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Significant abnormalities are observed in the peripheral blood of juvenile dermatomyositis (JDM) patients
with active disease. In this study, we confirm that there is a significant increase in the relative percentage of
B lymphocytes in the peripheral blood of a group of untreated children with newly diagnosed active JDM
compared to healthy children (P < 0.0001). In order to investigate if properties intrinsic to B cells contributed
to their relative increase in JDM, the percentage of B cells expressing activation markers (CD23, CD25, CD54,
and CD69) was measured and compared to pediatric controls. Compared to healthy children less than 10 years
of age (not significantly different from the JDM group), the JDM patients had an increase in the proportion
of lymphocytes expressing CD19 (B cells; P 5 0.0017) and decreases in the percentage of lymphocytes that were
CD32 CD161 and/or CD561 (NK cells; P 5 0.01) and CD31 CD81 (T suppressor/cytotoxic cells; P 5 0.02).
There were no significant differences in any of the B-cell activation markers assessed. Of note, the percentage
of CD541 non-B lymphocytes (i.e., T cells and NK cells expressing CD54) was significantly lower in the JDM
patients (25% 6 5%) than in the “age-related” healthy control group (43% 6 4%; P 5 0.013). These results
suggest the following for untreated children with active JDM: (i) the increase in the percentage of peripheral
blood B cells is not due to intrinsic B-cell activation, and (ii) CD54/ICAM-11 non-B cells, CD81 T cells, and
NK cells are being removed from circulation and may be participating in the pathophysiology of the disease.

Juvenile dermatomyositis (JDM) is a rare systemic vascu-
lopathy of unknown etiology and pathogenesis, with an inci-
dence of 3.1 of 1,000,000 children/year (19). The hallmarks of
this illness include a characteristic rash, symmetrical proximal
muscle weakness, and on examination of affected muscle, cap-
illary occlusion (partially by lymphocytes). Abnormalities in
the peripheral blood lymphocytes of untreated JDM with ac-
tive symptoms have been reported previously. Specifically, pa-
tients are lymphopenic with a relative increase in the percent-
age of peripheral blood B lymphocytes (13, 20, 22). The
relative increase in the percentage of circulating B lymphocytes
appears to be highest in early active disease, reverts towards
normal with effective therapy, and is associated with changes in
clinical disease activity (10).

The purpose of this study was to assess the activation status
of the B lymphocytes in the peripheral blood of JDM patients
in order to investigate the underlying mechanisms associated
with the relative increase in the percentage of B lymphocytes
observed in patients with active disease. The percentage of B
lymphocytes expressing CD23, CD25, CD54, and CD69 was
determined in addition to routine immunophenotyping (B, T,
T-helper, T-suppressor, and NK cells) in the peripheral blood
of newly diagnosed JDM patients with untreated active dis-
ease. The results obtained from the JDM patients were com-
pared to the results obtained simultaneously from a group of
healthy control children.

MATERIALS AND METHODS

Patient populations. Between April 1996 and August 1998, peripheral blood
samples were obtained from 10 newly diagnosed, untreated JDM patients with
active disease. All patients fulfilled the criteria of Bohan and Peter (2) as having
definite JDM. During this time, peripheral blood samples were obtained from 37
healthy children attending outpatient clinics for well-child visits. The study was
approved by the Institutional Review Board at the Children’s Memorial Institute
for Education and Research, and each participant or their guardian signed an
informed consent.

Flow cytometry. (i) Staining. Samples were processed for flow cytometry using
standard whole-blood staining methodology as prescribed by the manufacturer.
Monoclonal antibodies were combined into two-color panels to measure the
following activation markers on B cells: CD19-FITC/CD23-PE (low-affinity im-
munoglobulin E [IgE] receptor), CD19-FITC/CD25-PE (the alpha chain of the
interleukin-2 [IL-2] receptor), CD19-FITC/CD54-PE (intracellular adhesion
molecule 1 [ICAM-1]), and CD19-FITC/CD69-PE (early activation markers).
For the measurement of the major lymphocyte subsets, premixed two-color
monoclonal antibody combinations were used: CD45-FITC/CD14-PE (lympho-
cyte gating reagent), CD3-FITC/CD4-PE (T-helper cells), CD3-FITC/CD8-PE
(T-suppressor/cytotoxic cells), CD3-FITC/CD19-PE (Pan T cells and B cells),
and CD3-FITC/CD16&CD56-PE (Pan T cells and natural killer [NK] cells). All
monoclonal antibodies were obtained from Becton Dickinson (Mountain View,
Calif.). All samples were run and analyzed on either a FACScan or a FACScali-
bur flow cytometer (Becton Dickinson).

(ii) Analysis. Sample data were acquired as list mode data by using the
Simulset acquisition and analysis software. Both the routine subset and the B-cell
activation marker analyses were run simultaneously. The first tube in the panel
contained the lymphocyte reagent gating (CD45-FITC/CD14-PE), which is used
to define the lymphocyte cluster and to determine the recovery and purity of the
lymphocytes in the analysis region. All specimens in the study had a lymphocyte
recovery of greater than 90% and lymphocyte purity greater than 85%. Mea-
surements of all the lymphocyte subsets were corrected to 100%, based on the
purity of lymphocytes within the lymphocyte analysis gate. Positive fluorescence
was defined as the percentage of events which expressed fluorescence above a
non-leukocyte-specific isotype and fluorochrome-matched monoclonal antibody.
Data for B-cell activation markers were expressed as the percentage of CD191

B lymphocytes expressing the activation marker of interest. For the analysis of
CD541 non-B cells, the results are expressed as percent CD541 non-B cells
calculated as the number of CD541 CD192 events (Fig. 1) divided by CD542

CD192 plus CD541 CD192 events (Fig. 1) times 100. When results of one
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subset, e.g., CD3, were obtained from more than one tube of a single patient,
then the arithmetic mean of all the values was used.

Statistics. Since the percentages of many lymphocyte subsets are not normally
distributed, nonparametric statistics (Mann-Whitney rank test) were used to
compare the results obtained between groups. The two-sample t test was used to
compare differences in age between the groups. To evaluate the relationship
between the percentage of CD541 non-B cells and age, simple regression anal-
ysis was performed.

RESULTS

B cells and B-cell activation markers. The percentage of B
lymphocytes in the peripheral blood of the JDM patients was
significantly higher (P 5 0.0001) than that observed in the
control patients (Table 1). Of the B-cell activation markers
measured, only the CD541 B-cell subset was significantly dif-
ferent (P 5 0.02) from the percentage observed in the healthy
control group. It has been reported that the percentage of
CD54-positive cells is associated with age (1, 21). When all of
the healthy control children were included in the analysis, the
mean age of the healthy controls (n 5 37) was significantly
greater than that of the JDM patients (11.2 6 0.6 [mean 6
standard error of the mean] years versus 5.9 6 0.9 years, P ,
0.0001). When healthy children older than 10 years of age were
excluded from the analysis, there was no significant difference
in age between the two groups (7.9 6 0.6 years versus 5.9 6 0.9
years, P 5 0.7); therefore, the “age-related” healthy control
group was used in all subsequent analyses. The relative per-
centage of B cells in the JDM patients was significantly higher
than that of the age-related control group (P 5 0.0017); how-
ever, none of the B-cell activation markers differed signifi-
cantly (Table 1).

CD541 non-B cells. Measurement of the activation marker
CD54 on non-B cells (Fig. 1) indicated that the percentages of
CD541 non-B lymphocytes in the peripheral blood of the JDM
patients were significantly lower than the percentages observed
in both the entire group of 37 healthy control subjects (P 5
0.0002) and the group of age-related control subjects (P 5
0.013). Of note, there was a positive association between the
percentage of CD54-positive lymphocytes and age in the
healthy control subjects whereas there was a negative associa-
tion between percent CD541 lymphocytes and age in the JDM
patients (Fig. 2).

Major lymphocyte subsets. In addition to confirming a sig-
nificant increase in the relative percentage of CD191 B lym-
phocytes in the peripheral blood of active untreated JDM
patients, the percent total T cells (CD31), percent NK cells
(CD32/CD161 and/or CD561), and percent T suppressor/cy-
totoxic cells (CD31 CD81) were significantly reduced as com-
pared to the results obtained from the age-related control
group (Table 2).

DISCUSSION

This study confirms previous observations of a significant
increase in the relative percentage of B lymphocytes and a
corresponding decrease in the percentage of T lymphocytes in
the peripheral blood of patients with untreated active JDM
(13, 20, 22). In addition to the increase in B cells, over 70% of
active untreated JDM patients have a positive anti-nuclear
antibody test and selected (not polyclonal) elevation in Ig
levels (22, 24). The peripheral lymphopenia and the relative
increase in the percentage of B lymphocytes may be associated
with a decrease in circulating CD81 cells, with increased lo-
calization of CD81 lymphocytes in the affected muscle (23);
however, intrinsic B-cell activation has not been investigated.
The present study was designed as a follow-up to measure the
in vivo activation status of the B lymphocytes in untreated
JDM patients with active early disease in order to investigate
the mechanisms underlying the humoral abnormalities and the
overrepresentation of B lymphocytes in the peripheral blood.

Four well-characterized B-cell activation antigens were mea-
sured in the JDM patients and compared to those of the
healthy control group. CD23, the low-affinity IgE receptor, is a
member of the C-type lectin superfamily of signal transduction
receptors and was cloned in the late 1980’s (14, 15). CD23 is an
early activation antigen expressed primarily on B lymphocytes,
appearing within 4 h after in vitro activation with IL-4 and
peaking after approximately 16 to 24 h (7). It has numerous
functions as both a ligand and a receptor on B cells, and its
expression is actively regulated (reviewed in reference 3). Ab-
normal expression of CD23 on B cells has been reported for
several diseases, including rheumatoid arthritis (16), and for
HIV-infected children (25). Abnormalities in CD23 expression
on B cells remains an active area of investigation in rheuma-
toid arthritis (18).

CD69 is one of the first antigens to appear on the surface of
all lymphocyte subsets following in vitro activation with a va-
riety of stimuli and functions as a signal-transducing receptor
(11). In vitro CD69 can be detected on lymphocytes as early as
2 h after stimulation, and it is expressed maximally between 18
and 30 h poststimulation and decreases thereafter (11). Base-
line CD69 expression levels and abnormalities in the ability of
cells to upregulate CD69 has been investigated in numerous
patient populations.

CD25, the alpha chain of the IL-2 receptor, joins with the
constitutively expressed beta and gamma chains to form the
high-affinity IL-2 receptor. In order for B cells to proliferate
and differentiate they must express the high-affinity IL-2 re-
ceptor, which requires the induction and increased surface
expression of CD25 (6, 8). CD25 can be unregulated on B cells
by anti-Ig (5) IL-4 and soluble CD40 ligand (6). Rodriguez et

TABLE 1. Comparison between healthy controls and JDM patients for the percentage of lymphocytes expressing CD19 (B cells),
the proportion of B cells expressing the cell surface activation marker CD23, CD25, CD54, or CD69,

and the proportion of non-B cells expressing CD54

Group (n)a % Lymphocytes
expressing CD19

% CD191 cells expressing: % Non-CD191

CD541
CD23 CD25 CD54 CD69

Healthy controls (37) 17 6 1 (P , 0.0001)b 81 6 2 (NS) 15 6 1 (NS) 85 6 2 (p 5 .02) 15 6 2 (NS) 50 6 2 (P 5 0.0002)
Healthy controls (,10 yr old) (12) 19 6 1 (P 5 0.0017)c 78 6 3 (NS) 16 6 1 (NS) 80 6 4 (NS) 15 6 4 (NS) 43 6 4 (P 5 0.013)
JDM patients (10) 30 6 3 83 6 3 19 6 3 77 6 3 20 6 4 25 6 5

a Healthy controls (n 5 37) differed significantly in age from the JDM patients (11.2 6 0.6 years [mean 6 standard error of the mean] versus 5.9 6 0.9 years, P ,
0.0001) at the time of analysis. The healthy controls ,10 years old did not differ significantly in age from the JDM group (7.9 6 0.6 versus 5.9 6 0.9, P 5 0.07).

b P values indicate the level of significance of the difference between the entire group of healthy children (n 5 37) and the JDM patients. NS, not significant.
c P values indicate the level of significance of the difference between the group of healthy children less than 10 years of age (n 5 12) and the JDM patients. NS, not

significant.
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al. (25) recently assessed the expression of CD25 on B lym-
phocytes in HIV-infected patients and noted small but insig-
nificant decreases compared to a healthy control group.

CD54 (ICAM-1) is a membrane glycoprotein and a member
of the Ig supergene family. It is constitutively expressed on
endothelial cells, epithelial cells, and fibroblasts, as well as on
T cells, B cells, dendritic cells, macrophages, and eosinophils
(27), and it can be actively upregulated in response to a variety
of mediators, including viruses, proinflammatory cytokines,
and hormones (26). CD54 plays a central role in cell-to-cell
mediated immune responses and is a ligand for the leukocyte
function-associated antigen LFA-1 (CD11a/CD18). CD54 can
be actively upregulated on the surface of B lymphocytes by
exposure to IL-1 and IL-7 (9).

The percentages of B cells expressing each of the above
activation markers did not differ between the patients with
active JDM and the age-related healthy children. Initial com-
parisons which included the entire cohort of healthy children
(n 5 37) had indicated that CD54-positive B cells were signif-
icantly reduced in JDM patients compared to the entire cohort

of healthy children. Since the entire healthy control group was
significantly older than the JDM group and since it is known
that CD54 expression on lymphocytes increases with age (1,
21), we could not rule out the possibility that the increased
CD54 expression in the control group was due to their being
significantly older. Therefore, we performed a separate analy-
sis that included only control children less than 10 years of age.
When the groups were more closely matched for age (i.e., not
significantly different), the relative percentage of B cells re-
mained significantly higher in the JDM patients; however,
there were no significant differences in any of the B-cell sub-
sets. These results suggest that the increase in the relative
percentage of B lymphocytes in the peripheral blood of the
JDM patients is not due to intrinsic B-cell activation.

In addition to the increase in the proportion of B lympho-
cytes, there was a corresponding decrease in the proportion of
T cells in JDM patients versus the age-related controls. The
decrease in total T cells appeared to be due to a specific
decrease in CD81 T cells, as the proportions of CD41 T cells
did not differ significantly between the two groups. Increased B

FIG. 1. Four dot plots generated from peripheral blood samples obtained from two healthy age-related control patients (left) and two representative untreated JDM
patients (right) with active disease; samples were stained with CD19-FITC (x axis) and CD54-PE (y axis). The events illustrated in each dot plot were generated from
lymphocytes electronically gated by characteristic forward versus right angle light scatter signals (see Materials and Methods). Note the apparent decrease in the CD541

CD192 subset in the upper left hand quadrant of each histogram of the JDM patients (19 and 9%) compared to the two healthy controls (57 and 54%).
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cells and decreased CD81 cells have been previously observed
in a group of adult patients with dermatomyositis (20). Not
previously reported was the significant reduction in the per-
centage of circulating NK cells observed in the JDM group
compared to the age-related healthy control group (7 versus
10%, P 5 0.02).

With respect to the activation markers, a significant decrease
in the proportion of CD541 non-B cells was observed in the
JDM patients compared to the age-related control group (Fig.
1). Only 3 out of 10 (30%) JDM patients had greater than 30%

CD541 CD192 lymphocytes in their peripheral blood com-
pared with 35 out of 37 healthy children (95%). Since the
analysis was performed on total lymphocytes as defined by
characteristic light scatter properties, the CD541 non-B cell
populations must represent T cells and/or NK cells. Further
delineation of the specificity of the CD541 non-B cells was not
possible, but it is currently being investigated in active un-
treated JDM patients. It is also significant that the relationship
between the expression of CD54 and age differed between the
JDM patients and the healthy control children, providing fur-
ther evidence that the cells expressing CD54 are involved in
the pathogenesis of JDM.

The significant decrease in the CD541 non-B lymphocytes
may represent a specific loss of these cells or a selective de-
pletion as a consequence of homing to the sites of inflamma-
tion present in JDM skin and muscle. The latter hypothesis is
supported by immunohistochemical evaluations indicating a
significant number of ICAM-1-positive lymphocytes located
near blood vessels in muscle (17) and skin (12) biopsies of
JDM patients. Our own investigations comparing lymphocyte
subsets in concurrently obtained blood and muscle samples
from untreated JDM patients have shown selective increases in
CD81 and CD561 cells in the affected muscle compared to
peripheral blood (23), and we are in the process of examining
the expression of CD54 on these cells. The functions of
ICAM-11 T cells have not been fully elucidated. It has recently
been reported that ICAM-11 T cells may play a role in reactive
airway disease (27). The increase in ICAM-1 expression on T
cells in the lumen of airways in patients with asthma has led to
the development of therapeutic strategies designed to interfere
with ICAM-1 binding in an effort to ameliorate the symptoms
of asthma (27).

The results of our investigation are consistent with the hy-
pothesis that the increase in the proportion of B cells observed
in the peripheral blood of JDM patients is most likely due to
the loss of T cells and NK cells coexpressing CD54 from the
circulation. This is supported by the observation that while the
absolute T-cell count is lower in JDM patients than age-related
controls, the B-cell count does not differ significantly (22). An
alternative hypothesis proposed by Miller et al. (20) suggests
that the increased proportion of B cells in the peripheral blood
of JDM is related to a more “humorally mediated” disease. We
did not observe any abnormalities in the B-cell activation
markers studied, further supporting our hypothesis that JDM
is a T-cell-mediated disease.

In summary, there is an increase in the percentage of lym-
phocytes expressing CD19 (B lymphocytes) in the peripheral
blood of newly diagnosed untreated JDM patients with active
disease. This abnormality does not appear to be intrinsic to B
lymphocytes, as evidenced by a lack of B-cell activation.
Rather, it appears that the relative increase in the proportion
of B lymphocytes is due to a selective depletion of circulating
CD81 T cells and/or NK cells coexpressing CD54. It will be
very important to characterize more specifically the CD541 T

FIG. 2. Regression plots of the percentage of CD541 non-B lymphocytes
versus the age of the healthy controls (top) and the JDM patients (bottom). Note
the increase in the percentage of CD54-positive lymphocytes with age in the
healthy control patients versus the decrease with age in the JDM group.

TABLE 2. Routine immunophenotyping for the percentages of B (CD191), T (CD31), T-helper (CD31 CD41), T-suppressor/cytotoxic
(CD31 CD81), and NK (CD32 CD161 CD561) lymphocytes in newly diagnosed untreated JDM patients and age-related healthy control children

Group Age (n) % CD31 % CD41 % CD81 % CD191 % CD161 CD561

Healthy
controla

7.9 6 0.6 (12) 71 6 2 42 6 2 26 6 1 19 6 1 10 6 1

JDM patients 5.9 6 0.9 (10) (P 5 0.07) 64 6 3 (P 5 0.05) 43 6 3 (P 5 0.9) 21 6 1 (P 5 0.01) 30 6 3 (P 5 0.0017) 7 6 2 (P 5 0.019)

a Includes only healthy children less than 10 years of age.
b P values indicate the level of significance of the difference between the healthy control group and the JDM patient group. P values were calculated using the

Wilcoxon rank sum test for nonparametric data.
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and/or NK subsets which appear to be selectively depleted
from the peripheral blood of JDM patients with active un-
treated disease. This information might lead to the develop-
ment of therapeutic strategies to interrupt the migration of
pathogenic lymphocytes into skin and muscle of JDM patients.
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