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Abstract: Prion diseases are fatal neurodegenerative zoonotic foodborne disorders, which are caused by an abnormal isoform of prion 

protein (PrP
Sc

) derived from the cellular isoform of prion protein (PrP
C
). According to epidemiological surveillance and in vivo 

experiments, exposure to the PrP
Sc

 during the weaning period is fraught with risk, suggesting that, during development, the intestinal 

defenses and the immune system are involved in PrP
Sc

 infection susceptibility. Although it remains unclear how PrP
Sc

 passes through the 

natural biological barriers during its invasion of intestinal cells, the 37 kDa/67 kDa laminin receptor is suspected to be one of the 

receptors involved in PrP
Sc

-incorporation. In addition, we have recently shown that the neonatal Fc receptor (nFcR), which contributes to 

the uptake of maternal antibodies into the intestine, may play an important role in PrP
Sc

 incorporation. In this review, recent studies on 

PrP
Sc

 uptake and models of PrP
Sc

 incorporation into the intestine via the laminin and Fc receptors are described. 

Keyword: Prion disease, PrP
Sc

 uptake, Fc receptor. 

INTRODUCTION 

Prion diseases or transmissible spongiform encephalopathies 

are fatal neurodegenerative diseases and include bovine spongiform 

encephalopathy (BSE) in cattle, scrapie in sheep, and Creutzfeldt- 

Jakob disease (CJD) in humans [1, 2]. The appearance of variant 

CJD (vCJD) has raised public health concerns that BSE might be 

transmissible to humans across species through dietary exposure to 

BSE-contaminated foodstuffs [3]. In addition, human cases of 

vCJD are still emerging in the UK, many years after the emergence 

of BSE, because of the extremely long incubation period of prion 

diseases [2]. 

The pathogenic event of prion disease consists in the 

accumulation in the neural and lymphoid tissues of the abnormal 

form of prion protein (PrP
Sc

) [6], which is structurally distinct from 

the normal or cellular prion protein (PrP
C
) [4, 5]. Interestingly, the 

main structure of PrP
C
 is an alpha helix, whereas that of PrP

Sc
 is a 

beta-sheet. Notably, this conformational change affects the physic-

chemical properties of PrP
Sc

, characterized by detergent-insolublity, 

high propensity to aggregated, and resistance to protease digestion 

[1, 2, 3]. Although the site of PrP
Sc

-invasion is disputed, natural 

infection can occur orally, especially through the gastrointestinal 

tract [7, 8]. In this review, recent studies on PrP
Sc

 uptake and a 

model of PrP
Sc

 incorporation into the intestine via the laminin and 

Fc receptors are described. 

INTESTINAL PRION ENTRY 

Parts of PrP
Sc

 can be digested but most of its structure can 

withstand degradation by the gastric juices and enzymes in the 

gastrointestinal tract [9]. Therefore, PrP
Sc 

is able to reach intestinal 

epithelia [10, 11], and penetrates the intestinal epithelial barrier as 

well as other biological barriers before reaching the central nervous 

system (CNS) [12, 13]. However, the mechanism of its  
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incorporation and the route by which PrP
Sc

 moves from the 

intestine to the CNS remains unclear. According to experiments 

using animal models such as mink, mice, sheep, and non-human 

primates, PrP
Sc

 invasion through the intestinal epithelial barrier is 

the first important step in the oral route infection, but the actual 

mechanisms of epithelial cell invasion are poorly understood [14-

17]. When PrP
Sc

 transmigrates from the intestine to the lymphoid 

tissues, it accumulates around the follicular dendritic cells (FDC) of 

the gut-associated lymphoid tissue (GALT) and in the tangible-

body macrophages of lymphoid nodules [18]. In addition, PrP
Sc

-

positive cells were detected in the dome region of intestinal Peyer's 

patches [19], suggesting that M cells in the follicle-associated 

epithelium are the entry site of these transmissible agents [20]. 

In summary, there are two main hypotheses to explain the 

penetration of prions into the intestinal barrier: the M cell-

dependent pathway and the M cell-independent pathway [21, 22]. 

The former route, which is thought to be the main one, PrP
Sc

 passes 

through dendritic cells and accumulates in mesenteric lymph nodes, 

prior to invade neural tissue. In the M cell-independent pathway, 

PrP
Sc

 is taken up by epithelial cell transport mechanisms and starts 

accumulating in the enteric nervous system (ENS). Until now, 

lactoferrin, which is widely present intracellularly and in secretory 

fluids such as milk and saliva, is reported to inhibit prion 

accumulation [23]. Furthermore, while prion-soil interactions can 

vary with solution chemistry, prions bound to soil containing SiO2 

and bentonite clay are capable of maintaining the ability of 

transmitting prion diseases for months in the environment [24]. 

Only a few reports, so far, have investigated exogenous compounds 

or host factors capable of inhibiting the penetration of PrP
Sc

 into 

cells. 

MOLECULAR MECHANISMS OF THE ENTRY OF PRP
Sc 

VIA RECEPTORS 

The molecular mechanisms of PrP
Sc

 entry via putative receptors 

are also disputed. In the case of vCJD, a 37-kDa laminin receptor 

precursor (LRP) was proposed as a receptor that aids the entry of 

PrP
Sc 

[25, 26]. LRP is incorporated into the 67-kDa mature laminin 
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receptor, which is expressed in the brush border surface of 40% of 

the human intestine [27]. It was reported that human CaCo-2/TC7 

cells (an epithelial line derived from an intestinal carcinoma) are 

capable of endocytosing PrP
Sc

 from BSE brain homogenates. 

However, this uptake was reduced but not inhibited completely by 

blocking the 37 kDa/67 kDa laminin receptor with an anti-laminin 

receptor antibody [28]. The results suggested that other receptor(s) 

were involved in the incorporation of PrP
Sc

. 

Epidemiological studies of the BSE epidemic in Great Britain, 

have shown that feed was the major route of PrP
Sc

 infection [29], 

and through simulation models that most infected animals had been 

exposed to the agent within the first 6 months of life [30, 31]. This 

suggests that specific biological mechanisms acting in early life 

play an important role in infection by PrP
Sc

. 

In the suckling period, growth factors and immunoglobulins, 

which are present in large amounts in maternal milk, are 

incorporated by specific or non-specific receptors such as neonatal 

Fc receptors (nFcR), which are abundantly expressed on the villous 

epithelium before weaning [30]. In addition, suckling cows do not 

have fully developed intestinal epithelial barriers against foreign 

substances [33]. Therefore, these animals are particularly 

susceptible to prion agents. In a previous study by our group, 

intestinal sections of CD-1 mice were observed using 

immunohistochemistry after the administration of PrP
Sc

 in order to 

determine the relationship between PrP
Sc

 incorporation and age 

[34]. It was shown that PrP
Sc

 was incorporated into the villous 

epithelium and the lamina propria of 15-day-old mice fed with milk 

containing PrP
Sc

. On the other hand, it was demonstrated that PrP
Sc

 

was present on the luminal surface of villous epithelial cells but was 

hardly found in villous columnar epithelial cells in 20-day-old 

mice. PrP
Sc

 could not be detected in 25-day-old mice. Significantly 

more PrP
Sc

 was incorporated into the villous epithelium in the 15-

day-old mice than in 20-day old mice [34] (Fig. 1), suggesting that 

some factors expressed during the suckling period may play 

important roles in the incorporation of PrP
Sc

. Interestingly, in CD-1 

SCID mice which lack maternal immunoglobulins, the 

incorporation of PrP
Sc

 into villous epithelial cells was significantly 

reduced compared with that in wild type CD-1 mice. In contrast, 

PrP
Sc

 uptake into the villi of CD-1 SCID mice fed with PrP
Sc

 and 

abundant mouse IgG was enhanced compared with what observed 

in CD-1 SCID mice administered PrP
Sc

 alone. This indicated that 

maternal immunoglobulins and/or nFcR play an important role in 

the penetration of PrP
Sc

 into epithelial cells. It was also reported 

that the oral route of PrP
Sc

 infection was enhanced by its binding to 

soil particles [35], suggesting that the association of PrP
Sc

 with soil 

minerals and organic carbon enhanced the oral transmissibility of 

prion disease relative to the unbound agent. 

Fc RECEPTOR INHIBITION INFLUENCES PrP
Sc

 ENTRY 

Our studies suggested that the binding of PrP
Sc

 to maternal 

immunoglobulins can enhance the enteric invasion of PrP
Sc

 relative 

to unbound PrP
Sc

. 

We therefore examined the role of the FcR in PrP
Sc

 

incorporationm by using. Z- -aminocaproic acid (ZAA) as a 

blocker of the Fc receptor [36]. ZAA (Fig. 2A) is a derivative form 

of -aminocaproic acid that is believed to inhibit and/or interact 

with the Fc receptors (patent No.: WO2004/058747). The 

compounds such as 3-(3-cyanopropylsulfanil) benzoic acid (Fig. 

2B) and 3-(2-hydroxyphenyl) butene-2- carboxylic acid (Fig. 2C)  
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Fig. (2). Structure of Z- -aminocaproic acid (ZAA) and other 

compounds predicted to bind the Fc receptor 

Z- -aminocaproic acid (A) is a derivative form of -aminocaproic acid, an 

analogue of the amino acid lysine. This Fig. (2A) is reproduced from Fig. 

(1) of Uraki et al. [34] with permission from the Public Library of Science. 

3-(3-cyanopropylsulfanil) benzoic acid (B) and 3-(2-hydroxyphenyl) 

butene-2- carboxylic acid (C) are also predicted to bind and inhibit the Fc 

receptor. 

 
 

Fig. (1). Age-dependent incorporation of PrP
Sc

 in CD-1 mice 

PrP
Sc

 was readily incorporated into the villi of 15-day-old and 20-day-old mice, whereas it was only partially incorporated in 25-day-old mice. The number of 

ileal epithelial cells incorporating PrP
Sc 

was significantly higher in 15-day-old mice than in 20- or 25-day-old mice. Results are expressed as mean ± S.D. 

Statistical differences were determined using the Student’s t-test. **, P<0.01. This figure is reproduced from Fig. (4) of Ano et al. [32] with permission from 

Spandidos Publications Ltd. 
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were predicted to have a bioactivity similar to that of ZAA. In our 

previous study [36], we confirmed that ZAA has the potential to 

block the Fc receptor by administering ZAA together with mouse 

IgG. Upon showing a blocking effeect of ZAA on PrP
Sc

 

penetration, the relationship between PrP
Sc

 and the epithelial Fc 

receptor was analyzed. As expected, the incorporation of PrP
Sc

 into 

the villi was significantly reduced in the group of mice in which 

PrP
Sc

 was administered after treatment with ZAA as well as in the 

group in which PrP
Sc

 and ZAA were administered at the same time. 

The results suggested that ZAA may suppress the incorporation of 

PrP
Sc

 by inhibiting FcR (Fig. 3). Our results were consistent with 

previous observations and indicated that the neonatal Fc receptor 

plays a role in the uptake of PrP
Sc

. However, Klein and co-workers 

[37] concluded that the Fc receptor has a minimal effect on prion 

pathogenesis using mice genetically deficient in Fc  receptors I, II, 

and III. Vein and co-workers reported that the lack of expression of 

nFcR in epithelial cells correlates with the onset of intestinal 

resistance to mouse mammary tumor virus (MMTV) through 

lactation [38]. In this model, however nFcR was not required for 

infection, since -2m-deficient newborn mice remained susceptible 

to MMTV infection. Resistance to MMTV infection after weaning 

may also reflect the postnatal maturation of digestive functions of 

the gastrointestinal tract with the appearance of acid secretion in the 

stomach and secretion of digestive enzymes both in the stomach 

and the gut [38]. As the reason for this discrepancy remains unclear, 

further in vivo experiments using mice treated with ZAA before and 

after prion administration will allow to determine the effect of 

blocking Fc receptors on disease progression. The interaction 

between LRP and the Fc receptor during the incorporation of PrP
Sc

 

into villous cells also remains to be elucidated. 

CONCLUSION 

In this review, we described recent studies investigating the 

mechanism of the oral transmission of PrP
Sc

 using in vitro and in 

 

Fig. (3). Incorporation of PrP
Sc 

through intestinal villi in CD-1 mice 

Histochemical analysis of PrP
Sc

 in the intestinal villi of 15-day-old mice that had been orally administered PrP
Sc

 (A), PrP
Sc

 after ZAA treatment (B), or PrP
Sc

 

and ZAA at the same time (C). Arrows indicate PrP
Sc

-positive cells. The inhibitory effect of PrP
Sc

 incorporation was calculated using the following formula: 

(percentage of ileal epithelial cells incorporating IgG or PrP
Sc 

with ZAA treatment) / (percentage of ileal epithelial cells incorporating IgG or PrP
Sc

 without 

ZAA treatment) 100. Inhibitory effects of 70.1% and 51.5%, respectively, were seen during ZAA treatment (D). This figure is reproduced from Fig. (3) of 

Uraki et al. [34] with permission from the Public Library of Science. 

 
Fig. (4). Possible model of PrP

Sc 
uptake via the laminin and Fc receptors in the intestinal cells 

Although the laminin receptor has been identified as a possible PrP receptor that binds to PrP
Sc

 and PrP
C
 directly, Fc receptors expressed on the surface of 

epithelial cells may also play important roles in PrP
Sc

 incorporation. An appealing mechanism is that PrP
Sc

 can be incorporated throughout IgG binding to the 

Fc receptor. 
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vivo models. From these studies, the following model of PrP
Sc

 

uptake can be proposed (Fig. 4). After oral challenge with PrP
Sc

, M 

cells and villous columnar epithelial cells are involved in the first 

step of PrP
Sc

 incorporation. Though the presence of the prion 

receptor LRP, which is expressed on the surface of intestinal 

epithelial cells, may represent a risk factor for prion diseases, the 

expression of Fc receptors has been shown to enhance the uptake of 

PrP
Sc

. Finally, it should be noted that other routes of infections are 

plausible. Haybaeck et al. recently reported that aerogenic exposure 

to prions leads to direct neuroinvasion bypassing an obligatory 

replicative phase in lymphoid tissues [39]. These findings spur 

further researches on airborne transmission and not only on the oral 

route leading to the development of preventive measures and new 

treatments for prion disease. 

REFERENCES 

[1] Prusiner, S.B. Novel proteinaceous infectious particles cause scrapie. 

Science, 1982, 216, 136-144. 

[2] Bradley, R. Bovine spongiform encephalopathy and its relationship to the 

variant form of Creutzfeldt-Jakob disease. Contib. Microbiol., 2004, 11, 146-

185. 

[3] Hoinville, L.J. A review of the epidemiology of scrapie in sheep. Rev. Sci. 

Tech., 1996, 15, 827. 

[4] Sadowski, M.; Pankiewicz, J.; Scholtzova, H.; Tsai, J.; Li, Y.; Carp, RI.; 

Meeker, HC.; Gambetti, P.; Debnath, M.; Mathis, CA.; Shao, L.; Gan, WB.; 

Klunk, WE.; Wisniewski, T. Targeting prion amyloid deposits in vivo. J. 

Neuropathol. Exp. Neurol., 2004, 63, 775-784. 

[5] Ford, MJ.; Burton, LJ.; Morris, RJ.; Hall SM. Selective expression of prion 

protein in peripheral tissues of the adult mouse. Ford Neurosci., 2002, 113, 

177-192. 

[6] Ano, Y.; Sakudo, A.; Nakayama, H.; Onodera, T. Uptake and distribution of 

infectious prion protein after oral exposure. Protein Pept. Lett., 2009, 16, 

247-255. 

[7] Gonzalez, L.; Terry, L.; Jeffrey, M. Expression of prion protein in the gut of 

mice infected orally with the 301V murine strain of the bovine spongiform 

encephalopathy agent. J. Comp. Pathol., 2005, 132, 273-282. 

[8] Herzog, C.; Sales, N.; Etchegary, N.; Charbonnier, A.; Freire, S.; Dormont, 

D.; Deslys, J.P.; Lasmezas, C.I. Tissue distribution of bovine spongiform 

encephalopathy agent in primates after intravenous or oral infection. Lancet, 

2004, 363, 422-428. 

[9] Ghosh, S. Mechanism of intestinal entry of infectious prion protein in the 

pathogenesis of variant Creutzfeldt-Jakob disease. Adv. Drug Deliv. Rev., 

2004, 56, 915-920. 

[10] Maignein, T.; Lasmezas, C.I.; Beringue, V.; Dormont, D.; Deslys, J.P. 

Pathogenesis of the oral route of infection of mice with scrapie and bovine 

spongiform encephalopathy agents. J. Gen. Virol., 1999, 80, 3035-3042. 

[11] Pan, KM.; Baldwin, M.; Nguyen, J.; Gasset, M.;, Serban, A.; Groth, D.; 

Mehlhorn, I.; Huang, Z.; Fletterick, RJ.; Cohen, FE.; Prusiner, SB. 

Conversion of alpha-helices into beta-sheets features in the formation of the 

scrapie prion proteins. Proc. Natl. Acad. Sci. USA., 1993, 90, 10962-10966. 

[12]  McBride, P.A.; Schulz-Schaeffer, W.J.; Donaldson, M.; Bruce, M.; Diringer, 

H.; Kretzschmar, H.A.; Beekes, M. Early spread of scrapie from the 

gastrointestinal tract to the central nervous system involves autonomic fibers 

of the splanchnic and vagus nerves. J. Virol., 2001, 75, 9320-9327. 

[13] Blattler, T.; Brandner, S.; Raeber, A.J.; Klein, M.A.; Volgtlander, T.; 

Weissmann, C.; Aguzzi, A. PrP-expressing tissue required for transfer of 

scrapie infectivity from spleen to brain. Nature, 1997, 389, 69-73. 

[14] Robinson, MM.; Hadlow, WJ.; Huff, TP.; Wells, GA.; Dawson, M.; Marsh, 

RF.; Gorham, JR. Experimental infection of mink with bovine spongiform 

encephalopathy. J. Gen. Virol., 1994, 75, 2151-2155. 

[15] Gonzalez, L.; Terry, L.; Jeffrey, M.; Expression of prion protein in the gut of 

mice infected orally with the 301V murine strain of the bovine spongiform 

encephalopathy agent. J. Comp. Pathol., 2005, 132, 273-282. 

[16] Foster, JD.; Paruham, DW.; Hunter, N.; Bruce, M. Distribution of the prion 

protein in sheep terminally affected with BSE following experimental oral 

transmission. J. Gen. Virol., 2001, 82, 2319-2326. 

[17] Jeffrey, M.; Ryder, S.; Martin, S.; Hawkins, SA.; Terry, L.; Berthelin- Baker, 

C.; Bellworthy, SJ. Oral inoculation of sheep with the agent of bovine 

spongiform encephalopathy (BSE). 1. Onset and distribution of disease-

specific PrP accumulation in brain and viscera. J. Comp. Pathol., 2001, 124, 

280-289. 

[18] Jeffrey, M.; McGovern, G.; Goodsir, CM.; Brown, KL.; Bruce, ME. Sites of 

prion protein accumulation in scrapie-infected mouse spleen revealed by 

immuno-electron microscopy. J. Pathol., 2000, 191, 323-332. 

[19] Heggebo, R.; Press, CM.; Gunnes, G.; Lie, KI.; Tranulis, MA.; Ulvund, M.; 

Groschup, MH.; Landsverk, T. Distribution of prion protein in the ileal 

Peyer's patch of scrapie-free lambs and lambs naturally and experimentally 

exposed to the scrapie agent. J. Gen. Virol., 2000, 81, 2327-2337. 

[20] Mabbott, NA.; Bruce, ME. Follicular dendritic cells as targets for 

intervention in transmissible spongiform encephalopathies. Semin. Immunol., 

2002, 14, 285-293. 

[21] Heppner, F.L.; Christ, A.D.; Klein, M.A.; Prinz, M.; Fried, M.; Kraehenbuhl, 

J.P.; Aguzzi, A. Transepithelial prion transport by M cells. Nat. Med., 2002, 

7, 976-977. 

[22] Jeffrey, M.; González, L.; Espenes, A.; Press, C M.; Martin, S.; Chaplin, M.; 

Davis, L.; Landsverk, T.; MacAldowie, C.; Eaton, S.; McGovern, G. 

Transportation of prion protein across the intestinal mucosa of scrapie-

susceptible and scrapie-resistant sheep. J. Pathol., 2006, 209, 4-14. 

[23] Iwamaru, Y.; Shimizu, Y.; Imamura, M.; Murayama, Y.; Endo, R.; Tagawa, 

Y.; Ushiki-Kaku, Y.; Takenouchi, T.; Kitani, H.; Mohri, S.; Yokoyama, T.; 

Okada, H. Lactoferrin induces cell surface retention of prion protein and 

inhibits prion accumulation. J. Neurochem. 2008, 107, 636-646. 

[24] Nagaoka, K.; Yoshioka, M.; Shimozaki, N.; Yamamura, T.; Murayama, Y.; 

Yokoyama, T.; Mohri, S. Sensitive detection of scrapie prion protein in soil. 

Biochem. Biophys. Res. Commun., 2010, 2, 397, 626-630. 

[25] Leucht, C.; Simoneau, S.; Rey, C.; Vana, K.; Rieger, R.; Lasmézas, CI.; 

Weiss, S. The 37 kDa/67 kDa laminin receptor is required for PrP(Sc) 

propagation in scrapie-infected neuronal cells. EMBO Rep., 2003, 4, 290-5; 

[Erratum in: EMBO Rep., 2003, 4, 439]. 

[26] Rieger, R.; Edenhofer, F.; Lasmezas, C.I.; Weiss, S. The human 37-kDa 

laminin receptor precursor interacts with the prion protein in eukaryotic cells. 

Nat. Med., 1997, 3, 1383-1388. 

[27] Shmakov, A.N.; Bode, J.; Kilshaw, P.J.; Ghosh, S. Diverse patterns of 

expression of the 67-kD laminin receptor in human small intestinal mucosa: 

potential binding sites for prion proteins? J. Pathol., 2000, 191, 318-322. 

[28] Morel, E.; Andrieu, T.; Casagrande, F.; Gauczynski, S.; Weiss, S.; Grassi, J.; 

Rousset, M.; Dormont, D.; Chambaz, J. Bovine prion is endocytosed by 

human enterocytes via the 37 kDa/67 kDa laminin receptor. Am. J. Pathol., 

2005, 167, 1033-1042. 

[29] Wilesmith, J.W. Preliminary epidemiological analyses of the first 16 cases of 

BSE born after July 31, 1996, in Great Britain. Vet. Res., 2002, 151, 451-452. 

[30] Wilesmith, J.W.; Ryan, J.B.M.; Hueston, W.D. Bovine spongiform 

encephalopathy: case-control studies of calf feeding practices and meat and 

bonemeal inclusion in proprietary concentrates. Res. Vet. Sci., 1992, 52, 325-

331. 

[31] Wilesmith, J.W.; Ryan, J.B.M.; Hueston, W.D. Bovine spongiform 

encephalopathy in Northern Ireland: epidemiological observations 1988-

1990. Vet. Rec., 1992, 130, 113-116. 

[32] Yoshida, M.; Claypool, S.M.; Wagner, J.S.; Mizoguchi, E.; Mizoguchi, A.; 

Roopenian, D.C.; Lencer, W.I.; Blumberg, R.S. Human neonatal Fc receptor 

mediates transport of IgG into luminal secretions for delivery of antigens to 

mucosal dendritic cells. Immunity, 2004, 20, 769-783. 

[33] Rumbo, M.; Schiffrin, E.J. Ontogeny of intestinal epithelium immune 

functions: developmental and environmental regulation. Cell. Mol. Life Sci., 

2005, 62, 1288-1296. 

[34] Ano, Y.; Sakudo, A.; Uraki, R.; Sato, Y.; Kono, J.; Sugiura, K.; Yokoyama, 

T.; Itohara, S.; Nakayama, H.; Yukawa, M.; Onodera, T. Enhanced enteric 

invasion of scrapie agents into the villous columnar epithelium via maternal 

immunoglobulin. Int. J. Mol. Med., 2010, 26, 845-851. 

[35] Johnson, CJ.; Pedersen, JA.; Chappell, RJ.; McKenzie, D.; Aiken, JM. Oral 

transmissibility of prion disease is enhanced by binding to soil paticles. PLoS 

Pathog ., 2007, 3, e93. 

[36] Uraki, R.; Sakudo, A.; Michibata, K.; Ano, Y.; Kono, J.; Yukawa, M.; 

Onodera, T. Blocking of FcR suppresses the intestinal invasion of scrapie 

agents. PLoS One., 2011, 6, e17928. 

[37] Klein, MA.; Kaeser, PS.; Schwarz, P.; Weyd, H.; Xenarios, I.; Zinkernagel, 

RM.; Carroll, MC.; Verbeek, JS.; Botto, M.; Walport, MJ.; Molina, H.; 

Kalinke, U.; Acha-Orbea, H.; Aguzzi, A. Complement facilitates early prion 

pathogenesis. Nat. Med., 2001, 7, 488-492. 

[38] Velin, D.; Acha-Orbea, H.; Kraehenbyhl, JP. The neonatal Fc receptor is not 

required for mucosal infection by mouse mammary tumor virus. J. Virol., 

1996, 70, 7250-7254. 

[39] Haybaeck, J.; Heikenwalder, M.; Klevenz, B.; Schwarz, P.; Margalith, I.; 

Bridel, C.; Mertz, K.; Zirdum, E.; Petsch, B.; Fuchs, TJ.; Stitz, L.; Aguzzi, A. 

Aerosols transmit prions to immunocompetent and immunodeficient mice. 

PLoS Pathog., 2011, 7, e1001257. 

 

Received: May 23, 2011 Revised: July 01, 2011 Accepted: July 04, 2011 

 

 




