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Summary. Immunohistochemical examination of rat 
skeletal muscle during graft-versus-host disease 
(GVHD), a systemic immune reaction, was performed to 
investigate specific immune reactivities focusing on 
major histocompatibility complex (MHC) expression 
and inflammatory cell infiltration of skeletal muscle 
during a systemic immune reaction. MHC class 11 
expression and inflammatory cell infiltration did not 
increase. MHC class 1 was expressed along the contour 
of muscle fibres, and most strongly expressed by the 
cells which were distributed throughout the endomysium 
and perimysium. Seventy-six percent of these MHC 
class I+ cells carried endothelial cell-markers, while 24% 
of them did not. The latter cells were revealed not to be 
inflammatory cells such as lymphocytes, granulocytes or 
macrophages when examined by immunostaining using 
severa1 exudate-cell markers. Neither were they 
myosatellite cells because they were located outside the 
basement membrane. These results may be useful for 
considering animal models of inflammatory myopathies 
such as polymyositis and dermatomyositis. 
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lntroduction 

Recently, the importance of immunological 
investigation of muscle has been noticed in some 
clinical cases (Arahata and Engel, 1984; Karpati et 
al., 1988; Emslie-Smith et al., 1989; Bartoccioni et 
al., 1994). As far as the whole immune system is 
regarded, muscle tissues have been almost ignored 
in the field of immune response. In health, MHC 
class 1 antigen is not detected in human skeletal 
muscle, although its expression and lymphocyte 
infiltration become evident during polymyositis and 
dermatomyositis which are considered to be autoimmune 
diseases (Arahata and Engel, 1984; Karpati et al., 1988; 
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Emslie-Smith et al., 1989; Bartoccioni et al., 1994). 
Thus,  some descriptions about inflammatory or  
autoimmune disease in muscle raises the necessity of 
more detailed study on immunological phenomena 
occurring in muscle tissues (Hohlfeld and Engel, 1994). 
Immunological aspects of muscle tissues, such as 
behavigur of immunopotent cells, expression of major 
histocompatibility complex (MHC) products in muscle 
tissue, and microenvironment as a place of immune 
response, are necessary to understand the pathogenetic 
mechanism of various muscle diseases. Expression of 
MHC products and changes in the distribution of 
immunopotent cells occur in representative immune 
tissues, such as epidermal cells and gut epithelium 
(Barclay and Mason, 1982; Lampei-t et al., 1982; Mason 
et al., 1982; Bland and Whiting, 1992), even in the 
central nervous system (Hickey and Kimura, 1987; 
Kajiwara et al., 1991), and such a phenomenon has been 
considered to induce immune response and inflammation 
within these tissues. However, there exist few reports 
about experimental study, especially in vivo. Here we 
examined the expression of MHC class  1 and 
immunopotent cells in muscle tissue under graft-versus- 
host disease (GVHD), a strong systemic immune 
reaction associated with allogeneic recognition which 
affects the expression of MHC products in various 
organs. 

Materials and methods 

Animals 

Inbred Lou/M (RTIU), Lewis (RTI l )  and DA (RTla) 
strain female rats, aged 8 weeks were housed 5 to a 
plastic cage and maintained in a conventional fashion 
with food and water ad libitum. Lewis rats were used 
only to investigate the origin of MHC class 1 antigens 
induced during GVHD. 

Antibodies in direct immunostaining 

We labelled Cy3 (Southwick et al., 1990) to HAM2 
(Fukumoto et al., 1984), and used it in double immuno- 
fluorescence staining. 



MHC expression by muscle in GVHD 

Antibodies in indirect immunostaining Table 1. Mono- and polyclonal antibodies used in this experiment. 

We used murine monoclonal antibodies directed 
against rat MHC-encoded antigens and leukocyte surface 
markers as shown in Table 1. HAM2 (Fukumoto et al., 
1984) and 0 x 1 8  (Fukumoto et al., 1982) are against 
MHC class 1 antigen. 11.69 cross-reacts with Lewis 
specific MHC class 1, and not with that of DA and 
Lou/M strain rats (Kimura and Willson, 1984). 0 x 6  is 
against MHC class 11 antigen (McMaster and Williams, 
1979). 0 x 3  reacts to MHC class 11 antigen of LouJM, 
Lewis and AO, but not of DA, BN and PVG/c rats 
(McMaster and Williams, 1979). 0 x 1 9  is against CD5 
(Dallman et al., 1984), 0 x 8  is against CD8 (Brideau et 
al., 1980), 0 x 3 5  is against CD4 (Jefferies et al., 1985) 
and W3/13 against leukosialoglycoprotein, which has 
recently been named CD43 (Williams et al., 1977). EDl, 
ED2 and ED3 recognize certain subsets of macrophages, 
although those subsets have not been well characterized 
(Dijkstra et al., 1985). HIS52 reacts to pan-endothelial 
cells (RECA-1 antigen) (Duijvestijn et al., 1992), and 
was kindly donated by Prof. P. Nieuwenhuis 
(Department of Histology and Cell Biology, University 
of Groningen, Netherlands). Monoclonal anti-rat ICAM- 
1 is against CD54 (Tamatani and Miyasaka, 1990). In 
addition to these monoclonal antibodies, anti-laminin 
rabbit polyclonal antibody (Medac, Gessellschaft für 
klinische Spezialpraparate mbH, Hamburg) was used. 

As secondary antibodies, horseradish peroxidase 
(HRP)- or fluorescein isothiocyanate (F1TC)-conjugated 
goat F(ab')2 anti-mouse IgG (Cappel Laboratories Inc., 
West Chester, PA, USA) and rhodamine isothiocyanate 
(R1TC)-conjugated goat anti-rabbit IgG (Amersham, 
UK) were used at the concentration of 10-20 pg/ml. 

Preparation of lymphocytes 

Cervical and mesenteric lymph nodes of Lou/M (or 
Lewis) rats were teased gently on a stainless steel mesh, 
and cells were suspended in saline after washing 3 times. 
Viability of cells was checked by trypan blue exclusion, 
showing that more than 90% of cells were viable. 

lnduction of graft-versus-host disease (GVHD) 

Lymphocytes (5x10~) from Lou/M (or Lewis) rats 
were injected intravenously into DA rats after sublethal 
irradiation (6Gy, MBR-1520R, Hitachi Medical. Co., 
Ltd. Tokyo, Japan). The development of GVHD was 
confirmed by a combination of severa1 clinical signs; 
weight loss, decreased activity, diarrhoea, alopecia, 
in-itability, and erythema in the ears and paws. The rats 
were sacnficed and autopsies were performed on days 5 
(n=5) or 10 (n=22) after lymphocyte injection. Normal 
DA rats of the same age were examined as controls. 

Paraffin sections 

Muscle tissues for specimens were harvested from 
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triceps muscle of m. Skin from ears and spleen were 
also harvested to examine histological changes, such as 
infiltration of inflammatory cells and changes of 
connective tissue components following GVHD. Those 
specimens were fixed in Carnoy's fixative, paraffin 
embedded, and sections were stained with haematoxylin 
and eosin. 

lmmunoperoxidase staining procedure 

Frozen sections were air-dried for 30 min and fixed 
in methanol at 4 for 10 min. After rinsing in PBS, the 
specimens were exposed to 100 p1 of primary antibody 
for 60 min at room temperature. After further rinsing in 
PBS, the sections were then incubated with HRP- 
conjugated goat F (ab')2 anti-mouse IgG for 60 min at 
4 T. After another rinse in PBS, HRP-bound sites were 
developed with 0.05% diaminobenzidine tetrahydro- 
chloride in 0.025M Tris buffer (pH 7.6) containing 
0.0 1 % H202 

Immunofluorescence staining procedure 

Methanol-fixed sections were reacted with primary 
antibody for 60 min at room temperature. After rinsing 
in phosphate-buffered saline (PBS), the sections were 
incubated with FITC-conjugated goat F(ab'):! anti- 
mouse IgG for 60 min at 4 QC. Double-immuno- 
fluorescence staining was performed using 1) 0 x 1 8  and 
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diffusely in the spleen (data not shown). There were no 
OX3+ cells (Lewis origin cells) in normal or GVHD 
muscle (data not shown). 

Cell infiltration in GVHD rat muscle 

We attempted to detect inflammatory cells exudated 
in GVHD rat muscle. Inflammatory-cell markers (CD4, 
CD5, CD8 and leukosialoglycoprotein) were rarely 
detected and only in perivascular sites in GVHD rat 
muscle, and there were some dendritic 0 x 3 9  cells in 
endomysium and perimysium. Infiltration of macro- 
phages was examined by the markers (ED1, ED2 and 
ED3). In normal muscle, ED2+ cells occurred frequently, 
while ED1+ and ED3+ cells appeared less frequently 
(data not shown). In GVHD rat muscle, ED2+ and ED3+ 
cells were increased in number compared to normal 
muscle, while EDI+ cells were detected less frequently. 
There was an increased number of ED2+ in GVHD 
muscle, predominantly localized along the perimysial 
sites (Fig. ID). Similar results were also obtained by 
immuno-peroxidase staining. 

ICA M- 1 expression in rat muscle 

Expression of ICAM-1, which was rarely seen in 
normal muscle, had increased on some capiilary vessels 
in perimysium of GVHD muscle. ICAM-1 was not 
expressed on either muscle fibre itself or MHC class I+ 
cells distributed throughout the endomysium and 
perimysium in GVHD muscle (data not shown). 

Characterization of MHC class I+ celk in GVHD muscle 

We investigated whether al1 MHC class I+ cells were 
capillary endothelial cells or not using double- 
immunofluorescence staining of HAM2 and HIS52. 
More than 500 cells were counted in 12 randomly- 
selected fields at x62.5 and percentages of HIS52+ cells 
among MHC class I+ cells were calculated. HIS52 

stained 76% of MHC class I+ cells (Fig. 2A,B). 
We attempted to distinguish myosatellite cells from 

MHC class I+ cells. Al1 MHC class I+ (endothelial and 
non-endothelial) cells in GVHD rat muscle were located 
outside the basement membrane detected by anti-laminin 
immunostaining (Fig. 3). 

Discussion 

Inflammatory reactions in muscle 

In clinical reports of some polymyositis or dermato- 
myositis, MHC class 1 expression in muscle is usually 
associated with inflammatory cell infiltration (Arahata 
and Engel, 1984; Karpati et al., 1988; Emslie-Smith et 
al., 1989; Bartoccioni et al., 1994). Efforts to produce 
animal models of such inflammatory myopathies have 
been done in guinea pigs (Dawkins, 1965; Dawkins et 
al., 1971; Fulthorpe and Hudgson, 1975; Matsubara and 
Takamori, 1987), rats (Esiri and MacLennon, 1974) and 
mice (Tolnai, 1966; Hart et al., 1987; Rosenberg et al., 
1987; Hohlfeld et al., 1988), but those experimental 
myopathies were not the complete reproductions and 
failed to elucidate pathogenesis of clinical diseases. 
These results may be taken as indicating low ability of 
immune response in muscle tissue. 

According to the recent report about inflammatory 
myopathies by Bartoccioni et al. (1994), muscle fibres 
expressed ICAM-1 as well as MHC class 1, and ICAM-1 
was considered as an important adhesion molecule in 
pathogenesis of myopathies, stabilizing the interactions 
between T cells and their targets (Springer, 1990). 
Therefore, the expression of such molecules may be 
required for the success in producing animal models of 
myopathies involving immune phenomena. In the 
present study, muscle fibers did not express ICAM-1, 
while some of the capillary endothelial cells did. 

A recent study about HLA expression and adhesion 
molecules on myoblasts and myotubes has shown that 
myoblasts constitutively express HLA class 1 (Hohlfeld 
and Engel, 1990) and a low leve1 of lymphocyte 
function-associated (LFA) molecule 3 (LFA-3, CD58) 
(Goebels et al., 1992), and myotubes also constitutively 
express HLA class 1 but not LFA-3 (Hohlfeld and Engel, 
1990). Interferon-y (IFN-y) induces myoblasts and 
myotubes to express HLA class 1, class 11 and ICAM-1 

Fig. 2. Double immunofluorescence staining with HAM2 (MHC class 1) 
(A) and HIS52 (B) in GVHD rat muscle. Seventy-six percent of MHC 
class I+ cells are stained by HIS52, while 24% of MHC class I+ cells are 
not stained by HIS52. Typical MHC class I+ HIS52- cells are shown by 
arrowheads. Scale bar: 50 pm. 

Flg. 3. Double-immunofluorescence staining with 0x18 (MHC class 1) 
(green, FITC) and anti-laminin antibodies (red, rhodamine) in GVHD rat 
muscle. MHC class I+ cells (green spots) are apparently located outside 
the basement membrane (red. laminin stain). Scale bar: 25 pm, 
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(Bao et al., 1990; Hohlfeld and Engel, 1990; Mantegazza 
et al., 1991; Roy et al., 1991; Goebels et al., 1992). 
Tumor necrotizing factor-a (TNF-a) induces myoblasts 
to express HLA class 11 and ICAM-1 (Goebels et al., 
1992; Michaelis et al., 1993), and myotubes to express 
HLA class 1, class 11 and ICAM-1 (Michaelis et al., 
1993). Thus, more factors such as TNF-a, IFN-y or 
chemotactic factors which can induce myoblasts and 
myotubes to express histocompatibility antigens and cell 
adhesion molecules may be involved in inflammatory 
reaction in muscle tissue. 

As a preliminary experiment, we injected allogeneic 
lymphocytes directly into GVHD rat muscle, where 
MHC class 1 was expressed on capillary endothelial cells 
and muscle fibres. However, those allogeneic 
lymphocytes did not remain in muscle, and disappeared 
quickly. Thus, allogeneic lymphocytes and MHC class 1 
on muscle fibres or capillary endothelial cells in GVHD 
muscle tissues are evidently insufficient for inducing 
inflammatory reactions in muscle. 

IFN-y induces MHC class 1 expression on human 
myoblasts and myotubes (Bao et al., 1990; Roy et al., 
1991; Kalovidouris, 1992; Michaelis et al., 1993). 
Subsequently, we preliminarily injected GVHD-rat 
serum into normal rats and confirmed that soluble 
factors may contribute to induce MHC class 1 expression 
in muscle. In this case, small fusiform cells in the 
perimysium and endomysium expressed MHC class 1 
antigen, but muscle fibres did not. Inflammatory cell 
infiltration did not occur. Thus, MHC class 1 antigen 
expression in the present study may be induced by 
humoral factors such as IFN-y (Bao et  al., 1990; 
Hohlfeld and Engel, 1990; Mantegazza et al., 1991; Roy 
et al., 1991; Cifuentes-Díaz et al., 1992; Goebels et al., 
1992; Kalovidouris, 1992; Hardiman et al., 1993; 
Michaelis et al., 1993) or other inflammatory factors 
carried by blood flow. 

Unidentified cells in GVHD rat muscle 

As mentioned previously, we observed MHC class 
I+ small cells along the endomysium, which appeared to 
be either fusiform, round or  sometimes dendritic. 
Among these small cells, 76% were identified as  
capillary endothelial cells by HIS52-positive staining. 
Other markers of endothelial cells, such 0x43 ,  0 x 2  and 
anti-von Willebrand factor VI11 antibody were used to 
define endothelial cells as well, and the results showed 
that the proportion of endothelial cells among MHC 
class I+ small cells did not exceed 76% (data not shown). 
Thus, the rest of them (24%) were not considered to be 
endothelial cells. Lack of staining by donor-specific 
MHC class 1 indicated that the MHC class I+ 
unidentified cells originated from the host. 

The rest of these MHC class I+ cells were not 
myosatellite cells because these cells were located 
outside the basement membrane (Fig. 3). In addition, 
such cells did not carry MHC class 11, CD4, CD5, CD8 
and CD43 antigens, indicating that they may be neither 
granulocytes nor lymphocytes. The frequency of cells 

carrying macrophage-subset antigens was significantly 
low in normal muscle and only slightly increased, 
particularly along the perimysium, in GVHD muscle 
(Fig. ID). Subsequently, the rest of the 24% of MHC 
class I+ small cells could not be macrophages. 

Consequently, it could be proposed that a certain 
type of MHC class I+ cells, not belonging to endothelial 
cells, lymphocytes, granulocytes, macrophages or 
myosatellite cells, existed in GVHD rat muscle. It 
remains uncertain whether these unidentified cells exist 
in non-GVHD rat muscle, and whether they play an 
immunological role in muscle tissues, as endothelial 
cells do. These cells have not been previously reported 
in rat and human, and further investigation in rat and 
human muscle will be required. Morphologically, 
fibroblasts may be possible candidates for  the 
unidentified non-endothelial MHC class I+ cells which 
we describe in this manuscript. It is not unreasonable to 
consider that MHC class 1 antigen would be expressed 
strongly on fibroblasts under certain immunological 
conditions similar to salivary glands during GVHD 
(Hirozane et al., 1992), osteocytes (Shigetomi et al., 
1993) and cardiac myocytes (Steinhoff, 1987) after 
allograft transplantation. More information on 
microstructures and histochemical aspects of the 
unidentified cells are necessary for  precise 
characterization. 
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