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Background: Juvenile-onset systemic lupus erythema-
tosus (JSLE) has a higher mortality risk compared to adult-
onset SLE. We compared the diagnostic value of anti-cmDNA 
antibodies with that of antinucleosome antibodies (AnuA), 
anti-Sm antibodies, and anti-dsDNA antibodies and human 
B lymphocyte Raji cells with that of human promyelocytic leu-
kemia HL60 cells as substrates in an indirect immunofluores-
cence assay to detect anti-cmDNA antibodies in JSLE patients.
Methods: We recruited 92 JSLE patients and 71 patients 
with other juvenile-onset rheumatic diseases. Anti-cmDNA 
antibodies and antinuclear antibodies (ANA)  were detected 
in patient sera using indirect immunofluorescence assays. 
Anti-dsDNA antibodies were detected by combining ELISA 
and indirect immunofluorescence. Anti-Sm antibodies were 
detected by double immunodiffusion assay and immunoblot-
ting, while AnuA were detected by ELISA.
results: The JSLE group had a significantly higher percent-
age of patients positive for anti-cmDNA compared to patients 
with other rheumatoid diseases. Using one antibody for diag-
nosis, anti-cm DNA antibodies had the highest accuracy at 
84.0%; using two antibodies, the combination of anti-cm DNA 
and anti-dsDNA antibodies had 90.8% accuracy. Raji cells used 
as substrate demonstrated a stronger intensity of fluorescent 
patterns compared to HL60 cells.
conclusion: The high sensitivity, specificity, and accuracy 
of detection of anti-cmDNA antibodies make it a valuable 
diagnostic tool for JSLE.

systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by the presence of autoimmune antibodies 

against a number of nuclear and nonnuclear antigens, resulting 
in immune complex-mediated inflammation and systemic, mul-
tiple organ failure (1). Almost 15–20% of all SLE patients are 
below the age of 18 (ref. 2). Juvenile SLE (JSLE) is character-
ized by an exaggerated immune response with highly activated 
autoreactive B lymphocytes, dysregulated immune regulatory 
pathways, and frequent involvement of the renal, hematological 

and central nervous systems (3–5). Children with JSLE also have 
a higher disease severity and a significantly higher mortality risk 
compared to patients with adult onset disease (6,7). Timely diag-
nosis and treatment have been shown to significantly improve 
the prognosis and the clinical management of JSLE (8).

Disease activity in SLE patients is currently evaluated using 
the SLE activity index (SLEDAI), the systemic lupus activity 
measure, and the British Isles Lupus Assessment Group (9). 
Recently, the anti-Smith (Sm) antibodies, anticell membrane 
DNA (cmDNA) antibodies, antidouble strand DNA (dsDNA) 
antibodies, antinuclear antigen (ANA) antibodies, antinucleo-
some (AnuA) antibodies, anti-C1q antibodies, and antiphos-
pholipid antibodies have been proposed as useful biomarkers 
of JSLE (10–16). Anti-dsDNA antibodies, anti-Sm antibodies 
and antiphospholipid antibodies are included in the diagnos-
tic criteria outlined by the American College of Rheumatology 
(10). JSLE patients were shown to be more frequently positive 
for anti-dsDNA antibodies, antiribosomal P antibodies, anti-
Sm antibodies, and antihistone antibodies compared to adult 
SLE patients (17,18).

Although most antigenic DNA is localized in the nucleus, 
a 17 kB antigenic cell membrane-associated DNA (cmDNA) 
has been found on the outer leaflet of the plasma membrane of 
B lymphocytes and monocytes (19–22). cmDNA is a target for 
autoantibodies in SLE patients (13). We recently established an 
indirect immunofluorescence assay to measure anti-cmDNA 
antibodies using human promyelocytic leukemia cells (HL60) 
as a substrate for the assay (16). Using this assay, we showed 
high levels of anti-cmDNA antibodies in JSLE patients, includ-
ing those who were negative for anti-dsDNA and anti-Sm anti-
bodies (16), suggesting that anti-cmDNA antibodies could be 
an efficient diagnostic biomarker for JSLE.

In this study, we validated the diagnostic value of anti-
cmDNA antibodies in JSLE patients using HL60 as well as 
human B lymphocyte Raji cells as substrates in our indirect 
immunofluorescence assay. We also investigated the correla-
tion between anti-cmDNA antibodies and clinical features, 
laboratory parameters and SLEDAI scores in JSLE patients.
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RESULTS
Prevalence of Anti-cmDNA in JSLE Patients
Serum from a total of 163 patients (including 92 JSLE 
patients and 71 patients with other juvenile rheumatoid dis-
eases) were incubated with Raji cells. The JSLE group had a 
significantly higher percentage of patients positive for anti-
cmDNA (69/92, 75%) compared to the juvenile spondylo-
arthritis group (1/32, 3.1%), the juvenile idiopathic arthritis 
group (1/18, 5.6%), the juvenile dermatomyositis and juve-
nile polymyositis groups (0/5, 0%), the juvenile systemic scle-
rosis group (0/4, 0%), the pediatric vasculitis group (0/2, 0%) 
and the juvenile connective tissue disease group (1/10, 10%), 
respectively (P < 0.001). Similarly, of the 163 patients whose 
sera were incubated with HL-60 cells, the JSLE group had a 
significantly higher percentage of patients positive for anti-
cmDNA (73/92, 79.4%) compared to the juvenile spondylo-
arthritis group (2/32, 6.3%), the juvenile idiopathic arthritis 
group (3/18, 16.7%), the juvenile dermatomyositis/juvenile 
polymyositis group (0/5, 0%), the juvenile systemic sclero-
sis group (0/4, 0%), the pediatric vasculitis group (0/2, 0%), 
and the juvenile connective tissue disease group (3/10, 30%), 
respectively (P < 0.001).

Frequency of Anti-cmDNA in JSLE Patients Negative for Anti-
dsDNA, Anti-Sm, AnuA, and ANA
The frequency of anti-cmDNA positivity in JSLE patients lack-
ing anti-dsDNA antibodies, anti-Sm antibodies, AnuA and 

ANA was 67.6, 64.7, 67.7, and 73.3%, respectively (Table 1). 
There were 11 patients who were negative for both ANA and 
anti-dsDNA antibodies, and diagnosed with JSLE based only 
on clinical criteria.

Sensitivity and Specificity of Diagnosis With Different Antibodies
The sensitivity and specificity of JSLE diagnosis using anti-
cmDNA antibodies were 75.0 and 95.8%, respectively. The 
positive and negative predictive values of anti-cmDNA 
antibodies for JSLE were 95.8 and 74.7%, respectively. The 
accuracy of anti-cmDNA antibodies for all 163 patients was 
84.0%. The accuracy of diagnosis of all 163 patients using 
anti-cmDNA was significantly higher compared to that 
using anti-Sm antibodies (84.0 vs. 68.7%, P = 0.002). But, 
there was no significant difference between anti-cmDNA 
and the other antibodies in accuracy of diagnosis of all 163 
patients. (Table 2)

The Correlation of Anti-cmDNA With Clinical Manifestations and 
Laboratory Parameters in JSLE Patients
Patients who were positive for anti-cmDNA antibodies showed 
no significant differences in clinical features such as skin rash, 
alopecia, fever, or oral ulcers compared to patients who were 
negative for anti-cmDNA antibodies.

The anti-cmDNA negative and positive groups also did 
not differ significantly in laboratory parameters and SLEDAI 
scores (Table 3).

Comparison of Raji and HL60 Cells as Substrates for Indirect 
Immunofluorescence Assays to Detect Anti-cmDNA Antibodies
We used Raji and HL60 cells as substrates in indirect immu-
nofluorescence assays to detect anti-cmDNA antibodies. We 
showed that patients who were positive for anti-cmDNA 
antibodies exhibited continuous fluorescence patterns that 
were distributed along the cell membrane. Although Raji 
and HL60 cells are morphologically similar, Raji cells dem-
onstrated a stronger intensity of fluorescent patterns, making 
it the substrate cell line of choice for indirect immunofluo-
rescence (Figure 1).

table 1. Frequency of anti-cmDNA antibodies in patients who were 
negative for anti-dsDNA, anti-Sm, AnuA, and ANA antibodies

Antibodies

% Anti-cmDNA positivity

Total JSLE Non-SLE

Anti-dsDNA (−) 25.9 (28/108) 67.6 (25/37) 4.2 (3/71)

Anti-Sm (−) 29.5 (36/122) 64.7 (33/51) 4.2 (3/71)

AnuA (−) 22.0 (22/100) 67.7 (21/31) 1.5 (1/69)

ANA (−) 17.7 (11/62) 73.3 (11/15) 0 (0/47)

(−), Antibody negative. Data are presented as percentage of anti-cmDNA positivity in 
the different antibody-negative groups.

table 2. Antibody profiles in all 163 study patients (92 patients with JSLE and 71 patients with other rheumatoid diseases)

Antibodies
Patients with 

antibodies
Sensitivity 

(%)
Specificity 

(%)
Positive predictive 

value (%)
Negative predictive 

value (%)
Accuracy 

(%)

Anti-cmDNA 72 75.0 95.8 95.8 74.7 84.0

Anti-dsDNA 55 59.8 100.0 100.0 65.7 77.3

Anti-Sm 41 44.6a 100.0 100.0 58.2 68.7a

AnuA 63 66.3 97.2a 96.8 69.0 79.8

ANA 101 83.7 66.2 76.2 75.8 76.1

Anti-dsDNA+ anti-cmDNA 83 87.0 95.8 96.4 85.0 90.8

Anti-Sm+ anti-cmDNA 72 75.0 95.8 95.8 74.7 84.0

AnuA+ anti-cmDNA 72 75.0 95.8 95.8 74.7 84.0

The χ2 test was compared the diagnostic accuracy of the different antibodies. The McNemar’s test was provided to measure the consistency of sensitivity and specificity in difference 
antibodies.
aSignificantly different from anti-cmDNA antibody (P < 0.05).
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DISCUSSION
In this study, we compared the diagnostic value of using anti-
cmDNA antibodies with that of AnuA, anti-Sm and anti-
dsDNA antibodies for JSLE. We also compared Raji and HL60 
cell lines as substrates for indirect immunofluorescence assays 
to detect anti-cmDNA antibodies in JSLE patients. We showed 
that anti-cmDNA antibodies had a significantly higher diag-
nostic sensitivity compared to anti-Sm antibodies, and a sig-
nificantly higher diagnostic specificity compared to ANA. The 
Raji cell line, which exhibited a higher intensity of fluorescence 
compared to HL60 cells, was the substrate of choice for indi-
rect immunofluorescence assays.

There has been a recent focus on identifying diagnostic 
markers for JSLE, including AnuA, anti-cmDNA antibod-
ies, anti-dsDNA antibodies, anti-Sm antibodies, antinuclear 
antibodies, and anti-C1q antibodies (12,13,23,24). Although 
antinuclear antibodies are found in 90% of JSLE patients (25), 
almost 33% of healthy children also showed positive ANA titres 
(26). Serum levels of AnuA were diagnostic and correlated with 
disease severity in JSLE patients (14,23). Dysfunction of the 30 
KDa cell membrane receptor of cmDNA was previously shown 
to prevent cmDNA clearance in SLE patients, with subsequent 
production of anti-cmDNA antibodies (27,28). Although JSLE 

patients have a higher positivity rate for anti-cmDNA antibod-
ies compared to patients with other rheumatoid diseases or 
healthy controls (13,27–32), the role of anti-cmDNA antibod-
ies in JSLE remains unclear. To the best of our knowledge, we 
are the first to report that anti-cmDNA antibodies can be used 
for diagnosis of JSLE with a sensitivity of 77.3% and specificity 
of 80.0%.

A number of B lymphocyte cell lines, including Raji, Priess, 
Daudi, BJAB, and 3D5, T lymphocyte cell lines including 
Jurkat and chronic myeloid leukemia K562, and promyelocytic 
leukemic HL60 cells have been used as substrates in indirect 
immunofluorescence assays to detect anti-cmDNA antibodies 
(29–31). However, ours is the first report that directly com-
pared the diagnostic values of Raji and HL60 cells as substrates 
for the indirect immunofluorescence assay. We showed that 
although there was no significant difference in the sensitiv-
ity and specificity of detection of anti-cmDNA antibodies 
between the two cell lines, Raji cells exhibited more intense 
fluorescent patterns and more stable test results compared to 
HL60 cells. Ease of thawing, rapid growth, and lower cost were 
other advantages of using Raji cells.

Our sensitivity and specificity data using Raji cells as well 
as HL60 cells were consistent with previous results (20,31). 
However, the sensitivity of detection of anti-cmDNA antibodies 
in our study was higher compared to a study that used Wil2 cells 
as a substrate to detect anti-cmDNA antibodies in SLE patients 
(13). It will be interesting to investigate if the higher sensitivity 

table 3. Correlation of anti-cmDNA antibodies and clinical features 
in JSLE patients

Anti-cmDNA 
negative (n = 23)

Anti-cmDNA 
positive (n = 69) P value

Clinical features

  Skin rasha 17 (73.9%) 47 (68.1%) 0.794

  Alopeciaa 5 (21.7%) 25 (36.2%) 0.304

  Fevera 9 (39.1%) 38 (55.1%) 0.278

  Oral ulcera 10 (43.5%) 21 (30.4%) 0.373

   Neurologic 
manifestationsa

5 (21.7%) 14 (20.3%) 0.882

   Cutaneous 
vasculitisa

8 (34.8%) 12 (17.4%) 0.080

  Arthritisa 10 (43.5%) 23 (33.3%) 0.380

Laboratory parameters

  Hematuriaa 6 (26.1%) 30 (43.5%) 0.217

  Proteinuriaa 13 (56.5%) 39 (56.5%) 1.000

  CRPb 3.4 (1.0, 9.4) 4.5 (2.0, 9.4) 0.438

  Leukopeniab 3.8 (3.0, 4.9) 4.9 (2.7, 7.3) 0.433

  Thrombocytopeniab 139.0 (69.5, 227.0) 147.1 (101.4, 231.1) 0.698

  C3c 0.63 ± 0.36 0.58 ± 0.35 0.572

  C4c 0.15 ± 0.11 0.14 ± 0.08 0.862

  ESRb 36.0 (20.0, 84.0) 54.0 (30.0, 82.0) 0.749

  SLEDAIb 16.0 (10.0, 22.0) 15.0 (11.0, 23.0) 0.907

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
aCategorical variables were expressed by counts and percentages, and compared 
between different groups by the χ2 test. bContinuous variables were presented as 
medians and interquartile ranges (the range between the 25th and 75th percentile) 
due to nonnormal distribution, and analyzed by the Mann–Whitney U-test. 
cContinuous variables were presented as mean and standard deviation due to normal 
distribution, and analyzed by the Student’s t-test.

Figure 1. Immunofluorescence images in different substrate cells. 
Detection of anti-cmDNA antibodies using indirect  immunofluorescence 
with Raji or HL60 cells (20×). (a–c) Raji cells that stained negative, 
 moderately positive, and strongly positive, respectively. (d–f) HL60 cells 
that stained negative, moderately positive, and strongly positive, 
respectively. The scale bars represent 80 µm.
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seen in our study could reflect (i) differences in pathogenic 
mechanisms and disease progression, (ii) different effects of 
anti-cmDNA antibodies in adult SLE and JSLE patients, (iii) 
substrate cell line, or (iv) differences in race of the study patients.

Using Raji cells as substrate, the sensitivity of detection of anti-
cmDNA antibodies was significantly higher than that of anti-Sm 
antibodies but was not significantly different from that of anti-
dsDNA antibodies. There was no significant difference in the 
specificity of detection of anti-cmDNA antibodies, anti-dsDNA 
antibodies, anti-Sm antibodies and AnuA. Although the sensi-
tivity of detection of ANA was higher than that of anti-cmDNA 
antibodies, the specificity of detection of ANA was significantly 
lower than that of anti-cmDNA antibodies. The accuracy of 
combined detection of both anti-dsDNA and anti-cmDNA anti-
bodies was as high as 90.8%. Using HL60 cells, we previously 
showed that the positivity rates of anti-cmDNA antibodies in 
JSLE patients who were negative for anti-dsDNA antibodies and 
anti-Sm antibodies were 68 and 79%, respectively (16). Our pres-
ent study which has a larger study population, included all the 
patients from our previous study. Our present data combined 
with our previous results, suggest that detection of anti-cmDNA 
antibodies has a high diagnostic value in JSLE diagnosis.

In summary, we showed that detection of anti-cmDNA anti-
bodies using indirect immunofluorescence is a highly sensitive 
and specific diagnostic test for JSLE. It is important to note 
that due to the complex pathogenesis of JSLE, the sensitivity 
of JSLE diagnosis can be enhanced by using a combination of 
biomarkers such as anti-cmDNA, anti-dsDNA, anti-Sm, and 
antinucleosome antibodies.

METHODS
Study Subjects
This prospective, multicenter study recruited 92 juvenile outpatients 
as well as inpatients with SLE from the Chinese People’s Liberation 
Army 264th Hospital and Shanxi Medical University Second Hospital 
Division of Rheumatology between January 2007 and December 
2010. The study population comprised 13 males and 79 females, aged 
9–16 with an average age of 14.3 ± 2.5, and a mean disease duration of 
14.9 ± 9.4 mo. The study also recruited 71 juvenile patients (compris-
ing 27 males and 45 females) with other rheumatic diseases, aged 7–16 
with an average age of 12.6 ± 19.6, and an average disease duration of 
13.3 ± 20.9 mo. Of the 71 patients with other rheumatoid diseases, 
there were 31 cases of juvenile spondyloarthritis, 18 cases of juvenile 
idiopathic arthritis, 5 cases of juvenile dermatomyositis and juvenile 
polymyositis, 4 cases of juvenile systemic sclerosis, 10 cases of pediat-
ric vasculitis, 2 cases of juvenile connective tissue disease, and 1 case 
of still disease. Diagnosis of JSLE was based on the American College 
of Rheumatology Revised Criteria for Classification of Systemic Lupus 
Erythematosus published in 1997, which includes the presence of 11 
symptoms, clinical signs, and laboratory testing. In this study, diag-
nosis of SLE was dependent on the presence of four or more of the 11 
criteria. All other diseases were diagnosed in accordance with the cor-
responding international diagnostic classification criteria. Informed 
consents were obtained from the guardians of all the study subjects, 
and the study was approved by the Institutional Review Boards of the 
Chinese People’s Liberation Army 264th Hospital and Shanxi Medical 
University Second Hospital.

Detection of Anti-cmDNA Antibodies by Indirect 
Immunofluorescence
cmDNA specificity of the antibodies was confirmed by pat-
tern extinction using DNAse, RNase and protease pretreatment. 
Briefly, the slides were fixed and then incubated for 16 h at room 

temperature with RNase-free DNase RQ1 (25 μg in 25 μl phos-
phate-buffered solution (PBS); Takara Dalian, Dalian, Liaoning 
Province, China), and then incubated for 16 h at 37 °C with RNase 
(2.5 μg + 25 μl PBS, Sigma-Aldrich, Beijing, China). The slides were 
then incubated for 30 min at 37 °C with protease (3.125 μg + 25 μl 
PBS, Sigma-Aldrich).

Human B lymphocyte Raji cells (Boster, Wuhan, China) 
and human promyelocytic leukemia HL60 cells (Institute of 
Hematology, Chinese Academy of Medical Sciences, Tianjin City, 
China) were cultured in RPMI 1640 medium (Gibco, Invitrogen, 
Carlsbad, CA) supplemented with 10% fetal calf serum. Cells were 
maintained at 37 °C in the presence of 5% CO2. Cells in the expo-
nential growth phase (density of (1–1.2) × 106/ml) were harvested 
by centrifugation, washed twice with PBS (10 mmol/l, pH 7.2), 
resuspended to achieve a density of 0.5 × 106/ml, and 15 µl vol-
umes were plated on separate slides. The slides were dried at room 
temperature, fixed in methanol for 3 min, then washed once with 
PBS (10 mmol/l, pH 7.2) and allowed to air dry. Subsequently, the 
slides were incubated with diluted fetal calf serum (fetal calf serum/ 
PBS: 1:5) for 5 min, and then washed once with buffer solution 
(PBS-0.2% Tween 20) and PBS, respectively, to prevent nonspe-
cific binding of serum or fluorescence-bound IgG to the cells. The 
IF-LUPUS diagnostic kit (Biotech Tools Company, Belgium) was 
used according to the manufacturer’s instructions. Briefly, the sera 
were diluted 1:40 with 0.2% PBS-Tween 20, and incubated with 
Raji and HL60 cells for 30 min at room temperature. The slides 
were washed once with 0.2% PBS-Tween 20 and twice with PBS, 
and then incubated for 30 min at room temperature with fluores-
cein isothiocyanate (FITC)-bound goat-antihuman IgG (Sigma, St 
Louis, MO). The slides were washed once with 0.2% PBS-Tween, 
twice with PBS, then fixed with glycerol/PBS (2:1, pH 9.0) and 
observed under the fluorescent microscope. Light membrane fluo-
rescence and strong, continuously ring-shaped peri-membranous 
fluorescence were considered positive, while no fluorescence was 
considered negative.

Collection of Clinical Data
Routine blood tests included urinalysis, and determination of eryth-
rocyte sedimentation rate, C-reactive protein, and serum levels of 
complement 3  (C3) and C4. Indirect immunofluorescence was used 
to determine ANA levels. ELISA and indirect immunofluorescence 
assays were used to determine the levels of anti-dsDNA antibodies 
and a positive result on either assay was considered positive for the 
presence of anti-ds antibodies. Anti-Sm antibody levels were deter-
mined by combined double immunodiffusion assay and immunob-
lotting, and a positive result on either assay was considered positive 
for the presence of anti-Sm antibodies. AnuA levels were measured 
by ELISA (all from Tianjin Huayu Biological Technology, Tianjin, 
China)

Evaluation of Disease Activity Score
Clinical data of study patients, including presence of skin rash, alo-
pecia, photo allergy, oral ulcers, arthritis, neural injury, and SLEDAI 
scores were recorded in detail.

Statistical Analysis
Due to normal distribution, continuous variables were presented as 
mean and standard deviations, which were compared between the 
anti-cmDNA negative and positive groups using the Student’s t-test. 
The other continuous variables, presented as medians and interquar-
tile ranges (the range between the 25th and 75th percentile) due to 
nonnormal distribution, were compared between the anti-cmDNA 
negative and positive groups using the Mann–Whitney U-test. 
Categorical variables were expressed as counts and percentages, and 
compared between different groups by the χ2 test or Fisher’s exact test. 
The McNemar’s test was used to measure the consistency of diagnos-
tic sensitivity and specificity among the different antibodies. SAS soft-
ware package, version 9.2 (SAS Institute, Cary, NC) was used for the 
statistical analysis. All statistic assessments were evaluated at a two 
sided P value of 0.05.
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