K: Role of CRMP-2 in neuronal polarity . J Neurobiol. 2004,
58:34-47. 10.1002/neu.10269

16. Kanekiyo T, Bu G: The low-density lipoprotein receptor-related protein 1 and amyloid-β clearance in
Alzheimer’s disease. Front Aging Neurosci. 2014, 6:93. 10.3389/fnagi.2014.00093

17. Owen JB, Sultana R, Aluise CD, et al.: Oxidative modification to LDL receptor-related protein 1 in
hippocampus from subjects with Alzheimer disease: implications for Aβ accumulation in AD brain. Free
Radic Biol Med. 2010, 49:1798-803. 10.1016/j.freeradbiomed.2010.09.013

18. Qu M, Zhou Z, Chen C, et al.: Inhibition of mitochondrial permeability transition pore opening is involved in
the protective effects of mortalin overexpression against beta-amyloid-induced apoptosis in SH-SY5Y cells.
Neurosci Res. 2012, 72:94-102. 10.1016/j.neures.2011.09.009

19. Londono C, Osorio C, Gama V, Alzate O: Mortalin, apoptosis, and neurodegeneration. Biomolecules. 2012,
2:143-64. 10.3390/biom2010143

20. Qu M, Zhou Z, Xu S, Chen C, Yu Z, Wang D: Mortalin overexpression attenuates beta-amyloid-induced
neurotoxicity in SH-SY5Y cells. Brain Res. 2011, 1368:336-45. 10.1016/j.brainres.2010.10.068

21. Díez-Guerra FJ: Neurogranin, a link between calcium/calmodulin and protein kinase C signaling in synaptic
plasticity. IUBMB Life. 2010, 62:597-606. 10.1002/iub.357

22. Li L, Li Y, Ji X, Zhang B, Wei H, Luo Y: The effects of retinoic acid on the expression of neurogranin after
experimental cerebral ischemia. Brain Res. 2008, 1226:234-40. 10.1016/j.brainres.2008.06.037

23. Huang KP, Huang FL, Jäger T, Li J, Reymann KG, Balschun D: Neurogranin/RC3 enhances long-term
potentiation and learning by promoting calcium-mediated signaling. J Neurosci. 2004, 24:10660-9.
10.1523/JNEUROSCI.2213-04.2004

24. van Assema DM, Lubberink M, Bauer M, et al.: Blood-brain barrier P-glycoprotein function in Alzheimer's
disease. Brain. 2012, 135:181-9. 10.1093/brain/awr298

25. Mohamed LA, Keller JN, Kaddoumi A: Role of P-glycoprotein in mediating rivastigmine effect on amyloid-β
brain load and related pathology in Alzheimer's disease mouse model. Biochim Biophys Acta. 2016,
1862:778-87. 10.1016/j.bbadis.2016.01.013

26. Chiu C, Miller MC, Monahan R, Osgood DP, Stopa EG, Silverberg GD: P-glycoprotein expression and amyloid
accumulation in human aging and Alzheimer's disease: preliminary observations. Neurobiol Aging. 2015,
36:2475-82. 10.1016/j.neurobiolaging.2015.05.020

27. Kimura Y, Tanaka K: Regulatory mechanisms involved in the control of ubiquitin homeostasis . J Biochem.
2010, 147:793-8. 10.1093/jb/mvq044

28. Wang GP, Khatoon S, Iqbal K, Grundke-Iqbal I: Brain ubiquitin is markedly elevated in Alzheimer disease .
Brain Res. 1991, 566:146-51. 10.1016/0006-8993(91)91692-T

29. Cole GM, Timiras PS: Ubiquitin-protein conjugates in Alzheimer’s lesions . Neurosci Lett. 1987, 79:207-12.
10.1016/0304-3940(87)90698-7

30. Yamamoto N, Ishikuro R, Tanida M, Suzuki K, Ikeda-Matsuo Y, Sobue K: Insulin-signaling pathway regulates
the degradation of amyloid β-protein via astrocytes. Neuroscience. 2018, 385:227-36.
10.1016/j.neuroscience.2018.06.018

31. Triani F, Tramutola A, Di Domenico F, et al.: Biliverdin reductase-A impairment links brain insulin
resistance with increased Aβ production in an animal model of aging: implications for Alzheimer disease.
Biochim Biophys Acta Mol Basis Dis. 2018, 1864:3181-94. 10.1016/j.bbadis.2018.07.005

32. De Felice FG, Vieira MN, Bomfim TR, et al.: Protection of synapses against Alzheimer's-linked toxins:
insulin signaling prevents the pathogenic binding of Aβ oligomers. Proc Natl Acad Sci U S A. 2009,
106:1971-6. 10.1073/pnas.0809158106

33. Logan S, Pharaoh GA, Marlin MC, et al.: Insulin-like growth factor receptor signaling regulates working
memory, mitochondrial metabolism, and amyloid-β uptake in astrocytes. Mol Metab. 2018, 9:141-55.

2022 Agrawal et al. Cureus 14(10): e30412. DOI 10.7759/cureus.30412 6 of 7

https://dx.doi.org/10.1007/s11011-021-00847-9
https://dx.doi.org/10.1007/s11011-021-00847-9
https://dx.doi.org/10.31887/DCNS.2000.2.2/asschachter
https://dx.doi.org/10.31887/DCNS.2000.2.2/asschachter
https://dx.doi.org/10.1038/cddis.2013.80
https://dx.doi.org/10.1038/cddis.2013.80
https://dx.doi.org/10.1523/JNEUROSCI.0575-06.2006
https://dx.doi.org/10.1523/JNEUROSCI.0575-06.2006
https://dx.doi.org/10.1016/j.str.2006.04.004
https://dx.doi.org/10.1016/j.str.2006.04.004
https://dx.doi.org/10.1080/01616412.2017.1335458
https://dx.doi.org/10.1080/01616412.2017.1335458
https://dx.doi.org/10.1007/s12035-014-8799-1
https://dx.doi.org/10.1007/s12035-014-8799-1
https://dx.doi.org/10.1111/jnc.14258
https://dx.doi.org/10.1111/jnc.14258
https://dx.doi.org/10.1007/BF02172188
https://dx.doi.org/10.1007/BF02172188
https://dx.doi.org/10.1177/002215549804601109
https://dx.doi.org/10.1177/002215549804601109
https://dx.doi.org/10.1177/0891988703256051
https://dx.doi.org/10.1177/0891988703256051
https://dx.doi.org/10.1146/annurev.cb.11.110195.002301
https://dx.doi.org/10.1146/annurev.cb.11.110195.002301
https://dx.doi.org/10.1002/neu.10269
https://dx.doi.org/10.1002/neu.10269
https://dx.doi.org/10.3389/fnagi.2014.00093
https://dx.doi.org/10.3389/fnagi.2014.00093
https://dx.doi.org/10.1016/j.freeradbiomed.2010.09.013
https://dx.doi.org/10.1016/j.freeradbiomed.2010.09.013
https://dx.doi.org/10.1016/j.neures.2011.09.009
https://dx.doi.org/10.1016/j.neures.2011.09.009
https://dx.doi.org/10.3390/biom2010143
https://dx.doi.org/10.3390/biom2010143
https://dx.doi.org/10.1016/j.brainres.2010.10.068
https://dx.doi.org/10.1016/j.brainres.2010.10.068
https://dx.doi.org/10.1002/iub.357
https://dx.doi.org/10.1002/iub.357
https://dx.doi.org/10.1016/j.brainres.2008.06.037
https://dx.doi.org/10.1016/j.brainres.2008.06.037
https://dx.doi.org/10.1523/JNEUROSCI.2213-04.2004
https://dx.doi.org/10.1523/JNEUROSCI.2213-04.2004
https://dx.doi.org/10.1093/brain/awr298
https://dx.doi.org/10.1093/brain/awr298
https://dx.doi.org/10.1016/j.bbadis.2016.01.013
https://dx.doi.org/10.1016/j.bbadis.2016.01.013
https://dx.doi.org/10.1016/j.neurobiolaging.2015.05.020
https://dx.doi.org/10.1016/j.neurobiolaging.2015.05.020
https://dx.doi.org/10.1093/jb/mvq044
https://dx.doi.org/10.1093/jb/mvq044
https://dx.doi.org/10.1016/0006-8993(91)91692-T
https://dx.doi.org/10.1016/0006-8993(91)91692-T
https://dx.doi.org/10.1016/0304-3940(87)90698-7
https://dx.doi.org/10.1016/0304-3940(87)90698-7
https://dx.doi.org/10.1016/j.neuroscience.2018.06.018
https://dx.doi.org/10.1016/j.neuroscience.2018.06.018
https://dx.doi.org/10.1016/j.bbadis.2018.07.005
https://dx.doi.org/10.1016/j.bbadis.2018.07.005
https://dx.doi.org/10.1073/pnas.0809158106
https://dx.doi.org/10.1073/pnas.0809158106
https://dx.doi.org/10.1016/j.molmet.2018.01.013


10.1016/j.molmet.2018.01.013
34. Blaustein MP: Calcium transport and buffering in neurons . Trends Neurosci. 1988, 11:438-43. 10.1016/0166-

2236(88)90195-6
35. Mikkonen M, Alafuzoff I, Tapiola T, Soininen H, Miettinen R: Subfield- and layer-specific changes in

parvalbumin, calretinin and calbindin-D28K immunoreactivity in the entorhinal cortex in Alzheimer’s
disease. Neuroscience. 1999, 92:515-32. 10.1016/S0306-4522(99)00047-0

36. Hof PR, Nimchinsky EA, Celio MR, Bouras C, Morrison JH: Calretinin-immunoreactive neocortical
interneurons are unaffected in Alzheimer’s disease. Neurosci Lett. 1993, 152:145-9. 10.1016/0304-
3940(93)90504-E

2022 Agrawal et al. Cureus 14(10): e30412. DOI 10.7759/cureus.30412 7 of 7

https://dx.doi.org/10.1016/j.molmet.2018.01.013
https://dx.doi.org/10.1016/0166-2236(88)90195-6
https://dx.doi.org/10.1016/0166-2236(88)90195-6
https://dx.doi.org/10.1016/S0306-4522(99)00047-0
https://dx.doi.org/10.1016/S0306-4522(99)00047-0
https://dx.doi.org/10.1016/0304-3940(93)90504-E
https://dx.doi.org/10.1016/0304-3940(93)90504-E

	A Review of Proteins Associated With Neuroprotection and Regeneration in Alzheimer's Disease
	Abstract
	Introduction And Background
	Preclinical Alzheimer's disease
	Mild cognitive impairment due to Alzheimer's disease
	Dementia due to Alzheimer's disease
	Mild Alzheimer's dementia
	Moderate Alzheimer's dementia
	Severe Alzheimer's dementia
	FIGURE 1: Stages of Alzheimer’s disease (AD)


	Review
	Methodology
	Neuro-protective and neuro-regenerative proteins
	TABLE 1: Features of CLSP and humanin


	Conclusions
	Additional Information
	Disclosures

	References


