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A B S T R A C T 36 systemic lupus erythematosus pa-
tients with native DNA binding activity (nDNA-BA)
in the serum and subepidermal immunoglobulin de-
posits were studied to determine the relationship of
the immunoglobulin (Ig) class distribution of serum
nDNA-BA to the clinical characteristics oftheir disease
and to the Ig class present at the dermal-epidermal
junction (DEJ). The patients with predominantly (86-
98%) IgM nDNA-BA in the serum had less active
disease, mild or no renal involvement, and longer
survival than those with predominantly (51-95%)
IgG nDNA-BA in the serum. Renal biopsies in eight
patients with predominantly IgM nDNA-BA in the
serum showed relatively benign histologic changes
in the kidney. In contrast, renal tissue from 23 pa-
tients with predominantly IgG nDNA-BA showed
more severe histologic changes. All patients had
multiple skin biopsies. Patients with predominantly
IgM nDNA-BA consistently had only IgM at the DEJ.
Patients with predominantly IgG nDNA-BA had IgG,
usually in association with IgM, at the DEJ. The find-
ings demonstrate that a minority of systemic lupus
erythematosus patients may exhibit a limited anti-
nDNA response characterized by the presence of
chiefly IgM nDNA-BA in the serum and that this is
reflected by the presence of mild disease and IgM
alone at the DEJ. The development of IgG nDNA-BA
is associated with more severe and active disease.

INTRODUCTION

Antibodies specific for native double-stranded DNA
are characteristic of systemic lupus erythematosus
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(SLE).1 Such antibodies play a role in some ofthe tissue
injury that occurs in this disease and are generally asso-
ciated with disease activity, renal involvement, and a
poorer prognosis (1, 2). Results of elution studies in
patients with lupus nephritis have indicated that DNA-
anti-DNA complexes are deposited in the glomerulus
in this disease (2).
Antibodies to nuclear antigens in SLE are hetero-

geneous and may variably react with single- or double-
stranded DNA, RNA, nucleoprotein, or polynucleo-
tides (3). They may be found in each of the major im-
munoglobulin classes (4) as well as IgG subclasses (5).
A predominance of IgG antibodies high in comple-
ment-fixing activity has been observed among antinu-
clear antibodies in patients with active nephritis (6).
Koffler et al. (2) found that active lupus nephritis was
associated with deposition of 7S anti-DNA in the glo-
merulus, and Rothfield and Stollar (7) reported a close
correlation between IgG antinuclear antibodies stain-
ing in a peripheral pattern, complement-fixing anti-
bodies to DNA, and the presence of active disease.
However, not all patients with SLE have detectable
anti-DNA antibodies and some who have such anti-
bodies do not have renal disease (6).
The diversity and heterogeneity of autoantibodies in

SLE implies that as yet unidentified factors, such as
genetic or viral factors, may restrict or define the im-
munologic responses of individual patients. Recently
Papoian et al. (8) observed that male NZBxNZW F,
hybrid (B/W) mice, which have more benign disease
and longer survival than the female mice, demonstrate
a late development of IgG anti-DNA antibody. Gilliam
(9) has moreover observed that the class of Ig deposited
at the dermal-epidermal junction (DEJ) in B/W mice
parallels these observations in the serum. Thus, it
seems likely that factors which control the nature ofthe
anti-DNA response in SLE may influence the prognosis
of the disease.

1Abbreviations used in this paper: DEJ, dermal-epidermal
junction; nDNA-BA, native DNA binding activity; SLE, sys-
temic lupus erythematosus.
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In the present study, the Ig classes of native DNA
binding activity (nDNA-BA) in the serum of SLE pa-
tients were determined and compared with the clinical
and laboratory features of the patients as well as with
the classes of Ig deposited at the DEJ.

METHODS

Patients. 36 patients who satisfied the preliminary criteria
for the diagnosis of SLE (10) and additional criteria required
for this study were examined by one or more of the authors
over a period of approximately 5 yr. The additional criteria
were as follows: (a) presence of antibodies to native DNA on
at least one occasion; (b) presence of Ig deposits at the DEJ of
clinically normal skin; (c) absence of significant amounts of
anti-ribonucleoprotein antibody in the serum; and (d) absence
of advanced renal failure or history of treatment with cyto-
toxic agents at the time initially studied. The mean age of the
SLE patients was 28.4 yr (13-59 yr). 30 were females and 6
males; 28 were black, 6 were white, and 2 were Latin-Ameri-
can. Duration of disease was 16.6 mo (2-60 mo). Duration of
follow-up was 27.3 mo (6-56 mo). 11 were receiving predniso-
lone at the time of study in an average dosage of 25 mg/day.
Skin biopsy and immunofluorescent studies. 3-mm punch

biopsies were obtained from the light protected uninvolved
skin of the medial surface of the volar forearm. Processing of
the tissue and immunofluorescent tests were carried out as
previously described (11).
DNA preparations. The labeled DNA used was a purified

thymine[2-'4C]Escherichia Coli DNA (sp act 37 ,uCi/mg) ob-
tained from Amersham/Searle Corp., Arlington Heights, Ill.
The unlabeled DNA used was a highly polymerized calf thy-
mus DNA obtained from Worthington Biochemical Corp.,
Freehold, N. J.
Determinations of native DNA binding activity. Serum

was decomplemented by heating in a water bath at 56°C for
30 min. nDNA-BA was determined on whole serum, serum
depleted ofIgG or IgM by immunoabsorption or on individual
Sephadex G-200 fractions (Pharmacia Fine Chemicals, Inc.,
Piscataway, N. J.) by a modification of the Millipore filter
method of Ginsburg and Keiser (12). 25 ,ul of serum, 50 ,l of
immunoabsorbed serum, or 200 ,ul of Sephadex G-200 frac-
tions were incubated at 37°C for 30 min with 0.1 ml of 0. 15 M
Tris-HCl buffer, pH 7.5, containing 1.0 ,ug unlabeled DNA
and 0.03 ,ug [14C]DNA which had been filtered twice through
cellulose ester filters (Millipore HAWP, 0.45 ,um/25 mm, Milli-
pore Corp., Bedford, Mass.). After incubation the samples
were filtered by gentle suction through 0.45-,um Millipore
cellulose ester filters. After washing twice with citrated so-
dium chloride and once with water, the filters were dried
ovemight at 60°C. 10 ml of scintillation fluid (Aquasol, New
England Nuclear, Boston, Mass.) was added and the filters
counted in a liquid scintillation counter. To ensure that the
prefiltered DNA lacked significant single-stranded areas, both
the labeled and unlabeled DNA preparations were treated
with a nuclease specific for single-stranded DNA (Aspergillus
oryzae S nuclease, Sigma Chemical Co., St. Louis, Mo.) ac-
cording to the method of Vogt (13) and the results with this
preparation were compared to those obtained with DNA pre-
filtered only. Significant differences were not observed. The
activity ofthe nuclease was established by its ability to render
90% of the DNA preparation perchloric acid soluble after the
DNA had been denatured by heating and ice water cooling.
Sephadex G-200 serum fractionation. 1 ml of decomple-

mented serum was spun at 100,000 g for 60 min and then
applied to a 2.4 x 70-cm column of Sephadex G-200 in phos-
phate-buffered 0.15 M saline, pH 7.5. 3.0-ml fractions were
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collected and protein content determined by measuring ab-
sorbance at 280 ,um. IgM was present chiefly in the first peak
and IgG chiefly in the second peak as determined by Ouchter-
lony diffusion. Individual fractions were assayed for DNA
binding activity as described above.
Sucrose density gradient ultracentrifugation. 0.2-0.3 ml

of serum was layered onto 5 ml of a 10-40% sucrose gradient.
Centrifugation and collection of fractions were carried out as
described by Talal and Pillarisetty (14).
Preparation ofanti--y and anti-,u antibodies. Antibodies to

chromatographically purified IgG and IgM were raised in rab-
bits and the serum precipitated with 50% ammonium sulfate.
The redissolved precipitate was dialyzed against phosphate-
buffered saline and then passed through a Sepharose column
to which either purified IgG or IgM had been bound by the
cyanogen bromide method (15). After washing the columns
with phosphate-buffered saline, the antibodies to either IgG or
IgM were recovered by acid elution with 0.1 M glycine HCI,
pH 3.2. To ensure specificity and remove anti-light chain activ-
ity, the anti-IgG antibodies were incubated with Sepharose-
IgM and the anti-IgM antibodies with Sepharose-IgG. The
antibodies recovered were then tested by Ouchterlony diffu-
sion for reactivity with IgG, IgM, and whole human serum.
Anti-IgG preparations reacted only with IgG and showed a
single line ofidentity against whole serum. Anti-IgM prepara-
tions reacted only with IgM but also had a faint nonidentical
line against whole serum. These antibody preparations are
subsequently referred to below as anti-y and anti-IL antibodies.
The anti-y and anti-,u preparations were individually cou-

pled to Sepharose by the cyanogen bromide method. Specifi-
city of the Sepharose-bound anti-IL and Sepharose-bound
anti-y was determined by incubation with 125I-IgG and 125j_
IgM. Greater than 98% of 1251-IgG in a preparation of human
IgG (10 mg/ml) was removed by the Sepharose-bound anti-y
and only 11% by the Sepharose-bound anti-I,. 95% of the
125I-IgM in a preparation ofhuman IgM (3 mg/ml) was removed
by Sepharose-bound anti-,u and only 7% by Sepharose-bound
anti-y.
Measurement of IgM and IgG native DNA binding activ-

ity. To determine the amounts of IgG and IgM nDNA-BA
present in each serum, 0.3 ml of patient serum was added to
each of three test tubes containing 1.0 ml of either packed
Sepharose-bound anti-y, Sepharose-bound anti-IL, or Sepha-
rose-bound normal rabbit IgG. The mixtures were incubated
with periodic shaking at 37°C for 30 min followed by an addi-
tional 48 h at 4°C. DNA binding was then determined on
each of the absorbed sera, and the micrograms ofDNA bound
by IgG anti-DNA and by IgM anti-DNA were determined as
follows: ,ug DNA bound by IgG fraction = ,ug DNA bound by
serum absorbed with Sepharose NRIgG - ,ug DNA bound by
serum absorbed with Sepharose anti-y; and ,ug DNA bound by
IgM fraction = ,ug DNA bound by serum absorbed with Seph-
arose NRIgG - ,ug DNA bound by serum absorbed with Seph-
arose anti-,u.

Calculation of disease activity. At the time serum was
initially drawn and skin biopsies were taken, the patients
were assigned an activity score which represented the sum of
the number of the following disease features then present:
fever, alopecia, arthritis, leukopenia, serositis, abnormal uri-
nary sediment, erythrocyte sedimentation rate greater than 50
mm/h and CH,. less than 60 U (normal 60-110 U) or C3 less
than 65 mg/dl (normal above 70 mg/dl).
Assessment of renal status. Decreased renal function was

considered to be present when the creatinine clearance was
less than 80 ml/min. Renal biopsy was performed in 31 pa-
tients at or near the time of obtaining the initial samples of
serum and skin. The biopsies were classified according to light
and electron microscopic findings into the following cate-



gories: diffuse proliferative glomerulonephritis, membranous
glomerulonephritis, mesangial glomerulitis, or normal. The
histologic criteria used for each of the classifications were as
follows: (a) Diffuse proliferative glomerulonephritis, prolifer-
ative lesions involving both endothelial and mesangial cells
accompanied by cellular necrosis, fibrinoid change, wire
loops, or hematoxylin bodies; closure ofthe capillary loops and
distortion of the mesangial areas; in most cases the electron
microscopic finding ofdense deposits in a subendothelial dis-
tribution. (b) Membranous glomerulonephritis, widespread
thickening of the glomerular basement membrane with min-
imal cellular proliferation; in most cases the electron micro-
scopic finding of dense deposits in a subepithelial distribu-
tion. (c) Mesangial glomerulonephritis, definite mesangial
sclerosis and(or) hypercellularity involving all glomeruli or
only a fraction of the glomeruli in either a local or diffuse
manner; usually an increase in the amount ofmesangial matrix
accompanied by an increased number of mesangial cells; in
most cases the electron microscopic finding of dense deposits
in the mesangial matrix.

Statistical calculations. Statistical calculations were per-
formed by Fisher's exact probability and Mann-Whitney U
tests.

RESULTS

Distribution of nDNA-BA in IgM and IgG classes.
Fig. 1 shows the distribution of nDNA-BA in the IgG
and IgM classes as determined by immunoabsorption
of the sera with anti-y or anti-Iu antibodies. 36 SLE
patients with significant nDNA-BA in the serum were
studied. In the sera of 26 patients the majority (51-

TABLE I
Comparison of Immunoabsorption, Sepharose Chromatog-

raphy and Sucrose Density Gradient Methods for
Assay of Class ofDNA Binding Activity

Sucrose
Immuno- Sephadex density
absorption G-200 gradient

IgG IgM* IgG IgM IgG IgM

L. H. 2 92 0 100 8 92
L. D. 8 88 15 85 12 88
B. M. 2 98 0 100 0 100
J. S. 6 86 7 93 13 87
W.S. 11 94 8 92 0 100
B. L. D. 0 86 12 88 10 90
L. T. 0 88 14 86 14 86

L. F. 95 9 82 18 100 0
D. K. 92 18 88 12 64 36
D. P. 80 44 75 25 72 28
C. H. 63 32 74 26 67 33
M. R. 72 37 66 34
F. C. 78 19 81 19
L. R. 62 52 63 37 60 40

* Values represent the percentage of nDNA-BA measured in
the serum and therefore do not add up to 100%.
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FIGURE 1 Distribution of native DNA binding activity
(nDNA-BA) in IgM and IgG fractions of 36 SLE patients as

determined by immunoabsorption with anti-y or anti-ju anti-
bodies. The diagonal line separates those in which the
majority of the nDNA-BA is in the IgM fraction from those
in whom it is in the IgG fraction. Points represent the per-
centage ofnDNA-BA measured in serum. 26 patients had 51%
or rnore of the nDNA-BA in the IgG class; only 10 patients
had predominantly (86-98% of total) IgM nDNA-BA.

95%) of the nDNA-BA measured in the serum was
found in the IgG fraction of serum. 10 patients had
predominantly IgM nDNA-BA with 86-98% of the
nDNA-BA in the serum found in the IgM fraction.
To evaluate the accuracy of the immunoabsorption

procedure, results were compared with those obtained
by fractionation ofthe sera by Sephadex G-200 chroma-
tography and by 10-40% sucrose density ultracentri-
fugation. Table I shows a comparison of the findings
obtained by the three methods in 14 patients. It can be
seen that fractionation of the sera by the chromato-
graphic and sucrose density methods followed by assay
of nDNA-BA of individual fractions yielded results
which agreed favorably with the immunoabsorption
method.

Fig. 2 shows a detailed comparison of the three
methods used in two patients. It can be seen that the
peaks of nDNA-BA correspond closely to the distribu-
tion ofIgM and IgG in the fractions obtained by Sepha-
dex G-200 chromatography and by sucrose density gra-
dient ultracentrifugation. In patient L. H. the binding
activity is closely associated with the fraction contain-
ing IgM while there is little activity in the fractions
containing IgG. In patient D. K. the binding activity is
found chiefly in the IgG fraction. In each case the bind-
ing activity in the two classes was in agreement with
the results obtained with the immunoabsorption
method.
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Patient: L.H.
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45pg DNA bound/ml serum
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FIGURE 2 Comparison of immunoabsorption method for measurement of nDNA-BA in IgM and
IgG classes (values in left-hand column) with Sephadex G-200 chromatography and sucrose den-
sity gradient ultracentrifugation methods. Top tier gives findings in patient L. H. and bottom tier
findings in patient D. K. (see Table I for comparison of nDNA-BA measurements). Note that the
distribution ofnDNA-BA corresponds to the distribution ofIgM and IgG in the separated fractions.

In Table II, the characteristics of the patients with
differing class distribution of nDNA-BA are compared.
It is seen that there is no significant difference in age,
sex, race, duration of disease, or prior therapy in the
two groups.

Fig. 3 presents the disease activity scores of each pa-
tient at the time that the serum was examined for the
Ig class of nDNA-BA. In the IgG nDNA-BA group the
median activity score was 6.2 (range 1-8). In the IgM
nDNA-BA group the median score was 2.0 (range 1-4).
This difference, which is highly significant (P < 0.001),
indicates that clinical activity in SLE is associated with
the presence of IgG anti-DNA and that clinically inac-
tive patients tend to have most or all of their anti-DNA
in the IgM class.

Ig class distribution of nDNA-BA and renal status.
Table III demonstrates the striking difference in the
incidence of diffuse proliferative glomerulonephritis in
the patients with mainly IgM nDNA-BA and those with
mainly IgG nDNA-BA. 61% of 23 biopsied patients
in the IgG nDNA-BA group had diffuse proliferative
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glomerulonephritis while none of the 8 biopsied
patients in the IgM nDNA-BA group had this severe
renal lesion. Only 9% of the IgG nDNA-BA group had
normal biopsies while normal biopsies were found in
50 % of the IgM nDNA-BA group. The incidences of
membranous glomerulonephritis and mesangial glo-
merulonephritis were not appreciably different in the
two groups. The increased frequency of severe renal
histologic changes in the IgG nDNA-BA group was
reflected in the incidence ofabnormal renal function in
this group. 12 of26 patients (48%) in the IgG nDNA-BA
group had creatinine clearance values below 70 ml/min
while all ofthe 8 patients studied in the IgM nDNA-BA
group studied had clearance values above 80 ml/min
(P < 0.008).

Ig class distribution ofnDNA-BA and survival. 8 of
36 patients studied died (Fig. 4) during an average
follow-up period of 27.3 mo. Seven of these deaths
occurred in the 26 patients with IgG nDNA-BA (27%)
and were of diverse cause. Three patients died of renal
failure; two of lupus cerebritis; one of vasculitis of the



TABLE II
Comparison of the Characteristics of the Predominantly

IgM and IgG nDNA-BA Groups

Predominantly
IgM nDNA-BA Predominantly IgG

group nDNA-BA group

Number 10 26

Average age, yr 30.3 27.5

Sex 8 female 22 female
2 male 4 male

Race 9 black 20 black
1 white 4 white

2 Mexican-American

Average duration of
disease before
study, mo 16.3 16.7

Prior steroid therapy 2/10* 9/25t

* Mean daily dosage, 11.2 mg prednisolone in two patients.
t Mean daily dosage, 27.5 mg prednisolone in nine patients.

small intestine; and one of gastrointestinal bleeding of
undetermined origin. Eight patients in the IgG nDNA-
BA group were receiving cyclophosphamide, chiefly
for the treatment ofsevere renal disease. Ofthese, three
(38%) died. Of the 10 patients with chiefly IgM
nDNA-BA, 1 died (10%), as a consequence ofopportun-
istic infection. One patient in this group received cyclo-
phosphamide for treatment of the nephrotic syndrome
and survived. Survival, therefore, appeared to be better
in the IgM nDNA-BA group.
Relationship of Ig class distribution ofnDNA-BA to

class ofIg deposited at the DEJ. In Fig. 5 it is seen that
the 10 patients with predominantly IgM nDNA-BA had
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TABLE III
Relationship of Immunoglobulin Class Distribution of
nDNA-BA to Renal Histology and Renal Function

Predominantly Predominantly
IgG nDNA-BA IgM nDNA-BA

Type of nephritis n = 23 n = 8 P value

number % number %
Diffuse pro-

liferative 14 61 0 0 0.003
Membranous 3 13 2 25 NS
Mesangial 4 17 2 25 NS
Normal 2 9 4 50 0.026

only IgM at the DEJ. In an average of 2.2 skin biopsies
performed on each of these patients during a period of
26 mo, all continued to demonstrate IgM only in the
skin. 22 of 26 patients with a majority of their anti-DNA
activity in the IgG fraction of serum had both IgG and
IgM at the DEJ, while only one patient had only IgM.
These findings indicate a significant relationship (P
< 0.001) between the Ig classes of anti-DNA in the
serum and the Ig classes deposited in the skin.
Relationship between nDNA-BA in immunoglobulin

classes and nDNA-BA in whole serum. As shown in
Fig. 6, sera in which nDNA-BA was present predomi-
nantly (over 80% of the total serum activity) in the
IgM class had a lower nDNA-BA than sera with
nDNA-BA predominantly (over 51%) in the IgG class.
Total nDNA-BA was 5.4±+1.1 ug/ml for the predomi-
nantly IgM nDNA-BA group and 9.7±1.7 ug/ml for the
predominantly IgG nDNA-BA group. However, there
was considerable overlap between the two groups and
the difference was not statistically significant (P
= 0.089).
To determine whether IgG nDNA-BA was related to

severity of disease independently of total nDNA-BA,
the total nDNA-BA values of eight patients in the pre-
dominantly IgG nDNA-BA group were paired with

CTX
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ICTX

CTX

CTX

CTX

CTX

PREDOMINANTLY
IgG DNA BINDING
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PREDOMINANTLY
IgM DNA BINDING
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FIGuRE 3 Disease activity scores ofindividual patients in the
predominantly IgM nDNA-BA and IgG nDNA-BA groups.
Horizontal bars indicate median scores for the patient groups.

FIGURE 4 Immunoglobulin class distribution of nDNA-BA
and survival. 0 = dead; CTX indicates patient was receiving
cyclophosphamide.
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FIGURE 5 Distribution ofnDNA binding activity in IgM and
IgG classes and its relationship to type of Ig deposited at the
dermal-epidermal junction. 0 = IgM only stained at dermal-
epidermal junction; 0 = IgG or IgG plus IgM stained.

those of eight patients in the predominantly IgM
nDNA-BA group on the basis that their total nDNA-BA
difrered by less than 1 ug/ml. Disease activity and in-
cidence of serious renal disease were then compared
in the two groups. The median activity score of the
IgG DNA-BA group was greater than that of the IgM
DNA-BA group, being 6.0 in the IgG group and 2.5 in
the IgM group (P < 0.05). Furthermore, four of the
eight patients in the IgG group had diffuse proliferative
nephritis, while none of the eight patients in the IgM
group had this type of nephritis (P = 0.038). These
findings indicate that disease activity and serious renal
disease were related to the presence of IgG nDNA-BA
in the serum even in patients with relatively low total
nDNA-BA.

tologic findings, and better renal function than ob-
served in the patients with a majority of their DNA
binding in the IgG fraction. Secondly, there was a good
correlation between the Ig classes ofnDNA-BA present
in the serum and the Ig classes stained at the DEJ.
The shift from IgM to IgG antibody synthesis for most

antigens is dependent upon functioning thymus-de-
rived (T) cells (16). The effect of thymic regulatory
cells on anti-DNA and anti-RNA antibody formation
has been discussed in detail by Talal (17). Thymec-
tomized mice, lacking in T cells, react to thymus-de-
pendent antigens by producing predominantly IgM
rather than the expected IgG antibodies (18). Congeni-
tally athymic, nude mice spontaneously form predomi-
nantly IgM antinuclear antibodies (19), suggesting the
importance ofthymic function in the production of IgG
antibodies to such nuclear antigens. Roubinian et al.
(20) recently studied the IgG to IgM ratio of anti-DNA
antibodies in male B/W F1 hybrid mice and found that
although the magnitude of the antibody titer was
heightened by thymectomy, there was no effect on the
timing of the switch from IgM to IgG anti-DNA for-
mation which occurs later in the male than in the fe-
male. However, combined splenectomy and thymec-
tomy resulted in an increased IgG response to DNA,
suggesting that antibodies to DNA are under the con-
trol of regulatory cells present in both the thymus and
spleen.

In certain strains of inbred mice, both the magnitude
and Ig class of antibody response to nucleic acid anti-
gens appear to be genetically regulated. SJL/J and
AKR/Cu mice who were high responders to protein-
complexed denatured DNA (21) produced both 7S and
19S antibodies, while C57BL/6 mice, although high
responders, produced only 19S antibodies. At the same
time DBA/2 mice, who were low responders, produced

14 or> r
0

12 F

DISCUSSION

In this study the Ig class distribution of serum
nDNA-BA has been measured in a group of SLE
patients known to have nDNA-BA in the serum and Ig
deposition at the DEJ. Class specific nDNA-BA was
measured as a percentage of total nDNA-BA of the
whole serum. Two observations have been made. First,
in a minority of such patients, 10 of 36, there was rela-
tively limited anti-native DNA response characterized
by the presence of mainly (86-98%) IgM nDNA-BA.
However, most patients, 26 of 36, had more than 50%
(51-95%) of their nDNA-BA in the form of IgG anti-
DNA. The occurrence of chiefly IgM nDNA-BA in the
serum was associated with lower total nDNA-BA in the
serum, milder clinical disease, more benign renal his-
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only a 19S response. In the present group of patients it
was observed that patients with chiefly IgG nDNA-BA
tended to have higher nDNA-BA in the serum, al-
though considerable overlap in the magnitude of the
antibody response between the predominantly IgG and
IgM nDNA-BA patient groups was observed. In fact,
when the total nDNA-BA values of patients with pre-
dominantly IgM nDNA-BA were matched with those of
patients with predominantly IgG nDNA-BA and the
activity scores of the matched groups compared, the
patients with predominantly IgG binding activity had a
significantly higher activity score than those with pre-
dominantly IgM binding activity. In addition, diffuse
proliferative nephritis was present in four of the eight
patients in the IgG group and in none of the eight
patients in the IgM group. These findings indicate that
IgG nDNA-BA was associated with more severe dis-
ease even when total nDNA-BA was relatively low.
Talal et al. (22) have recently studied the immunologic
regulation of antibodies to DNA and RNA in SLE
patients and their family members. They demon-
strated that 19S antibodies to RNA occurred in
asymptomatic relatives, while both 19S and 7S anti-
bodies to DNA and RNA occurred in active SLE. They
concluded that SLE may be a disorder of immunologi-
cal regulation with asymptomatic relatives having a
partial and SLE patients a complete defect in regula-
tion.
The observation that diffuse proliferative glomerulo-

nephritis did not occur in the IgM nDNA-BA group but
did occur in 61% of the patients with predominantly
IgG nDNA-BA is of major interest. Since the age, race,
sex, and duration of disease were similar in both
groups, it would appear that the Ig class of nDNA-BA
was a critical factor in determining whether diffuse
proliferative glomerulonephritis developed. This dif-
ference was not a result of prior therapy since only 2 of
10 patients in the group without PGN had received
prior treatment, and in these patients only low doses of
prednisolone had been administered.
There is evidence that differences in antigen-anti-

body affinity and solubility between immune com-
plexes formed by IgG and IgM anti-DNA may deter-
mine the differing incidence of nephritis observed in
the presence of the two types of anti-DNA. It has been
proposed that chronic immune complex disease is due
to the presence of immune complexes containing low
affinity antibody (23,24) which tends to escape immune
elimination. However, Winfield et al. (25) have re-
cently shown that although the anti-DNA in the serum
of lupus nephritis patients has low avidity, that
extracted from the kidney has high avidity. Johnson
et al. (26) observed that SLE patients with persistently
negative DNA precipitation tests, as measured by
counterimmunoelectrophoresis, had a high incidence
of nephritis, while patients with consistently positive

DNA precipitation tests had a very low incidence of
nephritis thus demonstrating an association of nephritis
with greater solubility of DNA:anti-DNA complexes.
There is little data on the relative capacities of IgG

and IgM anti-DNA to form soluble as opposed to pre-
cipitating anti-DNA complexes. Dorsch and Barnett
(27) found the majority of both native DNA binding
and precipitating activity, as measured by counterim-
munoelectrophoresis, in the IgG fraction of three SLE
sera examined. Koffler et al. (28) found a predominance
of IgG deposits in the kidneys of patients with more
severe lupus nephritis raising the possibility that IgG-
DNA complexes may produce more severe renal injury
than IgM-DNA complexes. It is possible that the penta-
valent IgM anti-DNA forms a larger lattice structure
than bivalent IgG anti-DNA and, therefore, would be
more easily phagocytosed by the reticuloendothelial
system, thus diminishing the possibility of immune
complex deposition in the kidney.
The patients who demonstrated predominantly IgM

nDNA-BA represented a minority of those investi-
gated. In the present study these were found among a
group of 118 SLE patients in whom the pattern of Ig
staining of the DEJ was examined. Only 14 of the 118
patients demonstrated IgM alone at the DEJ junc-
tion.2 Of these 14 patients, 3 showed no significant
DNA binding activity in the serum and 10, whose
nDNA-BA could be measured, had predominantly IgM
nDNA-BA. Only one had appreciable quantities of IgG
antibody. On the other hand, all 25 patients with IgG or
IgG plus IgM at the DEJ had predominantly IgG
nDNA-BA in the serum. This correlation between the
Ig classes ofserum nDNA-BA and the Ig classes present
in the skin strongly suggests that the classes of Ig de-
posited at the DEJ are primarily determined by the
type of anti-DNA present in the serum.
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