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Abstract

Antibodies to DNA (anti-DNA) are the serological hallmark of systemic lupus erythematosus and 

markers of underlying immune system disturbances. These antibodies bind to both single-stranded 

and double-stranded DNA, mediating pathogenesis by forming immune complexes. As shown 

recently, DNA in blood exists in both free and particulate forms, with DNA representing an 

important component of microparticles. Microparticles are membrane-bound vesicles containing 

nuclear molecules, released by membrane blebbing during cell death and activation. A panel of 

monoclonal NZB/NZW F1 anti-DNA antibodies was tested for binding to microparticles 

generated from apoptotic THP-1 and Jurkat cells. These studies showed that only certain anti-

DNA antibodies in the panel, specific for double-stranded DNA, bound to microparticles. Binding 

to particles was reduced by soluble DNA or DNase treatment. Together, these results indicate that 

particle binding is a feature of only certain anti-DNA antibodies, reflecting immunochemical 

properties of the antibodies and the nature of the exposed DNA antigens.
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1. Introduction

Antibodies to DNA (anti-DNA) are the serological hallmark of systemic lupus 

erythematosus (SLE), a prototypic autoimmune disease characterized by generalized 

immune system disturbances in association with tissue inflammation and injury [1, 2]. As 

shown with antibodies from patients as well as murine models, anti-DNA antibodies can 

bind to antigenic sites on both double stranded (ds) and single stranded (ss) DNA although 
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antibodies to dsDNA are most closely related to disease pathogenesis [3–5]. In addition to 

their role of serological markers, anti-DNA antibodies represent important effector elements 

in disease and can mediate tissue inflammation, especially nephritis, by the formation of 

immune complexes; these complexes can also stimulate cytokine production by 

plasmacytoid dendritic cells via activation of internal nucleic acid sensors, including toll-

like receptor 9 (TLR9) [6–9]. Because of the close association of anti-DNA antibodies with 

disease manifestations in many patients, defining mechanisms for the formation of immune 

complexes addresses fundamental issues in the etiology of lupus.

While the molecular properties of anti-DNA antibodies have been intensely investigated, 

much less is known about the actual form of DNA that contacts the immune system in vivo 

during normal or aberrant immunity. Importantly, to stimulate autoantibody responses, form 

immune complexes or promote immunological danger in innate immunity, DNA must leave 

the cell. Current evidence indicates that this translocation event is a prominent feature of cell 

death which can occur by a variety of mechanisms characterized by the role of different 

enzyme cascades which can affect the integrity of DNA as well as lead to post-translation 

modification of histones and other binding molecules [10, 11]. In lupus, defects in the 

clearance of dead cell debris may lead to both increased levels of DNA in the extracellular 

space as well as its persistence [12].

Whatever the mechanisms for extracellular DNA release, levels of DNA are significantly 

elevated in the blood of patients or experimental animal models in a wide range of 

conditions marked by cell injury or death such as shock and malignancy. These conditions 

often show elevations in the levels of histones and nucleosomes [13–15]. These findings 

suggest that much of the extracellular DNA exists in the form of nucleosomes in which a 

length of DNA of approximately 147 bases is wrapped around a core octamer of two 

molecules each of histones H2A, H2B, H3, and H4; the nucleosome represents the main 

structural element of chromatin and allows dynamic interaction with proteins to mediate 

processes such as replication, transcription and repair [16, 17]. DNA, histones and 

nucleosomes all show immunological activity and drive immune responses via pattern 

recognition receptors that include toll-like receptors (TLRs) as well as internal nucleic acid 

sensors that can trigger the inflammasome [18–20].

The presence of DNA in the blood does not imply its existence in a soluble form (whether or 

not associated with proteins on the nucleosome) since, during cell death, nuclear as well as 

cytoplasmic molecules can transit into the extracellular space in the form of microparticles 

(MPs). MPs are small membrane-bound vesicles that range in size from 0.1 to 1.0 μm and 

originate from a blebbing process during cell death; MPs release can also occur during 

platelet activation [21, 22]. During apoptosis, nuclear molecules, including DNA, most 

likely in the form of nucleosomes or chromatin, can translocate to the blebs which can 

encapsulate a wide variety of cellular components [23–28]. Depending on the cell type, MPs 

can also be a source of cytokines [23]. In view of their composition, MPs can serve 

numerous physiological functions including thrombosis, hemostasis and inflammation and 

are elevated in many of the same diseases as is circulating DNA.
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As shown recently, DNA and other nuclear molecules on MPs are antigenically active and 

can be bound by monoclonal antibodies, plasma of patients as well as plasmas of murine 

models of lupus [28–30]. The binding occurs because DNA and other nuclear molecules 

reside on the particle surface or in an otherwise accessible form inside the particle itself. The 

relevance of particle binding to immune complex formation is demonstrated by the presence 

of IgG on particles in the blood of lupus patients. While the full range of autoantibodies that 

bind to particles is not known, studies on patients indicate a correlation between the 

presence of IgG on particles and anti-DNA levels, suggesting that anti-DNA bind particles 

in vivo. Particles in the blood of patients also have bound complement, further establishing 

their importance as circulating immune complexes [29].

Previous studies from our laboratory have demonstrated that the binding of autoantibodies 

may reflect fine specificity of antibodies to DNA as well as other nucleosomal components. 

Among a panel of murine monoclonal autoantibodies, we showed that certain specificities 

bound to particles generated in vitro from cell lines undergoing apoptosis [30]. Furthermore, 

we showed that MRL-lpr/lpr and NZB/NZW F1 mice differ in the content of MPs with 

bound IgG in the blood as well as the ability of plasma IgG to bind MPs generated in vitro. 

Since both strains express anti-DNA, these findings could suggest differences in the 

expressed antibodies in their recognition of DNA epitopes displayed by particles. In the 

current studies, we have further investigated the relationship between anti-DNA specificity 

and particle binding with monoclonal anti-DNA antibodies from NZB/NZW F1 mice and 

MPs generated by cultured cells undergoing apoptosis. Results presented herein indicate that 

MP binding is a property of only certain anti-DNA antibodies, a property related to 

differential specificity for ds and ssDNA. As such, these findings suggest the utility of 

particle binding as a measure of anti-DNA specificity potentially related to pathogenicity.

2. Materials and Methods

2.1 Anti-DNA ELISA

96-well microtiter plates (Thermo, Milford, MA) were coated overnight at 4°C with DNA 

from calf thymus (Sigma, St. Louis, MO) at a final concentration of 5 μg/ml in sodium 

citrate buffer (SSC) pH 8. The ds DNA was denatured by boiling for 10 minutes to prepare 

ssDNA to coat microtiter wells similarly. The coating solution was aspirated and the plates 

washed three times in phosphate buffered saline (PBS). Five-fold serial dilutions (10 μg/ml 

to 3.25 ng/ml) of a panel of monoclonal antibodies (described below) were prepared in 

phosphate buffered saline containing 0.5% BSA, 0.05% Tween 20 (Sigma) (PBS-BSA-T) 

and transferred to the plates. Plates were incubated for 1 h at room temperature (RT) 

followed by washing in PBS. Peroxidase-labeled goat anti- mouse IgG γ-chain specific 

(Sigma) diluted in PBS-BSA-T was added to the wells and plates were incubated for a 

further 1 h at RT. Plates were washed three times and developed following a 30 minute 

incubation at RT with substrate solution of 3,3’,5,5’-tetramethylbenzidine and hydrogen 

peroxide (Sigma) in 0.1M citrate buffer, pH 4.0. The reaction was terminated by adding 

10% sulfuric acid solution, and the OD 450 was determined with a microplate reader.
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2.2 Preparation of microparticles from in vitro cell cultures

Jurkat and THP-1 human cell lines obtained from the Duke University Comprehensive 

Cancer Center Cell Culture Facility were cultured in RPMI 1640 medium (Invitrogen, 

Carlsbad, CA) supplemented with 10% fetal bovine serum (HyClone, Logan, UT) and 20 

μg/ml gentamicin (Invitrogen). Cells were cultured at 37°C and 5% CO2, plated at a 

concentration of 2.5 × 106 cells/ml and induced to undergo apoptosis by treatment with 1 

μM staurosporine (STS) or 10 μM etoposide (ETO) (Sigma) for 18 h. The cells in the treated 

culture medium were collected and washed by centrifuging at 500 × g for 5 minutes. The 

cell free supernatant was centrifuged further at 16,000 × g for 45 minutes to pellet MPs. The 

resulting MP pellet was resuspended in Ca++ and Mg++ free PBS (Invitrogen) and adjusted 

to a concentration of 5000 MPs/μl after counting by flow cytometry (described below, 

section 2.3). MPs were also isolated from untreated cell cultures in normal growth cycle 

following 24 h culture.

2.3 Binding of monoclonal antibodies to MPs

MPs were incubated with a panel of monoclonal antibodies (mAbs) to DNA prepared from 

hybridomas from NZB/NZW F1 mice previously described [31–33]. The anti-DNA mAbs 

were serially diluted to concentrations ranging from 10 μg/ml to 3.25 ng/ml in 100 μl of PBS 

containing 5000 MPs/μl. Monoclonal antibody binding to MPs was detected using R-

phycoerythrin labeled F(ab’)2 fragment of anti-mouse IgG (whole molecule) prepared in 

sheep (Sigma) by flow cytometry. MPs were evaluated using a FACScan flow cytometer 

(BD, San Jose, CA) with all detectors set to logarithmic mode. FlowJo Collector’s Edition 

(Tree Star, Ashland, OR) was used for data acquisition and analysis.

To test binding specificity of the mAbs, 100 μl of MPs (5000 MPs/μl) were treated with 100 

U/ml of RNase-free DNase I (Invitrogen) and incubated at 37°C for 2 h. Nuclease digested 

MPs were incubated with mAbs and stained with labeled anti-mouse IgG to detect binding 

by flow cytometry. The mAbs were also incubated in five-fold serial dilutions (10 μg/ml to 

3.25 ng/ml) of ssDNA or dsDNA before incubating with MPs to test competitive inhibition 

of anti-DNA binding to MPs.

MPs from apoptotic Jurkat and THP-1 cells were also pre-incubated with DNA to assess 

effects on monoclonal antibody binding to particles. For this purpose, 106 THP-1 and Jurkat 

MPs were incubated with various concentrations of ssDNA or dsDNA for 1 h at RT. The 

MPs were washed by centrifuging the suspension at 16,000 × g for 30 min to pellet the 

treated MPs. The MP pellet was resuspended in Ca++ and Mg++ free PBS at a concentration 

of 5000 MPs/μl for staining with mAbs as described above.

3. Results

3.1 Binding specificity of monoclonal antibodies to ssDNA and dsDNA

The specificity of the monoclonal anti-DNA in the panel was first assessed using a direct 

ELISA to test the capacity of the monoclonal antibodies (mAbs) to bind ssDNA and dsDNA 

[32]. These antibodies were isolated from NZB/NZW F1 mice and previously characterized 

with respect to binding properties and ability to induce nephritis. As results in Figure 1A 
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indicate, the antibodies varied significantly in their relative binding to the two antigenic 

forms of DNA. Of the 19 antibodies, six demonstrated strong binding to both ssDNA and 

dsDNA (p163.77, 452s.160, 163p.64, 163p.124, DNA5 and 452s.6). Five other mAbs 

showed preferential binding to ssDNA and limited activity against dsDNA (452s.96, 74s.

119, 165s.3g, 185p.54 and 163p.132), while the remaining monoclonal antibodies showed 

limited activity against both forms of DNA under the conditions of this assay.

To assess further the specificity of these antibodies, selected members of the panel were 

measured over a broader range of concentration. As these results indicated, the relative 

binding of antibodies varied significantly. Whereas two of the mAbs in this selected group 

bound similarly to ds and ssDNA (163p.64, 452s.160), the others showed much greater 

binding to ssDNA compared to dsDNA at the concentrations of 10 – 0.4 μg/ml, (Figure 1B).

3.2 The binding of anti-DNA antibodies to MPs isolated from cells undergoing apoptosis

Previous studies showed that plasmas from patients with SLE as well as lupus mice show 

significant binding for MPs from apoptotic cell cultures [28, 34]. To determine the 

relationship between antibody specificity and particle binding, we therefore, tested the 

ability of the anti-DNA mAbs to bind to MPs generated from cells induced to undergo 

apoptosis in vitro. For these experiments, cells were treated with either staurosporine, a 

broad-spectrum kinase inhibitor, or etoposide, a topoisomerase inhibitor; supernatants were 

then collected and MPs isolated by differential centrifugation.

Figure 2 presents results of experiments with particles from cultures treated with 

staurosporine (Panel A) or etoposide (Panel B). As these findings indicate, among the panel 

of monoclonal antibodies, only some bound to the MPs from in vitro cell cultures although 

the extent of binding was similar with MPs from cultures with either inducer. These results 

confirm previous findings on the similarity in particles from different cell lines in terms of 

antibody binding [25, 28, 34]. Importantly, reference to the specificity analysis in Figure 1 

indicates that the antibodies with high binding to dsDNA bound to MPs, whereas mAbs that 

preferentially bound ssDNA did not bind to MPs significantly.

3.3 Effects of DNase digestion on antibody binding

To characterize further the basis of antibody binding to the MPs, we tested the antigenicity 

of MPs from two different cell types that had been treated with DNase. For this purpose, 

MPs from THP-1 and Jurkat cells cultured with staurosporine were treated with DNase 

before staining with the mAbs. As these results indicate, treatment with DNase led to some 

reduction of mAb binding (Figure 3) although the extent was variable among antibodies. 

These results indicate that some of the DNA antigen can be removed by specific nuclease 

treatment although some may be in a resistant or protected form.

3.4 The effect of soluble DNA on antibody binding

To determine whether antibody binding to particles could be affected by free DNA, we 

assessed the effect of pre-incubating two representative antibodies (452s.6 and 163p.124) 

with ssDNA or dsDNA prior to incubation with particles. For this experiment, the antibodies 

were first incubated in five-fold serial dilutions (10 μg/ml – 3.25 ng/ml) of ssDNA or 
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dsDNA and then added to the THP-1 and Jurkat MP suspension for further incubation. As 

results of these experiments show, the effects of added DNA were complex. Thus, at higher 

DNA concentrations, the binding of the MPs was inhibited by pre-incubation with either ds 

or ssDNA. As the concentration of DNA was decreased to 80 and 16 ng/ml, however, the 

binding of mAbs to the MPs was enhanced, with a greater effect of ds than ssDNA (Figure 

4). The lowest concentration of exogenous DNA (3.25 ng/ml) did not affect mAb binding 

significantly. These findings suggest that soluble DNA can influence antibody binding to 

MPs although the outcome depends on the concentration.

3.5 The effect of added DNA on the antigenicity of MPs

One explanation for enhanced antibody interactions with MPs at lower DNA concentrations 

relates to an increase in the antigen content of MPs from the added DNA that could be 

expected to act as an inhibitor. This increase could occur at low DNA concentrations 

because of a preferential interaction of antibodies to particles (whose antigenic content is 

increased by binding of the free DNA) rather than free DNA. In contrast, at higher 

concentrations, the free DNA would compete effectively with DNA on the particles and 

inhibit antibody binding. We therefore performed experiments to determine whether DNA 

can bind to MPs and thereby increase their antigenicity. In these experiments, we also 

assessed MPs from untreated cells to determine whether induction of apoptosis can affect 

either the DNA content of MPs or their capacity to bind added DNA.

In these experiments, MPs were first incubated with dsDNA or ssDNA, washed and then 

incubated with the monoclonal antibodies. We assessed the antibodies that either bound to 

dsDNA (163p.124, DNA5, 452s.6) or ssDNA (74s.119, 165s.3g, 185p.54 and 163p.132). As 

these experiments indicate (Figure 5), incubation of particles with either ds or ssDNA 

increased the binding of antibodies that bound well for both antigenic forms (Panel A). With 

antibodies that bound to ssDNA (Panel B), the effects of the pre-incubation with ssDNA 

differed from those of antibodies binding dsDNA. Thus, only one of the four antibodies 

tested (165s3.g) showed an augmentation of binding to particles following pre-incubation 

with either form of DNA. Together, these results indicate that particles can interact with 

DNA to increase antigenicity and possibly affect relative specificity for an antibody for ss 

and dsDNA. Thus, in addition to their display of DNA arising during apoptosis, MPs can 

provide a matrix to bind DNA to which it may be exposed following release from the cell.

4. Discussion

Results presented herein provide new insight into the binding of anti-DNA antibodies to 

MPs and indicate that the specificity for dsDNA can influence these interactions. These 

studies extend prior observations on the binding of anti-DNA antibodies in blood from 

patients and animal models as well as a limited panel of monoclonal anti-DNA and anti-

nucleosomal antibodies that were derived from various mouse models [25, 28, 34]. That 

panel contained two anti-DNA antibodies, one of which bound to MPs generated in vitro 

and one of which didn’t; these findings suggested the antigenicity of particle DNA and free 

DNA differ. Similarly, among antibodies to histones and DNA-histones complexes, only 

some bound particles. By characterizing a much larger panel of antibodies, the current 

studies fully support the heterogeneity of anti-DNA interactions with MPs and identify 
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dsDNA as an important epitope for antibody interaction. These findings support conclusions 

from studies on the binding of monoclonal antibodies to apoptotic blebs and the display of 

various nucleosomal antigens on particles [35, 36].

While antibody binding to MPs could suggest interaction with surface antigen, particles are 

permeable and antibodies may penetrate the membrane to contact DNA on the particle 

interior. Little is known about the internal structure of particles and the relationship of the 

interior to nucleoplasm, for example. The current study, in concert with others, nevertheless 

suggests a greater availability of ds DNA for antibody binding. This display could relate to 

preferential retention of dsDNA compared to ssDNA following nuclease degradation during 

apoptotic death; alternatively, single stranded regions may have greater interaction with 

particle proteins that limits or prevents the binding of anti-DNA antibodies. While the basis 

of this difference is not known, the greater binding of anti-dsDNA supports the idea that 

antibodies with this specificity may have a more significant role in disease pathogenesis than 

antibodies to ssDNA including the presentation of dsDNA to induce immune responses.

The current findings may also be relevant to the mechanisms by which self-antigens become 

available in vivo to form immune complexes in lupus, especially in the kidney. Such 

complexes may form from nuclear antigen that circulates in the blood or forms in situ in the 

kidney [37]. As particle release appears be a common, if not an invariable, feature of cell 

death, particles may be a relevant source of DNA antigen for complex formation whatever 

the location. As such, particle binding may be related to pathogenicity. It is of interest 

therefore that some of the antibodies with particle interaction also showed glomerular 

localization and binding to mesangial matrix in in vivo transfer models. In the in vivo 

studies, the antibodies with nephritogenic properties showed robust binding to dsDNA 

whereas antibodies with preferential binding to ssDNA did not show glomerular localization 

[38]. Since at least some of the nephritogenic antibodies also bound particles, a relationship 

of MP interaction and disease manifestations is possible. In this regard, nucleases in the 

blood may degrade the DNA on particles to modify antigenicity; on the other hand, a loss of 

DNase in the kidney may allow more persistent expression of DNA on the microparticles 

which lead to increased antibody binding and complex formation [37, 39–41].

These studies also suggest that comparisons between the binding of antibodies and 

monoclonal antibodies from lupus mice may provide a valuable perspective to assess 

pathogenicity and elucidate the mechanisms of immune complex formation. This 

perspective derives from our previous studies which suggested an apparently different role 

of MPs in the process of immune complex formation in MRL-lpr/lpr and NZB/NZW F1 

mice. Thus, using flow cytometry, we showed that plasma from MRL-lpr/lpr mice showed 

higher levels of MPs with bound IgG than particles from NZB/NZW F1 mice. Furthermore, 

we showed that purified IgG from MRL-lpr/lpr mice had much more robust interaction with 

particles than IgG from NZB/NZW F1 mice. In view of these prior results, the significant 

binding of certain NZB/NZW F1 monoclonal anti-DNA antibodies to particles is perhaps 

surprising. We would have predicted that, similar to the expressed antibodies in plasma, the 

monoclonal antibodies would show limited binding to particles generated in vitro. 

Nevertheless, we found that some of the antibodies bound well to particles in a DNA 

dependent manner.
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One explanation for these differences relates to sampling issues. It is possible that the 

monoclonal antibodies in our panel are not representative of the expressed repertoire of the 

strain. This situation could arise if B cells that can form a hydridoma are less likely to be 

expressed in vivo perhaps related to their differentiation or maturation stage or quantitative 

representation. In this regard, in our original study, we observed some differences among 

individual NZB/NZW mice in the levels of IgG on particles [34]. It is thus possible that the 

mice used as a source of spleen cells for the creation of the hybridoma lines expressed 

during disease IgG anti-DNA that can bind to particles. In this regard, an environmental 

influence is also possible as the original studies involved mice purchased from the Jackson 

Laboratory and raised in North Carolina whereas the source of the spleens for hybridoma 

lines came from mice raised in Tennessee. Unfortunately, we do not have blood from these 

mice to assess either the presence of IgG positive particles or the ability of serum IgG to 

bind to particles. We are performing further experiments to define the various influences on 

particle binding both in vitro and in vivo.

In conclusion, these studies demonstrate that the ability of an antibody to bind 

microparticles relates to its fine specificity and preference for single and double stranded 

DNA. Furthermore, these studies suggest that particle binding represents a useful serological 

assay to characterize autoantibody specificity as particles may represent an important 

antigenic form of DNA that is exposed to the immune system in vivo. This DNA may have 

unique associations with other nuclear and cellular components on particles which may 

affect antigenicity as well as immunogenicity. Indeed, particles can display cytokines and 

serve as adjuvants [21, 22]. Future studies will clarify the relationship between particle 

binding and pathogenicity, in terms of the formation of immune complexes that deposit in 

the kidney or stimulate cytokine production.
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Figure 1. 
DNA specificity of monoclonal antibodies. A panel of 19 monoclonals (mAb) previously 

prepared from NZB/NZW F1 lupus mice was assayed by ELISA for binding specificity to 

ds or ssDNA. Microtiter plates were coated with 5 μg/ml of native (dsDNA) or denatured 

(ssDNA) calf-thymus DNA, treated with 250 ng of mAb (panel A) or five-fold serial 

dilutions (1000 – 0.32 ng) (panel B) in 100 μl of reaction volume and incubated for 1 h at 

37°C. Peroxidase-labeled sheep anti-mouse IgG was used to measure bound antibodies. 

Black bars (A) or squares (B) represent mAb binding to dsDNA and white bars (A) or 

diamonds (B) show binding to ssDNA. PA2 and PL9-11 are control mAbs. Results are 

representative of three replicate experiments.
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Figure 2. 
Binding of mAbs to MPs generated in vitro. Jurkat cells were treated with 1 μM 

staurosporine (A) or 10 μM etoposide (B) for 18 h to induce apoptosis. MPs were isolated 

from culture media by centrifugation and diluted in PBS to a concentration of 5000 MPs/μl 

for treatment with 500 ng of mAb for 1 h at 37°C. Binding of mAbs to MPs (black line) was 

detected by flow cytometry using R-phycoerythrin labeled goat anti-mouse IgG and 

compared to isotype controls (filled grey peaks). Presented data are representative of three 

replicate experiments.
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Figure 3. 
The effects of nuclease treatment on the binding of mAbs to MPs. MPs prepared from Jurkat 

(A) and THP-1 (B) cells were treated with 100 U/ml of DNase (black line) or left untreated 

(filled peak). MPs were incubated with the mAbs (5 μg/ml) for 1 h at RT followed by 

staining with R-PE labeled goat anti-mouse IgG. Stained MPs were assayed by flow 

cytometry. Results are representative of four replicate experiments.
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Figure 4. 
The effects of DNA pre-incubation on the binding of mAbs to MPs. At a concentration of 

5μg/ml, two anti-DNA mAbs, 452s.6 (A) and 163p.124 (B), were incubated in five-fold 

serial dilutions of ssDNA or dsDNA (10 μg/ml – 3.25 ng/ml). The mAb was then added to a 

suspension of 500,000 MPs from THP-1 or Jurkat cells treated with staurosporine. MAb 

binding to MPs (black line) was detected by flow cytometry and compared to the binding of 

mAb with control pre-incubation (filled peak). Results are representative of experiments 

performed three times.
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Figure 5. 
The effect of incubation of particles with DNA on the binding of mAb. Jurkat and THP-1 

MPs from cultures treated with staurosporine were incubated in 10 μg/ml solutions of 

ssDNA (broken line), dsDNA (solid line) or left untreated (filled peak). Treated MPs were 

washed by centrifugation and resuspended in fresh PBS. MPs were incubated with 5 μg/ml 

of anti-dsDNA mAb (163p.124, DNA5 and 452s.6) (panel A) and anti-ssDNA mAb (74s.

119, 165s.3g, 185p.54 and 163p.132) (panel B). Bound anti-DNA was detected by flow 

cytometry using R-PE labeled goat anti-mouse IgG. Results are representative of 3 

experiments.
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