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Familial amyloidosis of Finnish type (FAF) is a systemic amyloid
disease associated with the deposition of proteolytic fragments of
mutant (D187N/Y) plasma gelsolin. We report a mouse model of
FAF featuring a muscle-specific promoter to drive D187N gelsolin
synthesis. This model recapitulates the aberrant endoproteolytic
cascade and the aging-associated extracellular amyloid deposition
of FAF. Amyloidogenesis is observed only in tissues synthesizing
human D187N gelsolin, despite the presence of full-length D187N
gelsolin and its 68-kDa cleavage product in blood—demonstrating
the importance of local synthesis in FAF. Loss of muscle strength
was progressive in homozygous D187N gelsolin mice. The presence
of misfolding-prone D187N gelsolin appears to exacerbate the
age-associated decline in cellular protein homeostasis (proteosta-
sis), reflected by the intracellular deposition of numerous proteins,
a characteristic of the most common degenerative muscle disease
of aging humans, sporadic inclusion body myositis.
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Protein homeostasis (proteostasis) refers to the cellular con-
trol of the synthesis, structure, trafficking, and degradation

of proteins (1). An aging-associated decline in proteostasis
capacity may contribute to the onset of many diseases associated
with protein misfolding (2–4). Inheriting an aggregation-prone
protein(s) further challenges proteostasis capacity upon aging
(5). Such challenges can lead to loss-of-function disorders or
aggregation-associated degenerative diseases (1–3, 5–9).
Whether intracellular and/or extracellular aggregation leads to
proteotoxicity in diseases associated with extracellular amyloid,
such as Alzheimer’s disease, remains unclear (3, 10).

Familial amyloidosis of Finnish type (FAF) or gelsolin amy-
loidosis is thought to result from amyloidogenesis of a fragment
of gelsolin causing aging-associated proteotoxicity (1, 11–14).
Plasma gelsolin is a 83-kDa 6-domain Ca2�-binding protein that
is secreted from several cell types into the blood (�200 �g/mL)
(15), with muscle contributing significantly (16). A D187 muta-
tion to N or Y (D187N/Y) in plasma gelsolin compromises Ca2�

binding in domain 2 and thus folding (13). This enables aberrant
cleavage by furin in the trans-Golgi, generating a 68-kDa frag-
ment (C68) of gelsolin that is secreted (11, 17) (Fig. 1A). Only
a fraction of D187N/Y plasma gelsolin in FAF is cleaved by furin;
the remainder is secreted as full-length, functional plasma
gelsolin. C68 can be further cleaved in the extracellular space by
a type I matrix metalloprotease, like MT1-MMP (12), to gen-
erate the major (8-kDa) and minor (5-kDa) amyloidogenic
fragments that deposit in blood vessel walls, skin, the autonomic
nervous system, and the eye of humans, causing cranial and
peripheral polyneuropathy, cutis laxa, and corneal lattice dys-
trophy (18). Deposition also occurs in skeletal and cardiac
muscle, leading to cardiomyopathy and muscle weakness (14,

18). Given that human D187N/Y plasma gelsolin is expressed in
most tissues and that the C68 fragment is in the blood, the origin
of the amyloidogenic fragments (local production versus serum-
derived) has been unclear, as are the events contributing to
age-onset proteotoxicity.

Herein, we report transgenic human D187N gelsolin amyloid-
osis mouse models that recapitulate the proteolytic cascade that
generates the 8- and 5-kDa gelsolin amyloidogenic peptides in
FAF patients. Although C68 is found in the blood of the mice,
our results indicate that circulating C68 or full-length gelsolin is
unlikely to contribute to the observed amyloidogenesis. Instead,
the amyloidogenic fragments are likely generated from MT1-
MMP proteolysis of C68 in very close proximity to the cells
making D187N C68 and are deposited locally. Furthermore, it
appears that the presence of a secreted amyloidogenic protein
triggers the intracellular deposition of A�, gelsolin, and other
amyloid-prone proteins within the muscle fibers of older mice,
compromising muscle function in homozygous D187N gelsolin
mice. These pathological changes resemble those seen in spo-
radic inclusion body myositis (sIBM), suggesting that disruption
of proteostasis may, in part, contribute to the etiology of sIBM
(19–21).

Results
Human D187N Gelsolin Transgenic Mice Generate the FAF-Associated
Fragments. Hemizygous (�/�) and homozygous (�/�) transgenic
mouse models of FAF were generated by creatine kinase promoter-
mediated expression of human D187N plasma gelsolin in cardiac
and striated muscle (see SI Methods). These lines were created to
express two different levels of D187N plasma gelsolin exclusively in
muscle to follow the progression of gelsolin amyloidosis with age,
and to assess the contributions of locally synthesized versus
circulating D187N plasma gelsolin to amyloidogenesis.

Whether the murine models recapitulate the sequential pro-
teolytic processing of D187N plasma gelsolin to afford the 8- and
5-kDa FAF-associated amyloidogenic fragments was examined.
Immunoblot analysis of 18-month-old D187N (�/�) mouse
tissue showed high levels of human plasma gelsolin in tissues
containing cardiac or striated muscle, but undetectable, or much
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lower, levels in other tissues including kidney, eyes, lung, liver,
and spleen (Fig. 1B). D187N (�/�) mice, but not their wild-type
littermates, produce full-length 83- and 68-kDa (C68) human
mutant gelsolin in plasma (Fig. 1C) and in skeletal muscle (Fig.
1D Upper), indicating that furin cleavage occurs.

The major 8-kDa amyloidogenic fragment expected from
MT1-MMP proteolysis was present in D187N (�/�) heart,
skeletal muscle (5-kDa fragment also detected), diaphragm, and
skin (14, 22) (Fig. 1 B, D, and F), but neither amyloidogenic
fragment was detected in serum, as is the case in human D187N
gelsolin serum. Immunohistochemistry revealed that cutaneous
muscle fibers extending into the lower dermis were likely re-
sponsible for the D187N gelsolin detected in skin.

Despite the presence of C68 in plasma, the 8-kDa fragment
and its amyloid (see below) is only observed in tissues synthe-
sizing D187N gelsolin, supporting the hypothesis that local
synthesis with local MMP processing are critical for amyloido-
genesis and FAF (11, 12, 23, 24). The 83- and 68-kDa D187N
gelsolin plasma levels decreased as the D187N (�/�) mice age
(Fig. 1E and Fig. S1) until they stabilized at 6 months. In
contrast, the skeletal muscle levels of C68 and full-length D187N
gelsolin (83 kDa) increased modestly (�2-fold), whereas the
8-kDa fragment increased substantially (�10-fold) and the
5-kDa fragment became detectable with aging (Fig. 1F).

D187N (�/�) Amyloid Deposition Originates Around Endomysial Cap-
illaries Before Appearing in the Surrounding Muscle Fibers. Electron
micrographs (EM) of amyloid extracted from muscles of 18-
month-old D187N (�/�) mice revealed the expected 8- to 10-nm
fibril morphology and immuno-EM showed that these fibrils
were composed of gelsolin (Fig. 2A), unlike the situation in WT
littermates. Immunoblot analysis of the extracted amyloid
showed the majority comprises the 8-kDa gelsolin fragment (Fig.
2A Inset). Full-length plasma gelsolin and C68 were notably
absent from the extracted amyloid, providing evidence that their
2-fold increase in steady-state concentration in muscle with
aging is probably not due to incorporation into amyloid, but
more likely is due to amyloid deposition in the endomysium
compromising diffusion out of muscles (site of synthesis) into the
plasma.

Congo red (CR), a dye that selectively binds to amyloid,
afforded its characteristic apple-green birefringence on illumi-
nation with polarized light in 18-month-old D187N (�/�)
muscle, but not in WT muscle (Fig. S2) (25, 26). Cross-sections
of frozen muscle specimens (vastus lateralis and cranial tibial)
collected at 3, 9, and 18 months of age from D187N (�/�) mice
(Fig. 2 C–E) and WT mice (Fig. 2F) were evaluated by CR
fluorescence, a more sensitive amyloid indicator than CR bire-
fringence (which was not attempted). In 3-month-old D187N
(�/�) mice, amyloid CR fluorescence was limited to the vicinity
of capillaries (Fig. 2C, arrows) within the endomysium (i.e., the
extracellular connective tissue surrounding the muscle cells)
(Fig. 2B). By 9 months, there appears to be progression of
amyloid from the capillaries to the surrounding endomysial
connective tissue (Fig. 2D, arrows), although the mechanism is
unclear. Extensive amyloidosis within the endomysium was
observed by 18 months of age (Fig. 2E) with occasional punctate
deposits within some muscle fibers (Fig. 2E, arrow). Amyloid
was present in heart and striated muscle but was not observed in
any other tissue from D187N mice. Gelsolin amyloid was not
observed at any age in WT muscle tissue (Fig. 2F). A temporal
comparison of the D187N (�/�) and (�/�) muscle cross-
sections from 1 to 18 months using CR fluorescence revealed
more severe amyloidosis in the D187N (�/�) mice (Fig. S3),
with much earlier deposition in the D187N (�/�) mice (�1
month versus �3 months) (Fig. S3), consistent with the �2-fold
increase in expression (Fig. 1 C and D).

Ultrastructural analysis of D187N (�/�) muscle cross-

Fig. 1. Proteolytic fragments of D187N plasma gelsolin are present in
transgenic mice. (A) Scheme of D187N/Y (mutation is highlighted in red)
plasma gelsolin proteolytic cascade and cleavage products detected in FAF
patients. The 6 domains of gelsolin are depicted by rectangles. The subcellular
or extracellular location of each event is indicated in green. A proportion of
D187N/Y is cleaved by furin in the trans-Golgi network (TGN) to generate a
68-kDa protein (C68) that is secreted. C68 is further processed extracellularly
by MT1-MMP-like proteases, to form the 8- and 5-kDa amyloidogenic frag-
ments that are deposited in FAF patients. (B) Western blot of tissues from
18-month D187N (�/�) gelsolin mice and wild-type siblings. In addition to
full-length (83-kDa) plasma gelsolin, many proteolytic fragments, including
the 68- and 8-kDa peptides, were detected in cardiac and striated muscle tissue
from D187N (�/�) transgenic (tg) mice but not from their wild-type (wt)
siblings. No or very low expression levels of D187N gelsolin were detected in
nonmuscle tissues. (C and D) Homozygous D187N (�/�) mice have approxi-
mately double the level of human D187N plasma gelsolin in plasma (C) and
skeletal muscle (D) compared with the hemizygous D187N (�/�) mice. The
asterisk (*) indicates a cross-reacting protein that is also found in wild-type
animals that do not express human D187N gelsolin. (E) The amount of human
D187N plasma gelsolin in plasma decreases with the age of the mice (in
months). (F) The amount of human D187N plasma gelsolin in skeletal muscle
increases as the age of the mouse (in months) increases. No expression of
human D187N gelsolin is detected in the wild-type animal (wt).
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sections by EM confirmed the amyloid detected by CR fluores-
cence. Fibrillar deposits were first observed surrounding the
capillaries at 3 months of age [Fig. 2G, arrow; capillaries are
designated by an asterisk (*)]. Immuno-EM detection of depo-
sition in younger mice may be possible by using antibodies
specific for the 8-kDa fragment. Extensive amyloid deposition
surrounding the capillaries was observed by 9 months of age (Fig.
2H, arrow). Older D187N (�/�) mice (9–18 months) also
exhibited substantial fibrillar deposits between the sarcolemma
(the limiting membrane of the muscle cell associated with its
glycan coat) and the endomysium [Fig. 2I, black arrow indicates
fibrillar deposits; white arrowhead indicates the endomysium
that is no longer in contact with the sarcolemma (denoted by
white arrows)]. No fibrillar deposits were found in wild-type
mouse muscle (Fig. 2 J, arrowhead denotes endomysium; arrows
indicate sarcolemma). The progressive accumulation of amyloid
in the endomysium may restrict normal metabolite exchange
with the capillary, contributing to disease.

Amyloid Pathology in D187N Mice Progresses to a Histological Phe-
notype Resembling sIBM. Frozen muscle sections collected at 3, 9,
and 18 months of age from D187N (�/�) mice (Fig. 3 A–C) and
wild-type mice (Fig. 3 D–F) were evaluated using H&E staining.
Three-month-old D187N (�/�) muscle was histologically simi-
lar to wild-type controls [Fig. 3, compare A (tg) and D (wt)], but
by 9 months there was variability in myofiber size in D187N
(�/�) mice with scattered muscle fibers exhibiting a granular
blue basophilic appearance (Fig. 3B, arrows), consistent with
degeneration and accumulation of intracellular protein aggre-
gates. By 18 months, variability in D187N (�/�) myofiber size
was more extensive, and numerous fibers had a basophilic
appearance (Fig. 3C, arrows). Several fibers contained vacuoles
(Fig. 3C, arrowheads) and inclusions (Fig. 3C Inset, arrows). The
only abnormality identified in 18-month-old wild-type muscle
was small, blue-rimmed vacuoles (Fig. 3F, arrowheads) typical of
an aged rodent. The WT vacuoles and their contents were CR
fluorescence negative.

In older homozygous D187N (�/�) mice (12–18 months),
there was extensive myofiber atrophy with increased numbers of
fibers exhibiting vacuoles (Fig. 3G, black arrows) and inclusions
(Fig. 3H, arrowhead) and lipid accumulation (Fig. 3G, arrow-
heads). Moreover, CR fluorescence observed within the endo-
mysium and in deposits within the muscle fibers of 18-month-old
D187N (�/�) mice (Fig. S3 and Fig. 3 H and I, arrowheads)
suggests the presence of amyloid. D187N (�/�) muscle had
more prevalent multifocal areas of mononuclear cell infiltrations
with a perivascular and endomysial distribution (Fig. 3 G and H,
white arrows) relative to D187N (�/�) muscle. EM analysis
revealed distended mitochondria, some of which contained
inclusions (Fig. 3J, arrow), vacuoles containing tubulomembra-
nous structures and myeloid bodies (Fig. 3 K and L, arrowheads),
as well as filamentous inclusions within the sarcoplasm (Figs. 2B
and 3L, arrow). The changes identified in both the hemizygous
D187N (�/�) muscle and, more dramatically, in the homozy-
gous D187N (�/�) muscle are reminiscent of the most common
human muscle disease, sIBM (19–21, 27).

sIBM-Associated Aggregated Proteins Are Present Within the Muscle
Fibers and Vacuoles of D187N Mice. Given the CR-positive fluo-
rescence of the intracellular muscle inclusions, we examined
whether these inclusions contained gelsolin. By using an anti-8-
kDa gelsolin antibody, we detected gelsolin not only in the

head) and were absent in wild-type siblings [J, sarcolemma (arrows); endom-
ysium (arrowhead)]. Capillaries are indicated with an asterisk (*). The high-
magnification Inset (I) shows the fibrillar nature of the deposits. (Scale bars: A,
100 nm; C–F, 100 �m; G, 3.3 �m; H, 2.2 �m; I, 2.0 �m; I Inset, 0.3 �m; J, 2.0 �m.)

A B

C G

D H

E I

JF

Fig. 2. Muscle of hemizygous D187N (�/�) gelsolin mice exhibit extensive
amyloidogenesis. (A) EM analysis of amyloid extracted from 18-month D187N
(�/�) muscle. Fibers, labeled with anti-FAF antibodies, were observed in (�/�)
transgenic (tg) mice (A, arrowheads indicate the 10-nm gold particles) but not
in wild-type siblings. The material obtained from D187N (�/�) muscle com-
prised primarily the 8-kDa fragment of human D187N plasma gelsolin (see
Inset). (B) Schematic of a cross-section of a muscle fiber having the same
orientation as C–J. (C–J) Cross-sections of muscle fibers were analyzed in
D187N (�/�) mice at 3 months (C and G), 9 months (D and H), and 18 months
(E and I), and in 18-month wild-type controls (F and J). In 3-month mice, CR
deposits were localized exclusively around endomysial capillaries (C, arrows).
By 9 months, CR reactivity was present around endomysial capillaries but also
extended into the endomysium (D, arrows). At 18 months, CR reactivity
surrounded all myofibers with several fibers also showing internal sarcoplas-
mic deposits (E, arrow). No CR positivity (F) was seen in 18-month wild-type
mice. Electron micrographs confirmed fibrillar deposits in a pericapillary
localization in 3-month D187N (�/�) mice (G, arrow). At 9 months, more
extensive fibrillar deposits surrounded capillaries (H, arrows) and also ex-
tended into the endomysium. Thick pericapillary and endomysial fibrillar
deposits (I, black arrow) were found in 18-month D187N (�/�) muscle. The
large fibrillar deposits were between the sarcolemma (I, white arrows) of
adjacent cells and the connective tissue of the endomysium (I, white arrow-
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endomysium (Fig. 4A, arrowhead) but also in the intracellular
deposits (Fig. 4A, arrow). Intracellular deposits found in sIBM
typically contain multiple proteins associated with extracellular
human amyloid diseases including the amyloid precursor protein
(APP) and its amyloidogenic fragment A�, as well as an
overrepresentation of ubiquitinated proteins. Immunofluores-
cence using an A�-specific antibody revealed intracellular A�
peptide accumulation (Fig. 4B, arrowhead), as shown in a serial
section of a cell where the sarcolemma is identified by staining
with anti-sarcoglycan (Figs. 2B and 4C, arrow). Intracellular
accumulation of APP (Fig. 4D, arrows) and ubiquitinated pro-
teins (Fig. 4E, arrows) was also observed in homozygous D187N
(�/�) muscle. Consistent with these results, the expression level
of APP in D187N gelsolin (�/�) muscle is substantially in-
creased compared with wild-type muscle (Fig. 4F), analogous to
what is seen in human sIBM (21, 28). In addition, the A� peptide
resulting from proteolysis of APP can be detected in D187N

gelsolin (�/�) muscle, but not in wild-type muscle, indicating
accumulation of A� in D187N (�/�) muscle fibers (Fig. 4G,
arrow indicates monomer), as occurs in human sIBM. The higher
molecular mass bands in Fig. 4G are likely A� oligomers within
D187N (�/�) muscle.

Homozygous D187N (�/�) Mice Display Significant Muscle Weakness.
Although the integrity of the muscle structure in both hemizy-
gous D187N (�/�) and homozygous D187N (�/�) mice was
compromised, only the homozygous D187N (�/�) mice show
signs of muscle weakness at 12–14 months of age according to
grip strength analysis (Fig. S4). Loss of muscle strength was
progressive in homozygous mice, with the first indication of the
defect at 7–9 months of age (Fig. S4). Alternative muscle
strength assessments, such as the challenging beam traversal,
revealed analogous results (Fig. S5). It may be that analysis of
much older (�/�) mice will reveal a muscle weakness pheno-

A B C

D E F

G IH

J K L

Fig. 3. D187N gelsolin mice exhibit age-related increases in muscle fiber atrophy and display morphological and histochemical characteristics of human sIBM.
(A–F) H&E staining of cross-sections of muscle fibers in 3-, 9-, and 18-month-old mice. There were no pathological changes in 3-month D187N (�/�) mice (A).
By 9 months, there was excessive variability in myofiber size with atrophic fibers having a basophilic appearance (B, arrows). At 18 months, atrophic fibers and
fibers containing internal nuclei, basophilic inclusions (C, arrows; Inset, arrows), and vacuoles (C, arrowheads) were prominent. With the exception of small
sarcoplasmic vacuoles that are common in aged rodents (F, arrowheads), no histological abnormalities were found in wild-type (wt) animals [3 months (D), 9
months (E), and 18 months (F)]. The asterisk (*) indicates the normal myofiber nuclei that are found toward the periphery of the cell. (G–L) H&E stain in
homozygous D187N (�/�) mice revealed severe myopathic changes at an earlier age (G, 12 months; H, 18 months) including numerous atrophic fibers, endomysial
amyloidogenesis, vacuoles (G, black arrows) and fatty infiltration (G, arrowheads), basophilic sarcoplasmic inclusions (H, arrowhead), and foci of mononuclear
cell infiltration (G and H, white arrows). CR positivity was extensive (I), including endomysial and sarcoplasmic deposits (I, arrowhead) (H and I, same cells are
shown). Electron microscopy showed distended mitochondria, some with inclusions (J, arrow), vacuoles containing tubulomembranous structures and myeloid
bodies (K and L, arrowheads), and sarcoplasmic fibrillar deposits (L, arrow). (Scale bars: A–G, 100 �m; H and I, 25 �m; J, 2.9 �m; K, 1.7 �m; L, 1.4 �m.)
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type. The muscular weakness observed in the homozygous
D187N (�/�) gelsolin mice is consistent with the clinical
findings in both sIBM and FAF patients (18, 19).

Discussion
The D187N gelsolin amyloidosis mouse models accurately re-
capitulate the proteolytic cascade that yields the 8- and 5-kDa
amyloidogenic peptides that putatively cause FAF. Notably, the
amyloidogenesis is restricted to the muscle tissues where D187N
gelsolin is synthesized. That this occurs, despite the presence of
high levels of full-length and C68 D187N gelsolin in the plasma,
strongly suggests that amyloid deposition in human FAF arises
from local synthesis, furin proteolysis during secretion, proximal
extracellular MT1-MMP proteolysis, and deposition in the local
extracellular matrix, and not from transcytosis of plasma gelsolin
across vessel walls. Whether deposition progresses from a single
focal origin to proximal cells or through random autonomous
initiation is unknown. Mice expressing D187N gelsolin under the
ubiquitin C promoter exhibit amyloid in multiple tissues and the
load correlates with local D187N gelsolin expression levels,
supporting the local deposition hypothesis. This hypothesis is
also consistent with the avascular human cornea being one of the
first organs to exhibit gelsolin amyloidogenicity.

In addition, the D187N (�/�) and D187N (�/�) human
gelsolin mouse lines exhibit an aging-associated decline in cel-
lular proteostasis (1, 9), reflected by amyloid-like intracellular
inclusions containing the A� peptide, APP, and other amyloi-
dogenic polypeptides, as well as ubiquitinated proteins: a char-
acteristic resembling human sIBM, the most common aging-
associated muscle disease (19). Human sIBM muscle biopsies
suggest that proinflammatory mediators such as IL-1� induce
overexpression of APP leading to intracellular A� deposition
(demonstrated in human myotubes) that in turn may induce
further inflammation (21, 29). Other characteristics of sIBM
include mononuclear cell infiltration, blue-rimmed vacuoles,
mitochondrial defects, and progressive muscle weakness (19).

One hypothesis for how sIBM may be triggered in the FAF
mouse model is that the increased demand placed on the proteosta-
sis network by the presence of the misfolding-prone D187N gelsolin
protein in the secretory pathway and/or the extracellular aggrega-
tion of its fragments during aging exceeds the ability of the mouse

muscle tissue to maintain proteostasis (1, 3). In support of this,
introduction of a cytosolic temperature-sensitive, misfolding-prone
protein into a huntingtin’s Caenorhabditis elegans model exacer-
bates the huntingtin proteotoxicity phenotype at the restrictive
temperature on aging (5). Although the etiology of sIBM remains
to be determined, the observations that the secretion of amyloido-
genic gelsolin or transthyretin mutants (30), or increased secretion
of APP (and A�) increase the risk for developing sIBM (31), are
consistent with the hypothesis that consumption of proteostasis
capacity (e.g., chaperone, disaggregase, and degradation activities)
by misfolded and/or aggregation-prone proteins (1, 9) could be
responsible for triggering human sIBM upon aging, perhaps in part
by inflammatory pathway signaling known to result in APP over-
expression (21, 29, 32). Although WT plasma gelsolin overexpres-
sion in mice and in cell lines does not lead to aberrant proteolysis
or gelsolin amyloidosis (24, 33), it remains a possibility that WT
gelsolin overexpression in muscle cells could trigger sIBM. We
think this is unlikely because WT plasma gelsolin has been ex-
pressed in Alzheimer’s transgenic mice (albeit in hepatocytes, thus
not comparable with the muscle-mediated expression used in our
studies) and administered to rodent disease models (33, 34), and in
all cases, WT gelsolin protected the animals from the pathology
being studied.

In summary, we have created transgenic FAF mouse models. It
appears that local D187N synthesis, aberrant proteolysis, and
localized deposition result in FAF. The ability to detect C68 and the
8-kDa amyloidogenic fragment, as well as amyloid in (�/�) mice
as young as 1 month of age, along with the muscle weakness
phenotype at 7–9 months of age, now allows us to evaluate
therapeutic strategies for FAF, and potentially sIBM. These include
inhibition of furin, inhibition of MT1-MMP (12), antagonism of the
glycosaminoglycan gelsolin fragment interactions (23), and use of
proteostasis regulators (1, 7) that enhance proteostasis capacity.

Materials and Methods
Immunoblots. Antibodies used were an anti-FAF antibody (directed against
the human 8-kDa amyloidogenic peptide) that does not recognize mouse
gelsolin (12), anti-APP (CT695; Invitrogen), or anti-A� (4G8; Sigma). See SI
Methods for description of sample preparation.

Light and Electron Microscopy. Unfixed cryosections (8 �m) of muscle were
stained with H&E or for CR fluorescence localization. For ultrastructural

A B C

D E F G

Fig. 4. Amyloid and sIBM associated proteins are detected within the muscle fibers of D187N (�/�) mice. (A–E) Immunohistochemistry of cross-sections of frozen
D187N (�/�) muscle. D187N gelsolin localized to both the endomysium (A, arrowhead) and in the intracellular inclusions (A, arrow). Serial sections revealed
intracellular accumulation of A�1–42 (B, arrowhead) within a cell with the sarcolemma identified with anti-�-sarcoglycan (C, arrow). Anti-APP (D, arrow) and
anti-ubiquitin (E, arrow) also label the intracellular inclusions. (F) Immunoblots of D187N (�/�) transgenic (tg) and wild-type (wt) muscle homogenates with
anti-APP indicate higher levels of full-length APP in tg muscle (arrow). (G) Blots probed with anti-A� showed A� peptide monomer (arrow) and oligomeric species
present in D187N (�/�) tg but not wt muscle extracts. (Scale bars: B and C, 50 �m; A, D, and E, 100 �m.)
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analysis by electron microscopy, thin sections (60–90 nm) of glutaraldehyde-
fixed muscle specimens were stained with uranyl acetate and lead citrate
before examination in an electron microscope. A detailed method is provided
in SI Methods.

Immunofluorescence. Unfixed cryosections (8 �m) were stained with antibod-
ies against anti-FAF (12), anti-APP (Invitrogen), anti-A� 1–42 (Abcam), anti-
ubiquitin (Dako), and anti-�-sarcoglycan (a gift from E. Engvall, The Burnham
Institute for Medical Research, La Jolla, CA).

Amyloid Isolation and Analysis. Using a Teflon mechanical homogenizer (80
rpm) at 4 °C, muscle tissues were minced and homogenized in 150 mM NaCl
until no solid tissue was visible. Amyloid isolated from the tissues was analyzed
by immuno-EM by using anti-FAF antibodies and protein A-gold (10 nm).

Grip Strength. The muscle function of the animals was assessed by using a grip
strength meter (for details of the method, see SI Methods). The force at which
the animal released its grip was measured for 5 trials and then averaged.
Group means were analyzed with ANOVA followed by Fisher’s least significant
difference.
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