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Abstract: Prion disease, also known as transmissible spongiform encephalopathies, is the name 

given to a group of neurodegenerative disorders. Transformation of the cellular prion protein 

(PrPC) into self-replicating and proteinase K-resistant PrP (PrPSc) in the brain is the pathologi-

cal hallmark of the disease. All prion disorders have a rapidly progressive and lethal course 

after onset, and no effective therapy currently exists. Antibody-based immunotherapy has been 

extensively investigated in neurodegenerative disorders associated with protein misfolding, 

including prion disease. This review summarizes and outlines the developments in and limita-

tions of active and passive immunization approaches to the prevention and treatment for prion 

disease. In addition, the potential of these therapeutic strategies is discussed.

Keywords: transmissible spongiform encephalopathies, neurodegenerative, prion protein, 

proteinase K-resistant PrP

Introduction
Prion disease, also known as transmissible spongiform encephalopathies, is the name 

given to a group of rare progressive brain disorders characterized by spongiform degen-

eration of the central nervous system (CNS) that consists of neuronal death, insoluble 

prion and amyloid aggregates, astrogliosis, and neuroinflammation.1 The crucial event in 

the pathogenesis of these disorders is the conformational transformation of the cellular 

prion protein (PrPC) into a self-replicating and proteinase K-resistant conformer, termed 

“scrapie PrP” (PrPSc).2 PrPSc induces the formation of neurotoxic amyloid aggregation 

deposits in brain tissues, which leads to neuropathological alterations.

Transmissible spongiform encephalopathies caused by altered forms of PrP 

include scrapie in sheep, bovine spongiform encephalopathy in cattle, as well as the 

human forms Kuru, Creutzfeldt–Jakob disease, and Gerstmann–Sträussler–Scheinker 

syndrome.3 These diseases are more likely to be caused by refolding and aggregation of 

the normal PrPC into the highly insoluble PrPSc. Although PrPC and PrPSc have the same 

amino acid sequence, the PrPSc conformer is enriched in a β-sheet structure, whereas 

the normal PrPC conformer has little or no β-sheet and is enriched in an α-helix. In 

this process, a portion of the α-helix and random coil structure of PrPC changes to the 

disease-specific PrPSc β-sheet structure, rendering the protein insoluble and resistant 

to protease digestion.3

In humans, familial Creutzfeldt–Jakob disease, Gerstmann–Sträussler–Scheinker 

syndrome, and fatal familial insomnia represent the core phenotypes of genetic prion 

disease. These diseases are known to be caused by mutations in the prion protein gene 

(PRNP). In addition to familial prion disease, CJD can occur in sporadic and variant 
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types through an infection with exogenous prions via contact 

with blood or lymphoid tissues (such as tonsil and appendix). 

Although the incubation time for individuals infected with 

PrPSc is variable, human prion disease has a long incubation 

period that can last up to 40 years before the onset of clini-

cal signs and symptoms.4 Due to this long incubation period, 

the risk of transmission by asymptomatic carriers becomes a 

public health issue.5 Interestingly, lymphatic organs contain 

high concentrations of PrPSc long before PrPSc replication 

starts in the brain6 and are more permissive to prions than 

the brain.7

There are no approved treatments available for prion 

disease. Active and passive immunization has been investi-

gated in prion disease and other neurodegenerative disorders 

such as Alzheimer’s disease (AD) and Parkinson’s disease.8 

Here, we provide an overview of the function of the prion 

protein and immunization-based therapeutic approaches for 

prion disease models, and discuss the potential of immuno-

therapy in human prion disease.

Prion proteins and prion propagation
PrPC – a highly conserved 32 kDa glycoprotein with an 

unstructured N-terminus and a well-structured C-terminus, 

folded into a series of three α-helices and a double-stranded 

antiparallel β-sheet – has been identified in marsupials, birds, 

and almost all vertebrates.9,10 PrPC is expressed in most tis-

sues and organs including the heart, lungs, and lymphatic 

system.11,12 However, the highest levels of expression are 

observed in the CNS.13 PrPC is widely expressed in immune 

system cells.14 The function of PrPc remains unclear even 

though the physiological role of PrPC has been investigated 

extensively. Mice lacking PrPC are resistant to prion disease 

following inoculation.15 They are normal16 and have only 

subtle neurological defects, such as abnormal synaptic 

transmission and hippocampal morphology,17 alterations in 

circadian rhythm and sleep,18 or a reduction in slow after-

hyperpolarization.19 PrPC has a regulatory role in copper 

metabolism and transport,20 which may be involved in prion-

related neurotoxicity.21 Some studies indicate that PrPC plays 

a role in neuroprotection. PrPC protected cells from oxidative 

stress22,23 and internal or environmental stresses that initiate 

an apoptotic program (reviewed in Roucou and LeBlanc24 

and Roucou et al25).

It is well known that prion disease consists principally 

or entirely of an abnormal isoform of a host-encoded pro-

tein (PrPC), designated “PrPSc”.3 PrPSc is transformed from 

PrPC by a posttranslational mechanism.26,27 However, there 

are no amino acid sequencing or covalent posttranslational 

modification differences between PrPC and PrPSc.28 The 

feature of prion disease is the deposition and aggregation of 

misfolded PrPSc. The aggregation of PrPSc in affected brain 

areas is thought to lead to neuronal dysfunction and death, 

thus producing the clinical symptoms associated with the 

disease.3,29,30 Accumulation of misfolded PrPSc results from 

an imbalance in the deposition and clearance of aggregates, 

and the failure of various cellular defense mechanisms. 

Accordingly, PrPSc represents a primary target for therapeutic 

strategies.31 The expression of PrPC is not restricted to the 

brain but occurs also in peripheral tissues including normal 

human lymphocytes, monocytes, neutrophils, and lymphoid 

cells.32–34 This indicates that PrPC expression is not cell-type 

specific. In fact, PrPC expresses about four times more on 

activated lymphocyte surfaces than on resting cells, thus 

providing a potential reservoir of PrPSc replication.32 In CJD, 

which is linked to the codon 200 mutation of the PrP gene, 

monocytes and lymphocytes express not only PrPC but also 

altered PrP isoforms.33

Studies show that latent-stage prion disease is character-

ized by the accumulation of PrPSc in lymphatic organs such as 

the spleen, tonsils, lymph nodes, or gut before its accumula-

tion in the CNS,6,35,36 although the degree of involvement is 

highly variable.37 Splenic PrPSc is detectable in at least one-

third of patients with sporadic CJD.38 The spleen is the site of 

initial prion accumulation in bovine spongiform encephalopa-

thy.39 The mechanism through which prion is transported from 

the gut to the spleen is unknown, but immune suppression by 

treatments such as splenectomy or immunosuppressive drugs 

increases the incubation period. Splenectomized mice have a 

marked increase in lifespan compared with those which have 

not had a splenectomy.40

“Follicular dendritic cells” (FDCs) are the stromal cells 

located in the primary B-cell follicles and germinal centers of 

lymphoid tissues.41 FDCs in the spleen express large amounts 

of PrPC and are thought to be involved in PrPSc accumulation 

and play a role in transepithelial transport of PrPSc. After 

peripheral exposure, prions accumulate first on FDCs, then, 

from the lymphoid tissues, invade the CNS via the periph-

eral nervous system.42–44 Although prion neuroinvasion from 

peripheral sites of exposure is dependent on the presence 

of FDCs in lymphoid tissues, prions are also considered to 

be acquired by FDCs as complement-opsonized immune 

complexes.45 A number of studies show that FDCs are the main 

site of prion replication in the spleen, and neuroinvasion is 

impaired in immunodeficient mice that lack,43,46,47 or following 

the temporary inactivation of, FDCs.48,49 Further, FDC deple-

tion in mice before intraperitoneal PrPSc inoculation leads to 
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an increased lifespan and almost no prion accumulation in the 

spleen compared with these in control mice.48,50

Immunotherapy for prion disease
Prion disease is now among the best understood of the 

degenerative brain diseases, and the development of ratio-

nal treatments is appearing realistic. Various compounds 

have been investigated to treat prion disease by influencing 

the maintenance of prion infection state, such as polyene 

antibiotics,51 anthracycline,52 Congo red,53 dextran sulfate, 

pentosan polysulfate and other polyanions,54–56 and β-sheet 

breaker peptides.57 Some of these compounds have effects 

on prion animal models by delaying the incubation time of 

animals infected with PrPSc, but all have limitations because 

of toxicity or bioavailability. The basic strategies of active 

and passive vaccination have been applied to neoplastic, 

autoimmune, and atherosclerotic diseases. The immunothera-

peutic armamentarium has been used to treat AD and other 

neurodegenerative disorders. Immunization strategies have 

been effective in the clearance of misfolded proteins in AD.8 

Beneficial effects have been achieved using active as well 

as passive immunization against amyloid β (Aβ) protein in 

transgenic mouse models of AD.58–60 More than ten human 

clinical trials evaluating active and passive immunization 

strategies are currently underway.8 The beneficial effect of 

immunization in AD suggests that this approach may also be 

feasible for the treatment of prion disease. Previous studies 

have indicated that immunotherapeutic strategies against 

the cellular form of PrPC can antagonize prion infectivity 

and disease development due to inoculation with external 

PrPSc.61,62 A number of studies in tissue culture have shown 

that anti-PrP antibodies can suppress prion replication.63,64 

Importantly, transgenic expression or the passive transfer 

of monoclonal antibodies against PrP into scrapie-infected 

mice has been found to suppress peripheral prion replication 

as well as prion infectivity, and significantly delay disease 

onset.6,65 In addition, it has been shown that humoral immune 

responses to native eukaryotic prion protein correlate with 

anti-prion protection.66

Moreover, because the native prion protein (PrPC) is 

widely expressed throughout life, PrPC and PrPSc have the 

same amino acid sequence and do not seem to have immu-

nologically distinguishable epitopes.67 The key challenge in 

immunological approaches to prion therapy is to overcome 

self-immune tolerance. The generation of antibodies against 

the prion protein is very difficult.68,69 It is hard to produce 

effective active and passive vaccinations in experimental 

animals.70 Several strategies have been used to overcome 

this barrier, including using genetically engineered mice 

to produce single-chain anti-PrP antibodies,68 infusing 

prion-specific monoclonal antibodies produced using PrP 

knockout mice65 including immunization with DNA or RNA 

vectors containing the PRNP gene,71 or with various prion 

peptides,72–74 recombinant prion protein,75,76 or PrPSc from 

scrapie-infected mouse brain or neuroblastoma N2a/22L 

cells75,77 and actively vaccinating mice with highly immu-

nogenic papilloma virus-derived particles displaying PrP 

epitopes.78

Active versus passive immunization: 
advantages and disadvantages
Active and passive immunotherapies are currently under 

investigation for prion disease. While both try to delay onset 

and prolong the lifespan, each has its own advantages and 

disadvantages. Active vaccination, for example, induces 

B-cell- and T-cell-mediated immune responses, promoting 

the production of anti-antigen antibodies. Typically, an active 

vaccine is comprised of an antigen (alone or conjugated to 

a non-self T-helper cell epitope) combined with an immune 

boosting adjuvant to ensure high antibody titers. On the 

one hand, active immunotherapy is attractive because it can 

induce long-term antibody production in a large population 

while being cost-effective, but, on the other, an active vaccine 

also can increase the risk of a deleterious immune response. 

A polyclonal antibody response can be induced by an active 

vaccine, which means that antibodies recognize multiple, 

sometimes overlapping, epitopes on the target protein. This 

may be helpful for broad coverage or less useful if the goal is 

to lower one specific form of a protein but not all forms.

Passive immunotherapy involves the direct injection of 

antibodies without requiring the immune system to generate 

an immune response. Benefits of passive immunotherapy are 

that it can target specific epitopes or pathogenic conforma-

tions without disturbing other forms of the protein of interest 

and can be stopped immediately if there are any adverse 

reactions. However, passive immunization needs expensive 

humanized antibodies, so it less feasible than active immu-

nization for the long-term treatment of a large population. 

In addition, repeated dosing with antibodies over time may 

form anti-antibodies, which could result in neutralization and/

or have other unwanted immunological side effects such as 

glomerulonephritis and vasculitis.

Active immunization
In prion infection in wild-type animals, either natural or 

experimental, no peripheral humoral immune response 
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against PrP epitopes can be observed.79,80 The humoral 

immune response against the disease-specific isoform PrPSc 

is suppressed either by self-tolerance or by other mechanisms. 

As already mentioned, the generation of antibodies against 

the prion protein is very difficult68,69 and few studies have 

used full-length PrP. The first report of an antibody response 

having been elicited by immunization with full-length PrP 

in wild-type mice was published in 2002.81 In that study, 

researchers used the heat shock protein (Hsp), as it exerts 

an extraordinarily strong adjuvant effect when coupled to an 

antigen,82 to elicit antibodies against PrP in mice by injecting 

a vaccine consisting of PrP cross-linked with DnaK, an Hsp70 

homolog of Escherichia coli. Another group used mouse 

recombinant full-length PrP and complete Freund adjuvant 

to immunize CD1 mice.83 The onset of prion disease in these 

mice was delayed and this correlated well with the antibody 

titer. However, Ishibashi et  al repeated this experiment in 

BALB/c mice and failed to delay the onset.84 Interestingly, 

mice immunized with recombinant bovine PrP had a delayed 

onset compared with non-immunized mice after inocula-

tion with a mouse prion.84 Another study showed that PrP-

Dynabeads stimulated the immune system in a murine scrapie 

model to produce anti-PrP immunoglobulin (Ig) M antibodies 

and prolonged onset after repeated immunization.85

Some research groups have used truncated prion peptides 

as immunogens for the production of antibodies. However, 

though many modified truncated prion peptides induce an 

antibody response in animal models, only a few delay onset 

and slow progression of the disease.86–88 Three mice strains are 

immunized with different kinds of prion peptides such as 

P
31–50

, P
131–150

, P
211–230

, and P
151–170

, and some fit the MHC 

class II peptide binding motif. Strong immune responses are 

elicited in NOD, C57BL/6, and A/J mice. A reduced level 

of protease-resistant PrPSc has been observed in mice vac-

cinated with prion peptide. This demonstrates that self-PrP 

peptides are immunogenic in mice and suggests that this 

immune response might affect PrP-scrapie levels in certain 

conditions.89 Significantly prolonged disease incubation and 

survival times have been demonstrated in inoculated wild-

type mice, which were subsequently infected by exposure to 

the scrapie agent with synthetic prion protein-derived peptide 

(PrP
105–125

) covalently linked to keyhole limpet hemocyanin.90 

However, immunization with PrP
90–230

 or adjuvant alone has 

no effect on disease development.90 In a different study, 

bone-marrow-derived dendritic cells (DCs) loaded with prion 

peptide were investigated to see whether they could overcome 

tolerance in PrP-proficient wild-type mice and protect them 

against scrapie.91 Peptide (PrP
98–127

 and PrP
158–187

)-loaded DCs 

elicited immune responses, including lymphokine release 

and antibody secretion against native cellular PrPC. Mice 

that received PrP
98–127

-loaded DCs had a reduced infection 

rate as a result of 139A scrapie intraperitoneal inoculation 

and significantly increased lifespan.91 Recently, another study 

evaluated the antigenic potential of recombinant murine 

prion protein in a mouse model of acute depletion of mature 

FDCs.92 The survival time of the FDC-depleted mice was 

elongated compared with that of the control mice,92 suggest-

ing a new strategy in prion treatment.

Because oral infection is the major route of prion trans-

mission for many prionoses, some groups have focused on 

inducing mucosal immunity. In one study, BALB/c mice were 

intragastrically or intranasally inoculated with a recombinant 

PrP-fragment (PrP
90–231

) and cholera toxin (CT) adjuvant.93 

The vaccine did not prevent disease but elongated the sur-

vival time of the animals. Another group has reported that 

mucosal vaccination with an attenuated Salmonella vaccine 

strain expressing mouse PrP delayed or prevented prion 

disease in mice later exposed orally to the 139A scrapie 

strain.94 The gut anti-PrP IgA and systemic anti-PrP IgG 

were induced by this mucosal vaccine and no toxicity was 

found with this vaccination approach.94 In the researchers’ 

following study, they divided immunized mice into high- and 

low-titer groups based on mice serum antibody levels. Mice 

with a high mucosal anti-PrP IgA and a high systemic IgG 

titer remained without symptoms for 400 days following 

PrPSc infection. The brains from clinically asymptomatic 

mice have been found to be PrPSc-free.95 These findings 

suggest that effective mucosal vaccination is a feasible and 

useful method to prevent prion infection via an oral route. 

Further research is needed to evaluate the effect of mucosal 

vaccination in preventing prion infection via intraperitoneal 

and subcutaneous administration.

Though the PrP vaccines show benefit in prion disease, 

they may cause adverse effects in the immunized host, such 

as neurotoxicity,96,97 autoimmune responses to PrPC in the 

immunized host, and the possible risk of the conversion of 

PrPC into PrPSc or prions. Considering these potential risks, 

a new type of vaccination against prion disease involving 

the immunization of mice with antigenic mimicry-mediated 

anti-prion epitopes is under investigation. One group reports 

that recombinant mouse PrP mixed with RNAs and lipids is 

converted into infectious PrPSc.98 The result indicates that 

molecules other than PrP may be used as prion vaccines. 

Heterologous PrPs function as antigens, mimicking the 

host’s PrP molecules.84 Heterologous recombinant bovine 

and sheep PrPs are highly immunogenic in mice and induced 

anti-PrP auto-Abs in them. Further, immunization with these 

proteins significantly prolonged incubation times in mice 
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inoculated with the mouse-adapted Fukuoka-1 prion.84 This 

suggests that antigens mimicking anti-prion epitopes could 

behave as prion vaccines. Mice immunized with recombinant 

succinylarginine dihydrolase, a bacterial molecule that carries 

a sequence similar to the 6H4 anti-prion epitope, possessed 

anti-prion activity in sera and had reduced levels of PrPSc in 

prion-infected cells.99 The immunization of the recombinant 

protein was found to significantly prolong the survival times 

of mice infected with Fukuoka-1 prions.99

“Protein-bound polysaccharide K” (PSK) is a clinical 

immunotherapeutic agent that exhibits various biological activi-

ties. Its anti-prion activity has been reported. A single subcuta-

neous dose of PSK significantly prolonged the survival time of 

peritoneally prion-infected mice, suggesting that PSK may be 

useful in elucidating the mechanism of prion replication.100

Passive immunization
In vitro studies have shown that anti-PrP antibody may 

inhibit prion infection.63,64,101–105 Preincubation with anti-PrP 

anti-sera reduces the prion titer of infectious microsomes 

from hamster brain homogenates in vitro.106 PrPSc formation 

is inhibited by an anti-PrP antibody in a cell-free system.107 

Passive immunization may prevent prion protein replication 

and offer effective protection against prion disease. Recently, 

passive  immunization has been extensively investigated 

(Figure 1).63,68,96,108–113

Transgenic expression of the µ heavy chain of anti-PrP 

antibody 6H4 in PRNP-/- mice was found to completely 

prevent prion infection after intraperitoneal PrPSc adminis-

tration.68 The most common way of administering anti-prion 

antibodies to prion-infected mice is peripherally. Intraperito-

neal injection of a monoclonal antibody in CD-1 mice once 

a week has been found to delay the onset of disease after 

the intraperitoneal administration of PrPSc.108 Another study 

has shown that monoclonal antibody ICSM35 or ICSM18 

(4,000 µg/week intraperitoneally) prevents the accumulation 

of PrPSc in the spleen and delays the onset of disease when 

administered in the asymptomatic phase. This shows that 

peripheral prion infection could be prevented if treatment 

is continued for either 7 or 30 days immediately following 

PrPSc challenge.65 However, no effect was observed after clini-

cal symptoms appeared or in mice injected intracerebrally 

Transgenic expression

Intracerebral delivery

Peripheral administration

mAbs

scFvmAbs

Abs can crossing
BBB

mAbs scFv

Lamin receptor
pAbs

IvIg

Figure 1 Methods of administration of anti-prion antibodies to prion-infected mice.
Notes: Passive immunization for prion disease was investigated. Transgenic expression of anti-PrP antibody in PRNP-/- mice has been used to prevent prion infection. Peripheral 
administration of anti-prion antibodies to prion-infected mice is the most common method. Intracerebral administration was another method to passively immunize mice. Peripheral 
administration of anti-prion mAbs, anti-prion Abs (mAbs and scFv) that can cross the BBB, lamin receptor pAbs, and IvIg were investigated to treat prion disease. 
Abbreviations: mAbs, monoclonal antibodies; BBB, blood–brain barrier; scFv, single-chain variable fragment; pAbs, polyclonal antibodies; IvIg, intravenous immunoglobulin; 
Abs, antibodies.
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with PrPSc.65 Passive immunization of mice with anti-PrP 

monoclonal antibody 6D11 (residues 97–100) results in a 

reduction of splenic levels of PrPSc and prolongs incubation 

time and survival.114 A rebound of PrPSc replication appears 

after cessation of treatment.114 An anti-prion protein anti-

body, mAb31C6, which recognizes amino acids 143–149 

of mouse PrP, peripherally administered via the tail veins of 

prion-infected mice at the time of clinical onset, has been 

found to decrease the level of PrPSc and elongate survival 

time in these mice by more than half compared with control 

mice.115 This suggests that the peripheral administration of 

an anti-PrP antibody is more useful for the prevention of 

prion disease onset.115 Continuous intraperitoneal treatment 

with anti-PrP antibodies 8B4 (residues 34–52) and 8H4 

(175–185) after peripheral prion-disease infection has been 

found to delay disease development.108 Injection of different 

anti-PrP antibodies has been found to induce a large (up to 

100-fold) increase in circulating PrPC and greatly elongate 

the lifespan of infected animals.116 The efficacy of delaying 

PrPSc peripheral accumulation is associated with the mono-

clonal antibody capacity to form long-lasting complexes with 

endogenous PrPC in the plasma.116

Due to relatively large molecules, anti-prion antibodies 

have poor blood–brain barrier (BBB) permeability. The 

intracerebral delivery of anti-PrP antibodies could be an 

alternative or additional approach. The direct intraventricu-

lar injection of anti-PrP antibodies using an osmotic pump 

into PrP-inoculated mice up to 120 days post-inoculation, 

which is just after clinical onset, has been found to reduce 

PrPSc levels.117 The spongiform changes, microglial activa-

tion, and astrogliosis appear milder in anti-PrP monoclonal 

antibody treated mice than in control mice. Treatment 

initiated at 60 days was found to elongate the lifespan of 

the mice.109 However, another group has reported that the 

administration of anti-PrP antibodies into the CNS has 

strong adverse effects.93 In their study, three different puri-

fied, endotoxin-free, PrPC-specific monoclonal antibodies 

were stereotaxically injected into the right hippocampus of 

C57BL/10 mice. Two of the three monoclonal antibodies, 

IgG D13 and IgG P, recognizing epitopes within the 95 to 

105 region of PrP, caused extensive neuronal loss throughout 

the hippocampal region in the mice injected.96 But Klöhn 

et al found no evidence to show that the brain delivery of PrP 

antibody triggered mouse hippocampal neuron apoptosis.118 

They stereotaxically injected ICSM18, recognizing PrP 

epitope 143 to 153; ICSM35, binding 93 to 105; and fully 

humanized ICSM18 (both IgG1 and G4 isotypes), into the 

hippocampus of C57BL/10 mice, using IgG P and IgG D13 

as positive controls. Apoptotic cell death throughout the 

hippocampal region was not observed.118

To minimize neurotoxicity, anti-PrPC scFv antibodies 

have been investigated. ScFvs have been considered an 

option for passive immunotherapy in recent years.119 ScFvs 

consist of immunoglobulin heavy (V
H
) and light (V

L
) chains 

linked with a flexible peptide.120 The antibody molecule is 

small and retains antigen-binding specificity. ScFvs can 

be packaged in small viral vectors such as recombinant 

adeno-associated virus (AAV) for injection into the CNS. 

However, a concern with the clinical use of scFv fragments 

is stability. Novel scFv variants with improved stability can 

be selected from large randomly mutated phage-displayed 

libraries with a specific antigen,120–122 and phage display 

has been successfully used in engineering anti-prion anti-

bodies.110,123 An scFv version of a PrP-specific full-length 

antibody (6H4) has been demonstrated therapeutic63,68 and 

to increase PrPSc clearance when secreted from stably trans-

fected and cultured cells.117 Serotype 2 of AAV (AAV2) is 

one of the most commonly used vectors for brain delivery. It 

has been tested in Phase I/II clinical trials of AD and Parkin-

son’s disease.124–126 AAV9 shows greater intracerebral diffu-

sion and transduction efficiency than AAV2.127,128 Wuertzer 

and colleagues administered the single-chain variable frag-

ment antibody D18 (scFvD18) intracerebrally using AAV2 to 

delay the onset of scrapie in mice intraperitoneally infected 

with the Rocky Mountain Laboratory (RML) strain.129 Moda 

et al engineered the single-chain variable fragment antibody 

D18 (scFvD18), specifically recognizing residues 132–156 

of PrP, into the AAV9 vector (AAV9-scFvD18).110 Mice 

were then intracerebrally inoculated with this before being 

intraperitoneally injected with the RML prion strain. The 

treatment efficiently reduced the accumulation of protease-

resistant PrP and significantly delayed the onset of disease 

in mice. Moreover, the treatment was found to be safe.110

To treat prion disease efficiently, anti-prion antibodies 

that can cross the BBB have also been investigated. Jones 

et al raised a camelid anti-prion antibody, known as PrioV3, 

capable of crossing the BBB in vitro and in vivo via receptor-

mediated transport that did not display any neurotoxic effects 

in a scrapie-susceptible neuroblastoma N2a cell line.111 

Another recombinant single-chain antibody fragment with 

the cell peptide penetratin (scFv-CPP) is able to transfer 

across the BBB.112 New anti-PrP monoclonal antibodies 

with defined PrP epitopes having a strong affinity of PrPSc 

are under investigation.130

“LRP/LR”, a 37 kDa/67 kDa laminin receptor, has a 

key role in cell adhesion. Further, it acts a receptor for PrPC 
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and PrPSc. The receptor represents an alternative target for 

the therapy of prion disorder and other neurodegenerative 

diseases.113 “W3”, a polyclonal antibody of LRP/LR, has 

abolished PrPSc accumulation after incubation in cell-culture 

experiments.131–133 In vivo experiments have also been under-

taken in mice. C75BL/6 mice that received W3 1 week before 

inoculation with PrPSc had a 1.8-fold increase in survival 

time compared with serum-treated control mice.134 AAV2 

vectors encoding recombinant scFvs N3 and S18, which are 

monoclonal antibodies to LRP/LR, have also been micro-

injected to treat scrapie-infected mice.135 Passive immuno-

transfer of the scFv S18 has been found to reduce the level 

of splenic PrPSc; however, this has not prolonged incubation 

and survival times.135

An intravenous immunoglobulin (IVIG) containing 

anti-Aβ autoantibodies or purified autoantibodies against Aβ 

has been suggested to treat AD.136–140 The naturally occur-

ring autoantibodies against PrP have recently been detected 

in humans and purified from IVIG by our group.141 These 

autoantibodies have the same effects as reported mouse 

monoclonal antibodies against PrP fibril formation and 

PrP neurotoxicity,140,142 as well as anti-Aβ antibodies.140,143 

Autoantibodies with complete human sequences are able to 

overcome the inflammatory side effects generated by active 

immunization or humanized monoclonal antibody chronic 

therapy, particularly when it is found that two humanized 

antibodies against PrP
95–106

 might be proapoptotic in the 

hippocampus.96 Interestingly, prion autoantibodies have a 

high affinity for PrPSc and protect against the neurotoxic 

effects of PrPSc in cell culture.140 Autoantibodies enhance 

the uptake of PrP
106–126

 A117V in microglial cells without 

inducing an inflammatory response.144 After determining the 

most effective binding epitopes in prion proteins and purify-

ing the autoantibodies from IVIG by using these epitopes, 

these autoantibodies could be quickly and effectively used in 

clinical studies of prion disease to greatly reduce treatment 

doses and durations. Additionally, the identification of bind-

ing sequences from these autoantibodies could further help 

develop scFv with the complete human sequence for chronic 

treatments. Studies in these areas are currently underway.

Conclusion
There is currently no effective treatment for patients with 

prion disease. Recently, the beneficial effects of active and 

passive immunization observed in several neurodegenerative 

disorders have suggested the potential utility of immuniza-

tion therapies in both the prevention and treatment of prion 

disease. The demonstration of complete prevention of prion 

disease in a mouse model of prion disease by using oral 

inoculation with PrPC expressed in an attenuated Salmonella 

vector is a major advance in this field.83 However, since the 

use of active immunization strategies for the treatment of 

human prion disease could potentially result in severe adverse 

effects such as autoimmune meningoencephalitis,84 currently, 

most researchers favor passive immunization approaches for 

these chronic diseases. Unfortunately, it should be noted that 

none of the passive immunization strategies that have been 

tested in mice has shown beneficial effects on survival when 

animals were treated with antibodies toward the end of the 

disease incubation period or after prion accumulation had 

already occurred in the CNS and clinical signs developed. 

Passive immunization seems to be preventive by prolong-

ing the incubation period when administered before, or 

very shortly after, exposure to PrPSc. Therefore, methods 

for the early diagnosis of prion disease are urgently needed. 

Additionally, passive immunization could be potentially 

used in patients at risk of PrPSc exposure and in carriers of 

mutations in the PrP gene. Further preclinical and clinical 

studies are needed to evaluate immunotherapeutic approaches 

to the prevention and treatment of the devastating effects of 

human prion disease.
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