Autoimmunity, February 2005; 38(1): 39-45 (] Tyior & Fraricis

Anti-DNA antibodies: a diagnostic and prognostic tool for systemic
lupus erythematosus?
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Abstract

The clinical impact of anti-DNA antibodies lies on their diagnostic power for systemic lupus erythematosus (SLE), being a
formal classification criterion. In spite of such a disease association, low-avidity anti-DNA antibodies might also be part of the
natural autoantibody repertoire. Their switch to pathogenic high-avidity autoantibodies is the result of the autoimmune
process leading to SLE.

Anti-DNA antibodies were shown to play a role in SLE pathogenesis and particularly in kidney damage. Accordingly,
antibody titres might fluctuate in relation to disease activity, but their prognostic value for flares is still debated.

Several methods for anti-DNA detection were described and there is evidence that the assays identify different antibodies
with different prognostic value. The results of a multicenter study on four different routine tests for anti-dsDNA antibody
detection showed that: (i) Farr assay displays the best diagnostic specificity/sensitivity for SLE, followed by Crithidia luciliae
method (CLIFT), (ii) the new generation of solid phase assay (EliA) shows an increased sensibility versus the classical enzyme
linked immune assay (ELISA) but a decreased specificity. Antibody titre detected by EliA and Farr assay correlated with
disease activity. These findings would suggest that more than one assay should be useful for SLE diagnosis and monitoring.
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Introduction the presence of anti-DNA antibodies as a formal
classification tool [2].

DNA as antigen might occur as ds-DNA or as single-
stranded (ss)-DNA, however, it is almost present
vivo in the form of nucleosomes. Since the epitopes

situated on DNA partially reflect the repetitive charge

The presence of antinuclear antibodies (ANA) is
widely accepted as a screening tool in the diagnostic
workout for autoimmune diseases. Different antigenic
targets might be responsible for the ANA positivity by
indirect immunofluorescence, and most of them have

been identified in the last decade. However, the first
characterized nuclear antigen targeted by anti-nuclear
antibodies was DNA back to 1957 [1].

Since then, autoantibodies to double stranded (ds)-
DNA became an important serological marker
for the diagnosis of SLE, and the American College
of Rheumatology criteria for the disease included

of the molecule, synthetic polynucleotides can be often
recognized by anti-DNA antibodies. A partial cross-
reactivity with RNA has been also reported [3-—6].
Although the autoantibodies appear to display a
different reactivity towards DNA molecules from
different species, however, a binding can be detected.
So, DNA from different sources (calf thymus,
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eukaryotic cells, bacteria, bacteriophages) and even
plasmidic DNA have been employed as antigenic target
to detect anti-DNA autoantibodies [3—-6].

Sequential and backbone DNA determinants can
be recognized by anti-DNA antibodies. Backbone
determinants on ss- and ds-DNA are short regions of
DNA helix or short nucleotide sequences and the
antibody binding appears to be mainly due to
electrostatic interaction since it is sensitive to molarity
and pH. Besides backbone recognition, the binding to
defined nucleotide sequences has also been reported
particularly for anti-ssDNA antibodies. Although
antibodies specific for ss-DNA do exist, most of the
anti-ssDNA activity can be due to cross-reacting low-
avidity anti-dsDNA antibodies [3—-6].

Origin of anti-dsDNA antibodies

Although anti-dsDNA are quite specific for SLE,
however, some anti-DNA antibodies can be found in
normal individuals. These antibodies belong to the
normal immune repertoire and display the character-
istic features of natural autoantibodies. In other
words, they are mostly IgM encoded by germline
DNA with few or no somatic mutations, display a
polyreactivity and bind DNA with low-avidity. These
antibodies are non-pathogenic and mainly react with
ss-DNA. On the other hand, SLE pathogenic anti-
DNA antibodies are thought to be high-avidity IgG
reacting with double stranded molecules and are
somatically mutated as expression of an antigen-
driven selection process [7].

The specificity for ds-DNA would depend on
certain V-region structures encoded by V-region
genes and somatic mutants of these genes. Most
mutations in the complementarity-determining
regions (CDRs) of the Vi region are to arginine and
also to lysine and asparagine. All these positively
charged amino acids favor antibody binding to the
negatively charged DNA molecules [7,8].

The cellular origin of natural and autoimmune
autoantibodies also appears different. The natural
anti-DNA antibodies are in fact produced by Bl
(CD5+) B cell subpopulation, while the pathogenic
ones are secreted by B2 (CD5 neg) B lymphocytes [9].

B cell clones with V-region structures suitable for ds-
DNA binding could be part of the native resting B
repertoire. Such B cells are normally deleted or edited,
but they may escape deletion or receptor editing being
available for clonal expansion provided that an
immunogenic DNA stimulus is present. More com-
monly, naive B cells specific for ss-DNA may clonally
expand if stimulated by immunogenic DNA and may
gain specificity for ds-DNA as a consequence of somatic
mutations under antigenic stimulation pressure [7].

One of the major conclusions of the studies on the
mechanisms for anti-DNA production is that DNA
must be coupled to a carrier protein to have full

potential as an immunogen. Histone- and nucleo-
some-specific T cells have been actually characterized
in both murine and human SLE. However, these
autoreactive T cells have been detected during active
disease but not during remission, suggesting that
autoimmune antigen-specific T cells might fluctuate
between anergy and functionality. Their activation
with the consequent generation of an immune
response to DNA goes through the presentation of
DNA-protein complexes to T-cells specific for the
protein moiety and implies a subsequent shift of the
immune response toward the DNA moiety of
the complex. This can be accomplished through the
stimulation of T cells specific for the non-self protein
moiety with the secretion of interleukin 2 that in turn
might trigger a non-antigen-selective cell division of
anergic autoimmune histone-specific T cells, to which
the DNA antigen was presented complexed with the
non-self protein moiety. It has been suggested that
autoimmune T cells may subsequently proliferate in
an antigen-selective manner in response to the
presented nuclear antigens [7].

It is now widely accepted that the normal immune
system has the full potential to respond to an antigenic
stimulus mediated by nucleosomes and DNA. The
nature of the stimulus (transient or permanent) and its
association with other genetically or acquired abnor-
malities might shift such a response from a transient to
a pathological one [7,10]. Accordingly, different anti-
DNA antibody populations can be produced. There is
a general consensus on the observation that high-
avidity anti-dsDNA antibodies might be pathogenic in
comparison to low-avidity antibodies that frequently
display a cross-reactivity with ssDNA molecules.
However, exceptions of such a rule have been reported
[3-7].

Detection assays

Several techniques to detect anti-DNA antibodies
have been described; Table I reports the main
methods that are currently used. While complement
fixation and hemoagglutination assays are no more
widely used, the most common are: Crithidia luciliae
immunofluorescence test (CLIFT), Farr assay and the
enzyme-linked immune assays (ELISA) [5,6].

Table I. Methods for anti-dsDNA antibody detection.

Method Antibody avidity
Complement fixation +
Haemoagglutination +

Farr assay ++++
CLIFT* +++
PEG' ++
ELISA +

* CLIFT: Crithidia luciliae immunofluorescence test.
TPEG: polyethilenglycole assay.



More recently, additional methods have been
described to detect anti-dsDNA antibodies such as
the use of strips blotted with the DNA molecules
(immunoblotting [IB]), the use of microarrays and of
addressable laser bead immunoassays (ALBIA)
[11-14]. Although promising results have been
reported by using the above mentioned systems,
there are no large studies that might draw definite
conclusions up till now.

There is sound evidence that the different anti-
dsDNA assays might detect different—although
overlapping—subpopulations of autoantibodies.
Low-avidity autoantibodies are actually detectable by
ELISAs (and C’ fixation, hemoagglutination and
polyethylenglycol [PEG] assays), medium low-avidity
autoantibodies by CLIFT, while high-avidity anti-
bodies are identified by Farr assay only [5,6].

The reasons for such a difference lie on several
points, however, the most important one is repre-
sented by the reaction conditions employed. Actually,
the ammonium sulphate precipitation is carried out at
high molarity that allows the detection of high-avidity
but misses medium low-avidity antibodies [5,6]. In
second antibody technique, as in CLIFT and ELISA,
anti-human IgG antisera are frequently used, so
permitting the detection of IgG anti-dsDNA only.
The source and the presentation of the antigen do
represent additional important aspects to explain the
fact that different methods might detect different
antibody subpopulations: DNA can be eukaryotic or
pro-eukaryotic, ss-DNA contamination might be
responsible for the detection of low-avidity antibodies
cross-reacting between ss- and ds-DNA. Finally,
DNA antigen presentation can be different, being in
solution in the Farr assay, coated to the plastic surfaces
in the ELISAs or presented in its naive form in the
nucleus of Crithidia. A peculiar situation has been
described for the Farr assay. Radiolabelled DNA
might actually be precipitated by histones or nucleo-
somes complexed to anti-nucleosome antibodies so
displaying a positive result in the assay [15].

Which kind of antibodies and which assay?

Since anti-dsDNA antibodies have been claimed to be
a serological marker for SLE, their search is most
frequently required to support an initial diagnosis.
Accordingly, it has been suggested that the assay to be
used should display the highest specificity. Antibodies
with high-avidity seem to be more specific; accord-
ingly the Farr assay and the Crithidia test are preferred
for this purpose [5,6]. On the other hand, a positive
result obtained by assays not selective for high-avidity
anti-DNA antibodies does not always support
diagnosis of SLE, since low-avidity anti-DNA
antibodies can also occur in diseases other than
SLE. Therefore, the screening should be confirmed by
an assay more selective for high-avidity antibodies.
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The above statement has been supported by the
predictive values for developing full-blown SLE in
healthy subjects positive for the Farr or the PEG assay
over the time. Up to 85% of the Farr positive subjects
developed SLE after 5 years of follow-up versus 52%
only in the group with a positivity for PEG but with a
negativity for the Farr assay [16].

Longitudinal evaluation of anti-dsDNA antibodies
showed titre fluctuations during disease flares and
remissions. It has been actually reported that exacer-
bations are preceded by an antibody increase followed
by a rapid drop [3—6]. Accordingly, a corticosteroid
treatment started as soon as the antibody titre increase
was found to result in the prevention of relapses in most
cases without increasing the cumulative corticosteroid
dosage [17]. However, a number of studies reported
opposite results stating that serological tests—includ-
ing anti-dsDNA antibodies—were unhelpful in detect-
ing or preventing lupus flares [18—-20].

So, while the relationship with renal damage is well
established, the predicting power for disease flares is
still a matter of debate. The heterogeneity of the
antibodies detected by the anti-dsDNA assays used in
these studies might be the reason for such a
discrepancy. It would appear that high-avidity anti-
DNA—as detected by Farr assay—might associate
with disease flares closer than medium low-avidity
antibodies [3—6]. On the other hand, since several
additional pathogenic mechanisms are involved in
lupus pathogenesis, it is likely that in some patients
more than one mechanism could play a role at the
same time. Accordingly, other biological markers
exploring different pathogenic events—alone or in
combination—might better reflect the disease activity
than anti-DNA antibody titres alone. Accordingly, it
has been reported that the detection of anti-Clq
autoantibodies might offer a marker of renal involve-
ment displaying a higher sensitivity than the anti-
dsDNA titre fluctuation itself [21]. In addition, anti-
nucleosome antibodies have been reported to be a
useful diagnostic tool for SLE as well as a parameter
for disease activity assessment [22,23].

Evaluation of different methods for the detection
of anti-dsDNA antibodies

As stated above, different methods have been applied
for the detection of anti-dsDNA in the clinical
practice. Each of them was shown to be able to detect
different subpopulations of autoantibodies only
partially overlapping and displaying different diag-
nostic or prognostic value.

We measured the “likelihood ratio” (LR) of four
different tests used in routine detection of anti-dsDNA
antibodies in three different institutions and we also
evaluated their sensitivity, specificity, correlation with
disease activity and diagnostic utility. A total of 303 sera
from healthy donors (HD), SLE patients, non-SLE



42 P Riboldi et al.

Table II. Number and diagnosis of the patients included in the Table III. Correlation among the anti-dsDNA antibody assays
study. (Spearman test).
136 SLE r P
©54 non-SLE-systemic autoimmune disorders
e6 MCTD* Farr vs. ELA 0.742 < 0.0001
«8 PAPS? Farr vs. Varelisa 0.782 < 0.0001
e 2 Myositis EliA vs. Varelisa 0.851 < 0.0001
o7 Scleroderma Farr vs. CLIFT 0.39 < 0.0001
e Sjogren Syndrome EliA vs. CLIFT 0.336 < 0.0001
23 UCTD# Varelisa vs. CLIFT 0.361 < 0.0001
o2 RA'
eDLE’

32 Infectious diseases (29 HCV'!, 3 TBC*)
81 blood donors

* MCTD, mixed connective tissue disease.

T PAPS, primary antiphospholipid syndrome.
+UCTD, undifferentiated connective tissue disease.
T RA, rheumatoid arthritis.

SDLE, discoid lupus erythematosus.

IHCY, hepatitis C virus.

#TBC, tubercolosis.

systemic autoimmune disorders (AD) and infectious
diseases (ID) have been blindly tested. The details of
the patients and the subjects included in the study are
reported in Table II. All the samples have been tested
by: (i) Farr assay, based on ammonium sulphate
precipitation (Anti-dsDNA kit, Amersham), (ii)
immunofluorescence test on Crithidia luciliae
(CLIFT—Immunoconcept), (iii) classical ELISA
(VarElisa, Pharmacia Diagnostics) and (iv) a new
automated fluorescence immunoassay (EliA, Pharma-
cia Diagnostics); both the last assays employed
plasmidic DNA as antigen. To avoid selection bias,
an equal number of SLE patients were recruited in
three different institutions, where anti-dsDNA was
routinely detected by three different assays (Farr assay,
CLIFT, ELISA). All the CLIFT slides were performed
and evaluated in the same institution to avoid different
interpretation; anti-dsDNA antibodies detection by
EliA was centrally carried out in one institution only.
LR was calculated according to the quoted guidelines:
positive LR (sensitivity/1-specificity) was considered
very useful if > 5, useful > 2 < 5, not useful < 2,
while negative LR (1-sensibility/specificity) was con-
sidered very useful if < 0.2, useful > 0.2 < 0.5, not
useful > 0.5 [24,25].

All the assays displayed a statistically significant
correlation among them (Table III).

Table IV reports the results relative to the sensitivity
for SLE diagnosis, the specificity versus control
groups (HD and AD or ID) as well as the values of
positive and negative LRs. The best specificity was
displayed by CLIFT test, followed by VarElisa, Farr
assay and EIliA, while the highest sensitivity was
displayed by Farr assay, followed by EliA, VarElisa and
CLIFT. However, because of the high specificity and
low sensitivity, a negative CLIFT test cannot rule out
the diagnosis of SLE.

In this study, all the four anti-dsDNA assays, when
positive, provided a “very useful” information for the
diagnosis of SLE. Therefore we may assume that all
the methods are able to identify antibodies closely
involved in the disease pathogenesis. This appears to
be particularly true for both Farr and EliA assays that
displayed a quite good correlation with the disease
activity evaluated according to the European Con-
sensus Lupus Activity Measurement score (ECLAM;
data not shown) [26].

Despite its old age, the Farr assay still appears the
best combination of the positive and negative results
providing the best diagnostic contribution. The high
performance of this test is probably related to the fact
that a positive result might be also due to the presence
of immune complexes containing nucleosomes com-
posed by all three immunoglobulin isotypes (IgG, IgA,
and IgM), and by high-avidity antibodies [5,6,15].

Pathogenic mechanisms of anti-dsDNA
antibodies

Anti-dsDNA antibodies are not only a helpful
diagnostic tool for SLE, but have also been shown to
play a central role in the pathogenesis of some clinical
manifestations of the disease, in particular lupus
nephritis.

Besides the clinical association between antibody
titre fluctuation and lupus flares, there are additional
experimental models in favor of a pathogenic role of
anti-dsDNA antibodies.

Antibodies to DNA can be eluted from affected
kidneys suggesting their direct involvement in the
organ damage [27]. Anti-DNA binding to glomerular
basement membrane (GBM) has been shown in rat
kidneys perfused with histones, DNA and anti-DNA
antibodies [28]. Although binding of anti-DNA
antibodies to GBM was originally suggested to be
due to the interaction with its component heparan
sulphate, it has been showed that actually the binding
was mediated by nucleosomes adhered to GBM [28].
In addition, mice injected with human or murine anti-
dsDNA antibodies or with antibody secreting hybri-
domas have been shown to display many features of
lupus nephritis [29-31]. Finally, non-autoimmune
mice transgenic for the secreted form of the heavy and
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Table IV.  Sensitivity, specificity and positive and negative likelihood ratio for SLE diagnosis of the different anti-dsDNA assays investigated.

Farr assay

CLIFT

VarElisa ELA

Sensitivity 111/130 (85.4%)
Specificity vs. HD* 1/81 (98.8%)
Specificity vs. ADT 4/86 (95.3%)
Positive LR¥ 28.4

Negative LR 0.15

62/132 (46.9%)
0/81 (100%)
2/85 (97.6%)

85/136 (62.5%)
0/79 (100%)
3/84 (96.4%) 5/85 (94%)

39.08 34.72 13.29

0.54 0.38 0.29

99/136 (72.8%)
4/81 (95%)

*HD, healthy donors.
T AD, non-SLE autoimmune disorders.
*LR, likelihood ratio.

light chain of an anti-DNA antibody display signs of
nephritis [32].

In general IgG antibodies are of greater relevance to
the disease than IgM antibodies [3—6].

Although the assumption of a pathogenic role for
anti-dsDNA antibodies is now widely accepted, still
matter of research is the precise mechanism (or
mechanisms) by which these autoantibodies can
induce renal damage.

Three main mechanisms have been originally
proposed: (i) anti-dsDNA antibodies bind circulating
nucleosomal DNA and induce a classical immune
complex-related damage; (ii) anti-dsDNA cross-react
with non-DNA kidney-specific antigens inducing an
antibody mediated injury; and (iii) anti-dsDNA bind
to planted antigens, either DNA or nucleosomes
previously bound to renal tissue, leading to the i situ
immune complexes formation [33].

More recently it has been suggested that some anti-
DNA antibodies can bind to the cell surface, penetrate
the cells, and localize in the cytoplasm, or deposit in
the nucleus. Different cell types can be penetrated by
anti-DNA antibodies iz vitro, while following in vivo
injection, staining of nuclei in liver, spleen and skin
was found. Interestingly, this finding is reminiscent of
the presence of intranuclear immunoglobulin deposit
in tissues of some lupus patients described several
years ago [34,35]. Penetration into living cells was
shown to be a metabolically active phenomenon
mediated by the F(ab), fragment of the antibodies.
It has been reported that penetrating antibodies may
play a pathogenic role by enhancing cell growth
and proliferation and by inducing cell death or
apoptosis [34].

Finally, in vitro studies demonstrated that anti-
dsDNA antibodies can bind to membrane structures
of different cell types and induce cell perturbation
leading to the expression of a pro-inflammatory and a
pro-coagulant phenotype. Such an effect was related
to antibody penetration in one study, but in others
penetration was not investigated [36—44]. In some
cases, the antibodies have been found to recognize
DNA/histone complexes “planted” on the cell
membranes because of electric charge interaction,
while in other experimental models the antibodies

apparently reacted with constitutive not yet identified
molecules [36—44]. These effects have been suggested
to contribute to tissue inflammation and damage,
particularly in the kidney [34].

Although there is a sound clinical and experimental
evidence for a pathogenic (nephritogenic) role of anti-
dsDNA antibodies, a relatively low proportion of
patients with the autoantibodies undergo proliferative
nephritis. Such a clash has been explained by the
heterogeneity of the anti-dsDNA populations, only
some of them being directly involved [33].

Conclusions

Dogmatically anti-DNA antibodies have been associ-
ated to SLE, however, the recent demonstration of the
potential to produce anti-dsDNA antibodies also by a
normal immune system raised some doubts on such a
dogma. At the same time it appeared that only some
populations of the anti-dsDNA antibodies do display a
clear nephritogenic activity. There is evidence that
both the diagnostic and prognostic power of anti-
dsDNA antibodies are dependent on certain auto-
antibody populations rather than on the whole
population in general. The same is also likely for the
nephritogenic activity. Antibodies displaying high-
avidity as well as cross-reactivity with Kkidney
structures have been suggested to represent the clue
autoantibodies, but a definite demonstration of such a
theory is still a matter of research. Insight into these
issues might give information on the characteristics of
the diagnostic assays useful for diagnosis and
prognosis of the lupus disease.

Acknowledgements

The study has been supported in part by Ricerca
Corrente IRCCS Istituto Auxologico Italiano
(2002-2004) of the Italian Ministry of Health (to
PLM).

A. Tincani and P.L. Meroni would like to thank
the Chairman and all the members of the ITUIS/WHO/
AF/CDC Committee for the Standardization of
Autoantibodies for the constructive discussion on
the results of the anti-dsDNA assay evaluation study



44

P Riboldi et al.

presented to the Committee during the meeting held
in Orlando, October 26th 2003.

References

(1]

(2]

(3]

(4

—

(5]

(6]

[7]

(8

—

[l

[10]

(11]

[12]

[13]

[14]

[15]

Kavanaugh AF, Solomon DH. American College of Rheu-
matology ad hoc committee on immunologic testing guidelines.
Guidelines for immunologic laboratory testing in the
rheumatic diseases: anti-DNA antibody tests. Arthritis
Rheum 2002;47:546-—-555.

Hochberg MC. Updating the American College of Rheu-
matology revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1997;40:1725.

Hahn BH, T'sao BP. Antibodies to DNA. In: Wallace DJ, Breva
HH, editors. Dubois’ Lupus Erythematosus. Philadelphia:
Lippincott Williams & Wilkins; 2002. p 425-445.

Peeva E, Diamond B. Anti-DNA antibodies: structure,
assembly and diversity. In: Lahita RG, editor. Systemic
Lupus Erythematosus. Oxford: Elsevier, 2004. p 283—-314.
Smeenk RJT. Detection of antibodies to dsDNA: current
insights into its relevance. Clin Exp Rheumatol
2002;20:294-300.

Smeenk RJT, Berden JHM, Swaak AJG. dsDNA autoanti-
bodies. In: Peter JB, Shoenfeld Y, editors. Autoantibodies.
Oxford: Elsevier; 1996. p 227-236.

Rekvig OP, Nossent JC. Anti-double-stranded DNA anti-
bodies, nucleosomes, and systemic lupus erythematosus.
Arthritis Rheum 2003;48:300-312.

Rahman A. Autoantibodies, lupus and the science of
sabotage. Rheumatology 2004; Aug. 24 [Epub ahead of print].
Riboldi P, Kasaian MT, Mantovani L, Ikematsu H, Casali P.
Natural antibodies. In: Bona CA, Siminovitch KA, Zanetti M,
Theofilopoulos AN, editors. The molecular pathology of
autoimmune diseases. Chur: Harwood Academic Publishers,
1993. p 45-64.

Manson JJ, Isenberg DA. The pathogenesis of systemic lupus
erythematosus. Neth ] Med 2003;61:343-346.

Fritzler M]. New technologies in the detection of autoanti-
bodies: evaluation of addressable laser bead immunoassays
(ALBIA). In: Conrad K, Bachmann MP, Chan EKL, Fritzler
M], Humbel RL, Sack U, Shoenfeld Y, editors. From animal
models to human genetics: Research on the induction and
pathogenicity of autoantibodies. Lengerich: Pabst Science
Publisher, 2004; p 449-459.

Prestigiacomo T, Humbel RL, Larida B, Binder SR. Multiplexed
analysis of thirteen autoantibodies using the BioPlex™ 2200 fully
automated immunoassay analyser. In: Conrad K, Bachmann
MP, Chan EKL, Fritzler MJ, Humbel RL, Sack U, Shoenfeld Y,
editors. From animal models to human henetics: Research on the
induction and pathogenicity of autoantibodies. Lengerich: Pabst
Science Publisher; 2004. p 463—466.

Utz PJ, Chan SM. Autoantibody profiling and lymphocyte
characterization using autoantigen and lysate arrays.
In: Conrad K, Bachmann MP, Chan EKL, Fritzler M],
Humbel RL, Sack U, Shoenfeld Y, editors. From animal
models to Human Genetics: Research on the induction and
pathogenicity of autoantibodies. Lengerich: Pabst Science
Publisher; 2004. p 473-483.

Hentschel Ch, Schoessler W, Schulte-Pelkum J, Kreutzberger
], Hiepe F. Development of a sensitive and reliable Biochip for
detection of autoantibodies in rheumatic diseases. In: Conrad
K, Bachmann MP, Chan EKL, Fritzler MJ, Humbel RL, Sack
U, Shoenfeld Y, editors. From animal models to human
genetics: Research on the induction and pathogenicity of
autoantibodies. Lengerich: Pabst Science Publisher; 2004.
p 484-489.

Hylkema MN, Van Bruggen MC, ten Hove T, de Jong J, Swaak
AJ, Berden JH, et al. Histone-containing immune complexes

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

(30]

are to a large extent responsible for anti-dsDNA reactivity in
the Farr assay of active SLE patients. ] Autoimmun
2000;14:159-168.

Swaak T, Smeenk R. Detection of anti-dsDNA as a diagnostic
tool: a prospective study in 441 non-systemic lupus
erythematosus patients with anti-dsDNA antibody (anti-
dsDNA). Ann Rheum Dis 1985;44:245-251.

Bootsma H, Spronk P, Derksen R, de Boer G, Wolters-Dicke
H, Hermans ], et al. Prevention of relapses in systemic lupus
erythematosus. Lancet 1995;345:1595-1599.

Petri M, Genovese M, Engle E, Hochberg M. Definition,
incidence, and clinical description of flare in systemic lupus
erythematosus. A prospective cohort study. Arthritis Rheum
1991;34:937-944.

Esdaile JM, Abrahamowicz M, Joseph L, MacKenzie T, Li Y,
Danoff D. Laboratory tests as predictors of disease exacerba-
tions in systemic lupus erythematosus. Why some tests fail.
Arthritis Rheum 1996;39:370-378.

Walz LeBlanc BA, Gladman DD, Urowitz MB. Sero-
logically active clinically quiescent systemic lupus erythe-
matosus-predictors of clinical flares. ] Rheumatol
1994;21:2239-2241.

Moroni G, Trendelenburg M, Del Papa N, Quaglini S, Raschi
E, Panzeri P, et al. Anti-C1q antibodies may help in diagnosing
a renal flare in lupus nephritis. Am ] Kidney Dis
2001;37:490-498.

Amoura Z, Koutouzov S, Chabre H, Cacoub P, Amoura I,
Musset L, et al. Presence of antinucleosome autoantibodies in
a restricted set of connective tissue diseases: antinucleosome
antibodies of the IgG3 subclass are markers of renal
pathogenicity in systemic lupus erythematosus. Arthritis
Rheum 2000;43:76—84.

Simon JA, Cabiedes J, Ortiz E, Alcocer-Varela J, Sanchez-
Guerero J. Anti-nucleosome antibodies in patients with
systemic lupus erythematosus of recent onset. Potential utility
as a diagnostic tool and disease activity marker. Rheumatology
2004;43:220-224.

American college of Rheumatology ad hoc committee on
immunologic testing guidelines Guidelines for immunologic
laboratory testing in the rheumatic diseases: an introduction.
Arthritis Care Res 2002;47:429—-433.

Vitali C, Bencivelli W, Isenberg DA, Smolen JS, Snaith ML,
Sciuto M, et al. Disease activity in systemic lupus erythe-
matosus: report of the Consensus Study Group of the
European Workshop for Rheumatology Research. II. Identi-
fication of the variables indicative of disease activity and their
use in the development of an activity score. The European
Consensus Study Group for Disease Activity in SLE. Clin Exp
Rheumatol 1992;10:541-547.

Sugisaki T, Takase S. Composition of immune deposits
present in glomeruli of NZB/W F1 mice. Clin Immunol
Immunopatol 1991;61:296—-308.

Kramers C, Hylkema MN, van Bruggen MC, van de
Lagemaat R, Dijkman HB, Assmann KJ, et al. Anti-
nucleosome antibodies complexed to nucleosomal antigens
show anti-DNA reactivity and bind to rat glomerular basement
membrane iz vivo. ] Clin Investig 1994;94:568—-577.

Madaio MP, Carlson J, Cataldo J, Ucci A, Migliorini P,
Pankewycz O. Murine monoclonal anti-DNA antibodies bind
directly to glomerular antigens and form immune deposits.
J Immunol 1987;138:2883-2889.

Ehrenstein MR, Katz DR, Griffiths MH, Papadaki L, Winkler
TH, Kalden JR, et al. Human IgG anti-DNA antibodies
deposit in kidneys and induce proteinuria in SCID mice.
Kidney Int 1995;48:705-711.

Raz E, Brezis M, Rosenmann E, Eilat D. Anti-DNA antibodies
bind directly to renal antigens and induce kidney dysfunction
in the isolated perfused rat kidney. ] Immunol
1989;142:3076-3082.



(31]

(32]

(33]

[34]

[35]

(36]

(37]

(38]

Tsao BP, Ohnishi K, Cheroutre H, Mitchell B, Teitell M,
Mixter P, et al. Failed self-tolerance and autoimmunity in IgG
anti-DNA transgenic mice. ] Immunol 1992;149:350—-358.
Rekvig OP, Kalaaji M, Nossent H. Anti-DNA antibody
subpopulations and lupus nephritis. Autoimmun Rev
2004;3:1-6.

Putterman C. New approaches to the renal pathogenicity of
anti-DNA antibodies in systemic lupus erythematosus.
Autoimmun Rev 2004;3:7-11.

Madaio MP, Yanase K. Cellular penetrationand nuclear
localization of anti-DNA antibodies: Mechansisms, conse-
quences, implications and applications. ] Autoimmun
1998;11:535-538.

Portales-Perez D, Alarcon-Segovia D, Llorente L, Ruiz-
Arguelles A, Abud-Mendoza C, Baranda L, et al. Penetrating
anti-DNA monoclonal antibodies induce activation of human
peripheral blood mononuclear cells. J Autoimmun
1998;11:563-571.

Lai KN, Leung JC, Lai KB, Wong KC, Lai CK. Upregulation
of adhesion molecule expression on endothelial cells by anti-
DNA autoantibodies in systemic lupus erythematosus. Clin
Immunol Immunopathol 1996;81:229-238.

Lai KN, Leung JC, Lai KB, Lai FM, Wong KC. Increased
release of von Willebrand factor antigen from endothelial cells
by anti-DNA autoantibodies. Ann Rheum Dis
1996;55:57-62.

Lai KN, Leung JC, Lai KB, Lai CK. Effect of anti-DNA
autoantibodies on the gene expression of interleukin
8, transforming growth factor-beta, and nitric oxide

(39]

[40]

[41]

(42]

[43]

[43]

Anti-DNA antibodies 45

synthase in cultured endothelial cells. Scand ] Rheumatol
1997;26:461-467.

Sun KH, Yu CL, Tang SJ, Sun GH. Monoclonal anti-double-
stranded DNA autoantibody stimulates the expression and
release of IL-1beta, IL.-6, IL-8, IL-10 and TNF-alpha from
normal human mononuclear cells involving in the lupus
pathogenesis. Immunology 2000;99:352—-360.

Hsieh SC, Sun KH, Tsai CY, Tsai YY, Tsai ST,
Huang DF, et al. Monoclonal anti-double stranded DNA
antibody is a leucocyte-binding protein to up-regulate
interleukin-8 gene expression and elicit apoptosis of normal
human polymorphonuclear neutrophils. Rheumatology
2001;40:851-858.

Yu CL, Sun KH, Tsai CY, Hsieh SC, Yu HS. Anti-dsDNA
antibody up-regulates interleukin 6, but not cyclo-oxygenase,
gene expression in glomerular mesangial cells: A marker of
immune-mediated renal damage? Inflamm  Res
2001;50:12—-18.

Chan TM, Frampton G, Staines NA, Hobby P, Perry GJ,
Cameron JS. Different mechanisms by which anti-DNA
MoAbs bind to human endothelial cells and glomerular
mesangial cells. Clin Exp Immunol 1992;88:68-74.

Chan TM, Frampton G, Cameron JS. Identification of
DNA-binding proteins on human umbilical vein endothelial
plasma membrane. Clin Exp Immunol 1993;91:110-114.
Chan TM, Yu PM, Tsang KL, Cheng IK. Endothelial cell
binding by human polyclonal anti-DNA antibodies: relation-
ship to disease activity and endothelial function alterations.
Clin Exp Immunol 1995;100:506-513.



