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Introduction

 

Disease processes have different pathogenetic mechanisms,
such as infections, nutritional, immunologic and genetic dis-
orders. Specifically, genetic disorders involve mutations in the
sequence of a protein, which may lead to its malfunction or
complete absence. On the other hand, a malfunctioning protein
can cause a dermatologic disease, even though a genetic altera-
tion in its sequence cannot be found. One possible explanation
is that certain modifications in the protein structure occur during
its lifespan, inducing malfunction and disease. For the majority
of these so-called conformational diseases, the exact mechanism
that alters protein structure is not known, but insights from
general protein folding and misfolding processes will surely
help to understand the pathogenesis of such dermatological
diseases, and to discover efficient therapeutic methods.

 

Protein structure

 

For a long time it has been known that proteins are a major
constituent of cells. In the beginning of the twentieth century,
it was shown that some proteins have specific biological func-
tions (e.g. catalytic activity, transport, storage among others).
In 1951, Linus Pauling and Robert Corey proposed the first
model for local structures of proteins. Twelve years later,
Max Perutz showed the first atomic resolution model of a
protein. That was a great step towards understanding how a
protein functions, and it proved that proteins have a defined
conformation, differing from the former notion that proteins
were amorphous colloid-like masses.

The primary structure is the linear sequence of amino acids
that comprise a protein (its polypeptide chain) as it is encoded
by genetic information, and produced by the ribosome. The
secondary structure represents the first spontaneous step
of the normal folding pathway of the polypeptide chain, and
follows certain typical models that Linus Pauling called 

 

α

 

-
helices and 

 

β

 

-sheets (Fig. 1a,b, respectively). These two struc-
tures are present in almost all globular proteins. Globular
proteins are composed of a defined number and sequence of
these elements of secondary structure that form and organize
the whole molecule: the exact spatial arrangement of the
atoms in the protein is called its tertiary structure. A drop-like
organization, where the hydrophobic amino acids stay in
the center, far away from the solvent, and the hydrophilic
residues are on the surface, is characteristic of the tertiary
structure of globular proteins. In addition to its occurrence in
this subtype of proteins, a similar arrangement is also found
in the fibrous proteins of our organism. The most common
and well-characterized fibrous proteins in the human body
are keratin, collagen and elastin. They have simple structures,
composed mainly or exclusively of helical elements, which
give these kind of proteins a high stability, and that is the
reason why these proteins have protective, connective, and
supportive roles in living organisms.

 

Protein folding

 

The effectiveness of the normal folding pathway is critical
to the determination of the protein function, a fact that
can be easily observed with hemoglobin; many diseases are
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related to single or multiple mutations on the DNA sequence
and will cause diseases because the mutation could change the
final protein conformation, just as in sickle cell anemia, tha-
lassemias and other hemoglobin disorders. Another possibility
that is now being studied is that even without any DNA muta-
tion some protein conformations could be modified with severe
clinical consequences.

Christian Anfinsen, in 1973, proposed that all the informa-
tion required for the generation of the native three-dimensional
conformation of a protein is contained in its amino acid
sequence.

 

1

 

 The big question of folding is to understand how
a polypeptide chain can fold rapidly enough to be of use for
biological processes. It is clear that a random search of all possible
conformations until the best one has been found would not
be possible, because this process would take an astronomical
amount of time to complete (approximately 20 billion years
– Cyrus Levinthal’s calculation).

 

2

 

 Even today this question is
not completely solved, but some findings have brought new
insights to it. For example, it has been shown that some proteins,
called chaperones, have the function to help bigger proteins to
fold properly.

 

3,4

 

 But how do the chaperones fold in the first
place? The discovery of intermediates in the folding pathway
has also brought new light to the folding question.

Previously in protein folding studies, small proteins were
generally considered to fold via a two-state transition involv-

ing a totally unfolded state, without any structure, that progresses
directly to a completely folded structure.

 

5

 

 However, diverse
studies showed that many proteins fold through many sequen-
tial steps to the final completely folded state: a completely
unfolded protein first acquires its secondary structure, then
proceeds to the formation of an intermediate with secondary
structure, but without a stable tertiary structure, and finally
forms a native folded protein.

 

6

 

 The finding of protein inter-
mediates in the normal folding process led to the important
discovery that the same protein can have different stable
states, which may participate with different functions in the
cell.

 

7

 

 What seemed at first to be an academic question was
proven to be medically important when it was discovered
that errors in this folding pathway can lead to many differ-
ent diseases.

 

Misfolding of proteins

 

Misfolding represents a mistake in the folding pathway that
leads to the formation of a protein with a stable final structure,
but very different from its native one. Misfolded proteins
occur probably all the time in the cell, when a protein is produced
in the cytoplasm or in the endoplasmatic reticulum, or when
an already folded protein suffers a temporary loss of structure
in the cell. They can also arise when a mutation in one of the

Figure 1 Schematic representation of the 
two major protein secondary structures: 
alpha helix (a) and a β-sheet (b). The red 
circles represent the oxygen molecules, the 
gray circles represent the carbon, the blue 
the nitrogen groups, and the white 
represent the hydrogen. On (a) the green 
lines and numbers show the distances 
between the molecules (figure reproduced 
from URL: http://pharm1.pharmazie.uni-
greifswald.de/bednarski_web/web/data/
personen/Lectures/PMC/
Wechselwirkungen/Alpha-helix.jpg). On 
(B) the dashed lines represent the hydrogen 
bound between the β-sheets, and the 
hydrogen molecules and other lateral 
groups were not shown to simplify. 
(published with permission from authors 
of Ref 56)
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amino acids of a protein’s sequence alters the folding process.
These proteins do not normally accumulate and provoke
diseases because the cell has an efficient mechanism to detect
and destroy these misfolded proteins (through proteasomal
degradation).

The biological functions of proteins are directly dependent
on the acquisition of their precise three-dimensional structures.
Failure of the intracellular folding mechanism or of the qual-
ity control machinery that detects and eliminates misfolded or
nonfolded proteins

 

8

 

 may lead to major pathological con-
ditions collectively described as conformational diseases.

 

9

 

This failure in the control machinery of the cells may repre-
sent a sign of cell aging and may explain why some of the con-
formational diseases manifest themselves in aged patients.

The misfolded proteins that are not destroyed by the cell
tend to accumulate inside or outside the cell, and they can asso-
ciate to form large aggregates of proteins. Actually, aggrega-
tion is the most common destiny of a misfolded protein, if it
is not destroyed.

 

8

 

 Until some years ago, it was believed that
these aggregates were extremely toxic for cells and were the
main cause of cell death, for example, the deposition of 

 

β

 

-
amyloid fibrils in Alzheimer’s disease. Today, an increasing
quantity of new data suggests that the first stages of aggrega-
tion, which are called protofibrils or prefibrillar aggregates,
are much more toxic and dangerous than the mature fibrils.

 

10

 

For example, this may explain the lack of existence of a direct
correlation between the density of fibrillar plaques in the brains
of patients with Alzheimer’disease (often proposed to cause
dementia) and the severity of clinical symptoms.

 

11

 

 Therefore,
a new question appeared: are the large fibrillar aggregates
the major pathologic event that leads to cell death and tissue
dysfunction or are they the last option for cells to get rid of
the misfolded protein that accumulates in their inside? The
answer to this question is of extreme importance, because
any therapeutic approach should be directed against the core
problem.

The exact pathologic mechanisms that lead to cell death have
not yet been completely understood. Some evidence showed
that the prefibrillar aggregates have some exposed amino acid
regions that can mimic regions of the surface of the native protein.
Therefore, these regions are likely to be able to interact
inappropriately with the binding partners or receptors of
the native proteins.

 

12

 

 Indeed, it has been shown that some
prefibrillar aggregates can interact with cell membranes,
possibly destabilizing them, and leading to cell death.

 

13

 

Furthermore, the protein misfolding process might have a
direct toxic effect on the cell, and/or it might provoke the loss
of a vital function of the cell due to the absence of the correctly
folded protein: in both cases it leads to cell death. This theory
is called “gain of function or loss of function” and explains
the pathologic mechanism of the conformational diseases.

The amyloidosis and the prion diseases are the most well-
known and important conformational diseases.

 

Amyloidosis

 

The first person to detect the protein aggregates mentioned
above and to associate them with disease was Virchow in 1854.
After reacting, the fibril aggregates were visible on hepatic
tissue with iodine and sulfuric acid. Since that is the same
reaction used to stain starch (

 

amylum

 

), Virchow gave the name
amyloid to this type of aggregate. More than 70 years later,
Divry and Florkin stained the amyloid aggregates with the dye
Congo Red and recognized that they showed an apple-green
birefringence when analyzed under polarized light (Fig. 2a).

 

14

 

To the present day, this has remained the most widely used
method to diagnose an amyloid disease. Later, electron micro-
scopic analysis showed that all such aggregates exhibit a
similar fibrillar structure, with bundles of straight, rigid fibrils
ranging in width from 60 to 130 Å and in length from 1000
to 16,000 Å (Fig. 2b).

 

15

 

The amyloid diseases comprise important pathologies, includ-
ing Alzheimer’s and Parkinson’s diseases, type II diabetes
mellitus and various forms of systemic and cutaneous
amyloidosis (Table 1). The prion diseases are not universally
considered amyloidosis because it is not clear if the amyloid
aggregates present in the prion diseases are directly implicated
with the neurodegeneration or only represent an epiphenom-
enon in the disease (see also below); still, the prion diseases
were included in this review because of the possibility of a cuta-
neous infection route.

Some of the amyloidoses are genetically inherited, and point
mutations of normally occurring proteins have been described

Figure 2 Electron microscopy of lysozyme fibrils. The fibrils 
were produced at pH 2, 65 °C. Scale bar: 150 nm. Taken with 
permission from authors of Ref 15



 

International Journal of Dermatology

 

 2008, 

 

47

 

, 1225 –1233 © 2008 

 

The International Society of Dermatology

 

1228 Review

 

Protein folding and cutaneous diseases

 

Botelho and Lupi

 

for many familiar forms of amyloidosis. These point mutations
may not always alter the protein structure, but somehow favor
the aggregation of the protein, and leads to its accumulation
in the tissue and disease. Some examples of familial forms
of amyloidosis are familial amyloidotic polyneuropathy I, or
Corino de Andrade’s disease, caused by transthyretin mutants;

 

16

 

familial forms of Alzheimer’disease, caused by 

 

β

 

-amyloid
peptide,

 

17

 

 and Huntington’s disease, caused by huntingtin.

 

18

 

Since these mutations favor the aggregation of the respective
proteins, the disease symptoms are seen rather early in the
afflicted members of the families and do not reflect simply
a cell-aging process. Recently, a familial form of primary
cutaneous amyloidosis has also been described and linked to
alterations on chromosome 5.

 

19

 

The most peculiar aspect of the amyloid diseases is the fact
that many proteins associated with this condition do not have
any similarity in size, sequence or native structure. However,
they are all able to form amyloid fibrillar aggregates, which
when closely studied, showed a marked similarity in mor-
phology and internal structure. In general, the amyloid fibers
are insoluble, resistant to proteolysis and show an extremely
high content of 

 

β

 

-sheet (Fig. 1a).

 

12

 

 Another interesting aspect
of the amyloidogenic process is that apparently, under the right
conditions, any protein can form amyloid aggregates, even
disease-unrelated proteins.

 

20

 

 These required conditions can
be, for example, low pH, lack of specific ligands, high temper-
ature, presence of salts or cosolvents which disrupt the pro-
tein’s native structure; and in many cases the fibrils formed do
not represent a physiological reality. However, the possibility
to study such artificial amyloid fibrils was helpful in understand-
ing the amyloidogenic process better, and the mere existence
of these fibrils proved that the ability to form amyloid fibrils
is a generic property of peptides and proteins. It seems that
the disease-causing mutations in familiar amyloidosis merely
facilitate and accelerate the formation of such fibrils.

The exact process by which a soluble protein forms insoluble
aggregates is not totally defined, although the understanding
of the mechanism by which a protein assumes an amyloido-

genic conformation is crucial to the development of future
therapeutic approaches.

Shown below is an overview of the systemic and localized
amyloidosis, including their cutaneous symptoms. Since it is
not the objective of this review to give a profound analysis of
these forms of amyloidosis, only the more important features
are mentioned.

 

Systemic amyloidosis

 

The most frequent types of systemic amyloidosis are the AL
(primary) and the AA (secondary) types (for a detailed review
of systemic amyloidosis, see

 

21

 

). AL amyloidosis is caused by
the accumulation of the AL protein that is derived from the light
chain of immunoglobulin, more precisely from the 

 

λ

 

-region in
75% of the cases, and from the 

 

κ

 

-region in the remaining.

 

22

 

This accumulation causes deposition of the protein aggregates
in different tissues, and finally, organ dysfunction. The AL amy-
loidosis can be associated with multiple myeloma and Walden-
strom macroglobulinemia. AL amyloidosis can affect only
one organ, or have a multiorganic involvement, and the main
clinical presentations are: renal involvement with nephrotic
syndrome, restrictive cardiomyopathy, peripheral neuropathy
(frequently presenting as carpal tunnel syndrome), hepatome-
galy with or without splenomegaly, macroglossia and many
unspecific cutaneous signs. The most common cutaneous
presentations include a waxy thickening of the skin, ecchymoses,
purpura (characteristically after Valsalva maneuver) and sub-
cutaneous nodules and plaques (Fig. 3). The ecchymoses and
purpura are due to the perivascular infiltration of the amyloid
deposits (Fig. 4), which cause a local inflammatory reaction,
and are found more frequently in flexural regions, such as the
eyelids, nasolabial folds and neck, besides the mouth. The
nails can be also affected, and brittleness, crumbling, sub-
ungual striations and partial anonychia may be present.

AA amyloidosis is a secondary form of amyloidosis that
may complicate chronic diseases in which there is chronic
or recurrent inflammation, such as rheumatoid arthritis

Table 1 Most well-known amyloidosis

Disease Causative protein Affected sites

Alzheimer’s disease β-amyloid peptide Central nervous system (CNS)
Parkinson’s disease α-synuclein CNS, dopaminergic centers
Familial amyloid polyneuropathy Transthyretin Heart, liver, peripheric nerves
Huntington’s disease Huntingtin CNS
Creutzfeldt-Jakob’s disease Prion protein CNS
Amyloidosis related to hemodialysis β2-microglobulin Kidneys
Type II diabetes mellitus Amylin Pancreatic islets
Systemic primary amyloidosis AL amyloid derived from the immunoglobulin light chain Many organs: skin, heart, liver, kidneys
Secondary amyloidosis Serum Amyloid Protein (SAP) Many organs: skin, heart, liver, kidneys
Primary localized cutaneous amyloidosis Immunoglobulin light chains (nodular form) Keratin?? Skin
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or spondyloarthropathy; chronic infections; or periodic
fever syndromes. The fibrils are composed of fragments of
the acute phase reactant serum amyloid A. Just as in AL
amyloidosis, the most affected organs are kidneys, liver, and
heart.

The diagnosis can be suspected by the history and findings
in the physical exam, and by the presence of the light chains
in a urine sample. However, the diagnosis can only be con-
firmed by tissue biopsy and the demonstration of amyloid
deposits (Fig. 4). There is no optimal biopsy site: biopsy can be
directed at dysfunctional organs, such as kidneys or nerves, or
at other sites, such as subcutaneous fat, salivary glands or rectal
mucosa. A new diagnostic method available in some special-

ized centers is mass-spectroscopy of the paraffin embedded
specimen, which allows a precise identification of the protein
involved in the amyloid formation.

 

23

 

In conclusion, both forms of systemic amyloidosis have in
common a high expression rate of a specific protein, immuno-
globulin light chain in the AL amyloidosis, and serum amy-
loid A in the AA form. But how an excess of these proteins
leads to their aggregation and the formation of amyloid fibrils
is still not clear.

 

Localized amyloidosis

 

Different from the systemic AL amyloidosis, there are some
patients who present localized deposition of the immuno-
globulin light chains; this will cause damage to the affected
site, usually upper respiratory tract (nasopharynx, lips),
colon, orbit, skin and nails.

 

24,25

 

The primary localized cutaneous amyloidosis comprises
the macular, papular (or lichen amyloidosus) and the nodular
forms. The nodular form can be considered a localized plas-
macytoma because a high production of immunoglobulin
light chains by clonally expanded plasma cells is observed,
just as in the systemic AL amyloidosis, but locally.

 

26

 

 On the
other hand, the other forms of localized cutaneous amyloidosis
are not associated with immunoglobulin production, and
their pathogenesis is not completely clear. It is believed that a
focal epidermal damage is involved, with a local degeneration
of keratinocytes, followed by apoptosis and conversion of
filamentous masses (colloid bodies) into amyloid material
in the papillary dermis.

 

27

 

 Indeed there are evidences that
the keratinocytes are involved with the fibrils formation

 

28

 

with the presence of keratins in the fibrils.

 

29

 

 The exact mech-
anisms which cause the epidermal damage and how the amy-
loid fibrils are formed is still unknown. Some believe that
chronic pruritus might lead to keratinocyte degeneration and
initiation of the amyloid formation.

 

30,31

 

The clinical presentation of nodular amyloidosis is the pres-
ence of one or more nodular lesions in the limbs, trunk, face,
or genitalia. The nodules’ size can vary from few millimeters
to several centimeters.

 

32

 

 It is a benign lesion, but in a few
patients it can evolve to systemic paraproteinemia and sys-
temic amyloidosis.

 

33,34

 

 A possible treatment is the excision of
the lesion.

 

35

 

In the lichen amyloidosus form, the individual lesions are
smooth or hyperkeratotic papules which may coalesce to form
pruritic plaques, presented principally on the shins. Finally,
the macular form is characterized by poorly delineated,
hyperpigmented patches with a chronic evolution and affects
the upper back, limbs and occasionally chest and buttocks.
This form can be pruriginous. In both cases the diagnosis
is made through the biopsy of the affected region with the
demonstration of the amyloid deposits in the papillary der-
mis. There is no effective treatment for these two forms of

Figure 3 Systemic Amyloidosis. Eyelid infiltration with multiple 
papules

Figure 4 Systemic Amyloidosis. Deposition of abundant 
amorphous material forming large nodules within the dermis 
and is accentuated around vessels (H&E, ×250). (Courtesy of 
Bernard Kac, MD)
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cutaneous amyloidosis; topical steroids combined with anti-
histamines can be used to alleviate the pruritus in some cases.
Calcipotriol, etretinate or acitretin therapy have also been
tested.

 

36,37

 

 The use of topical dimethylsulfoxide (DMSO), an
anti-inflammatory compound that readily penetrates the skin
and is sometimes useful to relieve pain and itch in amyloidosis,
is still controversial.

 

38,39

 

Prion infections

 

The exact nature of transmissible spongiform encephalo-
pathies (TSE) perplexed researchers for decades, until Prusiner
identified and defined prion infections in 1982.

 

40

 

 Prusiner
classified a prion as an infectious particle composed of a pro-
tein (PrP) that causes fatal neurodegenerative disorders.

 

40

 

According to Collinge, prions are infectious agents by biolog-
ical and medical criteria, but with fairly unique properties
that differ from those of conventional microbes.

 

13

 

Prions cause a variety of degenerative neurologic diseases
that can be infectious, inherited, or sporadic in origin.

 

13

 

 The
cause of the sporadic forms is unknown; inherited forms
are caused by up to 20 different mutations of the human PrP
gene; and the infectious forms are transmitted through con-
tact with or consumption of previously infected tissues.

 

13

 

Well known human prion diseases include Creutzfeldt-Jakob
disease (CJD), kuru, German–Straussler–Scheinker syndrome
(GSS), and fatal familial insomnia (FFI).

 

13

 

 Other well-known
prion diseases that affect animals include scrapie (sheep and
goats), bovine spongiform encephalopathy (BSE or mad
cow disease), transmissible mink encephalopathy, chronic
wasting disease (CWD) in cervids, feline spongiform
encephalopathy, and exotic ungulate encephalopathy.

 

13,41

 

BSE has been described as affecting humans through inges-
tion of contaminated meat, causing variant CJD (vCJD) in
Europe.

 

41

 

PrP

 

C

 

 is the normal, cellular prion protein, and in affected
organisms it is converted into PrP

 

Sc

 

 (from scrapie). The normal
PrP

 

C

 

 consists mainly of alpha helices, but the converted PrP

 

Sc

 

is predominantly formed by 

 

β

 

-sheets.

 

13,40

 

 The initially highly
controversial, but today widely accepted mechanism of repli-
cation involves the conversion of cellular proteins to the path-
ological conformation without involvement of nucleic acid
templates, and such a conversion possibly opens the way
for other strain-specific post-translational modifications of
the prion protein.

 

13,40

 

 This change initiates a chain reaction,
and newly converted prions convert other proteins, which
they probably come into contact with on the cell membrane.

 

40

 

The PrP

 

Sc

 

accumulates in lysosomes and eventually fills the
lysosomes until they burst, releasing the prions to attack other
cells.

 

13

 

The skin and mucous membranes are a potential target
for prion infections, since keratinocytes and lymphocytes are
susceptible to the abnormal infective isoform of the prion

protein. Iatrogenic transmission of Creutzfeldt-Jakob disease
was also recognized after corneal transplants in humans
and scrapie was successfully transmitted to mice after ocular
instillation of infected brain tissue, confirming that these new
routes could also be important in prion infections.

 

41,42

 

Although bovine collagen has long been recognized as a
safe and biocompatible material, physicians should be aware
of the potential for prion transmission when using materials
from bovine origin. Bovine collagen has been used 

 

in natura

 

,
as a filling material, and is potentially associated with prion
rod transmission since BSE reached epidemic proportions for
almost 8 years in Europe.

 

41,42

 

Another important point is that the use of sterile technique
in cell cultivation is absolutely essential. Sterilization by autoclav-
ing relies on steam pressure and high heat. Many solutions,
including standard cell culture medium cannot be sterilized
by this procedure. Laboratories add newborn calf serum
(NCS) to most of the culture medium as a supplement. Prions
have a theoretical risk to be transmitted to the cell culture
medium by previous infected NCS. Some cell lines are very
susceptible to this infection, such as fibroblasts, neuronal cells
and hypothalamic cell line. After transmission to these cells,
all the resultant products also will be infected with prions.

 

41–43

 

Some ectoparasites have been proven to harbor prion rods
in laboratory experiments.

 

42,43

 

 Prion rods were identified in
both fly larvae and pupae; adult flies are also able to express
prion proteins.

 

43

 

 The most common causes of myiasis in cattle
and sheep, animals closely related with previous prion infections,
are 

 

Hypoderma bovis

 

 and 

 

Oestrus ovis

 

, respectively.

 

42,43

 

 Both
species of flies present a life cycle very different from human
myiasis, since they present a long contact with neurologic
structures, which are potentially rich in prion rods. Ophthal-
momyiases in humans is commonly caused by both species of
fly larvae worldwide, providing an almost direct contact with
the central nervous system. The high expression of the prion
protein on the skin and mucosa and the huge amount of
inflammatory response to the larvae could readily increase
the efficiency of transmission of prions.

 

41–43

 

Prions and amyloids: the concept of transmissible 
cerebral amyloidosis

 

The amyloid plaque has long been recognized as a hallmark
of the neuropathology of some TSEs, especially GSS and kuru.

 

44

 

Three decades later, it was established that the amyloid
plaque of TSE was mostly composed of misfolded PrP. As a
result, Gajdusek suggested calling PrP 27–30, the shortest
truncated form of PrP which still retains infectious properties,
a “scrapie amyloid”.

 

45

 

Fibrillar structures isolated from TSE-affected brains (prion
rods) are morphologically very similar to but distinguishable
from other amyloid fibrils when visualized by negative-staining
electron microscopy.

 

46

 

 Direct evidence for a cross pleated
secondary structure of PrP

 

Sc

 

 was obtained within the last few
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years by infrared spectroscopy, which correlates the infrared
spectrum with the secondary structure of proteins. Caughey

 

et al.

 

 showed that PrP 27–30 contains a high proportion
of pleated sheet.

 

47

 

 Denaturation by either SDS or high pH
reduces both scrapie infectivity and pleated content.

 

48

 

PrP fragments are able to form either helices or pleated sheets
and conversion from helix into a sheet may underlie the forma-
tion of prions. Indeed, using hamster recombinant protein,
Mehlhorn 

 

et al

 

. demonstrated that the same peptide may
form stable helix or sheets with several intermediates.

 

49

 

 All
these data point to an inherent propensity of PrP to exist in
different conformations.

Riek 

 

et al

 

. described the secondary structure of mouse PrP
in solution to consist of three helices and 2 antiparallel strands
at the globular C-terminus.

 

50

 

 A comparison between human,
mouse and bovine PrP demonstrated that human and bovine
PrPs exhibit virtually identical conformations,

 

51

 

 and because
species susceptibility is strongly influenced by PrP conforma-
tional similarity, humans are very susceptible for BSE infection.

As detailed above, it is now widely accepted that structurally
diverse proteins can misfold and cause so-called “conforma-
tional diseases” including systemic and cutaneous amyloidosis,
Alzheimer’s disease and Parkinson’s disease. All these diseases
are characterized by amyloid plaques that may be causally
connected to the pathological process. In the prion diseases
GSS, vCJD and in some murine scrapie models of disease,
“classical” or multicentric (in GSS) amyloid plaques are fre-
quent, but they are often absent in human TSE cases,

 

52

 

 in BSE
and most ovine scrapie.

All these neurodegenerative diseases are “infectious” in the
sense that misfolded sheeted conformers formed in a nuclea-
tion process in which preformed metastable oligomer acts as
a seed to convert a normal into an abnormal protein.

 

53–55

 

However, in none but TSE has infectivity in a microbiological
sense (from one organism to another) ever been observed, and
even in TSE the formation of misfolded protein is not neces-
sarily accompanied by the generation of infectivity 

 

de novo.

 

Lundmark 

 

et al

 

.

 

54,55

 

 recently described the transmissibility of
systemic amyloidosis by a prion-like mechanism. Mice were
orally infected by a homogenate of amyloid extracted from
the liver of mice previously exposed to silver nitrate, a substance
that is classically related to the induction of AA amyloidosis,

 

54

 

or by naturally occurring amyloid fibrils.

 

55,56

 

 The transmission
occurred in a very effective way and suggested that at least
some forms of amyloidosis may be transmissible diseases, akin
to the prion-associated disorders.

 

Conclusion

 

The aim of this review has been to give insights about normal
folding, and to introduce the problems that occur when a protein
follows a wrong pathway and ends in a wrong final conforma-
tion. This new class of diseases called conformational diseases

is characterized by the formation of misfolded proteins that
have the ability to aggregate into fibrils and cause tissue/organ
dysfunction and disease. The exact mechanisms that lead to
this misfolding and aggregation are not yet known for all
diseases of this class.

It seems critical to recognize both prion diseases and the
different forms of amyloidosis, such as systemic and cutane-
ous amyloidosis, as different examples of conformational
diseases which depend on the conversion of normal proteins
into an “amyloidogenic”, mostly 

 

β

 

-sheet structure liable to
aggregation. In this interpretation, prion diseases distinguish
themselves by their cerebral localization, and their trans-
mission between organisms has been proved beyond doubt; a
cutaneous transmission seems possible. Systemic amyloidosis,
on the other hand, afflicts several organs of the body, among
them the skin, and its transmission between organisms has yet
to be shown to occur outside the laboratory. The same is true
for cutaneous amyloidosis.

The precise identification of the conformational diseases
and the understanding of their pathogenesis are fundamental
for the development of new and effective treatment.
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