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Abstract

Anti-platelet autoantibodies are frequently found in systemic lupus erythematosus (SLE) patients 

and contribute to the development of SLE-associated immunologic thrombocytopenia (SLE-ITP). 

Although the correlation of anti-dsDNA autoantibody with platelet-associated antibody has been 

reported, the potential mechanism underlying such a correlation is incompletely understood. We 

have reported that anti-platelet integrin GPIIIa49-66 (CAPESIEFPVSEARVLED) autoantibodies 

play a major role in the development of HIV-1-related thrombocytopenia (HIV-1-ITP). The strong 

negative charge of GPIIIa49-66 prompts us to investigate whether GPIIIa49-66 can be an epitope 

mimicking dsDNA. We report here that anti-GPIIIa49-66 antibodies are found in three out of nine 

SLE-ITP patients. Double-stranded (ds) DNA competitively inhibited the binding of purified 

patient anti-dsDNA antibodies to GPIIIa49-66 peptide. Both polyclonal and monoclonal anti-

GPIIIa49-66 antibodies are able to cross-react with dsDNA. Consistent with previous reports, the 

DNA binding activities of anti-GPIIIa49-66 antibodies are mainly dependent on the positively 

charged amino acid in the heavy-chain complementarity-determining region 3 (HCDR3). The 

HCDR3 of human SLE anti-dsDNA monoclonal antibody (mAb) 412.67 demonstrates a similar 

positively charged amino acid chain orientation compared with that of anti-GPIIIa49-66 mAb 

A11, and it cross-reacts with GPIIIa49-66 peptide. Purified anti-GPIIIa49-66 antibodies from 

SLE-ITP patients are able to induce platelet fragmentation in vitro and to induce 

thrombocytopenia in vivo. Thus, our data suggest that specific epitope cross-reaction between 

GPIIIa49-66 and dsDNA could be a mechanism involved in the development of SLE-associated 

thrombocytopenia.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune rheumatic disease characterized by 

the deposition of autoantibodies and immune complex, which eventually leads to tissue 

damage [1–4]. Immune thrombocytopenia (ITP) is a disease caused by autoantibody-

mediated platelet destruction and it is frequently associated with SLE [5,6]. In fact, more 

than 20% of SLE patients have platelet counts less than 100 × 109/l and in severe cases the 

platelet counts can be as low as 30 × 109/l [7,8]. Several mechanisms may contribute to 

SLE-associated ITP. The potential mechanisms include, but not limit to, (1) platelet 

destruction induced by anti-platelet glycoprotein (GP) GPIIb/IIIa and GPIb/IX 

autoantibodies [9]; (2) autoantibodies against thrombopoietin receptor, c-Mpl, may result in 

low platelet production [10–12]; (3) platelet destruction induced by autoantibodies cross-

reacting with negatively charged epitopes of proteins on platelet membrane [13,14]. In fact, 

it was shown that antiphospholipid monoclonal antibody (mAb) was able to specifically 

cross-react with negatively charged epitopes in platelet integrin GPIIIa [14]. Thus, cross-

reaction of autoantibodies with platelet antigen is likely involved in the development of 

SLE-associated immunologic thrombocytopenia (SLE-ITP).

Anti-dsDNA autoantibodies are considered as not only a diagnostic marker but also a 

pathogenic factor for SLE [15]. Previous reports have shown that those anti-dsDNA 

antibodies may cross-react with a variety of epitopes in different proteins [16–27]. It was 

also showed that a synthesized peptide is able to induce anti-dsDNA antibody in mice 

[28,29]. Although it was suggested that the production of specific anti-platelet 

autoantibodies (mainly directed against GpIIb/IIIa) plays an important role in the 

development of SLE-ITP [14], it is not clear whether an epitope mimicking dsDNA does 

exist in platelet integrin GPIIIa.

We have previously described a unique anti-platelet integrin GPIIIa49-66 antibody derived 

from the patients with HIV-related immunologic thrombocytopenia (HIV-1-ITP), which 

induces complement-independent platelet oxidative fragmentation and death by generation 

of platelet peroxide following NADPH oxidase activation [30–34]. The presence of anti-

GPIIIa49-66 Ab correlates inversely with platelet count (r = −0.71) and induces severe 

thrombocytopenia when injected into mice [31]. Platelet integrin GPIIIa49-66 

(CAPESIEFPVSEARVLED) contains five negatively charged amino acids (underline), and 

monoclonal antibodies (mAbs) binding to GPIIIa49-66 mainly depend on positively charged 

amino acid in the heavy-chain complementarity-determining region 3 (HCDR3) [35], similar 

as anti-dsDNA autoantibodies binding to DNA. Thus, we investigate whether anti-dsDNA 

antibody could cross-react with platelet GPIIIa49-66 as it may contribute to the development 

of SLE-ITP.

Here, we demonstrate that (1) three out of nine SLE-ITP patients IgG cross-react with both 

dsDNA and platelet GPIIIa49-66, and dsDNA inhibited the binding of purified patient anti-

dsDNA antibodies to GPIIIa49-66 peptide; (2) both polyclonal and monoclonal anti-

GPIIIa49-66 antibodies are able to cross-react with dsDNA, and the DNA binding activities 

of anti-GPIIIa49-66 antibodies are mainly dependent on the positively charged amino acid 
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in the HCDR3 region; (3) anti-GPIIIa49-66 mAbs and anti-dsDNA mAbs have similar side-

chain orientation of positively charged amino acids in their HCDR3; (4) human anti-dsDNA 

mAb 412.67 from a SLE patient cross-reacts with GPIIIa49-66 peptide; and (5) affinity-

purified anti-GPIIIa49-66 antibodies from SLE-ITP patients induced platelet fragmentation 

in vitro and thrombocytopenia in vivo. Therefore, our data suggest an epitope mimicry 

between dsDNA and GPIIIa49-66, and anti-dsDNA in SLE patients may contribute to the 

development of SLE-ITP.

Materials and methods

Reagents, mice, and clinical samples

All reagents were obtained from Sigma-Aldrich (St Louis, MO, USA) unless otherwise 

designated. Peptide GPIIIa49-66 (CAPESIEFPVSEARVLED) and irrelevant 10-mer 

peptide (GIGALFLGFL) were synthesized by Bio-Synthesis (Lewisville, TX, USA). Human 

anti-GPIIIa49-66 Abs, affinity-purified rabbit anti-GPIIIa49-66 polyclonal antibodies 

(pAbs) and anti-GPIIIa49-66 scFv mAbs, and its mutants were produced in our laboratory 

[30,31,34]. Human anti-dsDNA mAb 412.67 from a SLE patient was described previously 

[36–38]. Female BALB/c mice were obtained from Taconic Farms (Germantown, NY, 

USA). Animal work was approved by the New York University School of Medicine Animal 

Review Board. Human sera used in this study were collected from SLE-ITP patients and 

healthy subjects at Bellevue Hospital, New York. All of the SLE patients and non-SLE 

controls satisfied the America College of Rheumatology revised criteria for the classification 

of SLE [39]. SLE-ITP patients had platelet counts of 82 ± 27 × 109/l. These studies were 

approved by the New York University Medical Center, Institutional Review Board.

Affinity purification of IgG from sera of SLE-ITP patients

Serum IgG was isolated from SLE-ITP patients by protein A/G affinity chromatography. 

The monospecific anti-dsDNA fraction was purified using human placenta dsDNA-coupled 

CNBr-activated Sepharose 4B gel column as previously described [40]. The affinity-purified 

IgG was dialyzed against 0.01 M sodium phosphate buffer saline (pH 7.4; PBS).

Immunoblotting

Twenty-five micrograms of platelet lysis were separated by 12% SDS/PAGE gels; 

transferred to a PVDF membrane; and immunoblotted with anti-human IgG, anti-platelet 

integrin GPIIIa (sc-46655, Santa Cruz Biotechnology, Inc.), and a normal control IgG for 

2h, followed by horse radish peroxide (HRP)-conjugated secondary IgG, and detected by 

chemiluminescence.

ELISA

For GPIIIa49-66 peptide, 20μg/ml of peptide in 0.1 M sodium bicarbonate buffer (pH 9.6) 

was adsorbed to a 96-well ELISA plate at 4°C overnight and blocked with blocking buffer 

(3% BSA in PBS-Tween 0.1%) at room temperature for 2h. To coat dsDNA, calf thymus 

dsDNA was adsorbed to a 96-well ELISA plate precoated with poly-L-lysine (50 μg/ml) at 

4°C overnight [41]. After charge neutralizing the plates with poly-L-glutamate (100 μg/ml in 

distilled water), the plates were blocked with 2% casein (37°C, 1 h for each step). Patient 
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samples (diluted 1:50 in PBS-Tween), anti-GPIIIa49-66 antibodies or anti-DNA mAb 

412.67, were added and incubated at room temperature for 1h, followed by HRP-conjugated 

secondary IgG. ELISA results were read by an automated microtiter plate reader at 405 nm 

with 490 nm as reference. For dsDNA inhibition assay, different concentrations of calf 

thymus dsDNA were incubated with purified patient anti-dsDNA antibodies for 30min at 

37°C for 1h. The final concentrations of dsDNAs were from 0.1 to 100 μg/ml.

Assay of platelet particle formation

Gel-filtered human platelets were isolated and labeled with anti-human CD61-fluorescein 

isothiocyanate as previously described [31]. Fluorescent-labeled platelets/particles were 

measured by flow cytometry using a FACScan (Becton Dickinson Immunocytometry 

Systems, Mountain View, CA, USA). Gates were adjusted for platelets by exclusion of other 

blood cells. Fluorescent-labeled intact platelets were monitored in the right upper quadrant 

with the y-axis measuring forward scatter and the x-axis measuring fluorescence. A shift in 

fluorescence from right upper quadrant to left upper quadrant and to left lower quadrant 

reflected the percentage of platelet particle induction in 10,000 enumerated events.

Induction of passive thrombocytopenia in mice

Six-week-old female BALB/c mice were randomly divided into two groups (n = 4 per 

group). Fifty micrograms of purified control antibody or patient anti-GPIIIa49-66 antibody 

were injected intraperitoneally into Balb/c mice and followed by platelet counts for 24 h. 

Platelet counts were determined from 20 μl of blood drawn into Unopettes (No. 365855, 

Becton Dickinson), containing optimal anti-coagulant concentration and diluent for 

quantitating platelet counts by phase contrast microscopy.

Molecular modeling

The heavy chain and light chain amino acid sequences of anti-GPIIIa49-66 antibody mAb 

A11 and anti-dsDNA antibody mAb 412.67 were used to generate the molecular model 

through WAM-Web Antibody Modeling (http://antibody.bath.ac.uk). The side chains of 

amino acids in the heavy chains at position 100, 102, 104, and 105 have been labeled.

Results

dsDNA inhibits IgG purified from three SLE-ITP patients binding to GPIIIa49-66

Since GPIIIa49-66 (CAPESIEFPVSEARVLED) contains five strong negatively charged 

amino acids (underline), we have examined potential cross-reactivity between dsDNA and 

GPIIIa49-66 using sera from SLE-ITP patients. We found that three out of nine patient sera 

cross-react with both dsDNA and GPIIIa49-66 peptide, whereas the other six patients sera 

only react with dsDNA, and six healthy subjects sera were not reactive (Figure 1A). Immune 

complexes with platelet integrin GPIIIa were also found in three SLE-ITP patients sera with 

anti-GPIIIa49-66 activity P5, P6, and P7 (Figure 1B). The inhibition of dsDNA to the 

binding of three patients purified anti-dsDNA antibodies to GPIIIa49-66 peptide suggests a 

potential epitope mimicry between GPIIIa49-66 and dsDNA in SLE-ITP patients (Figure 

1C).
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Cross-reactivity of anti-GPIIIa49-66 antibody with dsDNA

Since sera from three SLE-ITP patients react with platelet integrin GPIIIa49-66, we next 

examined whether anti-GPIIIa49-66 antibodies can also react with dsDNA. Affinity-purified 

rabbit anti-GPIIIa49-66 polyclonal Abs react with both GPIIIa49-66 and dsDNA compared 

to BSA control (Figure 2A). In addition, anti-GPIIIa49-66 mAbs can cross-react with 

dsDNA, whereas control 13CG2 was not reactive (Figure 2B). We have previously reported 

that the binding activity of anti-GPIIIa49-66 mAbs to GPIIIa49-66 is mainly dependent on 

the positively charged amino acid in their HCDR3 region [35].

To check whether this is also the case with dsDNA, anti-GPIIIa49-66 mAb (A11) and its 

mutant were tested by ELISA. A11 reacts with both dsDNA and GPIIIa49-66 peptide 

(Figure 2C). In contrast, the binding activity of A11 mutant to dsDNA and GPIIIa49-66 

peptide was significantly decreased when positively charged amino acid lysine (K104) and 

histidine (H102) in the HCDR3 were replaced by glycine (G) (Figure 2D). Thus, anti-

GPIIIa49-66 antibodies cross-react with dsDNA and positively charged amino acids in 

HCDR3 are required.

Sequence comparison of CDR regions of anti-dsDNA and anti-GPIIIa49-66 antibodies

Since DNA binding activities of anti-GPIIIa49-66 antibodies are dependent on the positively 

charged amino acid in HCDR3, we compared the amino acid sequences of complementarity-

determining region (CDR)2 and CDR3 in both anti-GPIIIa49-66 antibodies and anti-dsDNA 

antibodies reported by others and us [35,42]. Both anti-GPIIIa49-66 mAbs and anti-dsDNA 

mAbs have similar profile of positively charged amino acids in their CDR2 and CDR3 

regions, suggesting the important role of positively charged amino acids in binding to both 

dsDNA and GPIIIa49-66 (Figure 3).

Molecular modeling of anti-dsDNA mAb and anti-GPIIIa49-66 mAb

To examine the similarity of molecular structure between anti-dsDNA mAbs and anti-

GPIIIa49-66 mAbs, we compared the molecular model of an anti-dsDNA mAb 412.67 and 

an anti-GPIIIa49-66 mAb A11. Indeed, anti-dsDNA mAb 412.67 shows a similar positively 

charged amino acid side chain orientation (K104 and R105) with anti-GPIIIa49-66 mAb 

A11 (K100 and H102) (Figure 4).

Binding assay of anti-dsDNA mAb with GPIIIa49-66 peptide

Since purified IgG from SLE-ITP patients is able to bind to GPIIIa49-66 and the binding 

activity can be inhibited by dsDNA, we next examined whether an anti-dsDNA mAb could 

cross-react with GPIIIa49-66. Figure 5 demonstrated that an anti-dsDNA mAb 412.67 from 

an SLE patient could react with GPIIIa49-66 peptide with a 50% decrease in binding 

comparing with dsDNA, and it was not reactive to irrelevant control peptide. This result 

further supports that GPIIIa49-66 could be a mimicry epitope of dsDNA on platelet.
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Effect of anti-GPIIIa49-66 antibodies from SLE-ITP patients on platelet fragmentation in 
vitro and in vivo

We have shown that sera from three out of nine SLE-ITP patients which contain antibodies 

could cross-react with both GPIIIa49-66 peptide and dsDNA. To further confirm that the 

anti-GPIIIa49-66 activity pathologically contributes to thrombocytopenia in SLE-ITP 

patient, we test the effect of anti-GPIIIa49-66 antibodies purified from these three patients 

on platelet fragmentation in vitro as well as inducing thrombocytopenia in vivo. We first 

examined whether platelet fragment and antibodies are present in immune complexes of 

patients with positive anti-GPIIIa49-66 activity to confirm that the platelet destruction is due 

to anti-GPIIIa autoantibodies. Indeed, platelet fragments were found in immune complex 

from patients P5, P6, and P7, but not from the three control subjects (Figure 6A). Further, 

affinity-purified anti-GPIIIa49-66 antibodies from patients P5, P6, and P7 induced platelet 

fragmentation in vitro (Figure 6B). Finally, although control IgG had no effect, affinity-

purified anti-GPIIIa49-66 antibodies from patient P7 induced thrombocytopenia in Balb/c 

mice (Figure 6C). Thus, anti-GPIIIa49-66 antibodies in three SLE-ITP patients are likely 

involved in inducing thrombocytopenia.

Discussion

Anti-dsDNA autoantibodies have been reported to react with several proteins and non-

protein substances [15,43]. The extensive cross-reactivity of anti-DNA autoantibodies could 

have implications for their pathogenic mechanism, although current findings suggested that 

not all anti-dsDNA antibodies are pathogenic [43]. It has been shown that high levels of 

anti-platelet glycoprotein antibodies, such as anti-GPIIb/IIIa and anti-GPIV, are common in 

SLE-ITP patients [9]. In addition, Jacob et al. reported that anti-dsDNA mAb (PME77) 

could cross-react with the membrane surface protein of platelets [18,20]. Consistent with 

these findings, we identified that a specific epitope GPIIIa49-66 with strong negative 

charges (CAPESIEFPVSEARVLED) reacts with anti-dsDNA antibody and may be involved 

in the development of SLE-ITP.

We showed here that purified anti-GPIIIa49-66 antibodies from SLE-ITP patients induce 

thrombocytopenia in vivo, and platelet fragments were found in the immune complexes in 

sera from these SLE-ITP patients. Thus, platelet destruction induced by anti-GPIIIa49-66 

antibodies is not unique for HIV-1-ITP. Rather, this mechanism is likely to be involved in 

other immune complex-associated thrombocytopenia involved with serum immune 

complexes and anti-GPIIIa49-66 antibodies [44].

Basic amino acids in HCDR3 are crucial for dsDNA binding [43]. Since all four monoclonal 

anti-GPIIIa49-66 antibodies contain basic amino acids in their HCDR3 region, it is not a 

surprise finding that they all cross-react with dsDNA. We also found that sera from six out 

of nine SLE-ITP patients react with dsDNA but not with GPIIIa49-66, suggesting that some 

of the anti-dsDNA antibody may not be able to cross-react with GPIIIa49-66. Although both 

GPIIIa49-66 and dsDNA have a negatively charged surface, the structural difference 

between GPIIIa49-66 and dsDNA should be appreciated. In fact, we reported before that not 

only the positively charged amino acids are required for binding to GPIIIa49-66 but also the 

positions of these positively charged amino acids are important for GPIIIa49-66 binding 
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[35]. In addition, light chain of anti-GPIIIa49-66 antibody also plays an important role in 

GPIIIa49-66 binding. Thus, while anti-GPIIIa 49-66 antibody can bind to DNA through 

positively charged amino acids in their HCDR3, some anti-dsDNA antibodies may not be 

able to bind to GPIIIa49-66 due to steric inhibition.

In these six SLE-ITP patients without anti-GPIIIa49-66 binding activity, it is most likely 

that thrombocytopenia can be caused by other mechanisms. There is a possibility that some 

anti-dsDNA antibodies may interact with other antigens on the surface of the platelet 

[15,43]. In addition, higher frequency of anti-GPIIb-IIIa antibodies in patients with 

antiphospholipid antibodies associated with thrombocytopenia was reported before [9]. 

Given the fact that antiphospholipid antibody is able to interact with GPIIIa [14], it is likely 

that antipho-spholipid antibodies frequently found in SLE can also contribute to the 

development of SLE. Nevertheless, in this study, we have identified a specific epitope 

GPIIIa49-66 that mimics dsDNA, and some anti-dsDNA antibodies can contribute to the 

development of SLE-ITP by cross-reacting with GPIIIa49-66.
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Figure 1. 
dsDNA inhibits IgG purified from three SLE-ITP patients binding to GPIIIa49-66.(A) 

Binding activity of serum IgG from nine SLE-ITP patients and six healthy subjects to 

dsDNA and platelet GPIIIa49-66. IR refers to irrelevant peptide. SEM is given. (B) Presence 

of anti-GPIIIa antibodies in SLE-ITP patients. Twenty-five micrograms of platelet lysis 

were separated by 12% SDS-PAGE gels; transferred to a PVDF membrane; and 

immunoblotted with patient sera(lane P4-P7), normal sera(lane N1-N4), and mouse 

monoclonal Ab against platelet integrin GPIIIa (lane 1), respectively. (C) Blocking of IgG 

purified from SLE-ITP patients binding to GPIIIa49-66 peptide by dsDNA. Affinity-purified 

patient anti-dsDNA antibodies incubated with varying concentrations of dsDNA as indicated 

before ELISA.
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Figure 2. 
Cross-reactivity of anti-GPIIIa49-66 antibody with dsDNA. Binding activity of affinity-

purified rabbit anti-GPIIIa49-66 pAbs (A) or anti-GPIIIa49-66 mAbs (B) with dsDNA 

measured by ELISA assay. Binding of A11 (C) and its mutant (D) to GPIIIa49-66 and 

dsDNA measured by ELISA assay. X-axis numbers 1–6 refer to serial doubling dilutions of 

1:2 to 1:64, respectively (n = 3), SEM is given. IR refers to irrelevant peptide.
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Figure 3. 
Sequence comparison of CDRs of anti-dsDNA and anti-GPIII49-66 antibody clones. Amino 

acid sequences of CDR2 and CDR3 of anti-dsDNA antibodies from SLE patients (S) and 

amino acid sequence of anti-GPIIIa49-66 antibodies generated in lab (G) were compared. 

The CDR2 and CDR3 alignments of both heavy and light chains are shown. Many positively 

charged amino acids (Arg, Lys, and His) were found in both the HCDRs and the LCDRs of 

two types of antibody clones.
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Figure 4. 
Molecular modeling of anti-dsDNA mAb 412.67 and anti-GPIIIa49-66 mAb A11.The heavy 

chain is in red and light chain in blue. Side chains of R105 and K104 in HCDR3 region of 

mAb 412.67 and side chains of H102 and K100 in HCDR3 region of mAb A11 are shown.
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Figure 5. 
Binding assay of anti-dsDNA mAb 412.67 with GPIIIa49-66 peptide. Binding assay of anti-

dsDNA mAb 412.67 with GPIIIa49-66 measured by ELISA as described in material and 

methods. 1:3, 1:10, 1:30 refer to serial dilutions of hybridoma supernatant, respectively (n = 

3), SEM is given. IR refers to irrelevant peptide.
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Figure 6. 
Effect of SLE-ITP patients Abs on platelet fragmentation in vitro and in vivo. (A) Presence 

of platelet fragments in SLE-ITP patients. Serum immune complexes from GPIIIa49-66 

positive patients or healthy subjects run on 12% SDS-PAGE (upper) and immunoblotted 

with anti-GPIIIa49-66 antibody (lower). (B) Effect of affinity-purified anti-GPIIIa49-66 IgG 

from three SLE-ITP patients on platelet fragmentation in vitro. Pt refers to anti-GPIIIa49-66 

Ab from HIV-ITP patients. White, dark, and gray bars refer to serial 1:1 dilutions of IgG, 

starting at 50 μg/ml, SEM is given. (C) Effect of affinity-purified anti-GPIIIa49-66 

antibodies from Patient P7 on induction of thrombocytopenia in Balb/C mice. Purified 

control antibody (Ctl), patient anti-GPIIIa49-66 antibodies (50 μg) were injected 

intraperitoneally into Balb/C mice, and platelet counts followed for 24 h, n = 4, SEM is 

given.
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