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Abstract 

Although initially disregarded compared to prion pathogenesis, the functions exerted by 

the cellular prion protein PrPC have gained much interest over the past two decades. 

Research aiming at unravelling PrPC functions started to intensify when it became 

appreciated that it would give clues as to how it is subverted in the context of prion 

infection, and more recently, in the context of Alzheimer’s disease. It must now be 

admitted that PrPC is implicated in an incredible variety of biological processes, 

including neuronal homeostasis, stem cell fate, protection against stress, or cell 

adhesion. It appears that these diverse roles can all be fulfilled through the involvement 

of PrPC in cell signalling events. Our aim here is to provide an overview of our current 

understanding of PrPC functions from the animal to the molecular scale and to highlight 

some of the remaining gaps that should be addressed in future research. 

 

Keywords: CNS function, cell fate and differentiation, protection against stress, cell 

adhesion, cell signalling 

1. Introduction 

Historically, the cellular prion protein PrPC was discovered as the normal host 

counterpart of the pathogenic scrapie prion protein (PrPSc), itself the main component of 

the infectious agent responsible for Transmissible Spongiform Encephalopathies 1. In 

the early years of prion research, unravelling PrPC normal function seemed not as much 

a priority as grasping the properties of PrPSc and understanding TSE-associated 

pathogenesis. This view was reversed when it came to light that unravelling PrPC 

function would illuminate how it is corrupted by pathogenic prions to promote 

neurodegeneration. The first generation of PrP-knockout mice in the early 90’s 2 set the 
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stage for studying PrPC physiological role. Although somehow disappointing at first 

glance since these mice develop with no overt phenotype, they have actually allowed 

bringing to light subtle defects and remain a major tool to dissect PrPC function. At the 

molecular scale, much insight has been gained through the identification of PrPC-

interacting molecules, as well as PrPC-dependent signalling events. In addition, in more 

recent years, our view of PrPC has evolved from a protein majorly involved in neuronal 

function to a broad player in cellular homeostasis, in various tissues and at various 

stages of life. Another equally important concept that has emerged is that PrPC exerts a 

broad protective role against various types of stresses, which has notably been 

exemplified upon challenging PrP-null animals. In this chapter, we will address these 

different points with the aim to provide a comprehensive view of our current knowledge 

of PrPC functions. 

2. The basics of PrPC 

2.1. PrPC from gene to function 

PrPC is encoded by a single gene denoted Prnp, which is located on chromosome 20 in 

man and 2 in mouse. It possesses two paralogues, Prnd and Sprn, encoding the Doppel 

and Shadoo proteins respectively, whose properties have been reviewed recently 3 and 

will not be discussed further in the present chapter. According to species, the Prnp gene 

contains 2 or 3 exons, the entire coding region being contained in the last exon, 

excluding the possibility of alternative splicing 4. The resulting native protein of 253 

amino acids (human numbering) is processed to generate a mature form of 208 residues 

lacking its N-terminal-most signal peptide and modified in its C-terminus with the 

attachment of a glycosyl-phosphatidyl (GPI) moiety allowing for its anchoring to the 

extracellular plasma membrane 5. Two topological transmembrane variants with either 
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their N-terminus (CtmPrP) or C-terminus (NtmPrP) portions in the cytosol have been 

described 6, and may account for the interaction of PrPC with several cytosolic partners. 

In terms of secondary/tertiary structure, it can be globally divided into a N-terminally 

intrinsically disordered domain – often referred to as “flexible tail”-, a central 

hydrophobic domain and a C-terminal globular domain (Fig. 1). The latter region 

contains two Asparagine residues that can be N-glycosylated, flanked by two Cysteine 

residues forming a disulfide bridge. In addition to the full-length isoforms, PrPC can 

undergo proteolytic processing at various positions 7. The best characterized and most 

conserved cleavage site lies in the central domain (alpha-cleavage site) and leads to the 

production of the N1 soluble fragment and the GPI-anchored C1 fragment (Fig. 1). 

Finally, PrPC may exist under soluble full-length isoforms, resulting either from a 

phospholipase-dependent GPI cleavage or from proteolytic cleavage at residues 

228/229 7,8. Thus, the various post-translational modifications that can impact on PrPC 

give rise to a plethora of isoforms, which add to the complexity when studying PrPC 

function. 

From an evolutionary perspective, it is noteworthy that the structural features of PrPC 

are conserved in vertebrates 9, most notably in mammals 10, underscoring their 

functional importance. Interestingly, bioinformatics analyses suggest that the Prnp gene 

family may originate from a common ancestor of the ZIP family of metal ion transporter 

11. In this scheme, the metal binding capacity of PrPC (see below) would represent one of 

its ancestral functions. 

2.2. PrPC expression and localization 

Delineating the functions of PrPC necessitates taking into account when and where it is 

expressed. During embryonic development, Prnp mRNA expression was reported to 

start around embryonic day 6.5 (E6.5) in extra-embryonic tissues 12, followed by the 
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cardiac mesoderm at E7.5 13 and the developing CNS at E8 14. Around E9, PrPC is 

detected in the developing nervous and cardiovascular systems as well as in extra-

embryonic regions 15, in line with its role in stem cell self-renewal (see below). The 

observation that PrPC expression in extra embryonic annexes is maintained at early 

differentiation stages fits in with an important - albeit little explored- role for this 

protein in the physiology of the placenta (reviewed in 16) and in angiogenesis 17,18.  

During neurodevelopment, PrPC remains abundant in sites of active neurogenesis such 

as the ventricular zone, while it is also highly expressed in regions where maturing 

neurons migrate such as the hippocampus and the thalamic and hypothalamic regions, 

consistent with its involvement in neuronal differentiation 19. Analysis of PrPC 

expression during forebrain development in human also indicates that synapses exhibit 

increasing amounts of PrPC throughout synaptogenesis 20. In the adult, while PrPC still is 

enriched in the brain not only in neurons but also in glia and endothelial cells of the 

blood brain barrier 21, it is also widely expressed in all tissues.  

At the sub-cellular scale, most PrPC is found at the membrane, and is notably enriched in 

lipid rafts, or at the synapse in neurons 22,23. This plasma membrane location led to the 

assumption that it may act as a cell surface receptor or co-receptor and instruct signal 

transduction events. PrPC-dependent signalling now represents one of the most fertile 

areas of research related to PrPC function, and will be addressed in detail in section 8. 

Beyond the membrane, a less studied spatial location is the cytosol, where PrPC seems to 

accumulate in conditions of stress 24. Other locations include the base of the primary 

cilium 15, the nucleus 25 or extracellular vesicles such as exosomes 26. At present, the 

mechanisms sustaining the trafficking of PrPC to the cilia or its shuttling to the nucleus 

remain enigmatic. 
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3. Lessons from knockout models 

In the early 90’s, several groups reported on the generation of PrP-null mice. Beyond a 

drastic neurodegenerating phenotype due to the accidental upregulation of the PrP 

paralogue Doppel, whose gene is located downstream from Prnp 27 and a mis-attributed 

regulation of phagocytosis due to confounding effects of the flanking gene Sirpa 28, these 

various models have revealed that PrPC deficiency is associated with a variety of 

neurological defects. These include alterations in memory and locomotor activity 29, 

circadian rythms 30,31, olfaction 32, pain sensitivity 31,33, and a depressive-like behaviour 

34. Interestingly, some defects appear to worsen with age 35, suggesting that the lack of 

PrPC may be more detrimental at defined periods of life 36. Prnp-null mice have also been 

instrumental in revealing that PrPC is necessary for the long-term maintenance of 

hematopoietic stem cells (HSCs) 37 and for the proliferation of neural progenitors 38, 

opening the question of the role exerted by this protein in stem cell biology (see below 

and 39). Another set of observations has exemplified an increased vulnerability of PrP-

null mice to various types of stresses: ischemia 40, behavioural stresses 41 or 

inflammatory conditions (reviewed in 42). Perhaps the best understood phenotype at 

present is the demyelinating disease not only observed in first-generation PrP knockout 

mice 43 but also confirmed in Prnp-ablated mice generated through genome editing 44. 

Indeed, molecular studies have shown that the PrPC N-terminal acts as an agonistic 

ligand of the Adgrg6 receptor, whose activation is necessary for myelin maintenance 45. 

Finally, in contrast to the mild phenotypes observed in mice invalidated for PrPC, a 

drastic impact of the knockdown of the fish Prnp orthologue PrP-1 was reported in 

zebrafish, with a lethal phenotype due to cell adhesion and gastrulation defects 46. 

Interestingly, the phenotype of PrP-1 morphants could be rescued using mouse PrPC, 

highlighting an evolutionary conserved function 46. Readers are referred to the recent 
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review by Halliez et al. for a comprehensive view of the consequences of PrPC 

invalidation 47. 

4. Miscellaneous roles in CNS function 

4.1. Cognitive and behavioural functions 

Because TSE are neurodegenerative diseases and because PrPC is most abundantly 

expressed in the brain, PrPC function has been the most studied in the context of 

neurons. The notion that pathogenic prions exert their toxicity by deviating the normal 

function of PrPC in neurons 48 has further boosted research on the physiological role 

exerted by PrPC in these cells. As mentioned above, synaptic deficits were among the 

first defects to be described in PrP-null mice 49, although initially questioned 50. Further 

studies have consistently reported on alterations of synaptic activity in absence of PrPC 

51,52, including in the context where PrPC is ablated at a post-natal stage 53. Incidentally, 

the notion that PrPC may contribute to memory is also indirectly supported by the 

identification of SNPs in the human PRNP gene associated with enhanced long-term 

memory 54 and the demonstration that PRNP is a target gene of FOXP2, a key 

transcription factor involved in language development 55. The regulation of Prnp gene 

expression by the E4BP4 transcription factor 56, which is involved in the regulation of 

the circadian clock 57, may on another hand accommodate the link between PrPC and 

circadian rhythms 30,31 and contribute to the induction of PrPC mRNAs in response to 

melatonin 58. 

4.2. Neuritogenesis and neuronal differentiation 

From a mechanistic point of view, the contribution of PrPC to synaptic function may 

operate at different levels. A first axis relates to neuronal differentiation and brain 

wiring. The contribution of PrPC to neuronal differentiation has been mostly 
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investigated from a cell architecture point of view, although the implementation of 

neuronal polarity and that of neurotransmitter-associated functions are intimately 

connected 59, and are both altered in the context of prion infection 60. Several studies 

indeed have exemplified a participation of PrPC to neurite elongation and synapse 

development 61–66. This positive action of PrPC on neuritogenesis may depend on the 

functional interaction of PrPC with various partners: the neural cell adhesion molecule 

NCAM 61,66, laminin 63,67, STI1 68,69, integrins 65,70,71, vitronectin 70 or itself 61 and the 

recruitment of signal transduction cascades, as will be described below. On another 

hand, PrPC was shown to potentiate the inhibitory effect of the contactin-associated 

protein (Caspr) on neurite outgrowth in a Reelin-dependent manner 72. In mature 

neurons, PrPC may further contribute to the structural maintenance of the synapse by 

regulating cytoskeletal components such as cofilin or local protein translation, two 

processes that are impaired under prion infection 60,73.  

4.3. Balancing neuroprotection and neurotoxicity  

Given the beneficial functions exerted by PrPC in neuronal physiology (see also section 6 

for the protective role of PrPC against stress), it came as a surprise that antibody-

mediated crosslinking of PrPC caused extensive neuronal apoptosis in vivo 74, hinting at a 

pro-apoptotic role of this protein. Several observations obtained in mice expressing 

mutant forms of PrPC have additionally brought insight into the dichotomous role of 

PrPC as a trigger of pro-survival or pro-apoptotic cascades in neurons. For instance, mice 

expressing a N-terminally truncated form of PrPC (∆32-121 or ∆32-134) were shown to 

suffer from ataxia and cerebellar degeneration 75, pointing to a protective role of the N-

terminal flexible tail of PrPC. Deletions of the central hydrophobic region (∆94-134 or 

∆105-125) also caused drastic spontaneous cerebellar disorders 76,77. Deleting the 

central domain in PrPC notably obliterates the alpha-cleavage site and precludes the 
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generation of the soluble N1 fragment, raising the possibility that these severe 

phenotypes are caused – at least partly - by the lack of N1.  

More recently, several elegant studies lead by the Aguzzi’s group and exploiting a panel 

of antibodies targeting various epitopes of PrPC have shed further light on the respective 

roles of the N-terminal and C-terminal regions of PrPC. One outstanding conclusion of 

these works is that antibodies targeting the globular domain exert a neurotoxic effect in 

mice or cerebellar organotypic slices and seem to mimic the effect of prion infection 78, 

while those directed against the flexible tail are innocuous 79. Of note, the latter protect 

against the deleterious effects of antibodies to the globular domain 78, as well as against 

the toxicity of PrPC mutants bearing a deletion of the central domain (PrP∆94-134) 79. 

These observations hence corroborate the notion that the flexible tail of PrPC and its 

globular domain exert distinct action. Since the flexible tail of PrPC was recently 

identified as an agonistic ligand of the Adgrg6 receptor to sustain myelin maintenance 45, 

we may envision that it exerts broader agonistic effects on yet-to-be-identified 

receptor(s) to maintain brain homeostasis. Other members of the adhesion GPCR family 

beyond Adgrg6 itself clearly represent candidates for relaying the protective action of 

PrPC N-terminal tail in view of their conspicuous roles in nervous system development 

and function 80.  

4.4. Beyond neurons: PrPC in glia 

It has recently emerged that neural circuits are also shaped by complex neuron-glia 

interactions 81,82. In this scheme, the contribution of PrPC to proper brain function may 

involve dialogues between neurons and other cell types, as described for the PrPC-

Adgrg6 duo at the interface between neurons and Schwann cells 45. For instance, PrPC 

from astrocytes was shown to promote neuritogenesis and neuronal survival 83. More 

generally, PrPC from astrocytes appears to play a protective role under stress conditions, 
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both on astrocytes themselves 84, but also on neighbouring neurons 85. In the latter 

study, PrPC was shown to be transferred from astrocytes to neurons via exosomes 85. 

Adding yet another layer of complexity to the picture, PrPC appears to regulate the 

secretion of exosomes itself 86. We may hence suspect that the absence of PrPC may have 

broader impact on brain extracellular vesicles, which represents an important means of 

intercellular communication 87. Other consequences of PrP deficiency in astrocytes 

include defects in lactate transport 88, as well as altered excitatory amino acid 

transporter activity 89,90. 

4.5. The metal connection  

The involvement of PrPC in neuronal functions may further arise from its ability to bind 

divalent cations in its N-terminal region. Following the first report that PrPC binds 

copper in vivo 91, several studies have suggested that PrPC may be involved in the 

regulation of copper concentration at the synapse (see 92 for review). Interestingly, 

copper appears to influence some PrPC-mediated cell signalling events 93,94. More 

recently, Gasperini et al found that PrPC cooperates with copper to induce S-

nitrosylation of the NMDA receptor 95. Beyond copper, PrPC also binds zinc ions and 

facilitate their uptake in neuronal cells via AMPA receptors 96. Altogether, several 

reports converge onto a protective role against glutamate or AMPA/kainate-induced 

excitotoxicity 95,97–99. It is noteworthy that this protective role with respect to neuron 

excitability is conserved in fish 100.  

4.6. From neurotransmitter receptors to neurotransmitter-associated functions 

The above studies further point to crosstalks between PrPC and neurotransmitter 

receptors. These functional interactions, which have been reviewed recently 101, extend 

beyond NMDA and AMPA receptors and also include serotonergic 94,102,103 or cholinergic 

104,105 receptors. An interaction between PrPC and the purinergic P2X4R has also been 
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recently described 106. A related emerging theme is the broader implication of PrPC in 

the fine-tuning of neurotransmitter-associated functions. Indeed, at the animal scale, the 

absence of PrPC appears to induce defects in the dopaminergic 107,108, cholinergic 109 or 

serotonergic 31,107 systems. As for the latter, PrPC contributes to the regulation of 

monoamine synthesis 110, catabolism 111, or release 94 through various cell-signalling 

dependent mechanisms. Interestingly, a modulatory role of PrPC on synaptic release was 

recently exemplified at the Drosophila neuro-muscular junction 112, further adding 

support to a potentiating role of PrPC in synaptic transmission 113 (for review). 

5. Cell fate and differentiation  

5.1. Stem cell self-renewal and expansion 

Interest for a potential contribution of PrPC to the biology of stem cells arose with the 

discovery that it is abundantly expressed in HSCs, including the most immature Lin-

Sca+Endoglin+ subpopulation, and that it is necessary for the long-term maintenance of 

these cells 37. PrPC was subsequently shown to be highly expressed in neural 38, cardiac 

13, mammary 114, skeletal muscle 115 or mesenchymal 116 progenitors. Thus, high PrPC 

expression appears as a generic feature of various types of stem cells. In line with this, 

PrPC was shown to be upregulated following the induction of multipotential embryonic 

stem (ES) or carcinoma (EC) cells towards a more restricted neural 117,118 or cardiac 13 

fate, or during their spontaneous differentiation 119,120. Furthermore, expressing PrPC in 

ES cells grown under self-renewal conditions was reported to promote their induction 

towards lineages of the three germ layers 121. Altogether, these observations posit PrPC 

as an important player in stem cell fate determination and raise the question as to the 

cellular processes to which it may participate in a stem cell context. One recurring theme 

is its contribution to proliferation. For instance, PrPC levels correlate with the 
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proliferation rate of neural progenitors in two neurogenic regions in adult mice: the 

subventricular zone (SVZ) and the dentate gyrus (DG) 38. Ex vivo, neurospheres from 

fetal 122 or adult 123 brain further proliferate less efficiently when derived from Prnp 

knockout versus wild type mice. These defects may notably be explained by a lack of 

response to the PrPC ligand STI1 122. The contribution of PrPC to stem cell proliferation 

also holds true for mesenchymal progenitors 116. Interestingly, PrPC expression was 

recently shown to be induced after hypoxia preconditioning and to enhance the survival 

and proliferation of transplanted mesenchymal stem cells (MSCs) 124. That PrPC may 

strengthen tissue repair was also exemplified in the context of HSC transplantation 37 or 

muscle regeneration 115. Another notable example is the participation of PrPC to 

recovery from ischemia 18,40,125,126, possibly after mobilization by its ligand STI1 127. 

Finally, because PrPC remains highly expressed in adult neurogenic zones, it is likely to 

take part to brain repair following stress or injury, a process that appears to be defective 

under prion infection 128.  

5.2. A hub in developmental signalling pathways 

At a mechanistic level, we reported on altered cell cycling and reduced expression of 

Cyclin D1 after knockdown of PrPC in a neuronal progenitor cell line 15. These changes 

may notably be accounted for by defects in the Hedgehog pathway, that we identified in 

vitro and further confirmed in vivo within a narrow time-window during embryonic 

development 15. Another important clue to the PrPC-Hedgehog connection is the location 

of PrPC at the base of the primary cilium, where Hedgehog signalling operates 129, 

highlighting a potential role for PrPC in primary cilium turnover 15. It is of note that PrPC 

was found in the proteome of the primary cilium in three independent studies 130–132, 

calling for a better knowledge of the function exerted by PrPC in this specific organelle. 

Beyond the Hedgehog pathway, we recently added another piece to the PrP-stem cell 
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puzzle by uncovering a connection between PrPC and the Notch pathway 133. We found 

that the absence of PrPC in neural progenitors is associated with a marked reduction in 

the expression of various effectors of the Notch pathway, which plays an overriding role 

in neural stem cell maintenance 134. This correlates with subtle differences in the 

developing nervous system of Prnp knockout mice, including transient decreases in the 

expression of the neural stem cell marker Nestin, and altered distribution of N-cadherin, 

which is important for the maintenance of neural progenitors in the ventricular zone 135. 

The latter observation also fits in with the proposed role of PrPC in cell adhesion, notably 

during embryonic development (see section 7). Our study further allowed delineating a 

gene regulatory network involving PrPC, Notch and the EGF receptor (EGFR), where PrPC 

positively controls the expression of EGFR via Notch while EGFR exerts a negative 

feedback on both PrPC and Notch 133. Adding another layer to this network, we 

documented a positive feedback regulation of the Notch pathway on PrPC. Incidentally, 

the Notch target gene Hes1 was reported to bind to the Prnp promoter 136 and thus 

represents a good candidate for relaying this process. Finally, because PrPC, Notch and 

EGFR all regulate HSC self-renewal in the bone-marrow niche 137,138, we may speculate 

that this network also operates in HSCs. 

5.3. Choice of cell fate and differentiation 

A corollary to the reduced self-renewal of neural progenitors in absence of PrPC would 

be a precocious engagement into a more mature state. This notion is supported by the 

increase in Doublecortin-positive neuroblasts in Prnp-null mice 123. The absence of PrPC 

further promotes an increase in NG2+Olig2+ oligodendrocyte precursor cells, both 

during embryonic development and in the adult brain 139. In line with the notion that 

Notch signalling negatively regulates Olig2 expression during brain patterning 140, we 

proposed that Notch pathway alterations may account for the increased Olig2 
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expression in the neural tube of PrP-null embryos 133. Curiously, while PrPC is necessary 

for the maintenance of neural progenitor cells in an immature state, it is on another 

hand required for the early steps of neurite elongation 65 and subsequent neuronal 

differentiation (see section 4.2). One explanation for this apparent discrepancy would be 

the multiplicity of PrPC isoforms, likely endowed with specific – or even opposite - 

functions. We may also suspect the involvement of defined partners, which would 

engage preferentially with a subset of PrPC isoforms. Although much speculative at 

present, such a view is nevertheless supported by the reported competitive action of the 

two PrPC ligands STI1 and A for the recruitment of protective and toxic pathways, 

respectively 141. Apart from neurons, high levels of PrPC were shown to enhance the 

development of astrocytes 142. Finally, PrPC is differentially regulated according to cell 

fate along the hematopoietic lineage as well (reviewed in 39,42). For instance, PrPC 

expression is decreased along erythroid differentiation 143. In this context, it is 

noteworthy that mutant goats naturally devoid of PrPC exhibit elevated red blood cell 

number 144. 

6. A broad protective role against stress 

6.1. PrPC is induced under stress 

Dissecting the regulation of a given gene can teach us about the function of the 

corresponding protein. In the case of PrPC, several analyses of the Prnp promoter have 

notably revealed binding sites for various transcription factors, including Sp1 and AP-1 

145, p53 146, the heat shock factor HSF1 147, sXBP1 148 or FOXO3A 149. Interestingly, Qin et 

al. 150 reported on the induction of PrPC expression by Sp1 and p53 following the 

activation of the ATM kinase under oxidative stress conditions. In line with this, the PrPC 

protein content was shown to correlate with altered redox states in prostate spheroids 
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151. The Sp1 transcription factor, which is positively regulated by the hypoxia-inducible 

factor HIF was also proposed to account for the induction of PrPC under hypoxic 

conditions 152. The upregulation of PrPC in response to hypoxia has been further 

corroborated by diverse studies 18,153. The regulation of the Prnp gene by sXBP1 was on 

another hand shown to promote PrPC expression under ER stress conditions 148,154. As 

for the control of Prnp gene expression by FOXO3A, it may notably have relevance as to 

contribution of PrPC to the long-term maintenance of HSCs since FOXO3A is essential for 

this process 155. A FOXO3A-dependent induction of PrPC could also possibly account for 

the protection afforded by FOXO3A in HSCs against oxidative DNA damage 156. In 

addition to these findings, an interesting observation is the upregulation of PrPC in 

neutrophils after systemic exposure to LPS, which was shown to involve TGF and 

glucocorticoids 157. The latter study hints at a potential role of PrPC in the response to 

neuroimmunoendocrine stress. In agreement, PrPC was recently shown to mitigate the 

inflammatory response to LPS 158.  

6.2. Protection against oxidative stress  

That PrPC protects against oxidative stress is a recurring theme in PrPC function and has 

been addressed in several reviews 9,92,159,160. A global notion is that PrPC may take part to 

antioxidant defence either by directly buffering ROS 161, undergoing processing within 

its N-terminal region (so-called beta-cleavage) 162,163 or by promoting the induction of 

antioxidant enzyme activities and increasing glutathione levels 89,124,164. These actions 

are directly connected to the copper-binding capacity of PrPC and depend on its N-

terminal domain 160. The protective action of PrPC against oxidative stress is not 

restricted to neurons, but was also reported in various cell contexts including astrocytes 

84, MSCs 124 or the placenta 17. This function underlies, at least partly, the beneficial role 

exerted by PrPC under hypoxic conditions 18,124.  
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6.3. Protection against genotoxic stress  

The beneficial action of PrPC against oxidative stress extends to the protection against 

reactive oxygen species-induced DNA damage 165,166 and also involves the N-terminal 

domain of the protein 166. Recently, Bravard et al. brought further insight into the 

relationship between PrPC and the DNA damage response by demonstrating that PRNP 

gene transcription is upregulated in neurons after exposure to a genotoxic stress 167. The 

resulting increased PrPC was shown to accumulate in the nucleus, where it interacts 

with the endonuclease APE1 and stimulates its base excision repair activity. The 

involvement of PrPC in protection against genotoxic stress is also supported by its 

positive regulation by the ATM kinase 150, a major guardian of genome integrity 168.  

6.4. Protection against apoptosis 

The protective role exerted by PrPC against other types of deleterious inputs has been 

extensively exemplified in various settings (see 159,169 for review). The pro-survival 

action of PrPC has notably been documented in the context of serum deprivation 170, 

caspase activation by staurosporine 171–173, protein synthesis inhibition 174, calcium 

overload 172, ischemia 18,40,125,126 or excitotoxicity 95,97–99. From a mechanistic point of 

view, the cytoprotective role of PrPC is imparted by its N-terminal domain 99,125,171,175 

(see also section 4.3). It may relate to its mobilization by STI1 68,127,176,177, and the 

downstream activation of PI3K/Akt 126,175 or PKA 68. An alternative mode of action relies 

on the shedding of the soluble N1 fragment and the downregulation of p53 171.  

6.5. An immune privilege molecule ? 

These well-established cytoprotective actions of PrPC together with its high and 

regulated expression in the immune system led to the proposal that it may contribute to 

immune quiescence 42. Immune quiescence, also termed immune privilege, encompasses 

a combination of anatomical, physical and immunoregulatory processes that restrain 
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immune-mediated inflammation in sites where it may cause irreversible damage 178. The 

PrPC-immune privilege connection is supported by the abundant expression of PrPC in 

tissues with immune privilege, such as the brain and the placenta, together with a set of 

observations highlighting that the absence of PrPC aggravates pathology in various 

experimental inflammatory settings 42. The concept that PrPC may be considered as an 

immune privilege molecule provides a new angle for investigating PrPC function and will 

certainly constitute an interesting area for future research. 

6.6. Involvement in proteostasis 

Proteostasis refers to the global network allowing for cellular proteins to maintain a 

proper biological activity according to the cell environment 179. A strong indicator that 

PrPC may contribute to the proteostatic network is the regulation of Prnp gene 

transcription by various factors of this network 179, such as HSF1 147, sXBP1 148 or 

FOXO3A 149. In addition, in terms of protein translation, one interesting observation is 

that in the course of TSEs, while activation of the PERK pathway halts the translation of 

most proteins, including synaptic constituents, Prnp transcripts escape this negative 

regulation 73. From a functional point of view, PrPC may take part to the proteostatic 

network at several levels: by promoting protein synthesis via mTOR 180, activating 

autophagy by recruiting Beclin1 181 or mediating the action of the cholinergic 

alpha7nAchR 105, organizing the interplay between exosome secretion and 

autophagosome formation 86 or protecting against ER stress 182. Finally, the location of 

PrPC at the base of the primary cilium and its potential impact on ciliary turnover 15 may 

also have relevance as to this issue in view of the emerging relationship between cellular 

proteostasis and ciliogenesis 183. 
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7. Cell adhesion and ECM contacts 

7.1. Multiple adhesion partners 

The involvement of PrPC in cell adhesion was first supported by the demonstration that 

it interacts with several proteins relevant to this process such as the ECM molecules 

laminin 63,184 or vitronectin 70, or several transmembrane proteins such as the laminin 

receptor precursor 185 or NCAM 186. PrPC has further been shown to interact with 1 

integrins 71,187 and to modulate their activity 65,188. This interplay with integrins may 

endow PrPC with the capacity to regulate the turnover of focal adhesions 65,189. The 

contribution of PrPC to cell adhesion processes may further involve homophilic 

interactions, as suggested for instance in the case of brain endothelial cells 21. 

7.2. Special links with cadherins  

Cadherins represent another class of adhesion molecules sustaining cell-cell contacts 

whose functional interactions with PrPC have received much interest. In intestinal cells, 

which form a highly polarized epithelium, PrPC was found to co-localize with E-cadherin 

at cell-cell junctions 190. While E-cadherin did not co-precipitate with PrPC in that study, 

it is noteworthy that PrPC was however found in the interactome of E-cadherin 191. 

Subsequent reports suggested that, according to cell density, PrPC may shuttle between 

the membrane, where it interacts with desmosomal proteins, and the nucleus, where it 

regulates the transcriptional activity of -catenin 192,193. These observations are 

consistent with a role for PrPC in the balance between proliferation and differentiation 

of intestinal epithelial cells. They are further in line with the reported alteration in the 

intestinal epithelial barrier in PrP null mice and the decreased levels of PrPC in the 

intestine of patients with inflammatory bowel diseases 194. Besides, in the context of 

embryonic development, the seminal study by Malaga-Trillo demonstrated that the 

lethal phenotype obtained upon knockdown of PrP-1 in zebrafish correlated with 
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impaired delivery of E-cadherin at the cell surface 46. PrPC actually appears to broadly 

affect the cycling of E-cadherin since it also negatively controls its endocytosis via src 

kinases 195. A second member of the cadherin family, namely N-cadherin, may also be 

influenced by PrPC, in terms of trafficking to the neuronal cell surface 196 or distribution 

in the developing neuroepithelium 133.  

7.3. Modulating the ECM composition 

Finally, PrPC may impact on the composition of the ECM itself, as described in astrocytes 

83 or neuronal progenitor cells 65, or on its remodelling, for instance by controlling the 

activity of the metalloprotease MMP9 197. Another context where we may suspect PrPC to 

act on the ECM composition is in dental tissue in view of the defects in dentin structure 

reported in Prnp-knockout mice 198. 

8. From partners to cell signalling 

8.1. Cell signalling: the unifying function of PrPC ? 

The involvement of PrPC in such a broad range of biological processes raises the 

question as to how these heterogeneous roles can be unified. A consensual view is to 

consider PrPC from a cell communication point of view: its interaction with a given set of 

partners within a given cell environment will mobilize signal transduction cascades. In 

this paradigm, PrPC will serve as a “hub”, connecting an input to cell adaptation. This 

function may operate according to different modes of action: in some instances PrPC (or 

its cleavage products) would serve as a ligand, as described for the activation for Adgrg6 

45, while in others it may act as a cell-surface receptor or co-receptor, as reported in the 

case of the A-PrPC-mGluR5 complex 199. Finally, PrPC may also indirectly regulate the 

activity of various signalling molecules such as 1 integrins 65, E-cadherin 46 or EGFR 200 

by impinging on their trafficking. 
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8.2. A great variety of partners 

A plethora of PrPC partners have been identified through various methods (see 9,201 for 

review), including using proteomics-based strategies 187,202,203. Among those, a subset 

whose interaction with PrPC was shown to have functional relevance is listed in Table 1. 

Two of the most studied PrPC interacting molecules until now are the extracellular 

chaperone STI1 and the amyloid peptide A, involved in Alzheimer’s disease. STI1 was 

initially identified as a PrPC ligand through complementary hydropathy 204. Subsequent 

studies have highlighted an involvement of the PrPC-STI1 duo in multiple biological 

processes including neural stem cell self renewal 122, neuronal differentiation 68,69, 

neuronal survival 68,177, neuronal protein synthesis 180, memory consolidation 205, 

potentiation of neurotransmitter release 94, or protection against ischemia 127,176. As 

mentioned above, STI1 may further protect against the toxicity of the PrPC alternative 

ligand A 141. A has entered the PrPC field more recently, with the seminal report by 

Lauren et al. that PrPC serves as a receptor for A-derived diffusible ligands (ADDLs) and 

partially relays their toxicity 206. The A-PrPC interplay now represents an area of 

intense research and has been the topic of several recent reviews 207–209. Of note, some 

studies anterior to the Lauren paper had identified the A precursor protein APP or its 

paralogues APLP1 and APLP2 as PrPC partners 203,210. From a functional point of view, 

the interaction of APP with PrPC was shown to be conserved from zebrafish to human 

and to contribute to cell adhesion and CNS development 211. Another central PrPC 

partner that deserves special attention is the scaffold protein caveolin-1. Caveolin-1 not 

only serves as a relay for the activation of src kinases downstream from PrPC 71,94,212, but 

is also involved in regulating the balance between exosomes and autophagosomes 86. 

Caveolin may actually act as a bridging molecule between PrPC and several of its binding 

partners: cell signalling effectors such as src kinases 71,94,212 or -catenin 192,213, integrins 
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71, cytoskeletal components such as actin 193,214. The reader is referred to Table 1 for 

other relevant PrPC interacting molecules. 

8.3. Overview of PrPC-dependent signal transduction 

The involvement of PrPC in cell signalling events has been addressed in several recent 

reviews, with special focus on neuronal 101,215 or immune 42 contexts. We further refer 

the reader to these reviews for a list of PrPC downstream targets. Mechanistically, it is 

now generally accepted that the mobilization of signalling cascades by GPI-anchored 

PrPC relies on the formation of multimolecular complexes in specific subdomains of the 

plasma membrane known as lipid rafts. The participation of raft constituents such as 

caveolin 71,94,212 or flotillin 216 has been documented in some studies and is suspected in 

some others, where raft integrity is an important parameter 217,218. In this line, it is 

noteworthy that the removal of sialic acid within the GPI anchor interferes with the 

targeting of PrPC to the synapse 219, directs PrPC to a subset of rafts distinct from those 

where it normally segregates and hinders its activation of the cytosolic form of 

phospholipase A2 220. Thus, compartmentalization represents an important parameter 

with respect to PrPC signalling, which may provide spatial proximity or, to the opposite, 

insulation between PrPC and its effectors. This notion is all the more important since 

prion infection may alter the spatial organisation and composition of rafts 221,222. 

Endocytosis represents a connected issue, with relevance to signal duration and 

formation of signalling endosomes 223. Although little explored until now, PrPC 

endocytosis was shown to be important for the recruitment of ERK1/2 in response to 

STI1 224. The cell surface residency of PrPC was further reported to be increased in cells 

exposed to A 225, while decreased in prion infected cells 226. Another interesting point is 

the notion that PrPC-dependent signalling may necessitate the formation of PrPC dimers 

99,227 and in turn favour proteolytic processing 93,228. Metal and ligand binding, 
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internalisation and cleavage may actually be intertwined processes that clearly deserve 

further investigation.  

Finally, despite tremendous progress in the PrPC signalling field, several grey areas 

remain. One unresolved question relates to the subset of PrPC isoforms that specifically 

engages into a given signalling platform, according to the cell type or even according to 

the sub-cellular location, as in the case of neuronal cell bodies versus neurites 94,212. 

Delineating the mechanisms imparting spatial and temporal control on PrPC signalling 

also feature among the priority axes for future investigations, since their deregulation is 

likely to contribute to the deleterious action of pathogenic prions 229 or other amyloid 

peptides such as Aβ (see 230 for review). 

9. Concluding remarks 

Because it fulfils myriads of functions and at the same time appears to be dispensable 

for normal development and most physiologic processes, PrPC is both a tricky and 

fascinating molecule. Recent years have witnessed important advance in our 

understanding of the cellular and molecular pathways to which PrPC contributes and we 

may expect exciting new discoveries in the coming years. Achieving a comprehensive 

picture of PrPC biological role goes well beyond curiosity as it may have implications for 

the development of drugs aimed at restoring PrPC functions in TSEs and other 

pathological settings.  
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Table 1 

Protein name Biological outcome 
Extracellular ligands  
STI1 Neural stem cell self renewal 122,  

Neuronal differentiation 68,69,  
Neuronal survival 68,177, 
Neuronal protein synthesis 180,  
Memory consolidation 205,  
Potentiation of neurotransmitter release 94,  
Protection against ischemia 127,176. 

Aβ Neurotoxicity 206,  
NMDA turnover 231,  
Tau phosphorylation 232 

ECM proteins  
Laminin Neurite outgrowth63,67,69,  

Memory 233.  
Vitronectin Neurite outgrowth 70 
Scaffold proteins  
Caveolin-1 Activation of src kinases downstream from PrPC 71,94,212,  

Balance between exosomes and autophagosomes 86 
Flotillin Trafficking of N-cadherin 196, 

Trafficking of EGFR 200. 
Cell adhesion 
receptors 

 

APP Cell adhesion and CNS development 211. 
Integrin β1 Neuritogenesis 65,70,71. 
37kDa/67kDa Laminin 
receptor 

Cell survival 234. 

NCAM Neurite outgrowth 66,  
Neuronal differentiation 123 

Growth factor 
receptors 

 

EGFR Cell proliferation 235. 
Focal adhesion 
components 

 

Desmosomal proteins Maintenance of epithelial polarity 193 
Neurotransmitter 
receptors 

 

mGluR1 Neurite outgrowth 67 
mGluR2 Astrocytic lactate transport 88 
mGluR5 Neurite outgrowth 67 

Long-term depression 236, 
A-dependent neurotoxicity 199 

mGluR6/7 Protection against excitotoxicity 237 
GluA1, GluA2 Neuronal zinc transport 96 
GluN2D Protection against excitotoxicity 238 

7nAchR Regulation of autophagy 105 
Calcium signalling 104  

Miscellaneous cell 
surface proteins 

 

LRP1 Endocytosis239, 
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Potentiation of neurotransmitter release 94. 
Adgrg6 Peripheral myelin maintenance 45 
Na+/K+-ATPase Astrocytic lactate transport 88 
Glypican-1  Raft association 240, 
TNAP Laminin dephosphorylation 110 
BACE1 APP cleavage 241 
Miscellaneous 
intracellular 
proteins 

 

Members of the Rab 
family of small 
GTPases  

PrPC trafficking 242 

Argonaute MicroRNA processing 243 
Lactate 
dehydrogenase A 
(LDHA) 

Activation of LDHA244 

-catenin Transcriptional activity of the catenin/TCF7L2 complex 192 

 

 

Legend to Figure 1: 

Secondary structure of mouse PrPC emphasizing the N-terminal flexible tail and the C-

terminal globular domain. N1 and C1 fragments are generated following alpha-cleavage. 

N-glycosylation sites and cysteine disulfide bridge formation are indicated. Beta sheets 

and alpha helices are highlighted in red and green, respectively, while the hydrophobic 

domain is highlighted in purple. 

  



 25 

References 

1.  Oesch B, Westaway D, Walchli M, et al. A cellular gene encodes scrapie PrP 27-30 
protein. Cell. 1985;40(4):735-746. 
2.  Bueler H, Fischer M, Lang Y, et al. Normal development and behaviour of mice 
lacking the neuronal cell-surface PrP protein. Nature. 1992;356(6370):577-82. 
3.  Ciric D, Rezaei H. Biochemical insight into the prion protein family. Front Cell Dev 
Biol. 2015;3:5. doi:10.3389/fcell.2015.00005. 
4.  Mastrangelo P, Westaway D. The prion gene complex encoding PrPC and Doppel: 
insights from mutational analysis. Gene. 2001;275(1):1-18. doi:10.1016/S0378-
1119(01)00627-8. 
5.  Stahl N, Baldwin MA, Hecker R, Pan KM, Burlingame AL, Prusiner SB. 
Glycosylinositol phospholipid anchors of the scrapie and cellular prion proteins contain 
sialic acid. Biochemistry (Mosc). 1992;31(21):5043-5053. 
6.  Harris DA. Trafficking, turnover and membrane topology of PrP. Br Med Bull. 
2003;66:71-85. 
7.  McDonald AJ, Dibble JP, Evans EG, Millhauser GL. A new paradigm for enzymatic 
control of alpha-cleavage and beta-cleavage of the prion protein. J Biol Chem. 
2014;289(2):803-813. doi:10.1074/jbc.M113.502351. 
8.  Parkin ET, Watt NT, Turner AJ, Hooper NM. Dual mechanisms for shedding of the 
cellular prion protein. J Biol Chem. 2004;279(12):11170-11178. 
doi:10.1074/jbc.M312105200. 
9.  Aguzzi A, Baumann F, Bremer J. The prion’s elusive reason for being. Annu Rev 
Neurosci. 2008;31:439-477. doi:10.1146/annurev.neuro.31.060407.125620. 
10.  van Rheede T, Smolenaars MMW, Madsen O, de Jong WW. Molecular evolution of 
the mammalian prion protein. Mol Biol Evol. 2003;20(1):111-121. 
11.  Schmitt-Ulms G, Ehsani S, Watts JC, Westaway D, Wille H. Evolutionary descent of 
prion genes from the ZIP family of metal ion transporters. PLoS One. 2009;4(9):e7208. 
12.  Manson J, West JD, Thomson V, McBride P, Kaufman MH, Hope J. The prion 
protein gene: a role in mouse embryogenesis? Development. 1992;115(1):117-122. 
13.  Hidaka K, Shirai M, Lee JK, et al. The cellular prion protein identifies bipotential 
cardiomyogenic progenitors. Circ Res. 2010;106(1):111-119. 
doi:10.1161/CIRCRESAHA.109.209478. 
14.  Tremblay P, Bouzamondo-Bernstein E, Heinrich C, Prusiner SB, DeArmond SJ. 
Developmental expression of PrP in the post-implantation embryo. Brain Res. 
2007;1139:60-67. doi:10.1016/j.brainres.2006.12.055. 
15.  Halliez S, Martin-Lanneree S, Passet B, et al. Prion protein localizes at the ciliary 
base during neural and cardiovascular development and its depletion affects α-tubulin 
post-translational modifications. Sci Rep. 2015;5:17146. 
16.  Makzhami S, Passet B, Halliez S, et al. The prion protein family: a view from the 
placenta. Front Cell Dev Biol. 2014;2:35. 
17.  Alfaidy N, Chauvet S, Andrei S, et al. Prion protein expression and functional 
importance in developmental angiogenesis: role in oxidative stress and copper 
homeostasis. Antioxid Redox Signal. 2012;18:400-411. doi:10.1089/ars.2012.4637. 
18.  Doeppner TR, Kaltwasser B, Schlechter J, et al. Cellular prion protein promotes 
post-ischemic neuronal survival, angioneurogenesis and enhances neural progenitor cell 
homing via proteasome inhibition. Cell Death Dis. 2015;6:e2024. 
doi:10.1038/cddis.2015.365. 
19.  Benvegnù S, Poggiolini I, Legname G. Neurodevelopmental expression and 



 26 

localization of the cellular prion protein in the central nervous system of the mouse. J 
Comp Neurol. 2010;518(11):1879-1891. doi:10.1002/cne.22357. 
20.  Adle-Biassette H, Verney C, Peoc’h K, et al. Immunohistochemical expression of 
prion protein (PrPC) in the human forebrain during development. J Neuropathol Exp 
Neurol. 2006;65(7):698-706. doi:10.1097/01.jnen.0000228137.10531.72. 
21.  Viegas P, Chaverot N, Enslen H, Perrière N, Couraud P-O, Cazaubon S. Junctional 
expression of the prion protein PrPC by brain endothelial cells: a role in trans-
endothelial migration of human monocytes. J Cell Sci. 2006;119(Pt 22):4634-4643. 
doi:10.1242/jcs.03222. 
22.  Collins MO, Husi H, Yu L, et al. Molecular characterization and comparison of the 
components and multiprotein complexes in the postsynaptic proteome. J Neurochem. 
2006;97 Suppl 1:16-23. doi:10.1111/j.1471-4159.2005.03507.x. 
23.  Moya KL, Salès N, Hässig R, Créminon C, Grassi J, Di Giamberardino L. 
Immunolocalization of the cellular prion protein in normal brain. Microsc Res Tech. 
2000;50(1):58-65. doi:10.1002/1097-0029(20000701)50:1<58::AID-JEMT9>3.0.CO;2-
5. 
24.  Dubnikov T, Ben-Gedalya T, Reiner R, et al. PrP-containing aggresomes are 
cytosolic components of an ER quality control mechanism. J Cell Sci. 2016;129(19):3635-
3647. doi:10.1242/jcs.186981. 
25.  Strom A, Wang G-S, Picketts DJ, Reimer R, Stuke AW, Scott FW. Cellular prion 
protein localizes to the nucleus of endocrine and neuronal cells and interacts with 
structural chromatin components. Eur J Cell Biol. 2011;90(5):414-419. 
doi:10.1016/j.ejcb.2010.11.015. 
26.  Vella LJ, Sharples RA, Lawson VA, Masters CL, Cappai R, Hill AF. Packaging of 
prions into exosomes is associated with a novel pathway of PrP processing. J Pathol. 
2007;211(5):582-590. doi:10.1002/path.2145. 
27.  Moore RC, Lee IY, Silverman GL, et al. Ataxia in prion protein (PrP)-deficient mice 
is associated with upregulation of the novel PrP-like protein doppel. J Mol Biol. 
1999;292(4):797-817. 
28.  Nuvolone M, Kana V, Hutter G, et al. SIRPα polymorphisms, but not the prion 
protein, control phagocytosis of apoptotic cells. J Exp Med. 2013;210(12):2539-2552. 
doi:10.1084/jem.20131274. 
29.  Coitinho AS, Roesler R, Martins VR, Brentani RR, Izquierdo I. Cellular prion 
protein ablation impairs behavior as a function of age. Neuroreport. 2003;14(10):1375-
1379. doi:10.1097/01.wnr.0000078541.07662.90. 
30.  Tobler I, Gaus SE, Deboer T, et al. Altered circadian activity rhythms and sleep in 
mice devoid of prion protein. Nature. 1996;380(6575):639-642. 
31.  Vidal C, Herzog C, Haeberle AM, et al. Early dysfunction of central 5-HT system in 
a murine model of bovine spongiform encephalopathy. Neuroscience. 2009;160(4):731-
43. 
32.  Le Pichon CE, Valley MT, Polymenidou M, et al. Olfactory behavior and physiology 
are disrupted in prion protein knockout mice. Nat Neurosci. 2009;12(1):60-69. 
doi:10.1038/nn.2238. 
33.  Gadotti VM, Zamponi GW. Cellular prion protein protects from inflammatory and 
neuropathic pain. Mol Pain. 2011;7:59. doi:10.1186/1744-8069-7-59. 
34.  Gadotti VM, Bonfield SP, Zamponi GW. Depressive-like behaviour of mice lacking 
cellular prion protein. Behav Brain Res. 2012;227(2):319-323. 
doi:10.1016/j.bbr.2011.03.012. 
35.  Schmitz M, Greis C, Ottis P, et al. Loss of Prion Protein Leads to Age-Dependent 



 27 

Behavioral Abnormalities and Changes in Cytoskeletal Protein Expression. Mol 
Neurobiol. 2014. doi:10.1007/s12035-014-8655-3. 
36.  Gasperini L, Legname G. Prion protein and aging. Front Cell Dev Biol. 2014;2:44. 
doi:10.3389/fcell.2014.00044. 
37.  Zhang CC, Steele AD, Lindquist S, Lodish HF. Prion protein is expressed on long-
term repopulating hematopoietic stem cells and is important for their self-renewal. Proc 
Natl Acad Sci U A. 2006;103(7):2184-9. 
38.  Steele AD, Emsley JG, Ozdinler PH, Lindquist S, Macklis JD. Prion protein (PrPc) 
positively regulates neural precursor proliferation during developmental and adult 
mammalian neurogenesis. Proc Natl Acad Sci U A. 2006;103(9):3416-21. 
39.  Martin-Lannerée S, Hirsch TZ, Hernandez-Rapp J, et al. PrPC from stem cells to 
cancer. Front Cell Dev Biol. 2014;2:55. 
40.  McLennan NF, Brennan PM, McNeill A, et al. Prion protein accumulation and 
neuroprotection in hypoxic brain damage. Am J Pathol. 2004;165(1):227-35. 
41.  Nico PBC, de-Paris F, Vinadé ER, et al. Altered behavioural response to acute 
stress in mice lacking cellular prion protein. Behav Brain Res. 2005;162(2):173-181. 
doi:10.1016/j.bbr.2005.02.003. 
42.  Bakkebø MK, Mouillet-Richard S, Espenes A, Goldmann W, Tatzelt J, Tranulis MA. 
The Cellular Prion Protein: A Player in Immunological Quiescence. Front Immunol. 
2015;6:450. doi:10.3389/fimmu.2015.00450. 
43.  Bremer J, Baumann F, Tiberi C, et al. Axonal prion protein is required for 
peripheral myelin maintenance. Nat Neurosci. 2010;13(3):310-8. Epub 2010 Jan 24. 
44.  Nuvolone M, Hermann M, Sorce S, et al. Strictly co-isogenic C57BL/6J-Prnp-/- 
mice: A rigorous resource for prion science. J Exp Med. 2016;213(3):313-327. 
doi:10.1084/jem.20151610. 
45.  Küffer A, Lakkaraju AKK, Mogha A, et al. The prion protein is an agonistic ligand 
of the G protein-coupled receptor Adgrg6. Nature. 2016;536(7617):464-468. 
doi:10.1038/nature19312. 
46.  Malaga-Trillo E, Solis GP, Schrock Y, et al. Regulation of embryonic cell adhesion 
by the prion protein. PLoS Biol. 2009;7(3):e55. 
47.  Halliez S, Passet B, Martin-Lanneree S, et al. To develop with or without the prion 
protein. Front Cell Dev Biol. 2014;2:58. 
48.  Westergard L, Christensen HM, Harris DA. The cellular prion protein (PrP(C)): its 
physiological function and role in disease. Biochim Biophys Acta. 2007;1772(6):629-644. 
doi:10.1016/j.bbadis.2007.02.011. 
49.  Collinge J, Whittington MA, Sidle KC, et al. Prion protein is necessary for normal 
synaptic function. Nature. 1994;370(6487):295-297. 
50.  Lledo PM, Tremblay P, DeArmond SJ, Prusiner SB, Nicoll RA. Mice deficient for 
prion protein exhibit normal neuronal excitability and synaptic transmission in the 
hippocampus. Proc Natl Acad Sci U A. 1996;93(6):2403-2407. 
51.  Brown DR. Prion and prejudice: normal protein and the synapse. Trends Neurosci. 
2001;24(2):85-90. 
52.  Herms J, Tings T, Gall S, et al. Evidence of presynaptic location and function of the 
prion protein. J Neurosci. 1999;19(20):8866-8875. 
53.  Mallucci GR, Ratté S, Asante EA, et al. Post-natal knockout of prion protein alters 
hippocampal CA1 properties, but does not result in neurodegeneration. EMBO J. 
2002;21(3):202-210. doi:10.1093/emboj/21.3.202. 
54.  Papassotiropoulos A, Wollmer MA, Aguzzi A, Hock C, Nitsch RM, de Quervain DJ-F. 
The prion gene is associated with human long-term memory. Hum Mol Genet. 



 28 

2005;14(15):2241-2246. doi:10.1093/hmg/ddi228. 
55.  Konopka G, Bomar JM, Winden K, et al. Human-specific transcriptional regulation 
of CNS development genes by FOXP2. Nature. 2009;462(7270):213-217. 
doi:10.1038/nature08549. 
56.  Burgess STG, Shen C, Ferguson LA, et al. Identification of adjacent binding sites 
for the YY1 and E4BP4 transcription factors in the ovine PrP (Prion) gene promoter. J 
Biol Chem. 2009;284(11):6716-6724. doi:10.1074/jbc.M807065200. 
57.  Ben-Moshe Z, Alon S, Mracek P, et al. The light-induced transcriptome of the 
zebrafish pineal gland reveals complex regulation of the circadian clockwork by light. 
Nucleic Acids Res. 2014;42(6):3750-3767. doi:10.1093/nar/gkt1359. 
58.  Dupré SM, Burt DW, Talbot R, et al. Identification of melatonin-regulated genes in 
the ovine pituitary pars tuberalis, a target site for seasonal hormone control. 
Endocrinology. 2008;149(11):5527-5539. doi:10.1210/en.2008-0834. 
59.  Jung H, Yoon BC, Holt CE. Axonal mRNA localization and local protein synthesis in 
nervous system assembly, maintenance and repair. Nat Rev Neurosci. 2012;13(5):308-
324. doi:10.1038/nrn3210. 
60.  Alleaume-Butaux A, Nicot S, Pietri M, et al. Double-Edge Sword of Sustained ROCK 
Activation in Prion Diseases through Neuritogenesis Defects and Prion Accumulation. 
PLoS Pathog. 2015;11(8):e1005073. doi:10.1371/journal.ppat.1005073. 
61.  Amin L, Nguyen XTA, Rolle IG, et al. Characterization of prion protein function by 
focal neurite stimulation. J Cell Sci. 2016;129(20):3878-3891. doi:10.1242/jcs.183137. 
62.  Chen S, Mange A, Dong L, Lehmann S, Schachner M. Prion protein as trans-
interacting partner for neurons is involved in neurite outgrowth and neuronal survival. 
Mol Cell Neurosci. 2003;22(2):227-33. 
63.  Graner E, Mercadante AF, Zanata SM, et al. Cellular prion protein binds laminin 
and mediates neuritogenesis. Brain Res Mol Brain Res. 2000;76(1):85-92. 
64.  Kanaani J, Prusiner SB, Diacovo J, Baekkeskov S, Legname G. Recombinant prion 
protein induces rapid polarization and development of synapses in embryonic rat 
hippocampal neurons in vitro. J Neurochem. 2005;95(5):1373-86. 
65.  Loubet D, Dakowski C, Pietri M, et al. Neuritogenesis: the prion protein controls 
beta1 integrin signaling activity. FASEB J. 2012;26:678-690. doi:10.1096/fj.11-185579. 
66.  Santuccione A, Sytnyk V, Leshchyns’ka I, Schachner M. Prion protein recruits its 
neuronal receptor NCAM to lipid rafts to activate p59fyn and to enhance neurite 
outgrowth. J Cell Biol. 2005;169(2):341-54. 
67.  Beraldo FH, Arantes CP, Santos TG, et al. Metabotropic glutamate receptors 
transduce signals for neurite outgrowth after binding of the prion protein to laminin 
gamma1 chain. FASEB J. 2011;25(1):265-279. doi:10.1096/fj.10-161653. 
68.  Lopes MH, Hajj GN, Muras AG, et al. Interaction of cellular prion and stress-
inducible protein 1 promotes neuritogenesis and neuroprotection by distinct signaling 
pathways. J Neurosci. 2005;25(49):11330-9. 
69.  Santos TG, Beraldo FH, Hajj GN, et al. Laminin-gamma1 chain and stress inducible 
protein 1 synergistically mediate PrPC-dependent axonal growth via Ca2+ mobilization 
in dorsal root ganglia neurons. J Neurochem. 2013;124(2):210-223. 
doi:10.1111/jnc.12091. 
70.  Hajj GN, Lopes MH, Mercadante AF, et al. Cellular prion protein interaction with 
vitronectin supports axonal growth and is compensated by integrins. J Cell Sci. 
2007;120(Pt 11):1915-26. 
71.  Pantera B, Bini C, Cirri P, et al. PrPc activation induces neurite outgrowth and 
differentiation in PC12 cells: role for caveolin-1 in the signal transduction pathway. J 



 29 

Neurochem. 2009;110(1):194-207. doi:10.1111/j.1471-4159.2009.06123.x. 
72.  Devanathan V, Jakovcevski I, Santuccione A, et al. Cellular form of prion protein 
inhibits Reelin-mediated shedding of Caspr from the neuronal cell surface to potentiate 
Caspr-mediated inhibition of neurite outgrowth. J Neurosci Off J Soc Neurosci. 
2010;30(27):9292-9305. doi:10.1523/JNEUROSCI.5657-09.2010. 
73.  Moreno JA, Radford H, Peretti D, et al. Sustained translational repression by 
eIF2alpha-P mediates prion neurodegeneration. Nature. 2012;485(7399):507-511. 
doi:10.1038/nature11058. 
74.  Solforosi L, Criado JR, McGavern DB, et al. Cross-linking cellular prion protein 
triggers neuronal apoptosis in vivo. Science. 2004;303(5663):1514-6. 
75.  Shmerling D, Hegyi I, Fischer M, et al. Expression of amino-terminally truncated 
PrP in the mouse leading to ataxia and specific cerebellar lesions. Cell. 1998;93(2):203-
214. 
76.  Baumann F, Tolnay M, Brabeck C, et al. Lethal recessive myelin toxicity of prion 
protein lacking its central domain. Embo J. 2007;26(2):538-47. 
77.  Li A, Christensen HM, Stewart LR, Roth KA, Chiesa R, Harris DA. Neonatal lethality 
in transgenic mice expressing prion protein with a deletion of residues 105-125. EMBO J. 
2007;26(2):548-558. doi:10.1038/sj.emboj.7601507. 
78.  Herrmann US, Sonati T, Falsig J, et al. Prion infections and anti-PrP antibodies 
trigger converging neurotoxic pathways. PLoS Pathog. 2015;11(2):e1004662. 
doi:10.1371/journal.ppat.1004662. 
79.  Sonati T, Reimann RR, Falsig J, et al. The toxicity of antiprion antibodies is 
mediated by the flexible tail of the prion protein. Nature. 2013;501(7465):102-106. 
doi:10.1038/nature12402. 
80.  Langenhan T, Piao X, Monk KR. Adhesion G protein-coupled receptors in nervous 
system development and disease. Nat Rev Neurosci. 2016;17(9):550-561. 
doi:10.1038/nrn.2016.86. 
81.  Clarke LE, Barres BA. Emerging roles of astrocytes in neural circuit development. 
Nat Rev Neurosci. 2013;14(5):311-321. doi:10.1038/nrn3484. 
82.  Wake H, Moorhouse AJ, Miyamoto A, Nabekura J. Microglia: actively surveying 
and shaping neuronal circuit structure and function. Trends Neurosci. 2013;36(4):209-
217. doi:10.1016/j.tins.2012.11.007. 
83.  Lima FR, Arantes CP, Muras AG, Nomizo R, Brentani RR, Martins VR. Cellular 
prion protein expression in astrocytes modulates neuronal survival and differentiation. J 
Neurochem. 2007;103(6):2164-76. Epub 2007 Sep 14. 
84.  Bertuchi FR, Bourgeon DMG, Landemberger MC, Martins VR, Cerchiaro G. PrPC 
displays an essential protective role from oxidative stress in an astrocyte cell line 
derived from PrPC knockout mice. Biochem Biophys Res Commun. 2012;418(1):27-32. 
doi:10.1016/j.bbrc.2011.12.098. 
85.  Guitart K, Loers G, Buck F, Bork U, Schachner M, Kleene R. Improvement of 
neuronal cell survival by astrocyte-derived exosomes under hypoxic and ischemic 
conditions depends on prion protein. Glia. 2016;64(6):896-910. doi:10.1002/glia.22963. 
86.  Dias MVS, Teixeira BL, Rodrigues BR, et al. PRNP/prion protein regulates the 
secretion of exosomes modulating CAV1/caveolin-1-suppressed autophagy. Autophagy. 
2016;12(11):2113-2128. doi:10.1080/15548627.2016.1226735. 
87.  Budnik V, Ruiz-Cañada C, Wendler F. Extracellular vesicles round off 
communication in the nervous system. Nat Rev Neurosci. 2016;17(3):160-172. 
doi:10.1038/nrn.2015.29. 
88.  Kleene R, Loers G, Langer J, Frobert Y, Buck F, Schachner M. Prion protein 



 30 

regulates glutamate-dependent lactate transport of astrocytes. J Neurosci Off J Soc 
Neurosci. 2007;27(45):12331-12340. doi:10.1523/JNEUROSCI.1358-07.2007. 
89.  Guitart K, Loers G, Schachner M, Kleene R. Prion protein regulates glutathione 
metabolism and neural glutamate and cysteine uptake via excitatory amino acid 
transporter 3. J Neurochem. 2015;133(4):558-571. doi:10.1111/jnc.13071. 
90.  Pathmajeyan MS, Patel SA, Carroll JA, et al. Increased excitatory amino acid 
transport into murine prion protein knockout astrocytes cultured in vitro. Glia. 
2011;59(11):1684-1694. doi:10.1002/glia.21215. 
91.  Brown DR, Qin K, Herms JW, et al. The cellular prion protein binds copper in vivo. 
Nature. 1997;390(6661):684-687. 
92.  Vassallo N, Herms J. Cellular prion protein function in copper homeostasis and 
redox signalling at the synapse. J Neurochem. 2003;86(3):538-44. 
93.  Haigh CL, Marom SY, Collins SJ. Copper, constitutive endoproteolytic processing 
of the prion protein and cell signalling. Front Biosci. 2010;15:1086-1104. 
94.  Hernandez-Rapp J, Martin-Lanneree S, Hirsch TZ, et al. A PrP(C)-caveolin-Lyn 
complex negatively controls neuronal GSK3beta and serotonin 1B receptor. Sci Rep. 
2014;4:4881. doi:10.1038/srep04881. 
95.  Gasperini L, Meneghetti E, Pastore B, Benetti F, Legname G. Prion protein and 
copper cooperatively protect neurons by modulating NMDA receptor through S-
nitrosylation. Antioxid Redox Signal. 2015;22(9):772-784. doi:10.1089/ars.2014.6032. 
96.  Watt NT, Taylor DR, Kerrigan TL, et al. Prion protein facilitates uptake of zinc into 
neuronal cells. Nat Commun. 2012;3:1134. doi:10.1038/ncomms2135. 
97.  Black SA, Stys PK, Zamponi GW, Tsutsui S. Cellular prion protein and NMDA 
receptor modulation: protecting against excitotoxicity. Front Cell Dev Biol. 2014;2:45. 
doi:10.3389/fcell.2014.00045. 
98.  Carulla P, Llorens F, Matamoros-Angles A, et al. Involvement of PrP(C) in kainate-
induced excitotoxicity in several mouse strains. Sci Rep. 2015;5:11971. 
doi:10.1038/srep11971. 
99.  Rambold AS, Muller V, Ron U, Ben-Tal N, Winklhofer KF, Tatzelt J. Stress-
protective signalling of prion protein is corrupted by scrapie prions. EMBO J. 
2008;27(14):1974-84. 
100.  Fleisch VC, Leighton PLA, Wang H, et al. Targeted mutation of the gene encoding 
prion protein in zebrafish reveals a conserved role in neuron excitability. Neurobiol Dis. 
2013;55:11-25. doi:10.1016/j.nbd.2013.03.007. 
101.  Hirsch TZ, Hernandez-Rapp J, Martin-Lanneree S, Launay JM, Mouillet-Richard S. 
PrPC signalling in neurons: from basics to clinical challenges. Biochimie. 2014;104C:2-
11. 
102.  Mouillet-Richard S, Pietri M, Schneider B, et al. Modulation of serotonergic 
receptor signaling and cross-talk by prion protein. J Biol Chem. 2005;280(6):4592-4601. 
103.  Mouillet-Richard S, Schneider B, Pradines E, et al. Cellular prion protein signaling 
in serotonergic neuronal cells. Ann N Acad Sci. 2007;1096:106-19. 
104.  Beraldo FH, Arantes CP, Santos TG, et al. Role of alpha7 nicotinic acetylcholine 
receptor in calcium signaling induced by prion protein interaction with stress-inducible 
protein 1. J Biol Chem. 2010;285(47):36542-36550. doi:10.1074/jbc.M110.157263. 
105.  Jeong J-K, Park S-Y. Neuroprotective effect of cellular prion protein (PrPC) is 
related with activation of alpha7 nicotinic acetylcholine receptor (α7nAchR)-mediated 
autophagy flux. Oncotarget. 2015;6(28):24660-24674. doi:10.18632/oncotarget.4953. 
106.  Carneiro MV, Americo TA, Guimarães MZP, Linden R. The prion protein 
selectively binds to and modulates the content of purinergic receptor P2X4R. Biochem 



 31 

Biophys Res Commun. 2016;472(2):293-298. doi:10.1016/j.bbrc.2016.02.122. 
107.  Beckman D, Santos LE, Americo TA, Ledo JH, de Mello FG, Linden R. Prion Protein 
Modulates Monoaminergic Systems and Depressive-like Behavior in Mice. J Biol Chem. 
2015;290(33):20488-20498. doi:10.1074/jbc.M115.666156. 
108.  Rial D, Pamplona FA, Moreira ELG, et al. Cellular prion protein is present in 
dopaminergic neurons and modulates the dopaminergic system. Eur J Neurosci. 
2014;40(3):2479-2486. doi:10.1111/ejn.12600. 
109.  Rial D, Duarte FS, Xikota JC, et al. Cellular prion protein modulates age-related 
behavioral and neurochemical alterations in mice. Neuroscience. 2009;164(3):896-907. 
doi:10.1016/j.neuroscience.2009.09.005. 
110.  Ermonval M, Baudry A, Baychelier F, et al. The cellular prion protein interacts 
with the tissue non-specific alkaline phosphatase in membrane microdomains of 
bioaminergic neuronal cells. PLoS One. 2009;4(8):e6497. 
111.  Pradines E, Loubet D, Mouillet-Richard S, et al. Cellular prion protein coupling to 
TACE-dependent TNF-alpha shedding controls neurotransmitter catabolism in neuronal 
cells. J Neurochem. 2009;110(3):912-23. 
112.  Robinson SW, Nugent ML, Dinsdale D, Steinert JR. Prion protein facilitates 
synaptic vesicle release by enhancing release probability. Hum Mol Genet. 
2014;23(17):4581-4596. doi:10.1093/hmg/ddu171. 
113.  Steinert JR. Prion protein as a mediator of synaptic transmission. Commun Integr 
Biol. 2015;8(4):e1063753. doi:10.1080/19420889.2015.1063753. 
114.  Liao MJ, Zhang CC, Zhou B, et al. Enrichment of a population of mammary gland 
cells that form mammospheres and have in vivo repopulating activity. Cancer Res. 
2007;67(17):8131-8. 
115.  Stella R, Massimino ML, Sandri M, Sorgato MC, Bertoli A. Cellular prion protein 
promotes regeneration of adult muscle tissue. Mol Cell Biol. 2010;30(20):4864-4876. 
doi:10.1128/MCB.01040-09. 
116.  Mohanty ST, Cairney CJ, Chantry AD, et al. A small molecule modulator of prion 
protein increases human mesenchymal stem cell lifespan, ex vivo expansion, and 
engraftment to bone marrow in NOD/SCID mice. Stem Cells. 2012;30(6):1134-1143. 
doi:10.1002/stem.1065. 
117.  Mouillet-Richard S, Laurendeau I, Vidaud M, Kellermann O, Laplanche JL. Prion 
protein and neuronal differentiation: quantitative analysis of prnp gene expression in a 
murine inducible neuroectodermal progenitor. Microbes Infect. 1999;1(12):969-976. 
118.  Peralta OA, Huckle WR, Eyestone WH. Expression and knockdown of cellular 
prion protein (PrPC) in differentiating mouse embryonic stem cells. Differentiation. 
2011;81(1):68-77. doi:10.1016/j.diff.2010.09.181. 
119.  Lee YJ, Baskakov IV. Treatment with normal prion protein delays differentiation 
and helps to maintain high proliferation activity in human embryonic stem cells. J 
Neurochem. 2010;114:362-373. 
120.  Miranda A, Pericuesta E, Ramirez MA, Gutierrez-Adan A. Prion protein expression 
regulates embryonic stem cell pluripotency and differentiation. PLoS One. 
2011;6(4):e18422. doi:10.1371/journal.pone.0018422. 
121.  Lee YJ, Baskakov IV. The cellular form of the prion protein is involved in 
controlling cell cycle dynamics, self-renewal, and the fate of human embryonic stem cell 
differentiation. J Neurochem. 2013;124(3):310-322. doi:10.1111/j.1471-
4159.2012.07913.x. 
122.  Santos TG, Silva IR, Costa-Silva B, Lepique AP, Martins VR, Lopes MH. Enhanced 
neural progenitor/stem cells self-renewal via the interaction of stress-inducible protein 



 32 

1 with the prion protein. Stem Cells. 2011;29(7):1126-1136. doi:10.1002/stem.664. 
123.  Prodromidou K, Papastefanaki F, Sklaviadis T, Matsas R. Functional Cross-Talk 
Between the Cellular Prion Protein and the Neural Cell Adhesion Molecule is Critical for 
Neuronal Differentiation of Neural Stem/Precursor Cells. Stem Cells. 2014;32(6):1674-
1687. doi:10.1002/stem.1663. 
124.  Han Y-S, Lee JH, Yoon YM, Yun CW, Noh H, Lee SH. Hypoxia-induced expression of 
cellular prion protein improves the therapeutic potential of mesenchymal stem cells. Cell 
Death Dis. 2016;7(10):e2395. doi:10.1038/cddis.2016.310. 
125.  Mitteregger G, Vosko M, Krebs B, et al. The role of the octarepeat region in 
neuroprotective function of the cellular prion protein. Brain Pathol. 2007;17(2):174-83. 
126.  Weise J, Sandau R, Schwarting S, et al. Deletion of cellular prion protein results in 
reduced Akt activation, enhanced postischemic caspase-3 activation, and exacerbation of 
ischemic brain injury. Stroke. 2006;37(5):1296-300. Epub 2006 Mar 30. 
127.  Lee S-D, Lai TW, Lin S-Z, et al. Role of stress-inducible protein-1 in recruitment of 
bone marrow derived cells into the ischemic brains. EMBO Mol Med. 2013;5(8):1227-
1246. doi:10.1002/emmm.201202258. 
128.  Relano-Gines A, Gabelle A, Hamela C, et al. Prion replication occurs in endogenous 
adult neural stem cells and alters their neuronal fate: involvement of endogenous neural 
stem cells in prion diseases. PLoS Pathog. 2013;9(8):e1003485. 
doi:10.1371/journal.ppat.1003485. 
129.  Corbit KC, Aanstad P, Singla V, Norman AR, Stainier DYR, Reiter JF. Vertebrate 
Smoothened functions at the primary cilium. Nature. 2005;437(7061):1018-1021. 
doi:10.1038/nature04117. 
130.  Liu Q, Tan G, Levenkova N, et al. The proteome of the mouse photoreceptor 
sensory cilium complex. Mol Cell Proteomics MCP. 2007;6(8):1299-1317. 
doi:10.1074/mcp.M700054-MCP200. 
131.  Mick DU, Rodrigues RB, Leib RD, et al. Proteomics of Primary Cilia by Proximity 
Labeling. Dev Cell. 2015;35(4):497-512. doi:10.1016/j.devcel.2015.10.015. 
132.  Narita K, Kozuka-Hata H, Nonami Y, et al. Proteomic analysis of multiple primary 
cilia reveals a novel mode of ciliary development in mammals. Biol Open. 2012;1(8):815-
825. doi:10.1242/bio.20121081. 
133.  Martin-Lannerée S, Halliez S, Hirsch TZ, et al. The cellular prion protein controls 
Notch signalling in neural stem / progenitor cells. Stem Cells. 2017:in press. 
134.  Louvi A, Artavanis-Tsakonas S. Notch signalling in vertebrate neural 
development. Nat Rev Neurosci. 2006;7(2):93-102. 
135.  Rousso DL, Pearson CA, Gaber ZB, et al. Foxp-mediated suppression of N-cadherin 
regulates neuroepithelial character and progenitor maintenance in the CNS. Neuron. 
2012;74(2):314-330. doi:10.1016/j.neuron.2012.02.024. 
136.  Wright JA, McHugh PC, Stockbridge M, Lane S, Kralovicova S, Brown DR. 
Activation and repression of prion protein expression by key regions of intron 1. Cell Mol 
Life Sci CMLS. 2009;66(23):3809-3820. doi:10.1007/s00018-009-0154-8. 
137.  Doan PL, Himburg HA, Helms K, et al. Epidermal growth factor regulates 
hematopoietic regeneration after radiation injury. Nat Med. 2013;19(3):295-304. 
doi:10.1038/nm.3070. 
138.  Poulos MG, Guo P, Kofler NM, et al. Endothelial Jagged-1 is necessary for 
homeostatic and regenerative hematopoiesis. Cell Rep. 2013;4(5):1022-1034. 
doi:10.1016/j.celrep.2013.07.048. 
139.  Bribian A, Fontana X, Llorens F, et al. Role of the cellular prion protein in 
oligodendrocyte precursor cell proliferation and differentiation in the developing and 



 33 

adult mouse CNS. PLoS One. 2012;7(4):e33872. doi:10.1371/journal.pone.0033872. 
140.  Kong JH, Yang L, Dessaud E, et al. Notch activity modulates the responsiveness of 
neural progenitors to sonic hedgehog signaling. Dev Cell. 2015;33(4):373-387. 
doi:10.1016/j.devcel.2015.03.005. 
141.  Ostapchenko VG, Beraldo FH, Mohammad AH, et al. The prion protein ligand, 
stress-inducible phosphoprotein 1, regulates amyloid-beta oligomer toxicity. J Neurosci. 
2013;33(42):16552-16564. doi:10.1523/JNEUROSCI.3214-13.2013. 
142.  Hartmann CA, Martins VR, Lima FRS. High levels of cellular prion protein improve 
astrocyte development. FEBS Lett. 2013;587(2):238-244. 
doi:10.1016/j.febslet.2012.11.032. 
143.  Panigaj M, Glier H, Wildova M, Holada K. Expression of prion protein in mouse 
erythroid progenitors and differentiating murine erythroleukemia cells. PLoS One. 
2011;6(9):e24599. doi:10.1371/journal.pone.0024599. 
144.  Reiten MR, Bakkebø MK, Brun-Hansen H, et al. Hematological shift in goat kids 
naturally devoid of prion protein. Front Cell Dev Biol. 2015;3:44. 
doi:10.3389/fcell.2015.00044. 
145.  Westaway D, Cooper C, Turner S, Da Costa M, Carlson GA, Prusiner SB. Structure 
and polymorphism of the mouse prion protein gene. Proc Natl Acad Sci U A. 
1994;91(14):6418-6422. 
146.  Vincent B, Sunyach C, Orzechowski HD, St George-Hyslop P, Checler F. p53-
Dependent transcriptional control of cellular prion by presenilins. J Neurosci. 
2009;29(20):6752-6760. doi:10.1523/JNEUROSCI.0789-09.2009. 
147.  Shyu W-C, Harn H-J, Saeki K, et al. Molecular modulation of expression of prion 
protein by heat shock. Mol Neurobiol. 2002;26(1):1-12. doi:10.1385/MN:26:1:001. 
148.  Misiewicz M, Déry M-A, Foveau B, Jodoin J, Ruths D, LeBlanc AC. Identification of a 
novel endoplasmic reticulum stress response element regulated by XBP1. J Biol Chem. 
2013;288(28):20378-20391. doi:10.1074/jbc.M113.457242. 
149.  Liu T, Yi W, Feng B, Zhou Z, Xiao G. IGF-1-induced enhancement of PRNP 
expression depends on the negative regulation of transcription factor FOXO3a. PLoS One. 
2013;8(8):e71896. doi:10.1371/journal.pone.0071896. 
150.  Qin K, Zhao L, Ash RD, McDonough WF, Zhao RY. ATM-mediated transcriptional 
elevation of prion in response to copper-induced oxidative stress. J Biol Chem. 
2009;284(7):4582-4593. doi:10.1074/jbc.M808410200. 
151.  Sauer H, Dagdanova A, Hescheler J, Wartenberg M. Redox-regulation of intrinsic 
prion expression in multicellular prostate tumor spheroids. Free Radic Biol Med. 
1999;27(11-12):1276-1283. 
152.  Jeong J-K, Park S-Y. Transcriptional regulation of specific protein 1 (SP1) by 
hypoxia-inducible factor 1 alpha (HIF-1α) leads to PRNP expression and 
neuroprotection from toxic prion peptide. Biochem Biophys Res Commun. 2012;429(1-
2):93-98. doi:10.1016/j.bbrc.2012.10.086. 
153.  Park J-Y, Jeong J-K, Lee J-H, et al. Induction of cellular prion protein (PrPc) under 
hypoxia inhibits apoptosis caused by TRAIL treatment. Oncotarget. 2015;6(7):5342-
5353. doi:10.18632/oncotarget.3028. 
154.  Dery MA, Jodoin J, Ursini-Siegel J, et al. Endoplasmic reticulum stress induces 
PRNP prion protein gene expression in breast cancer. Breast Cancer Res. 
2013;15(2):R22. doi:10.1186/bcr3398. 
155.  Miyamoto K, Araki KY, Naka K, et al. Foxo3a is essential for maintenance of the 
hematopoietic stem cell pool. Cell Stem Cell. 2007;1(1):101-112. 
doi:10.1016/j.stem.2007.02.001. 



 34 

156.  Bigarella CL, Li J, Rimmelé P, Liang R, Sobol RW, Ghaffari S. FOXO3 is Essential for 
Protecting Hematopoietic Stem and Progenitor Cells from Oxidative DNA Damage. J Biol 
Chem. December 2016. doi:10.1074/jbc.M116.769455. 
157.  Mariante RM, Nobrega A, Martins RA, Areal RB, Bellio M, Linden R. 
Neuroimmunoendocrine regulation of the prion protein in neutrophils. J Biol Chem. 
2012;287(42):35506-35515. doi:10.1074/jbc.M112.394924. 
158.  Liu J, Zhao D, Liu C, et al. Prion protein participates in the protection of mice from 
lipopolysaccharide infection by regulating the inflammatory process. J Mol Neurosci MN. 
2015;55(1):279-287. doi:10.1007/s12031-014-0319-2. 
159.  Roucou X, Leblanc AC. Cellular prion protein neuroprotective function: 
implications in prion diseases. J Mol Med. 2005;83(1):3-11. 
160.  Singh N, Singh A, Das D, Mohan ML. Redox control of prion and disease 
pathogenesis. Antioxid Redox Signal. 2010;12(11):1271-1294. 
doi:10.1089/ars.2009.2628. 
161.  Nadal RC, Abdelraheim SR, Brazier MW, Rigby SEJ, Brown DR, Viles JH. Prion 
protein does not redox-silence Cu2+, but is a sacrificial quencher of hydroxyl radicals. 
Free Radic Biol Med. 2007;42(1):79-89. doi:10.1016/j.freeradbiomed.2006.09.019. 
162.  McMahon HE, Mange A, Nishida N, Creminon C, Casanova D, Lehmann S. Cleavage 
of the amino-terminus of the prion protein by reactive oxygen species. J Biol Chem. 2000. 
163.  Watt NT, Taylor DR, Gillott A, Thomas DA, Perera WSS, Hooper NM. Reactive 
oxygen species-mediated beta-cleavage of the prion protein in the cellular response to 
oxidative stress. J Biol Chem. 2005;280(43):35914-35921. 
doi:10.1074/jbc.M507327200. 
164.  Rachidi W, Vilette D, Guiraud P, et al. Expression of prion protein increases 
cellular copper binding and antioxidant enzyme activities but not copper delivery. J Biol 
Chem. 2003;278(11):9064-9072. doi:10.1074/jbc.M211830200. 
165.  Senator A, Rachidi W, Lehmann S, Favier A, Benboubetra M. Prion protein 
protects against DNA damage induced by paraquat in cultured cells. Free Radic Biol Med. 
2004;37(8):1224-1230. doi:10.1016/j.freeradbiomed.2004.07.006. 
166.  Watt NT, Routledge MN, Wild CP, Hooper NM. Cellular prion protein protects 
against reactive-oxygen-species-induced DNA damage. Free Radic Biol Med. 
2007;43(6):959-967. doi:10.1016/j.freeradbiomed.2007.06.004. 
167.  Bravard A, Auvré F, Fantini D, et al. The prion protein is critical for DNA repair 
and cell survival after genotoxic stress. Nucleic Acids Res. 2015;43(2):904-916. 
doi:10.1093/nar/gku1342. 
168.  Shiloh Y. ATM: expanding roles as a chief guardian of genome stability. Exp Cell 
Res. 2014;329(1):154-161. doi:10.1016/j.yexcr.2014.09.002. 
169.  Resenberger UK, Winklhofer KF, Tatzelt J. Neuroprotective and neurotoxic 
signaling by the prion protein. Top Curr Chem. 2011;305:101-119. 
doi:10.1007/128_2011_160. 
170.  Kuwahara C, Takeuchi AM, Nishimura T, et al. Prions prevent neuronal cell-line 
death. Nature. 1999;400(6741):225-6. 
171.  Guillot-Sestier MV, Sunyach C, Druon C, Scarzello S, Checler F. The alpha-
secretase-derived N-terminal product of cellular prion, N1, displays neuroprotective 
function in vitro and in vivo. J Biol Chem. 2009;284(51):35973-86. 
172.  Wang KKW, Yang Z, Chiu A, Lin F, Rubenstein R. Examining the Neural and 
Astroglial Protective Effects of Cellular Prion Protein Expression and Cell Death Protease 
Inhibition in Mouse Cerebrocortical Mixed Cultures. Mol Neurobiol. 2016;53(7):4821-
4832. doi:10.1007/s12035-015-9407-8. 



 35 

173.  Zafar S, Behrens C, Dihazi H, et al. Cellular prion protein mediates early apoptotic 
proteome alternation and phospho-modification in human neuroblastoma cells. Cell 
Death Dis. 2017;8(1):e2557. doi:10.1038/cddis.2016.384. 
174.  Chiarini LB, Freitas AR, Zanata SM, Brentani RR, Martins VR, Linden R. Cellular 
prion protein transduces neuroprotective signals. Embo J. 2002;21(13):3317-26. 
175.  Vassallo N, Herms J, Behrens C, et al. Activation of phosphatidylinositol 3-kinase 
by cellular prion protein and its role in cell survival. Biochem Biophys Res Commun. 
2005;332(1):75-82. 
176.  Beraldo FH, Soares IN, Goncalves DF, et al. Stress-inducible phosphoprotein 1 has 
unique cochaperone activity during development and regulates cellular response to 
ischemia via the prion protein. FASEB J. 2013;27(9):3594-3607. doi:10.1096/fj.13-
232280. 
177.  Zanata SM, Lopes MH, Mercadante AF, et al. Stress-inducible protein 1 is a cell 
surface ligand for cellular prion that triggers neuroprotection. EMBO J. 
2002;21(13):3307-3316. doi:10.1093/emboj/cdf325. 
178.  Niederkorn JY. See no evil, hear no evil, do no evil: the lessons of immune 
privilege. Nat Immunol. 2006;7(4):354-359. doi:10.1038/ni1328. 
179.  Roth DM, Balch WE. Modeling general proteostasis: proteome balance in health 
and disease. Curr Opin Cell Biol. 2011;23(2):126-134. doi:10.1016/j.ceb.2010.11.001. 
180.  Roffe M, Beraldo FH, Bester R, et al. Prion protein interaction with stress-
inducible protein 1 enhances neuronal protein synthesis via mTOR. Proc Natl Acad Sci U 
A. 2010;107(29):13147-13152. doi:10.1073/pnas.1000784107. 
181.  Nah J, Pyo JO, Jung S, et al. BECN1/Beclin 1 is recruited into lipid rafts by prion to 
activate autophagy in response to amyloid beta 42. Autophagy. 2013;9(12):2009-2021. 
182.  Yoon YM, Lee JH, Yun SP, et al. Tauroursodeoxycholic acid reduces ER stress by 
regulating of Akt-dependent cellular prion protein. Sci Rep. 2016;6:39838. 
doi:10.1038/srep39838. 
183.  Malicki JJ, Johnson CA. The Cilium: Cellular Antenna and Central Processing Unit. 
Trends Cell Biol. September 2016. doi:10.1016/j.tcb.2016.08.002. 
184.  Graner E, Mercadante AF, Zanata SM, Martins VR, Jay DG, Brentani RR. Laminin-
induced PC-12 cell differentiation is inhibited following laser inactivation of cellular 
prion protein [In Process Citation]. FEBS Lett. 2000;482(3):257-260. 
185.  Rieger R, Edenhofer F, Lasmezas CI, Weiss S. The human 37-kDa laminin receptor 
precursor interacts with the prion protein in eukaryotic cells [see comments]. Nat Med. 
1997;3(12):1383-1388. 
186.  Schmitt-Ulms G, Legname G, Baldwin MA, et al. Binding of neural cell adhesion 
molecules (N-CAMs) to the cellular prion protein. J Mol Biol. 2001;314(5):1209-25. 
187.  Watts JC, Huo H, Bai Y, et al. Interactome analyses identify ties of PrP and its 
mammalian paralogs to oligomannosidic N-glycans and endoplasmic reticulum-derived 
chaperones. PLoS Pathog. 2009;5(10):e1000608. Epub 2009 Oct 2. 
188.  Richardson DD, Tol S, Valle-Encinas E, et al. The prion protein inhibits monocytic 
cell migration by stimulating β1 integrin adhesion and uropod formation. J Cell Sci. 
2015;128(16):3018-3029. doi:10.1242/jcs.165365. 
189.  Schrock Y, Solis GP, Stuermer CAO. Regulation of focal adhesion formation and 
filopodia extension by the cellular prion protein (PrPC). FEBS Lett. 2009;583(2):389-
393. doi:10.1016/j.febslet.2008.12.038. 
190.  Morel E, Fouquet S, Chateau D, et al. The cellular prion protein PrPc is expressed 
in human enterocytes in cell-cell junctional domains. J Biol Chem. 2004;279(2):1499-
1505. doi:10.1074/jbc.M308578200. 



 36 

191.  Guo Z, Neilson LJ, Zhong H, Murray PS, Zanivan S, Zaidel-Bar R. E-cadherin 
interactome complexity and robustness resolved by quantitative proteomics. Sci Signal. 
2014;7(354):rs7. doi:10.1126/scisignal.2005473. 
192.  Besnier LS, Cardot P, Da Rocha B, et al. The cellular prion protein PrPc is a 
partner of the Wnt pathway in intestinal epithelial cells. Mol Biol Cell. 
2015;26(18):3313-3328. doi:10.1091/mbc.E14-11-1534. 
193.  Morel E, Fouquet S, Strup-Perrot C, et al. The cellular prion protein PrP(c) is 
involved in the proliferation of epithelial cells and in the distribution of junction-
associated proteins. PloS One. 2008;3(8):e3000. doi:10.1371/journal.pone.0003000. 
194.  Petit CSV, Barreau F, Besnier L, et al. Requirement of cellular prion protein for 
intestinal barrier function and mislocalization in patients with inflammatory bowel 
disease. Gastroenterology. 2012;143(1):122-132.e15. doi:10.1053/j.gastro.2012.03.029. 
195.  Sempou E, Biasini E, Pinzón-Olejua A, Harris DA, Málaga-Trillo E. Activation of 
zebrafish Src family kinases by the prion protein is an amyloid-β-sensitive signal that 
prevents the endocytosis and degradation of E-cadherin/β-catenin complexes in vivo. 
Mol Neurodegener. 2016;11:18. doi:10.1186/s13024-016-0076-5. 
196.  Bodrikov V, Solis GP, Stuermer CA. Prion protein promotes growth cone 
development through reggie/flotillin-dependent N-cadherin trafficking. J Neurosci. 
2011;31(49):18013-18025. doi:10.1523/JNEUROSCI.4729-11.2011. 
197.  Pradines E, Loubet D, Schneider B, Launay JM, Kellermann O, Mouillet-Richard S. 
CREB-dependent gene regulation by prion protein: impact on MMP-9 and beta-
dystroglycan. Cell Signal. 2008;20(11):2050-8. 
198.  Schneider K, Korkmaz Y, Addicks K, Lang H, Raab WH-M. Prion protein (PrP) in 
human teeth: an unprecedented pointer to PrP’s function. J Endod. 2007;33(2):110-113. 
doi:10.1016/j.joen.2006.11.010. 
199.  Um JW, Kaufman AC, Kostylev M, et al. Metabotropic glutamate receptor 5 is a 
coreceptor for Alzheimer abeta oligomer bound to cellular prion protein. Neuron. 
2013;79(5):887-902. doi:10.1016/j.neuron.2013.06.036. 
200.  Solis GP, Schrock Y, Hulsbusch N, Wiechers M, Plattner H, Stuermer CA. 
Reggies/flotillins regulate E-cadherin-mediated cell contact formation by affecting EGFR 
trafficking. Mol Biol Cell. 2012;23(10):1812-1825. doi:10.1091/mbc.E11-12-1006. 
201.  Linden R, Martins VR, Prado MA, Cammarota M, Izquierdo I, Brentani RR. 
Physiology of the prion protein. Physiol Rev. 2008;88(2):673-728. 
202.  Rutishauser D, Mertz KD, Moos R, et al. The comprehensive native interactome of 
a fully functional tagged prion protein. PLoS One. 2009;4(2):e4446. Epub 2009 Feb 11. 
203.  Schmitt-Ulms G, Hansen K, Liu J, et al. Time-controlled transcardiac perfusion 
cross-linking for the study of protein interactions in complex tissues. Nat Biotechnol. 
2004;22(6):724-31. 
204.  Martins VR, Graner E, Garcia-Abreu J, et al. Complementary hydropathy identifies 
a cellular prion protein receptor. Nat Med. 1997;3(12):1376-1382. 
205.  Coitinho AS, Lopes MH, Hajj GN, et al. Short-term memory formation and long-
term memory consolidation are enhanced by cellular prion association to stress-
inducible protein 1. Neurobiol Dis. 2007;26(1):282-90. 
206.  Lauren J, Gimbel DA, Nygaard HB, Gilbert JW, Strittmatter SM. Cellular prion 
protein mediates impairment of synaptic plasticity by amyloid-beta oligomers. Nature. 
2009;457(7233):1128-32. 
207.  Hernandez-Rapp J, Martin-Lanneree S, Hirsch TZ, Launay JM, Mouillet-Richard S. 
Hijacking PrP(c)-dependent signal transduction: when prions impair Abeta clearance. 
Front Aging Neurosci. 2014;6:25. doi:10.3389/fnagi.2014.00025. 



 37 

208.  Jarosz-Griffiths HH, Noble E, Rushworth JV, Hooper NM. Amyloid-β Receptors: 
The Good, the Bad, and the Prion Protein. J Biol Chem. 2016;291(7):3174-3183. 
doi:10.1074/jbc.R115.702704. 
209.  Lauren J. Cellular prion protein as a therapeutic target in Alzheimer’s disease. J 
Alzheimers Dis. 2014;38(2):227-244. doi:10.3233/JAD-130950. 
210.  Yehiely F, Bamborough P, Da Costa M, et al. Identification of candidate proteins 
binding to prion protein. Neurobiol Dis. 1997;3(4):339-355. 
doi:10.1006/nbdi.1997.0130. 
211.  Kaiser DM, Acharya M, Leighton PL, et al. Amyloid beta precursor protein and 
prion protein have a conserved interaction affecting cell adhesion and CNS development. 
PLoS One. 2012;7(12):e51305. doi:10.1371/journal.pone.0051305. 
212.  Mouillet-Richard S, Ermonval M, Chebassier C, et al. Signal transduction through 
prion protein. Science. 2000;289(5486):1925-1928. 
213.  Mo S, Wang L, Li Q, et al. Caveolin-1 regulates dorsoventral patterning through 
direct interaction with beta-catenin in zebrafish. Dev Biol. 2010;344(1):210-223. 
doi:10.1016/j.ydbio.2010.04.033. 
214.  Head BP, Patel HH, Insel PA. Interaction of membrane/lipid rafts with the 
cytoskeleton: impact on signaling and function: membrane/lipid rafts, mediators of 
cytoskeletal arrangement and cell signaling. Biochim Biophys Acta. 2014;1838(2):532-
545. doi:10.1016/j.bbamem.2013.07.018. 
215.  Schneider B, Pietri M, Pradines E, et al. Understanding the neurospecificity of 
prion protein signaling. Front Biosci. 2011;16:169-186. 
216.  Stuermer CA, Langhorst MF, Wiechers MF, et al. PrPc capping in T cells promotes 
its association with the lipid raft proteins reggie-1 and reggie-2 and leads to signal 
transduction. FASEB J. 2004;18(14):1731-3. Epub 2004 Sep 2. 
217.  Haigh CL, Lewis VA, Vella LJ, et al. PrPC-related signal transduction is influenced 
by copper, membrane integrity and the alpha cleavage site. Cell Res. 2009;19(9):1062-
1078. doi:10.1038/cr.2009.86. 
218.  Hugel B, Martinez MC, Kunzelmann C, Blattler T, Aguzzi A, Freyssinet JM. 
Modulation of signal transduction through the cellular prion protein is linked to its 
incorporation in lipid rafts. Cell Mol Life Sci. 2004;61(23):2998-3007. 
219.  Bate C, Nolan W, McHale-Owen H, Williams A. Sialic Acid within the 
Glycosylphosphatidylinositol Anchor Targets the Cellular Prion Protein to Synapses. J 
Biol Chem. 2016;291(33):17093-17101. doi:10.1074/jbc.M116.731117. 
220.  Bate C, Nolan W, Williams A. Sialic Acid on the Glycosylphosphatidylinositol 
Anchor Regulates PrP-mediated Cell Signaling and Prion Formation. J Biol Chem. 
2016;291(1):160-170. doi:10.1074/jbc.M115.672394. 
221.  Pietri M, Dakowski C, Hannaoui S, et al. PDK1 decreases TACE-mediated alpha-
secretase activity and promotes disease progression in prion and Alzheimer’s diseases. 
Nat Med. 2013;19(9):1124-1131. doi:10.1038/nm.3302. 
222.  Russelakis-Carneiro M, Hetz C, Maundrell K, Soto C. Prion replication alters the 
distribution of synaptophysin and caveolin 1 in neuronal lipid rafts. Am J Pathol. 
2004;165(5):1839-48. 
223.  Sorkin A, von Zastrow M. Endocytosis and signalling: intertwining molecular 
networks. Nat Rev Mol Cell Biol. 2009;10(9):609-622. doi:10.1038/nrm2748. 
224.  Caetano FA, Lopes MH, Hajj GN, et al. Endocytosis of prion protein is required for 
ERK1/2 signaling induced by stress-inducible protein 1. J Neurosci. 2008;28(26):6691-
702. 
225.  Caetano FA, Beraldo FH, Hajj GN, et al. Amyloid-beta oligomers increase the 



 38 

localization of prion protein at the cell surface. J Neurochem. 2011;117(3):538-553. 
doi:10.1111/j.1471-4159.2011.07225.x. 
226.  Uchiyama K, Muramatsu N, Yano M, Usui T, Miyata H, Sakaguchi S. Prions disturb 
post-Golgi trafficking of membrane proteins. Nat Commun. 2013;4:1846. 
doi:10.1038/ncomms2873. 
227.  Roucou X. Regulation of PrP(C) signaling and processing by dimerization. Front 
Cell Dev Biol. 2014;2:57. doi:10.3389/fcell.2014.00057. 
228.  Beland M, Motard J, Barbarin A, Roucou X. PrP(C) homodimerization stimulates 
the production of PrPC cleaved fragments PrPN1 and PrPC1. J Neurosci. 
2012;32(38):13255-13263. doi:10.1523/JNEUROSCI.2236-12.2012. 
229.  Pradines E, Hernandez-Rapp J, Villa-Diaz A, et al. Pathogenic prions deviate 
PrP(C) signaling in neuronal cells and impair A-beta clearance. Cell Death Dis. 
2013;4:e456. doi:10.1038/cddis.2012.195. 
230.  Salazar SV, Strittmatter SM. Cellular prion protein as a receptor for amyloid-β 
oligomers in Alzheimer’s disease. Biochem Biophys Res Commun. September 2016. 
doi:10.1016/j.bbrc.2016.09.062. 
231.  Um JW, Nygaard HB, Heiss JK, et al. Alzheimer amyloid-beta oligomer bound to 
postsynaptic prion protein activates Fyn to impair neurons. Nat Neurosci. 
2012;15(9):1227-1235. doi:10.1038/nn.3178. 
232.  Larson M, Sherman MA, Amar F, et al. The complex PrP(c)-Fyn couples human 
oligomeric Abeta with pathological tau changes in Alzheimer’s disease. J Neurosci. 
2012;32(47):16857-71a. doi:10.1523/JNEUROSCI.1858-12.2012. 
233.  Coitinho AS, Freitas AR, Lopes MH, et al. The interaction between prion protein 
and laminin modulates memory consolidation. Eur J Neurosci. 2006;24(11):3255-64. 
234.  Mbazima V, Da Costa Dias B, Omar A, Jovanovic K, Weiss S. Interactions between 
PrPc and other ligands with the 37-kDa/67-kDa laminin receptor. Front Biosci. 
2010;15:1150-1163. 
235.  Llorens F, Carulla P, Villa A, et al. PrP(C) regulates epidermal growth factor 
receptor function and cell shape dynamics in Neuro2a cells. J Neurochem. 
2013;127(1):124-138. doi:10.1111/jnc.12283. 
236.  Hu NW, Nicoll AJ, Zhang D, et al. mGlu5 receptors and cellular prion protein 
mediate amyloid-beta-facilitated synaptic long-term depression in vivo. Nat Commun. 
2014;5:3374. doi:10.1038/ncomms4374. 
237.  Carulla P, Bribián A, Rangel A, et al. Neuroprotective role of PrPC against kainate-
induced epileptic seizures and cell death depends on the modulation of JNK3 activation 
by GluR6/7-PSD-95 binding. Mol Biol Cell. 2011;22(17):3041-3054. 
doi:10.1091/mbc.E11-04-0321. 
238.  Khosravani H, Zhang Y, Tsutsui S, et al. Prion protein attenuates excitotoxicity by 
inhibiting NMDA receptors. J Cell Biol. 2008;181(3):551-565. 
doi:10.1083/jcb.200711002. 
239.  Parkyn CJ, Vermeulen EG, Mootoosamy RC, et al. LRP1 controls biosynthetic and 
endocytic trafficking of neuronal prion protein. J Cell Sci. 2008;121(Pt 6):773-83. Epub 
2008 Feb 19. 
240.  Taylor DR, Whitehouse IJ, Hooper NM. Glypican-1 mediates both prion protein 
lipid raft association and disease isoform formation. PLoS Pathog. 
2009;5(11):e1000666. 
241.  Griffiths HH, Whitehouse IJ, Baybutt H, et al. Prion protein interacts with BACE1 
protein and differentially regulates its activity toward wild type and Swedish mutant 
amyloid precursor protein. J Biol Chem. 2011;286(38):33489-33500. 



 39 

doi:10.1074/jbc.M111.278556. 
242.  Zafar S, von Ahsen N, Oellerich M, et al. Proteomics approach to identify the 
interacting partners of cellular prion protein and characterization of Rab7a interaction 
in neuronal cells. J Proteome Res. 2011;10(7):3123-3135. doi:10.1021/pr2001989. 
243.  Gibbings D, Leblanc P, Jay F, et al. Human prion protein binds Argonaute and 
promotes accumulation of microRNA effector complexes. Nat Struct Mol Biol. 
2012;19(5):517-524, S1. doi:10.1038/nsmb.2273. 
244.  Ramljak S, Schmitz M, Zafar S, et al. Cellular prion protein directly interacts with 
and enhances lactate dehydrogenase expression under hypoxic conditions. Exp Neurol. 
2015;271:155-167. doi:10.1016/j.expneurol.2015.04.025. 
 

 


