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We have previously reported the existence of a cell-mem-
brane-associated molecule on human PBMC, which binds
DNA and has the characteristics of a receptor. Monoclonal
antibodies have been made to this receptor and have been
used successfully for the purification of this cell-surface mol-
ecule. Preliminary studies have indicated a receptor for DNA
on murine kidney and spleen cells which is similar in molecu-
lar weight to the human DNA receptor (30 kD). The occur-
rence of autoantibodies to cell-surface receptors has been de-
scribed in several autoimmune diseases and we have noted
that the serum of patients with lupus and similar disorders
inhibit the binding of labeled DNA to human leukocytes.

Using a “dot-blot" assay with affinity-purified human DNA
receptor, sera from patients with various CTD and from
healthy volunteers were screened for anti-receptor antibod-
ies; anti-receptor antibodies were found in many patients
with CTD and some of their first-degree relatives. The prev-
alence of anti-receptor antibodies in normal blood donors
was <2%. It is hypothesized that anti-receptor antibodies
represent an early immune response in lupus and kindred
disorders and that anti-DNA antibodies may arise from the
corresponding anti-idiotypic response. ] Invest Dermatol,
94:795-848, 1990

ystemic lupus erythematosus (SLE) is a multi-systemic au-

toimmune disease of unknown etiology. There is consid-

erable evidence that immunologic mediated mechanisms

of tissue injury play an important role in its pathogenesis.

In general, the autoantibody response in patients with SLE
is directed toward two major classes of antigens: nuclear constitu-
ents and cell-surface molecules. There is evidence that cell-surface
reactive antibodies may influence disease expression by modulating
lymphocyte subsets or by affecting cell function [1]. DNA anti-
DNA immune complexes are postulated to play a principal role in
the pathogenesis of tissuc injury [2,3]. Increasing evidence has dem-
onstrated that human peripheral blood cells can both excrete DNA
[4,5] and have DNA associated with their cell surface [6]. The
source of DNA associated with these cells may originate from either
dying cells or be produced by activated lymphocytes. Bennett and
his colleagues [7] have demonstrated that the association of DNA
with the cell-surface of human leukocytes occurs in a manner con-
sistent with a ligand-receptor relationship. The apparent function
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of this receptor is to scavenge and degrade exogenous DNA; thus
possibly constituting a nucleotide salvage pathway. Recent studies
have demonstrated defective binding of labeled DNA to human
peripheral blood mononuclear cells (PBMC) from patients with
SLE. Herein we review the evidence supporting the existence of a
DNA receptor and describe the production of autoantibodies to this
receptor in patients with SLE and similar connective tissue diseases.

MATERIALS AND METHODS

Agents Used Lambda phage DNA and DNA polymerase I were
purchased from Bethesda Rescarch Laboratories (Gaithersburg,
MD). DNA was dissolved in 10 mM Tris HCL, pH 7.5, 120 mM
NaCl, and 0.1 mM EDTA. Just before use, the soFution was heated
to 60°C for 10 min and then quickly cooled on ice, to restore the
DNA to its linear form. (In storage it tends to form circles due to
“sticky” ends.) Biotinylated DNA (B-DNA) was prepared from
lambda phage DNA using nick translation to incorporate biotiny-
lated d-uridine triphosphate (UTP) [8]; the reagents for this proce-
dure (d-UTP), streptavidin-biotinylated horseradish peroxidase
complex, DNA polymerase, and DNase 1 were purchased in kit
form from Enzo-Biochem, Inc. (New York, NY) and processed as
per the supplier’s instructions. Goat anti-biotin and rabbit fluores-
ceinated anti-goat were purchased in kit form from Enzo-Biochem,
Inc.

Radiolabeling of DNA DNA was radiolabeled by nick transla-
tion [9]. In brief, the reaction was performed on 12.5 ug of DNA in
a final volume of 250 ul. The incubation buffer was 50 mM Tris
HCI, pH 7.9, 10 mM MgCl,, 10 mM dithiothreitol, 50 ug/ml
BSA, and all four deoxynucleoside 5'-triphosphates. The concen-
tration of unlabeled triphosphates (dATP, dGTP, dCTP) was
300 uM; the concentration of [*H]deoxy-thymidine triphosphate
was 1.33 mM. The reaction was initiated by adding Escherichia coli
DNA polymerase (5 U) and DNase 1 (100 pg); incubation was for
30 min at 16°C. The reaction was terminated by adding EDTA
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(final concentration, 20 mM). After addition of carrier DNA and
sodium acetate (0.1 M, final concentration), the DNA was precipi-
tated by the addition of 3 times volume of ice-cold absolute ethanol
(—70°C, 10 min). After being washed 2 times in absolute ethanol,
the dried pellet was gently dissolved in 1 ml Hank’s bufferred salt
solution (HBSS); this process took ~48 h.

[*H]DNA Binding to Cells  All binding studies were performed
at 4°C. Each experiment contained two controls, namely, trypsin-
ized cells and a 50-times excess of cold lambda phage DNA (this was
added after boiling for 10 min to produce single-strand DNA; at the
concentrations used, double-strand DNA [dsDNA] was too vis-
cous). Bound DNA was calculated from the percentage of counts
bound after subtracting the counts of non-specific binding. The
input DNA was plotted against the bound DNA using the CURFIT
program (Hewlett-Packard Co., Palo Alto, CA); experiments with a
closeness of fit (R?) less than 0.85 were rejected. From the idealized
curve generated by CURFIT, a standard Scatchard plot analysis [10]
was used to estimate the binding affinity (K) amﬁ) the number of
molecules bound. To further characterize the binding of DNA to
cell surfaces, we modified the basic binding assay: the cells were
subjected to enzymatic treatment as previously described [11], cells
were preincubated with ligands that might exhibit a competitive
inhibition, and cells were pulsed with cold DNA to determine if this
modulated ligand binding.

Detection of DNA Binding Proteins A search for a putative
DNA receptor was initiated using a modification of the method of
Bowen et al [12] to detect DNA binding proteins as we have pre-
viously described [13].

Isolation of Partially Purified Receptor The antigen used in
the production of murine hybridomas was a Eartially purified ex-
tract of solubilized cell membrane proteins obtained from human
PBMC. Cell membranes from 2 X 10 PBMC were isolated as
previously described [11] and electrophoretically separated by SDS-
PAGE using two gels without individual troughs. A strip of gel, 1
inch in width, which corresponded to proteins migrating to the
30,000 region, was excised and crushed up in elution buffer (0.05 M
Tris-HCI, pH 7.9, 0.1% SDS, 5.0 mM dithiothreitol, 0.1 mg/ml
BSA, 0.2 M NaCl). Proteins were extracted by rocking the suspen-
sion for 48 h at 4°C. After centrifugation, the cleared supernatant
was transferred to a 30 ml pre-siliconized tube, and 3 times the
volume of acetone at —20°C was added; after incubation on ice-
ethanol for 30 min the precipitate was collected by centrifugation.
The precipitate was washed once with 80% acetone and 20% dilu-
tion Euﬁer (0.05 M Tris-HCI, pH 7.9, 20% glycerol, 0.1 mg/ml
BSA, 0.15 M NaCl, 1 mM dithiothreitol, 0.1 mM EDTA) and then
re-solubilized in 2 ml of 6 M guanidine hydrochloride dissolved in
dilution buffer. After incubation at room temperature for 20 min
the mixture was made up to 10 ml with dilution buffer and incu-
bated for 60 min at room temperature. Thereafter gradual renatura-
tion of the proteins was achieved by dialysis for 24 h against PBS
containing 0.1% SDS. Verification that the solubilized proteins
contained the DNA receptor was achieved by immobilizing the
antigen on nitrocellulose (Bio-Rad Laboratories, Richmond, CA)
and using a dot-blot assay using a probe of biotinylated DNA [13].

Immunization and Cell Fusion Female BALB/c mice (The
Jackson Laboratory, Bar Harbor, ME) 8 to 12 weeks of age were
immunized with the partially purified DNA receptor preparation.
Each of five animals received 20 to 50 ug of material in 0.4 ml of
CFA intradermally to the hind legs. A series of five additional
weekly injections was given to each animal using 20 to 50 ug of
material in IFA. Sera were collected and tested individually for
binding to the immunizing antigen (200 ul, 60 pg/ml) immobi-
lized on nitrocellulose in a dot-blot assay employing goat-anti-
mouse IgG conjugated to horseradish peroxidase (Bio-Rad) as the
second antibody; sera collected before immunization served as a
negative control. Each of the animals demonstrated significant
binding in this assay. The animal found to have the highest reactiv-
ity on the dot-blot assay received an additional 40 ug of immunogen
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in PBS, administered intravenously. The animal was killed 4 d later
and the spleen was removed and used for fusion with the murine
SP/2 myeloma cell line [14]. Selected hybridomas were inoculated
interperitoneally (1 to 2 X 10¢ cells/animal) into BALB/c mice
with pristane-induced ascites; IgG was isolated by ion-exchange
chromatography on DEAE cellulose (Whatman DE-52) followed
by elution from a column of protein A Sepharose 4B (Pharmacia
Fine Chemicals, Piscataway, NJ).

Inhibition of the Binding of DNA to PBMC by MoAb  Asci-
tes-derived MoAb, at various concentrations, were incubated with
PBMC (2 X 10° in HBSS + 0.5% BSA) for 30 min at 4°C. After
washing 3 times with HBSS, the ability of cells to bind [PH]DNA
was assessed as previously described [7]. In each experiment, con-
trols included cells incubated with an irrelevant MoAb of the same
isotype (Litton Bionetics, Inc., Charleston, SC) and cells not ex-
posed to any IgG.

Isolation of Cell Surface Protein with DNA Binding Proper-
ties A purified preparation of cell membranes from PBMC was
Ereparcd as previously described [7]. Membrane proteins were solu-

ilized by incubation with 10 mM deoxycholate in 0.05 M NaCl
(4°C, 2 h). The solubilized proteins were cleared by centrifugation
at 100,000 X g for 1 h; the supernatant was dialyzed against 0.05 M
PBS 2 times and against HBSS one time. The dialyzed proteins were
concentrated with polyethylene glycol to a final concentration of
0.38 mg/ml. Two immunoaffinity matrices were constructed by
binding MoAb 12A and 24T to protein A Sepharose CL-4B fol-
lowed by cross-linking with dimethyl pimelimidate [15]; as a con-
trol, a third immunomatrix was constructed with an irrelevant
MoAb. As the amount of receptor likely to be eluted from the
immunomatrix would be at the limit of detection by OD,¢, mea-
surements, a 1-yg fraction of the membrane protein preparation was
labeled with 1251, by the chloramine T method, for use as a tracer in
monitoring the affinity column eluates. A total of 25.8 mg of mem-
brane proteins, plus added tracer was incubated (37°C, 1 h) with 1 g
of each immunomatrix suspended in HBSS containing 0.1% SDS.
The immunomatrix was then washed extensively with HBSS +
1 M NaCl, pH 7.4, and packed into a small column. Successive
buffers of HBSS + 1 M NaCl, each decreasing by 1 pH unit, were
passed through the column and the eluate was monitored for radio-
activity. The peak counts were pooled and concentrated 10 times.
The eluted proteins were then boiled in a Tris buffer, pH 6.8,
containing 3% SDS, 20 ul 5 mM dithiothreital, 15% glycerol, and
0.01% bromphenol blue. Proteins were electrophoretically sepa-
rated by SDS-PAGE; one gel was stained with Bio-Rad silver stain
(according to the manufacturers instruction) and another gel was
used to transblot the separated proteins onto a nitrocellulose sheet.
The nitrocellulose was developed for DNA binding proteins using a
probe of biotin-DNA, as previously described [7].

RESULTS

DNA Binding to Whole Cells Using *H-labeled lambda phage
DNA, initial studies demonstrated binding of labeled DNA to
human PBMC. The binding was maximal after incubation for 10
min at 4°C, and was dependent upon the presence of Ca, Mg, and
SO, ions [7]. DNA binding to isolated cell populations (PMN, E—,
E+, ADMC) was abolished by proteolytic gi(;e:stion of the cell sur-
face but was not affected by treatment with neuraminidase, phos-
pholipase, or RNase. Moreover, the binding of labeled DNA was
saturable and specifically inhibited by excess unlabeled DNA (Fig
1). Scatchard plot analysis of the binding curves indicated a high
affinity (approximately 10~ M) for DNA binding and a single pop-
ulation m‘Pbinding sites with approximately 10? receptors/cell (Fig
2).

Preliminary Characterization of the DNA-Binding Molec-
ule Initial attempts to characterize the human DNA-binding re-
ceptor were done by solubilizing cell membrane proteins from
human PBMC [7,13]. The solubilized proteins were separated by
SDS-PAGE and electrophoretically transferred to nitrocellulose.
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Figure 1. Itisseen that for each cell type a saturability of ['H]DNA binding
is demonstrated. Untreated cells, solid circles; excess cold DNA, open circles.
Trypsinized cells: points not shown, exhibited a parallel curve to the “excess
cold DNA” curve. Reproduced from J Clin Invest 76:2182-2190, 1985,
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Figure 2. A linear transformation of the data shown in Fig 1 to yield
Scatchard plots. For each cell type a straight line relationship was observed
(r* > 0.89), indicating a single species of binding molecule. The dissociation
constants (K,) were ~ 107 M, and the DNA binding capacity varied from
0.81 X 10° to 2.6 X 10* molecules per cell, depending upon the cell type.
Reproduced from J Clin Invest 76:2182-2190, 1985.
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DNA-binding proteins were probed for with biotin-DNA. Devel-
opment was accomplished with a streptavidin-biotinolyted horse-
radish peroxidase complex plus substrate. These studies demon-
strated a single DNA binding protein with a molecular weight of
30,000 for each cell population examined, except red blood cells
(Fig 3). In addition, recent studies from our laboratory have identi-
fied a DNA binding molecule on murine spleen and kidney cells,
which has a molecular weight of 30 kD (data not shown).

Production of Monoclonal Antibodies to the DNA Recep-
tor In order to further characterize the DNA receptor from the
PBMC, we made monoclonal antibodies to this molecule. Repeated
immunization of Balb/c mice with a partially purified DNA recep-
tor preparation resulted in the production of antibodies reactive
with the immunizing antigens. One immune animal was sacrificed
and its spleen cells fused with the murine SP/2 myeloma cell line.
After 10 d in culture, greater than 85% of the microcultures exhib-
ited hybrid cell growth. Using a dot-blot screening test, 90 out of
350 supernatants tested demonstrated reactivity. These hybrids
were transferred to 1 ml cultures and allowed to reach 75-90%
confluence and the supernatants tested for their ability to inhibit the
binding of *H-DNA to human PBMC. Of these 90 hybrids tested,
12 demonstrated significant inhibition of DNA binding. Two hy-
brids which demonstrated the highest level of inhibition were
weaned to HAT-free medium and subcloned twice at 1 cell/well.
These two hybridomas were designated as 12A and 24T, and were
isotyped as IgG1/k and IgG2b/k, respectively [16].

Reactivity of Monoclonals to the DNA Receptor Mono-
clonal antibodies 12A and 24T, derived from inoculated ascites
fluid, demonstrated inhibition of *H-DNA binding to PBMC, as
determined by the initial screening of the hybridomas. As seen in

Figure 3. Nonhistone nuclear proteins (4), membrane preparation of neu-
trophils (B), monocytes (C), T lymphocytes (D), B lymphocytes (E), a
cytosol preparation (F), and erythrocyte membranes (G) were subjected to
SDS-PAGE. The separated proteins were electrophoretically blotted onto
nitrocellulose sheets: DNA binding proteins were probed for by biotin-
DNA. Development was accomplished with a streptavidin-biotinylated
horseradish peroxidase complex using the substrate diamino-benzidine te-
trahydrochloride. All cells, except erythrocytes, possessed a single DNA
binding protein, migrating in a position consistent with a molecular weight
of 30,000. Cytosol exhibited a weak binding band. Nonhistone nuclear
proteins are included as a positive control and also showed a DNA binding
protein in an identical position to the cell membrane preparations. Repro-
duced from J Clin Invest 76:2182-2190, 1985.
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Fig 4, when increasing dilutions of the antibodies were incubated
with PBMC, significant inhibition of labeled DNA binding was
noted down to a dilution of 3 X 107*. When PBMC were incu-
bated with either monoclonal antibody for 10 min at 4°C, subse-
quent labeled DNA binding was inhibited for 18 h but cell viability
was not affected. A control, irrelevant murine ascites fluid did not
influence labeled DNA binding.

Isolation of the DNA Binding Protein To determine whether
the monoclonal antibodies reacted specifically with the DNA bind-
ing protein, immunomatrices of 12A and 24T were constructed and
the reactive molecule from solubilized cell-membrane preparations
isolated by the method of affinity chromatography. After washing
the immunomatrix extensively with a starting bufter of pH 7.0, the
pH was successively decreased by 1 pH unit, and the proteins which
had specifically bound to the immunomatrix were eluted ata pH of
4.0. The proteins obtained from the acid wash of the immunoma-
trix were electrophoretically separated under reducing conditions
on SDS-PAGE. A single band was visualized after silver staining of
the gels and both MoAb 12A and 24T afhnity-purified proteins
exhibited a band at the 30-kD position (which is identical to the size
of the DNA receptor). To determine whether this protein was the
DNA receptor, the proteins from unstained SDS-PAGE gels were
electrophoretically transferred to nitrocellulose, and reacted with a
probe of biotin-labeled DNA [16]. It was seen that the proteins
which reacted specifically with MoAb 12A and 24T also reacted
with a biotin-DNA probe (Fig 5). Moreover, high-performance
liquid chromatography (HPLC) analysis of the isolated protein
from the immunomatrix column demonstrated a 97% purification
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Figure 4. Inhibition of DNA binding to human PBMC by MoAb 12A and
24T at different dilutions. MoAb were incubated with 2 X 10° PBMC, 4°C,
30 min; after washing 3 times with HBSS the ability to bind ["H|DNA was
assessed. Results are expressed as the mean binding of three replicate wells.
Maximal binding of PH]DNA was assessed without the addition of MoAb
and with the addition of an irrelevant MoAb, giving counts of 22,705 £
1,033 and 20,614 + 983 /min, respectively. The original concentrations of
the MoAb were 3 mg/ml. This experiment is representative of six similar
experiments done over a 2-month period. Reproduced from | Immunol
140:2937 -2942, 1988.
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Figure 5. The purified receptor preparations isolated from the 12A and
24T immunomatrices were resolved on SDS-PAGE and electrophoretically
blotted onto a nitrocellulose sheet. To determine whether the proteins mi-
grating at M, 30,000 were the DNA receptor, the blots were exposed to a
probe of biotin-labeled DNA. It is seen that the proteins isolated from
immunomatrix 12A (lane A) and immunomatrix 24B (lane B) both bound
DNA, whereas proteins eluted from X, an immunomatrix of an irrelevant
MoAb, showed no DNA binding (flane C). Reproduced from ] Immunol
140:2937-2942, 1988.

of the DNA-binding protein (data not shown). These results sup-
port the conclusion the MoAb 12A and 24T are specific for the
DNA receptor.

Induction of a DNA Receptor Defect by Humoral Factors
With the development of monoclonal antibodies to the DNA re-
ceptor and the ability to obtain purified receptor protein, it was now
possible to explore the relevance of the DNA receptor as a target
antigen for the production of autoantibodies in patients with SLE.
Our carly studies had demonstrated that sera from patients with SLE
significantly inhibited the binding of labeled DNA to normal
human PBMC [17]. Incubation of the PBMC with sera from
healthy normal individuals did not affect the binding of labeled
DNA when compared with untreated cells. The mean *H-DNA
binding of cells incubated with 29 normal sera was arbitrarily as-
signed as 100% and the effect of patient’s sera was compared with
this value [18]. As seen in Fig 6, all SLE sera tested inhibited DNA
binding (mean % SE, 77 £ 8%; range, 53-94%). No overlap was
observed between the values obtained with normal sera and SLE
sera. Moreover, all sera obtained from patients with MCTD in-
duced marked inhibition of DNA binding (mean inhibition & SE,
76 %+ 12%; range, 36— 84%). Sera from some patients with theuma-
toid arthritis and primary Sjogren’s syndrome showed inhibition
similar to that noted in patients with SLE, whereas other sera dem-
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onstrated minimal or no inhibition [18]. Of interest, sera from many
asymptomatic first-degree relatives of patients with SLE also
showed marked inhibition of DNA binding. It was shown that the
IgG component of SLE sera was responsible for the inhibition of
labeled DNA binding to human PBMC [18]. Moreover, we have
recently completed similar studies demonstrating that serum from
lupus-prone mice can significantly inhibit the binding of labeled
DNA to normal mouse spleen cells. Sera collected from normal
animals, or lupus-prone animals prior to disease expression, failed to
significantly affect the binding of labeled DNA (data not shown).

Cell-Surface Molecules Reactive with SLE Sera To further
examine the reactivity of SLE sera with the DNA receptor protein,
PBMC membrane proteins were resolved on SDS-PAGE followed
by Western blotting using sera that were known to contain anti-re-
ceptor antibodies. A control serum from a normal healthy individ-
ual was appropriately negative. Of interest, when we examined sera
from patients with connective tissue diseases, a band at 30 kD repre-
sented the major site of reactivity. Patients with both SLE and mixed
connective tissue disease demonstrated significant immune reactiv-
ity at the 30-kD site corresponding to the DNA receptor. Bands of
weaker intensity at other positions were also noted with sera from
patients with connective tissue discases (data not shown).

Detection of Anti-DNA Receptor Antibodies The availabil-
ity of highly purificd DNA receptor, isolated from immunoma-
trices constructed from the anti-receptor monoclonals, has permit-
ted the development of a dot-blot assay procedure for the detection
of anti-DNA receptor antibodies in human sera. In an initial study
of 256 sera samples obtained from normal healthy individuals, only
six (2%) were positive for anti-receptor antibodies. In comparison,
approximately 60-70% of sera obtained from patients with rheu-
matoid arthritis, SLE, mixed connective tissue disease, and primary
Sjogren’s syndrome were positive for anti-receptor antibodies (data
not shown). This data lcncE additional support to the notion that the
DNA receptor is a common target antigen for autoimmunity in
patients with connective tissue diseases.
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Figure 6. Humoral inhibition of DNA receptor binding of [PH]JDNA.
Serum (dilution 1:5) was incubated with the PBMC from a healthy volun-
teer at 37°C for 30 min; after washing, the binding of [PH|DNA was mea-
sured. The mean [*H]DNA binding using the sera from 29 healthy controls
was arbitrarily designated as 100%. The change in [*H]DNA binding in-
duced by the patients sera is displayed as a percentage of the mean counts of
the normal controls. Where there is a discrete clustering of points (normals,
SLE, and MCTD), the mean (horizontal line) and SEM (hatched box) are
shown. Reproduced from ] Exp Med 166:850-863, 1987.
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DISCUSSION

There is a large literature that supports the concept that nucleic acids
are found in association with cell surfaces [6,19-22]. The source of
DNA associated with these cells may originate from either dying
cells or be produced by activated lymphocytes [4,23]. The notion
that the association of DNA with cell surfaces is anything more than
a technical artifact or a non-specific interaction is an area of some
controversy. Of interest are reports that cell-surface DNA can be
taken up by cells and the information integrated into the cell to
become a stable characteristic. If exogenous DNA can be taken up
by cells it raises the question as to whether a specific cell-surface
receptor exists for DNA. In this paper we have presented studies
supporting the existence of a spccigr: receptor for DNA and de-
scribed the initial characterization of this molecule. In addition, the
involvement of the DNA receptor as a target antigen for autoanti-
bodies in patients with SLE has been reviewed.

Our darta supports the conclusion that the interaction of DNA
with the cell surface occurs in a manner consistent with a receptor-
ligand interaction. This interpretation is supported by studies dem-
onstrating the saturability and specificity of this interaction. More-
over, using biotin-labeled DNA, a single DNA binding molecule of
30 kD was identified. Further evidence for the existence of a spe-
cific cell-surface receptor for DNA is provided by the production of
two monoclonal antibodies that exhibit the properties predicted for
a specific interaction with the DNA receptor. These antibodies
inhibit the binding of labeled DNA to PBMC, suggesting they are
reactive with the DNA binding domain of the receptor or an adja-
cent area. Morcover, construction of an immunomatrix incorporat-
ing the monoclonals allows the DNA receptor to be purified to near
homogeneity (as assessed by SDS-PAGE and HPLC analyses), The
affinity-purified protein migrates as a single band on SDS-PAGE
and is easily visualized by silver staining. Most importantly, the
affinity-purified protein after SDS-PAGE and Western blotting re-
veals a single DNA binding molecule of 30 kD, as assessed by a
biotin-DNA probe. These results are consistent with the conclusion
that a specific DNA-binding receptor is present on human PBMC.
In addition, flow-cytometry studies using the two anti-receptor
monoclonals support our previous observations indicating that the
DNA receptor is expressed on monocytes, B cells and T cells (data
not shown).

There are several other reports that either directly support or are
consistent with the existence of a specific receptor for DNA. Bank-
hurst and Williams [24] described DNA binding to B cells in pa-
tients with SLE and some normals. Okudaira and colleagues [25]
have recently reported a murine monoclonal antibody to DNA
which binds to cell-membrane-associated DNA on mouse thymo-
cytes and human T cells and becomes internalized in a manner
consistent with receptor-mediated endocytosis of DNA. Abdou and
co-workers [26] have demonstrated that sera from a patient with
SLE suppresses the binding of labeled DNA to B cells. They hy-
pothesized this inhibition was due to anti-idiotypic antibodies
blocking the paratope of cell-surface anti-DNA IgG; however,
these results could also be interpreted as evidence for anti-DNA
receptor antibodies. Sudar et al [27], have presented direct evidence
for DNA receptors on macrophages. Emlen and colleagues [28)
have recently reported a DNA receptor on murine Kupffer cells.
This result is OI? particular interest as DNA administered intra-
venously is preferentially cleared by the liver.

The apparent function of the DNA receptor is to scavenge and
degrade exogenous DNA; whether the resulting nucleotides can be
reduced as part of a “nucleotide salvage pathway™ remains to be
investigatcdl:.) Experiments testing DNA binding in the presence of
serum from patients with lupus have demonstrated defective bind-
ing to human PBMC. This dysfunction of DNA receptor activity
was found to be due, in part, to the presence of anti-receptor anti-
bodies in the serum of these patients. Blocking and /or modulation
of the DNA receptor may interfere with the function of the receptor
and may result in the elevated levels of circulating DNA which has
been described in SLE. Receptor blockade might therefore be of
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pathogenetic relevance as the interaction of circulating DNA and
anti-DNA antibodies is considered to be a major determinant of
immune-complex-mediated vasculitis and glomerulonephritis.
The origin of anti-DNA antibodies remains an engima. DNA
itself is not immunogenic, yet there is mounting evidence that au-
toimmunity in SLE is “antigen-driven” rather than a non-specific
Eolyclonal activation. The demonstration of a DNA receptor on
uman cells and the observation that this receptor can be a target
antigen for autoimmunity has led us to an alternative theory for the
generation of anti-DNA antibodies. This hypothesis is based on an
immunoregulatory network of idiotypic pairs as originally pro-
posed by Jerne [29]. An antibody response to the binding site of the
DNA receptor would serve as an antigen for development of an
anti-idiotypic antibody. This anti-idiotypic antibody would mimic
the original ligand (the binding site of the DNA receptor) and thus
have anti-DNA reactivity. These ideas form the basis for our ongo-
ing investigations.
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