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Prion diseases are transmissible neurodegenerative diseases of humans and animals. The prion agent consistsAbstract
of a misfolded protein, PrPSc (prion protein, scrapie form), of a glycosylphosphatidylinositol-anchored host
protein, PrPC (PrP cellular form) of unknown function. During prion replication, PrPSc induces host PrPC to
adopt its pathogenic conformation. Some PrPSc may aggregate to microscopically visible, extracellular prion
plaques that stain for amyloid.

The development of antiprion vaccines presents some challenges. While there is strong self-tolerance to an
endogenous antibody response to PrPC and PrPSc, highly potent monoclonal antibodies (mAbs) have been raised
in mice in which the prion protein gene has been deleted by gene targeting. These mAbs have been demonstrated
to be antiprion-active in permanently scrapie-infected neuroblastoma (ScN2a) cells, primarily when bound to
one of four epitopes (the octarepeat region, the region around codons 90–110, helix 1 region codons 145–160,
and the extreme C-terminal codons 210–220). The mAbs directed against codon regions 90–110 or 145–160 are
also antiprion-active in vivo, but only after intraperitoneal infection with prions, not intracerebral infection,
suggesting their blood-brain barrier (BBB) impermeability. The challenge will be to make antibodies, or
recombinant derivatives thereof, BBB permeable; this is preferably achieved by monovalent antibody fragments
since divalent ones were found to be neurotoxic.

Self-tolerance of wild-type animals to PrP immunizations was found to be of extrathymic origin. Even though
antibodies raised in wild-type mice were found to display antiprion activity in ScN2a cells, these mice did not
have significant extensions of incubation times when challenged intraperitoneally with prions. A general low
affinity of these antibody responses to native surface-bound PrPC may account for this.

Since wild-type mice were found to develop sufficient T-cell responses to codon regions 145–160 and
210–220, we believe that there is a theoretical chance of a successful vaccination therapy. The influence of the
way the immunogen is presented has already been shown to be of major importance for the ensuing immune
response, in that presentation of PrP with CpG oligodeoxynucleotides as adjuvant or viral packaging improved
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antibody responses. Major progress for active immunizations may therefore be expected in this field. Eradication
programs will be one of the most important uses of active immunization protocols. For this purpose, vaccines
will have to be inexpensive, easy to handle, and effective. In the short term, passive immunizations will likely be
most promising for therapy of prion disease, including for human medical interventions. Active immunization
protocols are less likely to succeed quickly, and will take years if not decades to be validated for domestic or free-
ranging animals.

Prion diseases are transmissible neurodegenerative diseases of absence of nucleic acids,[14] replication of prions is thought to
humans and animals.[1] Animal prion diseases include scrapie of occur via conversion of the normal cellular prion protein, PrPC,
goat and sheep, bovine spongiform encephalopathy (BSE) from into the disease-associated PrP scrapie form, PrPSc.[1,12] PrPC is a
cattle, chronic wasting disease (CWD) of American mule deer and protein of unknown function that is highly expressed in lymphoid
elk, as well as transmissible mink encephalopathy. Animal prion and neuronal tissues. Conversion is currently hypothesized to
diseases such as scrapie are endemic in some countries, with occur either by a monomer/small oligomer PrPSc[1] or, according
prevalences of up to 10% of the sheep population,[2] and can be to the amyloid self-polymerization model, by a template in a larger
epidemic in scale, like the BSE epidemic that peaked in the 1990s fibril consisting of PrPSc, which induces conversion/adhesion
in Great Britain and moved to almost all European countries. On through a nucleation-like process.[15]

the other hand, they can be highly prevalent in strictly local areas, Prion diseases are classed between infectious diseases and
like CWD in some Rocky Mountain states in the US, with amyloid diseases of the brain. In fact, prions have sometimes been
prevalences of up to 10% of the wildlife population of mule deer called ‘infectious amyloid.’ It is clear, however, that prion diseases
and elk.[2,3] are the only infectious amyloid diseases of the brain, and that other

Human prion diseases are still very rare. The most prevalent amyloid diseases of the brain like Alzheimer disease are not
human prion disease is Creutzfeldt-Jakob disease (CJD), with a infectious.[16,17] Nevertheless, for both infectious diseases and
worldwide prevalence of ≈1 per million.[4] Other, even rarer, Alzheimer disease (the classical and most prevalent amyloid dis-
human prion diseases are of genetic origin and include Gerstmann- ease), antibody- or vaccination-based therapies have been success-
Sträussler Scheinker disease or fatal familial insomnia. Most cases ful.[18] Active immunization or vaccination is the term used when
of CJD (≈90%) are of sporadic origin, ≈9% are of genetic origin, the whole immune system is stimulated by a suitable immunogen
and <1% are of an infectious origin. The major routes of CJD to mount a complete nonspecific and specific immune response,
transmission are iatrogenic transfer of prions via organ transplan- including T-cell and B-cell/antibody responses, whereas passive
tations from patients with (subclinical) CJD, for example, dura or immunization is understood to solely comprise administration of
cornea transplantations.[5] One form of infectious human prion antibodies to a defined antigen.
disease has been Kuru of the Fore tribe in Papua New Guinea, In the classical infectious diseases, the infectious agent pro-
which was transmitted through ritualistic cannibalism and disap- vides novel epitopes for the cellular and humoral immune system,
peared once cannibalism was abolished.[6] against which antibodies will be directed. In the amyloid diseases,

It is widely believed that humans are protected from prevalent presentation of novel, disease-associated conformation-specific
animal prion diseases by a species barrier, i.e. the inability of epitopes,[17] i.e. novel 3-dimensional foldings of a protein popula-
prions from one species to infect another, phylogenetically more tion, signals the immune system to raise a protective immune
remote, species. For example, endemic scrapie has been described response, which leads to opsonization and clearance of aggregated
for centuries,[7] but epidemiological and transmission studies have extracellular protein deposits. By analogy, presentation of prion
consistently led to the conclusion that a species barrier protects plaques, or PrPSc, should elicit such an immune response, clearing
humans from sheep prions.[4,8] Public concern was raised with the this aberrant conformational species. The problem is that, because
appearance of cases of a new strain of CJD, termed variant (v) of its infectious nature, the agent cannot be used for immunization
CJD, that were caused by ingestion of BSE prions, indicating that itself. Also, no laboratory has yet reported the emergence of a
there was no strict species barrier in humans for bovine prions.[9,10] PrPSc-specific immune response during prion disease.[19]

The danger of this strain was emphasized by its transmissibility via What is the potential use of vaccination or antibody-based
blood.[11] therapies? Recent investigations in an inducible PrP-knockout

The infectious agent, the prion, is thought to consist solely of a transgenic mouse model demonstrated that when PrP was knocked
misfolded conformation of the prion protein (PrP).[12,13] In the out after experimental prion infection started to produce clinical
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symptoms, early symptoms as well as vacuolation and dendritic 1.1 Antiprion Activity in Cell Assays
changes were reversible.[20,21] These surprising results raised hopes
that therapies even after disease onset might not be in vain. For Permanently scrapie-infected neuroblastoma (ScN2a) cells
humans, there are two likely major applications of antiprion (α- have been a major model for investigating prion diseases.[23-25]

PrP) antibodies: (i) passive immunization, i.e. antibody-based These cell lines have been used to identify a variety of small-
therapy of human prion disease, possibly with antibodies recombi- molecule antiprion compounds.[26-29] Initial monoclonal antibodies
nantly optimized to cross the BBB; and (ii) post-exposure prophy- (mAbs) produced in mice were against Syrian hamster PrP and did
laxis after accidental contact with prions and decontamination of not cross-react with mouse PrP, because of the high homology of
(vCJD) prion-infected blood. PrP within mammalian species and ensuing self-tolerance.[30,31]

For animals, prevention and eradication of the major diseases The first high-affinity mAbs were produced in PrP-knockout
(scrapie, BSE, and CWD) with highly efficient active immuniza- mice.[32,33] mAb 6H4, recognizing helix 1 of the prion protein,[34]

tion strategies will be the goal. One consideration for a commer- an exposed domain in the PrP structure that is thought to have a
cial immunotherapy-based eradication program is that the total key role in the conversion process, proved to be highly antiprion
cost of the therapy per animal should not exceed the market price active in ScN2a cells[35] (figure 1). A concentration of 6H4 anti-
of the animal itself, in order to elicit a user demand. Therefore,

body of 1 μg/mL cleared any residual PrPSc after 14 days. The
vaccination strategies have to be both efficient and inexpensive. It

cells continued to express PrPC and remained free of PrPSc for at
is also clear that because of the long incubation time of natural

least 6 weeks after the antibody had been removed from culture
prion diseases, the validation of the efficacy of potential, experi-

medium.[35] Subsequently, the effectiveness of helix 1 as an an-
mentally successful vaccination strategies will take decades rather

tiprion antigen was confirmed by other mAbs, with inhibitory
than years.

concentration (IC50) values mostly in the low nanomolar or subna-
nomolar range.[36-39] Helix 1 of PrPC was also shown to be an

1. Antiprion-Active Antibodies
interaction domain of PrPSc, thus likely to have a role in PrP
conversion[40] (figure 1).An early proof of the antiprion effect of anti-PrP antibodies was

Antibodies to at least three other domains of PrP seem to conferthe decrease of inoculum titer of an experimental prion infection
antiprion potency: (i) the octarepeat region;[42,43] (ii) the regionwhen it was preincubated with a polyclonal antiserum generated
around codons 91–110 (mAb ICSM 35;[36] Fab D13[39]); andagainst PrP in rabbits.[22] The question then was whether anti-
(iii) the extreme C-terminus (Fab R1, R2[39]) [see figure 1]. Abodies could also induce cellular procedures leading to the com-
synergistic antiprion effect was observed after treatment withplete disappearance of prions.

Structure
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Fig. 1. Schematic summary of the current knowledge on mouse prion protein (PrP) sequence-associated immunological features. Sequence is schematic,
not to scale; longitudinal lines are in steps of 50 amino acids along the PrP sequence. Secondary structure according to Riek et al.:[41] β-strand 1 (B1)
128–131, α-helix 1 (H1) 145–155, β-strand 2 (B2) 161–164, α-helix 2 (H2) 175–193, α-helix 3 (H3) 200–219. Darker green filled bars indicate strong
binding/reaction with the respective polypeptide sequence indicated at top, and lighter green filled bars indicate weak binding/reaction. B-cell ko = B-cell
epitopes in PrP knockout (ko) mice; B-cell wt = B-cell epitopes in wild-type (wt) C57BL/6 mice; Fab = fragment, antibody binding; mAb = monoclonal
antibody; MHC II = major histocompatibility complex type II binding motifs; PrPC-PrPSc = PrP cellular form – PrP scrapie form interaction domain; T-cell ko
= T-cell proliferation domains in PrP ko mice; T-cell wt = T-cell proliferation domains in wt C57BL/6 mice.
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different antibodies,[37] suggesting that combining antibodies with detected in spleens of 6H4μ-mice 234 days post-inoculation (dpi),
different epitopes might be beneficial in therapeutic strategies. whereas controls showed splenic infectivity after 50 days.

The mechanism of action of antibodies clearing PrPSc in cells is In a true passive immunization experiment it was shown that a
not completely understood. Antiprion effects can, theoretically, twice-weekly 2 mg per mouse administration of either mAbs
arise through interference with several molecular targets.[44] For ICSM 35 (recognizing amino acids 91–110) or ICSM 18 (recog-
antibodies, these primarily involve the shielding of PrPC from the nizing amino acids 146–159; see figure 1) over a prolonged period
presumed docking of PrPSc, or sequestering of the PrPSc template (starting 7 or 30 days after inoculation for) protected FVB/N wild-
itself. While it has been argued that shielding PrPC might be the type mice from peripheral (intraperitoneal) infection of prions.[53]

most efficient antiprion strategy of single antibodies,[39] others At 60 days after inoculation, splenic PrPSc levels were almost
have reported that dual targeting of PrPC and PrPSc improved the completely reduced by ICSM 18, and to a somewhat lesser extent
efficiency of antiprion antibodies.[36] No reports have been pub- by ICSM 35. Of note, all treated animals inoculated intraper-
lished on the antiprion effects of mAbs specific for the PrPSc itoneally survived longer than 500 days without signs of illness.
conformation.[34,45,46] If PrPSc is present in post-membrane com- Although mABs were effective even when applied 30 dpi (when
partments inaccessible to antibodies, exclusive targeting of PrPSc peripheral PrPSc accumulation reached plateau levels), mice were
may not be as effective as targeting of both PrPC and PrPSc. From not protected if administration was started after the appearance of
these studies it can be concluded that conformation specificity or the first clinical signs.
conformational epitopes are not a prerequisite of antiprion mAb In both the antibody-expressing transgenic mice and passively
potency. immunized mice, antibody protection was effective only when

Multivalent ligands of cell surface antigens can sometimes inoculation was peripheral and had to go through the phase of
trigger signal transduction events. Direct intracerebral injection of neuroinvasion, during which the antibodies likely executed their
full length anti-PrP antibodies (mAbs D13 and P against residues neutralizing effects. Whether failing protection of these antibodies
95–105), but not their monovalent Fab fragments, were reported to to intracerebral inoculation was due to their lack of BBB permea-
induce extensive neural loss after 24 hours, albeit at an unphysio- bility is currently unclear.
logically high concentration (1 mg/mL).[47] Interestingly, a full Summarizing these experiments, we can state that:
length mAb (D18), binding to helix 1, induced no cell damage • antibodies can clear prions in vitro (cells) and in vivo (mice);
under the same conditions. These studies suggest that monovalent • antibody protection in vivo seems confined to peripheral inocu-
antibodies might be better suited for in vivo immunization thera- lations;
pies than full length antibodies. Accordingly, ScN2a cells treated • those antibodies with high antiprion efficacy are derived from
with single-chain fragments (scFv) to prion protein helix 1 ex- immunizations of PrP-knockout mice; and
pressed in a mammalian co-culture system were shown to reduce • there do not seem to be relevant autoimmune effects when
PrPSc efficiently.[48] If the existence of an essential conversion endogenous PrP and α-PrP antibodies meet.
factor like the elusive protein X[49] was proven, or an essential
uptake receptor for prions was demonstrated, blocking their inter- 2. Vaccination
action sites with PrP might be a target for antibody-based thera-
pies. It has been claimed that the laminin receptor is required for
prion propagation;[50] however, the use of scFv antibodies has so 2.1 Overcoming Self-Tolerance
far not led to a complete PrPSc clearance and has failed to exhibit
significant antiprion effects in vivo.[51]

The major problem of active immunization against prion dis-
ease is the strong self-tolerance of recipient subjects to PrP. This is

1.2 Effects of Antiprion Antibodies in Animal Models of in strong contrast to successful immunizations with Aβ peptide in
Prion Disease animal models of Alzheimer disease[18] or in humans,[54] where a

humoral immune response was developed, indicating that major
Antiprion activity of antibodies in vivo was shown in two epitopes of oligomeric or multimeric Aβ are, in fact, immunogen-

seminal experiments. A transgenic mouse model expressing a ic. During experimental or natural prion disease, no prion-specific
fragment of mAb 6H4 (6H4μ)[52] demonstrated that (i) the anti- antibody response has been reported.[19,55] Whether this is due to
body titers generated were sufficient to protect from a peripheral the non-immunogenicity of the conformational difference between
(intraperitoneal) prion inoculation; and (ii) the antibodies did not PrPC and PrPSc, or a low-abundance ‘physiological’ PrPSc of
generate an autoimmune disease or toxic effects. No PrPSc was unknown function establishing self-tolerance, is unknown.
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There have been attempts to circumvent self-tolerance to PrP in 2.2 Focusing the Immune Response

wild-type mice by immunization of a dimeric recombinant PrP
Attempts to identify major immunogenic regions of PrP in

generated in Escherichia coli,[56] by using CpG oligodeoxynucleo-
wild-type animals have been made through systematic screening

tides as adjuvant in a DNA immunization strategy,[57] utilizing
or thoughtful design of PrP polypeptides.

multiple-antigen peptides,[58] cross-linking to keyhole limpet he- Peptides corresponding to codons 131–150 and 211–230 were
mocyanin,[59] or packaging of PrP in viral particles.[60,61] Attempts found to have a major histocompatibility complex (MHC) II
to circumvent self-tolerance by immunizing with PrP of different binding motif in wild-type mice[69] and equally were found to elicit
species revealed that BALB/c mice immunized with bovine re- the highest T-cell proliferative responses in a screen of 20mer
combinant PrP and complete Freund adjuvant (CFA) led to a slight peptides (codons 31–50, and 151–170 weak response; figure 1);
prolongation of survival time after intraperitoneal prion chal- for (unconjugated) peptide 131–150, a decrease of PrPSc levels in
lenge.[62] So far, neither of these strategies has been shown to cure mouse-implanted ScN2a cells was demonstrated.[69] Another

group showed in a 30mer screen that peptides correspondingor to have dramatic effects on survival time when applied to in vivo
to codons 143–172 and 156–187 elicited the strongest T-cellexperiments where wild-type animals were challenged with
proliferation responses in PrP-knockout mice, with 98–127 alsoprions.
displaying weaker, but sufficient, T-cell proliferative responses

Particular attention has to be given to the adjuvants used, which
(figure 1).[70]

in ≈80% of all immunization studies was CFA. Administration of
Comparing B-cell immune responses of 30mer overlapping

CFA alone, a common immunostimulant and carrier solution for
peptides in PrP-knockout versus wild-type mice (both on the

immunogens in animals, was demonstrated to prolong incubation C57BL/6 genetic background, and immunized with CpG oligo-
time after intracerebral or intraperitoneal prion challenge.[63] Sin- nucleotides as adjuvant) revealed that wild-type mice had a pre-
gle boosts of CpG oligodeoxynucleotides are similarly known to ferred response to epitopes in the region codon 158–187, and 193–
stimulate the innate, nonspecific immune system.[64,65] When CpG 212, whereas PrP-knockout mice covered epitopes in the codon
oligodeoxynucleotides were repeatedly administered to prion-in- regions 118–172 and 212–218[71] (see figure 1). PrP-knockout
fected mice over several or many days, a prolongation of incuba- mice mounted a mixed antibody response with IgG1 and IgG2b,

whereas wild-type mice had a strong abundance of IgG2b anti-tion time was observed.[66] However, this was later attributed to a
bodies; IgG2a antibodies were of low abundance in both mousemassive suppression or destruction of follicular dendritic cells –
types.[71] Interestingly, from immunization studies in Alzheimersites of peripheral prion replication.[67]

disease it is known that IgG1 antibodies, although binding with
Whether antiprion-active antibodies could be raised in wild-

higher affinity to Aβ plaques, are less efficient for clearing plaques
type mice was investigated by immunization of C57BL/6 with

than IgG2a antibodies.[72]

recombinantly expressed mouse PrP/CFA.[56] The antibodies gen-
Thus, there is an overlap of PrP polypeptides evoking T-cell

erated were demonstrated to have antiprion activity in ScN2a cells proliferation with B-cell epitopes in wild-type mice, particularly
(major epitopes mapped to residues 129–148), but the immuniza- around residues 150–170, and 210–220 (which coincide with
tion did not protect from an intraperitoneal prion challenge.[68]

antiprion activity in ScN2a cells) and, for codon region 150–170,
This discrepancy was attributed to a remaining self-tolerance to with antiprion activity in vivo (see figure 1).
PrP resulting in low-affinity antibodies against non-ideal

2.3 Viral Packaging for Antigen Presentationepitopes.[68] Using lines of transgenic mice expressing PrP under

tissue-specific promoters on the PrP-knockout background, it was
Viruses can be very strong inducers of immune reactions, to the

demonstrated that thymic PrP expression was not a prerequisite for
extent of being able to trigger autoimmune diseases.[73] Packaging

an absent or weak humoral α-PrP response, since PrP expressed of major antigenic regions of PrP into suitable viruses or viral
exclusively on T cells, B cells, hepatocytes, or neurons had an particles may therefore improve the way the self-tolerant PrP
equally insufficient immune response. Only complete PrP knock- antigen is presented and help elicit antiprion antibody titers.
out or PrP exclusively expressed on Schwann cells and oligoden- Nikles and colleagues[60] chose a retroviral display system
drocytes led to strong humoral immune responses.[68] These inves- presenting full-length mouse PrP 121–231 on virus-like particles
tigators also suggested that only antibodies binding native PrP on derived from murine leukemia virus. Specific IgM and IgG anti-
the cell surface, but not antibodies binding solely to recombinant bodies recognizing native PrPC were induced in PrP-knockout and
PrP, had sufficient affinity to elicit antiprion effects. wild-type mice. Of note, the magnitude of PrP-specific IgM res-
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ponse was inversely related to the number of PRNP (prion gene) intracerebral prion challenge, similar to transgenic expression of
alleles expressed. The highest antibody titers were, expectedly, an antiprion mAb 6H4 fragment.[52] Thus, antiprion antibodies do
induced in PrP-knockout mice, however intermediate and lower not easily pass the BBB, unlike many anti-Aβ antibodies in
levels were also present in heterozygous and wild-type mice, successful passive immunization of Alzheimer disease.[78] Here,
respectively.[60] the future challenge will be to make these mAbs or, preferably,

recombinant antibodies thereof, BBB permeable in order to in-In another recent study, the immunogenic surface loop of the
crease their antiprion efficacy. Because of the possible neurotoxic-bovine papillomavirus type 1 major capsid protein was used to
ity of bivalent mAbs,[47] monovalent recombinant antibodies maydisplay a helix 1 peptide of the murine PrP (codon 144–152) at up
be the way forward. In fact, scFv fragments derived from mAbto 360 copies/capsid.[61] With this vaccine, high titers of antibodies
6H4 have been shown to decrease PrPSc levels in ScN2a cellsrecognizing native PrPC could be raised in rabbit and rat, and the
significantly.[48] Recombinant scFv fragments offer the prospect ofrabbit antisera interfered with prion replication in ScN2a cells.[61]

being recombinantly modified with signal sequences or chimericUnfortunately, results on whether this antigen-presenting strategy
proteins facilitating BBB entry. They can further be optimized forprovides protection from a prion challenge in vivo have not been
antiprion therapy by directed mutagenesis, and later on be human-reported.
ized for therapeutic applications in humans.

2.4 Mucosal Vaccination The best current target within PrP for immunization, be it active
or passive, is the area around helix 1 (residues 145–160, see figure

Since the major route of prion transmission in animals is 1), which has been shown to induce T-cell proliferation in wild-
thought to occur via ingesting contaminated food,[74,75] investiga- type mice and to be a preferred B-cell epitope with high antibody
tions have also included the possibility of inducing mucosal im- titers. At the same time, antibodies against the helix 1 region have
munity for protecting against prion disease. The idea is to prevent consistently been shown to be antiprion active in ScN2a cells, and
entry of PrPSc from the gut into the body. in vivo. Helix 1 seems to be an interaction site with PrPSc, thus

In one set of experiments, BALB/c mice were immunized providing a solid mechanism of action for the antiprion effects. All
either intragastrically or intranasally with a recombinant PrP frag- these facts argue for focusing vaccine development on this region.
ment (codon 90–231) and cholera toxin adjuvant.[76] Intranasal To date, the only limitation is that no single mAb against this
immunization elicited a low but significant IgA response, and region has been raised in wild-type mice with convincing antiprion
slightly prolonged incubation time after an oral challenge.[76]

activity. Nonetheless, generating such a mAb in wild-type mice
Similarly, intranasal immunization with fusion proteins of bovine may be an excellent read-out system for screening active immuni-
PrP (codon 132–242) or mouse PrP (codon 120–231) with the B zation strategies.
subunit of E. coli heat-labile enterotoxin was able to elicit IgA

Active immunization strategies are likely to focus on antigen
responses, although weakly, when PrP of the same species was

presentation. For example, change of adjuvant from CFA to CpG
used.

changed immune responses to PrP significantly,[71] and viral pack-
In yet another set of experiments, a live attenuated Salmonella aging is likely to have considerable future potential in this direc-

typhimurium vaccine strain-expressing mouse PrP cDNA was tion. Simple, inexpensive, and effective active immunization strat-
used to immunize wild-type CD-1 mice.[77] This vaccine induced egies are sought for eradication programs of the major animal
both IgA and, to a lower extent, IgG responses. Whereas all prion diseases scrapie, BSE, and CWD. CWD is currently the most
control animals died within 300 days of post-oral challenge and rapidly spreading prion disease that, uniquely, also affects wild
displayed scrapie-infected brain homogenate, survival of two in- living animals, with possible ecological consequences. While ac-
dependent treatment groups was markedly prolonged. After 500 tive immunization with recombinant immunogens may be practi-
days, 30% of treated mice were still alive, without showing any cable in domestic animals, in order to cover a wild population of
evidence of PrPSc in their brains or spleens.[77]

deer or elk, live antiprion vaccines – i.e. nonpathogenic viruses
presenting PrP epitopes in such a way that an efficient antiprion

3. Conclusions and Challenges
response is elicited – may be worth consideration.
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