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The senile amyloidoses comprise a heterogeneous group
of disorders with deposition of amyloid in a variety of
tissues. Most of these amyloidoses are localized to one
tissue. It has been shown previously that the amyloid
fibrils in one form of senile amyloidosis affecting the heart
contains a prealbumin-related protein, ASc;. It is shown
in this paper by immunohistochemical study using a

specific anti-protein ASc, antiserum that this type of
amyloidosis, previously called senile cardiac amyloido-
sis, is a systemic disease with amyloid deposits in many
organs. The designation senile systemic amyloidosis is
prosed for this disease, which differs from other systemic
amyloidoses in distribution of amyloid deposits. (Am J
Pathol 1984, 117:391-399)

SENILE AMYLOIDOSES is a group of disorders
which are very common. Well-known examples are
amyloid deposits in the brain,'~*'? in the islets of Lan-
gerhans,®°'2 in the cardiovascular system,!®!? and in
the seminal vesicles.!* '3

Three distinct forms of senile amyloid deposits in the
cardiovascular system have been described. One form,
called isolated atrial amyloidosis (IAA), has small
amyloid deposits restricted to the atria.'* The nature
of this amyloid has not yet been elucidated. A second
type, the senile aortic amyloidosis (SA0A), is extremely
common in the old aorta.'®-'¢-'” Again, this amyloid has
not been chemically elucidated but differs histochemi-
cally from IAA.Y

The third type of cardiovascular amyloidosis is the
senile systemic amyloidosis (SSA). This form of
amyloid, which has previously been named “senile
cardiac amyloidosis” (SCA),!* has generally been re-
garded as a localized amyloidosis with deposits in the
atria and the cardiac ventricles but sometimes also in
extra cardiac tissues as well, especially the lungs and
vessels of different organs.'®-2¢ The subunit protein of
the amyloid fibrils in SSA, preliminarily named ASc,,
has been partially characterized and shown to be closely
related to human prealbumin.?” Although the yield of
protein ASc, is low at gel filtration,'* electrophoretic
studies have shown no other subunit proteins in the SSA
fibrils (unpublished observation). There is therefore lit-
tle doubt that protein ASc, is the main fibril compo-
nent in SSA. Protein ASc, does not occur in IAA or
SAo0A.Y
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Three main clinically and chemically different groups
of systemic amyloidosis can be encountered?®: 1) sys-
temic amyloidosis in immunocytic dyscrasia (primary
and myeloma-associated amyloidosis), in which the
amyloid fibril protein is a portion of or a whole im-
munoglobulin light chain; 2) reactive (secondary) sys-
temic amyloidosis, in which the fibrils contain protein
AA; and 3) familial systemic amyloidoses, most or all
of which appear to contain prealbumin or a prealbu-
min variant. To these three forms we would like to add
SSA as a fourth distinct type. In this report, we describe
the distribution of amyloid deposits in typical cases of
SSA. We show that although deposits in the heart of-
ten predominate, deposits in the lungs and many other
organs appear to be very common.

Materials and Methods
Selection of Patients

Tissues from 13 patients have been studied. Mate-
rial from 4 of the patients (HL, 84, 120, 335) was used
in the original characterization of protein ASc,."* The
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Table 1—Data on Patients With Prealbumin-Related Senile Systemic Amyloidosis

Heart Number of tissues with amyloid/ Type of amyloid
Patient Sex Age weight (g) number of tissues studied shown by*
HL M 74 950 12/12 IH, GF, DD, AAA, ASA
272 F 89 500 5/8 IH
622 M 90 870 5/8 IH
335 M 90 600 6/7 IH, GF, DD, AAA
402 M 89 615 3/3 IH, DD
120 M 96 450 2/4 IH, DD
170 M 91 950 11/16° IH, GF, DD, AAA
Gi M 102 NKT 9/16 IH
42 M 83 430 6/11 IH
576 M 87 510 10/14 IH
724 M 87 740 6/12 IH
24 M 98 NK 6/8 IH
S168 M 94 370 23/24 IH

* IH, immunohistochemistry; GF, gel filtration; DD, double immunodiffusion; AAA, amino acid analysis; ASA, amino acid sequence analysis.

t NK, not known.

9 further patients were selected because they had fairly
heavy amyloid infiltration of the heart and because
paraffin blocks of several different tissues were availa-
ble. The mean age of the 13 patients was 90.2 years
(range, 74-102 years). All but 1 patient were men, and
most of the patients had cardiomegaly (mean, 598 g:
range, 370-950 g). Some data about the patients are
given in Table 1.

Recognition of SSA

SSA was recognized by the presence of protein ASc,.
Initially this protein was identified by its typical elu-
tion pattern by gel filtration and by immunoprecipita-
tion of purified solubilized fibrils with a specific anti-
protein ASc, antiserum.?® Later studies have employed
peroxidase-antiperoxidase (PAP) staining of tissue sec-
tions with this same antiserum.*® The anti-ASc, antise-
rum has previously been shown to be nonreactive with
amyloid of AA- or AL-type?**' or with other forms of
senile amyloidosis.'?'5!7

Histologic Screening

Formalin-fixed and paraffin-embedded pieces of tis-
sue which had been collected between 1970 and 1983
from 13 patients with SSA were included in this study.
The studied tissues are shown in Table 2. In most cases,
heart (atria and ventricles), lungs, liver, kidney, and
spleen tissues were available. In some cases, brain, pi-
tuitary, adrenal glands, thyroid, parathyroid, tongue,
small intestines, stomach, rectum, pancreas, gallblad-
der, aorta, lymph nodes, urinary bladder, prostate, semi-
nal vesicles, and bone marrow were also available. Usu-
ally, there was only one block from each tissue. From
all tissues, 5-u-thick sections were stained with Congo
red and studied in polarized light.

Immunohistochemistry

PAP staining®?-** was performed on two sections of
each tissue with the use of anti-protein ASc, antiserum
in dilutions of 1:400 and 1:800, respectively. Sections
treated in the same way with nonimmune rabbit serum
were included as controls. The specificity of the reac-
tion was established by absorbing the anti-protein ASc,
antiserum with purified protein ASc,.

Table 2— Distribution of Amyloid Deposits ldentified
by a Specific Anti-ASc, Antiserum in 13 Cases of
Senile Systemic Amyloidosis

Number of
patients
studied

Number of
patients with
amyloid

Heart
Atrium 11 11
Ventricle 13 13

Lung 12 12

Aorta* 8

Liver 1

Spleen 11

Kidney 12

Pancreas

Tongue

Stomach

Small intestines

Colon, rectum

Gall bladder

Parotid gland

Thyroid

Parathyroid

Adrenal gland

Hypophysis

Urinary bladder, ureter

Prostate

Seminal vesicles

Subcutaneous fat

Lymph node

Brain

Bone marrow
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* All patients had senile localized aortic amyloid.
T Al patients had Congophilic angiopathy localized to brain
vessels.
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Figure 1 — Amyloid deposits (b/ack) in the left ventricular wall of the heart in a patient with senile systemic amyloidosis, demonstrated by
the PAP method with a specific antiserum to the prealbumin-related amyloid fibril protein ASc,. The technique and antiserum are the same
for all illustrations. (x 325)

Figure 2— Amyloid deposits in alveolar walls of the lung. The amyloid occurrs mainly as small nodules, but more continuous depositions
also occur. (x 200)



Flgure'3— Renal papilla with many small amyloid lumps in the interstitium without obvious connection with blood vessels. Amyloid occurred
rarely in the renal blood vessels and never in the glomeruli. (x 80)

%

Figure 4 — Blood vessels in the wall of the gallbladder, heavily infiltrated with amyloid. Vessels of this appearance were found mainly in the
submucosa throughout the gastrointestinal tract, including the rectum. ( x 325)
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Results
Staining Properties of SSA

The amyloid of SSA exhibited affinity for Congo red,
but the staining was generally a little weaker than usu-
ally seen in AA amyloidosis and in most cases of AL
amyloidosis. There was a typical green birefringence,
however. The amyloid tended to occur in homogene-
ous areas or lumps and often affected well-demarcated
sectors of vessels.

The amyloid showed a strong reactivity with the anti-
protein ASc, antiserum when the PAP technique was
used. No reaction with other tissue components was
seen except for the A cells in the pancreatic islets, which
showed a strong reaction (Figure 5). Likewise, no reac-
tion occurred with amyloid in Congophilic angiopa-
thy of the brain, senile aortic amyloid, or senile semi-
nal vesicle amyloid, all of which were represented in the
material. Antisera to protein AA and to different pro-
tein AL:s showed no reaction with the amyloid in SSA.

Distribution of ASc, Amyloid
Heart

Most often the amyloid appeared as fairly large
homogeneous depositions compressing the heart mus-
cle cells. The deposition was diffuse or patchy (Figure
1). Usually lumps of amyloid occurred in the walls of
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small and intermediate-sized vessels. The atria and ven-
tricles were equally involved. In patients in whom
amyloidosis was recognized macroscopically, the depo-
sitions were massive and diffuse.

Lung

Amyloid occurred in the lung tissue in all studied
cases. Deposits were seen as small nodules in the alve-
olar septa, often close to each other, giving the appear-
ance of a band of pearls (Figure 2). More massive
amyloid infiltration of alveolar septa also occurred.
Deposits were seen in the walls of vessels of all sizes
and in advanced cases also in the lamina propria of
bronchi. In some cases, amyloid was seen around bron-
chial glands.

Aorta

In 6 of 8 cases studied, amyloid deposits occurred
diffusely in the adventitia and focally in the vasa vaso-
rum. Small amyloid deposits which did not react with
the anti-ASc, were seen in the media in addition to ASc,
amyloid in all cases.

Liver

In 7 of 11 cases, amyloid deposits occurred in the walls
of arteries and veins in the portal zones. Small deposits
were also seen in the capsule, but no amyloid occurred
in the liver parenchyma.

# »
v -

Figure 5 —Islet of Langerhans. Besides the amyloid of ASc, type, only the A cells of the pancreatic islets reacted with the anti ASc, antiserum.

(x 325)

Figure 6 — Small deposits of amyloid occurred interstitially in the striated muscle of the tongue. ( x 200)
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Kidney

Amyloid deposits were present in 6 of 12 cases. The
amyloid appeared as scattered irregular, sometimes
fairly large lumps in the papillae (Figure 3). In addi-
‘tion, amyloid occurred in the vessel walls of the fibrous
capsule, the cortex, and the medulla. Deposits were
also seen in vessel walls in the pelvis and within small
peripelvic nerves. Glomerular amyloid was not seen in
any renal tissue.

Spleen

In 2 of the 11 cases studied minimal amounts of
amyloid were found in a few vessels. No amyloid oc-
curred in the red or white pulp.

Lymph Nodes

Amyloid deposits occurred in some vessels of a lymph
node in 1 of the 2 cases studied. Abundant amyloid was
seen in the fat tissue surrounding this node.

Gastrointestinal Tract

The stomach was studied in 2 cases. Amyloid deposits
were seen in vessels in the submucosa, muscularis
propria, and subserosa, but not in lamina propria. In
1 of these cases, amyloid was present in several nerves.
In the small intestines of 3 studied cases and in the co-
lon of 1, the amyloid distribution was the same as in
the stomach. Amyloid was present in all 6 rectal tissues
studied, and sometimes as fairly large lumps in the vessel
walls in the submucosa, muscularis propria, and the
serosa. Amyloid was also found in the muscle tissue
of the rectum and in adjacent striated muscle without
any obvious connection with vessels. In the only case
studied, amyloid deposits were found in intermediate
sized vessels of the gallbladder wall (Figure 4).

Pancreas

In the pancreas, 4 of 6 cases studied exhibited amyloid
deposits in vessel walls of the parenchyma and in the
peripancreatic fat tissue. Anti-ASc, reacted strongly
with the A cells in the islets of Langerhans (Figure 5).

Endocrine Organs

Amyloid deposits occurred in vessel walls in the
periglandular fat tissue of the adrenal glands in all 7
cases studied. Sometimes periglandular nerves were also
affected (Figure 7). No amyloid was seen in the paren-
chyma. Three of 5 cases exhibited amyloid deposits in
vessel walls of the thyroid. Amyloid occurred in vessels
of the parathyroid gland in 1 case and in vessels of the
adenohypophysis and in fat tissue adjacent to the neu-
rohypophysis in 1 case.

Tongue

The tongue showed widely distributed amyloid in
both cases studied. Deposits were seen in the vessels

AJP o December 1984

of the lamina propria and muscle tissue and intersti-
tially in the striated muscle (Figure 6). Amyloid also
occurred around salivary glands.

Subcutaneous Tissue

Three of 7 cases had amyloid deposits subcutaneously
between fat cells and in vessel walls focally.

Seminal Vesicles

In all 6 cases, studied, amyloid appeared in the me-
dia of vessels. Two of these cases also showed localized
senile seminal vesicle amyloid, which did not react with
anti ASc,.

Prostate

Amyloid occurred in prostatic vessels in both cases
studied.

Urinary Bladder and Urethra

Amyloid was found in vessels in the muscle layer of
the urinary bladder in 1 case and the urethra in another
studied case.

Brain

No amyloid reacting with the anti ASc, could be
found in the brain in 7 investigated cases. In all of these,
however, amyloid with the distribution and appearance
that associated with Congophilic angiopathy was seen
in vessel walls.

Bone Marrow

Amyloid was present in some vessels of the bone mar-
row in 1 of the 2 cases evaluated.

Discussion

The first description of cardiac amyloidosis as-
sociated with aging was probably made by Soyka in
1876.34 Scattered reports followed, but it was not until
1950 that larger series were reported (see Hodkinson
and Pomerance?*). The reported prevalence of cardiac
amyloidosis among elderly persons varied widely from
2% to 80%. These differences have been said to be
related to differences both in selection of tissues and
in staining techniques.?*

Senile cardiac amyloidosis has traditionally been re-
garded as one entity. Because atrial deposits are more
common than ventricular deposits, the former have
been regarded as early senile amyloidosis, while cases
with both atrial and ventricular amyloidosis have been
thought to represent a later stage of the disease.>* How-
ever, we have previously shown that there are two chem-
ically different forms of SCA of which one only affects
the atria and which therefore is called “isolated atrial
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Figure 7 — Nerve in the periadrenal tissue. Fairly large deposits of amyloid are seen in the nerve.

serum. The dark staining of the perineurium is unspecific.

amyloidosis”. IAA is thus a chemically distinct local-
ized form of senile amyloidosis, other examples of
which include the localized amyloidosis of the pan-
creas,®™ '2 the brain'~% '2 the seminal vesicles,'*"'* and
the aorta.'” The ASc,-containing senile amyloidosis of
the heart is the form previously called “senile cardiac
amyloidosis.”?%-3*

“SCA” has until recently generally been regarded as
alocalized form (eg, see Cohen et al**), although some
previous reports have suggested its systemic nature.2*>*
In such studies, however, a differentiation between SSA
and other systemic amyloidoses or localized forms of
senile amyloidosis has not been possible. With a specific
antiserum against the ASc, subunit protein of SSA, it
has been possible to show that the amyloid deposits
found in different organs were of the same nature as
the heart deposits. This antiserum was recently utilized
in showing that a high percentage of elderly patients
with ASc,-type amyloid of the heart also had amyloid
deposits of the same immunologic type in the lung
and/or the rectum.?® The present study shows that SCA
of the ASc, type is truly a systemic form of amyloido-
sis involving more than 20 different tissues studied and
that the designation of SSA is therefore justified. SSA
is chemically related to but probably not identical to
the familial systemic amyloidosis of Portuguese,*¢ Jap-
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A — Section treated with rabbit nonimmune
B — Section treated with anti-protein ASc, antiserum. (x 80)

anese,®’ Israeli,?® Swedish,3** and Indiana*' types. We
propose that SSA be added to the three main groups
of systemic amyloidosis as a fourth and distinct type.
The systemic amyloidoses thus comprise 1) immuno-
cytic dyscrasias with AL amyloidosis (primary and
myeloma-associated amyloidosis), 2) reactive systemic
(secondary) AA amyloidosis, 3) familial systemic
amyloidosis, and 4) senile systemic amyloidosis.
The wide distribution of amyloid deposits in ad-
vanced cases of SSA is noteworthy. The most extensive
infiltration is found in the heart and in the lungs. In
the heart, deposition is seen in both ventricular cham-
bers and atria as a diffuse or patchy infiltration between
the muscle cells as well as in vessels of different sizes.
In tissues with small quantities of amyloid, the deposits
may occur either in vessels or interstitially. In routine
heart sections, there are no reliable morphologic means
of differentiating between IAA, SSA, and other forms
of systemic amyloidosis. In the lungs, the amyloid oc-
curs both in vessel walls and in the alveolar walls. The
latter deposits usually have a very typical nodular ap-
pearance. The deposits in other organs are usually small
and mainly in vessel walls. However, deposits also oc-
cur in striated and smooth muscle, in fat tissue, and
in the papillae of the kidneys. The finding that senile
systemic amyloid rarely occurs in the spleen and then
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only in very small amounts and never in the glomeruli
of the kidneys is remarkable. In these respects, SSA
differs from other forms of systemic amyloidosis, in-
cluding the Swedish form of familial amyloidosis.*?

A typical feature of the prealbumin-related familial
amyloidoses is polyneuropathy. Small amyloid deposits
were found in nerves in some of the present cases of
SSA, but the clinical records did not indicate any symp-
toms or signs of polyneuropathy. The reason for this
discrepancy in pattern of deposition in different forms
of prealbumin-related amyloidoses is unknown, but it
is possible that the prealbumin in SSA has a normal
amino acid sequence, whereas prealbumin in the vari-
ous familial amyloidoses appears to have an abnormal
structure,38-43-44

The reaction of anti-ASc, with the A cells of the pan-
creatic islets was not surprising. A cells have been shown
normally to contain a component antigenically identi-
cal to prealbumin.**

The clinical diagnosis of SSA is usually regarded as
very difficult as a result of its previously presumed local-
ized nature, in contrast to the three other major vari-
ants of systemic amyloidosis, in which the diagnosis
can readily be made by rectal biopsy or subcutaneous
fat biopsy.*¢-*” These studies indicate that SSA may be
distributed very widely and that careful examination
of readily available tissues, such as rectum and subcu-
taneous fat, may provide a premortem diagnosis.
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