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ABSTRACT Renal tissues from two groups of pa-
tients were studied with fluorescein-labeled (Fl-) anti-
bodies (Abs) to immunoglobulins, complement, and anti-
bodies prepared in rabbits against BSA conjugate of
5-methyluridine (T) and cytidine (C), the latter two
of which react specifically with denatured DNA. The
first group consisted of 13 SLE patients, and the sec-
ond consisted of 53 patients with non-SLE nephropa-
thies. The data obtained from the two groups of pa-
tients were used for comparison, and they showed the
following :

(a) Fl-Abs to immunoglobulins and complement were
bound in the glomeruli of tissues from all patients with
active SLE glomerulonephritis characterized by de-
posits of foreign material in glomerular capillary walls
(GCW). The fluorescent pattern was granular, cor-
responding to the distribution of the glomerular de-
posits, as seen by electron microscopy. F1-Abs reactive
with thymine and cytosine were bound in the GCW
of eight of the nine patients with active SLE glo-
merulonephritis and showed the ga'me granular distribu-
tion. The capacity of these latter F1-Abs to stain the
GCW was removed by absorption with the homologous
antigen or denatured DNA.

(b) Fl-Abs to immunoglobulins, complement, and py-
rimidine bases of DNA did not react with the GCW of
two SLE patients without clinical and histologic evi-
dence of glomerulonephritis or with the sclerotic glo-
meruli of two uremic patients with chronic “burned out”
lupus nephritis.

(¢) The glomeruli of 47 of the 53 patients with other
nephropathies bound Fl-Abs to immunoglobulins and
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complement to some extent, and in 26, the localization
appeared as marked as in the patients with active SLE
glomerulonephritis. Fl-Abs reactive with thymine and
cytosine were bound in the GCW of only one of the renal
tissues from the 53 non-SLE patients. In the remaining
52, no binding was seen.

(d) The findings are consistent with the hypothesis
that antigen-antibody complexes, formed by denatured
DNA, specific antibody, and complement, are present
in the deposits of foreign material accumulated in the
GCW of patients with active SLE glomerulonephritis,
and that they may contribute to the pathogenesis of this
renal disease.

INTRODUCTION

Patients with systemic lupus erythematosus (SLE) may
develop proliferative and membranous glomeruloneph-
ritis with deposits of foreign material along glomerular
basement membranes (1-3). The presence of immuno-
globulins and complement has been demonstrated in glo-
merular lesions by immunofluorescence techniques (4-7),
and antinuclear antibodies have been found in eluates
from the glomeruli (8-11). Fluorescein-labeled, highly
purified antibody to DNA obtained from the serum of
a lupus patient has localized in the glomeruli of two
patients with SLE nephritis. Antibodies reacting with
DNA, nucleoprotein, or neuclei were eluted from the
glomeruli.- These studies support the hypothesis that hu-
man lupus nephritis is provoked by circulating antigen-
antibody complexes containing DNA and antibody to
DNA (11).

This report describes the results of the studies of
renal tissues from 13 SLE patients: nine with active
glomerulonephritis, two with chronic glomerulonephritis,
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and two . without glomerulonephritis. The presence of
immunoglobulins, complement, and denatured DNA in
these tissues was determined by the immunofluorescence
technique. Antibodies specific for the pyrimidine bases
of DNA, thymine and cytosine, were used in searching
for denatured DNA (12-14). Unlike the DNA-reactive
antibodies in sera of some patients with SLE, the anti-
bodies specific for the pyrimidines do not react with
native DNA (13-15).

MATERIALS AND METHODS

Patient Material

Patients with SLE. 13 female patients, 1847 yr old, had
shown symptoms associated with SLE for 3 months to
15 yr. The more pertinent clinical, laboratory, and pathologic
findings in these patients are summarized in Table I, where

it is seen that eight patients were under the care of Dr. -

Andres in the Renal Unit at the II Clinica Medica, Uni-
versity of Rome, and that four were from the Columbia
Presbyterian Medical Center (CPMC), where Dr. Christian
had charge of them. We are indebted to Dr. D. Davids of
St. Luke’s Hospital for making available the tissue and the
clinical and laboratory findings of patient BW.

Patients with nephropathies other than SLE nephritis.
Renal tissues from 53 patients with various nephropathies
summarized in Table III were selected for testing with
fluorescein-labeled antibodies specific for thymine and cyto-
sine, as well as with labeled antibodies to immunoglobulins
and to complement. They were chosen to serve as controls
because in most instances the amount of immunoglobulins
and complement and the pattern of distribution in GCW
resembled those found in active SLE nephritis. The age
range was comparable with the lupus patients. One-third
of the patients were women. This group of 53 patients,
from whom biopsy or autopsy specimens were obtained,
included 39 cared for at the Rome Clinic by Dr. Andres,
4 at the CPMC under the care of Dr. Christian, and 10
with renal allografts from Dr. T. E. Starzl, Colorado Uni-
versity Medical Center, Denver, Colo., or Dr. K. A. Porter,
St. Mary’s Hospital, London. Clinical, laboratory, and light
and electron microscopic data have been used for the
diagnosis, and most of the findings have been reported
elsewhere (16-20).

Tissue processing

Renal biopsies were obtained with a Silverman needle
with Franklin modification under local anesthesia or by
“open biopsy.” The tissues were divided into three parts;
one part was fixed in formalin or Bouin’s solution for light
microscopy, the second was treated with osmium tetroxide
in preparation for embedding in Araldite for electron
microscopy, and the third part was quick-frozen in a bath
of dry ice and alcohol and was sectioned in a cryostat at
4 u thickness for immunofluorescent study.

Antisera: preparation and control

The following antisera were purchased, supplied by
courtesy of various investigators, or prepared in our labora-
tories: anti-IgM, Hyland Div., Travenol Labs, Inc., Costa
Mesa, Cal.; anti-IgA, Dr. R. D. Rosen (21); anti-lambda,
Dr. E. R. Osserman (22) ; anti-kappa, Dr. E. R. Osserman
(22); anti-p1lC, Hyland Laboratories and Farbwerke
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Hoechst ; anti-fibrinogen, Dr. F. Gorstein'; Anti-IgG, pre-
pared in our laboratories or by Dr. A. J. L. Strauss (23);
anti-BSA, prepared in our laboratories; anti-C'lg, Doctors
J. H. Morse and C. L. Christian (24); and anti-T and
anti-C, prepared by Doctors Beiser and Erlanger (12-13).

All antisera were tested by immunoelectrophoresis to
establish their potency and specificity. Globulins were sepa-
rated from the above antisera by sodium sulfate precipita-
tion and were labeled with fluorescein using a technique
already reported (25). Before any new fluorescein-conju-
gated antibody was used, its optimal dilution was deter-
mined by testing on a series of sections of tissue known to
contain the specific antigen.

The preparation of the antisera reactive with thymine
and cytosine has been described (12-13). Conjugates of
bovine serum albumin (BSA) with 5-methyluridine (T) and
with cytidine (C) were prepared, and rabbits were injected
in the foot pads with the conjugates in complete Freund’s
adjuvant (26). Antibody for BSA, when present, was re-
moved by absorption, and the antisera reacted only with
homologous nucleoside-BSA conjugates and with denatured
DNA. There was no crossing with heterologous nucleoside-
BSA conjugates (15). The tests used were quantitative
complement fixation (27) and quantitative precipitin reac-
tions (28). Controls for the fluorescein staining experi-
ments were prepared by absorbing aliquots of the fluorescein-
labeled antisera with T, C, or with denatured DNA. Three
successive absorptions were performed with T and C using
5 ug N antigen each time per 0.5 ml of serum and with
denatured DNA using 40 ug of denatured human DNA each
time per milliliter of serum. DNA was denatured by placing
a solution (800 ug/ml) containing 1% formaldehyde in a
boiling water bath for 10 min, followed by chilling quickly
in an ice bath. After each antigen addition, the mixture was
placed in a 37°C water bath for 1 hr and then was refriger-
ated overnight. After centrifugation, the procedure was
repeated. The supernatant fluids after the third addition of
antigen had been diluted less than 20%.

Staining of tissues ,

Staining of sections with the fluorescein-labeled globulins
was carried out according to a technique already described
(25). In an attempt to sharpen the staining with anti-T and
anti-C, in six instances (EC [second biopsy], MTN [post-
mortem biopsy], VC, ID, LS, and DW), additional sections
were first treated with 0.02 M citrate buffer, pH 3.2, for
15-30 min, or with 0.2 M NaCl for 1-2 hr at room tempera-
ture (11). They were then washed with phosphate buffer
at pH 72 before staining with Fl-anti-T and with Fl-
anti-C. Some sections were also eluted with physiological
saline for the same interval of time. Unlabeled antibody
was applied first to some tissue sections in order to test
for blocking of the subsequent reaction with the labeled
antibody.

RESULTS

Histologic studies (Table I). (a) In the tissues ob-
tained on initial renal biopsies from the first nine pa-
tients (CM, EC, MTN, VC, AC,LS, ID, DW, and BW),
glomerular lesions characteristic of, or compatible with,
those seen in patients with diagnosis of active SLE ne-

1Gorstein, F., and E. Puszkin. Immuno-electronmicroscopic
appearance of fibrin. Data in preparation.
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phritis, were found by light and electron microscopy (1-3).
Patients AC, MTN, EC, LS, DW, and BW had a variety
of proliferative and membranous changes, the pattern and
the severity of which varied from glomerulus to glomeru-
lus, Patients VC and ID had a diffuse membranous
glomerulonephritis of moderate severity with slight evi-
dence of proliferation. Patient CM had a severe acute
proliferative and membranous glomerulonephritis with
polymorphonuclear leukocytes and hematoxylin bodies.
In all these patients, the electron microscopic studies
showed the presence of aggregates of foreign electron-
opaque material between proliferating cells and on both
sides of the glomerular basement membrane. In the sec-
ond and third biopsy of patient EC and in the second
biopsy of patient MTN, the glomerular changes appeared
less severe than when first seen. By electron microscopy
there were fewer electron-opaque foreign depositis seen

within the GCW of the second and third biopsies than
were found in the first biopsy. In patient EC, lesions of
“membranous transformation” (29) began to be evident
in the third biopsy. In patients CC and PP, lesions of
severe chronic nephritis, with diffuse glomerulovascular
sclerosis, were seen, whereas the light and electron
microscopic studies of tissues obtained from patients
SA and PC showed only normal renal structures.

(b) All the renal tissues obtained from the third group
of patients with glomerular diseases other than SLE
glomerulonephritis have been examined by light and
electron microscopy. All of theme were studied with the
immunofluorescence technique, and some were also stud-
ied with the immunoferritin technique. The histologic
and immunologic findings have been reported elsewhere
(16-20).

TaBLE 11
Localization of Fl-Antibodies to Immunoglobulins, Complement, and Nucleosides
in Glomeruli of Renal Tissues from 13 SLE Patients

Patient and Antisera to
date of
biopsy I1gG IgM IgA Lam Kap C'lq pIC Fngn T (o] BSA
CM
10/65 - - - - - - + ++ +++ - -
EC
6/67 ++ ++++ - - - ++++ + ++ +++ +++ ES
9/67 +++ ++ - - - ++++ ++ 0/ + ++++ ++++ 0
4/68 ++ 0 - ++ - ++ + 0/++ ++ + =+
MTN
7/67 ++++ +++ 0 + ++/+++ ++++ ++ + +++ +++ ES
11/67 (PM) ++ +++ - - - ++++ + + ++ ++ 0
vC
2/68 ++++ + + + 0 ++++ +++ 0 ++ ES 0
AC
3/68 ++++ + 0 +/+++ ++/+++ ++++ +++ + ++ ++ 0
9/69 ++++ ++++ - - - - ++++ - +++ ++ -
LS
10/68 ++ +++ - +++ +++ ++++  ++++ + +++ +++ +
ID*
4/69 ++++ +++ o/+ +++ +=/+ +/+ +++ ++ +++ ++/+++ 0
DW
10/69 +++ +++ - - - - +/+ + +/+++ ++/+++ 0
BW
10/69 +++ +++ - - - - ++++ - 0 0 0
cC
4/70 ES + - - - + + V] 0 0 0
PP*
10/68 0 0 0 0 0 0 0 0 0 o (V]
SA
7/671 1] V] - - - 0 o (1] 0 V] (1]
PC
11/67 o 1] - - - o 0 o (V] V] V]

* Autopsy specimen.

Abbreviations: Fl-, fluorescein-labeled ; SLE, systemic lupus erythematosus; lam, lambda light chain; kap, kappa light chain ; Fngn, fibrinogen ; PM, post-
mortem; T, 5-methyluridine-BSA ; C, cytidine-BSA ; —, test not done or no glomeruli in sections; 0, negative; =, minimal in amount; -, slight in amouut;
+ 4+, moderate in amount; ++ +, marked in amount; 4+ + 4, very marked in amount and extent.
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Immunofluorescence studies. (a) The results of stud-
ies in which frozen sections of kidney from 13 SLE pa-
tients were tested with Fl-Abs specific for IgG, IgM,
IgA, kappa and lambda light chains, BIC, C’lq, fibrino-
gen, T, C, and BSA are summarized in Table II. Only

a few sections containing glomeruli were obtained from
the biopsy of patient CM, and they were only tested with
Fl-anti-T, Fl-anti-pIC and Fl-anti-fibrinogen. Antibodies
to IgG, IgM, BIC, and C’lq were localized in a granular
pattern in the GCW of biopsy specimens from eight

Figs. 1-14 are photomicrographs which show the results of staining with different
fluorescein-labeled (F1-) antibodies on sections of renal tissues of three SLE patients

with active glomerulonephritis.

FiGure 1 Patient MTN. Fl-anti-T localized in a granular manner in GCW. X 350.

FIGURE 2 Same patient. Fl-anti-C similarly localized in GCW. X 350.

FIGURE 3 Same patient. Granular localization in GCW of Fl-anti-IgM. X 450.

FIGURE 4 Same patient. Localization of Fl-anti-C’lq in a glomerulus and in a part of

Bowman’s capsule. X 300.

Glomerular Localization of Fl-Antinucleoside in Active SLE Nephritis 2113



patients listed in the table., Labeled anti-IgA antibody
did not yield significant reaction with any of the tissues
studied. Light chain globulin fractions were present in
variable degrees in GCW of patients EC, MTN, AC,
LS, and ID. Anti-fibrinogen was mainly localized in the
glomeruli of patients CM, EC, and ID. The fluorescent
staining obtained with anti-T and anti-C in patients
CM, EC, MTN, VC, AC, LS, ID, and DW was dis-

tributed in GCW in a granular manner (Figs. 1, 2, 5,
9, and 12) similar to that obtained with antibodies to
immunoglobulins (Figs. 3 and 7) and complement (Figs.
4 and 8) and similar to the irregular distribution of the
deposits of foreign material in GCW, as seen by electron
microscopy. Renal tissues from patient BW did not bind
the anti-T and anti-C sera. Anti-BSA was employed as
control since BSA was part of the conjugate used for

Ficure 5 Patient LS. Localization in GCW of Fl-anti-T. X 300.

FIGURE 6 Same patient. Localization in a glomerulus of Fl-anti-C. X 300.
FIGURE 7 Same patient. Fl-anti-IgM localized in GCW. X 350.

FiGure 8 Same patient. Fl-anti-C’lq localized similarly in GCW. X 350.
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the preparation of antibodies against nucleosides, and
it was not significantly bound except in one instance
(LS).

Prior incubation of renal sections from this group
of patients with unlabeled anti-T or anti-C blocked the
subsequent staining with the respective Fl-Abs. The
staining capacity of the labeled antibodies was removed
or greatly reduced by absorption with the homologous
antigen, T (Fig. 13) or C (Fig. 10), or with denatured
DNA (Figs. 11 and 14), whereas it was not affected

by cross-absorption, i.e., labeled anti-T with C or anti-C
with T.

The renal tissues of two SLE patients (CC and PP)
with chronic nephritis, characterized by diffuse glomeru-
lar sclerosis, did not bind significant amounts of Fl-Abs
to immunoglobulins, complement, T, and C. The same
findings were obtained in two SLE patients (SA and
PC) without glomerulonephritis.

(b) Tests for the localization of Fl-anti-T and FI-
anti-C were made also in tissues from 53 biopsies and one

Ficure 9 Patient ID. Granular localization of Fl-anti-C in GCW. X 100.

FiGure 10 Same patient. Treated with Fl-anti-C absorbed with C. The staining
capacity of this fluorescence is almost completely removed. X 100.

Ficure 11 Same patient. Treated with Fl-anti-C absorbed with denatured DNA. No

fluorescence is seen. X 100.

Ficure 12 Same patient. Granular localization in GCW of Fl-anti-T. X 100.
Ficure 13 Same patient. The staining capacity of Fl-anti-T is completely abolished

by absorption with T. X 100.

FiGUurRe 14 Same patient. Treated with Fl-anti-T absorbed with denatured DNA.

Very little fluorescence can be seen. X 100.
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TasLE III
Results of Tests for the Binding of Fl-Anti-T and Fl-Anti-C in Glomeruli of Kidneys from 53 Patients
with Glomerular Diseases other than SLE GN

LE test Number of
Number of and binding
Disease cases anti-nu.Ab A-T/A-C Presence of immunoglobulins and complement

Acute poststreptococcal GN 12 both neg 0 Varying amounts of immunoglobulins and C’
were bound in glomeruli.

Idiopathic membranous nephropathy 11 both neg 1 All had large amounts of immunoglobulins and
C’ in glomeruli. One had +binding with
anti-T and anti-C.

Chronic nephritis 9 —_ 0 Small amounts of immunoglobulins and C’ in
glomeruli.

Renal allografts 10 — 0 Some with large amounts of immunoglobulins
and C’ in GCW. All contained some im-
munoglobulins.

Diabetic nephropathy 2 — 0 (Tissue from one obtained at autopsy). One had
C’ in GCW. The second was negative.

Pyelonephritis 3 — 0 None or little immunoglobulins and C’ in
glomeruli.

Polyarteritis 1 both neg — Severe renal disease with immunoglobulins and
C’ in glomeruli and vessels.

Goodpasture’s disease 2 — 0 Marked localization of immunoglobulins and
C’, linear distribution in GCW.

Renal vein thrombosis with neph. syn. 2 both neg. 0 Marked localization of immunoglobulins and
C’. Granular distribution in glomeruli.

Familial GN 1 — 0 Moderate amount of immunoglobulins and C’.

Abbreviations: GN, glomerulonephritis; C’, complement.

autopsy of patients with glomerular diseases other than
SLE nephritis (Table III). All the tests for nucleo-
sides were negative except for one tissue obtained at
autopsy from a patient with idiopathic membranous
nephropathy, in which both LE cell and antinuclear
antibody tests were negative. In this case, a one plus
binding of anti-T and anti-C in the GCW was detected
after elution with citrate buffer. The 53 renal tissues also
were examined with antibodies to immunoglobulins,
complement, fibrinogen, and BSA. There were numerous
positive stainings of GCW similar in distribution and
intensity to those seen in the nine SLE patients with
active glomerulonephritis. This suggested that binding
of anti-T and anti-C was specific for active lupus ne-
phritis, whereas the other antibodies investigated were
bound frequently by tissues obtained from patients with
other nephropathies.

DISCUSSION
During the last 12 yr, a number of studies have con-
tributed to a better understanding of immunological
disorders characteristic of SLE in man. Several circu-
lating antibodies reactive with native or altered nuclear
antigens have been described (30-33). One potential
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antigen, DNA, has been found in the sera of patients
with active SLE nephritis (34). Immunoglobulins and
complement are localized in GCW (4-6) with a granu-
lar distribution resembling the pathology produced by
circulating antigen-antibody complexes (35). Antinu-
clear antibodies are also concentrated in the glomerular
lesions together with the antigen, DNA. The presence
of DNA was demonstrated by means of anti-DNA anti-
body isolated from the serum of a patient with SLE.
These last findings give strong support to the hypothe-
sis that SLE nephritis in man is provoked by renal
deposition of circulating antigen-antibody complexes
formed by DNA, specific antinuclear antibodies, and
complement (11).

The purpose of this paper is to report the localization
in glomerular lesions of human SLE nephritis of fluores-
cein-conjugated antibodies of defined specificity. These
antibodies are specific for pyrimidine bases of DNA, and
react with denatured, but not with native, DNA. The
specificity of localization was demonstrated by blocking
experiments and also by the removal of the localizing
activity by absorption with the homologous nucleoside-
protein conjugate. The results reported in human SLE



nephritis are similar to those found in a study of lupus-
like nephritis of NZB/NZW F1 mice (36).

The data obtained suggest the presence of denatured
DNA in the foreign material forming granular deposits
in the GCW (1-3) of eight SLE patients with active
glomerulonephritis. Only one patient with active glo-
merulonephritis failed to localize the F1-Abs to T and C.
Failure of staining in two SLE patients with diffuse
glomerular sclerosis and in two SLE patients with nor-
mal glomerular structures may be explained by the lack
of reactive antigen in these areas, It is difficult to evalu-
ate the role of denatured DNA in the pathogenesis of
the disease. The presence in the same areas of immuno-
globulins and of complement could be the result of ac-
cumulation of immune complexes formed by denatured
DNA, antibodies to nucleosides, and complement, imply-
ing the presence of circulating denatured DNA, possibly
as a result of a viral infection (38). Antibodies to de-
natured DNA have been described in SLE serum (27) ;
and recently, in a study of a large series of SLE sera
with the complement fixation text, Seligmann and Arana
have shown that antibodies to denatured DNA are found
more frequently than those to native DNA (37).

Another possible interpretation of the cbservations
is that native DNA subsequent to deposition in GCW
becomes denatured to a degree that permits interactions
with anti-T and anti-C. In membranous nephropathies,
morphologic appearances and immunologic reactivity of
material contained in the foreign deposits may undergo
changes during the course of the disease. This was also
observed in the third biopsy of patient EC, since glo-
merular lesions of membranous transformation (29) ap-
peared, and the intensity of staining for immunoglobu-
lins and for T and C were markedly decreased. The de-
termination of the specificity of antibodies eluted from
the glomeruli of patients with SLE nephritis may present
further evidence in elucidating the role of denatured
DNA in the pathogenesis of the disease.
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