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A B S T R A C T Renal biopsies and sera from 41 con-
secutive patients were studied to determine if antiglobu-
lins were found more frequently in patients with severely
diseased glomeruli. Patients were classified into three
groups: A, 12 patients with normal renal function and
minimal histological evidence of glomerular disease; B,
18 patients with normal renal function but distinctly
abnormal biopsies (16 cases) or proteinuria > 16 g/24 h
(2 cases); and C, 11 patients with both decreased func-
tion and abnormal histology. Positive latex fixation
tests for rheumatoid factor were found in none of group
A, four (22%) of group B, and five (45%) of group C
patients. Sera heated 560C for 30 min contained precipi-
tins reactive with heat-aggregated IgG in none of seven
group A, five of ten (50%) group B, and four of ten
(40%) group C patients. The quantity of 'I-labeled pa-
tient globulin which bound to immunoadsorbents coated
with Cohn fraction II in competition with an equal
quantity of 'I-labeled globulin from pooled plasma of
normal donors was also measured. Patient globulins
bound in significantly greater quantity (.2 SD) than
the control in none of the group A, 7 of 18 (39%)
group B, and 7 of 11 (64%) group C patients. Renal
biopsies from 18 patients were also studied for the
ability to fix fluorescein-conjugated heat-aggregated and
native human IgG. None of nine tissue specimens from
group A or B patients fixed either fluorescein-conju-
gated protein whereas tissue from eight of nine group
C patients showed glomerular localization of one or
both reagents. Severity of disease as judged by renal
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function and glomerular histology correlated with the
presence of tissue-fixed and serum antiglobulins. Thus,
detection of antiglobulins in glomeruli and sera of pa-
tients with glomerulonephritis may indicate a relatively
poor prognosis and raises the possibility that antiglobu-
lins may be implicated in some way in the pathophysi-
ology of human glomerulonephritis.

INTRODUCTION
Experience with patients with chronic glomerulonephri-
tis and with the experimental models which mimic the
human disease has emphasized that there are many fac-
tors which influence the severity of the disease and the
rate of progression to renal insufficiency (1-6). Yet at
the onset of disease in many cases it is still difficult to
identify those in whom glomerular inflammation and
scarring will remit or progress in an aggressive manner
(7-8).
In rheumatoid arthritis (RA),' on the other hand, a

disease in which antigen-antibody complexes also pro-
voke inflammation and contribute to tissue injury, the
prognosis to some extent correlates with the level of
rheumatoid factors. Indeed, the inflammatory response
evoked by antigen-antibody complexes in the synovia
may be increased by antiglobulin present in the tissue
(9-12). Similarly in some patients with systemic lupus
erythematosus (SLE) and glomerulonephritis, cryo-
globulins with antiglobulin activity may be found in

'Abbreviations used in this paper: Ccr, creatinine clear-
ance; Cr, creatinine; FII, Cohn fraction II; PBS, 0.15 M
NaCl buffered at pH 7.4 with 0.01 M phosphate; RA, rheu-
matoid arthritis; SLE, systemic lupus erythematosus.
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TABLE I
Renal.Histology and Clinical Summary

Histology of renal biopsy

Duration Immunofluorescence
Patient of
no. Age Sex illness Light and electron microscopy A G M Clinical comments

yr mo
Group A Renal biopsy normal by light microscopy; normal renal function

40 34 M 48 WNL 0 2+ 1 + I SLE
38 4 F 10 WNL (including EM) No glomeruli seen Persistent microscopic hematuria
37 41 F 4 WNL (?t in cellularity) 1 + I 1 + I 3 + I SLE
35 18 M 1 WNL ND 1 + L 3 + I Spontaneous gross hematuria, ASO = 125
34 15 M 1 WNL; rarely, periglomerular fibrosis 0 1 + I 2 + I Microhematuria found on routine

examination
33 4 F 4 WNL (EM shows foot process fusion) 1 + I 2 + I 2 + I Acute GN with nephrotic syndrome
31 17 F 12 WNL (EM shows BM thickening 2 +L 3 + I 1 +I SLE

and dense material in mesangium)
30 41 F 51 WNL 0 1 +L 2 + I SLE
24 4 M 2 WNL (EM shows foot process fusion) No glomeruli seen Idiopathic nephrotic syndrome
23 14 M 30 WNL (including EM) 1 + L 3 + L 1 + I Recurrent spontaneous gross hematuria
21 30 F 17 WNL 0 3 + L 1 + I Poststreptococcal GN
19 6 M 3j WNL (EM shows foot process fusion) 3 + I 3 + I 3 + I Idiopathic nephrotic syndrome

Group B Renal biopsy abnormal or proteinuria >2 g/24 h

39 20 F 14 Focal membranous GN 1 + I 1 + I 3 + I SLE
36 21 F 24 Diffuse mesangial hypercellularity, 3 + I 3 + I 3 + I SLE

small subepithelial and mesangial
deposits, focal loop necrosis

32 14 F 32 Membranoproliferative GN
28 27 F 2 Focal membranous GN

27 31 M
26 18 F

25 39 F
22 25 F
18 24 F

17 46 M
16 17 M
14 62 M

13 30 M
12 30 M

11 36 M
8 66 F

7 56 M

2 53 M

5 Focal proliferative GN
S Focal proliferative GN

60 Focal proliferative GN
18 Focal membranous GN
5 Focal proliferative GN

40 Membranous GN
4 Membranoproliferative GN
1 WNL

120 Focal membranous GN
2 Rare periglomerular fibrosis;

1 of 18 glomeruli hyalinized
24 Focal membranous GN
24 One of three glomeruli are sclerotic;

glomeruli are Congo red negative
1 WNL

7 Membranoproliferative GN

2 + I 2 + I 2 + I SLE
0 1 + I 1 + I Nephrotic syndrome following an

influenza-like illness, ASO = 50
2 + L 2 + L 2 + L Fever 100-101'F and microhematuria
1 + L 2 + I 2 + L Polyarthritis, negative SLE test,

microhematuria
0 2+ I 2+ I SLE
0 2 +L 1+I SLE
0 2 + L 1 + I Microhematuria + RBC casts noted on

routine exam
0 3 + I 0 Nephrotic syndrome
0 2 + I 2 + I Poststreptococcal nephritis, ASO = 333

1 + I 2 + L 2 + I Nephrotic syndrome 2 yr after surgery
for carcinoma of colon

0 1 + I 0 ?Hereditary nephritis
0 0 2 + I Microhematuria

0 0 1 + I ?Hereditary nephritis
0 3 + I 3 + I Primary amyloidosis suggested by

biopsy of artery
1 + L 3 + L 2 + L Raynaud's phenomenon, nephrotic

syndrome
0 2 + I 0 Steroid-resistant nephrotic syndrome

Group C Diminished renal function (Cr > 2.0 mg/100 ml, Ccr < 60 ml/min per 1.73 m2)
41 26 F 2 Diffuse membranoproliferative GN 3 + I 3 + I 3 + I SLE

with tuftal necrosis and crescents
29 47 F 120 End stage kidney 0 2 + I 1 +I SLE
20 39 F 47 Membranoproliferative GN with 3 + I 3 + I 3 + I Nephrotic syndrome

necrosis of tufts
15 12 F 7 End stage kidney 0 0 2 + I Malignant hypertension
10 26 F 45 End stage kidney 0 2 + I 3 + I Raynaud's phenomenon, malignant

hypertension
9 78 F 108 Membranoproliferative GN 0 1 + I 2 + I Sjogren's syndrome, SLE variant?
6 37 M 60 Membranoproliferative GN 0 1 + I 0 SLE
5 44 M 7 WNL 0 0 1 + L ?Polyarteritis
4 46 M 9 Membranoproliferative GN 1 + L 1 + L 1 + L Goodpasture's syndrome
3 20 M 3 End stage kidney 1 + L 2 + I 3 + I Rapidly progressive GN
1 34 F 24 Membranoproliferative GN with 0 3 + I 3 + I SLE

focal necrosis and crescents
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both the sera and the kidneys, suggesting that circulating
antiglobulins can become entrapped amidst the immune
complexes in the glomeruli. Conceivably, these cryo-
antiglobulins could likewise contribute to local inflam-
matory responses (13-15). Whether interactions of
antiglobulins with circulating antigen-antibody com-
plexes occur in patients with other types of glomerulo-
nephritis either before or after the immune complexes
impact on the glomerular membranes is not known
(14, 15). Moreover, if they do, can such interactions
affect glomerular inflammation? Antiglobulin-rich frac-
tions from sera of patients with RA, which will not
cause tissue injury when injected by themselves, can
potentiate renal glomerular injury in experimental ani-
mals injected with nephrotoxic serum (16). It would
seem, therefore, that antiglobulins in certain circum-
stances could also potentiate renal inflammation in hu-
man glomerulonephritis. If so, one would expect to see
a relationship between the antiglobulin activity in sera
and/or tissue and the severity of the renal lesions. Spe-
cifically, we have investigated whether the degree of
renal glomerular injury as evaluated both histologically
and by renal function tests at the time of renal biopsy
correlates with the presence of factors which react with
native or aggregated human IgG in serum or renal
tissue.

METHODS

Patient population
41 consecutive patients whose diagnostic renal biopsies

were submitted for histological examination were studied.
Clinical records were reviewed to evaluate current and past
levels of renal function and to search for clues to the etiol-
ogy of the renal disease. On the basis of this clinical review
and the histology of the renal biopsy without consideration
of the results of immunofluorescence studies, patients were
classified into three groups (Tables I and II).
Group A (12 patients). Both serum creatinine (Cr) and/

or endogenous creatinine clearance (Ccr) corrected for body
surface area were within normal limits; proteinuria was
< 2.0 g/24 h; renal biopsy was within normal limits or
showed only minimal abnormalities by light microscopy.
Group B (18 patients). Cr and Cc, were within normal

limits. The histology of the renal biopsy was abnormal by
light microscopy in 16 cases. Two additional patients were
included in this group despite a normal biopsy because pro-
teinuria was >16 g/24 h.
Group C (11 patients). The serum Cr was 22.0 mg/

100 ml or the Cc, was .60 ml/min per 1.73 in2. With the
exception of one case with a serum Cr of 4.0 mg/100 ml
whose renal biopsy was read as normal (patient 5), the
renal biopsy showed extensive histologic abnormalities in all
cases.
A numerical rating was assigned to the renal histological

picture as determined by light microscopy. Biopsies which
appeared normal or showed equivocal abnormalities obtained
a score of 1. Focal proliferative or focal membranous
changes were given a score of 2. Biopsies which showed all
glomeruli involved with membranous or proliferative changes

received a score of 3. And biopsies which showed evidence
of lobular necrosis, extensive scarring, or crescent formation
were given a score of 4. All biopsies were reviewed and
classified by an independent pathologist.
A clinical score (severity index) for each patient which

encompassed both renal functional abnormalities and the
histologic picture of the renal biopsy was devised by adding
the serum Cr and the numerical rating of the renal biopsy.
Statistical comparisons relating antiglobulin levels to other
factors were achieved by numerically ranking the various
measurements from highest to lowest and comparing the
ranks achieved by each patient for these measurements.
Correlations between serological and clinical measurement
were evaluated by chi-square analysis, the nonparametric
Spearman rank correlation test, and the Kruskal-Wallis one-
way analysis of variance (17).

Histological studies of renal biopsies
4-/Am permanent sections, stained with hematoxylin and

eosin and the periodic acid-Schiff reagent, were evaluated
for an increase in glomerular cellularity, presence of in-
flammatory cells, fibrinoid, tuft necrosis, adhesions, and
crescent formation. In some cases electron microscopic
studies were also carried out.
Frozen tissue sections were evaluated by using fluorescein-

conjugated reagents specific for human IgA, IgG, and IgM
as previously described (18, 19). The intensity of fluores-
cence was graded on a 1 to 3+ scale.

There was sufficient renal tissue in 18 cases to evaluate
the ability of the glomerular deposits to bind native and
aggregated human IgG (20, 21). Human IgG was extracted
from Cohn fraction II (FII) (Pentex Research Products
Div., Miles Laboratories Inc., Kankakee, Ill.) by DEAE-
cellulose chromatography and labeled at a 1: 1 molar fluo-
rescein-to-protein ratio (18). After rechromatography on
DEAE-cellulose (22), aliquots were aggregated at 630C
for 20 min. Tissue sections were incubated with aggregated
IgG at a concentration of 1.5-2.0 mg/ml and with some of
the same labeled IgG which had not been heated ("native"
IgG) at concentrations of 3.0 mg/ml. Care was taken to
test tissue sections promptly after removal from the cryo-
stat without prior fixation.

In one case (patient 1) a surgical biopsy was available.
Tissue sections from this patient were also tested with
aggregated and native fluorescein-labeled human IgG which
had been adsorbed with 0.5 mg insolubilized human IgG
per mg of fluorescein-conjugated protein. Blocking studies
were carried out with unconjugated native and aggregated
IgG used at the same protein concentration as the aggre-
gated IgG conjugate and with unconjugated antibodies spe-
cific for human IgG, IgA, and IgM (18). Tissue sections
which had been heated to 560C for 30 min in a bath con-
taining 0.15 M NaCl, buffered at pH 7.4 with 0.01 M
phosphate (PBS) before incubation with conjugates of ag-
gregated and native human IgG were also studied.

Serologic techniques
Immunoadsorbent assay to measure reactivity of sera to

insolubilized FII and other antigens. Patient sera were
precipitated three times with 20.4% sodium sulfate. After
dialysis, the sulfate-free globulins were labeled with 125I by
the iodine monochloride method (23). '2I-patient globulins
were mixed with an equal weight of 'mI-labeled globulin of
approximately the same specific activity prepared from
pooled plasma from healthy normal donors. The mixture of
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TABLE II
Comparison of Renal Function and Biopsy Scores with Tests for Serum Antiglobulin Activity and C3 Levels

Pptn
Kidney FMI-binding globulin with Latex

Patient histology agg fixation Severity
no. Cr Cc, Proteinuria score* Patient Control Net: IgG§ titer C311 index*

mg/100 ml/min g/24 h pg bound/mg added (±SD) mg/ml
ml per

1.73 m2
Group A Renal biopsy normal by light microscopy; normal renal function
40 1.1 86 0.4 1 3947 57±23
38 0.3 ND 0 1 5945 72 412
37 0.7 119 0 1 49±12 58±19
35 1.1 98 0 1 6745 73411
34 0.7 ND 0.3 1 53±14 54±24
33 0.3 ND 0.5 1 66±6 67415
31 1.0 85 1.2 1 3748 3648
30 0.7 ND <0.1 1 73±8 69410
24 0.8 ND >200 mg/100 ml 1 7843 71411
23 1.0 65 <0.1 1 77413 69±10
21 0.9 116 0.2 1 64±4-22 51420
19 0.9 ND 0.2 1 84±9 71411

Group B Renal biopsy abnormal or proteinuria >2 g/24 h
39 0.7 109 3.3 2
36 1.3 62 1.1 3
32 1.2 81 1.4 3
28 1.0 69 15.0 2
27 0.9 131 0 2
26 1.1 71 0.9 2
25 0.9 81 <0.1 2
22 0.9 106 1.0 2
18 0.8 130 <0.1 2
17 1.0 110 0.6 3
16 1.1 138 2.9 3
14 1.1 75 16.0 1
13 1.1 105 6.7 2
12 0.9 115 ND 2
11 0.8 107 2.0 2
8 0.7 64 0.3 2
7 1.5 78 16.0 1
2 1.2 93 9.9 3

4049 57±420
6442 72±+10
73±44 73±410
78±6 73410
4147 3647
4248 3548
79±7 72411
45 ±13 33±8
71428 54421
76421 58±18
78±24 55±16
9849 72412
95±11 68415
94428 67410
100411 70± 12
9947 65414
108±16 70±13
92458 38415

Group C Diminished renal function (Cr > 2.0 mg/100 ml or Cc. < 60 ml/min per 1.73 mi)
41 3.3 15 6.4 4 4343 69411
29 5.7 <10 7.8 4 44±4 39±-7
20 1.2 50 6.6 4 80±6 67412
15 5.6 <10 5.0 4 75417 51±21
10 10.7 <10 U 4 98±9 67412
9 1.1 50 2.0 4 100411 68414
6 5.7 8 3.7 3 111410 73±11
5 4.0 ND ND 1 89±48 47±418
4 2.0 32 6.7 4 95±24 49±15
3 9.0 <10 U 4 128444 7448
1 1.5 32 11.0 4 161 ±69 47±16

-18 0
-13 ND
-9 ND
-6 0
-1 0
-1 ND

1 0
4 0
7 ND
8 ND
13 0
13 0

-17 ND
-8 +
0 ND
5 0
s ND
7 0
7 ND

12 ND
17 0
18 +
23 ND
26¶ ND
27¶ +
27¶f +
30¶ ND
34¶ 0
381 +
54¶ 0

-26 ND
5 0
13 *
24 0
31¶ *
32¶ +
38¶ 0
42¶ 0
46¶ *
54¶ 0

11491 0

0 0.77 2.1
0 0.46 1.3
0 0.63 1.7
0 0.74 2.1
0 1.40 1.7
0 0.94 1.3
0 ND 2.2
0 0.88 1.7
0 1.1s 1.8
0 0.94 2.0
0 0.94 1.9
0 1.65 1.9

1:320
0
0
0
0
0
0
0

1:160
1:10, 240

0
0
0

1:40, 960
0
0
0
0

0
0

1:80
1:640

0
1:2,560

0
1:5,120
1:10, 240

0
0

0.55 2.7
0.78 4.3
0.62 4.2
1.00 3.0
ND 2.9
1.52 3.1
1.00 2.9
ND 2.9
0.93 2.8
0.75 4.0
0.83 4.1
0.97 2.1
1.15 3.1
0.76 2.9
0.88 2.8
0.94 2.7
1.00 2.5
1.00 4.2

0.42 7.3
ND 9.7
0.49 5.2
0.71 9.6
0.73 14.7
1.10 5.1
0.91 8.7
0.55 5.0
0.55 6.0
0.88 13.0
0.64 5.5

ND, not determined.
* See Methods.
Net FII-binding globulin = average patient value minus average of control.

§ Precipitins with heat-aggregated IgG. 0 = negative, + = positive.
11 PsC/PsA values in milligrams/milliliter (normal range = 0.7-2.1 mg/ml).
¶ Mean FII-binding globulin concentration in patient sample exceeds mean control by more than 2 SD.
* Visible at 48 h in unstained gels.
1: Urine output <600 ml/day.

'I-patient and 'I-normal globulins was filtered through a adsorbents were washed three times in 10 vol of PBS and
0.22-/tm membrane and incubated at 220C for 2 h and then counted for radioactivity. After correction for the quantities
at 4'C overnight with immunoadsorbents coated either with of normal and patient globulins present in the original in-
human FII, fragments of human glomerular basement cubation mixture the quantity of patient globulin less the
membranes (GBM), or ovalbumin (OVA) (24). Measure- quantity of 'I-normal globulin which remained bound was
ments were performed in triplicate. After incubation, the used as the measure of antibody activity in the patient
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sample. Net antibody activity was calculated according to
the formula: (micrograms patient globulin bound/milligrams
patient globulin added) - (micrograms control globulin
bound/milligrams control globulin added) =net activity
(micrograms/milligram). Globulins eluted from the washed
adsorbents with 0.1 M phthallate-HCI, pH 3, (18, 24) were
also measured by radioactive counting. To ensure that the
"I-labeled control for nonspecific binding had uniform bind-
ing characteristics it was adsorbed with FII and human
GBM immunoadsorbents before use.
Preparation of immunoadsorbents. FII and OVA im-

munoadsorbents were prepared as previously described with
bentonite clay as the insoluble matrix (24). (5 X recrystal-
lized OVA was also obtained from Pentex). GBM was
prepared from normal human kidneys obtained less than 6
h after death. Glomeruli were separated by a modification
of the technique of Krakower and Greenspon (25) and soni-
cated at 20,000 cycles/s at 63 W/cm2 for 60 s at 40C. The
sonicate was centrifuged at 1,500 g for 20 min. The fine
particulate material which remained in the supernate after
this centrifugation was adsorbed to bentonite particles and
the GBM coating was stabilized with 1-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide-HC1(24). GBM and other im-
munoadsorbents were adjusted to a protein concentration
of 1 mg/ml before use in a binding assay.
Miscellaneous techniques. By immunoelectrophoresis using

commercially available antisera to human serum proteins
(Meloy Laboratories, Inc., Biological Products Division,
Springfield, Va.), the FII used in these studies contained IgG
with traces of IgA and IgM. Antiglobulin in serum previ-
ously heated to 560C for 30 min was measured by agglutina-
tion of latex particles coated with FII and by a double dif-
fusion in 0.7%o agarose against heat-aggregated (630C, 20
min) 'I-IgG at a concentration of 2.8 mg/ml (26, 27).
The test for antiglobulin precipitins was performed with
unselected sera from 27 of the 41 patients. These sera were
also tested against native IgG at the same protein concentra-
tion under identical conditions. Sera from two patients with
RA and 15 healthy donors were used as controls. Precipi-
tins were visualized directly after diffusion for 48 h at 22°C
and by autoradiography after the gels were washed, dried,
and incubated with X-ray film for up to 9 days.
C3 (,fiC/,SA globulin) was measured by single radial dif-

fusion with a commercially available kit (Meloy Labora-
tories). The mean and normal range for C3, determined by
testing sera stored for the same length of time and under
the same conditions (- 70°C) from seven healthy normal
people in these radial diffusion plates, was 1.4+0.70 mg/ml
(mean±2 SD).
Sera and globulin preparations were not heat inactivated

before testing except as noted.

RESULTS
Classification of patient population. Pertinent clinical,

histological, and serological data from 41 consecutive
patients who underwent renal biopsy are presented in
Tables I and II. The patients were a heterogeneous
group including 13 patients with definite SLE (28), one
with possible amyloidosis (no. 8), and two patients with
a strong family history of nephritis (nos. 11 and 13).
Of these only no. 11 had acoustic nerve deafness and
presence of foam cells in his renal biopsy. One patient,
no. 4, displayed typical pulmonary and renal findings
of Goodpasture's syndrome; renal biopsies from three

other patients showed only linear deposition of immuno-
globulin (nos. 5, 7, and 27). None of these had a his-
tory of hemoptysis or pulmonary infiltrates. Two pa-
tients, nos. 3 and 15, had a clinical course suggestive
of rapidly progressive glomerulonephritis. The severity
index was significantly different among the three groups
shown in Tables I and II (Kruskal-Wallis one-way
analysis of variance, chi-square = 28.52 df-2, P <
0.001).

Latex test and precipitin tests for antiglobulin ac-
tivity. None of the sera from the 12 patients in group
A reacted in the latex test. Sera from 4 of 18 patients
(22%) in group B and from 5 of the 11 patients (45%)
in group C were positive in this assay. Thus, positive
tests for rheumatoid factor were found more frequently
in patients with histological evidence of glomerular
disease (groups B and C) (chi-square = 4.76, df = 1,
P < 0.05) but the titer of the positive sera did not cor-
relate with the severity index (rank correlation test,
P > 0.10).

Similarly in 27 patients whose sera were tested for
precipitating antibodies to aggregated IgG, none of
seven group A patients were reactive whereas five of
ten group B and four of ten group C patients' sera
precipitated with this reagent. As with the latex fixa-
tion test, a positive test was found more frequently in
groups B and C (chi-square = 4.71, df = 1, P < 0.05).
The precipitin lines were visible at 48 h by naked eye
in three cases (patients 4, 9, and 20) and in the re-
mainder (six patients) by autoradiography. There was
no correlation between a positive test in the latex fixa-
tion assay and the presence of precipitins reactive with
heat-aggregated IgG. Sera from 2 of 15 normal donors
and both patients with rheumatoid arthritis also con-
tained precipitins reactive with aggregated IgG. Only
sera from patient 4 precipitated with native IgG and
this reaction was only visible after autoradiography.
In all other cases, no precipitin lines were visible even
after autoradiography with native IgG.

Studies of kidney biopsies with fluorescein-conjugated
human IgG (Table III). Tissue from group A and
group B patients did not react with fluorescein conju-
gates of native or aggregated IgG. In contrast tissue
from eight of nine group C patients reacted with one or
both of these conjugates (Fig. 1). Glomeruli in biopsies
from four of nine patients in group C selectively fixed
heat-aggregated IgG. (nos. 1, 4, 11, and 29) In patient
1, a few (8/108) of the glomeruli also reacted with the
nonaggregated IgG conjugate. In four other group C
patients, the glomeruli fixed both native and heat-ag-
gregated IgG (nos. 3, 9, 10, and 20). In both patients
9 and 10, the glomeruli contained immunoglobulin de-
posits reactive with both anti-IgG and anti-IgM but
not with anti-IgA, suggesting that these tissues had no
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TABLE III
Binding of Fluorescein-Labeled Native and Aggregated IgG to Renal Biopsy Tissue Sections.

Comparison with Results of Tests for Antiglobulin and Indices of Disease Activity

Binding of fluorescein-IgG
Pptn

Latex with Net FII- Not Ig class of
Patient Severity fixation agg binding aggregated Heat glomerular

no. index titer IgG globulin (control) aggregated deposits

pg boundl No. glomeruli pos./total no.
mg added

Group A Renal biopsy normal by light microscopy; normal renal function
21 1.9 N 0 12.7 0/3 0/2 G,M
31 2.2 N 0 1.4 0/2 0/2 G,M, A

Group B Renal biopsy abnormal or proteinuria >2 g/24 h
14 2.1 N ND 26.4 0/7 0/3 G, M, A
8 2.7 N 0 33.5 0/7 0/6 G. M

25 2.9 N ND 7.0 0/5 0/4 G,M
12 2.9 1:40, 960 + 27.3 0/3 0/2 M
22 2.9 ND ND 71.8 0/6 0/7 G, M
17 4.0 1:10, 240 + 17.6 0/21 0/10 G
2 4.2 N 0 53.6 0/6 0/3 G

Group C Diminished renal function (Cr >2.0 mg/100 ml or Cc, .60 ml/min per 1.73 m2)
9 5.1 1:2, 560 + 31.8 21/21 24/24* G, M

20 5.2 1:80 + 12.8 1/1 1/1 G, M, A
1 5.5 N 0 114.1 8/108 74/92 G, M
4 6.0 1:10, 240 + 46.2 0/2 2/2 G. M, A

41 7.3 N ND -25.9 0/3 3/3 G, M, A
15 9.6 1:640 0 24.4 0/46 0/471 M
29 9.7 N 0 4.6 0/22 5/10 G, M
3 13.0 N 0 53.5 2/21 2/21t G, M, A
10 14.7 N + 31.2 3/48 8/441 G, M

N, negative at 1:40 dilution; ND, not done; Pptn with agg IgG = precipitin with aggregated IgG;
+ = positive; 0 = negative.
* Fluorescence of glomeruli treated with the aggregated IgG was notably greater than in the sections
treated with the control.
I The majority of the glomeruli were obsolescent.

unusual non-specific affinity for fluorescein-conjugated
proteins. In one case (patient 1), the availability of a

surgical biopsy provided tissue for additional studies.
In this case, heating the tissue to 560C for 30 min did
not abolish fluorescence with the aggregated IgG con-

jugates. Moreover adsorption of the aggregated IgG
conjugate with insolubilized human IgG or with human
liver powder did not alter the immunofluorescence.
However, the reaction was blocked when tissue sec-

tions were pretreated with unconjugated aggregated
IgG or antibody specific for IgM before incubation with
fluorescein-labeled aggregated IgG. Prior incubation
with unconjugated native IgG, anti-IgG, or anti-IgA
did not block the reaction.
Lack of correlation between antiglobulins in renal

tissue and serum. Relation to serum C3 levels. Sera
from three of the four group C patients whose biopsies
selectively fixed aggregated IgG were unreactive in the

latex test. On the other hand, serum from the one group
C patient whose biopsy did not react with fluorescein-
conjugated human IgG had a latex titer of 1: 640. Simi-
larly, in two group B patients (nos. 12 and 17) whose
sera had very high latex fixation titers, the kidney tis-
sue did not bind aggregated or native IgG. Thus, there
was no correlation between serological reactivity in the
latex test and the presence of antiglobulin activity in the
glomeruli. In three of the four patients whose gloineruli
reacted selectively with aggregated IgG, serum C3 lev-
els were significantly lower than in other group C pa-
tients whose kidney tissue did not react or reacted with
both native and aggregated IgG (compare Tables I and
III).
Measuring the binding of patient globulins to in-

solubilized FII. Binding of 'I-patient globulin to im-
munoadsorbents coated with FII was proportional over

a sixfold range to the quantity of iodinated protein added
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(Fig. 2). Binding of the control varied over a rela-
tively narrow range among all samples tested (60.1±+12.9
itg/mg, mean+SD). In 14 cases the bound quantity of
patient globulin exceeded the binding of its own con-
trol by 2 SD or more (Table II). Approximately 20%
of the globulins which bound to the adsorbent could be
eluted at pH 3. The quantity eluted was proportional to
that which bound initially, and there was little overlap
in the quantities of eluate obtained with the patient and
the control samples (Fig. 3). Measurement of the net
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FII-binding globulin in most cases varied by ±15%
(SD).

Correlations observed between FII binding and the
severity of renal disease. High net quantities of FII-
binding globulin were generally found in sera from pa-
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FiGURE 2 Binding of 'I-labeled globulins from seven pa-
tients to FII immunoadsorbents. II-globulins were mixed
with an equal quantity of II-labeled control and tested at
three different concentrations with 1 mg adsorbent-bound
antigen. Binding of globulins was proportional to the quan-
tity added to the incubation mixture. The shaded area shows
the variance (±2 SD) in the quantity of 'I-control globu-
lin bound over the range of the experiment.

14 16

FIGURE 3 Elution of bound globulin from insolubilized FII.
Patient samples were mixed with equal quantities of con-
trol globulins and incubated with FII immunoadsorbents.
After washing, the globulins which could be eluted at pH 3
with 0.1 M phthalate-HCl were measured. The quantity
eluted (abscissa) is shown as a function of the quantity of
globulin which bound to the adsorbent before elution (ordi-
nate). Closed circles show results for individual patient
samples; open circles, the results for the controls. The
shaded area indicates the variation (±2 SD) in the binding
and elution values for the control samples.
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FIGURE 4 Comparison of the net FII binding values with
the severity index in 28 patients who did not have SLE.
Each point represents the mean of at least triplicate mea-
surements for one or more serum samples for each patient.
The severity index is a numerical value which takes into
account both renal clearance and histological abnormalities
in the renal biopsy. The mean value for the normal con-
trols is shown as zero on the ordinate.

tients in groups B and C. Overall the severity indices
correlated with the level of FII-binding globulin (Ta-
ble I) (Spearman rank correlation test, r = 0.465, n =
41, P < 0.01; Kruskal-Wallis one-way analysis of vari-
ance, H = 15.56 equivalent to chi-square for df = 2 of
> 14, P <0.001).

In 28 patients who did not have SLE (Fig. 4), the
net quantity of this serum factor correlated particu-
larly well with the severity index (r = 0.629, P < 0.001,
Spearman rank test, n = 28). On the other hand in 13
patients with SLE there was no correlation between
the level of FII-binding globulin and the severity in-
dices (r = 0.325, P> 0.10, Spearman rank correlation
test, n 13). Only two SLE patients (nos. 1 and 6)
had very high levels of FII-binding globulin.

Specificity of the immunoadsorbent assay. Net bind-
ing of patient globulins to GBM was proportional to
their binding to FIT. But the binding of both patients
and control samples to GBM was greater than to FII,
reflecting the greater capacity of GBM immunoadsor-
bents to bind human globulin nonspecifically (Table
IV). Adsorption with sufficient FII to remove reac-
tivity to that antigen also abolished reactivity to -GBM.
21 globulin samples from the sera of eight patients and
two normal donors were also tested against immuno-
adsorbents coated with OVA. The OVA immuno-
adsorbents had an even greater capacity to -bind human
globulin nonspecifically (Table IV). Adsorption of
patient samples which contained high levels of net
FII binding activity with OVA also removed most of

the reactivity against FI. Thus, the experience with
these immunoadsorbents did not indicate that the FII
binding measurements were a specific test for anti-
globulin activity.

Relationship of disease activity to serum C3 levels
and the intensity of the immunofluorescence with anti-
human immunoglobulin reagents. Neither the severity
index nor the level of FII-binding globulins correlated
with the serum level of C3. Moreover, age, sex, dura-
tion of disease, and intensity of immunofluorescence
with anti-IgG or anti-IgM did not correlate with the
severity index. Notably deposits of IgG and/or IgM
were often found in glomeruli which showed little other
histologic evidence of disease.

DISCUSSION
We have pursued four lines of investigation to evalu-
ate whether antiglobulins may be associated with the
development of progressive renal disease in patients
with glomerulonephritis: (a) immunofluorescence stud-
ies of renal biopsy tissue, (b) reactivity of sera in the
latex fixation test, (c) measurement of serum precipi-
tins reactive with aggregated IgG, and (d) measure-
ment of the total serum globulins which will bind to
insolubilized human IgG and other antigens.

Tissue studies with fluorescein conjugates of native
and aggregated human IgG discriminated most sharply
between patients with advanced glomerular lesions and
those with little or no histological evidence of glomeru-
lar injury. None of the tissues from patients in groups
A and B reacted with these conjugated proteins. On
the other hand, tissue from eight or nine group C
patients fixed one or both reagents. In four cases, the
glomerular deposits selectively fixed heat-aggregated
IgG; tissues from the other four reacted with both na-
tive and denatured immunoglobulin. In two of the
latter cases, it was unlikely that the tissue had any un-
usual affinity for fluoresceinated proteins. It is con-
ceivable that the native IgG contained antibodies re-
active with antigens in the glomeruli of these four
group C patients. If so, it is hard to imagine why it
reacted selectively with the tissues from the most

TABLE IV
Average Binding of Pooled Normal Human Globulins to

Immunoadsorbents Coated with FII, GBM
Fragments, or Ovalbumin

Immunoadsorbent Quantity bound

- Ag/mg added (dSD)
FII 60.1 ±12.9
GBM 117410.5
OVA 283.1 ±7.2
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severely affected patients. Antiglobulins can react with
antigens of native IgG (29) and this also may be the
basis for these reactions. Biopsies from a second series
of patients are being studied for the ability to fix fluo-
rescein-labeled proteolytic fragments of IgG to evaluate
the specificity of this reaction.

In one case, heating the tissue sections did not abol-
ish fixation of fluorescein-labeled heat-aggregated IgG
whereas this property could be blocked with unconju-
gated anti-IgM, suggesting that IgM antiglobulins
rather than Clq were responsible for the tissue localiza-
tion of aggregated IgG in this patient. Since the tissue
sections from other patients were not heated before
testing with aggregated IgG (21), we cannot exclude
the possibility that Clq rather than antibodies specific
for native or heat-aggregated IgG was responsible, in
some, for the tissue-fixed antiglobulin activity (30).

Antiglobulins were also detected more frequently by
the latex fixation and precipitin tests in sera from
patients with groups B and C renal disease. The serum
precipitins and the latex reactive factors were' heat
stabile and therefore unlikely to represent Clq activity.
However, patients whose sera contained antiglobulin
activity did not necessarily have antiglobulin deposits
in their renal tissues. The poor correlation between the
histological and serological observations suggested that
the latex and precipitin tests were not detecting all
antiglobulins in these patients' sera (31). Therefore it
was desirable to develop a more comprehensive test for
antiglobulin activity. Standard radioimmunoassay pro-
cedures were precluded by the intrinsic properties of
IgG as antigen, viz., its insolubility under the condi-
tions required for the Farr assay and its reactivity
with antiimmunoglobulin isotype sera used to separate
antigen-antibody complexes from free antigen (32, 33).
While human Fab and Fc antigenic fragments have
been used in a modified Farr assay for antiglobulin
(34), this approach precludes the measurement of anti-
bodies reactive with antigens which reflect the quater-
nary structural characteristics of the molecule (35).
Moreover, antiglobulin factors commonly react with
antigenic sites which are exposed only in IgG mole-
cules which have been deformed as a result of antigen-
antibody reactions or denaturation (29). With these
considerations in mind the immunoadsorbent assay used
in these studies was adopted.
Although this test produced a higher frequency of

positive reactions than the latex fixation test and cor-
related well with the severity index (except in pa-
tients with SLE) it did not provide a specific mea-
sure of antiglobulin antibody and its results did not
correlate with the latex fixation or antiglobulin pre-
cipitin assays.

The high nonspecific binding of normal globulins by
OVA and GBM immunoadsorbents which were used as
specificity controls in this assay ensured that these also
became de facto immunoadsorbents for antiglobulin. As
a result it is probable that this assay appeared to be
more nonspecific than it actually was. Unfortunately,
an average of only 20% of the globulins which bound
to any of the three immunoadsorbents could be eluted
with acidic buffers. Therefore, adequate characteriza-
tion of the FII-binding globulins or those which re-
acted with OVA and GBM adsorbents was not possible.

Attempts to eluate antiglobulins from kidneys have
also met with a low incidence of success (36, 37), ex-
cept in some patients with SLE and cryoglobinemia
(13-15, 38). In these, the observations suggest that
cryoantiglobulins are deposited in the kidney as part
of an immune complex. We did not examine the sera
of our patients for cryoglobulin activity. Moreover, if
cold-insoluble immunoglobulins were present, it is
quite likely that they would have been discarded when
the sera were processed for various serologic measure-
ments. Thus the lack of a correlation between the sero-
logic tests for antiglobulin activity and the severity
of disease in SLE patients in this study could reflect
a failure to specifically investigate sera for the presence
of cryoantiglobulins. Nevertheless, the immunofluores-
cence data suggest that antiglobulins may be incorpo-
rated in glomerular immunoglobulin deposits in SLE
patients. Four of the eight patients whose kidney tissue
reacted with aggregated or native IgG had SLE or a
related syndrome.
Although these data suggest that antiglobulins are

found more frequently in the tissues and sera of pa-
tients with relatively severe glomerular injury, they do
not necessarily indicate that antiglobulins influence the
inflammatory response within the glomeruli. In experi-
mental animals, human antiglobulins are not directly
nephrotoxic (16). Moreover, they are not thought to
be directly nephrotoxic in man, either. Patients who
have RA and high levels of circulating rheumatoid
factors for months or years generally do not develop
glomerulonephritis. Indeed, it has been suggested that
rheumatoid factors may actually protect kidneys under
certain circumstances from deposition of immune com-
plexes (5, 39). Most likely this would occur in cir-
cumstances where the antiglobulins increased the size
of immune complexes above that which readily deposit
in glomerular capillaries. In vitro evidence can also be
cited to suggest that, under certain conditions, anti-
globulins can inhibit complement-mediated tissue in-
jury (40, 41). On the other hand, McCormick, Day,
Morris, and Hill have presented data which suggest
that antiglobulin-rich serum fractions can augment the
tissue injury caused by nephrotoxic antisera (16). If
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the correlation between disease severity and presence of
antiglobulins in sera or glomeruli in these patients in-
deed reflects a pathogenic role for antiglobulins in
human glomerulonephritis, one can envision at least
two mechanisms by which they could augment renal
glomerular injury: (a) antiglobulins could combine
with antigen-antibody complexes while these were still
in the circulation and facilitate their deposition in the
kidney and (b) they could bind to immune complexes
or GBM-reactive antibodies after these had impinged
on the glomerular membranes. In either case, one
would expect an apparent increase in the quantity of
immunoglobulin deposited in the glomeruli and/or also
an increase in the quantity of complement activated at
that site. In experimental nephritis, it is recognized
that the extent of glomerular injury is closely related
to the quantity of immunoglobulin and antigen deposited
in the renal glomeruli (42, 43). In this patient popu-
lation, however, there was no correlation between his-
tologic evidence of glomerular injury or presence of
glomerular antiglobulin deposits and the intensity of
the immunofluorescence seen with anti-IgG, anti IgA,
or anti-IgM conjugates. In fact, intensely fluorescent
deposits were often found with these reagents in tissue
from patients (group A) who had little other histologic
evidence of glomerulonephritis. Thus, these observa-
tions do not support the notion that antiglobulins in-
crease glomerular immunoglobulin deposition, and it is
not presently clear whether the antiglobulin response in
patients with severe nephritis represents an uninvolved
witness or a contributing influence to the intense renal
inflammation which has occurred in such patients.
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