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We found that up-regulation of major histocompatibil-
ity complex (MHC) class I expression accompanies, but
is not required for, appearance of spontaneous myop-
athy in SJL/J mice. In some neuromuscular diseases,
MHC class I expression is markedly up-regulated in
muscles, though the consequences of this up-regula-
tion for pathology are not clear. To study MHC class I
in myopathy, we compared muscles of SJL/J mice to
muscles of SJL/J mice that were also MHC class I-de-
ficient due to targeted mutation in the �-2-micro-
globulin gene (SJL/J B2m (�/�) mice). SJL/J mice
show spontaneous myopathy and have a mutation in
the dysferlin gene, a gene which is also mutated in
human limb-girdle muscular dystrophy type 2B
(LGMD2B). Muscles of eight-month-old SJL/J mice had
higher levels of MHC class I expression than muscles
of either C57BL/6J (wild-type) or SJL/J B2m (�/�)
mice. In contrast, the percentage of abnormal muscle
fibers was similar in SJL/J and SJL/J B2m (�/�) mus-
cles. Invading Mac-1� cells were most abundant in
SJL/J B2m (�/�) muscles, moderately abundant in
SJL/J muscles, and rare in C57BL/6J muscles. Thus,
MHC class I was markedly up-regulated in SJL/J mus-
cles, but this high level of MHC class I was not neces-
sary for the appearance of myopathy. (Am J Pathol
2002, 160:833–839)

Though MHC class I proteins are detectable on most
types of cells, these proteins are not normally detectable
on skeletal muscle fibers in healthy adults. During the
course of some neuromuscular diseases, however, MHC
class I proteins are markedly up-regulated on skeletal
muscle fibers.1–3 In particular, MHC class I proteins are
up-regulated during those neuromuscular diseases in
which significant inflammation is found. This finding
raises the possibility that antigen presentation by the
MHC class I complex on the surface of skeletal muscle
cells is required for progression of myopathy in some
diseases. Though induced expression of the MHC class

I protein, H-2Kb, in normal adult muscle causes an in-
flammatory myopathy in transgenic mice,4 the conse-
quences of the MHC class I up-regulation that is often
seen in diseased muscle is not well understood. In this
work, we use mouse mutants to examine the relationship
between up-regulation of MHC class I and the progres-
sion of muscle disease.

Mice of the SJL/J strain spontaneously develop myop-
athy with inflammation and macrophage invasion.5–7 This
myopathy appears to be due to a mutation in the dysferlin
gene of SJL/J mice.8,9 The dysferlin gene is also mutated
in the human disease, limb-girdle muscular dystrophy
type 2B (LGMD2B), suggesting that SJL/J mice might be
used as a model for the human disease.10,11 By eight
months of age, muscles in 100% of SJL/J mice show
extensive abnormalities, such as centrally nucleate fi-
bers, necrotic fibers, hypertrophic fibers, atrophic fibers,
and infiltrating cells.7 Most of the muscle-infiltrating cells
are macrophages, with smaller numbers of CD4� and
CD8� cells.12 SJL/J mice also have abnormalities that
appear not to be related to the dysferlin mutation, includ-
ing suspectibility to lymphoma, experimental myositis,
and vascular leakage,6,7,13,14 perhaps complicating the
use of these mice as a LGMD 2B model.

To analyze how MHC class I functions in a myopathy
with inflammation, we have compared muscles from three
types of mice: C57BL/6J (controls); SJL/J (dysferlin-defi-
cient with normal MHC class I); and SJL/J: �-2-micro-
globulin (�/�) (both dysferlin- and MHC class I-defi-
cient). Because �-2-microglobulin (B2m) is required for
proper assembly of MHC class I proteins on the cell
surface, functional MHC class I proteins are nearly elim-
inated in B2m (�/�) mice.15 Mice with a targeted muta-
tion in the B2m gene have been used successfully to
analyze the role of MHC class I proteins in a number of
biological processes.15–18 Our results show that MHC
class I expression is markedly up-regulated in myopathic
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muscles of SJL/J mice. However, the extent of myopathy
in 8- to 9-month-old mice was not affected when this
up-regulation of MHC class I was eliminated in SJL/J
B2m (�/�) muscles.

Materials and Methods

Mice

C57BL/6J mice, as well as mice of the SJL/J and
SJL.129P2(B6)-B2mtm1Unc (termed SJL/J B2m (�/�) in
this paper) strains were obtained from the Jackson Lab-
oratory (Bar Harbor, ME). The B2mtm1Unc mutant strain19

was developed by targeted mutation of the �-2-micro-
globulin gene in the 129-derived E14TG2a ES cell line.
The SJL.129P2(B6)-B2mtm1Unc strain was produced in
the laboratory of Dr. Derry Roopenian at The Jackson
Laboratory by back-crossing the B2mtm1Unc mutation 10
times to SJL/J inbred mice. Genotypes of the B2m (�/�)
and (�/�) mice were confirmed using a polymerase
chain reaction-based protocol supplied by the Jackson
Laboratory. All mice were females and were analyzed at
8 to 9 months of age. At this age, all SJL/J mice exhibit
significant myopathology.7 SJL/J mice are of the H-2s

haplotype and C57BL/6J mice are of the H-2b haplotype.

Antibodies

MHC class I expression was analyzed using a monoclo-
nal antibody produced by M1/42.3.9.8.HLK cells (TIB-
126, obtained from American Type Culture Collection,
Manassas, VA). This M1/42 mAb, which is a rat IgG2a,
reacts with an epitope that is common to all haplotypes of
the H-2 protein components of MHC class I molecules.
The Mac-1 �-chain (also known as CD11b and integrin
�M chain) was analyzed using biotinylated mAb M1/70, a
rat IgG2b that is specific for the mouse Mac-1 �-chain at
a dilution of 1:250 (Pharmingen, San Diego CA). Expres-
sion of �-2-microglobulin was analyzed with a goat anti-
B2m serum (Santa Cruz Biotechnology, Santa Cruz, CA)
used at a 1:100 dilution. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was detected with a mouse
mAb (Research Diagnostics Inc., Flanders, NJ) used at
1:4000 dilution. Binding of primary antibodies was de-
tected with an appropriate secondary antibody system:
biotinylated anti-rat secondary antibody used at a 1:200
dilution and coupled with avidin-peroxidase detection
(Vector Elite system, Vector Laboratories, Burlingame,
CA) with diaminobenzidine as substrate; or HRP-conju-
gated donkey anti-goat IgG (1:1500 dilution) or goat anti-
mouse IgG (1:2000 dilution) (Jackson Immunoresearch,
West Grove, PA) used with chemiluminescent substrate
(ECL substrate, Amersham, Piscataway, NJ) for immuno-
blots. Preparation of tissue homogenates and immuno-
blotting of proteins separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) were
carried out as described previously.20 Before SDS-
PAGE, tissue homogenates were analyzed by Bradford
protein assay, and equal amounts of total protein (60 �g)
were analyzed in each lane. After proteins were trans-

ferred to polyvinylidene difluoride (PVDF) membranes,
protein loading was demonstrated by immunoblotting for
GAPDH in muscle samples, or by Ponceau S staining of
the most abundant �13-kd band for spleen samples
(spleen samples did not show reaction with the anti-
GAPDH antibody).

Histology

Muscles were dissected, frozen immediately in 2-methyl-
butane chilled by liquid nitrogen, and 10- to12-�m cryo-
stat sections were prepared from matching regions of
muscles for comparison of different genotypes. Sections
were stained with hematoxylin and eosin (H&E) or by
immunohistochemistry as described previously.21,22 Ab-
normal fibers and Mac-1-positive cells were counted by
microscopy using 10� or 20� objectives. For each
count, the abnormal fibers or Mac-1-positive cells were
counted in multiple, adjacent 10� or 20� fields until the
entire area of each muscle section was counted, with at
least three complete sections observed for each point.
The average number � SD per field was calculated and
converted to average � SD per mm2. Mean differences
were assessed for statistical significance by the appropriate
analysis of variance test; unpaired, two-tailed t-test; or non-
parametric Mann-Whitney test using the InStat computer
program (v2.03, GraphPad Software, San Diego, CA).

Results

MHC Class I and B2m Expression

Skeletal muscles in SJL/J mice showed a marked up-
regulation of MHC class I and �-2-microglobulin expres-
sion. Individual muscles (quadriceps, tibialis anterior,
gastrocnemius/soleus complex) were dissected from 8-
to 9-month-old mice of the C57BL/6J, SJL/J, and SJL/J
B2m (�/�) genotypes and examined by immunohistol-
ogy with a mAb that reacts with an epitope common to all
MHC class I proteins (Figure 1, A–C) or by immunoblot-
ting with an antibody specific for �-2-microglobulin (Fig-
ure 2).

Muscle fibers from control C57BL/6J mice showed little
staining for MHC class I proteins, a result that is consis-
tent with the usually undetectable level of class I proteins
on healthy, adult muscle fibers (Figure 1A). Light staining
was detected on non-muscle cells. In contrast, SJL/J
mice showed extensive staining for MHC class I proteins
in muscles (Figure 1B). This staining was continuous
around entire muscle fibers in most regions of the mus-
cles (Figure 1B), but limited to a subset of fibers in other
regions (not shown). Though the staining often appeared
to fill the space between myofibers, there were areas in
which staining on adjacent myofibers could be resolved
into two distinct lines (Figure 1B, arrow), suggesting that
staining in these regions may have been associated with
myofiber surfaces. In addition, these SJL/J muscles also
contained class I-positive mononucleate cells that were
located in between fibers and sometimes within appar-
ently dying fibers. Finally, muscles from SJL/J B2m (�/�)
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mice showed little or no staining for MHC class I expres-
sion, consistent with the lack of �-2-microglobulin and
subsequent large reduction of functional MHC class I
proteins (Figure 1C).

Consistent with the increased MHC class I expression,
SJL/J muscle also had increased expression of �-2-mi-
croglobulin. Immunoblotting showed that �-2-micro-
globulin was much more abundant in SJL/J muscles than
in C57BL/6J muscles, even though spleens from mice of
these two genotypes showed similar levels of �-2-micro-
globulin (Figure 2). As expected, the SJL/J B2m (�/�)
muscles showed no detectable �-2-microglobulin.

Myopathology

In contrast to the marked differences in MHC class I
expression in the muscles of SJL/J and SJL/J B2m (�/�)
mice, the muscles of these two genotypes showed no
consistent differences in muscle pathology (Figure 1,
D–F, Table 1). Individual muscles (quadriceps, tibialis
anterior, gastrocnemius/soleus complex) were dissected
from 8- to 9-month-old mice of the C57BL/6J, SJL/J, and
SJL/J B2m (�/�) genotypes. Muscles were sectioned,
H&E stained, and examined to determine the relative
numbers of normal and abnormal muscle fibers. Muscle
fibers were considered to be abnormal if they were (1)

Figure 1. A–C: MHC class I expression is up-regulated in muscles of SJL/J mice compared to muscles of SJL/J B2m (�/�) and C57BL/6J mice. A: Immunohistology
of C57BL/6J gastrocnemius muscle showed little staining, a result consistent with the very low expression of MHC class I proteins on normal muscle fibers. B: In
contrast, SJL/J muscle showed dark staining apparently on the surface of muscle fibers (eg, arrow), as well as staining on cells in between, and sometimes within,
muscle fibers. C: In contrast, SJL/J B2m (�/�) muscle showed very little staining, a result expected for tissues lacking �-2-microglobulin. Scale bar, 40 �m. D–F:
Muscles from SJL/J and SJL/J B2m (�/�) mice showed similar extents of myopathy. D: H&E staining showed normal fibers in wild-type C57BL/6J gastrocnemius
muscle. E and F: In contrast, abnormal fibers were abundant and found at similar percentages in SJL/J (E) and SJL/J B2 m (�/�) (F) muscles as described in Table
1. G and H: Mac-1-positive cells were most abundant in myopathic muscles of SJL/J B2m (�/�) mice, moderately abundant in SJL/muscles, and rare in the normal
muscles of C57BL/6J mice. G: Immunohistochemistry showed that Mac-1-postive cells (arrow) were rare in the gastrocnemius muscle of C57BL/6J wild-type mice.
H and I: In contrast, Mac-1-positive cells were abundant in SJL/J (H) and SJL/J B2m (�/�) (I) muscles, being most abundant in the B2m (�/�) muscles as
described in Table 2.

Figure 2. �-2-microglobulin levels were up-regulated in SJL/J muscle. Hind-
limb muscles from mice of the indicated genotypes were analyzed by im-
munoblotting with antibody specific for �-2-microglobulin (Upper panel,
B2m). Spleens from C57BL/6J and SJL/J mice had about equal levels of
�-2-microglobulin. In contrast, �-2-microglobulin was much more abundant
in SJL/J muscle than in C57BL/6J muscle, and was absent from SJL/J B2m
(�/�) muscle, a result that was consistent with the MHC class I immuno-
histochemistry analyses in Figure 1. Each lane had 60 �g of cell lysate
protein. The loading controls (Lower panel, Load) for the spleen samples
show Ponceau S staining of an abundant �13-kd protein band, whereas
loading controls for the muscle samples show immunoblotting for GAPDH.
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centrally nucleate or small and basophilic (indicating re-
generation), (2) atrophic (�20 �m diameter) or hypertro-
phic (�100 �m diameter, (3) apparently necrotic with
infiltrating cells, or (4) apparently replaced by fat or col-
lagen (cf. ref. 7).

SJL/J muscles with or without �-2-microglobulin
showed extensive muscle pathology when compared to
normal muscles. In C57BL/6J muscles, abnormal fibers
were very rare (�0.5%) as expected for healthy, normal
muscles (Figure 1D). In contrast, abnormal fibers were
abundant in both SJL/J (Figure 1E) and SJL/J B2m (�/�)
muscles (Figure 1F). On examination of multiple individ-
ual muscles, we sometimes found differences in the per-
centages of abnormal fibers between the SJL/J and SJL/J
B2m (�/�) muscles, but these percentage differences
were neither consistently in one direction nor statistically
significant (Table 1). Muscles of both genotypes showed
the same distribution of abnormalities, with �90% of the
abnormal fibers classified as central nucleate (not
shown). Myopathy appeared to have progressed to dif-
ferent extents in different muscles. About one-third (19 to
37%) of the fibers were abnormal in the gastrocnemius/
soleus muscles, whereas about one-half or more of the
fibers were abnormal in most samples of the quadriceps
(41 to 65%) and tibialis anterior muscles (24 to 77%)
(Table 1).

Infiltrating Cells

Mac-1-positive cells are the predominant infiltrating cells
in myopathic SJL/J muscles.7,12 To examine how infiltrat-
ing cell numbers might be affected by MHC class I ex-
pression in SJL/J myopathy, we used immunohistology
with an anti-Mac-1 mAb to determine the number of Mac-
1-positive cells in muscles of the C57BL/6J, SJL/J, and
SJL/J B2m (�/�) genotypes (Figure 1, G–I).

Mac-1-positive cells were quite rare in healthy
C57BL/6J muscles (Figure 1G and Table 2). In myopathic
SJL/J muscles, in contrast, Mac-1-positive cells were
much more abundant, reaching levels that were �3- to

5-fold higher than in normal muscles (Figure 1H and
Table 2). However, the highest abundance of Mac-1-
positive cells was found in SJL/J B2m (�/�) muscles,
where the density of Mac-1-psoitive cells was �10- to
13-fold greater than in C57BL/6J muscles and �2 to 4 �
higher than in SJL/J muscles (Figure 1I, Table 2). Statis-
tical analysis by analysis of variance showed that, with
the sole exception of the quadriceps sample from SJL/J
mouse no. 3 (Table 2), individual muscles of the same
genotype had similar abundances of Mac-1-positive
cells, whereas individual muscles of different genotypes
had significantly different abundances of Mac-1-positive
cells (P � 0.01).

Discussion

Though MHC class I expression was markedly up-regu-
lated in myopathic muscles of dysferlin-deficient SJL/J
mice, elimination of this up-regulation by genetic deletion
of �-2-microglobulin did not alter the extent of myopathy
seen in adult mice. Thus, high level expression of func-
tional MHC class I proteins does not appear to play a
necessary role in the initiation of the spontaneous myop-
athy seen in SJL/J mice.

All SJL/J mice spontaneously develop a myopathy that
is well established by eight months of age.7 This sponta-
neous myopathy is accompanied by up-regulation of
MHC class I expression on muscle fibers that begins at 4
to 6 weeks of age12 and is nearly complete by eight
months of age (this work). Because up-regulation of MHC
class I proteins is found in many neuromuscular dis-
eases, it has been suggested that MHC class I may play
a key role in regulating inflammation and disease pro-
gression in some neuromuscular diseases. However, de-
spite the fact that induced expression of MHC class I in
adult muscle is sufficient to initiate inflammatory myosi-
tis,4 class I up-regulation does not appear to necessary
for either experimentally induced autoimmune myasthe-
nia gravis16 or dysferlin-deficiency myopathy in SJL/J
mice (this work).

Table 1. Effect of Genotype on Number of Abnormal Muscle Fibers in 8 to 9-Month-Old Mice

Muscle Genotype Mouse

Fibers/mm2 � SD (n)*

% AbnormalAbnormal† Normal

Tibialis anterior SJL/J 1 170.0 � 30.2 (8) 229.0 � 51.1 (8) 43%
2 108.5 � 28.3 (8) 343.5 � 41.5 (8) 24%
3 252.8 � 36.9 (6) 142.3 � 20.0 (6) 64%

SJL/J B2m (�/�) 1 281.2 � 56.0 (5) 137.7 � 42.0 (5) 67%
2 364.0 � 87.2 (5) 104.0 � 18.1 (5) 77%

Gastrocnemius/Soleus SJL/J 1 86.0 � 29.2 (8) 359.0 � 30.1 (8) 19%
2 101.0 � 26.0 (8) 370.6 � 69.5 (8) 21%
3 152.0 � 20.0 (6) 257.5 � 54.3 (6) 37%

SJL/J B2m (�/�) 1 119.1 � 28.4 (9) 313.4 � 58.8 (9) 28%
2 116.8 � 24.4 (5) 313.5 � 35.4 (5) 27%

Quadriceps SJL/J 1 216.5 � 63.3 (8) 228.0 � 28.3 (8) 49%
2 249.5 � 50.9 (8) 238.5 � 41.5 (8) 51%
3 172.7 � 46.4 (10) 228.3 � 63.3 (10) 43%

SJL/J B2m (�/�) 1 181.6 � 57.6 (9) 259.2 � 118.5 (9) 41%
2 296.0 � 15.2 (5) 156.0 � 93.3 (5) 65%

*Number of sections examined.
†Criteria for distinguishing abnormal from normal fibers are listed in Materials and Methods.
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The use of B2m (�/�) mice for analysis of MHC class
I function in muscle disease has certain limitations. First,
SJL/J B2m (�/�) mice lack functional MHC class I not
just on muscle fibers, where it is up-regulated compared
to healthy muscle, but also on all other cell types that
normally express these proteins. It is possible, though
unlikely, that muscle-specific depletion of MHC class I,
unlike complete depletion, would change the outcome of
myopathy in SJL/J mice.

Second, B2m (�/�) mice may have a very low level
(�5% of wild-type) of functional class I protein of the
H-2D group (eg, H-2Ds for SJL/J mice or H-2Db for
C57BL/6J mice), though this low level of functional pro-
tein may be confined to particular T cell subgroups.15 It is
clear, however, that muscles in the SJL/J B2m (�/�)
mice have greatly reduced MHC class I protein levels
compared to the very high levels found in muscles in
SJL/J mice. Thus, we conclude that this marked up-
regulation of MHC class I in muscles is not required for
spontaneous myopathy in SJL/J mice.

Finally, B2m (�/�) mice have NK cell deficiency, de-
creased levels of serum Ig, few CD8� cytotoxic T cells,
and under some circumstances a compensatory in-
crease in CD4� cytotoxic T cells.15 Evidently, these
changes in immune system function do not inhibit the
development of myopathy in SJL/J mice. Because CD8�

cytotoxic T cells appear to promote myopathy in dystro-
phin-deficient mice,23–25 it is noteworthy that the severe
(though not complete) depletion of these cells in SJL/J
B2m (�/�) mice has no effect on the SJL/J, dysferlin-
deficient myopathy. A further study is needed to deter-
mine whether complete elimination of CD8� cytotoxic
cells will ameliorate SJL/J myopathy.

In addition to exhibiting spontaneous myopathy at sev-
eral months of age, the SJL/J strain is also uniquely
susceptible to developing a rapid, apparently autoim-
mune myopathy in response to injection of syngeneic
muscle proteins during the first 4 to 6 weeks of life.26–29

This autoimmune myositis can be induced in normal mice
that are dysferlin-positive by transfer of T cells or IgG
from immunized SJL/J mice.29 Whether the susceptibility
to experimentally induced myositis in SJL/J mice is de-
pendent in some manner on the presence of the dysferlin
mutation remains to be determined. Further studies are
also needed to determine whether this susceptibility may
require the MHC class I up-regulation that begins on or
near a small percentage of SJL/J muscle fibers as soon
as 4 to 6 weeks after birth12 and progresses until MHC
class I is expressed around a large majority of muscle
fibers by 8 to 9 months after birth (this work).

After injury or during some diseases, Mac-1-positive
cells (largely macrophages) enter skeletal muscles in
large numbers. Macrophages appear to regulate the re-
moval of dead fibers, as well as the speed at which
abnormal fibers are repaired or replaced by activated
satellite cell myoblasts.30–33 Macrophages are also the
predominant infiltrating cell in SJL/J muscles,12 and the
abundance of infiltrating cells may correlate with the se-
verity of myopathy. Because SJL/J myopathy appeared
unaffected by the B2m (�/�) locus, it was surprising to
find that the level of Mac-1-positive cells was higher in
SJL/J B2m (�/�) muscles than the already high levels
found in SJL/J muscles. The different Mac-1-positive cell
numbers might indicate that disease progression may
differ between SJL/J and SJL/J B2m (�/�) muscles,
though our limited study at one time point was not de-
signed to test this possibility.

The mechanism underlying the different numbers of
Mac-1-positive cells remains to be determined, though it
is possible that, because Mac-1 is expressed on other
cell types such as granulocytes, the infiltrate in the B2m
(�/�) cells may be composed of different proportions of
macrophages, granulocytes (cf. ref. 24), and possibly
additional Mac-1-positive cells. Another possibility is that
Mac-1-positive cells may undergo less apoptosis and
thus survive longer and at higher levels in B2m (�/�)

Table 2. Effect of Genotype on Number of Mac-1-Positive Cells in Skeletal Muscles of 8-Month-Old Mice

Muscle Genotype Mouse Mac-1� cells/mm2 � SD (n)*

Tibialis anterior SJL/J 1 20.5 � 9.4 (15)
2 14.8 � 8.3 (18)
3 14.5 � 13.5 (25)

SJL/J B2m (�/�) 1 55.7 � 13.5 (15)
2 48.2 � 18.6 (17)

C57BL/6J 1 4.1 � 2.8 (22)
2 4.1 � 2.4 (23)

Gastrocnemius/soleus SJL/J 1 13.0 � 5.4 (22)
2 16.5 � 9.5 (22)
3 15.8 � 13.1 (18)

SJL/J B2m (�/�) 1 45.3 � 10.3 (15)
2 41.6 � 23.5 (19)

C57BL/6J 1 4.4 � 2.0 (20)
2 4.5 � 2.6 (23)

Quadriceps SJL/J 1 25.3 � 19.0 (30)
2 23.5 � 20.5 (33)
3 37.1 � 28.6 (21)

SJL/J B2m (�/�) 1 53.8 � 17.5 (20)
2 39.8 � 19.3 (21)

C57BL/6J 1 4.0 � 4.3 (20)
2 4.6 � 6.5 (25)

*Number of 1 mm2 fields examined.
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muscles. A role for apoptosis in the survival of infiltrating
cells is suggested by the finding that inhibition of the
apoptosis regulator FasL improves survival of phagocytic
cells during muscle regeneration.33 Because damaged
muscle is a source of several inflammatory signals (re-
viewed in 34), it is also possible that B2m (�/�) and
wild-type muscles produce different levels of inflamma-
tory signals such as intercellular adhesion molecule
(ICAM)-1 (which interacts with the Mac-1 protein), nitric
oxide, or inflammatory cytokines.

The spontaneous SJL/J myopathy was initially thought
to be a model for autoimmune myositis. With the finding
that SJL/J mice are homozygous for an inactivating mu-
tation in the dysferlin gene, however, it was suggested
that SJL/J mice are a model for the human disease limb-
girdle muscular dystrophy 2B in which this gene is also
inactivated.10 In contrast to SJL/J mice, however, a re-
cent study found that MHC class I expression was not
up-regulated in the muscles of four LGMD 2B patients
carrying a particular dysferlin splicing mutation, though
muscles of two patients had an inflammatory infiltrate.35

In dysferlin-deficient patients, the severity of disease var-
ies with both the specific dysferlin mutation and addi-
tional modifying factors that are currently not well under-
stood.36–38 Whether up-regulation of MHC class I
expression might accompany particular dysferlin muta-
tions or vary with stage of the human disease remains to
be determined. It will be useful to use breeding experi-
ments to determine whether the MHC class I up-regula-
tion seen in SJL/J muscle is independent of the dysferlin
mutation, as might be predicted from the limited human
studies. In the meantime, SJL/J mice should be used with
caution as a model of human LGMD 2B.
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