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Table 1. Antigens cross-reacting with anti-DNA antibodies

Antigen C_ross-r_eactivity C_ross-rgactivity
with anti-dsDNA | with anti-ssSDNA
Z-DNA +[1] +[2]
Cardiolipin +[3, 4] + [4, 5]
Phosphatidylglycerol ND* + [5]
Bacterial phospholipids + [6] ND
Pneumococcal phosphorylcholine +[7] ND
Mycobacterial glycolipid +[8] +[8]
Klebsiella polysaccharides ND +[9]
Meningococcal polysaccharides + [10] + [10]
Pneumococcal polysaccharides +[11, 12] ND
E. coli polysaccharides + [10] +[10]
Hyaluronic acid + [13] ND
Chondroitin sulfate + [13] ND
Heparan sulfate + [14] ND
Laminin + [15] + [15]
Cell surface proteins + [16-20] ND
Vimentin + [21] + [21]
Ribosomal proteins S1, PO, P1 + [22-24] ND
Small nuclear ribonucleoprotein A and D + [25, 26] ND

* ND, not defined.

Polynucleotides and phospholipids were the first molecules for which cross-
reactivity of anti-DNA antibodies was demonstrated. Immunization of autoimmune line
MRL mice with 2-glycoprotein I induced the formation of anti-DNA antibodies whose
interaction with DNA was inhibited by cardiolipin micelles, indicating that these
antibodies are bound to cardiolipin [3]. Using hybridoma technology, it was shown that
monoclonal anti-DNA antibodies from the blood of SLE mice can bind not only
cardiolipin, but also other phosphorylated molecules [5]. Phospholipids lacking regular
phosphate groups do not bind to the anti-DNA antibodies. This indicates that Abs
recognize in the structure of DNA and phospholipids the regularly spaced repetitive
phosphate groups [4, 27].

Anti-DNA antibodies react with cell surface molecules that are expressed on
some human and murine cells including Raji cells [16], B-cells [17], T-cells, red blood
cells [18], neurons [19], epithelial cell cultures of human skin and kidney [17], as well
as embryonic stem cells [20]. Treatment of these cells with proteases denies them the
ability to bind anti-DNA antibodies, while treatment with the enzymes hydrolyzing the
sugar has no effect on binding [17]. These data indicate that components of the cell wall
interacting with anti-DNA antibodies are proteins and not the carbohydrate components
of glycoproteins and proteoglycans. Both murine and human anti-DNA antibodies
cross-react with NR2 subunit of N-methyl-D-aspartate (NMDA) receptor of the
neuronal surface. Cerebrospinal fluid of SLE patients containing anti-DNA and anti-
NR2 cross-reactive antibodies induced neuronal apoptosis [19]. While NMDA-receptors

S1




are expressed on the surface of many types of cells, such anti-DNA antibodies can cause
damage to many organs of the human body.

Anti-DNA antibodies may also cross-react with intracellular proteins. Human

and mouse monoclonal anti-DNA antibodies react with the intermediate filament
vimentin, and possibly with other cytoskeletal proteins such as a-actin [28] and tubulin
[29]. Anti-dsDNA antibodies bind the ribosomal proteins S1 [22], PO [23], and P1 [24],
as well as A and D polypeptides from small nuclear ribonucleoproteins [25, 26].

REFERENCES
1. Sehgal, V., and Ali, R. (1990) Indian J. Med. Res., 92, 158-162.
2. Lafer, E. M., Valle, R. P. C., Moller, A., Nordheim, A., Schur, P. H., Rich, A,
and Stollar, B. D. (1983) Clin. Invest., 71, 314-321.
3. Aron, A. L., Cuellar, M. L., Brey, R. L., Mckeown, S., Espinoza, L. R,
Shoenfeld, Y., and Gharavi, A. E. (1995) Clin. Exp. Immunol., 101, 78-81.
4. Koike, T., Tomioka, H., and Kumagai, A. (2982) Clin. Exp. Immunol., 50, 298-
302.
5. Lafer, E. M., Rauch, J., Andrzejewski, C., Jr., Mudd, D., Furie, B., Furie, B.,
Schwartz, R. S., and Stollar, B. D. (1981) J. Exp. Med., 153, 897-9009.
6. Carroll, P., Stafford, D., Schwartz, R. S., and Stollar, B. D. (1985) J. Immunol.,
135, 1086-1090.
7. Limpanasothikul, W., Ray, S., and Diamond, B. (1995) J. Immunol., 155, 967-
973.
8. Shoenfield, Y., Vilner, Y., Coates, A. R., Rauch, J., Lavie, G., Shaul, D., and
Pinkhas, J. (1986) Clin. Exp. Immunol., 66, 255-261.
9. Triolo, G., Giardina, E., Scarantino, G., Seddio, G., Cardella, F., Meli, F., and
Bompiani, G. (1989) Diabetes, 38, 718-722.
10. Kabat, E. A., Nickerson, K. G., Liao, J., Grosshbard, L., Osserman, E. F.,
Glickman, E., Chess, L., Robbins, J. B., Schneerson, R., and Yang, Y. H. (1986)
J. Exp. Med., 164, 642-654.
11. Kowal, C., Weinstein, A., and Diamond, B. (1999) Eur. J. Immunol., 29, 1901-
1911.
12.  Sharma, A., Isenberg, D. A., and Diamond, D. (2001) J. Autoimmun., 16, 479-
484,
13. Faaber, P., Capel, P. J. A., Rijke, G. P. M., Vierwinden, G., van de Putte, L. B. A,,
and Koene, R. A. P. (1984) Clin. Exp. Immunol., 55, 502-508.
14. Faaber, P., Rijke, T., van de Putte, L., Capel, P., and Berden, J. (1986) J. Clin.
Invest., 77, 1824-1830.
15. Sabbaga, J., Line, S. R., Potocnjak, P., and Madaio, M. P. (1989) Eur. J.
Immunol., 19, 137-143.
16. Tron, F., Jacob, L., and Bach, J. F. (1984) Eur. J. Immunol., 14, 283-286.
17. Raz, E., Ben-Bassat, H., Davidi, T., Shlomai, Z., and Eilat, D. (1993) Eur. J.
Immunol., 23, 383-390.
18. Jacob, 1., Tron, F., Bach, J. F., and Louvard, D. (1984) Proc. Natl. Acad. Sci.
USA, 81, 3843-3845.
19. DeGiorgio, L. A., Konstantinov, K. N., Lee, S. C., Hardin, J. A., Volpe, B. T., and
Diamond, B. (2001) Nature Med., 11, 1189-1193.
20. Putterman, C., Ulmansky, R., Rasooly, L., Tadmor, B., Ben-Bassat, H., and
Naparstek, Y. (1998) Eur. J. Immunol., 28, 1656-1662.
21. Andre-Schwartz, J., Datta, S. K., Shoenfeld, Y., Isenberg, D. A., Stollar, B. D.,

and Schwartz, R. S. (1984) Clin. Immunol. Immunopathol., 31, 261-271.
S2



22. Tsuzaka, K., Leu, A. K., Frank, M. B., Movafagh, B. F., Koscec, M., Winkler, T.
H., Kalden, J. R., and Reichlin, M. (1996) J. Immunol., 156, 1668-1675.

23. Singh, S., Chatterjee, S., Sohoni, R., Badakere, S., and Sharma, S. (2001)
Autoimmunity, 33, 253-263.

24. Sun, K., Hong, C. C,, Tang, S. J., Sun, G. H., Liu, W. T., Han, S. H., and Yu, C.
L. (1999) Biochem. Biophys. Res. Commun., 263, 334-339.

25. Koren, E., Koscec, M., Wolfson-Reichlin, M., Ebling, F. M., Tsao, B., Hahn, B.
H., and Reichlin, M. (1995) J. Immunol., 154, 4857-4864.

26. Reichlin, M., Martin, A., Taylor-Albert, E., Tsuzaka, K., Zhang, W., Reichlin, M.
W., Koren, E., Ebling, F. M., Tsao, B., and Hahn, B. H. (1994) J. Clin. Invest., 93,
443-449,

27. Shoenfeld, Y., Rauch, J., Massicotte, H., Datta, S. K., Andre-Schwartz, J., Stollar,
B. D., and Schwartz, R. S. (1983) N. Engl. J. Med., 308, 414-420.

28. Mostoslavsky, G., Fischel, R., Yachimovich, N., Yarkoni, Y., Rosenmann, E.,
Monestier, M., Baniyash, M., and Eilat, D. (2001) Eur. J. Immunol., 31, 1221-
1227.

29. Andre-Schwartz, J., Datta, S. K., Shoenfeld, Y., Isenberg, D. A., Stollar, B. D.,
and Schwartz, R. S. (1984) Clin. Immunol. Immunopathol., 31, 261-271.

Table 2. Proteins associated with SLE etiology

Gene category Specific features of gene expression

Antigen clearance genes defects in complement: C1q, C1r and C1s, C4 >> C2;
deficit of Sap, deficit of IgM in blood, deficit of
DNase |

Tolerance induction genes defects in the expression of genes coding for protein
lymphocyte activation threshold proteins: deficit of
Lyn, deficit of Shp-1, deficit of CD22, PD-1;

defects in the expression of genes coding proteins
participating in deletion of auto-reactive lymphocytes:
deficit of Fas and Fas-ligand, heterozygous deficit of
Pten, defects in expression of cell cycle inhibitor p21
Genes of organ-specific polymorphism of FcyRIII receptor (receptor that binds
autoimmune manifestations | an IgG molecule via its Fc domain [1]) playing a key
role in onset of kidney disease

The first category includes genes coding for proteins implicated in the
physiological pathways aimed at clearing of the organism from gene products that cause
the loss of immune tolerance towards nuclear autoantigens and trigger autoimmune
reactions of the organism. SLE animal models are obtained by the deletion of three
genes (see below). One gene codes for a protein of the complement, C1qg, which
together with other proteins of the complement helps to clear the organism of immune
complexes and apoptotic cells [2]. Deletion of the gene encoding serum amyloid P
component (SAP) of blood, a protein, which binds to chromatin and masks it to the
immune system, leads to the development of antinuclear autoimmunity and
glomerulonephritis [3]. A similar phenotype is observed in mice with defects in
secretion of IgM [4, 5] involved in clearing the body of depleted cells.

The second category of genes whose absence may lead to the development of
SLE codes for proteins that regulate thresholds and sensitivity to tolerance and
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activation of T- and B-lymphocytes, such as Fas, Fas-ligand, SHP-1 [6], CD22 [7] PD-1
[8], p21 [9], and Pten [10].

The third category of genes codes for proteins that can alter the progression of
the disease in individual organs as shown by correlation between polymorphic variation
and SLE-nephritis [11]. It has been shown that in the blood of SLE patients the DNase |
activity is low (especially in case of nephritis); such low activity correlates with high
concentration of actin, a strong inhibitor of DNase I, in the blood [12]. Successful
treatment of patients whose blood contained anti-DNA antibodies with bovine DNase
was reported [13]. One of the problems during the treatment of patients with DNase |
was the presence of high concentrations of actin, probably resulting from the
degradation of platelets. Thus, for successful treatment DNase | devoid of a fragment
responsible for interacting with actin was obtained [14].

It is believed that the polyclonal activation of T- or B-cells can also lead to the
induction of generation of anti-DNA antibodies [15]. Polyclonal activation of immune
cells can be influenced by cytokines released by cells of the innate immune system.
Increased concentration of IFN-a in blood and elevated expression of specific IFN-a.-
induced genes in blood cells are constantly observed in SLE patients and have been
shown to correlate with disease severity [16-19]. High levels of IFN-o. may play a direct
role in pathogenesis, as far as patients with non-autoimmune diseases treated with 1FN-
o may contain in their blood antibodies against nuclear antigens or anti-dsDNA
antibodies, and sometimes they can develop SLE [20]. According to published data
[21], the source of high levels of IFN-o may be activated plasmacytoid dendritic cells
(PDC) — the major blood cells synthesizing IFN-a.. Activation of PDC may be caused
by signals that are recognized by TLR (Toll-Like Receptors; receptors that interact with
specific nucleic acid sequences), as far as the most efficient inducers of IFN-o synthesis
in PDC are the synthetic ligands for TLR7 and TLR9 receptors, as well as DNA- and
RNA-containing viruses, which probably also act through these receptors [22, 23].
Recently, it was shown that mammalian DNA is also able to activate TLR7 and TLR9
[21]. These data support the hypothesis that increase in IFN-o level may result from
endogenous stimulation of PDC by endogenous immune complexes containing
endogenous RNA or DNA. FcRIl (receptor that binds to the Fc domain of IgG
molecules [1]), expressed on PDC may facilitate the absorption of immune complexes
by delivering them to endosomal compartments containing TLR7 and TLR9 receptors
[24-26].
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