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Prealbumin: its association with amyloid
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SUMMARY In recent years prealbumin has been shown to be a major component of two forms of
systemic amyloid, senile systemic amyloid (SSA), and familial amyloidotic polyneuropathy (FAP).
Despite the fact that the amyloid fibril proteins associated with these two forms of amyloid,
designated ASc1 and AF, respectively, share many similarities the clinical features ofthe two diseases
are remarkably different. To understand better this paradox the clinical, histochemical, immuno-
logical and biochemical features of SSA and FAP were reviewed.

A prealbumin like protein (AFp) associated with amy-
loid was first described in 1978 by Costa et al in Por-
tuguese familial amyloidotic polyneuropathy (FAP).'
Shortly afterwards protein AScl, which had pre-
viously been isolated from senile cardiac amyloid,2
was also reported to be related to prealbumin.3 Senile
cardiac amyloid has subsequently been designated
senile systemic amyloid (SSA).4 5 Since these initial
findings, other forms of FAP (Japanese, Jewish,
Swedish-American, German-English, Swedish) and
familial amyloidotic cardiomyopathy (Danish) have
been shown to contain proteins related to pre-
albumin.6-" Despite the apparent similarity in the
biochemical nature of SSA and FAP the clinical man-
ifestations of these two forms of amyloidosis are strik-
ingly different. On the one hand, SSA occurs in late
life and is generally associated with minor clinical
manifestations; by contrast, FAP is generally a disease
of early and middle age and is always fatal.

Prealbumin

Human prealbumin is a product ofchromosome 18.12
It is a tetrameric protein of 55 kD molecular weight,
composed of four identical non-covalently bound
monomers of 127 amino acid residues arranged with
tetrahedral symmetry. 1'3A narrow cylindrical channel
runs through the centre of the protein molecule and
contains two binding sites for thyroxin.'4 Indepen-
dent binding sites for retinol binding protein, the
specific plasma carrier of vitamin A, are probably
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located on the outside of each subunit.'5 Each dimer
contains two f sheets, composed of eight strands,'6 a
structure which may account for its unusual stability
and resistance to dissociation. The f structure makes
human prealbumin an ideal candidate for the deposi-
tion of twisted ,B pleated sheet fibrils into amyloid
deposits. This conclusion is based on x-ray and
infrared analysis of systemic and localised amyloid
fibrils, which show that they have a f pleated sheet
configuration. 1 7

Senile systemic amyloid (SSA)

CLINICAL FEATURES
Senile systemic amyloid is a disease related to age,
which has a predisposition for the heart. The inci-
dence and distribution of SSA was determined in a
prospective immunohistochemical study of atrium,
ventricle, aorta, lung, renal cortex and rectum
removed at necropsy from 85 consecutive elderly
patients (80 years or older). Twenty one patients
(25%) had SSA (AScl) type amyloid. Of this group,
17 had cardiac disease and 19 had small extracardiac
deposits.4 Although the mean heart weight, per-
centage with heart failure, and incidence of myo-
cardiac infarction were higher for the group of
patients with cardiac amyloid, none of these
differences was significant in this small group of
patients.
The widespread nature of ASc, type amyloid was

subsequently confirmed in 13 patients who died from
extensive ASc, type amyloid infiltration of the heart
(mean heart weight 598 g; range 370-950 g). The
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Table 1 Comparison of clinical features of senile systemic amyloidosis (SSA) andfamilial amyloidotic polyneuropathy
(FAP)

SSA FAP

Age Elderly (> 70 years) Young (25-50 years)
Incidence Common (> 25% above 80 years) Rare
Transmission Unknown Autosomal dominant
Predominant organ disease Heart Nerves (autonomic, sensory, motor)
Other Many others (all tissue studied except brain; Many others (vitreous, heart, renal cortex and

very rare in spleen; observed only in renal medulla, intestines, skin, muscles, spleen)
medulla and vessels)

Clinical course Generally benign Uniformly fatal in about 10 years

patients ranged in age from 74 to 102 years. Twenty
seven different tissues were studied in this group. All
tissues except brain showed ASc, type amyloid depos-
its.5 Unlike other forms of renal amyloid, SSA depos-
its occurred only in the renal medulla and vessels, with
complete sparing of the glomeruli. The spleen was
rarely affected, and disease was limited to very small
vascular deposits (table 1).
SSA does not produce symptoms in most patients.

In a small percentage of patients with extensive heart
disease severe cardiac symptoms can occur. Careful
examination of the conduction system shows wide-
spread deposits in the sinus node and the atrio-
ventricular node in the heart of such patients
(Johansson B, Westermark P, unpublished obser-
vations). Moderately large amounts of amyloid may
be seen in the alveolar walls.5 The lung function has
not been evaluated in SSA, but it is probably impaired
in some patients.

HISTOCHEMICAL, IMMUNOLOGICAL, AND
BIOCHEMICAL FEATURES
SSA shows the typical red-green birefringence of
amyloid when stained with alkaline Congo red and
viewed with polarised light. Like most other types of
amyloid, it is resistant to treatment with per-
manganate and contains both tryptophan and P
component (table 2). 18
SSA deposits in tissue sections react strongly by

immunofluorescence with antihuman prealbumin and

Table 2 Comparison of histochemical and immunological
features of SSA and FAP deposits in tissue sections

SSA FAP

Congo red reaction + +
Permanganate treatment Resistant Resistant
Tryptophan + +
P-component + +
Binding reaction (fluorescence or

peroxidase)
Anti-prealbumin + +
Anti-ASc + +
Anti-amytoid fibril protein of
immunoglobulin light chain type,
Anti-amyloid fibril protein A

anti-ASc5. Both of these reactions can be blocked by
purified human prealbumin or ACc1 . These antisera
fail to react with amyloid of the amyloid fibril protein
of immunoglobulin light chain type and amyloid fibril
protein A types (table 2)."' Despite the similarity of
antihuman prealbumin and anti-ASc1 in binding to
amyloid tissue deposits the antisera react differently in
the immunoprecipitation reaction (table 3).
Antihuman prealbumin forms lines of identity with
human prealbumin and pooled human serum but fails
to react with purified whole AScl. Unabsorbed anti-
AScl, on the other hand, reacts with ASc1 but not
with human prealbumin."9
The biochemical structure of ASci is not com-

pletely known. Studies by Sletten et al have shown
that peptic digests of ASc1 have shown peptides with
complete homology, with residues 70-90, 96-107,
109-115, and 121-127 in human prealbumin.3 In all
studies of AScl it has been noted that ASc1 is rela-
tively insoluble in water, whereas human prealbumin
is completely soluble. The study of ASc1 by electro-
phoretic and immunoblot techniques has indicated
that it is composed of at least three components.20
A subunit similar to human prealbumin: This pro-

tein (i) has a molecular weight identical with that of
the normal prealbumin monomer on SDS-PAGE; (ii)
reacts strongly with antihuman prealbumin both in
immunoblot and immunodiffusion reactions; (iii)
contains at least one cysteinyl residue (the normal
prealbumin monomer contains a single cysteine at
position 10); and (iv) is characterised by weaker than
normal non-covalent forces between subunits and the
presence of an abnormal disulfide bond when com-
pared with that of normal prealbumin.
A somewhat smaller 13 kD protein This protein (i)

reacts strongly with anti-ASc1 and poorly with anti-
human prealbumin; (ii) seems to lack a cysteinyl resi-
due; (iii) represents the major component of AScl.

Smaller proteins (i) Some of these proteins con-
tain cysteine; (ii) some react strongly with anti-ASc1
and weakly with antihuman prealbumin. Thus these
proteins seem to be fragmentation products of the
prealbumin like protein or the 13 kD protein, or both.
The prealbumin like protein of SSA has recently
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Table 3 Comparison of immunological and biochemical features ofnormal prealbwnin monomer (PA) with prealbumin
variants AScl and AF associated with senile systemic amyloidosis (SSA) andfamilial amyloidosis polyneuropathy (FAP),
respectively

Prealbumin ASc1 Amyloidfibril

Three components Three components (AWs)
Size (SDS-PAGE analysis) 14 kD Prealbumin like component Prealbumin like component

(- 14 kD) (- 14 kD)
13 kD fragment 13 kD fragment
Smaller fragments Smaller fragments

Primary structure 1 27aa Homology with prealbumin at residues AF18, APP, AF,, AFSA:
70-90, 96-107, 109-115, 121-127; 127aa with varying N-terminal deletion:
no methionine substitution in amino acid substitution at position 30
position 30 (Val -_ Met) in some molecules

AFj,:
1 27aa with cleavage at position 48

in some molecules;
amino acid substitution in position 49
(Thr_-Gly) or position 33 (Phe- Ile)
in some molecules

Disulfide bonds No Prealbumin like protein only Prealbumin like protein only

Immunological reactivity
Westem blot with + + Prealbumin like protein AF.: + with prealbumin like protein

anti prealbumin - Smaller components - with smaller components

Immunoprecipitation + - Whole ASc1 AFj,, AF,, AFp, AFSA +
with anti-prealbumin + Purified PA like proteins AFs: + or - with whole amyloid fibril

- Smaller proteins (individual variations)
+ purified prealbumin like protein
- smaller proteins

Immunoprecipitation - + Whole ASc, AF.: + Whole amyloid fibril
with anti-ASc1

Circulating prealbumin variants Unknown AF,,, AFp, AFSA:
Variant PA (Val -_ Met) and normal

prealbumin
AFs:

Variant PA (Val_-- Met) and probably
normal PA

been isolated and, unlike protein AF, has been found
to lack a methionine substitution at position 30 (B
Johansson, K Sletten, P Westermark, unpublished
observations) (table 3).

Familial amyloidotic polyneuropathy (FAP)

CLINICAL FEATURES
The forms of FAP related to human prealbumin fall
predominantly into the type I (Andrades) group of
disorders. This group is described in Portugal, Japan,
and Sweden and in single families ofdifferent or mixed
ethnic origin. Attempts to find a common ancestry
have not been successful. The inheritance is auto-
somal dominant, and the usual age range at which
symptoms begin is 25-50 years. Insidious disease of
the autonomic nervous system usually appears early.
Peripheral neuropathy characteristically affects the
legs most severely, with paresthesias and sensory loss
preceding motor loss.2" Gastrointestinal disease
(motility dysfunction and malabsorption)22 and car-

diac disease (conduction defects and restrictive car-
diomyopathy)23 24 are prominent features. Abnormal
glomerular function may occur,25 and, unlike SSA,
amyloid deposits in the glomeruli have been
described.26 The duration from onset of clinical
symptoms until death ranges from 3 to 26 years (mean
10-8 years)."

HISTOCHEMICAL, IMMUNOLOGICAL, AND
BIOCHEMICAL FEATURES
Amyloid associated with FAP is nearly indistinguish-
able from SSA in its tinctorial and immunological
properties (tables 2, 3). Like protein AScl, protein
AFs (in tissue sections) binds antihuman prealbumin
and anti-ASc1 with equal avidity. In addition, anti-
ASc1 forms a line of identity between protein ASc1
and protein AFs.28 Antihuman prealbumin has been
shown to precipitate with AFp,I AFSA,8 AFja,6 AFj.29
and, in some patients, with AFs (P Westermark, K
Sletten, B 0 Olofsson, unpublished observations).
Immunoblot studies ofAFs have shown a pattern very
similar to that described above for ASc1.20
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Amino acid sequencing studies have shown that a
prealbumin variant with a single amino acid substi-
tution at position 30 (Val-+ Met) is present in the FAP
amyloid of the Japanese,303" Swedish-American,32
Portuguese33 and Swedish types. Both the Swedish-
American and Swedish amyloid fibrils also contain
normal prealbumin. The AFja and AFs have hetero-
geneous N-terminal sequences, resulting from the
presence of complete human prealbumin vari-
ants.3034 AFSA and AFp have been reported to start
at position 1.32 33 Patients with these four types of
FAP have the Val-iMet prealbumin variant (as well
as normal prealbumin) in the serum or plasma.33 3536
The Val-+Met substitution does not affect the ability
ofmonomers to form stable tetremers, nor the binding
affinity for retinol-binding protein or thyroxin.33 The
prealbumin variant in the Jewish type, by contrast,
has a substitution at position 49 (Thr--Gly)29 or pos-
ition 33 (Phe-Ile).37
A nonapeptide containing the substituted methi-

onine at position 30 has been synthesised, and an
antibody to this peptide has been used to identify
circulating human prealbumin variant by
radioimmunoassay.38 This assay seems to have
identified Japanese family members at risk before clin-
ical disease of the nervous system occurred. The vari-
ant prealbumin molecule has also been identified as a
preclinical marker in the serum or plasma of Swedish-
American and Portuguese family members. Human
prealbumin has been isolated from these subjects and
has been digested with cyanogen bromide (which
cleaves at the methonine residue). The additional pep-
tides derived from the mutant prealbumin have been
identified by purification and sequencing39 or by
immunoblotting techniques.40

In addition, DNA isolated from peripheral blood
leucocytes of three Japanese patients with FAP has
been shown to contain new restriction sites for endo-
nuclease NsiI or BalI in the prealbumin locus.41 These
mutations were consistent with the substitution of
adenine (A) for guanine (G). The resultant change in
the nucleotide sequence from GTG to ATG explains
the substitution of methionine for valine at position
30 in prealbumin. Similar findings have been reported
in the offspring of patients with Portuguese FAP."
The absence of additional variant nucleotide
sequences in these subjects supports the hypothesis
that the prealbumin variant associated with SSA
entails one or more post-translational events.

Familial cardiac amyloid was first discovered in a
Danish family4 and has recently been shown to con-
tain prealbumin.1 The disease has its onset in early to
middle age and leads to progressive cardiac failure
and death over two to six years. Several other organs
(skin, spleen, kidney) and fat have been affected in
some patients.

229

Comparison of SSA and FAP

Although SSA is the most common form of systemic
amyloidosis, it is also the most benign. The heart
(atria and ventricles) is most often and abundantly
affected, but only a small fraction of patients with
SSA develop massive cardiomegaly with fatal out-
come. Although SSA is a widespread disorder, organ
failure at extracardiac sites is virtually unknown.
FAP, by contrast, affects young and middle age
patients who inherit the disease. A variable pattern of
progressive autonomic, sensory, and motor neu-
ropathy develops, leading to death. In some forms of
FAP extraneural tissue disease may predominate.

Despite the contrasting clinical course of these two
forms of systemic amyloid they share many biochem-
ical characteristics. Table 2 shows that SSA and FAP
cannot be distinguished by standard histochemical or
immunological methods. It is clear that both ASc1
and AF proteins differ from normal prealbumin.
Specific structural abnormalities of the AF proteins
have been determined, but many unanswered ques-
tions remain about the exact structure of protein ASc,
(table 3).

Conclusions

The amyloid fibril proteins ASc1 and AF, associated
with SSA and FAP, respectively, contain prealbumin
variants. These variants seem to contain several pro-
tein components, one of which may be very similar to
normal prealbumin. In most types of human pre-
albumin related FAP studied to date this protein has
at least one amino acid substitution. A smaller com-
ponent appears to lack cysteine and reacts poorly with
antiprealbumin. This is the major component of ASc1
and of AFs in some patients and can be detected with
anti-ASc1. The finding of a similar smaller protein in
ASci and AFs is consistent with the observation that
anti-ASc1 reacts both with ASc1 and AFs in double
diffusion but fails to react with native prealbumin. As
sera or plasma from four different types of FAP have
shown a prealbumin variant with an amino acid sub-
stitution at position 30, it is speculated that this
abnormality leads to important conformational
changes of the prealbumin molecule, which change its
precipitability and contribute to the amyloidogenic
potential of these proteins.

Unlike the prealbumin variants found in amyloid
fibrils and blood of FAP patients and family mem-
bers, no direct evidence of amino acid substitution has
yet been shown for protein AScl. The deletion of
cysteine from the N-terminus in the 13kD protein of
ASc1 may be caused by post-translational cleavage of
the prealbumin monomer. Alternatively, it is possible
that the cysteine residue is modified and not detectable
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by the `4C-iodoacetamide reaction, which was used to
identify this amino acid. To date no structural studies
of putative circulating prealbumin variants have yet
been performed in patients with SSA.
The clinical diversity of the prealbumin related

amyloidoses represents an important challenge to our
better understanding of the associated prealbumin
variants and their role in the mechanisms and sites of
amyloid deposition.

This work was supported in part by the Swedish Med-
ical Research Council and the King Gustav V
Research Fund.
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