






fragment were then measured by using surface plasmon reso-
nance. As shown in Table 2, both mAbs have affinities for the
different presentations of DNA in the range of 1–9 nM.

Our findings indicate that antibodies binding tightly and specif-
ically to dsDNA were a significant component of intrathecal IgG1
production in the two patients with MS that we investigated.
High-affinity antigen-driven DNA-specific IgG responses have long
been recognized as a unique serologic hallmark in individuals
suffering from systemic lupus erythematosus (SLE), another prev-
alent chronic inflammatory disorder. In SLE, support for the direct
pathogenicity of anti-DNA antibodies derives from the close cor-

relation between disease activity, particularly lupus nephritis, and
levels of anti-DNA reactivity in serum, as well as from the ability
of anti-DNA antibodies to induce disease in severe combined
immunodeficient- and recombination-activating gene-1-deficient
mice (38). Intriguingly, an estimated 40–70% of patients with SLE
develop CNS involvement, including optic neuritis (39–43). Indeed,
the term ‘‘lupoid sclerosis’’ is used to describe a patient presenting
with clinical features of both MS and SLE. Furthermore, the
incidence of MS and SLE in different members of the same family
may indicate shared genetic traits in individuals susceptible to either
disease (44, 45).

Fig. 2. ELISA reactivities of purified mAbs MS-A and MS-B against a panel of antigens. s.s., single-stranded.
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The occurrence of anti-DNA antibodies in MS brain plaques
and CSF suggests a possible pathogenic role for these molecules
within the CNS. Cell-surface recognition would provide a plau-
sible means by which anti-DNA antibodies could target immune
effector functions in vivo against CNS tissues via the activation
of complement and by interaction with Fcg receptors present on
local macrophages and microglia. We thus measured the ability
of the anti-DNA antibodies we had rescued to bind to the
surfaces of neuronal and oligodendrocyte cells in vitro. As
illustrated in Fig. 3, the two MS-derived anti-DNA antibodies,

together with SI-1, a DNA-specific mAb recovered from an
individual suffering from SLE, but not a human antibody (KZ52)
recognizing the envelope glycoprotein of Ebola virus, bound
specifically to the surface of human oligodendrocyte and rat
neuroblastoma cells. To determine whether antibody reactivity
with the cell surface was DNA dependent, we pretreated the
oligodendrocyte and neuroblastoma cells with DNaseI and again
measured antibody binding. We found cell-surface recognition
of neuroblastoma cells by each of the antibodies was abolished
by DNaseI treatment. In contrast, however, although DNaseI
treatment prevented binding of mAbs MS-A and SI-1 with
oligodendrocytes, the binding of MS-B with these cells was
largely unaffected by DNase treatment. The data indicate that,
whereas surface binding of mAbs MS-A and SI-1 to both cell
types and MS-B to neuroblastoma cells was DNA dependent, the
binding of MS-B to oligodendrocytes seemed to be largely
independent of DNA. Thus mAb MS-B, although reacting
specifically with dsDNA in ELISA, either may crossreact with a
cell-surface antigen devoid of DNA or may recognize surface
DNA that is both resistant to enzymatic degradation and inac-
cessible to the two other mAbs. Our observations also suggest
the antigen bound by MS-B may be specific to oligodendrocytes
or to human tissues. However, this antibody does not react in
ELISA with MBP, MOG, MAG, CNP-1, or PLP (data not
shown).

Fig. 3. Reactivity of mAbs MS-A, MS-B, and SI-1 with the surface of rat neuroblastoma (ND-7) (A) and human oligodendrocyte cells (B). Antibody binding to
cell populations before and after DNaseI treatment is represented by a solid line (unshaded) and dotted line (unshaded), respectively. Background fluorescence
(shaded) was determined in the absence of primary antibody and was in each case equivalent to the fluorescence signal generated when the cells were incubated
with mAb KZ52, which is specific for Ebola virus.

Table 2. Kinetic constants for the binding of mAbs MS-A and
MS-B to DNA as determined by surface plasmon resonance

mAb
kon,

s21zM21

koff,
s21

Kd,
nM

Synthetic oligonucleotide duplex
MS-A 1.1 3 105 4.0 3 1024 3.6
MS-B 1.1 3 105 1.1 3 1024 1.0

Amplified DNA fragment
MS-A 5.8 3 104 5.5 3 1024 9.4
MS-B 6.6 3 104 1.9 3 1024 2.9

Antibody binding was measured against a short oligonucleotide duplex
and against a PCR-amplified DNA fragment of '700 bp in length.
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Anti-DNA antibodies have been observed previously to bind
to the surfaces of certain types of living cells. The antigenic
targets of these antibodies have been reported variously as cell
surface nucleosomes, as DNA–histone complexes (46–49), or as
a series of unidentified membrane proteins with which anti-DNA
antibodies crossreact (50). Early reports documented cell mem-
brane-associated DNA as being distinct from the bulk of nuclear
DNA, but the function of these molecules remains unknown
(51). As described above, our cell-binding studies are supportive
of anti-dsDNA antibodies binding effectively to cell-surface
components in both a DNA-dependent and -independent
manner.

The mechanisms responsible for triggering high-affinity anti-
DNA antibody production in susceptible individuals are not
known. In both SLE and MS, induction of DNA-specific anti-
bodies may follow the release of large quantities of host DNA
from tissues damaged by a primary underlying disease process or
infection. However, this argument is at variance with experi-
mental evidence indicating that under normal circumstances,
DNA, even in the presence of adjuvant and coupled to a protein
carrier, is a poor antigen, typically eliciting no significant anti-
body production (52). For this reason, high-affinity anti-DNA

antibodies are associated closely with the autoimmune state in
which the failure of essential immunoregulatory mechanisms,
possibly in the form of B cell regulation (53), facilitates the
generation of autoantibodies and may precede the development
of disease.

Further studies could determine whether the anti-DNA anti-
bodies we have recovered can initiate or exacerbate neurological
disease in vivo and may identify molecular mechanisms that
might establish common themes between the pathogenesis of MS
and SLE. In addition, the frequency and magnitude of the
anti-DNA response in MS may be determined by examining the
antibody responses in a larger cohort of MS donors. Such studies
may prove to be of central importance in establishing how
antibodies synthesized in the CNS that specifically recognize
DNA or other molecules may, in combination with genetic,
environmental, and additional immunological factors, influence
the clinical phenotype in MS.
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