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a  b  s  t  r  a  c  t

Systemic  autoimmune  diseases  are  characterized  by  the  development  of  autoantibodies  directed  against  a
limited  subset  of nuclear  antigens,  including  DNA.  DNA-specific  B  cells  take  up  mammalian  DNA  through
their  B cell  receptor,  and  this  DNA  is  subsequently  transported  to an  endosomal  compartment  where
it can  potentially  engage  TLR9.  We  have  previously  shown  that  ssDNA-specific  B  cells  preferentially
bind  to  particular  DNA  sequences,  and  antibody  specificity  for  short  synthetic  oligodeoxynucleotides
(ODNs).  Since  CpG-rich  DNA, the  ligand  for TLR9  is  found  in low  abundance  in  mammalian  DNA,  we
sought  to determine  whether  antibodies  derived  from  DNA-reactive  B cells  showed  binding  preference  for
CpG-rich native  dsDNA,  and thereby  select  immunostimulatory  DNA  for  delivery  to TLR9.  We  examined
a panel  of  anti-DNA  antibodies  for binding  to CpG-rich  and  CpG-poor  DNA  fragments.  We  show  that
-cell
pG-rich DNA

a  number  of  anti-DNA  antibodies  do show  preference  for binding  to certain  native  dsDNA  fragments
of  differing  sequence,  but this  does  not  correlate  directly  with  the  presence  of CpG  dinucleotides.  An
antibody  with  preference  for binding  to a fragment  containing  optimal  CpG  motifs  was  able  to  promote  B
cell proliferation  to  this  fragment  at 10-fold  lower  antibody  concentrations  than  an  antibody  that  did not
selectively  bind  to  this  fragment,  indicating  that  antibody  binding  preference  can  influence  autoreactive
B  cell  responses.
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. Introduction

Systemic lupus erythematosus (SLE) and other systemic autoim-
une diseases are characterized by the development of autoan-

ibodies directed against a limited subset of self-antigens. A high
ercentage of the autoantigens targeted in SLE are normally found
s either DNA-associated or RNA-associated macromolecules.
NA-related antigens include, single-stranded DNA, dsDNA, his-

ones, and other DNA-binding proteins. RNA-related antigens
nclude U-rich RNA, SmD, and other splicesome-associated pro-
Please cite this article in press as: Uccellini MB, et al. Selective binding of a
Immunol Lett (2012), doi:10.1016/j.imlet.2012.01.003

eins. In addition, a substantial number of autoreactive B cells
ecognize autologous IgG and these rheumatoid factors (RFs) can
otentially bind IgG immune complexes, which incorporate DNA
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or RNA-containing particles. These antigens have in common the 

presence of bound nucleic acids [1,2]. 

We  have previously shown that these bound nucleic acids are 

able to provide an adjuvant effect by activating either Toll-like 

receptor 9 (TLR9) or TLR7 after being taken up by the B cell receptor 

(BCR) on B cells or by Fc� receptors on dendritic cells [3,4]. AM14 

BCR transgenic (Tg) mice express a prototypical autoimmune RF 

BCR, which binds IgG2a with low affinity [5].  When stimulated 

with IgG2a antibodies specific for DNA or RNA-associated anti- 

gens, AM14 B cells proliferate in a TLR9 or TLR7-dependent manner, 

respectively. This is dependent on the presence of mammalian DNA  

or RNA in the culture supernatant [3,6]. Similarly, 3H9 dsDNA spe- 

cific B cells, and 3H9/V�8 ssDNA specific B cells proliferate directly 

in response to DNA present in the culture supernatant [7,8]. 

The TLR family is one of the major families of innate immune 

receptors. Ligands include a diverse array of pathogen-derived 

molecules, as well as some endogenous ligands hypothesized to 

serve as danger signals. TLR engagement on antigen presenting cells 
nti-DNA antibodies to native dsDNA fragments of differing sequence.

(APC) leads to upregulation of costimulatory molecules, cytokine 52

production, and type I IFN production. Engagement of TLRs on 53

B cells leads to proliferation, antibody production, and cytokine 54

secretion. While most TLRs are expressed on the cell surface, 55
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he subset that recognize nucleic acids is localized intracellularly,
here they serve to detect nucleic acids derived from viruses and

acteria. Included in this group are TLR3, which recognizes dsRNA,
nd TLR7 and TLR8, which recognize ssRNA [9].  The TLR9 signal-
ng cascade is preferentially engaged by unmethylated CpG motifs,
ound at a higher frequency in microbial than mammalian DNA
10]. Optimal CpG motifs for activating mouse TLR9, as defined
ith synthetic oligonucleotides, have the base context PuPuCG-

yPy, with the best motif being GACGTT [11]. Mammalian DNA
s thought to be a relatively poor TLR9 ligand due to its low CG-
ontent, CpG depletion, and CpG methylation [12,13]. Therefore,
ow mammalian DNA is able to engage TLR9 in autoreactive B cells

s unknown.
We  have previously shown that immune complexes (IC) incor-

orating dsDNA fragments derived from CG-rich mammalian DNA
an activate AM14 B cells better than ICs incorporating CG-poor
ammalian DNA fragments. Thus TLR9 can distinguish CG-rich

nd CG-poor mammalian DNA. We  also found that 3H9/V�8
sDNA-specific antibody preferentially binds certain CG-rich DNA
ragments over others, and that these fragments induced a stronger
roliferative response [8].  These observations are consistent with
he premise that the activation of DNA-reactive B cells requires a
eceptor that binds CG-rich DNA. Studies from a number of groups
ave found that sequence-specific antibodies can be generated.
or example, immunization of mice with the DNA-binding domain
f the human papillomavirus E2 protein bound to its target DNA
equence lead to the generation of antibodies specific for the tar-
et DNA sequence [14]. Another study using systemic evolution of
igands by exponential enrichment (SELEX) to examine the binding
f ssDNA-reactive antibodies to DNA found that these antibodies
ound to stem–loop structures, and that some of the antibodies
ere specific for certain sequences [15]. The anti-DNA antibody
241 has also been reported to bind to a (dG–dC)3 core in the
ontext of a short single-stranded ODN [16], and 3H9R single-
hain Fv has also been reported to have a binding preference for
oly(dG)·poly(dC) over poly(dA)·poly(dT) [17]. Importantly, all of
hese studies examined binding to short synthetic ODN substrates.

hether antibody preference for sequence applies to long native
sDNA fragments, which are hypothesized to be the in vivo ligand

n autoimmune disease is unknown.
Since the ligand for TLR9 is in low abundance in mammalian

NA, and DNA-specific B cells can show binding preference, this
aised the hypothesis that DNA-reactive B cells might preferentially
ind to CpG-rich DNA among a pool of genomic DNA, and thereby
elect immunostimulatory DNA for delivery to TLR9. To examine
his possibility, we generated a panel of anti-DNA antibodies and
xamined their ability to bind to CpG-rich and CpG-poor substrates.
e  find that a number of anti-DNA antibodies do show preference

or binding to certain DNA fragments, but this does not correlate
irectly with the presence of CpG dinucleotides. However, an anti-
ody with a binding preference for an immunostimulatory DNA
ragment is able to promote a proliferative response to the frag-

ent at lower doses than antibodies that do not display this binding
reference, indicating that antibody specificity does contribute to
utoreactive B cell responses.

. Materials and methods

.1. B cell proliferation
Please cite this article in press as: Uccellini MB, et al. Selective binding of a
Immunol Lett (2012), doi:10.1016/j.imlet.2012.01.003

AM14 RF+ mice were obtained from crosses between MRL  AM14
 chain transgenic (Tg) and BALB/c V�8 L chain Tg mice [5].  B
ells were positively selected from spleen cell suspensions using
nti-B220 microbeads (Miltenyi Biotech) and cultured as described
 PRESS
 Letters xxx (2012) xxx– xxx

previously [8,18].  Proliferation was  measured with a 6 h pulse of 

3H-thymidine 24 h post-stimulation. 

2.2. Antibodies 

Anti-TNP antibody Hy1.2 has been described previously [3].  The 

IgG2a monoclonal anti-DNA antibodies PA4 and H241 were kindly 

provided by Monestier et al. [19] and Stollar et al. [16]. 6-120, 8D8, 

3A5, 10G10, 11E8, 16F8, F2.2.G5, B5.E12, and E8.F1 were obtained 

from the fusion of MRL-lpr or MRL-gld spleen cells to the mouse 

myeloma fusion partner SP2 or NSO-bcl-2 [20]. These mAbs were 

initially identified as DNA-reactive by ELISA. 6-120 and 8D8 were 

subsequently found to give a homogeneous nuclear staining pat- 

tern in a HEp2 immunofluorescent screen and to stain crithidia 

kinetoplasts. They were therefore considered reactive to dsDNA. 

All IgG2a antibodies were purified on protein G sepharose.

2.3. DNA fragments

Mouse DNA was  prepared from spleen, and E. coli DNA from
DH5� using Qiagen DNeasy® Blood & Tissue Kit, and digested 

with DdeI to yield fragments ranging from 0.2 to 2 kb. The dsDNA 

fragments CGneg, CG50, Sumo, Senp1, and clone 11 and have 

been previously described [7,8]. These fragments as well as uns- 

elected mouse DNA and E. coli DNA were biotinylated by filling-in 

5′ overhangs from restriction digestion with Klenow(exo-) in 

the presence of biotin-16-2′-deoxy-uridine-5′-triphosphate [7].  

Primers and enzymes were removed from all DNAs using the DNA 

Clean & Concentrator-25TM kit (Zymoresearch). All DNAs contained 

less than 0.1 EU/ml endotoxin when tested at 5× concentration. 

2.4. ELISAs 

MAbs were initially screened for their capacity to directly bind 

biotinylated soluble DNA fragments. 96-well plates were coated 

with 2 �g/ml goat anti-mouse IgG2a, blocked with 1%BSA/PBS, and 

anti-DNA antibodies were added at 2 �g/ml for 2 h at RT. Biotin 

labeled DNA was  then added at 300 ng/ml for 2 h at RT. For compe- 

tition ELISA, plates were coated directly with the mAbs and blocked 

with 1%BSA/PBS. Increasing concentrations of unlabeled competi- 

tor DNA fragment were then added to the wells in the presence of a 

fixed concentration of a biotinylated fragment. ELISAs were devel- 

oped with Streptavidin-horseradish peroxidase (Southern Biotech) 

and TMB  substrate (Sigma). 

2.5. ANA and CrithiDNA 

Purified antibodies were assayed on Hep-2 or CrithiDNA® slides 

(Antibodies, Inc.) at 4 �g/ml and detected with goat anti-mouse 

Ig(H + L)-FITC (Southern Biotech) at 10 �g/ml. CrithiDNA® slides 

were also costained with DAPI to confirm localization of DNA. 

2.6. DNA selection 

50 �l of packed protein G sepharose was  incubated with 100 �g 

PA4 or 8D8 for 5 min  in a final volume of 500 �l and washed 3× 

to remove unbound antibody. 2 �g of plasmid DNA was  digested 

with restriction enzymes. LITMUS-CG50 was  digested with EcoRI, 

BamHI, and DdeI. pCpG-CG50 and pCpG-clone 11 were prepared by 

digesting pCpG-mcs (Invivogen) with EcoRI and AvrII and mixing 

with CG50 or clone 11 fragment [8].  DNA was labeled by incubat- 

ing digest with Klenow(exo-) fragment in the presence of 33 �M 
nti-DNA antibodies to native dsDNA fragments of differing sequence.

dTTP, dCTP, and dGTP, and 10 �Ci of [�32P]-dATP for 30 min at 37 ◦C. 169

Unincorporated nucleotides were removed with a ProbeQuantTM
170

G-50 Micro column (GE Healthcare). Sepharose was then incu- 171

bated with DNA in 500 �l of buffer C (50 mM Tris–HCl pH 8.0, 0.1 M 172

dx.doi.org/10.1016/j.imlet.2012.01.003
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Table 1
.

CpG-poor Size (bp) CpG Optimal CpG

CGneg 629 0 0
Sumo 619 1 0
Senp1 557 4 0
Mouse 100–1000 Depleted Depleted

N173

r174

w175

m176

t177

t178

1179

l180

3181

3182

t183

184

a185

a186

p187

a188

t189

T190

A191

t192

f193

d194

mQ3195

a196

f197

p198

d199

a200

a201

c202

3203

d204

205

e206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

F
h
(
a

Clone 11 573 42 2
CG50 607 52 52
E.  coli 200–2000 Enriched Enriched

aCl, 1 mM  dithiothreitol, 10 �g/ml gelatin) [21] for 1 h at RT with
otation. Sepharose was then centrifuged and the unbound DNA
as collected, followed by 500 �l washes with buffer C supple-
ented with the indicated concentrations of NaCl. Radioactivity in

he fractions was counted and salt was removed from selected frac-
ions using the DNA Clean & Concentrator-25TM kit (Zymoresearch).
0,000 cpm were loaded onto a 4.5% non-denaturing polyacry-

amide gel and visualized using a phosphoimager.

. Results

.1. Antibodies reactive with dsDNA appear to preferentially bind
he CpG-rich dsDNA fragment CG50 and E. coli DNA

In order to examine antibody preference for sequence, we
ssembled a panel of 11 IgG2a anti-DNA antibodies from
utoimmune-prone MRL-lpr and MRL-gld mice. PA4 and H241 had
reviously been shown to bind dsDNA. They were compared to 7
dditional antibodies, also isolated from autoimmune mice and ini-
ially selected for their ability to bind either mouse or E. coli DNA.
he anti-TNP antibody Hy1.2 was included as a negative control.
ntibodies were first examined for their ability to bind directly

o representative biotin-labeled CpG-poor and CpG-rich dsDNA
ragments. These included CGneg, a 629 bp fragment with no CpG
inucleotides, CG50, a 607 bp fragment containing 50 optimal CpG
otifs (Table 1), and biotin-labeled mouse and E. coli DNA. Seven

ntibodies showed weak reactivity only to mouse DNA. The other
our antibodies (PA4, H241, 6.120.1, and 8D8) bound all 4 DNA
reparations and showed preference for binding to the CpG-rich
sDNA fragments CG50 and E. coli DNA (Fig. 1a). These 4 antibodies
lso gave a homogeneous nuclear staining pattern on ANA slides,
nd positive staining of the kinetoplast on CrithiDNA slides, thereby
onfirming reactivity with dsDNA (Fig. 1b).

.2. Anti-DNA antibody PA4 preferentially binds to the CpG-rich
Please cite this article in press as: Uccellini MB, et al. Selective binding of a
Immunol Lett (2012), doi:10.1016/j.imlet.2012.01.003

sDNA fragment CG50

Interpretation of direct binding assays can be confounded by
ffects of the coupling reaction on DNA structure or by uneven

ig. 1. Anti-DNA antibodies show binding preference for CpG-rich DNA fragments. (A) P
ybridomas, and the indicated biotinylated dsDNA was  added at 300 ng/ml. Binding of DNA
B)  Hep-2 or CrithiDNA slides were incubated with 2 �g/ml of the indicated IgG2a antib
rrow.
 PRESS
 Letters xxx (2012) xxx– xxx 3

labeling of the DNA ligands. To further evaluate the sequence speci- 

ficity of the 4 DNA-reactive antibodies, we extended our analysis 

to competition assays in which it was  possible to directly com- 

pare the ability of CpG-rich and CpG poor fragments to compete 

for binding to a labeled fragment. We  first examined the binding 

of an anti-DNA antibody, PA4 [19], isolated from a drug-induced 

model of lupus, to CpG-rich and CpG-poor dsDNA fragments. Con- 

sistent with previous reports, we found that the relative ability 

of unlabeled fragments to compete for binding to a labeled frag- 

ment was dependent on the particular fragment used as ligand 

[7].  Conditions were optimized to measure the capacity of plate- 

bound PA4 antibody to bind to the biotin-labeled fragments CG50 

and Senp1, a 557 bp fragment containing only 4 CpG dinucleotides 

and no optimal motifs. The ability of PA4 to bind these fragments 

in the presence of increasing concentrations of additional dsDNA 

fragments was then evaluated. The competitor fragments included
CG-rich (CG50 and clone 11) and CG-poor (CGneg, Sumo, Senp1)
DNA sequences. When Senp1 was  used as ligand, all the fragments
competed comparably. However, if CG50 was used as ligand, unla- 

beled CG50 was able to compete for binding of biotin-labeled CG50
much more effectively than the other fragments (Fig. 2a), indicat- 

ing that PA4 preferentially bound to the CG50 fragment. However,
this enhanced binding activity did not extend to clone 11, a 573 bp 

fragment containing 42 CpG-dinucleotides derived from a mouse 

CpG island, that was  enriched for CG dinucleotides. 

3.3. Other anti-dsDNA mAbs show variable binding to DNA
fragments by competition ELISA 

A similar format was used to examine the other 3 dsDNA- 

binding antibodies (Fig. 2b–d). Again, two different DNA ligands 

were used, but did not seem to have a major effect on the experi- 

mental outcome. Each antibody seemed to have a relatively unique 

binding preference. Unexpectedly, 8D8 seemed to bind the CG-poor 

fragments the most avidly. 6.120.1 bound slightly better to CG50, 

and H241 seemed to bind best to clone 11. 

3.4. Anti-DNA antibody PA4 preferentially binds to the CpG-rich
dsDNA fragment CG50, but not another CpG-rich dsDNA fragment 

To more directly assess the relative binding of PA4 and 8D8  

to specific DNA fragments, antibodies were immobilized on pro-
tein G sepharose and incubated with a mix  of 32P-labeled DNA 

fragments derived from restriction digestion of plasmid DNA. 

Sepharose was  then washed with low salt buffer (0.1 M NaCl) to 

remove unbound DNA, and DNA was eluted with increasing con- 
nti-DNA antibodies to native dsDNA fragments of differing sequence.

centrations of NaCl (0.3–1 M).  DNA content of the fractions was then 249

analyzed on non-denaturing polyacrylamide gels. Specific binding 250

of DNA to PA4/sepharose, but not Hy1.2/sepharose was  detected 251

(Fig S1A). Binding of DNA to PA4/sepharose was  not saturated at the 252

lates were coated with anti-IgG2a, incubated with IgG2a antibodies derived from
 to antibody was detected with SA-HRP. Results are representative of 3 experiments.
odies. Binding was detected with anti-IgG-FITC. Kinetoplast is indicated by white

dx.doi.org/10.1016/j.imlet.2012.01.003
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ig. 2. Anti-DNA antibodies show distinct binding preferences. Plates were coated
as  added in the presence of 20–30 ng/ml biotinylated CG50 (top) or Senp1 (bottom

oncentration of DNA used (Fig S1B), and antibody was not eluted
rom protein G sepharose with high salt washes (Fig S1C).

To confirm the apparent preferential binding of PA4 to CG50, we
ncubated PA4/sepharose with a restriction digest of LITMUS-CG50,

ade up of 5 electrophoretically distinct fragments, one of which
as CG50. The bound DNA was eluted in distinct peaks at 0.3 M,

.5 M,  and 1 M salt. The 1 M eluate contained almost exclusively the
G50 fragment (Fig. 3a). By contrast, the 540 bp and 409 bp frag-
ents were enriched in the lower salt fractions. This confirmed that

A4 bound the CG50 fragment with high affinity, consistent with
he ELISA data. However, the other DNA fragments in this mixture
lso contained CpG dinucleotides (number indicated in parenthe-
is), due to their plasmid origin, and therefore PA4 does not simply
ave a general preference for DNA enriched in CpG dinucleotides.

To further test the ability of PA4 to distinguish CpG-rich
NA fragments from non-CpG-rich fragments, we used the CpG-
egative plasmid pCpG-mcs. A mixture of pCpG-mcs fragments
ixed with CG50 was added to PA4/sepharose. The CG50 fragment
as again selectively bound by PA4 relative to the CpG-negative

ragments (Fig. 3b). To test the ability of PA4 to selectively bind to
n additional CpG-rich DNA fragment, we also used the CpG island
erived fragment, clone 11 [8].  In contrast to the binding pref-
rence displayed for CG50, PA4 failed to selectively bind to CpG
sland clone 11 (Fig. 3c). Overall these data suggest that PA4 dis-
lays a high preference for binding to the CG50 fragment, but this
oes not directly correlate with the presence of CpG motifs or CpG
inucleotides.

.5. Anti-DNA antibody 8D8 does not preferentially bind to the
pG-rich dsDNA fragment CG50, but does bind other CpG-poor
sDNA fragments
Please cite this article in press as: Uccellini MB, et al. Selective binding of a
Immunol Lett (2012), doi:10.1016/j.imlet.2012.01.003

8D8 was also tested for binding to digested LITMUS-CG50 DNA.
igher salt concentrations were needed to elute the DNA fragments

rom 8D8 than PA4, suggesting that 8D8 had a higher affinity for
NA. DNA fragments were differentially eluted from 8D8 at 0.5 M
 1–2 �g/ml antibody and the indicated concentration of unlabeled CGneg or CG50
und DNA was  detected with SA-HRP. Results are representative of 3 experiments.

and 1 M salt, however in this case the CG50 fragment eluted at
low salt, while the 708 bp and 657 bp fragments were selectively 

eluted in high salt (Fig. 4a). 8D8 was further evaluated for binding
to the mixture of pCpG-mcs fragments with CG50 or CpG island 

clone 11. DNA was  again eluted in 2 peaks at 0.5 M and 1 M. CG50
and a 774 bp plasmid fragment were eluted at 0.5 M,  while three 

other plasmid fragments were eluted at 1 M (Fig. 4b). Similar results 

were obtained for clone 11, where clone 11 and the 774 bp plasmid 

fragment eluted at 0.5 M and the three other plasmid fragments 

again selectively eluted at 1 M (Fig. 4c). These data confirm that 

like PA4, 8D8 also selectively binds to certain DNA  fragments over 

others. However, binding did not correlate with the presence of CpG 

motifs. These data again confirmed the ELISA results and clearly 

showed that in contrast to PA4, 8D8 preferentially bound CG-poor 

DNA over clone 11. 

3.6. Anti-DNA antibody PA4 induces B cell proliferation to CG50 

at 10-fold lower doses than 8D8 

In order to determine if the preference of PA4 for CG50 was  func- 

tionally relevant to autoreactive B cell responses, we  stimulated 

AM14 B cells with increasing concentrations of either PA4 or 8D8 

in complex with a fixed amount of CG50 fragment. Despite 8D8’s 

apparent higher affinity for DNA, PA4 was  able to induce high levels 

of proliferation at 1 �g/ml, while 8D8 induced equivalent levels of 

proliferation only when used at 10 �g/ml (Fig. 5). Both responses 

were TLR9-dependent (data not shown). This indicates that anti- 

bodies with preference for immunostimulatory DNA are able to 

induce B cell proliferation at lower doses compared to antibodies 

that do not display this preference. 

4. Discussion
nti-DNA antibodies to native dsDNA fragments of differing sequence.

Autoimmune diseases such as SLE are associated with autoan- 316

tibodies specific for a number of nucleic acid containing 317

autoantigens, including dsDNA. We  previously demonstrated that 318

dx.doi.org/10.1016/j.imlet.2012.01.003
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Fig. 3. Anti-DNA antibody PA4 preferentially binds CG50 fragment, but not CpG island clone 11 fragment. The anti-DNA antibody PA4 was immobilized on Protein G sepharose
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elivery of CpG-containing, but not CpG-free, dsDNA immune com-
lexes to TLR9 via the BCR activates proliferation of rheumatoid
actor producing AM14 B cells [7,8]. Because unselected total mam-

alian DNA fails to activate TLR9 [7],  presumably due to its low
pG content, it is likely that there must be a mechanism(s) that
electively provides CpG-containing DNA to TLR9 in SLE. One pos-
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nti-DNA antibodies to native dsDNA fragments of differing sequence.

ies to determine whether they preferentially bind CpG enriched 335
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Fig. 4. Anti-DNA antibody 8D8 preferentially binds plasmid fragments, but not CG50 of CpG island clone 11 fragments. The anti-DNA antibody 8D8 was immobilized on
protein G sepharose and incubated with 32P-labeled DNA fragments resulting from restriction enzyme digestion of LITMUS-CG50 (A), pCpG-mcs-CG50 (B), or pCpG-mcs-clone
11  (C). Sequential salt washes (shown on the x-axis) were used to elute bound DNA from anti-DNA antibodies. Selected fractions (*) were analyzed on a non-denaturing gel for
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he simple CpG dinucleotide. Alternatively, PA4 could recognize a
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secondary structure specific to the CG50 fragment. Similar DNA 

conformations may  account for the preferential binding of 8D8 to 

specific fragments encoded within the LITMUS and pCpG plasmids. 
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Fig. 5. Anti-DNA antibody PA4 induces proliferation to CG50 at lower antibody
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oses than 8D8. Purified AM14 B cells were stimulated with the indicated concen-
ration of PA4 or 8D8 in the presence or absence of 300 ng/ml CG50 and proliferation
as  measured. Results are representative of 2 experiments.

CpG, more strongly than CG50. Importantly, this difference in
inding specificity was shown to influence B cell activation. The
ombination of PA4 with the CG50 fragment was able to induce
roliferation at 10-fold lower antibody concentrations compared
o 8D8.

Our data show that anti-DNA antibodies could selectively bind
ucleotide sequences in native dsDNAs that are hundreds of base
airs long, the hypothesized in vivo antigen in autoimmune disease.
owever, we found that not all anti-DNA antibodies are specific

or immunostimulatory, CpG-containing dsDNAs. Therefore BCR
pecificity cannot account for the CpG-specific TLR9-dependent
ctivation of DNA-reactive B cells in the context of systemic
utoimmunity. An alternative possibility is that immunostimula-
ory (CG-rich) DNA becomes preferentially accessible to B cells as

 result of certain forms of cell death and/or cell stress. For exam-
le, CpG-enriched regions of the mammalian genome such as the
pG islands found in the promoter regions of many genes might
e selectively released during cell death. Other sources of CpG-rich
NA could include retrotransposable elements or mitochondrial
NA. In fact, cell injury can result in the rapid release of mitochon-
rial DNA to the circulation where it has been found to activate
eutrophils through a TLR9-dependent mechanism [25,26].

In the in vivo situation in autoimmune disease, where a com-
lex mix  of DNA ligands are likely to be present, a B cell that
electively binds to a sequence that is a strong TLR9 ligand will
ecome activated more easily. However, from a disease perspec-
ive, it is important to keep in mind that certain factors, such as
ype I IFN or reduced expression of the inhibitory receptor Fc�RIIB,
nhance the response of autoreactive B cells to CpG-poor DNA
hrough mechanisms that are still dependent on TLR9, and could
herefore contribute to the activation of autoreactive B cells such
s 8D8 [8,27].  In addition, base modifications associated with oxi-
ation or other forms of DNA damage that can occur in vivo may
ontribute to the detection of DNA by either the BCR or TLR9 [28].
xactly how all these parameters contribute to the initial events
hat trigger the onset of systemic autoimmune disease remains to
e determined.
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Appendix A. Supplementary data 

Supplementary data associated with this article can be found, in 

the online version, at doi:10.1016/j.imlet.2012.01.003.  
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