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Azocasein-induced amyloidA (AA) amyloidosis in
CBA/KlJms mice was investigated to elucidate a
preference ofserum amyloidA (SAA) deposition in
the spleen. By indirect immunofluorescence using
anti-SAA/AA antibodies the initial deposition of
SAA/AA was recognized in the marginal zone of
spleen at20 days after azocasein injection. Indirect
immunofluorescence using anti-fibronectin anti-
bodies also showed meshwork positivity in the cor-
responding area more intensely than that in con-
trols. Immunoelectron microscopy using anti-
SAA/AA revealed the presence ofpositively stained
flocculent materials on cell surfaces of macro-
phages in the marginal area in addition to amyloid
fibril. The tissuefibronectin rapidly increased in the
spleen and maintained 10 times more than that of
controls until the 20th day. Binding assay ofSAA
on frozen sections revealed the presence of SAA-
binding substances in the perifollicular area.
Affinity chromatographic assay showedfibronectin
have a binding capacity to SAAI and SAA2. By
binding assay on the microtiter plate, SAA had
more afflnity tofibronectin than those ofheparan
sulfate, collagen type I, or serum amyloidP compo-
nent. These results indicate that fibronectin plays
an important role in the development of amy-
loidosis by working as a linking protein between
SAA and the cell surface ofmacrophages. (AmJPa-
thol 1989, 134:1305-13 14)

It is well known that in systemic amyloidosis there are pref-
erential sites of amyloid deposits during the early develop-
ment. Also, in experimental amyloidosis of mice, amyloid

fibrils are always detected in specific locations,',2 such as
in Disse's space of the liver, in mesangial area of glomeruli
in the kidney, and in the marginal zone of the splenic folli-
cle. Why does amyloid protein deposit in such areas?
There may be a specific binding protein to amyloid precur-
sor that is interposed in the tissue during early develop-
ment of amyloidosis.

Serum amyloid A protein (SAA) synthesized in the liver
is a precursor of amyloid A (AA) fibril in the tissue.3'4 It has
been reported that several serine proteinases are capable
of degrading SAA,5 and in in vitro experiments AA is
formed as a result of partial degradation of SAA on the
cell surface of macrophages, where the activity of such
proteinases could be abolished by proteinase inhibi-
tors.6'7 In a previous report7 we clarified that degradation
ofSM occurs not in the serum but in the tissue, probably
around the cell surfaces of tissue macrophages. The
mechanism of SM deposition in the tissue, however, re-
mains unclear. Hypothetically, SAA binds to one of extra-
cellular matrix components in the specific sites where
SAA is partially degraded. Fibronectin seems to be a can-
didate for such substances specifically bound to SM be-
cause it has various specific binding domains to several
proteins8 9 and it increases particularly in the acute phase
of tissue reactions.10-12 Furthermore, immunohistochemi-
cal studies,12'13 show that fibronectin is accumulated in
the tissues in which SAA is usually entrapped. Thus, the
close topographic relation between fibronectin and SAA
led us to study the role of fibronectin in amyloidogenesis.

This study reveals codistribution of fibronectin and
SAA in the early stage of experimental amyloidosis and a
strong binding capacity of fibronectin to SAA is demon-
strated.

Materials and Methods
Materials
CBA/KlJms mice (provided by Medical Research Insti-
tute, Tokyo University) aged 2 months were bred under
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conventional conditions, and fed Sankyo Fl chow and wa-
ter ad libitum. AA amyloidosis was induced by daily sub-
cutaneous injection of 0.5 ml of 10% azocasein.7 The
spleen tissues were examined during the experimental
period at the 4, 8, 12, 16, 20, and 90th day of azocasein
injection.

Preparation of Fibronectin and Its Antibody

Rat, human, and mouse plasma fibronectin was purified
by affinity chromatography.9' 14 The affinity gels used were
gelatin-sepharose 4B (Pharmacia Fine Chemicals, Upp-
sala, Sweden) and heparin-sepharose 4B. Porcine hepa-
rin (Sigma Chemical Co., St. Louis, MO) was coupled to
CNBr-activated sepharose 4B according to manufac-
ture's instruction (Pharmacia). Pooled plasma anticoagu-
lated by citrate was applied to the gelatin-sepharose col-
umn. The bound fibronectin was then eluted with 4 M urea
in 0.02 M phosphate-buffered saline (PBS) at pH 7.4. The
pooled protein fractions were applied to a heparin-sepha-
rose column that had been preequilibrated with the 4 M
urea solution, and then the fibronectin was eluted with 0.5
M NaCI in 0.02 M phosphate buffer (pH 7.4). The protein
peak was determined by absorbance at 280 nm. The
peak fractions were pooled and dialyzed against PBS.

Antibodies against the purified rat plasma fibronectin,
which were raised in a rabbit, were obtained after being
purified by affinity chromatography consisting of CNBr-
activated sepharose 4B coupled with purified rat plasma
fibronectin. Unbound materials to the gels were removed
with PBS and bound antibodies were eluted with 0.2 M
glycine-HCI buffer (pH 2.8). Purified antibodies were im-
mediately dialyzed against PBS. Specificity of affinity-puri-
fied antibodies was checked by Western blotting.

Monoclonal Antibody to SAA/AA

Rat anti-murine SAA/AA monoclonal antibodies used in
this study had been described and characterized pre-
viously.7 MSA 4-26 antibodies show high affinity to SAA
and AA of the mouse.

Localization of SAA and Fibronectin

Indirect immunofluorescence was used to assess immu-
nolocalization of fibronectin and SAA/AA. Frozen sec-
tions of the spleens were fixed with 95% ethanol for 10
minutes. Sections were treated with the primary antibod-
ies diluted in PBS for 90 minutes and subsequently with
fluorescein isothiocyanate (FITC)-conjugated secondary
antibodies for 90 minutes with a rinse in PBS. For the pri-
mary antibodies, rabbit anti-rat fibronectin affinity-purified

antibody and rat anti-murine SAA/AA monoclonal anti-
body were used. As the secondary antibodies, FITC-con-
jugated goat anti-rat IgG (Cappel, Malvern, PA) and FITC-
conjugated goat anti-rabbit IgG (Cappel) were used.
FITC-conjugated anti-rat IgG was used after the following
treatment: FITC-6onjugated goat anti-rat IgG purchased
from Cappel was mixed with 1 to 10 volumes of normal
murine serum, incubated overnight at 4 C, and centri-
fuged at 1 0,QOOg to avoid cross reactivity to murine IgG.'5

For double immunofluorescence for both fibronectin
and SAA/AA, rat anti-murine SAA/AA, FITC-conjugated
goat anti-rat IgG, rabbit anti-rat fibronectin, and rhodamine
isothiocyanate (RITC)-conjugated goat anti-rabbit IgG
(Cappel) were incubated on a single frozen section in this
order. Immunohistochemical controls consisted of rat
anti-murine SAA/AA, FITC-conjugated goat anti-rat IgG,
and RITC-conjugated goat anti-rabbit IgG, and another
FITC-conjugated goat anti-rat IgG, rabbit anti-rat fibronec-
tin, and RITC-conjugated goat anti-rabbit IgG.

Immunoelectron Microscopy

Indirect immunoperoxidase methods were performed to
investigate ultrastructural localization of SAA/AA as de-
scribed previously.15 Frozen sections fixed with perio-
date-lysine-paraformaldehyde were reacted with anti-
SAA/AA antibodies followed by peroxidase-conjugated
anti-rat IgG (Cappel). The sections were osmicated with
2% osmium tetroxide, dehydrated in graded ethanol, and
embedded in Epon 812. Ultrathin sections were not coun-
terstained.

Quantitation of Tissue Fibronectin

Tissue fibronectin was extracted by using the modified
method of Isemura et al.16 Spleen tissues were homoge-
nized at 4 C in 4 volumes of PBS containing protease
inhibitors (5 mM ethylene-diamine-tetraacetic acid, 1 mM
phenylmethylsulfonyl fluoride, and 20 mM c-aminocaproic
acid). Homogenized tissues were centrifuged at 3000
rpm, and the precipitates were suspended in 4 volumes of
the buffer described above. After these procedures were
repeated four times, the precipitates were suspended in
an equal volume of 8 M urea in PBS containing 1 M NaCI,
2% sodium dodecyl sulfate (SDS), and protease inhibi-
tors. The suspension was stirred for 1 hour and the super-
natant was centrifuged at 3000 rpm and used in this ex-
periment.

Tissue fibronectin extracted from these supernatants
with 4 M urea was measured by a modified Vuento's
method17 of competitive enzyme-linked immunosorbent
assay (competitive ELISA). Polyvinyl microtiter plates (200
!u/well Costar, Cambridge, MA) were coated by adding
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100 Al of 5 ,ug/ml purified rat fibronectin in 0.1 M sodium
carbonate-bicarbonate buffer (pH 9.8) to the wells. After
incubation for 1 hour at 37 C, the wells were washed three
times with the washing solution (PBS/0.05% Tween 20).
Residual binding sites were blocked by incubation for 1
hour with 1% bovine serum albumin. After washing three
times, 50 yl of standard fibronectin or unknown samples
diluted serially in 4 M urea in PBS were mixed with 50 Al
of anti-fibronectin antibodies in PBS/Tween 20 in the
wells. After 2 hours incubation at 37 C, and three wash-
ings, 100 Ml of alkaline phosphatase-labeled anti-rabbit
IgG (Cappel) diluted at 1 :1000 was applied in the wells to
detect fibronectin. This was done by incubating the plates
at 37 C with 100 ,ul of 0.1% paranitrophenyl phosphate
in 10% diethanolamine. An absorbance at 405 nm was
measured.

Preparation of Samples Containing SAA

Sera or high-density lipoprotein (HDL) rich in soluble SM
were used in the following experiment because purified
SM is insoluble in neutral buffer. The sera rich in SM
(SM-serum) were obtained from CBA/Kl Jms mice 4
days after subcutaneous injections of azocasein. HDL3
fraction was obtained by sequential ultracentrifugation
from the sera.3 SAA1 and SAA2 in those samples were
separated by 13% SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE) containing 6 M urea,18 and they were de-
tected by Coomasie blue staining and by Western blot-
ting using anti SM/AA antibodies. Western blotting was
performed using an avidin-biotin complex method de-
scribed previously.15 These samples contained SAA1 and
SM2 almost equally by Western blotting.

Assay for Binding Material to SAA on
Frozen Section

To clarify the presence of SM-binding material, frozen
sections of splenic tissues were fixed with 95% ethanol
for 10 minutes, and HDL-SM was applied in vitro on
them. After extensive washings with PBS, SM bound on
the sections was detected by indirect immunofluores-
cence using anti-SM antibody.

Affinity Chromatographic Assay for Binding of
SAA to Fibronectin

One hundred microliters of SM-serum was mixed with 1
ml of fibronectin-sepharose (3 mg of rat plasma fibronec-
tin coupled to 4 ml of CNBr-activated sepharose 4B) pre-
equilibrated in PBS, and stirred ovemight at 4 C. After
washing with 100 ml of PBS in the column, bound proteins

were eluted with 6 M urea in PBS. The protein fractions of
eluate were detected by SDS-PAGE followed by Cooma-
sie blue staining, and Western blotting using anti-SM/M
antibodies.

Assay for Binding of SAA on the
Microtiter Plate

Three assay systems using ELISA19'2 were employed to
determine the binding capacity of SM to several pro-
teins. In the first, microtiter plates were coated with 100 ,ul
(10 ,ug/ml) of human plasma fibronectin, bovine heparan
sulfate (Sigma), or soluble collagen type I purified from
human placenta21 in PBS and incubated at 37 C for 90
minutes. The wells were washed with PBS/Tween 20
three times, and then blocked with 1% BSA for 90 minutes
at 37 C. HDL-SAA serially diluted in PBS was allowed to
react with each substance bound to the solid phase at
20 C for 90 minutes, and after washing, bound SM was
detected by a monoclonal antibody against SAA incu-
bated at 20 C for 90 minutes and subsequent alkaline-
phosphatase-conjugated goat anti-rat IgG (Cappel) anti-
body reacted at 37 C for 20 minutes. After washing, final
quantitation was made using paranitrophenyl phosphate.
The second and third assay systems were applied for mu-
rine plasma fibronectin, murine serum amyloid P compo-
nent (SAP), and murine serum albumin" with same proce-
dures as in the first system, and calcium ion was added
in the third as follows: 1 mM CaCI2 in 0.02 M TRIS-buffered
saline (pH 7.4) was used instead of PBS for dilution of
coating substances, BSA, HDL-SAA, primary and sec-
ondary antibodies and in washings, because SAP was
expected to have calcium-dependent ligand binding
properties.23 SAP used in the present study was extracted
from pooled sera of lipopolysaccharide-injected mice by
affinity chromatography with agar gel particle,24 and fur-
ther purified by anti-SM antibody-bound Sepharose 4B
to remove a small amount of contaminated SM.

Results

Localization of SAA/AA

There were no discemible changes in the splenic tissue
until 16 days after azocasein injection in this experimental
run of 2-month-old CBA/K1 Jms mice. Amorphous eosino-
philic deposits were first recognized in the marginal zone
of the follicle at the 20th day by conventional histologic
examinations (Figure 1A). Scattered macrophages were
found associated with the amorphous materials. Congo
red staining on the corresponding sections exhibited fine
fibrillary green birefringence in the amorphous materials
when viewed with polarized light (Figure 1 B).
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Figure 1. Histology ofthe splenic tissue at the 20th day ofazocasein injection. A: A hematoxylin and eosin-stained (H & E) section
showing eosinophilic amorphous materials that appear initially in the current study in the marginal zone ofthefollicle (X 130). B:
A Congo red-stained section showingfaintfibrillary birefringence in the amorphous materials (X260).

An immunohistochemical examination using anti-SAA/
AA antibodies also showed no immunofluorescence de-
tectable in the splenic tissue before the 20th day, when
the crescent shaped immunoreaction was detected in the
marginal zone of the follicles (Figure 2A). On the 90th day,
SAA/AA deposits became extensive and crystalline-like
in configuration (Figure 3A).

Ultrastructural immunolocalization of SAA/AA was in-
vestigated on the tissue section at the 20th day after azo-
casein injection. The immunoreactive products detected
were largely associated with two structures in the intercel-
lular space between macrophages. The first was the small
aggregates of microfibrils about 10 nm in diameter, which
were compatible with usual amyloid fibrils (Figure 4A). The
second reactive structure was the flocculent material lying
on the outer cell membrane of macrophages in the mar-
ginal zone in which cytoplasmic processes of macro-
phages were interdigitated with each other (Figure 4B).
Thus, the flocculent materials may represent extracellular
deposits of SM or SM-intermediates before AA protein
resulting in amyloid fibrils.

Localization of Fibronectin

Tissue fibronectin in the normal spleen was observed
faintly in the perifollicular area by an immunofluorescent
examination. At the fourth experimental day, the immuno-
fluorescence of fibronectin became increased intensely
in the perifollicular marginal area and it extended in the
intercellular tissue spaces along pericellular or perivascu-
lar spaces (Figure 5A). The fluorescent positivity showed
a meshwork pattern, probably due to the deposits of fi-
bronectin chiefly around the macrophages (Figure 5B).
However, the fluorescence was sparse in germinal cen-
ters. In the perivascular area strong positivity also was
noted. The positivity and localization of fibronectin were
unchanged until the 16th day. At the 20th day, when amy-
loid deposits were initially detected, focal densities were
accentuated in the marginal zone of the follicles (Figure
2B). The distribution pattern was identical with that of im-
munofluorescence of SAA/M (Figure 2A, B). On the 90th
day immunoreactivities for fibronectin and SAA/AA

Figure 2. Double immunofluorescence for SAAIAA andfibronectin on afrozen section ofthe 20th day. A: SAA/AA appearing in the
marginal zone. B: Fibronectin detected in meshworkpattern in the marginal zone andperivascular area ofafollicle. Note afocal
density ofmarginal zone coincides with that ofSAA (A and B, X 130).

t;
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Figure 3. Double immunofluorescencefor SAA/AA andfibronectin on afrozen section ofthe 90th day. A: SAA/AA distributing through-
out the spleen in crystallinelike deposition. B: Stainingpattern offibronectin almost coinciding with that ofSAA with slight intensity
at theperiphery ofcrystallinelike deposits (A and B, X 130).

Figure 4. Immunoelectron peroxidase us-
ing anti-SAA/AA antibodies at the 20th day.
A: Small aggregates ofmicrofibrils about 10
nm in diameter compatible with amyloid
fibrils in the intercellular space between
macrophages. B: Flocculent immunoreac-
tiveproducts identifiable in the narrow in-
tercellular spaces surrounded by inter-
twined foot processes of macrophages (A
and B, no counter staining, X20, 000).
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Figure 5. Indirect immunofluorescenceforfibronectin on afrozen section oftbefourth day. A: Immunofluorescence offibronectin
locating chiefly in the marginal zone (X65). B: Higher magnification showing meshwork pattern delineating tissue macrophages
CX300).

showed similar patterns with slight condensation at the
periphery of the bundles of amyloid fibrils (Figure 3A, B).

Increase of Tissue Fibronectin Deposit

The sequence of fibronectin deposits in the tissues evalu-
ated by competitive enzyme immunoassay in the 4 M
urea extract of spleen homogenate was demonstrated in
Figure 6. The fibronectin increased at the fourth day of
azocasein injection and the amount was 10 times more
than that of the normal spleen. The amounts at the 8, 12,
16, and 20th days remained unchanged. This implies that
the increase of fibronectin in the tissue precedes the de-
1psits of SAA/AA in the marginal zone. At the 90th day
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the amount reached the levels of the 4 to 20th day only
twice.

Binding Site of SAA in the Tissue

HDL-SAA was applied in vitro on the frozen sections, and
bound SM was detected by immunofluorescence. The
fluorescence appeared positive in the perifollicular area of
the spleen 4 days after azocasein injection (Figure 7A),
and this was the same in a section of the eighth day. On
a control section of normal mouse spleen, however, bind-
ing SAA was not detected by immunofluorescence (Fig-
ure 7B). This indicates that there are substances that are
able to bind with SM that increase or accumulate in the
marginal zone of the spleen before SM/M deposition.

Binding Property ofSAA to Fibronectin

Affinity chromatographic isolation of bound SM from the
fibronectin-bound column was detected by Western blot-
ting. The Western blotting revealed two bands of SM1
and SAA2. Several faint bands of high molecular weight
were detected in a polyacrylamide gel electrophoresis by
Coomasie blue staining (Figure 8A). This faint banding
pattern also was obtained from those of fibronectin-
bound sepharose as well as from those of fibronectin-un-
bound Sepharose as a control. These faint bands were
thought to represent nonspecific binding proteins to

0 4 8 12 20 90 Sepharose 4B. SM was not detected by Coomasie blue

Day of azocasoin Injection staining, but, using Western blotting (Figure 8B), twoDay ofazocase J ~~~bands of SAA1 and SM2 were clearly detected in the
antitation of tissue fibronectin in 4 M urea ex-
recipitates ofspleen homogenates. At the fourth eluate from the fibronectin column, not in that from the
tin increases 10 times more than a control. Until control column. Thus, it is presumed that these proteins
(he amounts were unchanged and at the 90th day h
wice more. have specific binding properties to fibronectin.
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Figure 7. Binding assay ofSAA onfrozen sections ofthefourth day (A) and a control (B). Afrozen section ofthefourth day shows tbe
presence ofbinding substance to SAA in theperifollicular area (A), although in afrozen section ofthe normal spleen this isambigu-
ous (B) (A and B, immunofluorescence, X 130).

Comparison of Binding Affinity of SAA to
Fibronectin, Collagen, Heparan Sulfate,
SAP, and Albumin

The binding capacity ofSM to fibronectin, collagen type
1, and heparan sulfate, which are major components of
the extracellular matrix, was evaluated by optical density
using ELISA and is shown in Figure 9. Figure 10 shows
the binding capacity of SM to fibronectin in comparison
with SAP and albumin in. the supplementation of calcium
ion. In calcium-free conditions the result was the same as
that shown in Figure 10. SAA showed strong affinity to
fibronectin compared with heparan sulfate, collagen type

Figure 8. Affinity chromatographic assay
for binding SAA tofibronectin. A: Coomasie
blue staining after 6 M urea-13% SDS-
PAGE. Faint bands ofproteins bound to
sepharose 4B are shown in lane 2 and 3,
but SAA is not detected by this staining. B:
Western blotting using anti-SAA/AA anti-
bodies. Two adjacent bands of SAAM and
SAA2 are detected by Western blotting in
lane 1 (SAA-rich serum) and lane 2 (6M
urea eluate from fibronectin-Sepharose
4B), whereas in lane 3 (6M urea eluate
from fibronectin-unbound control) no
bands are detected.
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1, SAP, and albumin. A gradual increase in affinity curves
of heparan sulfate, collagen type 1, SAP, and albumin may
show background.

Discussion

Serum amyloid A protein is a serum precursor ofM amy-
loid fibril. Shiroo et al7 clarified using SDS-PAGE and West-
ern blotting that SM and SM-intermediates, as well as
M, are contained in amyloid-laden tissues. They pre-
sumed that SM per se is deposited in the intercellular
space and subsequently degrades intoM protein, finally
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Figure 9. Binding assay of SAA on the microtiter plate. SAA
shows more binding capacity tofibronectin than collagen type
I or heparan sulfate.

forming amyloid fibrils. In terms of enzymatic breakdown
of SM, SM-degrading proteinases actively work on the
surface of tissue macrophages and are presumably inac-
tivated by proteinase inhibitors that accomplish the partial
proteolysis to M.6 Thus, the initial event of amyloidosis
appears to occur on the outer surface of macrophages.
In the present study, we identified flocculent materials im-
munoreactive to SM/AA on the surface of macrophages
exclusively in the perifollicular area of the spleen at the
early stage. These materials seem to correspond to SM
or SM-intermediates. This may be one of the reasons

why SM/M is always deposited in a specific location,
that is, in the marginal zone of the follicle in which tissue
macrophages are abundant.25'26

This study clarified colocalization of SM/AA and fi-
bronectin in the perifollicular area, and a specific binding
property of fibronectin to SM not only by the microtiter
plate assay system but also by the affinity chromato-
graphic examination. This localization and a marked in-
crease of the tissue fibronectin before SAA deposition in
the specific site of the marginal zone lead us to suspect

n _1U.Z

0.1
o

0 12.5 25 50 100

SAA-HDL (pg/mi)
Figure 10. Binding assay of SAA on the microtiter plate. SAA
shows more binding capacity tofibronectin than serum amy-
loidP component or albumin.

that fibronectin is involved in the development of amy-
loidosis, particularly during a preamyloidotic period in the
two-phase theory of amyloidogenesis postulated by
Teilum.27

It is known that fibronectin promotes spreading, mov-
ing, differentiation of the mesenchymal cells, and has
different binding domains to cells or various extracellular
matrix components, and promotes opso .nization of mac-
rophages.9'2829 Macrophages are noted to be one of the
cell populations to which fibronectin binds.28'3031 As
shown in the present study, SAA binds more strongly to
fibronectin than to heparan sulfate or collagen type 1.
Therefore, if the fibronectin molecule has different binding
domains to macrophages and SAA, tissue fibronectin,
which increases during the preamyloidotic phase, plays
an important role in the binding of SAA to the cell surface
of marginal zone macrophages, where amyloid fibrils are
formed as a result of partial degradation of SAA. In other
words, fibronectin works as a linking protein between
SAA and macrophages during the early stage.

There are many other amyloid-related proteins, such
as glycosaminoglycan,1'2 SAP component,2332 and vitro-
nectin.33 These proteins are closely correlated with amy-
loid deposition, but their precise role remains unclear. We
examined the binding property of heparan sulfate to SAA,
which is thought to represent one of the most closely amy-
loid-correlating species of glycosaminoglycan.34 Our re-
sults, however, failed to show a specific binding capacity
of heparan sulfate or SAP to SAA in vitro. Although we did
not check all amyloid-related proteins, it is equivocal that
they bind directly with SAA. Because SAP,32 heparin,35 or
heparan sulfate' could bind to fibronectin, they may be
concerned with the amyloidogenesis by the interaction
with fibronectin.

Despite the important role of fibronectin indicated in
the current study, it is reported that amyloid deposits are
not immunoreactive with anti-fibronectin.3637 In the pres-
ent examination, fibronectin was detected especially at
the periphery of amyloid deposits in the late stage. The
quantitation study revealed only a twofold increase of fi-
bronectin in the tissue of amyloid spleen. Dixon et all
have also reported that fibronectin is negative on amyloid
fibrils but strongly positive around them. Thus, in the late
stage of amyloidosis, fibronectin may play a role only in
adding newly formed amyloid fibrils to the periphery of
amyloid deposit. Thus, the negative staining would be un-
derstandable in the late and inactive stage of amyloidosis.
Similarly, it is known that fibronectin plays an important
role in collagen deposition during the early reparative pro-
cesses,12'13 and it becomes scanty during the late colla-
genization.

Another problem in amyloidogenesis is whether or not
fibronectin is one of the amyloid-enhancing factors (AEF),
which are roughly defined as something promoting rapid
deposition of AA amyloid in the mouse.'8 39 AEF is at least
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a substance that could be extracted from amyloidotic or
pre-amyloidotic tissues to a greater extent than from nor-
mal tissues. In this sense, as shown in the present experi-
ment, fibronectin would be a AEF. Baltz et al39 reported
that AEF is a glycoprotein that has an apparent molecular
weight of 440,000, comparable with that of plasma fibro-
nectin dimer. Reportedly AEF also is extractable from the
culture medium of fibroblasts,39 is sensitive to trypsin
treatment,39 has a low isoelectric point,'0 and exhibits a
tendency to form aggregate when thawed.41 These prop-
erties are similar to those of fibronectin. A recent study41
on the biochemical nature of AEF have shown that AEF
activity is abolished by serine protease inhibitors and de-
tected in the lower molecular weight fractions between
43,000 and 66,000. However, such a biochemical nature
is inconsistent with the report of Baltz et a139 that AEF is
not affected by serine protease inhibitors. Low molecular
weight fractions might include fragments of fibronectin
because fibronectin is easily degraded through extraction
procedures. These differences in the biochemical proper-
ties of AEF lead us to consider the heterogeneity of AEFs.
Cytokines that promote synthesis of SAA,42 proteases
that degrade SAA to AA, and protease inhibitors that con-
tribute to the partial degradation of SAA, would all be AEF.
Fibronectin that is assumed to be a linking protein be-
tween SAA and macrophages would also be an AEF.

There are two major SAA isotypes in the mouse: SAA1
and SAA2.18'43 Only SAA2 seems to be a precursor of
AA.474 In this study, we could not demonstrate why
SAA2, not SAA1, evolved in amyloid fibrils, because both
of them have equal binding properties to fibronectin. The
reason why only SAA2 but not SAA1 forms amyloid fibril
may due to a proteolytic process that starts after the local-
ization of both SAA1 and SAA2 on the marginal area. Shi-
rasawa et a145 reported in vitro cleavage of SAA2 by cy-
anogen bromide and fibril formation in the mixture of
SAA1 and SAA2 because SAA2 has 76Met instead of 7611e
in SAA1.
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