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Abstract. The fibrils of all systemic forms of amyloid (primary, AL; secondary, AA; and he-
reditary, AF) that had been isolated by the water extraction procedure demonstrated elastolytic
enzyme activity when examined in a specific assay using tritiated elastin. The source of this fibril-
bound enzyme activity was consistent with human neutrophil elastase (HNE), since it was readily
extracted by high salt solutions and inhibited by an elastase-specific chloromethyl ketone inhibitor,
human «-1-protease inhibitor or by an antibody specific for HNE. The presence of an elastase
on the amyloid fibril may suggest physiologic mechanisms of amyloid precursor protein degradation.
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The mechanism by which certain serum
protein precursors are processed into amyloid
fibrils remains unknown; however, proteolytic
enzymes are thought to play a role. The serum
protein precursor varies in each type of sys-
temic amyloidosis and some proteolysis (pro-
cessing) is evident when the precursor protein
is compared to the final amyloid fibril product
(1). This processing may represent partial pro-
teolysis of a precursor or the inability of nor-
mal proteolysis to occur.

Some degree of proteolysis is suggested in
the primary (AL) form of amyloid where fibrils
are composed of various sized fragments of
immunoglobulin light chains (2-4). In some
cases only the variable half is present, in others
the variable half as well as a portion of the
constant half composes the amyloid fibril. In
a few cases the fibril represents the whole light
chain. Some proteolysis is evident in the sec-
ondary (AA) amyloid type where the fibrils
are nearly uniformly an 8000-Da portion (AA)
of the 12,000-Da serum amyloid A (SAA)
protein (5-8). In the hereditary (AF) amyloid
type, the precursor protein is a whole preal-
bumin molecule, where no proteolysis to form
amyloid fibrils is apparent (9-11).

A role for proteolytic enzymes closely as-
sociated with amyloid fibrils has been sug-
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gested by the appearance of fibril degradation
in the amyloid-agarose plate test (12, 13). In
the course of our investigation of the degra-
dation of amyloid fibrils, we found a serine
protease, consistent with human neutrophil
elastase (HNE), associated with all forms of
amyloid fibril isolates. In this paper we report
that an elastase appears to be intimately as-
sociated with all amyloid fibril types as they
are isolated from the tissue and may play a
role in fibril formation from precursor pro-
teins.

Methods. Preparation of amyloid fibrils.
AA, AL, and AF amyloid fibrils were extracted
and purified from amyloid-rich tissues ac-
cording to methods previously described (14,
15). AA fibrils were obtained from the liver of
a patient with ankylosing spondylitis. AL fi-
brils were obtained from the liver or spleen of
several patients with primary amyloidosis. AF
fibrils were obtained from the thyroid of a pa-
tient of Swedish origin with hereditary (preal-
bumin) amyloidosis.

Elastase assay. Fibrils were assayed for
elastin-solubilizing activity. The fibrils were
incubated at 37°C for 20 =+ 4 hr in the presence
of washed *H calf ligamentum nuchae elastin
in 4 ml buffer (0.05 M Tris, pH 7.6, 0.14 M
NaCl, 0.05% NaNs3) (16, 17). At the end of the
incubation the samples were centrifuged and
the supernatants filtered. The amount of elas-
tin solubilized was calculated from the level
of radioactivity present corrected for the
background level of radioactivity released from
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3H elastin in buffer only. By comparing the
tubes containing 3H elastin and standard
amounts of a highly purified and enzymati-
cally active HNE prepared from human spu-
tum (18, 19), the levels of elastolytic activity
were expressed as HNE equivalents. Assays
were performed on 4 mg of AA, AL, or AF
fibrils either alone or modified as follows: with
an elastase-specific inhibitor, succinyl-(L-
alanyl),-prolyl-valyl-chloromethyl ketone
(CMK) (20); with a-1-protease inhibitor; or
with an IgG fraction of either rabbit anti-hu-
man neutrophil elastase antibody or porcine
pancreatic elastase antibody. In addition, fibril
preparations were assayed after boiling for 10
min in 0.1 M Tris, pH 7.6.

Elastase extraction with salt solutions. The
ability of high and low salt concentrations to
extract elastolytic activity from AA amyloid
fibrils was examined. Four-milligram portions
of AA fibrils were incubated overnight at 4°C
with buffer containing either 0.6 or 0.14 A
NacCl. After centrifugation the supernatants of
the 0.14 NaCl extraction were adjusted to 0.6
M NaCl before the assay procedure.

Results. In the tritiated elastin assay for en-
zymatically active human neutrophil elastase,
all three fibril types (AL, AA, and AF) had
significant amounts of elastolytic activity
ranging from 150 to 1383 ng HNE equivalents
per 4 mg amyloid fibrils (Table I). The AL
fibrils consistently had less elastolytic activity
than the AA or AF fibrils. Six additional AL
preparations were examined in duplicate and
showed varying amounts of HNE equivalents
(range 0-790 ng). Elastolytic activity was in-
hibited by the presence of CMK, an antibody
to HNE, human a-1-protease inhibitor, and
by boiling the fibrils prior to assay. No signif-
icant inhibition of the AA sample activity (998
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ng HNE equivalents) was found when a rabbit
IgG fraction of porcine pancreatic elastase an-
tibody shown to have no anti-human neutro-
phil elastase activity was used as a control an-
tiserum. Lack of sufficient quantities of AF
fibrils precluded three of the determinations.

Elastolytic activity could be extracted from
the AA amyloid fibrils both by high and low
salt solutions; however, five times as much
elastolytic activity was extracted from AA fi-
brils with buffer containing 0.6 M NaCl than
with 0.14 M NaCl (Table II). Less elastolytic
activity remained on the fibrils extracted with
the buffer containing 0.6 M NaCl than with
0.14 M NaCl.

Discussion. Isolated fibrils of the three sys-
temic forms of amyloidosis were examined for
elastolytic activity in a specific assay using tri-
tiated elastin. Significant amounts were pres-
ent. The dramatic inhibition of this enzyme
activity by an elastase-specific chloromethyl
ketone inhibitor, an antibody to human neu-
trophil elastase, and by human «-1-protease
inhibitor strongly supports the identification
of this enzyme on the fibril as an elastase which
is consistent with HNE. Further evidence sup-
porting the identity of an elastase on the fibril
was the fact that more elastolytic activity could
be extracted from the fibrils with solutions of
higher salt concentration than with lower salt
concentration (21). The amount of elastolytic
activity on the AA and AF fibrils was consis-
tently high. However, the amount of elastolytic
activity on the AL-type amyloid fibrils varied
widely in six preparations tested. Since the fi-
bril isolation involves repeated washings of the
fibrils with a low salt solution (0.14 A/ NaCl)
and our studies showed that elastolytic activity
could be removed by salt solutions, it is very
likely that some of the elastase was removed

TABLE 1. ELASTASE ACTIVITY ON AMYLOID FIBRILS

ng HNE equivalents + SE (n)

Amyloid fibrils (4 mg) AA AL AF
Alone 1383 + 228 (2) 150 £ 11 (3) 1029
Plus elastase-specific chloromethyl ketone 33+ 3(Q) 15+ 4(3) 62
Plus HNE antibody (rabbit IgG fraction) 49 49 + 15 (2) ND
Plus «-1-protease inhibitor 2+ 1(2) 28 7(2) ND
Boiled 20+ 3(2) 23+ 8(2) ND

Note. ND = not determined. # = Number of replicate samples in same assay.
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TABLE II. SALT EXTRACTABILITY OF ELASTOLYTIC
ACTIVITY ON AA FIBRILS

Salt concentration  Supernatant
of extraction activity? Activity remaining
buffer (ng) on fibrils? (ng)
0.6 M NaCl 622 + 19 591 +£20
0.14 M NaCl 122 £ 11 862 £ 32

% Mean = SE (n = 3) ng of HNE equivalents.

from the fibrils. Perhaps the elastase associated
with the AL fibrils was more susceptible to
removal by saline washes than that associated
with the other fibril types.

Proteolytic enzymes have been involved in
the processing of precursor protein into AL
and AA fibrils. In separate studies, Glenner
(2) and Shirahama (3) have shown that ho-
mogenous immunoglobulins (Bence-Jones
protein) could be digested by pepsin to form
fibrillar material resembling amyloid fibrils.
This did not occur with all Bence-Jones pro-
teins, although there is no unique precursor
immunoglobulin type for AL amyloid fibrils.
In addition, AL fibril molecular weight has
varied from 11,000 to 23,000 Da suggesting
that in many cases proteolysis of the light chain
occurs prior to its processing into an amyloid
fibril (4). Secondary amyloid fibril proteins
have varied little in size or primary sequence.
They represent an 8000-Da molecule which is
derived from the 12,000-Da serum amyloid A
precursor, after cleavage of the C-terminal
portion (5, 6). Studies have shown that deg-
radation of the SAA protein into AA-sized
fragments can be accomplished with a mono-
cytic elastase (6, 7) or with human neutrophil
elastase (8). The heredofamilal amyloid fibrils
are composed of the monomeric prealbumin
subunit of 14,000 Da with no apparent deg-
radation occurring prior to processing. In this
form of amyloid a variant primary structure
is believed responsible for its selective fibril
formation (9).

One may speculate that an elastase may play
a role in the normal proteolysis of proteins
which are amyloid precursors. This mecha-
nism may be slowed or blocked in amyloidosis
because of an amino acid substitution within
the precursor protein. It is well known that
valine is a primary cleavage site for HNE (20).
Although structural studies on amyloid pro-
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teins are limited at present, in two cases a va-
line substitution is known to have occurred.
In the variant prealbumin precursor protein
which forms AF amyloid fibrils, a valine has
been replaced by a methionine at position 30
(9-11). In the murine form of AA amyloid,
the amyloidogenic SAA precursor protein has
a valine replaced by a phenylalanine at posi-
tion 6 (22, 23). These positions may represent
important initial cleavage sites before other
valines within the proteins can undergo cleav-
age. When cleavage does not occur at these
sites, other less available sites may be masked
by a tight protein conformation or by bound
substances on the fibril such as amyloid P
component (15).

The present study has demonstrated the
close association of an elastase with the amy-
loid fibril. It is present on amyloid fibrils of
all types and in significant amounts. Although
the role of specific enzymes in fibril formation
and/or degradation is not yet known, its pres-
ence suggests it may participate in physiologic
mechanisms of precursor protein degradation.
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