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Genetic disease and amyloid
J. R. HOBBS

From the Westminster Hospital Medical School, London

Amyloid results from the deposition, principally in
connective tissue, of polymers that are for the most
part incompletely digested precursor proteins. In
man the resulting deposits are very resistant to
resorption or digestion: their relentless accumulation
often causes death by interfering with the function
of vital organs such as the kidneys, heart, and gut.
There are three definitive methods for recognising

amyloid. (1) The dye congo red is bound more
strongly by amyloid than by human albumin
(Bennhold, 1922). It then exhibits a green bire-
fringence in polarised light (Missmahl, 1957). (2)
Electron microscopy reveals a characteristic fibrillar
structure (Cohen and Calkins, 1959) that is non-
branching, of variable length, and 8-15 nm wide.
(3) X-ray diffraction shows a pattern with an outer
band of 4-75 A and an inner band of 9-8 A (Eanes
and Glenner, 1968).
These three properties result from an anti-

parallel f-pleated sheet conformation with the
grooves of the pleats running along the length of the
fibril. The bends of the pleating probably coincide
with glycine or proline residues at about every 16
amino-acids. It is these amino-acids that seem to
make amyloid fibrils very resistant to digestion.
Only enzymes such as pronase can disrupt the f-
pleated sheet conformation, simultaneously des-
troying the three characteristic properties. The most
sensitive method for detecting early amyloid deposi-
tion in tissues is electron microscopy. For preliminary
screening, however, fluorescence microscopy after
staining with thioflavine-T (Vassar and Culling,
1959), while not entirely specific, rarely fails to
identify true amyloid (Hobbs, 1973).
The genetic varieties of amyloidosis are rare in

Britain. When all parts of the world are considered,
however, some 2000 patients are now recorded. In
most cases this relentless disease results from the
overproduction of the amyloid precursor proteins.
Symptoms appear between 25-45 years of age. The
clinical disorder progresses to death within 10 years.
An elegant description of most of the genetic
varieties of amyloid has been written by Cohen
(1972), and a simplified form of his clinical classifica-
tion is used in this brief report. It is emphasised that
many classifications of amyloid (Hobbs, 1973) have
not yet benefited from the new knowledge gained

about the precursor proteins; all classifications
overlap. It is nevertheless reasonable to review the
main genetic forms of amyloid in terms of the
clinical character of their onset. I then consider how
the excess of amyloid precursors occurs. Surely this
must offer a key to the best hope for managing these
diseases.

Clinical onset

The predominant clinical presentations of genetic
amyloid may be classified as (1) neuropathic, (2)
nephropathic, (3) cardiopathic, and (4) miscellaneous.
So far as is known, all the genetic forms of amyloid

except familial Mediterranean fever, which is in-
herited as an autosomal recessive characteristic, have
a Mendelian autosomal dominant inheritance.

NEUROPATHIC FORMS
The neuropathic forms are classified as (1) lower
limb, associated with vitreous opacities but not the
carpal tunnel syndrome (Portuguese type); (2)
upper limb, with vitreous opacities and carpal
tunnel syndrome (Swiss-German types); (3) all
limbs plus kidney but without vitreous opacities or
carpal tunnel syndrome.
Andrade (1952) first drew attention to the

heredo-familial forms of amyloid when he des-
cribed the so-called Portuguese type. This has now
been recorded in all parts of the world. The distri-
bution recalls the historic travels of Portuguese
sailors (Cohen, 1972). The major difference be-
tween the Portuguese and the Swiss-German types
is the rarity in the former of the carpal tunnel syn-
drome. This suggests either a difference in the
affinity of the precursor proteins for carpal tunnel
collagen or a difference in the carpal tunnel collagen
between Portuguese-descended and Swiss-German
subjects. Both forms often develop cardiac complica-
tions, probably due to involvement of the inner-
vation of the heart. The third variety overlaps with
the nephropathic group.

In all three forms and associated varieties (Cohen,
1972) a careful study of the distribution of the amy-
loid suggests that collagen is one of the main
connective tissue components to which amyloid
fibrils become bound. The major mechanism for
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damage to the nerves seems to be by interference
with vasa nervorum. Indeed, even when the peri-
collagenous amyloid compresses the carpal tunnel it
is probably a vascular mechanism that injures
nerves.

NEPHROPATHIC FORMS

The nephropathic forms are (1) autosomal recessive-
familial Mediterranean fever (FMF); and (2)
autosomal dominant-Swedish; Sicilian; with urti-
caria and deafness; with hypertension.
FMF was recognised in 1945. It is particularly

prevalent among the non-Ashkenazim (Sephardic)
Jews (Sheba, 1970) and Armenians, yet also occurs
in Arabs and Turks and is world-wide. It was not
till some years after Andrade's work that it was
realised that amyloid develops in more than half the
patients. Their periodic fever is often associated
with polyserositis and neutrophilia. These periodic
bouts are unrelated to the serum concentrations of
steroids such as aetiocholanolone. In the affected
population the homozygotes occur with a frequency
of about 1 in 2000, suggesting that the hetero-
zygotes occur with a frequency of 1 in 45. By
measuring the serum levels of precursor proteins it
has been possible to recognise those forms of
leprosy which result in amyloid (McAdam et al.,
1975); a similar approach might detect FMF hetero-
zygotes to enable genetic counselling. With such a
high gene frequency recognition could prove a great
blessing.

Because of the relentless nature of the disease there
has been much research into its mechanisms. It was
the first disease in which the AA form of amyloid
protein was identified (Benditt et al., 1962; Pras and
Reshef, 1972) and sequenced (Levin et al., 1972).
Subsequently it became clear that the AA protein
was identical with that found in the commoner
amyloid that is secondary to many forms of chronic
inflammation. Since the amino-acid sequences are
virtually identical it follows that the affinity of the
polymerised molecules for connective tissue com-
ponents such as reticulin fibrils is similar in all such
conditions. This may account for the 'typical'
distribution of amyloid. Renal failure is the most
common cause of death. It is not yet clear whether
the patients produce an excess of amyloid precursor
proteins because of an underlying predilection to
inflammation, or whether the phagocytes of affected
patients produce more precursors for a given degree
of inflammation. Studies of these mechanisms have
not yet been made in the dominant forms of nephro-
pathic amyloid. Unusual symptomatology, such
as urticaria and deafness (Muckle and Wells,
1962), suggests either that there is a change in the
affinity of precursor proteins or an alteration in the

receptivity of the connective tissues of the skin and
ear.

CARDIOPATHIC FORM
The cardiopathic form is oftwo types-the Scandina-
vian and the Latin-American.

First described in Denmark (Frederiksen et al.,
1962), this genetic form has a pericollagen-type
deposition, particularly beneath the limiting mem-
brane of the myocardial syncitium. The cells thus
become encased in a rigid coat of amyloid; im-
paired diastolic filling is characteristic. An almost
identical form of amyloid is sometimes seen in
patients with myelomatosis, but no immunoglobulin
monoclonal components have been identified in this
genetic variety. While it is suggested that the amyloid
is primarily deposited in the heart, there is a paucity
of complete necropsy information. The same may be
said of the Latin-American variety, the clinical
features of which are typified by atrial standstill.

MISCELLANEOUS FORMS
The miscellaneous forms are (1) systemic, secondary
to genetic immune deficiency; and (2) localised-
(a) lattice corneal dystrophy, (b) skin, and (c) tumour-
produced (familial endocrine-neoplasia type II).
The amyloid which can complicate agamma-

globulinaemia is 'typical' in perireticulin distribution
and almost certainly of AA type. Why the skin
(Isaak, 1965) or the cornea (Klintworth, 1967) should
be preferential sites for deposition is unknown. How-
ever, it was logical to speculate (Hobbs, 1973) that
the amyloid deposited locally in relation to tumours
of the APUD (amine-precursor-uptake-decarboxy-
lation) system (Pearse, 1969) would be proved to be
due to the polymerisation of homogeneous, low
molecular-weight products of such cell lines. It is
therefore interesting to find that analysis of the
amyloid deposited with medullary carcinoma of the
thyroid (Williams et al., 1966) has shown identity
with thyrocalcitonin (Tashjian et al., 1974; Sletten
et al., 1976). Furthermore, it seems likely that
degraded insulin can produce amyloid-like material
(Glenner et al., 1974).
The amyloid fibrils represent about 90% of the

amyloid deposition, but other proteins can be
trapped. These may include glycoproteins as well as
the P-component (protein AP may be found in
identical form in normal serum as a subcomponent
of the Cl fraction of complement and has been
called Clt (Pepys et al., 1977). The significance of
these minor components is largely unknown.

In the commonest forms of amyloid, that secon-
dary to chronic inflammation (AA) and that secon-
dary to B-lymphocyte neoplasia (light chain), the
amyloid fibrils are polymers of homogeneous
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proteins. Since the AA proteins isolated from a large
variety of diseases as well as FMF have an identical
amino-acid sequence they could be expected to form
very similar polymers and have identical affinities
for connective tissues, thus explaining the 'typical'
perireticulin distribution of such amyloid. The nor-
mal polyclonal mixture of light chains cannot
polymerise. Only the abnormal monoclonal light
chains secreted by B-lymphocyte neoplasms (Hobbs,
1973) can polymerise and sometimes give rise to
amyloid. These light chains probably undergo pre-
liminary digestion before being formed into amyloid
fibrils; only about 30% of monoclonal light chains
are likely to be able to form amyloid.
The part of the light chain most resistant to partial

digestion is the variable portion which, of course,
can participate in about 25% of the binding affinity
of the antigen-binding site of the complete immuno-
globulin molecule. Because of the wide variability
among such monoclones a wide variation in binding
affinity can be assumed. This may explain the
'atypical' affinity of amyloid secondary to myeloma-
tosis; it is mostly pericollagen but sometimes peri-
reticulin. Osserman et al. (1964) first realised that
the binding affinity of the circulating light chains
probably determined the distribution of con-
sequential amyloid. This experience, applied to the
consideration of the genetic varieties of amyloidosis,
should teach us to search for precursor proteins with
affinity for particular affected tissues in order to
account for the patterns of disease. As yet only
FMF and thyrocalcitonin amyloid have been identi-
fied.

Probably the neuropathic and cardiopathic peri-
collagen amyloids will be shown to be results of pre-
cursors that resemble the monoclonal variants of
light chains more closely than AA protein. I have
been unable to find material resembling Bence Jones
protein in urine concentrated 300 times collected
from patients with the Portuguese neuropathy, the
Scandinavian cardiopathy, or FMF. In such
patients, therefore, the precursor possibly circulates
in a polymerised form not readily excreted in the
urine. This seems to be the case for AA amyloid, of
which the precursor protein, known as SAA, has a
molecular weight of 80-90 000 daltons as against
7000 daltons for the AA protein itself.
Serum concentrations of SAA vary greatly in the

normal population, both with age and with episodes
of inflammation. At first it was thought they would
not be helpful guides in predicting the development
of amyloid. However, McAdam et al. (1975)
observed that certain forms of leprosy were more
likely to be followed by amyloid than others.
Susceptible patients had the highest neutrophil
counts during their episodes of fever. Probably a

J. R. Hobbsr

similar phenomenon occurs in FMF, and SAA is now
believed to be a product of the phagocytes provoked
by the inflammatory process. Indeed, some human
subjects may produce higher levels of SAA than
others for the same degree of neutrophilia. This
response could be due to a relative increase in pro-
duction or a relative decrease in the loss of the pre-
cursor. Either could result in further degradation of
SAA to form the low molecular weight AA com-
ponents that can polymerise to form amyloid.

Recognition that SAA levels were related to
neutrophilia in patients developing amyloid stimu-
lated trials of colchichine prophylaxis when it was
thought that amyloid was of AA type, as is usual in
the systemic connective tissue diseases. Several
investigations are in progress (Lancet, 1977), and
Levy and Eliakim (1977) report good responses in
FMF with little toxicity over a four-year period of
observation. There has been no measurement of the
degree of amyloidosis before and after therapy in
these cases and no untreated controls have been
compared with treated patients. The preliminary
data nevertheless justify the need for formal trials.
There is now growing evidence that arresting the
production of precursors such as Bence Jones
protein by giving cytotoxic drugs will lead to slow
resorption of amyloid (Jones et al., 1972). The
patient reported in 1972 had improved even further
in 1977 although amyloid fibrils still persisted in a
renal biopsy in that year. Since then T have en-
countered three similar cases. There are other
reports, supported by biopsy evidence, before and
after treatment. This is in sharp contrast to well.
advanced amyloid in which genuine resorption is
unusual although progression can sometimes be
arrested.

Conclusion

The terrible fate that awaits patients cursed with
these genetic forms of amyloid demands continued
effort to try to identify the proteins of the various
amyloid fibrils. The precursor proteins circulating in
most patients with the systemic forms of the disease
must also be identified. Searches must be made for
subtle variations in the production of near-normal
or normal precursors and for the removal or
degradation of such substances. There may be
variations in the affinity of these substances or in the
receptivity for them of the tissues of the gentically
affected patient. Most forms of genetic amyloid do
not present clinically until after the age of 25 years.
Certain identification of precursors would therefore
be needed to permit prophylactic eugenics in the
dominant forms of these diseases. Paradoxically,
excessive production of SAA may first be detected in
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the recessive form, FMF. Clear distinction between
the clinical patterns indicates that there are different
precursor proteins in different genetic varieties of
amyloid. A rich harvest awaits the enthusiastic
investigator.
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