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Juvenile dermatomyositis (JDM) is a rare systemic vascu-
lopathy of unknown etiology and pathogenesis, with an inci-
dence of 3.1 per million children per year1.

In JDM the most important target of immunopathologic
attack seems to be the blood vessels of muscle, particularly
the microvasculature, where deposits of immunoglobulin
and activation of complement have been reported2,3. The
activated complement might further induce cytokine
release, which will regulate expression of intercellular adhe-
sion molecule-1 (ICAM-1) and vascular cell adhesion mole-
cule-1 (VCAM-1) in the endothelial cells4,5. ICAM-1 and
VCAM-1 are members of the immunoglobulin gene super-

family. ICAM-1 expression on endothelial cells is constitu-
tive, but can be markedly increased by exposure to
cytokines. It is the major ligand for lymphocyte function
associated antigen-1 (LFA-1), an adhesion molecule on
leukocytes. VCAM-1 represents the endothelial cell ligand
for very late activation antigen-4 (VLA-4), present on
lymphocytes, eosinophils, and monocytes. Vascular
endothelium in most normal tissues expresses little or no
VCAM-1. Interactions of LFA-1/ICAM-1 and VLA-
4/VCAM-1 are likely responsible for the accumulation of
inflammatory cells in autoimmune diseases6.

Reports suggest that the expression of adhesion mole-
cules on vessels might be related to the pathologic mecha-
nism of perivascular invasion of inflammatory cells, in
addition to the activation of endothelial cells and E-selectin,
which may also indicate the ongoing inflammatory
process7,8.

Although some studies have investigated ICAM-1 and
VCAM-1 expression in adult DM and other inflammatory
myopathies such as polymyositis (PM) and inclusion body
myositis (IBM)4,6-17, very few studies have been carried
out18,19 in JDM. We investigated the participation of these
adhesion molecules in untreated JDM.

MATERIALS AND METHODS
We studied 27 out of 37 muscle biopsy specimens from patients fulfilling
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ABSTRACT. Objective. To assess expression of intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) on muscle biopsy specimens from patients with untreated juvenile
dermatomyositis (JDM).
Methods. Histochemical and immunohistochemical tests for ICAM-1 and VCAM-1 were performed
on serial frozen sections from 27 JDM muscle biopsy specimens. ICAM-1 and VCAM-1 expression
was analyzed on capillaries, perimysial and endomysial large vessels, and muscle fibers. Expression
was assessed and graded semiquantitatively.
Results. Increased ICAM-1 expression was observed on capillaries and perimysial large vessels on
semiquantitative analysis, and was statistically more evident than on endomysial large vessels. In all
cases, only a few muscle vessels showed expression of VCAM-1. Expression of ICAM-1 and
VCAM-1 was observed on few muscle fibers.
Conclusion. The observation of ICAM-1 expression on muscle vessels, mainly on capillaries of
patients with untreated JDM compared to controls, and VCAM-1 expression to a lesser extent,
mostly on muscle vessels surrounded by inflammatory infiltrate, supports the participation of these
adhesion molecules in the pathologic mechanism of vascular injury in JDM. (J Rheumatol
2004;31:801–7)
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the Bohan and Peter criteria for JDM20,21 attending the Pediatric
Rheumatology Unit of the Children’s Institute, University of São Paulo
Medical School and Santa Casa de Misericórdia de São Paulo Medical
School. All patients were in the initial disease phase prior to introduction of
any therapy. Nine cases that received corticosteroid therapy prior to biopsy
were excluded, as well as one case in which the muscle specimen was not
available for immunohistochemical preparations. The Bohan and Peter
inclusion criteria were fulfilled as follows: (1) Muscle strength measured
by Medical Research Council22: no patient presented degree I, 5 patients
were degree II, 12 patients were degree III, 6 patients were degree IV, and
4 patients were degree V. (2) Serum muscle enzyme concentrations: (a)
creatine kinase (CK): 18 patients presented increased level of CK; (b) AST,
ALT, lactate dehydrogenase, aldolase: 9 patients presented alterations of at
least one of the enzymes. (3) Electromyography was performed in only 6
patients, who showed alterations of myopathic pattern. (4) Muscle biopsy
was performed in all patients, and showed inflammatory alterations. (5)
Cutaneous involvement: heliotrope was present in 26 patients and
Gottron’s papules in 22.

The mean age of disease onset was 6 years, 7 months, ranging from 1
year, 5 months to 11 years.

The mean time up to the biopsy was 8 months (range 1 to 64 mo).
Nineteen out of 27 patients were mulatto, while 7 were caucasian, and

one was black.
Fourteen age matched controls, with muscle weakness but without

myositis, were also included. The mean age of controls was 8 years,
ranging from 1 year and 9 months to 15 years of age. The controls were
chosen from among untreated cases presenting only muscle weakness
and/or hypotonia of unknown origin who underwent biopsy as a diagnostic
procedure to exclude degenerative or structural diseases. No morphological
alterations or inflammatory infiltration of any kind were observed.

Prior to the muscle biopsy, patients were informed of the objectives of
the examination and their written consent was obtained. The study was
approved by the local ethics committee.

Histopathological and immunohistochemical methods. Muscle biopsy
specimens were obtained from brachial biceps muscle in all patients,
including patients with JDM and controls. All presented weakness in upper
extremities, except Patients 2, 4, 11, and 17, who presented muscle strength
grade V. A total of 27 muscle biopsy specimens of JDM patients and 14
controls were submitted to histopathological and immunohistochemical
analysis. Routine standard histological and histochemical techniques were
employed in muscle biopsies. Sequential frozen sections were stained with
H&E, modified Gomori trichrome, periodic acid Schiff, cytochrome C
oxydase, NADH-tetrazolium-reductase, succinate dehydrogenase, adeno-
sine triphosphatase, pH 4.3 and 9.4, and alkaline and acid phosphatase23.
Each muscle biopsy specimen was coded and analyzed separately by 2
investigators (AMES and SKNM), and any discrepancy was reviewed
concomitantly. When consensus was not achieved, analysis was carried out
by a third observer (AW). Perifascicular atrophy was observed in all
patients, and findings of focal myofibrilar loss, necrotic and regenerating
fibers, perivascular and endomysial inflammation, and increased connec-
tive tissue were assessed semiquantitatively as described21.

Immunoreagents. The monoclonal antibodies (Dakopatts) used in ICAM-1
and VCAM-1 were clone 6.5B5 (M7063) and 1.4C3 (M7106), in dilution
of 1:200 and 1:100, respectively.

Strept-ABC-complex/HRP immunohistochemical procedure. Serial frozen
sections of 5 µm thickness were fixed for 10 min in acetone at 4˚C.
Endogenous peroxidase was blocked with H2O2 1% in absolute methanol 4
times, for 5 min each. After a rinse in distilled water followed by phosphate
buffered saline (PBS; 0.01 M, pH 7.4) for 5 min, the specimen was incu-
bated in fetal calf serum in a wet chamber for 1 h at 37˚C. The primary anti-
body diluted in PBS and bovine serum albumin 1% was applied in a wet
chamber at 37˚C overnight. The slides were then washed in PBS, and the
prepared secondary mouse biotinylated Strept-ABC-complex/HRP was
applied for 30 min at 37˚C, then rinsed in PBS. Subsequently, the prepared

Strept-ABC-complex/HRP in 1:100 dilution was applied for 30 min at
37˚C, and after rinsing in PBS was incubated with a chromogenic substrate
solution for peroxidase 3.3′-diaminobenzidine tetrahydrochloride (DAB).
After a final rinse, hematoxylin counterstaining was performed. The slides
were mounted and coverslipped with an aqueous mounting medium.
Preparations of all muscle specimens were done at the same time as a batch.
Each biopsy specimen was also analyzed separately by 2 investigators
(AMES and SKNM). Ten random fields with 400× magnification, repre-
senting almost the entire area of the specimen and including an average of
500–1000 muscle fibers, were analyzed for capillaries and large vessels on
endomysial and perimysial locations and muscle fibers. The expression of
ICAM-1 and VCAM-1 was observed on lumen (at the luminal side of the
vessel wall) and adventitia (on adjacent structures including vasa vasorum
but not resident macrophages) of the large vessels (endomysial and
perimysial vessels).

Immunohistochemical analysis. Expression of ICAM-1 and VCAM-1 was
assessed by a semiquantitative method as follows: (–) = no expression; (+)
= expression of 1–25% on analyzed structures; (++) = 26–50%; (+++) =
51–75%; and (++++) = 76–100%.

Statistical analysis. Semiquantitative analysis of ICAM-1 and VCAM-1
expression was interpreted with the Mann-Whitney and Kruskal-Wallis
tests for independent samples. Comparison between the expression on
endomysial and perimysial large vessels and capillaries in relation to the
semiquantitative analysis was done using the Friedman test for related
samples. Accordance between the distribution of reaction results on
endomysial and perimysial large vessels was tested by the McNemar test.
Significance of 0.05 (α = 5%) was adopted and descriptive levels (p) below
that value were considered significant.

RESULTS
Expression of ICAM–1. Expression of ICAM-1 was positive
on 100% of the muscle biopsy specimens (Table 1). The
expression of ICAM-1 on vessels, especially capillaries and
perimysial large vessels, was remarkable when compared to
the low expression on muscle fibers (Figure 1). ICAM-1
expression on perimysial vessels and capillaries was similar
and more marked than on endomysial large vessels and
muscle fibers (p < 0.001), as shown in Table 1. No statisti-
cally significant difference was found between ICAM-1
expression on lumen and adventitia of endomysial and
perimysial large vessels (p = 0.228; Table 1). There was a
remarkable statistical difference between ICAM-1 expres-
sion on JDM and control samples on capillaries (p = 0.034)
and endomysial (p = 0.009) and perimysial large vessels (p
< 0.001), and no significant statistical difference between
ICAM-1 expression on JDM and control samples on muscle
fibers (p = 0.135; Tables 1 and 2, Figure 1E).

No relevant correlation was found between the expres-
sion of ICAM-1 on capillaries, endomysial and perimysial
vessels, and muscle fibers compared to the presence of focal
myofibrilar loss, necrotic regenerating fibers, and increased
connective tissue. Moreover, no difference was observed for
perivascular and endomysial inflammation in comparison to
ICAM-1 expression.

Expression of VCAM-1. VCAM-1 expression was positive
on 11 muscle biopsy specimens (40.7%; Table 1) and on
9/11 positive cases on vessels surrounded by inflammatory
infiltrate. Among those, positive expression was found in 2

The Journal of Rheumatology 2004; 31:4802
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Table 1. Immunohistochemical analysis of ICAM-1 and VCAM-1 in 27 untreated JDM muscle biopsy specimens.

ICAM-1 Expression VCAM-1 Expression
Patient Capillaries Endomysial Perimysial Muscle Capillaries Endomysial Perimysial Muscle

Vessels Vessels Fibers Vessels Vessels Fibers
SQ SQ L SQ L SQ SQ SQ L SQ L SQ

1 +++ ++ la + l + – – – – – –
2 ++ + l ++ la – – – – – – –
3 ++ – – + l – – – – – – –
5 ++ + l ++ l – – – – – – –
6 ++ ++ a ++ la + – – – + la –
7 + – – – – – – + l – – –
8 + + la ++ l + + – – – – +
9 +++ ++ l + l +++ – – – – – –
10 – – – ++ l – – – – – – –
12 + + la ++ la – – – – – – –
14 + + la + la – – – – – – –
16 ++ + l + l – – – – + l –
17 ++ + l ++ l – – – – – – +
18 + + l + l – – – – + l –
19 ++ + l ++ la – + – – – – –
20 ++ ++ la + l – – – – + la –
21 + + l ++ la – – – – + l –
22 + – – + l – – – – + l –
23 + + la ++ l – – – – – – –
24 +++ ++ la ++ la – – – – – – –
25 ++ ++ la ++ la – – – – – – –
26 + ++ l + la – – + l + la –
28 + + la + la – – – – – – –
30 +++ + l ++ l – – – – – – –
31 +++ + la +++ la – – – – – – –
33 + – – + l – – – – – – –
37 ++ + l + l – – – – – – –

SQ: semiquantitative. L: location; l: lumen, a: adventitia, la: lumen and adventitia. (–) = no expression on the analyzed structures; (+) = 1–25%; (++) =
26–50%; (+++) = 51–75%; (++++) = 76–100%.

Table 2. Immunohistochemical analysis of ICAM-1 and VCAM-1 of 14 control muscle biopsy specimens.

ICAM-1 Expression VCAM-1 Expression
Controls Capillaries Endomysial Perimysial Muscle Capillaries Endomysial Perimysial Muscle

Vessels Vessels Fibers Vessels Vessels Fibers
SQ SQ SQ SQ SQ SQ SQ SQ

1 + + + – – – – –
2 + – – – – – – –
3 + + + – – – – –
4 ++ – + – – – – –
5 ++ – – – – – – –
6 + – – – – – – –
7 + – – – – – – –
8 + + + – – – – –
9 + – – – – – – –
10 + + – – – – – –
11 + – + – – – – –
12 + + + – – – – –
13 + – + – – – – –
14 + + + – – – – –

SQ: semiquantitative. L: location; l: lumen, a: adventitia, la: lumen and adventitia. (–) = no expression on the analyzed structures; (+) = 1–25%; (++) =
26–50%; (+++) = 51–75%; (++++) = 76–100%.
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(7.4%) cases on capillaries, 2 (7.4%) on endomysial large
vessels, and 8 (29.6%) on perimysial large vessels. The
positive expression was mostly on the lumen of the large
vessels. Further, only 2 specimens (7.4%) presented positive
expression on muscle fibers. There was no meaningful
statistical difference between VCAM-1 expression on capil-
laries, endomysial and perimysial large vessels, and muscle
fibers (p = 0.093; Table 1).

There was no significant statistical difference between
VCAM-1 expression on JDM and controls on capillaries (p
= 0.714), endomysial (p = 0.714) and perimysial large
vessels (p = 0.185), and muscle fibers (p = 0.302; Tables 1
and 2, Figure 1E).

Similarly, no relevant correlation was found between the
expression of VCAM-1 on capillaries, endomysial vessels,
perimysial vessels, and muscle fibers and the morphological
parameters analyzed on histological and histochemical
preparations.

Time to biopsy. No statistically significant difference was
found in the semiquantitative analysis of ICAM-1 and
VCAM-1 on capillaries (p = 0.534 and p = 0.820, respec-
tively), endomysial (p = 0.900 and p = 0.485) and perimysial
large vessels (p = 0.987 and p = 0.704), and muscle fibers (p
= 0.387 and p = 0.820) and time to biopsy.

DISCUSSION
Our main finding was the increased ICAM-1 expression on
intramuscular vessels, markedly on capillaries of patients
with untreated JDM, compared to control muscle biopsies.
In contrast, less striking VCAM-1 expression was observed
on muscle vessels, mostly surrounded by inflammatory
infiltrate. To our knowledge, this is the first study analyzing
ICAM-1 and VCAM-1 expression on muscle biopsy speci-
mens from patients with JDM. Previous studies on JDM just
assessed serum levels of soluble adhesion molecules16,17.
Studies concerning ICAM-1 expression on skeletal muscle
vessels were carried out only on adult DM, and showed
positive ICAM-1 immunostaining on muscle microvessels
was much more intense than on PM or control biop-
sies4,10–12. Additionally, angiopathy in adult DM was
confirmed by demonstration of active focal destruction of
capillaries, and the presence of complement-induced vessel
injury has been established by consistent evidence of acti-
vation of the complement cascade, with capillary damage

mediated by membrane attack complex24-30. The activated
complement C5a binds to endothelial cells and upregulates
adhesion molecule expression5. Therefore, it might be
possible that ICAM-1 and VCAM-1 expression on vessels is
induced by complement activated products in sublethal
endothelial cell injury4. As well, sublethal injury stimulates
interleukin 1α (IL-1α) production that induces ICAM-1
expression31. Thus, the idea that complement activation
products might induce cytokines that in turn induce ICAM-
1 and VCAM-1 expression is very attractive. It has been
demonstrated that these adhesion molecules, not expressed
on mature myofibers under physiological conditions, can be
induced on myoblast cultures32. As well, increased ICAM-1
expression on a variety of tissues including kidney, joint,
skin, and salivary gland has also been described in other
diseases with vascular involvement, such as antineutrophil
cytoplasmic antibody-positive small vessel vasculitis,
systemic lupus erythematosus, systemic sclerosis, rheuma-
toid arthritis, Behçet’s disease, and Sjögren’s syndrome33-38.
Our findings of striking ICAM-1 expression mainly on
muscle capillaries of JDM samples suggest that its induction
on microvessels occurred during the pathophysiologic
mechanism of vascular injury and persisted independently
of the duration of symptoms and the intensity of the inflam-
matory process measured by the presence of inflammatory
cells, since no correlations were observed between these
variables. A previous study showed that ICAM-1 expression
reaches its plateau and remains at this elevated level as long
as active cytokines are present38, and it might be a possible
explanation for the persistent ICAM-1 expression on muscle
vessels of our JDM biopsies.

In contrast, we found VCAM-1 expression on only
40.7% of muscle biopsy specimens, compared to absent
expression on control muscle biopsies. Moreover, those
cases showed positive immunostaining in only 25% of the
total vessels analyzed in each sample, whereas positive
expression on vessels surrounded by inflammatory infiltrate
was notable (82%).

The role of VCAM-1 induction on endothelial cells in
inflammatory myopathies remains controversial, as some
reports show significant increases of VCAM-1 expression
on microvessels in DM, and other studies describe its
expression on some arterioles surrounded by inflammatory
cells, but not on capillaries4,10,12. It has been reported that

Sallum, et al: ICAM-1 and VCAM-1 in JDM 805

Figure 1. Transverse serial sections of frozen muscle biopsy specimens. Immunohistochemical reaction Strept-ABC-complex for ICAM-1 and VCAM-1.
JDM samples: A: Positive expression of ICAM-1 on adventitia (large arrowhead), and on lumen and adventitia (black arrows) of perimysial vessels. Positive
expression of VCAM-1 on lumen of perimysial vessels (large arrowhead) (400×). B: Positive expression of ICAM-1 on capillaries (small arrows), endomysial
large vessels (larger arrows), and on the lumen of perimysial vessels (large arrowhead). Positive expression of VCAM-1 on a degenerating fiber (black arrow),
and negative expression of VCAM-1 on perimysial vessels (large arrowhead) and capillaries (small arrow) (400×). C: Positive expression of ICAM-1 on
capillaries (small arrows), endomysial large vessels (larger arrow), and lumen of perimysial vessels (large arrowhead) (200×). Positive expression of VCAM-
1 on perimysial vessels (large arrowheads) surrounded by inflammatory infiltrate (400×). D: Positive expression of ICAM-1 on degenerating fibers (white
arrows). Positive expression of VCAM-1 on a single muscle fiber (black arrow) (400×). Controls, E: Positive expression of ICAM-1 on perimysial vessels
(large white arrowheads), capillaries (small arrows), and a lymphoid cell (small white arrow, right); negative expression on some capillaries (black arrow-
head). Negative expression of VCAM-1 (400×).
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VCAM-1 is upregulated on the surface of endothelial cells
after 6 hours, with peak expression after 24 hours39, from
stimulation by the inflammatory cytokines IL-1 or tumor
necrosis factor-α, and remains at high levels for at least 72
hours after induction. VCAM-1 plays a role in recruiting
immune-competent cells40. A possible explanation for the
absence of VCAM-1 immunostaining on vessels of the
remaining biopsies in our patients might be the time elapsed
from induction.

The divergent results concerning VCAM-1 expression
could also be due to different sensitivity of immunohisto-
chemical protocols or the use of different antibodies.

Muscle fibers seem to play no role in the endothelial acti-
vation by these adhesion molecules, given that very few
fibers presented reactivity to ICAM-1 or VCAM-1, as
shown by others10,12,13,15.

We found no correlation between the time interval to
muscle biopsy, the degree of the inflammatory process, and
the expression of adhesion molecules on muscle vessels, in
accord with a previous study11. The difficulties in estab-
lishing the exact time of onset of the disease based on clin-
ical measures enhances the variability of these results.

We found ICAM-1 expression on muscle vessels, mainly
on capillaries, of patients with JDM as compared to control
muscle specimens; and we found VCAM-1 expression to a
lesser extent, mostly on muscle vessels surrounded by
inflammatory infiltrate, supporting the participation of these
adhesion molecules in the pathologic mechanism of
vascular injury in juvenile dermatomyositis.
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