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Amyloidozy

Barwienie czerwienią Kongo (CR), obserwacja w mikroskopie świetlnym 
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Amyloid

Krampert i wsp. (2000) Chem. Biol.

Barwienie CR, obserwacja w mikroskopie świetlnym i polaryzacyjnym 



Sipe i wsp. (2010) Amyloid



Sipe i wsp. (2010) Amyloid



IAPP
• Islet Amyloid Polypeptide, inaczej amylina 

• Wydzielana w stosunku 100:1 z insuliną  
z komórek B trzustki (insulina:amylina)


• Spowalnia pobór glukozy z jelita cienkiego 
i zapobiega nagłemu wzrostowi stężenia glukozy 
w krwiobiegu


• AIAPP (amyloid IAPP) jest cytotoksyczny


• AIAPP może wymuszać zmiany konformacyjne IAPP 
(Mukherjee i wsp. (2017) Journal of Experimental Medicine)



AIns

Jiménez i wsp. (2002) PNAS



Aβ: choroba Alzheimera

Querfurth i LaFerla (2010) NEJM



Lührs i wsp. (2005) PNAS



Porphyromonas gingivalis 
i gingipaina (proteaza)

Ilievski i wsp. (2018) PLoS ONE



Ilievski i wsp. (2018) PLoS ONE



Cechy amyloidu

• Identyfikacja CR


• Międzycząsteczkowa β-kartka


• Utrata funkcji cząsteczki białka


• Cytotoksyczność



Prion protein: PrP

PrPC PrPSc

Cellular Scrapie



will be useful for research in this field. In addition, it may
be used as a marker to test or screen putative prion
inactivation methods.

The yeast with prion-like proteins was once thought to
be useful as an in vivo model to screen for anti-prion drugs
(Saupe 2003). Sup35p from Saccharomyces cerevisiae is a
translation termination factor that can convert into an
insoluble aggregate, a property similar to prion protein
(Masison and Wickner 1995; Paushkin et al. 1996). The
structure of Sup35p can be divided into three regions,
namely, N,M, andC, based on their positions and different
functions. Individual regions and combinations have been
cloned, expressed, and purified from E. coli. They were
characterized for their properties to form aggregates, or
amyloid, in vitro (Derkatch et al. 1997; Glover et al. 1997;
King et al. 1997; Osherovich et al. 2004). The aggregates of
Sup35N and Sup35NM were found to be proteinase
K-resistant (Kushnirov et al. 2000).

For these reasons, Sup35NM was selected for the pre-
sent study of production, purification, and characteriza-
tion. Its degradation by keratinase and proteinase K under
various conditions was also studied and compared. Being
nonpathogenic, Sup35NM could be a candidate for a safe
prion surrogate protein.

Results

Properties of Sup35NM

Sup35NM was cloned, produced, and purified from
E. coli. When allowed to aggregate, Sup35NM formed
amyloid fibrils (Fig. 1A). After heating to 100!C for
10 min, the fibrils disappeared (Fig. 1B).

Congo red binding was used tomeasure the aggregation
under two different conditions: slow rotating (5 rpm) at
room temperature without seeding, and seeding with 2%
preformed Sup35NMamyloid to form aggregates without
rotating. Congo red binding reached a plateau in 5 h for
both samples (Fig. 2A). However, SDS-PAGE and West-
ern blotting analyses showed that the samples were not
fully aggregated, with soluble monomeric Sup35NM still

detectable after 5 h. At 22–48 h, soluble protein was
almost gone. Heating the same 48-h sample at 100!C for
10 min produced a band with the same mobility and
intensity as those of the band at 0-time (Fig. 2B,C). Insol-
uble aggregates that stuck in the loading wells of the gel
did not stain well by Coomassie blue (Fig. 2B), but they
could be transferred onto PVDF membrane by Western
blotting and detected by immunostaining (Fig. 2C). This
result also indicated that Congo red binding is not a good
indicator for the aggregation of Sup35NM. Western
blotting clearly showed a gradual increase of amyloid
Sup35NM as the insoluble protein trapped in the loading
wells. After heating the 48-h sample at 100!C for 10 min,
insoluble amyloid disappeared and the soluble Sup35NM
reappeared (Fig. 2B,C). As observed with electronmicros-
copy (Fig. 1B), deaggregation of fibrillar Sup35NM
resulted from heating at 100!C for 10 min.

Figure 1. Electron micrographs of negatively stained Sup35NM amy-
loid fibrils (A) and after heating at 100!C for 10 min (B).

Figure 2. Time course of Sup35NM aggregation at 25!C over a 48-h
time course as monitored by Congo red binding, SDS-PAGE, and
Western blot. (A) Congo red binding assay. Congo red only (~);
rotating with 5 rpm (.); seeding with 2% preformed fibrils (&). At
various times, duplicate aliquots were diluted to 2 mM protein
and incubated together with 10 mM Congo red. (B) SDS-PAGE
analysis of samples with Coomassie blue with 5 rpm rotating over
time. (C) Western blots of the same samples probed by anti-M anti-
body. Aliquots were not heated (") except for the last lane, which was
heated (þ) at 100!C for 10 min before the analysis. Mono, monomeric
Sup35NM; Poly, Sup35NM amyloid fibrils.

www.proteinscience.org 2229

Yeast prion-like protein

will be useful for research in this field. In addition, it may
be used as a marker to test or screen putative prion
inactivation methods.

The yeast with prion-like proteins was once thought to
be useful as an in vivo model to screen for anti-prion drugs
(Saupe 2003). Sup35p from Saccharomyces cerevisiae is a
translation termination factor that can convert into an
insoluble aggregate, a property similar to prion protein
(Masison and Wickner 1995; Paushkin et al. 1996). The
structure of Sup35p can be divided into three regions,
namely, N,M, andC, based on their positions and different
functions. Individual regions and combinations have been
cloned, expressed, and purified from E. coli. They were
characterized for their properties to form aggregates, or
amyloid, in vitro (Derkatch et al. 1997; Glover et al. 1997;
King et al. 1997; Osherovich et al. 2004). The aggregates of
Sup35N and Sup35NM were found to be proteinase
K-resistant (Kushnirov et al. 2000).

For these reasons, Sup35NM was selected for the pre-
sent study of production, purification, and characteriza-
tion. Its degradation by keratinase and proteinase K under
various conditions was also studied and compared. Being
nonpathogenic, Sup35NM could be a candidate for a safe
prion surrogate protein.

Results

Properties of Sup35NM

Sup35NM was cloned, produced, and purified from
E. coli. When allowed to aggregate, Sup35NM formed
amyloid fibrils (Fig. 1A). After heating to 100!C for
10 min, the fibrils disappeared (Fig. 1B).

Congo red binding was used tomeasure the aggregation
under two different conditions: slow rotating (5 rpm) at
room temperature without seeding, and seeding with 2%
preformed Sup35NMamyloid to form aggregates without
rotating. Congo red binding reached a plateau in 5 h for
both samples (Fig. 2A). However, SDS-PAGE and West-
ern blotting analyses showed that the samples were not
fully aggregated, with soluble monomeric Sup35NM still

detectable after 5 h. At 22–48 h, soluble protein was
almost gone. Heating the same 48-h sample at 100!C for
10 min produced a band with the same mobility and
intensity as those of the band at 0-time (Fig. 2B,C). Insol-
uble aggregates that stuck in the loading wells of the gel
did not stain well by Coomassie blue (Fig. 2B), but they
could be transferred onto PVDF membrane by Western
blotting and detected by immunostaining (Fig. 2C). This
result also indicated that Congo red binding is not a good
indicator for the aggregation of Sup35NM. Western
blotting clearly showed a gradual increase of amyloid
Sup35NM as the insoluble protein trapped in the loading
wells. After heating the 48-h sample at 100!C for 10 min,
insoluble amyloid disappeared and the soluble Sup35NM
reappeared (Fig. 2B,C). As observed with electronmicros-
copy (Fig. 1B), deaggregation of fibrillar Sup35NM
resulted from heating at 100!C for 10 min.

Figure 1. Electron micrographs of negatively stained Sup35NM amy-
loid fibrils (A) and after heating at 100!C for 10 min (B).

Figure 2. Time course of Sup35NM aggregation at 25!C over a 48-h
time course as monitored by Congo red binding, SDS-PAGE, and
Western blot. (A) Congo red binding assay. Congo red only (~);
rotating with 5 rpm (.); seeding with 2% preformed fibrils (&). At
various times, duplicate aliquots were diluted to 2 mM protein
and incubated together with 10 mM Congo red. (B) SDS-PAGE
analysis of samples with Coomassie blue with 5 rpm rotating over
time. (C) Western blots of the same samples probed by anti-M anti-
body. Aliquots were not heated (") except for the last lane, which was
heated (þ) at 100!C for 10 min before the analysis. Mono, monomeric
Sup35NM; Poly, Sup35NM amyloid fibrils.

www.proteinscience.org 2229

Yeast prion-like protein

Nazwa PrPC PrPSc

Struktura

Dominująca struktura 
drugorzędowa α-heliks β-kartka

Rozpuszczalne 
w środowisku wodnym Tak Nie

Podatne na proteolizę Tak Nie

Morfologia



1.
2.

PrPC PrPSc

3.



Efekty delecji genu PRNP

• Częstsze przerwy snu


• Gorsza pamięć krótko-  
i długoterminowa


• Wycofanie społeczne


• Upośledzenie syntezy otoczki mielinowej


• Brak odpowiedzi na MK-801
Steele i wsp. (2007) Prion



Oddziaływanie PrP z NR2

JCB • VOLUME 181 • NUMBER 3 • 2008 556

 Figure 4.    Analysis of the NMDAR NR2D subunit distribution.  (A) Western blot analysis of the NR2D subunit protein expression in neonatal and adult 
hippocampal tissue obtained from the WT and PrP-null mouse.  ! -Actin expression was used as a loading control. (B) NMDAR subunit surface expression 
as visualized by immunolabel reactivity with an antibody targeted against an extracellular (N terminus) epitope of NR2D. A punctate pattern of receptor 
distribution is visualized along dendritic processes. The depth of fi eld is  ! 1  µ m. (C) Surface expression of NR2D relative to total cellular NR2D protein 

Khosravani i wsp. (2008) J. Cell Biol.



Fang i wsp. (2018) PLoS Pathogens



Dezorganizacja 
cytoszkieletu aktynowego

Zmniejszenie liczby kolców dendrytycznych 
Utrudnienia w przekazywaniu sygnału

Jony wapnia



Dezorganizacja 
cytoszkieletu aktynowego

Zmniejszenie liczby kolców dendrytycznych 
Utrudnienia w przekazywaniu sygnału

Inhibitory tych 
białek (procesów) 

potencjalnym 
ratunkiem dla 

pacjentów z CJD?

Jony wapnia





NAD+ PBS



NAD+ PBS



Figure 3.
Map of the 20p deletions from each of the patients studied. A map of selected genes from
20p is presented along the top, and the extent of the deletions is represented by a line. The
dotted lines indicate the boundaries of the “Alagille only” critical region. Deletions that are
fully within these boundaries do not appear to be associated with clinical features outside of
those seen in Alagille syndrome.
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Zespół Alagille



Choroby prionowe
• Choroba Creutzfeldta-

Jakoba (CJD)


• Rodzinna śmiertelna 
bezsenność (FFI)


• Zespół Gerstmanna-
Sträusslera-Scheinkera 
(GSS)


• Kuru
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A naturally occurring variant of the human prion
protein completely prevents prion disease
Emmanuel A. Asante1, Michelle Smidak1, Andrew Grimshaw1, Richard Houghton1{, Andrew Tomlinson1, Asif Jeelani1,
Tatiana Jakubcova1, Shyma Hamdan1, Angela Richard-Londt1, Jacqueline M. Linehan1, Sebastian Brandner1, Michael Alpers1,2,
Jerome Whitfield1,2, Simon Mead1, Jonathan D. F. Wadsworth1 & John Collinge1

Mammalian prions, transmissible agents causing lethal neuro-
degenerative diseases, are composed of assemblies of misfolded
cellular prion protein (PrP)1. A novel PrP variant, G127V, was
under positive evolutionary selection during the epidemic of
kuru—an acquired prion disease epidemic of the Fore population
in Papua New Guinea—and appeared to provide strong protection
against disease in the heterozygous state2. Here we have investi-
gated the protective role of this variant and its interaction with the
common, worldwide M129V PrP polymorphism. V127 was seen
exclusively on a M129 PRNP allele. We demonstrate that trans-
genic mice expressing both variant and wild-type human PrP are
completely resistant to both kuru and classical Creutzfeldt–Jakob
disease (CJD) prions (which are closely similar) but can be infected
with variant CJD prions, a human prion strain resulting from
exposure to bovine spongiform encephalopathy prions to which
the Fore were not exposed. Notably, mice expressing only PrP V127
were completely resistant to all prion strains, demonstrating a
different molecular mechanism to M129V, which provides its rela-
tive protection against classical CJD and kuru in the heterozygous
state. Indeed, this single amino acid substitution (GRV) at a
residue invariant in vertebrate evolution is as protective as deletion
of the protein. Further study in transgenic mice expressing differ-
ent ratios of variant and wild-type PrP indicates that not only is
PrP V127 completely refractory to prion conversion but acts as a
potent dose-dependent inhibitor of wild-type prion propagation.

Prions cause fatal neurodegenerative conditions such as scrapie in
sheep, bovine spongiform encephalopathy (BSE) in cattle and CJD in
humans1. The fundamental molecular process—seeded propagation of
assemblies of misfolded host protein—is increasingly recognized as
being of importance in all the major human neurodegenerative dis-
eases3. There is a common polymorphism, present worldwide, in the
substrate protein in human prion disease, human prion protein (PrP),
where either methionine (M) or valine (V) is present at residue 129.
MV heterozygosity provides relative protection against acquired,
sporadic and some inherited prion diseases4–6 and may have been
selected during the evolution of modern humans by ancestral prion
disease epidemics7. This protective effect is thought to relate to inhibi-
tion of homotypic protein–protein interactions5,8, although residue
129 also influences the propagation of particular prion strains via
conformational selection9,10. Heterozygosity at another polymorph-
ism, E219K, also provides resistance to CJD in Japan11.

Kuru was a devastating epidemic prion disease transmitted by endo-
cannibalism and restricted to a remote area in Papua New Guinea. We
reported a novel PrP variant (G127V) among unaffected individuals
that appeared to be a resistance factor selected by the epidemic and
unique to this region2. Given the proximity to residue 129, we con-
sidered that it may have a similar action to M129V; that is, blocking
homotypic interactions and exerting its protective effect only in
the heterozygous state. No PRNP codon 127VV homozygotes were

identified in the kuru-exposed population and V127 was always seen
on an M129 allele2. We therefore generated multiple lines of transgenic
mice, expressing only human PrP (HuPrP) on a congenic FVB/N PrP
null (Prnpo/o) background, to investigate whether G127V was indeed
protective and whether this protection was dependent on heterozyg-
osity or was an intrinsic property of the variant protein. Furthermore,
we investigated its interaction with the residue 129 polymorphism.

We generated two lines of transgenic mice homozygous for HuPrP
V127: Tg(HuPrP V127M129/V127M129 Prnpo/o)-183 (hereafter
referred to as V127M129 Tg183) and Tg(HuPrP V127M129/
V127M129 Prnpo/o)-190 (V127M129 Tg190). PrP expression levels
in homozygotes as compared to pooled normal human brain were
twofold for V127M129 Tg183 and onefold for V127M129 Tg190.
G127V heterozygous mice were derived by crossing these lines with
FVB-congenic versions of Tg35 mice homozygous for HuPrP
G127M129 (refs 12–15) or Tg152 mice homozygous for HuPrP
G127V129 (refs 15–19), designated Tg(HuPrP G127M129/
G127M129 Prnpo/o)-35c (G127M129 Tg35c) and Tg(HuPrP
G127V129/G127V129 Prnpo/o)-152c (G127V129 Tg152c), respect-
ively. G127M129 Tg35c and G127V129 Tg152c mice express wild-
type HuPrP at two and six times, respectively, as compared to pooled
normal human brain (Table 1). Extended Data Fig. 1 shows relative
PrPC expression levels in all transgenic mice used in this study.

All transgenic lines were challenged by intracerebral prion inocu-
lation from well-characterized and previously transmitted human
prion disease cases including all three PRNP codon 129 genotypes
and comprising four cases of kuru, twelve cases of classical CJD and
two cases of variant CJD (vCJD).

Heterozygous HuPrP G127M129/V127M129 mice (Tg35c 3
Tg183 and Tg35c 3 Tg190) (Table 1), which have the genotype
associated with disease resistance in the kuru-exposed human popu-
lation, were completely resistant to all four kuru isolates (which
included all three PRNP codon 129 genotypes and two molecular
strain types) (Fig. 1a and Table 2a), while mice expressing wild-type
HuPrP G127M129/G127M129 (Tg35c) (Fig. 1a and Table 2a) or
G127V129/G127V129 (Tg152c) (Table 2b) were fully susceptible with
100% attack rates. This is consistent with the population genetic data
suggesting kuru resistance of G127V individuals. We have previously
reported that prion strains seen in kuru brain are indistinguishable
from those seen in classical CJD patients19. Similarly, none of the four
classical CJD isolates from patients of the PRNP genotype 129MM
transmitted to either line of G127M129/V127M129 mice (Table 2a
and Fig. 1b), while all four transmitted uniformly to Tg35c mice
expressing wild-type HuPrP (Fig. 1b and Table 2a). Remarkably,
however, some (,10%) G127M129/V127M129 mice developed clin-
ical disease, and a larger number (,70%) showed evidence of sub-
clinical infection (positive PrP immunohistochemistry and/or western
blot for PrPSc), on challenge with vCJD prions (Table 2d and
Extended Data Fig. 2). vCJD is a novel BSE-derived prion strain17,20,21

1MRC Prion Unit, Department of Neurodegenerative Disease, UCL Institute of Neurology, London WC1N 3BG, UK. 2Papua New Guinea Institute of Medical Research, Goroka, Eastern Highlands Province,
Papua New Guinea. {Present address: Strangeways Research Laboratory, Worts’ Causeway, Cambridge CB8 8UX, UK.
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A bs tr ac t

Background
Kuru is a devastating epidemic prion disease that affected a highly restricted geo-
graphic area of the Papua New Guinea highlands; at its peak, it predominantly af-
fected adult women and children of both sexes. Its incidence has steadily declined 
since the cessation of its route of transmission, endocannibalism.

Methods
We performed genetic and selected clinical and genealogic assessments of more 
than 3000 persons from Eastern Highland populations, including 709 who partici-
pated in cannibalistic mortuary feasts, 152 of whom subsequently died of kuru.

Results
Persons who were exposed to kuru and survived the epidemic in Papua New Guinea 
are predominantly heterozygotes at the known resistance factor at codon 129 of the 
prion protein gene (PRNP). We now report a novel PRNP variant — G127V — that 
was found exclusively in people who lived in the region in which kuru was prevalent 
and that was present in half of the otherwise susceptible women from the region of 
highest exposure who were homozygous for methionine at PRNP codon 129. Al-
though this allele is common in the area with the highest incidence of kuru, it is 
not found in patients with kuru and in unexposed population groups worldwide. 
Genealogic analysis reveals a significantly lower incidence of kuru in pedigrees that 
harbor the protective allele than in geographically matched control families.

Conclusions
The 127V polymorphism is an acquired prion disease resistance factor selected dur-
ing the kuru epidemic, rather than a pathogenic mutation that could have triggered 
the kuru epidemic. Variants at codons 127 and 129 of PRNP demonstrate the popu-
lation genetic response to an epidemic of prion disease and represent a powerful 
episode of recent selection in humans.

The New England Journal of Medicine 
Downloaded from nejm.org at LONDON SCH HYGIENE & TROPICAL MED on February 13, 2014. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
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Figure 2. The Kuru-Exposed Region in Detail, Showing Areas of High Exposure and Persons with the 127V Allele.

We divided the kuru region into three zones of increasing exposure: villages with at least one recorded case of kuru but an exposure in-
dex of 30 or less (low-exposure group); a zone with an exposure index of more than 30 to 200; and a high-exposure zone, with an expo-
sure index of more than 200. Red dots show the locations of persons with the 127V allele. The Purosa valley includes the villages of Pu-
rosa-Takai, Ketabi, Ai, and Mugaiamuti. The figure is adapted from a figure in Collinge et al.,26 which shows the location of all villages 
with a history of kuru.
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abnormal hyperphosphorylation of TDP-43
might play a role in FTLD-U pathogenesis.
Because UBIs are defined by ubiquitin immu-
nohistochemistry, we asked whether TDP-43 re-
covered from urea fractions of FTLD-U brains is
ubiquitinated, and this was shown to be the case
by immunoprecipitation studies using the rabbit
polyclonal anti–TDP-43 followed by immunoblot
analyses with both anti–TDP-43 and ubiquitin
antibodies (Fig. 3D).

FTLD-U and ALS have been suggested to
be part of a clinicopathological spectrum (23),
sharing similar pathogenic mechanisms that af-
fect different populations of CNS neurons. We
examined classic ALS cases for the presence of
TDP-43–positive UBIs (table S1, nos. 54 to
72). Although none of the inclusions typical of
ALS were detected by mAbs 182 and 406, all
UBIs (including skeinlike, round, and Lewy
body–like inclusions) in motor neurons of ALS
were robustly double-labeled by TDP-43 and
ubiquitin antibodies (Fig. 4, A to F) and by
single-label TDP-43 immunohistochemistry (Fig.
4, G to I). A significant number of ALS patients
demonstrate UBIs in hippocampus and frontal
and temporal cortex (23), which were also im-
munolabeled by TDP-43 (Fig. 4, J and K).

Immunoblots of urea fractions of spinal cord
as well as frontal and temporal cortices of ALS
cases demonstrated a disease-specific signature
for TDP-43 similar to that described above for
FTLD-U (Fig. 4L). Dephosphoryation of the
urea fractions showed that the 45-kD band in
ALS corresponds to pathologically hyperphos-
phorylated TDP-43 as in FTLD-U (Fig. 4M).
However, because the presence of UBIs in ALS
cases is more variable than their presence in
FTLD-U, not all brain regions examined in all
cases exhibited pathological TDP-43.

These studies identify TDP-43 as the major
disease protein in the signature UBIs of FTLD-
U and ALS. Although pathologically altered
TDP-43 proteins were present in all sporadic
and familial FTLD-U as well as ALS cases,
there were subtle differences in these abnormal
TDP-43 variants among the three FTLD-U sub-
types, which may be the result of similar but
not identical pathogenic mechanisms. The dif-
ferential distribution of UBIs detected by
ubiquitin antibodies in FTLD-U subtypes (18)
supports this view.

TDP-43 is a ubiquitously expressed, highly
conserved nuclear protein (24) that may be a
transcription repressor and an activator of exon
skipping (21, 25, 26) as well as a scaffold for
nuclear bodies through interactions with sur-
vival motor neuron protein (27). TDP-43 is
normally localized primarily to the nucleus, but
our data indicate that, under pathological con-
ditions in FTLD-U, TDP-43 is eliminated from
nuclei of UBI-bearing neurons, a consequence
of which may be a loss of TDP-43 nuclear func-
tions. Moreover, nuclear UBIs are rare in spo-
radic FTLD-U because most pathological TDP-43
accumulates in neuronal cell bodies or their

processes, and it is unclear whether physiolog-
ical TDP-43 is present at significant quantities
in the cytoplasm, axons, and dendrites of nor-
mal neurons. Lastly, both FTDP-17U pedigrees
examined here contain PGRN gene mutations
(11), but the relation between TDP-43 and
PGRN, which encodes a secreted growth factor
involved in the regulation of multiple processes
in development, wound repair, and inflamma-
tion (28), remains unclear.

The identification of TDP-43 as the major
component of UBIs specific to sporadic and fa-
milial FTLD-U as well as sporadic ALS resolves
a long-standing enigma concerning the nature of
the ubiquitinated disease protein in these dis-
orders. Thus, these diseases may represent a
spectrum of disorders that share similar path-
ological mechanisms, culminating in the pro-
gressive degeneration of different selectively
vulnerable neurons. These insights into the mo-
lecular pathology of FTLD-U and ALS can ac-
celerate efforts to develop better therapies for
these disorders.

References and Notes
1. M. S. Forman, J. Q. Trojanowski, V. M.-Y. Lee, Nat. Med.

10, 1055 (2004).
2. J. R. Hodges et al., Ann. Neurol. 56, 399 (2004).
3. A. M. Lipton, C. L. White III, E. H. Bigio, Acta Neuropathol.

(Berlin) 108, 379 (2004).
4. J. K. Johnson et al., Arch. Neurol. 62, 925 (2005).
5. J. Shi et al., Acta Neuropathol. (Berlin) 110, 501

(2005).
6. M. S. Forman et al., Ann. Neurol. 59, 952 (2006).
7. G. M. McKhann et al., Arch. Neurol. 58, 1803 (2001).
8. M. Grossman, J. Int. Neuropsychol. Soc. 8, 566

(2002).

9. D. Neary et al., Neurology 51, 1546 (1998).
10. C. Lomen-Hoerth, T. Anderson, B. Miller, Neurology 59,

1077 (2002).
11. M. Baker et al., Nature 442, 916 (2006).
12. M. Cruts et al., Nature 442, 920 (2006).
13. P. Poorkaj et al., Ann. Neurol. 43, 815 (1998).
14. M. Hutton et al., Nature 393, 702 (1998).
15. R. Rademakers et al., Mol. Psychiatry 7, 1064 (2002).
16. I. R. Mackenzie et al., Brain 129, 853 (2006).
17. C. L. Lendon et al., Neurology 50, 1546 (1998).
18. D. M. Sampathu et al., Am. J. Pathol., in press.
19. Materials and methods are available as supporting

material on Science Online.
20. S. H. Ou, F. Wu, D. Harrich, L. F. Garcia-Martinez,

R. B. Gaynor, J. Virol. 69, 3584 (1995).
21. E. Buratti et al., EMBO J. 20, 1774 (2001).
22. H. Y. Wang, I. F. Wang, J. Bose, C. K. Shen, Genomics 83,

130 (2004).
23. I. R. Mackenzie, H. H. Feldman, J. Neuropathol. Exp.

Neurol. 64, 730 (2005).
24. Y. M. Ayala et al., J. Mol. Biol. 348, 575 (2005).
25. P. A. Mercado, Y. M. Ayala, M. Romano, E. Buratti,

F. E. Baralle, Nucleic Acids Res. 33, 6000 (2005).
26. E. Buratti, A. Brindisi, F. Pagani, F. E. Baralle, Am. J. Hum.

Genet. 74, 1322 (2004).
27. I. F. Wang, N. M. Reddy, C. K. Shen, Proc. Natl. Acad. Sci.

U.S.A. 99, 13583 (2002).
28. Z. He, A. Bateman, J. Mol. Med. 1, 600 (2003).
29. We thank the Penn Proteomics Core Facility for the

LC-MS/MS and M. Forman for critical comments on the
manuscript. This work was funded by NIH (grants
AG10124, AG17586, and T32 AG00255) and German
Brain Bank ‘‘Brain-Net’’ (grant 01GI0299).

Supporting Online Material
www.sciencemag.org/cgi/content/full/314/5796/130/DC1
Material and Methods
Figs. S1 to S3
Table S1
References

21 August 2006; accepted 8 September 2006
10.1126/science.1134108

Infectious Prions in the Saliva
and Blood of Deer with Chronic
Wasting Disease
Candace K. Mathiason,1 Jenny G. Powers,3 Sallie J. Dahmes,4 David A. Osborn,5 Karl V. Miller,5

Robert J. Warren,5 Gary L. Mason,1 Sheila A. Hays,1 Jeanette Hayes-Klug,1 Davis M. Seelig,1

Margaret A. Wild,3 Lisa L. Wolfe,6 Terry R. Spraker,1,2 Michael W. Miller,6 Christina J. Sigurdson,1

Glenn C. Telling,7 Edward A. Hoover1*

A critical concern in the transmission of prion diseases, including chronic wasting disease (CWD)
of cervids, is the potential presence of prions in body fluids. To address this issue directly, we
exposed cohorts of CWD-naı̈ve deer to saliva, blood, or urine and feces from CWD-positive deer.
We found infectious prions capable of transmitting CWD in saliva (by the oral route) and in blood
(by transfusion). The results help to explain the facile transmission of CWD among cervids and
prompt caution concerning contact with body fluids in prion infections.

T
he prion diseases, or transmissible
spongiform encephalopathies (TSEs), are
chronic, degenerative, neurological dis-

eases with uniformly fatal outcomes. TSEs are
characterized by the conversion of the normal
cellular prion protein (PrPc) to an aberrant

insoluble partially protease-resistant isoform
(PrPres). CWD, a transmissible spongiform
encephalopathy of cervids (deer, elk, and
moose), was first observed in the 1960s in
captive deer and free-ranging deer and elk
in northeastern Colorado and southeastern
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abnormal hyperphosphorylation of TDP-43
might play a role in FTLD-U pathogenesis.
Because UBIs are defined by ubiquitin immu-
nohistochemistry, we asked whether TDP-43 re-
covered from urea fractions of FTLD-U brains is
ubiquitinated, and this was shown to be the case
by immunoprecipitation studies using the rabbit
polyclonal anti–TDP-43 followed by immunoblot
analyses with both anti–TDP-43 and ubiquitin
antibodies (Fig. 3D).

FTLD-U and ALS have been suggested to
be part of a clinicopathological spectrum (23),
sharing similar pathogenic mechanisms that af-
fect different populations of CNS neurons. We
examined classic ALS cases for the presence of
TDP-43–positive UBIs (table S1, nos. 54 to
72). Although none of the inclusions typical of
ALS were detected by mAbs 182 and 406, all
UBIs (including skeinlike, round, and Lewy
body–like inclusions) in motor neurons of ALS
were robustly double-labeled by TDP-43 and
ubiquitin antibodies (Fig. 4, A to F) and by
single-label TDP-43 immunohistochemistry (Fig.
4, G to I). A significant number of ALS patients
demonstrate UBIs in hippocampus and frontal
and temporal cortex (23), which were also im-
munolabeled by TDP-43 (Fig. 4, J and K).

Immunoblots of urea fractions of spinal cord
as well as frontal and temporal cortices of ALS
cases demonstrated a disease-specific signature
for TDP-43 similar to that described above for
FTLD-U (Fig. 4L). Dephosphoryation of the
urea fractions showed that the 45-kD band in
ALS corresponds to pathologically hyperphos-
phorylated TDP-43 as in FTLD-U (Fig. 4M).
However, because the presence of UBIs in ALS
cases is more variable than their presence in
FTLD-U, not all brain regions examined in all
cases exhibited pathological TDP-43.

These studies identify TDP-43 as the major
disease protein in the signature UBIs of FTLD-
U and ALS. Although pathologically altered
TDP-43 proteins were present in all sporadic
and familial FTLD-U as well as ALS cases,
there were subtle differences in these abnormal
TDP-43 variants among the three FTLD-U sub-
types, which may be the result of similar but
not identical pathogenic mechanisms. The dif-
ferential distribution of UBIs detected by
ubiquitin antibodies in FTLD-U subtypes (18)
supports this view.

TDP-43 is a ubiquitously expressed, highly
conserved nuclear protein (24) that may be a
transcription repressor and an activator of exon
skipping (21, 25, 26) as well as a scaffold for
nuclear bodies through interactions with sur-
vival motor neuron protein (27). TDP-43 is
normally localized primarily to the nucleus, but
our data indicate that, under pathological con-
ditions in FTLD-U, TDP-43 is eliminated from
nuclei of UBI-bearing neurons, a consequence
of which may be a loss of TDP-43 nuclear func-
tions. Moreover, nuclear UBIs are rare in spo-
radic FTLD-U because most pathological TDP-43
accumulates in neuronal cell bodies or their

processes, and it is unclear whether physiolog-
ical TDP-43 is present at significant quantities
in the cytoplasm, axons, and dendrites of nor-
mal neurons. Lastly, both FTDP-17U pedigrees
examined here contain PGRN gene mutations
(11), but the relation between TDP-43 and
PGRN, which encodes a secreted growth factor
involved in the regulation of multiple processes
in development, wound repair, and inflamma-
tion (28), remains unclear.

The identification of TDP-43 as the major
component of UBIs specific to sporadic and fa-
milial FTLD-U as well as sporadic ALS resolves
a long-standing enigma concerning the nature of
the ubiquitinated disease protein in these dis-
orders. Thus, these diseases may represent a
spectrum of disorders that share similar path-
ological mechanisms, culminating in the pro-
gressive degeneration of different selectively
vulnerable neurons. These insights into the mo-
lecular pathology of FTLD-U and ALS can ac-
celerate efforts to develop better therapies for
these disorders.
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A critical concern in the transmission of prion diseases, including chronic wasting disease (CWD)
of cervids, is the potential presence of prions in body fluids. To address this issue directly, we
exposed cohorts of CWD-naı̈ve deer to saliva, blood, or urine and feces from CWD-positive deer.
We found infectious prions capable of transmitting CWD in saliva (by the oral route) and in blood
(by transfusion). The results help to explain the facile transmission of CWD among cervids and
prompt caution concerning contact with body fluids in prion infections.

T
he prion diseases, or transmissible
spongiform encephalopathies (TSEs), are
chronic, degenerative, neurological dis-

eases with uniformly fatal outcomes. TSEs are
characterized by the conversion of the normal
cellular prion protein (PrPc) to an aberrant

insoluble partially protease-resistant isoform
(PrPres). CWD, a transmissible spongiform
encephalopathy of cervids (deer, elk, and
moose), was first observed in the 1960s in
captive deer and free-ranging deer and elk
in northeastern Colorado and southeastern
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eral organs of some patients (17). The present
work helps establish that prion diseases can be
transmitted through blood.

The presence of infectious CWD prions in
saliva may explain the facile transmission of
CWD. Cervid-to-cervid interactions (SOM text),
especially in high density and captive situations,
would be expected to facilitate salivary cross-
contact (11, 18, 19). Salivary dissemination of
prions may not be limited to CWD. Protease-

resistant prion protein has been demonstrated in
the oral mucosa, taste buds, lingual epithelium,
vomeronasal organ, and olfactory mucosa of
hamsters infected with transmissible mink
encephalopathy (19) and ferrets infected with
CWD (20). Although no instance of CWD
transmission to humans has been detected, the
present results emphasize the prudence of using
impervious gloves during contact with saliva or
blood of cervids that may be CWD-infected.

Environmental contamination by excreta
from infected cervids has traditionally seemed
the most plausible explanation for the dissem-
ination of CWD (21). However, we could not
detect PrPCWD in cohort 3 deer inoculated re-
peatedly with urine and feces from CWDþ
deer and examined up to 18 months pi (Table 2).
There are several reasons to view this negative
finding cautiously, including small sample size,
elective preclinical termination, and potential
variation in individual susceptibility that may
be associated with the 96 G/S polymorphism in
the PRNP gene (7, 22). Although no genotype
of white-tailed deer is resistant to CWD in-
fection, PRNP genotypes S/S or G/S at codon 96
appear to have reduced susceptibility manifest
by longer survival (7). Both deer in cohort 3
(urine and feces) were subsequently shown to
be of the PRNP 96 G/S genotype. Thus, it is
possible, although we think unlikely, that these
deer had a prolonged incubation period (918
months pi) before the amplification of PrPCWD

became detectable in tissues. Recent studies
have shown that PrPres is poorly preserved
after incubation with intestinal or fecal content
(23, 24). Further research using cervid and sur-
rogate cervid PrP transgenic mice (25) are in-
dicated to continue to address the presence of
infectious CWD prions in excreta of CWDþ
deer and to provide a more substantial basis for
reconsideration of the assumption that excreta
are the chief vehicle for CWDdissemination and
transmission.

The results reported here provide a plausible
basis for the efficient transmission of CWD in
nature. We demonstrate that blood and saliva in
particular are able to transmit CWD to naBve deer
and produce incubation periods consistent with
those observed in naturally acquired infections
(3, 26). The time from exposure to first detection
of PrPCWD by tonsil biopsy was variable—as
short as 3 months but as long as 18 months (like-
ly underestimates due to sampling frequency).
The results also reinforce a cautious view of the
exposure risk presented by body fluids, excreta,
and all tissues from CWDþ cervids.
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Fig. 1. PrPCWD demonstrated by immunohistochemistry in tonsil, brain (medulla oblongata at
obex), and retropharyngeal lymph node of deer receiving saliva or blood from CWD-infected
donors. CWD immunohistochemistry is shown in the medulla at obex (A to H) and either tonsil or
retropharyngeal lymph node (I to P) (8). Arrows indicate PrPCWD staining (red) within brain and
lymphoid follicles. Arrow with asterisk indicates lymphoid follicle negative for PrPCWD. ,̂ scale bar 0
550 mm; ^ ,̂ scale bar 0 110 mm.

Fig. 2. Immunoblot demonstration of PrPCWD in brain (medulla) of white-tailed deer. (A) PrPCWD

detection in positive and negative control deer (8). Lane 3 demonstrates the expected molecular weight
shift upon partial proteinase K (PK) digestion of PrPCWD in CWDþ deer, whereas lane 5 shows the
complete digestion of PrPc in CWD-negative deer. Molecular weight markers are indicated in lane 1. (B)
Assay for PrPCWD in medulla at obex homogenates for deer inoculated with blood, urine and feces,
brain, and saliva, with and without PK digestion (8). Molecular weight markers are indicated in lane 1.
Lanes 3, 7, and 9 demonstrate the detection of PrPCWD, whereas lane 5 demonstrates the lack of
PrPCWD.
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An unidentified environmental reservoir of infectivity contributes to the natural transmission of prion diseases
(transmissible spongiform encephalopathies [TSEs]) in sheep, deer, and elk. Prion infectivity may enter soil
environments via shedding from diseased animals and decomposition of infected carcasses. Burial of TSE-infected
cattle, sheep, and deer as a means of disposal has resulted in unintentional introduction of prions into subsurface
environments. We examined the potential for soil to serve as a TSE reservoir by studying the interaction of the disease-
associated prion protein (PrPSc) with common soil minerals. In this study, we demonstrated substantial PrPSc

adsorption to two clay minerals, quartz, and four whole soil samples. We quantified the PrPSc-binding capacities of
each mineral. Furthermore, we observed that PrPSc desorbed from montmorillonite clay was cleaved at an N-terminal
site and the interaction between PrPSc and Mte was strong, making desorption of the protein difficult. Despite
cleavage and avid binding, PrPSc bound to Mte remained infectious. Results from our study suggest that PrPSc released
into soil environments may be preserved in a bioavailable form, perpetuating prion disease epizootics and exposing
other species to the infectious agent.

Citation: Johnson CJ, Phillips KE, Schramm PT, McKenzie D, Aiken JM, et al. (2006) Prions adhere to soil minerals and remain infectious. PLoS Pathog 2(4): e32. DOI: 10.1371/
journal.ppat.0020032

Introduction

Transmissible spongiform encephalopathies (TSEs, prion
diseases) are a group of fatal neurodegenerative diseases that
affect a variety of mammalian species and include bovine
spongiform encephalopathy (BSE, ‘‘mad cow’’ disease),
chronic wasting disease (CWD) of deer and elk, sheep scrapie,
and Creutzfeldt-Jakob disease in humans [1]. The agricultural,
economic, and social impacts of prion diseases have been
intensified by evidence suggesting transmissibility of BSE to
humans [2]. The putative infectious agent in these diseases,
designated PrPSc, is a misfolded isoform of the normal
cellular prion protein (PrPC). The amino acid sequences of
PrPSc and PrPC are identical [3]; normal and abnormal forms
of the protein differ only in conformation. No differences in
posttranslational covalent modification have been demon-
strated [3]. Circular dichroism and infrared spectroscopy
indicate that the disease-specific isoform has a higher b-sheet
and lower a-helix content than PrPC [4]. The normal isoform
is soluble and primarily monomeric in solution, whereas
PrPSc forms insoluble aggregates.

Sheep scrapie and cervid CWD are unique among TSEs,
because epizootics can be sustained by horizontal (animal-to-
animal) transmission [5,6]. Routes of natural transmission
remain to be clarified, but available evidence indicates that an
environmental reservoir of infectivity contributes to the
maintenance of these diseases in affected populations [6–8].
The expanding range of CWD (several regions of North
America and Korea) increasingly brings domestic livestock,
companion animals, and wildlife species into contact with
infected animals and carcasses, and shedded TSE agent,
raising the possibility of cross-species transmission. This was

demonstrated by the recent detection in Colorado, USA, of a
free-ranging, CWD-infected moose, a species not previously
known to be affected by the disease in the wild [9].
Although other modes of environmental transmission of

scrapie and CWD have been proposed (e.g., flesh flies [10], hay
mites [11]), several lines of evidence point to soil as a reservoir
for TSE infectivity. TSE infectivity exhibits remarkable
resistance to inactivation by most chemical agents, radiation,
and heat [12] and has been shown to persist after burial in soil
for at least 3 y [13]. Anecdotal observations of healthy sheep
contracting scrapie after occupying fields previously contain-
ing diseased animals have been reported [7,8]. Although these
older studies did not account for the genetic susceptibility of
the sheep under study, they suggest that scrapie agent can
persist in the environment for years. Recent controlled field
experiments provide more compelling evidence of the
environmental persistence of prions. Miller et al. [14]
demonstrated that naı̈ve mule deer could contract CWD
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Oral Transmissibility of Prion Disease
Is Enhanced by Binding to Soil Particles
Christopher J. Johnson1,2, Joel A. Pedersen3, Rick J. Chappell4, Debbie McKenzie2, Judd M. Aiken1,2*

1 Program in Cellular and Molecular Biology, University of Wisconsin-Madison, Madison, Wisconsin, United States of America, 2 Department of Comparative Biosciences,

School of Veterinary Medicine, University of Wisconsin-Madison, Madison, Wisconsin, United States of America, 3 Department of Soil Science and Molecular and

Environmental Toxicology Center, University of Wisconsin-Madison, Madison, Wisconsin, United States of America, 4 Biostatistics and Medical Informatics, University of

Wisconsin Medical School, Madison, Wisconsin, United States of America

Soil may serve as an environmental reservoir for prion infectivity and contribute to the horizontal transmission of prion
diseases (transmissible spongiform encephalopathies [TSEs]) of sheep, deer, and elk. TSE infectivity can persist in soil
for years, and we previously demonstrated that the disease-associated form of the prion protein binds to soil particles
and prions adsorbed to the common soil mineral montmorillonite (Mte) retain infectivity following intracerebral
inoculation. Here, we assess the oral infectivity of Mte- and soil-bound prions. We establish that prions bound to Mte
are orally bioavailable, and that, unexpectedly, binding to Mte significantly enhances disease penetrance and reduces
the incubation period relative to unbound agent. Cox proportional hazards modeling revealed that across the doses of
TSE agent tested, Mte increased the effective infectious titer by a factor of 680 relative to unbound agent. Oral exposure
to Mte-associated prions led to TSE development in experimental animals even at doses too low to produce clinical
symptoms in the absence of the mineral. We tested the oral infectivity of prions bound to three whole soils differing in
texture, mineralogy, and organic carbon content and found soil-bound prions to be orally infectious. Two of the three
soils increased oral transmission of disease, and the infectivity of agent bound to the third organic carbon-rich soil was
equivalent to that of unbound agent. Enhanced transmissibility of soil-bound prions may explain the environmental
spread of some TSEs despite the presumably low levels shed into the environment. Association of prions with inorganic
microparticles represents a novel means by which their oral transmission is enhanced relative to unbound agent.

Citation: Johnson CJ, Pedersen JA, Chappell RJ, McKenzie D, Aiken JM (2007) Oral transmissibility of prion disease is enhanced by binding to soil particles. PLoS Pathog 3(7):
e93. doi:10.1371/journal.ppat.0030093

Introduction

Bovine spongiform encephalopathy, human Creutzfeldt-
Jakob disease and kuru, sheep scrapie, and chronic wasting
disease of deer, elk, and moose belong to the class of fatal,
infectious neurodegenerative diseases known as transmissible
spongiform encephalopathies (TSEs) or prion diseases [1,2].
The precise nature of the etiological agent of these diseases
remains controversial, but most evidence points to a
misfolded isoform of the prion protein (PrPTSE) as the major,
if not sole, component of the pathogen [3].

Sheep scrapie and cervid (deer, elk, and moose) chronic
wasting disease are distinct among TSEs because epizootics
can be maintained by horizontal transmission from infected
to naı̈ve animals [4–6], and transmission is mediated, at least in
part, by an environmental reservoir of infectivity [7–10]. The
presence of an environmental TSE reservoir impacts several
epidemiological factors including contact rate (the frequency
animals come in contact with the disease agent), duration of
exposure (time period over which animals come in contact
with the pathogen), and the efficiency of transmission (the
probability that an exposed individual contracts the disease).

The oral route of exposure appears responsible for
environmental transmission of chronic wasting disease and
scrapie [6,11]; the propagation of bovine spongiform ence-
phalopathy epizootics (feeding TSE-infected meat and bone-
meal to cattle); the appearance of variant Creutzfeldt-Jacob
disease in humans and feline spongiform encephalopathy in
cats (presumably by consumption of bovine spongiform
encephalopathy–infected beef) [12,13]; the spread of kuru

among the Fore of Papua New Guinea (ritualistic endocanni-
balism [14–16]); and outbreaks of transmissible mink ence-
phalopathy (TME) in farm-reared mink [17]. Following
consumption, TSE agent is sampled by gut-associated
lymphoid tissue, such as Peyer’s patches or isolated lymphoid
follicles, and accumulates in lymphatic tissues before entering
the central nervous system via the enteric nervous system [18–
20]. While ingestion is a biologically relevant TSE exposure
route, oral dosing is a factor of ;105 less efficient than
intracerebral inoculation in inducing disease in rodent
models [21]. The amounts of TSE agent shed into the
environment are presumably small. The assumed low levels
of TSE agent in the environment and the inefficiency of oral
transmission have led to uncertainty about the contribution
of environmental reservoirs of infectivity to prion disease
transmission.
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Choroby psychiczne



Choroby psychiczne – statystyki
• Narodowy Program Ochrony Zdrowia Psychicznego 

(1990-2010)


• opieka ambulatoryjna: 1629 → 3655 na 100 tys. ludności 
opieka stacjonarna: 362 → 548 na 100 tys. ludności


• Narodowy Program Ochrony Zdrowia Psychicznego 
(2017-2022)


• Dane Eurostatu


• w Islandii, Norwegii i Szwecji, 27% dorosłej populacji 
doświadcza w ciągu roku epizodu choroby psychicznej  
(użycie substancji psychoaktywnych, psychozy, depresje, 
nerwice i zaburzenia w zakresie odżywiania)



W Polsce systematycznie wzrasta liczba osób leczonych z powodu zaburzeń 
psychicznych, co więcej – przewidywane jest jeszcze wyraźniejsze kształtowanie się tej 
tendencji w przyszłości (ze względu na zwiększenie poziomu społecznych zagrożeń dla 
zdrowia psychicznego, takich jak: bezrobocie, ubóstwo, przemoc, rozluźnienie więzi 
społecznych) – Narodowy Program Ochrony Zdrowia Psychicznego

• Przynajmniej jedno zaburzenie (z 18 definiowanych w klasyfikacjach 
ICD-10 i DSM-IV) u 23,4% osób 


• Co czwarty Polak doświadczył więcej niż jednego z zaburzeń, a co 
dwudziesty piąty – trzech lub więcej


• Najczęstsze to przyjmowanie substancji (12,8%), w tym 
nadużywanie i uzależnienie od alkoholu (11,9%) oraz 
nadużywanie i uzależnienie od narkotyków (1,4%)


• Zaburzenia nerwicowe, wśród których do najczęstszych należą 
fobie specyficzne (4,3%) i fobie społeczne (1,8%)

Choroby psychiczne – statystyki



Na całym świecie co czwarty człowiek w pewnym 
momencie swojego życia zostanie dotknięty 
zaburzeniem psychicznym lub neurologicznym.  

Około 450 milionów ludzi w tej chwili cierpi z tych 
właśnie powodów.

Stres? Choroba cywilizacyjna?

Choroby psychiczne – statystyki



Najczęściej spotykane zaburzenia psychiczne
• Psychotyczne – omamy, urojenia, znaczne upośledzenie w percepcji rzeczywistości 

- nieprawidłowe wnioski dotyczące rzeczywistości zewnętrznej 
- schizofrenię, zaburzenia schizoafektywne, psychozy.


• Zaburzenia afektywne  
- okresowo występujące zaburzenia nastroju, emocji i aktywności  
- mogą mieć charakter epizodyczny, okresowy lub przewlekły pod postacią uporczywych, 
ale lżejszych zaburzeń nastroju 
- Choroba afektywna jednobiegunowa występuje, gdy u chorego pojawiają się jedynie 
zaburzenia depresyjne lub maniakalne. 
- Choroba afektywna dwubiegunowa charakteryzuje się występowaniem, zarówno 
depresji, jak i manii. Ten typ choroby ma charakter nawracający.


• Zaburzenia lękowe – potocznie nerwice.  
- zespoły dysfunkcji narządów, psychogenne zaburzenia emocjonalne, zakłócenia 
procesów psychicznych i patologiczne formy zachowania występujące w tym samym 
czasie i powiązane ze sobą wzajemnie.  
- charakterystyczne jest zachowanie sądu realizującego, czyli chory zdaje sobie sprawę 
z absurdalności swoich zachowań. 
- ta cecha – krytycyzm wobec swoich objawów – różni nerwicę od psychozy. 



Czynniki ryzyka:  
środowiskowe i genetyczne

Udział czynnika genetycznego w prawdopodobieństwie rozwoju schizofrenii

Arnedo i wsp. (2014) Am J Psych



Neuroprzekaźniki

noradrenalina

serotonina

dopamina

acetylocholina



Neuroprzekaźniki



Leczenie

• Antypsychotyczne (neuroleptyki) – głównie blokują 
neurony dopaminowe, w mniejszym stopniu serotoninowe 
i pozostałe


• Antymaniakalne – np. lit, karbamazepina, kwas 
walproinowy


• Antydepresyjne – np. inhibitory monoaminooksydazy 
(MAOIs), trójcykliczne leki antydepresyjne (TCAs), 
inhibitory zwrotnego wychwytu serotoniny (SSRIs), 
inhibitory zwrotnego wychwytu serotoniny i noradrenaliny 
(SNRIs)



Działanie leków 
antydepresyjnych

noradrenalina

serotonina

dopamina



Zdrowy

Stany 

depresyjne

Leczony



Lit
• powoduje podwyższenie 

stężenia białek 
cytoprotekcyjnych (Bcl-2)


• hamuje monofosfatazę 
inozytolu (IMPase)


• hamuje kinazę syntazy 
glikogenu 3 (GSK-3)



Poszukiwanie korelacji genetycznych

• Metaanaliza GWAS (genome-wide association studies) 
dla pięciu wybranych zaburzeń psychicznych – 
schizofrenii, BPD, choroby depresyjnej, ADHD 
i autyzmu – z 19 krajów europejskich


• 1 250 922 autosomalnych SNP. W pięciu loci 
znaleziono silne korelacje, z których dwa udało się 
skorelować z genami CACNA1C i CACNB2 
kodującymi podjednostki kanałów jonowych 
bramkowanych napięciem elektrycznym

Cross-Disorder Group of the Psychiatric Genomics Consortium (2013) Lancet



Byrne i wsp. (2020) Mol Psych

Table 4 Results for SNPs that were genome-wide significant in the conditional analysis and have larger estimated conditional effect sizes than in the original GWAS.

Disorder SNP CHR Position A1 Adjusted beta SE adjusted beta Unadjusted beta SE unadjusted beta Adjusted p value Unadjusted p value nearestGene

SCZ rs3764002 12 108618630 C 0.083 0.012 0.054 0.011 1.94E− 12 6.05E− 07 WSCD2

SCZ rs6095357 20 47523865 A −0.069 0.011 −0.048 0.010 1.17E− 10 1.21E− 06 ARFGEF2

SCZ rs7790864 7 28478625 A −0.062 0.011 −0.044 0.010 6.33E− 09 7.18E− 06 CREB5

SCZ rs1054972 19 1852582 A 0.076 0.013 0.053 0.012 6.42E− 09 1.32E− 05 KLF16

SCZ rs2867673 7 71752652 T 0.060 0.010 0.049 0.010 9.44E− 09 4.11E− 07 CALN1

SCZ rs6564668 16 79457393 C −0.060 0.010 −0.038 0.010 1.05E− 08 7.94E− 05 RP11-467I7.1

SCZ rs11922765 3 95047279 G −0.060 0.010 −0.044 0.010 1.22E− 08 4.36E− 06 RPS18P6

SCZ rs2973038 5 37833781 C 0.066 0.012 0.051 0.011 1.28E− 08 1.72E− 06 GDNF

SCZ rs10903945 10 363275 C 0.057 0.010 0.040 0.010 3.13E− 08 3.30E− 05 DIP2C

SCZ rs10282935 8 38703797 A 0.058 0.011 0.041 0.010 3.97E− 08 3.17E− 05 TACC1

SCZ rs6701877 1 174015259 G −0.096 0.014 −0.073 0.013 1.47E− 11 2.37E− 08 RP11-160H22.3

SCZ rs7372313 3 135872958 G −0.069 0.010 −0.062 0.010 4.26E− 11 1.54E− 10 MSL2

SCZ rs1765142 11 30378559 C 0.065 0.011 0.058 0.010 1.54E− 09 1.13E− 08 ARL14EP

SCZ rs55646993 7 105017864 G −0.062 0.010 −0.053 0.010 2.23E− 09 3.83E− 08 SRPK2

SCZ rs150437760 14 59981768 A 0.131 0.024 0.121 0.022 3.71E− 08 4.58E− 08 CCDC175

BIP rs12554512 9 23352293 T −0.083 0.014 −0.066 0.014 1.55E− 09 1.28E− 06 ELAVL2

BIP rs6891181 5 80849101 T −0.081 0.014 −0.075 0.014 1.49E− 08 1.27E− 07 SSBP2

BIP rs12268910 10 111878510 T −0.097 0.018 −0.091 0.018 3.29E− 08 2.73E− 07 ADD3

MD rs11697370 20 47731767 T −0.031 0.005 −0.023 0.005 3.31E− 09 3.53E− 06 STAU1

MD rs27732 5 87992576 A 0.034 0.005 0.031 0.005 1.22E− 11 1.87E− 10 MEF2C

MD rs1806153 11 31850105 T 0.037 0.006 0.036 0.006 8.78E− 10 1.18E− 09 RCN1

MD rs1354115 9 2983774 A 0.029 0.005 0.028 0.005 1.72E− 08 2.37E− 08 CARM1P1

MD rs301799 1 8489302 T −0.028 0.005 −0.026 0.005 2.49E− 08 4.68E− 08 RERE

ADHD rs78648104 6 50683009 T 0.136 0.023 0.124 0.025 4.31E− 09 3.60E− 07 TFAP2D

ADHD rs2244336 10 8831827 C 0.071 0.013 0.069 0.014 3.81E− 08 3.67E− 07 ENSG00000270234

ADHD rs12410444 1 44188719 A 0.107 0.014 0.106 0.015 4.23E− 15 3.85E− 13 ST3GAL3

ADHD rs13023832 2 215219808 A 0.133 0.020 0.117 0.021 1.23E− 11 1.62E− 08 SPAG16

ADHD rs281320 15 47769424 T −0.080 0.013 −0.074 0.013 1.84E− 10 3.14E− 08 SEMA6D

AUT rs10099100 8 10576775 C 0.084 0.014 0.084 0.015 1.20E− 09 1.07E− 08 SOX7

E.M
.Byrne
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Czynniki ryzyka 
u osób chorych 
na COVID-19

Nemani i wsp. (2021) JAMA Psych

among all demographic and medical risk factors examined
in this sample. Individuals with schizophrenia spectrum dis-
orders had 2.7 times the odds of dying after adjustment for
known risk factors. A higher risk with schizophrenia spec-
trum diagnoses was expected based on previous studies of
all-cause mortality, but the magnitude of the increase after
adjusting for comorbid medical risk factors was unexpected.
It is possible that unmeasured medical comorbidities

contributed to this finding, although the risk remained sig-
nificantly increased after adjustment for multiple estab-
lished risk factors. Delays in treatment seeking or reduced
access to care may have contributed to worse outcomes.
However, the lower rate of positive test results in the schizo-
phrenia spectrum group compared with the reference group
argues against selection bias as an explanation for the higher
odds of mortality observed.

Beyond systemic barriers to care and delayed treatment,
adults with schizophrenia spectrum diagnoses may be more
susceptible to COVID-19 mortality due to biological factors re-
lated to their psychiatric illness or treatment. The results of
this analysis are consistent with those of a nationwide study
from South Korea in which government-mandated testing
and enhanced monitoring were provided to all citizens. The
investigators reported a similar risk of infection but higher risk
of severe clinical outcomes in patients with psychotic
disorders.11 Although the mechanism underlying this associa-
tion is not clear, immune dysregulation in the setting of ge-
netic or acquired risk factors is a possibility. Variation in the
major histocompatibility complex is one of the most highly rep-
licated findings in genome-wide association studies of schizo-
phrenia susceptibility,14-17 and previous research has shown
deficits in cellular immunity resulting in dysfunctional
T cell–mediated immune responses in patients with
schizophrenia.18,19 Genetic variability across major histo-
compatibility complex class I genes may contribute to differ-
ences in immune response to COVID-19,20 and inappropriate
T-cell responses have been implicated in the pathophysi-
ologic characteristics of severe infection.21-23 Perturbations
in inflammatory cytokine signaling have been reported in
association with schizophrenia,24-26 which may increase
COVID-19 severity and mortality.27

Strengths and Limitations
This study has several strengths. Comprehensive data
were collected from a large number of consecutive patients
with laboratory-confirmed COVID-19. Focusing on patients
with confirmed infection eliminated variability associ-
ated with differing rates of infection, which may differ
between patients with and without psychiatric diagnoses.
The cohort included a demographically diverse population
of patients from across several sites in a health care system.

Table 2. Odds Ratios and Rates of 45-Day Case Fatality by Lifetime Psychiatric Diagnosis

SARS-CoV-2– Positive
Mortality or hospice,
No. (%)

OR (95% CI)

Unadjusted Demographically adjusteda Fully adjustedb

All patients (n = 7348) 864 (11.8) NA NA NA

Schizophrenia spectrum (n = 75) 20 (26.7) 2.93 (1.75, 4.92) 2.87 (1.62-5.08) 2.67 (1.48-4.80)

Mood disorders (n = 564) 104 (18.4) 1.82 (1.45, 2.29) 1.25 (0.98-1.61) 1.14 (0.87-1.49)

Anxiety disorders (n = 360) 39 (10.8) 0.98 (0.70, 1.38) 0.97 (0.67-1.41) 0.96 (0.65-1.40)

Referencec (n = 6349) 701 (11.0) 1 [Reference] 1 [Reference] 1 [Reference]

Abbreviations: NA, not applicable; OR, odds ratio; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
a The demographically adjusted OR included age, race, and sex.
b The fully adjusted model included demographic variables in addition to

smoking status, hypertension, heart failure, myocardial infarction, diabetes,

chronic kidney disease, chronic obstructive pulmonary disease, and cancer.
c The reference group excluded patients with any history of a schizophrenia

spectrum, mood, or anxiety disorder diagnosis or other psychiatric diagnoses
listed in eTable 1 of the Supplement.

Table 3. Multivariable-Adjusted Risk Model for 45-Day Case Fatality,
With Lifetime Psychiatric Diagnosesa

Variable OR (95% CI)
Age, y

18-44 1 [Reference]

≥75 35.72 (22.99-55.52)

65-74 16.54 (10.60-25.82)

55-64 7.74 (4.95-12.10)

45-54 3.89 (2.40-6.30)

Schizophrenia spectrum disorder 2.67 (1.48-4.80)

Male sex 1.69 (1.43-2.00)

Heart failure 1.60 (1.24-2.06)

Other race vs White raceb 1.47 (1.19-1.80)

White race vs Black race 1.41 (1.10-1.81)

Hypertension 1.38 (1.12-1.70)

Asian race vs White race 1.28 (0.94-1.75)

Diabetes 1.27 (1.07-1.51)

Never smoker vs current smoker 1.27 (0.84,1.93)

Chronic kidney disease 1.23 (0.98-1.55)

Mood disorder diagnosis 1.14 (0.87-1.49)

White race vs mixed race 1.08 (0.60-1.97)

Cancer 1.01 (0.85-1.22)

Former smoker vs never smoker 1.00 (0.93-1.22)

Myocardial infarction 1.00 (0.81-1.22)

Anxiety disorder 0.96 (0.65-1.41)

Chronic obstructive pulmonary disease 0.93 (0.77-1.12)

Abbreviation: OR, odds ratio.
a Excluding unknown race and unknown smoking history.
b Other race included Guamanian or Chamorro, Native American, other Pacific

Islander, Native Hawaiian, Samoan, or unspecified other race by patient
report.
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