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Circulating Microparticle Double-Stranded Deoxyribonucleic Acid 
in Systemic Lupus Erythematosus

Dear Editor,
Systemic lupus erythematosus (SLE) is a systemic 

autoimmune disease with complex pathogenesis which is yet 
to be completely understood. Since the original discovery 
of anti-double-stranded deoxyribonucleic acid (dsDNA) 
antibodies, the general result from intense research has 
been that native mammalian dsDNA is not immunogenic, 
even if presented with complete Freund’s adjuvant.1-3 This 
is despite an antigen-driven response as evidenced by the 
clonality of anti-dsDNA antibodies and patterns of random 
somatic mutations in both patients and murine models of 
SLE to suggest that DNA is the selecting antigen.2,4 These 
studies demonstrate that mechanisms for the production of 
anti-dsDNA antibodies and their affinity maturation toward 
anti-dsDNA specificity are operational in SLE patients.4 

The question that arises is what transforms DNA to the 
immunogenic form in patients with SLE. Microparticles 
(MPs) represent a heterogeneous population of membrane-
bound vesicles with a diameter of 0.1 μm to 1 μm that are 
released by the budding of plasma membrane and express 
antigens specific of their parental origin.5 The release of 
MPs by various cell types is a ubiquitous process that 
gets accelerated during cellular activation and apoptosis.5 
Upon initiation, translocation of phosphatidylserine from 
the inner to outer surface leaflet of the plasma membrane 
results in loss of normal phospholipid asymmetry.5 As 
shown in cell lines undergoing in vitro apoptosis, DNA is 
sequestered into granules and then packaged into separate 
apoptotic bodies.6 Whereas the mechanism mediating this 
cellular rearrangement is not known, the end result is the 
repositioning of nuclear constituents in a form that may be 
more accessible to the immune system.7 We hypothesise that 
in this model, MPs may provide a framework to intensify 
the immunogenicity of the component DNA to induce 
anti-dsDNA antibody production and therefore, the aim of 
the present study was to evaluate the putative role of DNA 
within MPs (MP DNA) as the circulating antigenic target.

The study was cross-sectional in design. Fourteen 
unselected patients (12 women and 2 men) fulfilling at least 
4 of the American College of Rheumatology 1997 revised 
classification criteria for SLE were included.8 Disease 
activity was assessed using the Safety of Estrogens in 
Lupus Erythematosus National Assessment (SELENA)-
modified SLE Disease Activity Index (SLEDAI).9 Eight 
healthy female individuals were included as control subjects.  

Anti-dsDNA immunoglobulin G (IgG) titers, measured 
using indirect enzyme-linked immunosorbent assay (Bio-
Rad, Hercules, CA, US), and other disease markers were 
performed by the clinical laboratory of National University 
Hospital. Circulating MPs were obtained from platelet-
free plasma (PFP) obtained by successive centrifugations 
of venous blood. PicoGreen (Invitrogen, Waltham, MA, 
US), a membrane-permeable dsDNA specific dye, was 
used to label the MP samples.  We analysed the samples on 
FACSCalibur flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, US). An initial MP-size gate was set with the 
help of calibrating fluorescent 0.22 μm, 0.45 μm, 0.88 μm 
and 1.34 μm polystyrene beads (Spherotech, Lake Forest, 
IL, US).  MP DNA were enumerated on the SSC/FL1 plot 
and defined as events that were sensitive to differential 
detergent lysis using 0.05% Triton X-100.  Therefore, each 
detergent-sensitive FL1-positive event on the SSC/FL1 
plot was considered as 1 MP DNA.  Plasma concentrations 
(MP DNA/μL) were calculated according to the actual flow 
rate of the flow cytometer, MP DNA count per unit of time 
and net dilution during sample preparation of the analysed 
sample. No distinct population of detergent-sensitive MPs 
on the SSC/FSC plot could be gated to measure total MP 
numbers. Some samples were treated with 1 U of RNase-
free DNase (Promega, Fitchburg, WI, US) for 20 min at 
37ºC to assess sensitivity of MP DNA to DNase I.  

We identified MP DNA in PFP, based on fluorescence 
and detergent sensitivity (Figs. 1a and 1b). With this 
approach, extracellular DNA (plasma DNA) not associated 
with MPs were also detected in PFP. Importantly, although 
plasma DNA remained intact after detergent treatment, 
MPs containing DNA were detergent-soluble, establishing 
their phospholipid composition.  To evaluate if MP DNA is 
resistant to DNase activity, MPs were treated with DNase 
I, counterstained with PicoGreen and then analysed using 
flow cytometry. There was a reduction of MP DNA count 
following DNase I treatment (Fig. 1c). Further treatment 
with 0.05% Triton X-100 led to complete solubilisation 
of MP DNA by detergent (Fig. 1d). Thus, DNA packaged 
within MPs is protected from DNase activity. The median 
concentration of MP DNA/µL in PFP of the 14 SLE patients 
was significantly higher than the 8 healthy controls (2460.28 
[Q1; Q3 1010.91; 3416.26] vs 403.73 [Q1; Q3 222.26; 
1801.88]; P = 0.020) (Fig. 2). The median age of the SLE 
patients was 39.5 (Q1; Q3 25.0; 54.8), with a median disease 
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duration of 24.5 years (Q1; Q3 17.0; 42.5) and a median 
SELENA-SLEDAI score of 7.0 (Q1; Q3 5.3; 15.3).  The 
median age of healthy controls was 33.5 years (Q1; Q3 25.0; 
43.5).  The concentration of MP DNA positively correlated 
with anti-dsDNA IgG (r [10] = 0.806, P = 0.005) (Fig. 3) 
after exclusion of outliers, which may be consistent with MP 
DNA as an antigenic source for anti-dsDNA IgG formation. 
However, MP DNA did not correlate with complement 
levels or SELENA-SLEDAI scores.  

The results from this study provide new perspectives 
on the presence of extracellular DNA in SLE patients and 
healthy controls. Using flow cytometry, MP DNA were 
visualised and enumerated in the PFP of SLE patients and 
healthy controls. In the form of MPs, DNA likely exists 
on both the surface and interior.10 This would account 
for the observation of DNA packaged within MPs being 
protected from DNase activity.11 Further, plasma DNA not 
associated with MPs were detected in both SLE patients 
and healthy controls. Experiments to assess the origins 
of plasma DNA and its sensitivity to DNase I were not 

Fig. 1.  Demonstration of MP DNA through representative flow cytometry analysis in plasma from an SLE patient.  Using PicoGreen labelling, 2 distinct 
populations of FITC+ nanoparticles were obtained.  The more granular population was sensitive to 0.05% Triton X-100 detergent, indicating that this population 
of FITC+ nanoparticles were MPs with membrane phospholipids (MP DNA count = 9203 in Fig. 1a and MP DNA count = 806 in Fig. 1b).  Using DNase I, the 
MP DNA population decreased (MP DNA count = 1686 in Fig. 1c), demonstrating that DNA packaged within MPs is protected from DNase activity. With the 
addition of 0.05% Triton X-100, the MP DNA population which was resistant to DNase I is now solubilised (MP DNA count = 420 in Fig. 1d).

performed in the current study.  The most striking finding 
in this study is the marked difference in the concentration 
of MP DNA in SLE patients compared to healthy controls.  
Although the increased MP numbers suggest a role in SLE 
immunopathogenesis, elucidating this role is difficult at 
present. Ullal et al showed some increase in the total number 
of MP and increase in IgG positive MPs in SLE patients 
compared to healthy controls.12 Nielsen et al showed that 
MP populations that do not bind annexin V are increased 
whereas total number of MP and annexin V-binding MPs 
are decreased in SLE patients compared to healthy controls.13 
We showed a correlation between MP DNA concentration 
and anti-dsDNA IgG titers. Ullal et al and Nielsen et al 
showed a correlation between the number of IgG-positive 
MPs and anti-DNA levels in SLE patients.12,14 However, their 
findings did not demonstrate that the bound IgG antibody 
was anti-dsDNA IgG. In this regard, IgG positive MPs 
can also occur in the synovial fluid of rheumatoid arthritis 
patients.12,15 Hence, to our knowledge, this is the first study 
to demonstrate the presence of MP DNA definitively in the 
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Fig. 2. Concentration of MP DNA in SLE patients and healthy controls. The 
median MP DNA/μL of plasma for 14 SLE patients was significantly higher 
than the 8 healthy controls.

Fig. 3. The relationship between MP DNA and anti-dsDNA levels in the plasma 
of SLE patients. There was significant correlation of MP DNA concentration 
with anti-dsDNA IgG titers.

plasma of SLE patients. The correlation with anti-dsDNA 
IgG suggests that MP DNA may be a source of immunogenic 
autoantigen for the production of anti-dsDNA antibodies 
and our results support this idea. Further studies will refine 
the role of MP DNA in the pathogenesis, perpetuation and 
modulation of disease activity in SLE.

REFERENCES
1.		 Celada F. The anti-DNA story. Lupus 2011;20:553-5.
2.		 Pisetsky DS. The origin and properties of extracellular DNA: from PAMP 

to DAMP. Clin Immunol 2012;144:32-40.
3.		 Rekvig OP, Mortensen ES. Immunity and autoimmunity to dsDNA and 

chromatin–the role of immunogenic DNA-binding proteins and nuclease 
deficiencies. Autoimmunity 2012;45:588-92.

4.		 Rekvig OP, Nossent JC. Anti-double-stranded DNA antibodies, 
nucleosomes, and systemic lupus erythematosus: a time for new 
paradigms? Arthritis Rheum 2003;48:300-12.

5.		 Mause SF, Weber C. Microparticles: protagonists of a novel communication 
network for intercellular information exchange. Circ Res 2010;107:1047-57.

6.		 Halicka HD, Bedner E, Darzynkiewicz Z. Segregation of RNA and separate 
packaging of DNA and RNA in apoptotic bodies during apoptosis. Exp 
Cell Res 2000;260:248-56.

7.		 Pisetsky DS, Ullal AJ, Gauley J, Ning TC. Microparticles as mediators and 
biomarkers of rheumatic disease. Rheumatology (Oxford) 2012;51:1737-46.

8.		 Hochberg MC. Updating the American College of Rheumatology revised 
criteria for the classification of systemic lupus erythematosus. Arthritis 
Rheum 1997;40:1725.

9.		 Petri M, Kim MY, Kalunian KC, Grossman J, Hahn BH, Sammaritano 
LR, et al. Combined oral contraceptives in women with systemic lupus 
erythematosus. N Engl J Med 2005;353:2550-8.

10.	 Pisetsky DS, Lipsky PE. Microparticles as autoadjuvants in the 
pathogenesis of SLE. Nat Rev Rheumatol 2010;6:368-72.

11.	 Orozco AF, Jorgez CJ, Horne C, Marquez-Do DA, Chapman MR, Rodgers 
JR, et al. Membrane protected apoptotic trophoblast microparticles contain 
nucleic acids: relevance to preeclampsia. Am J Pathol 2008;173:1595-608.

12.	 Ullal AJ, Reich CF 3rd, Clowse M, Criscione-Schreiber LG, Tochacek 
M, Monestier M, et al. Microparticles as antigenic targets of antibodies 
to DNA and nucleosomes in systemic lupus erythematosus. J Autoimmun 
2011;36:173-80.

13.	 Nielsen CT, Ostergaard O, Johnsen C, Jacobsen S, Heegaard NH. 
Distinct features of circulating microparticles and their relationship to 
clinical manifestations in systemic lupus erythematosus. Arthritis Rheum 
2011;63:3067-77.

14.	 Nielsen CT, Ostergaard O, Stener L, Iversen LV, Truedsson L, Gullstrand 
B, et al. Increased IgG on cell-derived plasma microparticles in systemic 
lupus erythematosus is associated with autoantibodies and complement 
activation. Arthritis Rheum 2012;64:1227-36.

15.	 Cloutier N, Tan S, Boudreau LH, Cramb C, Subbaiah R, Lahey L, et al. 
The exposure of autoantigens by microparticles underlies the formation 
of potent inflammatory components: the microparticle-associated immune 
complexes. EMBO Mol Med 2013;5:235-49.

Sen Hee Tay, 1,2MBBS, M Med, MRCP, Aisha Lateef, 1,2MBBS, MRCP, FAMS, 
Yaw Chyn Lim, 3PhD, Irene JV Ng, 2BSc, Dow Rhoon Koh, 2,4MBBS, 

M Med, PhD, Lina HK Lim, 4PhD 

1Department of Medicine, Yong Loo Lin School of Medicine, National 
University of Singapore, Singapore 
2Divison of Rheumatology, Department of Medicine, National University 
Hospital, National University Health System, Singapore 
3Department of Pathology, Yong Loo Lin School of Medicine, National 
University of Singapore, Singapore
4Department of Physiology & NUS Immunology Programme, Yong Loo Lin 
School of Medicine, National University of Singapore, Singapore 

Address for Correspondence: Dr Tay Sen Hee, Division of Rheumatology, 
Department of Medicine, National University Hospital, National University 
Health System, Level 10, NUHS Tower Block, 1E Kent Ridge Road, 
Singapore 119228.
Email: sen_hee_tay@nuhs.edu.sg

  Circulating Microparticle dsDNA in SLE—Sen Hee Tay et al


