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Distribution of cell adhesion molecules in skeletal
muscle from patients with systemic lupus
erythematosus

M Pallis, D K Robson, D 0 Haskard, R J Powell

Abstract
Objective-To investigate the patho-
physiology of perivascular mononuclear
cell infiltrates observed in skeletal muscle
from patients with systemic lupus
erythematosus (SLE).
Methods-Immunocytochemical tech-
niques were used to examine frozen 5 ,um
sections from the quadriceps needle
muscle biopsy specimens of 14 patients
with SLE (including seven with infiltrates)
for the expression of the cytokine indu-
cible adhesion molecules intercellular
adhesion molecule 1 (ICAM-1), vascular
cell adhesion molecule-i (VCAM-1), and
E-selectin.
Results-Vessels in 6/7 SLE biopsy
specimens with perivascular infiltrates
expressed VCAM-1 at a density of >2
vessels/mmn in contrast with 0/7 SLE
biopsy specimens without infiltrates and
1/6 control specimens. In contrast,
E-selectin expression was increased (>0.3
positive vessels/mm2) in SLE biopsy
specimens compared with control tissue
regardless of the presence of perivascular
infiltration. VCAM-1 and ICAM-1 were
also noted on extravascular cells in the
infiltrates, being particularly prominent
on the intermuscle fibre dendritic
processes ofCD68+ HLA-DR+ cells.
Conclusion-Expression of these cytokine
inducible adhesion molecules may be
important in the migration of mono-
nuclear cells into skeletal muscle and may
be involved in intercellular interactions
within the tissue.
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Perivascular mononuclear cell infiltrates in
skeletal muscle are common in systemic lupus
erythematosus (SLE), being identified in all
cases at necropsy.' We noted that perivascular
lymphocytic infiltrates in SLE muscle are

associated with swelling of endothelial cells
but, in contrast with polymyositis, are rarely
accompanied by fibre necrosis or phago-
cytosis.? The pathophysiological significance of
mononuclear cell infiltrates in SLE muscle
remains unclear and possibly they represent
areas of focal vasculitis.
The emigration of leucocytes into

inflammatory tissue depends in part upon the
expression of appropriate leucocyte adhesion
molecules on the surface of endothelial cells.35
Of these, intercellular adhesion molecule-i

(ICAM-1), vascular cell adhesion molecule-I
(VCAM-1), and E-selectin (previously
designated ELAM-1) are each induced or
upregulated by the cytokines interleukin-l and
tumour necrosis factor, providing a mechanism
for the amplification of the inflammatory
response. Although the expression of
E-selectin is thought to be restricted to
cytokine activated endothelial cells, ICAM-1
and VCAM-1 are also found on a variety of
cells within the tissues.6 7
The presence or absence of E-selectin,

ICAM-1, and VCAM-1 provides an indication
of their role in the formation of inflammatory
infiltrates and also gives indirect evidence of
the influence of cytokines. We used mono-
clonal antibodies against these three molecules
to characterise further the mononuclear cell
infiltrates found in skeletal muscle in SLE.

Materials and methods
As part of a continuing programme of research
into muscle disease in SLE we investigated
needle quadriceps muscle biopsy specimens
from 14 patients with SLE, 11 with clinically
active disease but without symptoms of muscle
involvement or raised creatine kinase, and
three with clinical muscle weakness (patients 1,
4, 13-see table 1). Thirteen of 14 patients
fulfilled at least four of the- 1982 American
Rheumatism Association (ARA) revised
criteria for SLE.8 (One patient had only three
ARA criteria for SLE, and the diagnosis ofSLE
was based on digital vasculitis, vasculitic leg
ulcers, polymyositis, Raynaud's phenomenon,
telangiectasia, antinuclear antibody titre of
1/3200, and antibodies to RNP.) Including this
last patient, six people in our study (patients 4,
7, 8, 9, 11, and 13) could also be considered
to have mixed connective tissue disease based
on the presence of Raynaud's phenomenon
and an antinuclear antibody titre of at least
1/800, together with the presence of antibodies
to RNP in the absence of either antibodies to
Sm or antibodies to dsDNA. The term mixed
connective tissue disease, however, has not
gained full acceptance and consequently all
study patients were grouped under the
diagnosis of SLE. Table 1 provides clinical
information on the patients.

Control muscle was available from six
further patients: three with non-specific mild
muscle symptoms and three who were
undergoing surgery on the pituitary fossa for
prolactinoma or non-secretory adenoma and
required removal of quadriceps muscle to fill
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Table 1 Clinical information

Patient Sex Diagnosis MCTD* Age at Disease duration Treatment* Clinicalfeatures C3dt ESR*t CK Indications Muscle biopsy
No (ARA * biopsy to biopsy (years) at time of biopsy (U/ml) (mm/h) (IU1l) for biopsy findings

criteria (years)
fulfilled)

1 F 4 48 2 Aza Pleurisy 5 66 30 Proximal and Perivascular
Malaise distal weakness infiltrate

in legs
2 F 4 54 7 HCA Polyarthritis 21 62 283 Active disease Perivascular

Pleuropericarditis No muscle infiltrate with
symptoms mild fibre

necrosis
3 F 7 - 25 4 HCA Polyarthralgia 12 2 28 Disease Normal

Aza assessment
Pred No muscle

symptoms
4 F 4 + 44 6 months Pred Malaise 8 18 1265 Myalgia and Resolving

Aza Mouth ulcers muscle polymyositis
weakness

5 F 5 - 58 10 HCA Malaise 13 22 44 Investigation of No perivascular
Bruising malaise infiltrate

Type IIB fibre
atrophy

6 F 5 - 20 4 NSAID Mouth ulcers 19 39 120 Investigation of Perivascular
Polyarthritis disease infiltrate

Marked early Type IIB fibre
morning atrophy
stiffness

7 F 5 + 73 2 months NSAID Polyarthralgia 8 15 51 Disease Perivascular
assessment infiltrate

Type IIB fibre
atrophy

8 F 4 + 69 5 Pred Polyarthralgia 10 33 58 Disease Normal
Joint stiffness assessment

9 F 3 + 42 10 Nil Vasculitic leg ulcers 8 10 71 No muscle Active low grade
symptoms or myositis
weakness No perivascular

infiltrate
10 F 4 38 2 HCA Pleurisy 20 97 <20 Disease Perivascular

NSAID Polyarthritis assessment infiltrate
Depersonalisation Muscle

tenderness
11 F 4 + 62 6 NSAID Polyarthralgia 10 18 52 Tiredness Normal
12 F 4 43 3 Pred Cerebral SLE 8 24 92 Disease Normal

assessment
13 F 4 + 41 3 Pred Muscle tiredness 10 25 2600 Muscle weakness Polymyositis with

Aza Malaise perivascular
cuffing

14 F 4 25 6 months Pred Cerebral disease 13 43 120 Disease Type IIB atrophy
Cyclo assessment-no Occasional

myalgia scatterd
lymphocytes

*ARA=American Rheumatism Association; MCTD=mixed connective tissue disease; Aza=azathioprine; HCA=hydroxychloroquine; Pred=prednisolone;
NSAID=non-steroidal anti-inflammatory drug; Cyclo=cyclophosphamide; ESR= erythrocyte sedimentation rate; CK=creatine kinase.
tNormal range: C3d s 12 U/ml; ESR <20 mm/h; CK <200 IUll.

the pituitary fossa. In all the control subjects
the histology had been reported as normal after
inspection of serial sections stained both by
haematoxylin and eosin (H&E) and enzyme
histochemical methods.9 Of the 14 patients
with SLE, six (patients 1, 2, 6, 7, 10, and
13-see table 1) demonstrated perivascular
accumulation of lymphocytes and two of these
(2 and 13), in addition, had marked fibre
damage. A further patient (patient 9) had a low
grade focal inflammatory infiltrate associated
with necrotic and degenerate fibres but without
perivascular infiltrates and another (patient 4)
had a low grade muscle parenchymal infiltrate
on routine histology, but the sections examined
for this study seemed to be normal.

MUSCLE BIOPSY

Cores of vastus lateralis from the lateral mid-
thigh were obtained under local anaesthesia
with a 5 mm diameter Bergstrom percutaneous
needle. They were wrapped in a damp saline
gauze and transported rapidly to the
laboratory. Here they were oriented
transversely, embedded in OCT (Miles), and
mounted on cork holders before being frozen
in isopentane cooled in liquid nitrogen. After
cutting cryostat sections for routine histology
the remaining tissue was stored at -70°C.

IMMUNOCYTOCHEMICAL STAINING

Serial 5 ptm cryostat sections were positioned
on poly-L-lysine coated glass slides. The first
slide was stained with H&E. The remaining
slides were dried for 15 minutes at room
temperature, fixed in cold acetone for 20
minutes, and redried for 15 minutes in a fan
oven at ambient temperature. The slides were
next covered and left at room temperature for
up to 48 hours. Slides were preincubated in 1:5
normal swine serum in TRIS buffered saline
(TBS) (pH 7 6) for 20 minutes.10 They were
then incubated in primary antibody diluted in
1:20 normal swine serum in TBS for 30
minutes. Table 2 shows antibodies and
dilutions. The antibodies to ICAM-1, VCAM-
1, and E-selectin are described in reference 1 1.
Normal swine serum, diluted 1:5, was used as
the negative control. In five cases where
examination of the H&E stain showed a
lymphocytic inflammatory infiltrate the full
panel of antibodies was used. In the remainder
of cases only antibodies to cell adhesion
molecules and leucocyte common antigen were
used.
The staining order shown in table 2 for the

serial sections was selected:
(a) To determine whether the endothelial cell
adhesion molecule expression coincided with
leucocyte infiltrates the sections reacting with
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Table 2 Antibodies and dilutions

Target antigen (antibody clone) Dilution

1 Intracellular adhesion molecule-1 (ICAM-1, CD54) (6 5B5) (ref 1 1) Undiluted
2 Leucocyte common antigen (Dako PD7/2B 1 1) 1:10
3 E-selectin (ELAM-1) (1 *2B6) (ref 11) Undiluted
4 Vascular cell adhesion molecule-i (VCAM-1) (1 -4C3) (ref 11) Undiluted
5 CD68 (Dako EBM-1 1) identifies mononuclear phagocytes 1:50
6 CD3 (Dako 4B5), associated with the T cell antigen receptor 1:5
7 HLA-DR (Dako), a class II histocompatibility antigen 1:50
8 CD22 (Dako), a pan-B cell marker 1:5

Table 3 Number ofvessels in each biopsy specimen stainingfor cell adhesion molecules

Group VCAM-1 positive E-selectin positive
vessels/mm2 vessels/mm2

>0 3 >1 >2 >0 3 >1 >2

1 Norrnal controls 4/6 4/6 1/6 1/6 0/6 0/6
2 SLE muscle sections with 6/7 6/7 6/7 6/7 2/7 1/7

lymphocytic infiltrates
3 SLE muscle sections without 6/7 2/7 0/7 5/6* 0/6 0/6

lymphocytic infiltrates
1 and 2 Comparison using Fisher's exact test - - p=0-02 p=0-02 -
2 and 3 Comparison using Fisher's exact test - - p=0-002 p=054 -
1 and 3 Comparison using Fisher's exact test - - p=046 p=004 -

*E-selectin not done on one patient.

antibodies to cell adhesion molecules were
grouped around the section reacting with
antibodies to leucocyte common antigen.
(b) To indicate whether T cells within the
lesion were expressing HLA-DR, anti-HLA-
DR was used on a section adjacent to the anti-
CD3 treated section.
(c) To demonstrate the approximate pro-
portions of macrophages, T cells, and B cells
in the lesions the antibodies to CD68, CD3,
and CD22 were grouped together.

After incubation in the primary antiserum,
sections were rinsed in TBS, pH 7-6, and
incubated in a peroxidase conjugated secon-
dary antiserum-namely, rabbit antimouse
immunoglobulin (Dako), diluted 1:100, for 30
minutes. Sections were then rinsed in TBS and
the peroxidase was visualised by incubation in
300 ml of TBS, pH 7-6, containing 0-15 g of
3,3'-diaminobenzidine tetrahydrochloride
(Fluka), 0-2 g of imidazole (Sigma), and 225
i±l of 6% hydrogen peroxide for 10 minutes.
Sections were then rinsed, lightly post-stained
in haematoxylin, and mounted. All the above
procedures were carried out at room
temperature.
The total number of vessels positive for

E-selectin and VCAM-1 was recorded from
examination of the entire section at 10OX

magnification. The area of the sections stained
for E-selectin and VCAM-1 was calculated
with computer aided image analysis equipment
(Seescan) to allow calculation of the density of
positively staining vessels. Comparisons
between groups were made using Fisher's
exact probability test.

Results
We compared the distribution of adhesion
molecules in the muscle biopsy specimens of
patients with SLE and those of control
subjects. Slides stained with H&E and with
leucocyte common antigen were examined to
distinguish between perivascular and muscle
parenchymal infiltration. Surface area of
sections ranged between 2-5 and 10-5 mm2.

MICROVASCULAR EXPRESSION OF CELL

ADHESION MOLECULES

In any one section all blood vessels with a
perivascular infiltrate reacted with 1 4C3
antibody to VCAM-1 (fig 1A). Examination of
each section as a whole showed that at least two
vessels per mm2 reacted in six of seven patients
with lymphocytic infiltrates (patients 1, 2, 6, 7,
9, and 13) compared with one of six control
patients (p=0025) and none of the seven
patients without infiltrates (p=0 0023) (see
table 3).

1-2B6 antibody against E-selectin was
expressed on at least 0 3 vessels per mm2 (two
or more vessels per section) in 1 1 of 13 patients
with SLE (all except patients 3 and 10) and in
one of six control patients. Compared with
biopsy specimens from normal controls, there
was significantly higher E-selectin expression
on SLE biopsy specimens both with
(p=00245) and without (p=0 039) lym-
phocytic infiltrates. Although all vessels with
perivascular lymphocytic infiltrates reacted
with anti-E-selectin, the intensity of expression
on some vessels was low, and in contrast with
VCAM-1 expression there was no significant
difference in E-selectin expression between
SLE biopsy specimens with and without
lymphocytic infiltration (p=0 54).
As anticipated, ICAM-1 was widely

expressed on vessels in control and SLE biopsy
specimens. No attempt was made to measure

E. t of X <^S R%4W%:

.4

Figure 1 Muscle biopsy specimen from a patient with systemic lupus erythematosus (patient 6) showing a lymphocytic
infiltrate surrounding an occluded small vessel. The non-infiltrated tissue on the upper right and on the left hand side of the
field is muscle fibre. (A) VCAM-1 is expressed in the wall of the affected vessel and on some infiltrating cells at the bottom
of the field; (B) ICAM-1 is expressed in the same vessel and infiltrate. Immunoperoxidase with haematoxylin counterstain.
(Bound antibody illustrated by black staining.) Bar=20,um.
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A B

Figure 2 Muscle biopsy specimenfrom a patient with mixed connective tissue disease (patient 13). The central muscle fibre
is infiltrated by mononuclear cells. (A) VCAM-1 and (B) ICAM-1 are expressed on cells within the infiltrate and on
interfibre dendritic processes. Immunoperoxidase with haematoxylin counterstain. (Bound antibody illustrated by black
staining.) Bar=20,m.

ICAM- 1 expression, though there was a visibly
increased intensity of staining on vessels with
perivascular infiltrates (fig 1B) compared with
unaffected vessels of patients with infiltrates.

EXTRAVASCULAR EXPRESSION OF CELL

ADHESION MOLECULES

No extravascular expression of E-selectin was
noted in the muscle of patients with SLE or
controls. Extravascular staining with anti-
VCAM-1 was found in conjunction with the
larger inflammatory infiltrates. In some areas
its expression was amorphous and might have
been associated with necrotic tissue. A striking
observation was of fine interfibre dendritic
processes reacting with antibody to VCAM-1
(fig 2A) in all three cases with muscle
parenchymal infiltrates (patients 2, 9, and 13).
These processes were most concentrated in
apposition to necrotic muscle fibres and, based
upon inspection of serial sections, also reacted
with antibodies to ICAM-1, CD68, and HLA-
DR. In all control and non-infiltrated muscle
sections examined the number of distinct
dendritic processes reacting with anti-VCAM-
1 was between zero and two. This also applied
to three of the four patients with purely
perivascular infiltrates. The fourth patient
(patient 6) had antibody to VCAM-1
expressed on dendritic processes radiating
from the affected vessel, but not elsewhere.

In contrast with VCAM- 1, extravascular
expression of ICAM-1 was noted on frequent,
fine, interfibre dendritic processes in all control
and patient samples (fig 3), though the number
of ICAM-1 positive dendritic processes was

/.
4T

Figure 3 Normal muscle
showing expression of
ICAM-1 on interfibre
processes. Immuno-
peroxidase with
haematoxylin counterstain.
(Bound antibody illustrated
by black staining.)
Bar=2OAim.

.".S6ow~' iI

markedly increased in some patients with
perivascular infiltrates and in all three patients
(patients 2, 9, and 13) with muscle fibre
involvement (fig 2B). ICAM- 1 was also
expressed on a small proportion of
mononuclear inflammatory cells (fig 1 B).

CELLULAR COMPOSITION OF INFILTRATES

Perivascular infiltrates were found to be
composed predominantly of CD3+ and
CD68+ cells. The infiltrates were mostly small,
and therefore detailed quantitative analysis
could not be performed. In the larger infiltrates
(>50 cells per section-patients 1, 2, 13),
CD3+ cells outnumbered CD68+ cells by at
least four to one. Only one or two cells in each
infiltrate were CD22+ (B cells), except in one
case (patient 2) where nearly 30% of cells were
CD22+. No cells in any of the infiltrates
showed the speckled peroxidase reactivity
typical of granulocytes.

HLA-DR EXPRESSION ON T CELLS
In the sections with smaller infiltrates it was not
clear whether CD3+ cells were also HLA-
DR+, given that serial sections rather than
double staining had been performed. In the
three pairs of sections with the largest
infiltrates, because most infiltrating cells were
CD3+ and also HLA-DR+, one can conclude
that these populations overlapped.

Discussion
We have characterised skeletal muscle biopsy
specimens from patients with SLE for the
expression of the cytokine inducible adhesion
molecules ICAM-1, VCAM-1, and E-selectin.
Examination of blood vessels showed
expression of both VCAM-1 and E-selectin in
biopsy specimens with mononuclear cell
infiltration. Interestingly, the slight increase,
compared with control biopsy specimens, in
the numbers of vessels expressing E-selectin in
SLE was not related to the presence of
leucocytes in the tissues, whereas marked
VCAM-1 expression by blood vessels (>2
vessels/mm2) was only seen in biopsy speci-
mens with mononuclear cell infiltrates. This
suggests that E-selectin expression may be a
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general feature of the skeletal muscle
microvasculature in SLE, perhaps related to
raised levels of circulating cytokines, though
there is as yet little evidence of this.'2 13 In
contrast, the data suggest that VCAM-1
expression is more likely to be determined by
factors released locally by cells within
perivascular infiltrates. Because of the high
constitutive expression of ICAM- 1 on vessels
in normal skeletal muscle, no attempt was
made to measure ICAM-1 expression, though
like VCAM-1 expression, this seemed to be
greatest on vessels with perivascular
mononuclear cell infiltrates.
An increase of dendritic cells has been noted

in a variety of chronic inflammatory disorders,
including polymyositis,14 15 and leucocyte
common antigen positive, HLA-DR+,
CD68+, acid phosphatase negative dendritic
cells in muscle have recently been
characterised in our laboratories (Lowe J,
personal communication). We documented
ICAM-1 both on control and SLE muscle
dendritic cells, whereas the expression of
VCAM-1 on dendritic cells was limited, with
one exception, to those biopsy specimens in
which parenchymal muscle infiltrates were
present. This may denote de novo expression
ofVCAM-1, but it is recognised that immuno-
peroxidase is a relatively insensitive technique
and that the use of other immunocytochemical
methods might have indicated upregulation
rather than de novo expression. ICAM-1 on
accessory cells has been shown to be involved
in T cell activation'6 17 and our findings
support the concept that dendritic cells have a
significant role in T cell activation in chronic
inflammatory disease.'5 In vitro studies with
purified VCAM-1 have suggested that it, too,
may have an additional role in the costimu-
lation of T cells.'8 19 VCAM-1 has also been
identified on a population of extravascular
stellate cells in inflamed, but not normal
skin,7 20 a situation not dissimilar to our own
findings in muscle.

Classically, immunoglobulin and
complement deposition in muscle vessels has
been regarded as evidence for an immune
complex mediated pathogenesis of vessel
damage in SLE.21 22 We have shown, however,
that the capillary lesions in SLE skeletal muscle
contain a large proportion of HIA-DR+ T
cells, and we note that similar findings have
been recorded in the renal biopsy specimens
from patients with SLE.23 Our results also
show marked upregulation of ICAM-1 on
round, closely associated inflammatory cells
(fig 2). Upregulation of ICAM-1 is a feature of
both antigen presenting cells and activated T
cells2426 and may be involved in T cell
cytotoxicity.27 28

In conclusion, we suggest that the three
inducible adhesion molecules ICAM- 1,
VCAM-1, and E-selectin play a part in the
pathogenesis of these microvascular
inflammatory lesions in muscle in patients with
SLE. Whether or not the perivascular
infiltrates associated with small vessel
endothelial swelling involve vascular injury is a
question which must remain open.
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