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O. P. Rekvig Summary
RNA and Molecular Pathology Research Group,

Department of Medical Biology, Faculty of Health Antibodies to mammalian dsDNA have, for decades, been linked to systemic

lupus erythematosus (SLE) and particularly to its most serious complication,
lupus nephritis. This canonical view derives from studies on its strong asso-

Sciences, University of Tromsg, Tromse, Norway

ciation with disease. The dogma was particularly settled when the antibody
was included in the classification criteria for SLE that developed during the
1970s, most prominently in the 1982 American College of Rheumatology
(ACR), and recently in The Systemic Lupus International Collaborating
Clinics (SLICC) classification criteria. There are several problems to be dis-
cussed before the anti-dsDNA antibody can be accepted without further dis-
tinction as a criterion to classify SLE. Old and contemporary knowledge
make it clear that an anti-dsDNA antibody is not a unifying term. It
embraces antibodies with a wide spectrum of fine molecular specificities,
antibodies that are produced transiently in context of infections and persis-
tently in the context of true autoimmunity, and also includes anti-dsDNA
antibodies that have the potential to bind chromatin (accessible DNA struc-

Accepted for publication 7 February 2014 tures) and not (specificity for DNA structures that are embedded in chroma-
Correspondence: O. P. Rekvig, RNA and tin and therefore unaccessible for the antibodies). This critical review
Molecular Pathology Research Group, summarizes this knowledge and questions whether or not an anti-dsDNA
Department of Medical Biology, Faculty of antibody, as simply that, can be used to classify SLE.

Health Sciences, University of Tromsg, N-9037

Tromse, Norway. Keywords: autoimmunity, autoinflammatory disease, inflammation, systemic
E-mail: olepr@fagmed.uit.no lupus erythematosus

© 2014 British Society for Immunology, Clinical and Experimental Immunology, 179: 5-10 5


mailto:olepr@fagmed.uit.no

FOCUS ON DYING AUTOLOGOUS CELLS AS INSTRUCTORS OF THE IMMUNE SYSTEM

Table 1. Immunology in the 1982 ACR classification set.

+ Positive lupus erythematosus cell preparation

+ Anti-DNA: antibody to native DNA in abnormal titre

+ Anti-Sm: presence of antibody to Sm nuclear antigen

+ False positive serological test for syphilis known to be positive for at
least 6 months and confirmed by Treponema pallidum
immobilization or fluorescent treponema antibody absorption test

Anti-DNA antibodies and systemic lupus
erythematosus (SLE) — defining the problem

One canonical parameter to diagnose and classify systemic
lupus erythematosus (SLE) is the presence of the ‘anti-
dsDNA antibody’. This is described in The 1982 American
College of Rheumatology (ACR) criteria for classification
of SLE [1] as defined in criterion no. 10, immunological
aberrancies (Table 1). Furthermore, this criterion is stated
valid when: ‘An abnormal titer of antinuclear antibody by
immunofluorescence or an equivalent assay (occurred) at
any point in time and in the absence of drugs known to be
associated with ~ “drug-induced lupus syndrome”’.
This means that the criterion is valid if anti-nuclear anti-
body (ANA) or an equivalent antibody occurred at a time-
point when there is no clinical manifestation believed, or
proved, to be caused by that given antibody. The 1997
update of this set of immunological criteria [2] did not
change this idiom, and the criterion remained with the
statement ‘anti-DNA antibody to native DNA in abnormal
titer’.

Recently, the Systemic Lupus International Collaborating
Clinics (SLICC) group revised and validated the ACR clas-
sification criteria for SLE [3]. This was performed to
improve sets of clinically relevant manifestations,
meet stringent methodology requirements and to incorpo-
rate new knowledge regarding the immunology of
SLE [3]. Whether they succeeded with this attempt is ques-
tionable, and remains to be discussed and eventually
settled.

In the revised SLICC criteria for classification of SLE,
several immunological parameters were included (Table 2).
Also defined by the SLICC criteria, the criterion on
anti-dsDNA antibodies is fulfilled if the patients produce
the antibody at abnormal titres (what in fact may that
mean?) in any assay (meaning no restriction in fine
polynucleotide specificity or affinity?) at any time-point
(i.e. linked or unlinked from any immunopathological
organ manifestation?). The SLICC criterion simply states
an anti-dsDNA antibody level two times the reference value
(but do not recommend any assay stringency or quality).
This means that in the context of the official classification
criteria for SLE, an anti-dsDNA antibody is only that, and
nothing else.

O. P. Rekvig

The ACR and SLICC criteria to classify SLE do not
consider past and current knowledge related to the
origin and nature of the anti-dsDNA antibody

In the context of this critical commentary, I will discuss the
nature and specificity of the highly diverse anti-dsDNA
antibody family, and whether such antibodies must appear
in a pathogenic context to be validated as a real classifica-
tion criterion for SLE, or — even worse — if their pure
existence is a clear indicator of SLE as stated by both classi-
fication sets [1,3]. As is obvious from these two classifica-
tion criteria sets, anti-dsDNA antibodies do not need to
co-exist with clinical manifestations, as stated originally in
the 1982 criteria. Ultimately, this leaves an anti-dsDNA
antibody as an autoimmune phenomenon linked to SLE
without, however, necessarily having a pathogenic impact
upon SLE. Whether this is true remains to be discussed.

From a basic scientific viewpoint, the ACR and the
SLICC criteria to classify SLE focus upon the anti-dsDNA
antibody as a phenomenon that basically represents a single
unifying specificity. The anti-dsDNA antibody is simply
that, and nothing else, according to the criterion. In a
deeper scientific context it is clear that the criterion does
not include reflections upon (i) the molecular specificity of
an anti-dsDNA antibody, (ii) whether the antibody is pro-
duced transiently or persistently (in other words, in the
context of the mechanisms that account for their produc-
tion, see below) and (iii) whether or not the presence of the
antibody (again as a single unspecified phenomenon) is
linked to pathological processes.

The following three problems can be defined from these
reflections. For the first, antibody specificity for any syn-
thetic or natural duplex polynucleotides (reviewed in [4,5])
elongated or bent dsDNA [6], B helical DNA structures or
Z-DNA or cruciform structures [5] fulfil the criteria on
anti-DNA antibodies as defined by the ACR and the SLICC

Table 2. The immunological parameters included in the SLICC
criteria.

+ ANA level above laboratory reference range

+ Anti-dsDNA antibody level above laboratory reference range
(or twofold the reference range if tested by ELISA)

Anti-Sm: presence of antibody to Sm nuclear antigen

Anti-phospholipid antibody positivity, as determined by

Positive test for lupus anti-coagulant

False-positive test result for rapid plasma reagin

Medium- or high-titre anti-cardiolipin antibody level (IgA, IgG
or IgM)

Positive test result for anti-2-glycoprotein I (IgA, IgG or IgM)

Low complement (C3, C4 or CH50)

Direct Coombs’ test (in the absence of haemolytic anaemia)

ACR = American College of Rheumatology; ANA = anti-nuclear
antibody; ELISA = enzyme-linked immunosorbent assay; Ig=
immunoglobulin; SLICC = Systemic Lupus International Collaborating
Clinics.
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criteria. Secondly, as discussed in more detail below, a tran-
sient anti-dsDNA antibody produced in the context of an
infection [7-12] has the same value as a SLE-related crite-
rion as persistently produced anti-dsDNA antibodies in the
context of true autoimmunity, as they appear in SLE.
Thirdly, if a patient fulfils too few criteria (fewer than four
of 11 criteria by the ACR) at a given time-point and there-
fore, by definition, cannot be classified as SLE, a transient
anti-dsDNA antibody appearance years after the clinical
signs may, again per definition, add the missing criterion. In
that situation, the patient may finally (after years) be classi-
fied as having SLE, with the socio-economic consequences
this may have for the patient. The SLICC criteria do not
challenge this definition, as is also defined in the ACR crite-
ria. This practical view on the link between the anti-dsDNA
antibody and SLE unlink, in fact, the antibody from SLE as
an autoimmune disease. Clinical manifestations may occur
without the presence of an autoimmune pathogenic factor,
and vice versa. In fact, these aspects imply complex consid-
erations that, in the end, may force us to dissect the anti-
dsDNA antibody into different families characterized by
specificity, production profiles and pathogenic impact.
Some of these aspects may point to clinically important
antibodies; some will inevitably classify spectra of anti-
dsDNA antibodies as clinical epiphenomena.

Witebsky criteria for autoimmune diseases and
Koch’s postulate to define a pathogenic factor —
something to learn?

In this context, it can be relevant to consider the modern
revisions of the Witebsky criteria [13] to accept a disease as
being truly autoimmune. These criteria consider three types
of evidence: (i) direct evidence from transfer of a patho-
genic antibody and/or pathogenic T cells; (ii) indirect evi-
dence based on reproduction of the autoimmune disease in
experimental animals; and (iii) circumstantial evidence
from clinical parameters.

The Witebsky set of criteria is a derivative from, and has
its infectious counterpart in, Koch’s postulate to classify an
infectious disease [14]. Koch’s postulates are as follows: (i)
the microorganism must be found in abundance in all
organisms suffering from the disease, but should not be
found in healthy organisms; (ii) the microorganism must be
isolated from a diseased organism and grown in pure
culture; (iii) the cultured microorganism should cause
disease when introduced into a healthy organism; and (iv)
the microorganism must be re-isolated from the inoculated,
diseased experimental host and identified as being identical
to the original specific causative agent.

Clearly, confronting the anti-dsDNA antibody as defined
by ACR and SLICC criteria with Witebsky criteria and
Koch’s postulate, both defining a causal pathogenic effect of
a factor, will make it difficult to understand the role of the
anti-dsDNA antibody as a diagnostic and classification

parameter; in particular, by ignoring its pathogenic effect, as
the anti-dsDNA antibody has its classification value when
detected at any time-point, this states clearly that it may be
unlinked from any organ manifestation. Timely detection of
this antibody independently from disease processes that are
believed to be caused by the antibody is, at best, unclear.

Thus, the 1997 revised ACR criteria, and the recent
SLICC criteria, still deal with the anti-dsDNA antibody
as that, without taking into account all the growing
information on the highly divergent repertoire of molecular
polynucleotide specificities, the divergent origins of the
antibodies, whether they are true autoantibodies or
anti-dsDNA antibodies produced in the context of, e.g.
infections, or whether their production is transient or
maintained over time. Antibody affinity or avidity is,
although difficult to establish, not considered in this strict
context.

What is an anti-dsDNA antibody?

An anti-dsDNA antibody produced in a natural context in
vivo has (most probably) the native (i.e. unmanipulated)
DNA as both inducer and target. This form of DNA is,
however, presented to the immune system as part of chro-
matin, where DNA is a major constituent. Testing for anti-
dsDNA antibodies using pure dsDNA as target antigen is
therefore, by definition, an artificial analytical approach.
This leaves us with an uncertainty. Is an antibody that binds
dsDNA by assays such as Farr or enzyme-linked immuno-
sorbent assay (ELISA) able to interact with DNA as pre-
sented by chromatin? In other words, can such antibodies
bind chromatin in vivo? If not, the antibody may be
regarded as an autoimmune epiphenomenon — at least in a
pathogenic context. My perception is that we have not
implemented this problem in our contemporary analytical
approaches.

In a wider sense, this problem deals with the nature and
specificity of an anti-dsDNA antibody. This is based on
considerations of experimental approaches to induce anti-
bodies that bind duplex polynucleotides. These experiments
have taught us that the specificity of an induced antibody
mainly reflects the polynucleotide structure that was used
for their production (e.g. reviewed in [4,5]). These specifici-
ties include diverse synthetic single-stranded and double-
stranded polynucleotides, cruciform DNA structures or
mammalian Z-DNA, reflecting specificity for the polynu-
cleotide structures used to elicit such antibodies [5]. One
important exception for this is mammalian native B-helical
dsDNA that, for a long time, was regarded as non-
immunogenic [5,15-17]. Why Z-DNA, when mixed with
methylated bovine serum albumin (mBSA), was able to
elicit a strong anti-Z-DNA in all mice that were immunized
[18], while B DNA in complex with mBSA did not elicit a
response to mammalian B DNA, is still a mystery. One
explanation, that B cells specific for mammalian B DNA are

© 2014 British Society for Immunology, Clinical and Experimental Immunology, 179: 5-10 7
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anergic or deleted, or that their receptors are edited [19,20],
is not very likely, for two reasons. One reason is that anti-
dsDNA antibodies can be induced by single-stranded DNA.
The specificity of the induced anti-ssDNA can affinity-
maturate towards dsDNA [21,22]. The other reason is
simply that anti-dsDNA antibodies can be induced easily
by, e.g. DNA-viral protein complexes [7,11,12]. Why
dsDNA-mBSA complexes are inefficient in inducing anti-
dsDNA antibodies is therefore still difficult to explain.

Antibodies against mammalian B helical dsDNA, such as
those produced spontaneously and observed in SLE, are
specific for (i) the elongated nucleosome linker (B helical)
DNA, including specificity for phosphodeoxy ribose back-
bone [23]; (ii) for higher-order bent DNA structures such
as those in the nucleosome [6,24,25] or in Crithidia luciliae
kinetoplast DNA [26]; (iii) for ssDNA regions that may be
present within (nucleosomal) dsDNA; or (iv) for Z-DNA
and cruciform DNA structures (reviewed in [4]).

Thus, from a broad and sound series of experiments, it
was concluded during the 1980s that mammalian B helical
dsDNA was non-immunogenic, and that for theoretical
reasons this antibody had its origin in immune responses to
cross-reacting antigens such as, e.g. phospholipids (as dis-
cussed in, e.g. [23,27,28]), or more recently by alpha-actinin
[29,30], laminin [31,32] or entactin [33].

The genesis of anti-dsDNA antibodies in vivo: an
infectious or a true autoimmune context?

To reach further insight into this problem, it may be wise to
consider what we know about the genesis of the anti-
dsDNA antibody (in as wide as possible a definition of the
antibody). There is a principally dichotomous process
leading to anti-dsDNA antibody production. One has an
element of foreign antigen involvement, such as infectious-
related DNA or infectious-related immunogenic DNA-
binding proteins, while the alternative involves stimulation
of the immune system by true autologous chromatin. In the
former, the anti-dsDNA antibody response will last predic-
tively for the time of active infection [16,34], and therefore
is predicted to be transient in its nature. Conversely, in the
situation where both B cell and T cell tolerance for chroma-
tin is terminated, true autoimmune anti-dsDNA antibody
production may be similar to a sustained affinity-maturated
immune response [35,36].

When an antibody binds a non-immunogenic antigen
such as DNA, the antibody may have been induced by a
process that is equivalent to a hapten-carrier model [34,37].
This model implies that a non-immunogenic hapten is ren-
dered immunogenic when bound to an immunogenic
carrier protein. This means that although the hapten can be
recognized by a B cell antigenic receptor, the hapten cannot
be processed by the B cell and presented to a T cell in an
immunogenic form. In the context of DNA, the DNA differs
from a hapten in that a hapten is a small molecule, while

O. P. Rekvig

DNA is a large duplex structure. However, hapten and DNA
have one functional defect in common; they are not pre-
sented to a T cell in the context of human leucocyte antigen
(HLA) class II molecules. A DNA-bound immunogenic
carrier protein can substitute for this defect. This has been
proved as follows.

In a prospective set of studies, the first experimental evi-
dence demonstrated that antibodies against mammalian
dsDNA antibodies were, in fact, driven by DNA itself, but
only when in complex with an immunogenic carrier protein
[7,8,10]. The difference between earlier experiments and the
more recent ones was a renewed focus on the nature and
origin of the immunogenic DNA-binding proteins. Mari-
on’s laboratory in Memphis, USA, and my laboratory in
Tromse, Norway, demonstrated that polypeptides from
infectious agents, such as a peptide (Fus 1) derived from
Trypanozoma cruzii [10], or the DNA-binding T antigen
from polyomavirus BK [7] when bound to DNA, provided
the necessary T helper cell stimulus for dsDNA-specific B
cells, provided that the B cells processed and presented such
peptides to the relevant T helper cells [16]. The simple con-
clusion of these experiments was that an anti-dsDNA anti-
body could be induced in vivo if presented in a certain
context: bound to an immunogenic polypeptide.

In two different experimental systems, the role of DNA-
bound polypeptides were further validated. Immunologi-
cally normal mice inoculated with plasmids encoding
wild-type, DNA-binding T antigen produced antibodies to
dsDNA, histones and to certain transcription factors. The
production of antibodies to these sets of antigens was in
accordance with the basic idea of the model: all autologous
ligands present in the macromolecular complex (chromatin
fragments) that were linked physically to polyomavirus T
antigen could theoretically be rendered immunogenic if
provided with the presence of a (functional) repertoire of
B cells [7].

In the second experimental approach, we directly demon-
strated that (i) SLE patients were highly susceptible to per-
sistent productive polyomavirus infections and that (ii)
linked to virus expression, antibodies to T antigen, DNA
and to transcription factors such as TATA-binding protein
(TBP) and cAMP response element-binding protein
(CREB), but not to other non-nucleosomal autoantigens,
were produced [7].

Collectively, the data generated so far demonstrated that
in-vivo expression of the polyomavirus DNA-binding T
antigen or DNA-binding peptides encoded by other viruses
(e.g. see [11,12]) resulted in a hapten-carrier-like model to
generate anti-dsDNA and other anti-nucleosome antibod-
ies. This model may not be relevant to understanding of the
production of anti-dsDNA antibodies in SLE; by definition,
the T antigen model, as well as the Fusl peptide model [10]
explains a transient production of anti-dsDNA antibody in
contrast to sustained production in SLE. The anti-dsDNA
antibody production is terminated upon termination of the

8 © 2014 British Society for Immunology, Clinical and Experimental Immunology, 179: 5-10
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productive infection. Most important in this context is that,
in principal, these transient infectious-driven antibodies
fulfil the ACR and SLICC criteria to classify SLE, although
they may be produced in a completely different, non-
autoimmune, clinical context.

Regarding sustained production of anti-dsDNA antibod-
ies in SLE, the mechanism(s) remain elusive. There are pub-
lished experimental systems that describe activation of
autoimmune T cells against histones that may serve as a
carrier-protein for anti-dsDNA antibodies in analogy to the
role of, e.g. the Fusl or the T antigen polypeptides [38—40].
Such T cells have been demonstrated as responsive in SLE
patients. However, how these cells are activated in vivo, and
how they are able to exert a cognate interaction with DNA-
specific B cells, is still not fully understood. One central
question to be answered is why such nucleosome-specific T
cells, once activated by a dendritic cell presenting relevant
chromatin-derived peptides, are not tolerized when recir-
culated in the periphery (as discussed in [16]). As for the
transient production of anti-dsDNA antibodies in context
of infection, the sustained production of these anti-dsDNA
antibodies in context of true autoimmunity induced by
pure autologous nucleosomes fulfils the ACR and SLICC
criteria to classify SLE; but do antibodies from these differ-
ent origins have the same clinical impact? This is not settled
by the data.

In summary, how are we going to determine the
clinical impact of an anti-dsDNA antibody in context
of specificity and origin?

Considering the ACR and SLICC criteria on the impact of
anti-dsDNA antibodies, this relates to a historical view that
states that anti-dsDNA antibodies appear in SLE, cannot be
induced by experimental immunization of mice with
normal genetic backgrounds and that they possess a unique
specificity for mammalian dsDNA. The problem with this
view today is that the data rely upon early observations
stating that DNA is non-immunogenic, and does not con-
sider data demonstrating that DNA is not only immuno-
genic, but immunogenic in quite different contexts.

Conclusion

The immunogenicity of dsDNA depends upon its context,
either as part of nucleosomes in patients having functional
nucleosome-specific T cells (sustained anti-dsDNA autoim-
munity) or in patients suffering from viral infections that
create a hapten (nucleosome/DNA)-carrier-like (viral DNA
binding protein) complex (transient anti-DNA antibody).
In the first situation, sustained anti-dsDNA antibody pro-
duction may appear that may relate to SLE. In the other
situation, a transient antibody profile may appear that may
not relate at all to SLE.
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