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ABsTrACT 36 renal biopsies from patients with
nephritis were studied for glomerular localization of the
heavy chain subgroups of immunoglobulin G (IgG or
vG). The deposition pattern of these subgroups was
selective and did not reflect the normal serum concen-
tration of these proteins. ¥G2, which comprises 189,
of normal serum 4G, was the predominant or unique
subgroup deposited in five cases of lupus nephritis and
four biopsies with other forms of nephritis associated
with granular ¥G deposits. ¥G3, which normally makes
up only 8% of the serum 4G, was the dominant sub-
group seen in one biopsy of lobular glomerulonephritis.
' Patients with linear vG deposits generally had a selec-
tive absence of ¥G3 and often had large amounts of
vG4 (normally 3% of the serum vG) deposited. The
deposition of complement components Clq, C4, and C3
was variable. One biopsy had only ¥G2 and no comple-
ment components in the deposits and had no neutrophile
leukocyte infiltration. This latter observation correlates
well with the poor ability of ¥G2 to fix complement in
vitro. Similarly, deposits containing large amounts
of ¥G4, which does not fix complement, also tended to
have less inflammatory infiltrate than deposits devoid of
this subgroup. The selective deposition of monotypic or
restricted 7G subgroups on the glomerulus supports the
likelihood that the ¥G represents antibody. The nature
of the subgroup involved in the deposit may represent
one variable in the determination of the inflammatory
and morphological picture that evolves in human
glomerulonephritis.

INTRODUCTION

The pathogenesis of most types of glomerulonephritis in
man is not fully understood. Recent information suggests
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that immune reactions lead to the deposition of antibody
gamma globulin on the glomerular basement membrane
(GBM) and play a central role in the development of
the renal lesion. Either circulating soluble antigen-
antibody complexes or specific antibody directed against
a renal antigen may deposit on the glomerulus. The
former mechanism is operative in experimental serum
sickness (1) and similar deposits of immunoglobulins
and complement components have been detected in cer-
tain human diseases (2). The observation that DNA can
be present on the GBM in the nephritis of systemic
lupus erythematosus and that gamma globulin eluted
from these glomeruli has anti-DNA antibody activity is
strong evidence that “immune complexes” are involved
in the pathogenesis of lupus nephritis (3). The deposi-
tion of ¥G in a granular or lumpy pattern along the
GBM in poststreptococcal glomerulonephritis  (4),
luetic nephrosis (5), and other forms of acute, progres-
sive, and chronic glomerulonephritis (2) suggests that
circulating antigen-antibody complexes deposit in these
disorders as well. :

Specific antibody directed against glomerular base-
ment membrane antigens has been demonstrated in the
kidney in Goodpasture’s syndrome and some cases of
chronic glomerulonephritis (6). These antibodies are
responsible for a second immunopathologic mechanism
in the genesis of the glomerular lesion of nephritis.

Neither of these pathogenetic mechanisms, deposited
complexes or anti-GBM antibodies, have been associated
with a characteristic histopathologic glomerular lesion
or clinical course in either the experimental model sys-
tems or in human diseases. Thus, both experimental
serum sickness nephritis and anti-GBM antibody-in-
duced nephritis may be associated with either a pro-
liferative or membranous lesion (7). In addition, the
clinical spectrum seen in human nephritis associated
with anti-GBM antibodies may vary from the acute,
fulminant, necrotizing glomerulitis seen in many patients
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TasLe I A

Biopsies from Patients

Light chain .
Heavy. chain deposit deposit Complement deposit

Patient 1gG 7G1 7G2 ¥G3 vG4 K A Clq C4 C3
Ols 24+ 0 3+ tr 0 — — 24 0 0
Hay 24 0 3+ 0 0 S — 3+ 0 tr
Joh 3+ tr 3i tr 1+ 3+ 24 14 3+ 3+
Sev 1+ 0 1+ 0 0 0 0 - 1+ 0 0
Sau 3+ tr 1+ tr 0 — — tr 0 0
MacD 24 1+ tr 0 2+ 34+ tr 0 0 24
Gry 24 1+ ot 14+ tr 24 tr tr 0 3+
Tho 3+ 3+ 24 tr 3+ 3+ 2+ 0 0 3+
Ril 24+ 2+ 1+ 0 tr 1+ 2+ 0 0 1+
Hel 34+ 3+ 24 1+ 3+ 3+ 2+ tr tr tr
Mal 3+ 1+ 1+ tr 0 14+ 1+ 24 tr tr

Total 11 8 11 7 6 7 7 8 3 8

G and complement component composition of immune deposits and histologic findings in the

nephritides.

Numbers in italics and underlined designate that the value represents the sole or dominant heavy
chain subgroup detected in the biopsy.

* The degree of endothelial (endo) and epithelial (epi) proliferation (prolif) in the glomerular tuft.
} Glomerular basement membrane thickening.

§ Mesangial (Mes) condensation.

|| The average number of neutrophile leukocytes per glomerulus.
 Fibrin thrombi in glomerular capillary loops.
** Glomerular (glom) necrosis (necr).

with Goodpasture’s syndrome, to the relatively indolent
lesion of chronic glomerulonephritis (6).

These studies have suggested that host mechanisms,
including immunoglobulins, may be important factors in
determining the morphology, severity, and natural his-
tory of a given lesion.

As human gamma G globulin (IgG or ¥G) consists
of four heavy chain subgroups, each of which has indi-
vidual biological properties, we have investigated the
deposition of these subgroups in human glomerulo-
nephritis in order to determine whether this deposition
is selective and represents a variable in the glomerular
lesion.

METHODS

Patient material. 36 biopsies were studied for vG sub-
group deposition. All biopsies were selected on the basis of
having shown the presence of ¥G on the GBM on previous
examination. 11 of these patients had chronic nephritis asso-
ciated with systemic lupus erythematosus and 25 patients had
other forms of glomerulonephritis. The latter group included
12 patients who had lumpy or granular deposits of ¥G on
the GBM. The following clinical or clinicopathologic diag-
nosis were made in these 12 patients: 7 chronic glomerulo-
nephritis (membranous, proliferative, or mixed), 1 lobular
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glomerulonephritis, 1 hypocomplementemic membranoprolif-
erative glomerulonephritis, 1 rapidly progressive glomerulo-
nephritis, 1 Sjégren’s syndrome, and 1 luetic nephrosis. The
13 patients with linear deposits of ¥G included 1 patient
with Goodpasture’s syndrome, 3 patients with rapidly pro-
gressive glomerulonephritis, and 9 patients with chronic
glomerulonephritis (membranous, proliferative, or mixed).

Immunofluorescent reagents

Isolation of myeloma proteins. Myeloma proteins® were
isolated by starch block electrophoresis (8) and eluted with
0.01 M phosphate buffered saline (PBS).

Antisera preparation, Antisera were developed in rabbits,
monkeys, and guinea pigs to isolated myeloma proteins of
known 4G subgroup (9, 10)? which had been shown to be
free of detectable contamination by Gm antigen typing. The
antisera were tested by immunoelectrophoresis for 4G speci-
ficity and by Ouchterlony double diffusion in agar for sub-
group specificity. Antisera were rendered subgroup specific
by absorption with Bence Jones proteins, and myeloma
proteins of other subgroups until they reacted with myeloma
proteins of a single heavy chain subgroup as determined by

1 We thank Doctors H. G. Kunkel, W. Maloney, R. McIn-
tyre, C. Alper, S. Rivers, and others for their kind gift of
myeloma sera.

?*We thank Doctors H. G. Kunkel, W. Terry, and H.
Borel for typing some of our myeloma sera and proteins.



with Lupus Nephritis

Prolif*

PMN]| Fibring Glom**
Endo Epi GBM1 Mes§ Avg/Glom Thrombi Necrosis
tr 14+ tr 1+ 20 1+ +
tr 24 tr tr 17 tr tr
tr 2+ 14+ tr 18 24 24
0 tr tr 14 15 tr 0
14+ 24 1+ tr 6 0
14+ 24 1+ 6 1+ 0

Ouchterlony double diffusion in agar and the formation of
a single diffusion precipitin ring upon radial immunodiffusion
assay (11).

4G subgroup levels in sera were determined by radial
immunodiffusion (11) using 1% agar in PBS buffer with
sodium azide added.

Complement components. Antiserum to Clq was produced
in rabbits using previously described techniques (12, 13).
The antiserum, after absorption with R11S, formed a single
precipitin line with serum or euglobulin on immunoelectro-
phoresis and Ouchterlony double diffusion (12). Antiserum
to human C4 (beta-1-E globulin) was the kind gift of Drs.
Stephen Rosenfeld and K. Frank Austen. Antihuman
beta-1-C/beta-1-A antisera were obtained from Hyland
Laboratories (Los Angeles, Calif.) or were produced in
rabbits.

Fluorescence microscopy. Tissue was stored in air tight
containers at —20°C. Sections were cut in a —20°C cryostat,
4-6 u thick, air dried, and fixed in ethanol. Fluorescent
staining was carried out using a previously reported tech-
nique (3). The fluorescein/protein ratio of conjugated anti-
sera were all in the range of 2.5-3.9. Antialbumin antiserum
was employed as a control. All sections were stained with
fluorescein conjugated antisera to vG, vGl, vG2, vG3, vG4;
kappa, and lambda light chains, Clq, C4, and C3. Antisera
to ¥G subgroups used for fluorescence microscopy were ap-
propriately diluted so that they had equivalent titers of 1:8
when tested against appropriate isolated myeloma proteins

in a concentration of 1 mg/ml in micro-Ouchterlony diffu-
sion.

The quantification of specific immunofluorescence on the
glomerulus was graded using the following criteria:

Negative (0)—no specific staining
Trace (tr)—occasional, specific staining usually involving
less than 10% of the GBM

14—up to 25% of the GBM involved by specific immuno-
fluorescence

2+—intermediate value

34+—75-100% of the GBM involved by intense specific
fluorescence

Histopathology. Sections of available biopsies stained
with hematoxylin and eosin and periodic acid-Schiff were
reviewed by a single observer. The glomerular alterations
were categorized as to their over-all pattern, namely, pro-
liferative, membranous, membranoproliferative (mixed), or
lobular. The proliferative changes were subdivided into pro-
liferation of epithelial and/or endothelial cells. The glomeru-
lar basement membrane was evaluated for increased thick-
ness, and the mesangium for condensation. Glomerular
capillary thrombi were sought for, as were areas of glomeru-
lar necrosis. These changes were scored from 0 to 4+
positive. The number of neutrophiles (PMN’s) in glomeruli
were quantitated by taking the average of the actual count
for at least 10 glomeruli.
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Ficure 1 4G heavy chain deposition in a patient with lupus nephritis (Tho).
Large amounts of 4Gl (upper left), vG2 (upper right), and G4 (lower
right) are present. Only trace amounts of yG3 (lower left) are seen. The
¥G is deposited in a very finely granular pattern without interruption along
the GBM. Some mesangial vG is also present.

Ficure 2 4G heavy chain deposition in a patient with lobular glomerulonephritis
(Car). The deposit is composed mostly of yG3 (lower left) with some vG4 (lower
right).
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Ficure 3 The intensity of fluorescent staining for each of the vG
heavy chain subgroups in patients with glomerulonephritis other
than lupus nephritis, is plotted along the horizontal axis. It is note-
worthy that no biopsies with linear staining for yG had more than
trace amounts of vG3. Six biopsies from patients with lumpy or
granular vG deposits had 1-3+ staining for vG3. Conversely, vG4
was commonly seen in biopsies with linear staining, whereas only
one biopsy with granular staining had a deposit that was quantified

as 14+ or greater.

RESULTS
Fluorescence microscopy
Lurus NEPHRITIS

¥G subgroup deposition. (See Table IA) All 11 pa-
tients had vG deposited on the glomerulus in a granular
or lumpy pattern. The deposit contained vG1 in 8 cases,
vG2 in 11 cases, ¥G3 in 7 cases, and vG4 in 6 cases. vG1
was the dominant in one instance (Ril). ¥G2Z was the
dominant subgroup in 5 biopsies, of which it was the
only subgroup in 2 biopsies (Hay. Sev). vG4 was the
dominant subgroup in 1 biopsy (MacD). Four biopsies
showed no subgroup dominance (Fig. 1).

Complement component deposition. One or more
complement components were found in all biopsies. Clq
was present in 8 cases, C4 in 3, and C3 in 8. Three
components were localized in the GMB of three biopsies.
The biopsies devoid of C3 all had vG2 as the dominant
heavy chain subgroup. Clq was seen in all of these latter
cases (Ols, Sev. San).

Histopathology. Biopsies were available from five
patients. T'wo patients had ¥G2 deposits (Ols, Hay), one
had a mixture of vG1, ¥G2, and vG3 on the glomerulus
(Sau), one had ¥G1, vG2, and vG4 deposited (Ril), and
one had all four subgroups present (Tho) (Fig. 1).
Although the proliferative, membranous, and mesangial
changes were similar in all five biopsies. The glomeruli
which had Clq deposits tended to show the greatest
number of PMN’s and focal necrosis.

GLOMERULONEPHRITIS WITH GRANULAR OR LUMPY
Derosits, ExcLupiNGg Lurus NEPHRITIS

¥G subgroup deposition. (See Table I B) Seven bi-
opsies contained ¥G1 and 9 contained ¥G2. ¥G3 was seen
in nine biopsies and ¥G4 in five. The dominant sub-
group was 7Gl in three cases (Par, Riv. Mor), vG2 in
four cases (Hoo, Mat, Guy, Bea), vG3 in one case
(Car) (Fig. 2). Of the seven biopsies with a pre-
dominant heavy chain subgroup type, six had a single or
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TaBLE IB

Biopsies with Granular
Light chain
Heavy chain deposit deposit

Patient Pathit @ %, 'Clin diag§§ 1gG Gl yG2  4G3 G4 K A
Hoo Syphilis 2+ 0 2+ 0 0 tr 24
Gar Sjogren’s 14 tr O 1+ 1+ — —
Buc P HCGN tr tr 1+ 14 tr tr tr
Car Lobular GN 3+ 0 0 3+ tr 24 tr
Mat Mix Ch GN 3+ 0 2+ tr 0 24+ 24+
Guy Mix Ch GN 2+ 0 2+ 1+ 0 tr 3+
Nes Ch GN tr tr 0 tr 0 tr tr
Bea Ch GN tr 0 + 0 0 0 tr
Par Mix Ch GN 3+ 2+ t 1+ 0 - -
Riv M Ch GN 3+ 2+ 14+ 1+ tr 3+ 14+
Jon M Ch GN 2+ 1+ 14+ tr tr 1+ 2+
Mor RP GN 3+ 2+ 1+ 0 0 tr 14
Total 12 7 9 9 5 9 10

vG and complement component composition of immune deposits and histologic findings in the

nephritides.

** See Table I A
I See Table I A.
§ See Table I A.
4 See Table I A.

TaBLE IC
Biopsies with Linear
Light chain
Clin Heavy chain deposit deposit
Patient diag§§ IgG 7G1 ~+G2 +G3 7G4 K A
Bil Ch GN 3+ 2+ 3+ 0 34+ 34 tr
Fla GPS 3+ 3+ 24+ 0 3+ 3+ 14+
Gai Ch GN 3+ 3+ 2+ tr 3+ 34+ 3+
San Ch GN 24 1+ 1+ tr 0 tr —
Cip Ch GN 24 24 tr 0 14+ 14 tr
Lyo Ch GN 24 24 2+ 0 24 tr 1+
Ega RPGN 3+ 3+ 1+ 0 3+ 2+ 14
Kin Ch GN 24 tr 0 0 1+ 1+ 0
Gal Ch GN 1+ tr tr 0 tr — —
Dod RPGN 3+ 24 14+ tr 2+ 2+ 24
Vuo Ch GN 34+ 1+ 24 tr 1+ 2+ 2+
Ver Ch GN 24+ 1+ 1+ 0 0 24 1+
McM RPGN 3+ 1+ 2+ 0 0 24 +
Total 13 13 12 4 10 1 10

G and complement component composition of immune deposits and histologic findings
in the nephritides.
* See Table I A.
} See Table I A.
§ See Table I A.
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Deposits of vG

Complement
deposit Prolif* PMN|| Fibrin§ Glom*
Clq C4 C3 Endo Epi GBMt Mes§ Avg/Glom Thrombi Necrosis
0 0 0 1+ 0 0 1+ 0 0 0
0 0 0 tr 1+ tr tr 9 tr tr
tr tr 2+ 1+ 2+ tr tr 18 0 0
0 0 34+ tr tr 3+ 24+ 14 tr 0
0 1+ 24+ 1+ 14+ 2+ 1+ 14 24 0
0 0 tr tr 1+ 14 2+ 11 1+ 0
0 0 3+ — — — — —_ — —
0 0 24 0 tr tr 1+ 15 tr 0
— — — tr 1+ 14 14+ 19 tr 0
tr 0 24 tr + 3+ 1+ 5 tr 0
tr tr 24 tr 1+ 3 tr 9 24 0

tr tr 1+ — — — — — —

4 4 9

** See Table I A.

77 Pathological (path) diagnosis: M, membranous giomerulonephritis; P, proliferative glomeru-
lonephritis; Mix, both membranous and proliferative elements present.

§§ Clinical diagnosis (clin diag): HCGN, hypocomplementemic glomerulonephritis;, Ch,GN,
chronic glomerulonephritis; RPGN, rapidly progressive glomerulonephritis; GPS, Goodpasture’s
Syndrome.

Deposit of vG

Complement

deposit Prolif* PMN| Fibring  Glom**

Clqg C4 C3 Endo Epi GBM{t Mes§ Avg/Glom Thrombi Necrosis

0 0 24 tr tr 1+ tr 4 1+ 0
0 0 0 tr 24 tr tr 2 tr 0
0 0 3+ tr 1+ 24 0 3 0 0
0 0 34 1+ 14+ 1+ 1+ 7 tr 0
0 0 24 1+ tr 1+ 1+ 3 0 0
—_— - — 14 tr 3+ 3+ 2 tr 0
0 0 2+ tr 44 tr tr 22 3+ 14+
0 0 2+ tr tr 1+ 1+ 7 1+ 0
_ = = 0 14+ 14+ 0 2 0 0
0 0 2+ — — — — — — —
+ 0 24 tr 34+ tr 0 2 0 0
1+ 0 14+ tr 1+ 2+ 1+ 10 0 0
0 tr — — — — — — —
3 0 10

|| See Table I A.

9§ See Table I A.
** See Table I A.
§8§ See Table I A.

¥G Subgroups
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TABLE II
Serum vG Subgroup Levels

1gG 1G1 vG2 ~¥G3 1G4
mg/ml % of total serum IgG
SLE patients
Joh, G2 14.8 71.6 88 176 2.0
Sev, vG2 274 90.1 7.3 1.8 0.7
MacD, G4 10.7 73.8 224 28 09
Gry 50.35 735 11.1 575 1.6
Tho 9.8 745  15.3 71 3.0
Ril, yG1 16.1 62.1 342 31 06
Hel 32.5 80.0 14.8 37 15
Patients with granular IgG deposits
Hoo, yG2 18.25 81.6 12.0 5.75 0.5
Buc 9.7 742 165 82 1.0
Car, +G3 7.2 73.6 180 69 1.4
Mor, vG1 11.7 81.2  12.8 43 1.7
Bea 12.0 758  15.0 83 08

Patients with linear IgG deposits

Bil 7.4 82.4 6.75 5.4 5.4
Cip 4.0 61.7 30.9 2.5 4.9
Gai 121 66.9 21.5 6.6 4.95
Kin 15.4 86.3 7.8 5.2 0.6
McM 19.9 72.9 14.6 9.5 3.0
Natvig et al (10) 70.0 18.0 8.0 3.0

Total serum IgG and 4G subgroup levels were determined in
17 patients with glomerulonephritis. The subgroup (in italics
and underlined) represents the dominant subgroup present
on the glomerulus and corresponds to the results tabulated
in Table I A, I B, and I C.

predominant kappa (Riv, Car), or lambda (Mor, Hoo,
Guy, Bea) light chain type.

Complement component deposition. 1 or more of the
3 complement components studied, Clq, C4, and C3,
were present in 9 of the 12 cases. Clq was seen in four
biopsies, C4 in four biopsies, and C3 in nine biopsies.
Four of the biopsies contained C3 only. In contrast to
the kidneys with lupus nephritis, Clq was not present
in any of the biopsies in which ¥G2 was the predomi-
nating or sole subgroup deposited.

Histopathology. Nine biopsies were examined; two
showed predominantly proliferative changes (Buc, Bea),
two showed membranous changes (Riv, Jon), four had
both membranous and proliferative (mixed) changes
(Car, Nat, Guy, Par), and one had minimal mesangial
changes (Hoo). The latter biopsy had a ¥G2 deposit,
and PMN’s were absent from the glomeruli. One pa-
tient (Car) had dominant ¥G3 deposits and had a
lobular glomerular pattern. Otherwise, the glomerular
patterns did not correlate with specific subgroup de-
posits. Most of the biopsies in this group, even those
devoid of Clq, had large numbers of PMN’s in glomeruli.
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GLOMERULONEPHRITIS WITH LINEAR 4G DEPOSITS

¥G subgroup deposition. vGl was found in all 13
biopsies, ¥G2 in 12, ¥G3 in 4, and ¥G4 in 10. There
was no dominant pattern in the heavy chain deposits
except that ¥G3 was generally absent but, when found,
was present in small amounts (Fig. 3). vG4 was present
in larger amounts in biopsies with linear deposits than
in those with granular or lumpy deposits (Fig. 3).

Complement component deposition. C3 was found in
10 of the 11 biopsies studied. Weak deposits of Clq were
found in three biopsies, of which one case had rapidly
progressive glomerulonephritis (McM), and two cases
had chronic glomerulonephritis.

Histopathology. 11 biopsies were examined; 3
showed proliferative lesions (Fla, Ega, Vuo), 4 had
membranous lesions (Gai, Lyo, Kin, Gal), and 3 had
mixed lesions (Bil, Sau, Cip). Biopsies with heavy
deposits of ¥G4 (Bil, Fla, Gai, Lyo, Ega) tended to
have few neutrophile leukocytes in glomeruli.

Serum yG subgroup levels

(See Table II) G subgroup levels were measured
in seven patients with lupus nephritis, five with nephritis
with granular vG deposits, and five with nephritis with
linear ¥G deposits. The normal level of total serum
vG in our laboratory is 12-18 mg/ml (14). Hypergam-
maglobulinemia was found in four patients with lupus
nephritis (Sev, Gry, Ril, Hel), one patient with lumpy
G deposits (Hoo) and one patient with linear vG de-
posits (McM). Hypogammaglobulinemia was seen in
one patient with granular and lumpy 7G deposits (Car)
and two patients with linear G deposits (Cip, Bil).
The selective glomerular deposit of a dominant sub-
group in four patients with lupus nephritis, and three
patients with granular and/or lumpy deposits did not
reflect any selective increase in the serum concentration
of the corresponding subgroup on the patient’s glo-
merulus.

DISCUSSION

Human +G comprises four subgroups which differ in
the structure of their gamma heavy chains. These sub-
groups vary in their concentration in serum as well as
in their synthetic and catabolic rates and in certain bio-
logic properties (10, 15). For example, ¥Gl and ¥G3
fix complement well, ¥G2 fixes complement poorly, and
¥G4 does not fix complement (16, 17). This variability
in complement fixing properties of the ¥G subgroups
may have special relevance with respect to the occurrence
of glomerular inflammation in nephritis. Ward and
Cochrane have shown that the fixation of complement
and the generation of leukocyte chemotactic factor are
important to the development of the lesion of experi-



FiGUrRe 4 The linear deposition of ¥G4 along the GBM. A heavy uninterrupted de-
posit of the immunoglobulin strongly suggestive that the ¢G4 has antiglomerular
basement membrane activity, is noted in patient EGA’s biopsy.

mental nephrotoxic glomerulonephritis and the Arthus
phenomenon (18, 19). The induction of nephrotoxic
nephritis using avian antiserum, which does not fix com-
plement, is not associated with PMN accumulation in
the glomeruli (20). It is therefore possible that the sub-
group composition of a given antibody which becomes
deposited on the GBM in human glomerulonephritis will
elicit a variable inflammatory response depending upon
its ability to fix complement.

In the present study, the deposition of ¥G subgroups
on the GBM differed from the relative amount of each
subgroup found in normal serum: ¥Gl =70%, vG2=
18%, vG3 = 8%, and vG4 = 3% of the total vG (10).
Absence of a particular subgroup in the glomerular de-
posit did not reflect an abnormality in the serum con-
centration of the subgroup. This observation infers that
v¥G deposits in glomerulonephritis are selective and sup-
ports the likelihood of their antibody nature.

Patients who had lumpy or granular deposits of G,
which suggest an immune complex pathogenesis, tended
to have selective deposits of ¥G composed of a single
or dominant subgroup. Thus, four patients with lupus
nephritis, three patients with chronic glomerulonephri-
tis, and a case of luetic nephrosis had deposits that
were almost entirely composed of ¥G2. The ¥G2 de-
posit in the latter case was not associated with detectable
Clq, C4, or C3. In addition, there were no neutrophile
leukocytes present in the glomerulus in this biopsy.
The inability of the ¥G2 deposit in this case to fix com-
plement in vivo or to be associated with leukocyte infil-

tration would appear to correlate well with the poor in
vitro complement—fixing properties of this subgroup (16,
17).

The pattern of deposition of complement components
Clq, C4, and C3 differed in patients with lupus nephri-
tis as compared to patients who had other forms of
nephritis associated with granular ¥G deposits. Clq was
seen more frequently in lupus nephritis than in other
nephritides and the deposition of this component, which
is capable of interacting with ¥G (17), was not neces-
sarily accompanied by the detection of the later com-
ponents, C4 or C3. In contrast, patients with other forms
of nephritis had little Clg in the glomerulus but had C3
associated with the immune deposit. Perhaps the immune
complex involved in lupus nephritis has a greater
affinity for Clq than do complexes in other nephritides
regardless of the antibody heavy chain class. The glo-
merular deposit in lupus nephritis has been shown to con-
tain DNA (3) which is capable of interacting with Clq
in vitro in the absence of immunoglobulins (21).

Patients with the linear deposition of ¥G along the
glomerular basement membrane, characteristic of the
nephritis associated with anti-GBM antibodies, did not
tend to selectively deposit an individual heavy chain
subgroup. On the contrary, large amounts of vGl, vG2,
and YG4 were present in the majority of these patients.
However, ¥G3 was either absent or present in only
trace amounts in these linear deposits. It is possible
that this paucity of ¥G3 deposits reflects the increased
catabolic rate of this protein (15). However, the selec-
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tive absence of a subgroup may also bear relevance with
respect to the immunizing antigen. Yount, Dorner,
Kunkel, and Kabat (22) have presented evidence that
the 7G heavy chain subgroups making up a given anti-
body may be determined by the chemical makeup of
the antigen. Thus, anti-A isoagglutinins and anti-tetanus
toxoid antibodies were predominantly v¥Gl, while anti-
bodies to dextran and teichoic acid were ¥G2. The latter
observation, that polysaccharide antigens elicit vG2
antibodies, may also have relevance in lupus nephritis,
insofar as lupus patients form antibodies which react
with nuclear glycoprotein (23). An additional observa-
tion which relates to the selective functional difference
in ¥G3 heavy chains has been made by Kronvall and
Williams (24), who showed that antistaphylococcal
protein A activity is found in ¥G1, ¥G2, and ¥G4 mye-
loma proteins and not in ¥G3 myeloma proteins. The
relevance of this observation to antibody formation or
deposition is not clear at present.

As ¥G4 does not fix complement (16, 17), the presence
of large amounts of ¥G4 in some glomerular deposits,
particularly in cases with linear deposits, (Fig. 4) sug-
gests that renal damage may occur through mechanisms
independent of complement-mediated leukocyte chemo-
taxis. The induction of proteinuria in experimental
nephrotoxic nephritis using avian antisera demonstrates
that glomerular damage can occur in the absence of com-
plement-fixing antibody (20). The recent observation
that some patients with focal glomerulonephritis may
have deposits of only immunoglobulin A, which does not
fix complement, further suggests that another non-
complement-fixing antibody may also have a pathogenic
role in nephritis (25). The relative absence of neutro-
phile leukocytes in patients with linear deposits may
thus relate to the presence of either large amounts of
noncomplement-fixing antibody or the absence of vG3
antibody.

Our results indicate that the ¥G which is present in
glomerular deposits of patients with nephritis has a
restricted gamma heavy chain subgroup composition.
The variation in biological properties of these subgroups
may account for differences in the inflammatory reaction
that occurs in the glomerulus and this may reflect upon
the severity and clinical outcome of the renal disease.
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