
Diminished Synthesis of Immunoglobulin by
Peripheral Lymphocytes of Patients with
Idiopathic Membranous Glomerulonephropathy

BOON S. OOI, YUET M. Ooi, ANGELA HSU, and PAUL E. HURTUBISE, Division of
Nephrology, Department ofMedicine, and Imtmunology Laboratory, Department
of Pathology, University of Cincinnati Medical Center, Cincinnati, Ohio 45267

A B S T R A C T Some studies of animal models of
serum-sickness nephritis have shown that the lesions
ofmembranous nephropathy develop in animals exhib-
iting a poor antibody response to the administered
antigen (if given in constant amounts). It is postulated
that patients with idiopathic membranous nephropathy
may share a similar characteristic, namely, a dimin-
ished capacity to produce sufficient amounts of anti-
body. To test this hypothesis, we examined the ability
of lymphocytes isolated from 11 patients with this
disorder to produce immunoglobulin (Ig)G and IgM on
stimulation with a polyclonal B-cell activator, poke-
weed mitogen. The peripheral blood lymphocytes (2
x 106 cells) from 24 normal individuals had geometric
mean production rates of 1,779 ng for IgG, and 2,940
ng for IgM after 7 d of culture in the presence of
pokeweed mitogen. By contrast, under identical condi-
tions, lymphocytes from the 11 patients with membra-
nous nephropathy produced significantly lower quanti-
ties of both immunoglobulins, with geometric mean
concentrations of 511 ng for IgG and 439 ng for IgM.
When lymphocytes from patients with membranous
nephropathy were co-cultured with normal lympho-
cytes, the production of immunoglobulin by normal
lvmphocytes was depressed by 22-82%, suggesting that
a population ofsuppressor cells was responsible for this
disturbance in B-cell function. By co-culturing normal
lymphocytes with patient lymphocytes depleted of
either T cells or monocytes, the suppressor cell was
identified as a monocyte.

INTRODUCTION
Idiopathic membranous glomerulonephropathy is a
form ofnephritis distinguished by the following charac-
teristics: clinically, by an indolent course with gradual
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deterioration of renal function (1); pathologically, by
the presence of subepithelial electron-dense deposits
that, from animal studies, represent putative immune
complexes formed in large antigen excess or recipro-
cally antibody deficiency (2); and immunopathologically,
by the presence of granular deposits of immunoglob-
ulin and complement in the glomerulus (3), giving
further corroboration to the notion that this disorder
arises from the entrapment of circulating immune
complexes in the kidney. Of importance is the fact
that current assays have not been able to demonstrate
the presence ofcomplexes in the sera ofa large number
of such patients (4, 5), suggesting that this may be
a disease characterized by low levels of complexes.
This is in contrast to other types ofglomerular disorders
with either mesangial proliferation of fibrin deposition
(6, 7). (Alternatively, the lesions of membranous
nephropathy may result from other immunopathoge-
netic mechanisms, such as in situ immune complex
formation [8-11], as has been demonstrated for some
models of nephritis.) Studies that have identified the
presence of such complexes in the sera of a subpopula-
tion of patients with this form of the disease, namely
those with a concurrent renal vein thrombosis (12), and
in the sera of occasional patients with this disorder
(13), attest to the potential role of circulating immune
complexes in the genesis of the renal lesion.
We propose a hypothesis that accounts for the distinc-

tive abnormalities of this disease-that whatever the
inciting etiologic agent, there is a defect in the ability
of the host to mount an effective antibody response,
leading to complexes being formed in large antigen
excess, resulting in small-sized complexes that have
been found in the serum of animals developing mem-
branous nephropathy in the model of chronic serum-
sickness nephritis (2). Further, because the available
amount of antibody would be small, the concentrations
of complexes generated would be correspondingly re-
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(lIicedl. The postulate that patients with membranous
nephropathy have a (lefective antibody response also
provides a rationale for the alternative mechanism
of renail injury, namilely, int sitlu immune complex
formation; the reduced antibody concentrations would
facilitate anitigen implanitation in the glomerulus,
allowing local formatioin of antigen-antibody com-
plexes. To test the validity of this hypothesis, we have
examiinied the ability of peripheral blood lymphocytes
of these patients to produce immunoglobulin in response
to a polyclonal B-cell activator, pokeweed mitogen
(PWM).' We report here the finding that lymphocytes
from patienits with imemiibranous nephropathy have a
(diiiiiislhedl capacity to produce immunoglobulin when
culture(d in the presence of PWM. This defect is
apparenitly the result of the presenice of a population

Abbreviation nise(l in this paper: PWM, pokeweed mitogen.

of suppressor cells that can inhibit the production of
immunuioglobulin by the normal cells andl wlhose activity
can be demonstrated by co-culture with normal lym-
phocytes. This suppressor cell has been identified as a
monocyte.

METHODS
Patietnt selectioni. 11 patients, ages 17-62 yr, with a rencal

histological dliagnosis of membranous glomerulonephropathv
as defined by standard criteria, were studie(l (14). The
biopsies showed diffuse membranous thickening with spikes
after staininig with the silver methanamiinie reagent, granular
deposits of imimunoglobtilin, complemenit (C3) in onlv
glomerular capillary loops by immnunofluorescence, anid sub-
epithelial electron-dense deposits on electronmicroscopv.
Durinig the perio(d of study, nonie of the patients had clinical
or serologic evidcence of syphilis, hepatitis, systemic lupus
erythematosus, or canicer. None of the patients had received
any immnunosuppressive clrugs (inclu(ling steroids); the onlv
imedicationi being taken was furosemide. Their clinical andl

TABLE I
Clitiical antd( Laboraltoryl Data of Patientts wvith Memibran0ous Neph ropa thy antd of Nephrotic Conttrols

PWNM-stimllulated
in nitimuoglobtilin

Serumii illlllutinlo- produce(d in cutltture
globtulinis b)V PBL*

Sertumii Sertumll 24 h proteini
Patienit Age Sex creatiniine albumin exeretioni IgG 1gM IgG IgM

yJr ,,ng1lon10 ,l g1100 nl g124 h Ing1lOO ,,l ,g2 x 1O(6 PBL

Membranous nephropathy
1 17 F 8.0 2.9 NDt 580 45 710 684
2 57 F 7.8 3.0 ND 625 47 778 220
3 40 M 1.4 2.6 10.3 583 110 389 541
4 62 F 1.3 2.9 4.5 492 92 745 396
5 61 F 2.1 3.1 5.9 465 55 583 242
6 62 M 2.0 3.0 3.2 427 87 601 541
7 46 M 1.0 2.2 7.4 423 71 256 655
8 40 F 1.2 2.8 5.0 362 50 333 702
9 56 F 0.8 3.2 2.4 456 87 488 286
10 41 M 1.3 2.5 ND 380 57 674 770
11 42 M 1.2 2.8 6.5 197 152 398 198

Nephrotic controls
12 56 M 2.1 2.4 4.8 560 73 1,463 1,975
13 32 M 0.8 1.8 7.4 101 332 2,027 2,407
14 35 M 2.5 3.0 4.6 677 85 1,398 1,862
15 55 F 3.2 2.8 5.1 450 90 1,897 4,504
16 55 M 3.9 2.9 3.5 560 130 1,385 1,907
17 16 M 0.9 1.8 15.0 452 177 1,876 3,507
18 53 M 4.8 3.0 4.8 356 100 922 1,590
19 35 M 2.1 3.1 4.1 404 280 2,846 4,031
20 18 M 0.8 2.1 8.6 281 165 804 1,612
21 63 F 3.8 3.2 3.6 685 110 901 1,560

Normal range for serum immunoglobulins (geometric mean+2 SD) = IgG 560-1,509 mg/100 ml, IgM 49-261
mg/100 ml. Renal histological diagnosis for nephrotic controls: diabetic nephropathy, patients 12,14,15,16,19,21;
lipoid nephrosis, patients 17, 20; focal glomerulosclerosis, patient 18; diffuse proliferative glomerulonephritis,
patient 13.
* PBL, peripheral blood mononuclear cells.
ND, not done.
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laboratory characteristics are detailed in Table I. 24 healthy
subjects matched for sex and age were used as controls. Addi-
tionally, two disease control groups were studied: 10
patients with the nephrotic syndrome (nephrotic controls)
as a result of a variety of glomerular diseases, and another
10 patients with varying degrees of chronic renal failure,
as uremiiic controls. Their clinical and laboratory features
are suimmarize(d in Tables I and LI. The mean ages of the
three groups were: memiibranous nephropathy 47.6 yr, ne-
phrotic controls 41.8 yr, uremic controls 56.5 yr. There were no
signiificant differences between the mean ages of the patients
with membranous nephropathy compared with each of the
other two groups. Four patients with membranous nephrop-
athy were evaluatedl on two occasions other than the initial
evaluation.

A.ssai1 sijsteni for iniiitinnnoglobulitn (Ig)G antd IgM produced
biy Ijoinphoclte.s in culture. This is the method described
by XValdmani et al. (15). Lymphocytes were isolated from fresh
heparinized blood (20 U preservative-free heparin/ml of
blood) by Ficoll-Hypaque density gradients (Pharmacia Fine
Chemicals, Div. of Pharmacia Inc., Piscataway, N. J.) by the
method of Boyum (16). Preparations were 90-95% viable
as assessed by trypan blue dye exclusion. The lymphocytes
were washedl exhaustively with balanced salt solution con-
taininlg 5% heat-inactivated fetal calf serumil. The last wash

was saved and found to be free of measurable imlniuno-
globulin. The cells, at a concentration of 2 x 106 lyimlplho-
cytes/ml in RPMI-1640 medium (Grand Islandl Biological
Co., Grand Island, N. Y.) supplemented with 2 mM glutaminie,
10% decomplemented fetal calf serum, 100 U/ml penicillini,
and 100,g/ml streptomycin, were incubated in the presenice
of 0, 5, 10, and 20 ,ul PWM at 37'C in a 5% C02-humllidifie(d
atmosphere in 13 x 100-mm plastic culture tubes (Falconi
Labware, Div. of Becton, Dickinson & Co., Oxnarcl, Calif). A
maximum response was obtained with 10 ul of PWM andl
results are expressed using this concentration of PWM. At the
end of 7 d, culture tubes were centrifuged at 2,500 rpmii for 10
min. The amount ofIgG or IgM secreted into the culture mne(lia
was determined by a double-antibody radioimmunoassav
previously described (17). The antisera used dicl not show
cross-reactivity as assessed by immunoelectrophoresis and(
immunoprecipitation with labeled antigen, precipitationl
occurring only with the respective antigen-specific antiserum.
1-mg aliquots of IgG or IgM were labeled with 2-3 mCi 1251
using a chloramine-T procedure. The dilution of rabbit anti-
IgG or anti-IgM that would bind 60% ofan appropriate amount
of labeled antigen was found. Antigen-antibody titration
curves were constructed over an antigen range of 100-1,000
ng of immunoglobulin and 1:10-1:1,000 dilution of antisera.
Twice the equivalent amount of goat anti-rabbit gammllea

TABLE II
Clintical acnd Laboratory Data of Patients with Chronic Renal Failure

PWM stimulatedl
immiiunioglobulin

produced in culture
by PBL*

Serumii Serum
Patienit Diagniosis Age Sex creatiniine albumin IgG IgM

yIr ,,ng1lon10 mtil gIlOO ml ng12 x 106 PBL

1 Diabetic 42 M 11.1 2.8 2,797 4,796
nephropathy

2 Hypertensive 64 M 9.6 6.1 1,874 3,351
nephrosclerosis

3 Polycystic 63 M 10.2 4.2 1,896 4,040
kidneys

4 Hypertensive 62 M 8.9 3.9 855 1,017
nephrosclerosis

5 Diabetic 56 F 7.1 3.8 1,884 2,371
nephropathy

6 Diabetic 68 M 10.0 3.6 1,972 3,032
nephropathy

7 Hypertensive 62 F 6.5 3.6 1,821 1,832
nephrosclerosis

8 Polycystic 46 F 13.2 4.2 1,107 1,613
kidneys

9 Polycystic 40 F 4.0 4.6 1,361 3,510
kidneys

10 Diabetic 62 F 7.6 3.1 1,587 2,235
nephropathy

* PBL, peripheral blood mononuclear cells.
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globulin was used to precipitate the rabbit immunoglobulin.
In the actual procedure, 0.05 ml of culture supernate (or
standard) and 10 ng of labeled antigen were adlded to an equal
volume of anti-IgG or anti-IgM at room temperature for 3 h.
Then 0.05 ml of goat anti-rabbit gammiiiia globulin was added
with further incubation for 15 h at 4°C when 1.0 ml of 0.01 M
Tris buffer pH 7.4 was pipetted to each tube. Tubes were
centrifuged at 2,000 g for 20 min at 40C with recovery of the
pellets for counting. The binding of labeled imtmunoglobulin
could be inhibited up to 90% by cold-specific immunoglobulin.
When 90-95% of the added amount was detected, recovery
experimiients were also performecl using knowtv amounits of
immunoglobulin.

Additionally, supernates of cell cultures from normal sub-
jects and from patients with membranous nephropathy were
assayed for immunoglobulin concentration by a solid phase
fluorescence immunoassay (Immnuno-Fluor, Bio-Rad Labora-
tories, Richmond, Calif.) previously described in detail (18).
The reagents consist of derivatizedl polyacrylamide beads
covalently coupled to rabbit anti-humani heavy-chain specific
antibody and a soluble fluorescein-conjugated mnonospecific
anti-human heavy-chain antiserum. 10-,u aliquots of culture
supernate (or standard supplied by the manufacturer) were
added to 12 x 75-mm borosilicate glass tubes, followed by
1.0 ml of the reconstituted solid-state immunoabsorbent
(Immunobead, Bio-Rad Laboratories) with mixinig. The tubes
were incubated at 37°C for 1.5 h. A 50-,ul aliquot of the
appropriate antisera was then added to each tube with further
mixing. The sample was incubated at 370C for another hour.
The tubes were centrifuged at 1,700 g for 8 min; the supernate
was decanted and the precipitate washed with 3 ml phosphate-
buffered saline. The tubes were again centrifuged, supernates
removed, and the precipitate resuspended in 3.0 ml phos-
phate-buffered saline; fluorescence in each sample was deter-
mined in a spectrofluorometer (Aminco-Bowmnani American
Instrument Co., Silver Spring, Md.) using filters at excitation
wavelength of 485 nmn and emission wavelength of 525
nm. Corrected relative fluorescence equals the value
of the sample minus the reading of the reagent blank. The
amount of bound fluorescent antibody is directly proportional
to the amount of antigen absorbed by the solid-state reagent.
The immunoglobulin concentration of the sample wvas cleter-
mined from the standard curve. Values obtained by this assay
and the radioimmunoassay gave highlv significant correla-
tions: IgM, r = 0.98, P < 0.01; IgG, r = 0.97, P < 0.01.

For co-culture experiments, the techniques described by
Broder et al. (19) were used. Using identical conditions as
described above, an equal number (1 x 106) of lymphocytes
from both normals and patients with membranous nephrop-
athy were co-cultuired in the presence of 10 ,ul of PWNM.
The results were expressed as percent of expected immnuno-
globulin (Ig) produced by cells in co-culture:

Amount of Ig produced by cells in co-culture
x 100.

1/2 x (sum of Ig produced by cells of each
individual culture separately)

Percent suppression of immunoglobulin produce( = 100 -
percent of expected immunoglobulin produced by cells in
co-culture. 10 experiments were done using lymphocytes as
controls from paired normal subjects. Co-cultures were also
done using lymphocytes from uremic and nephrotic control
patients mixed with normal lymphocytes. Cultures were also
performed using 2 x 106 lymphocytes from each subject
(4 x 106 cells in 2 ml of mediumn) with similar results. All
experiments were done in duplicate, incorporating control
and patient samples in each run.

Evaluatiotn of the suppressor cell. To determine whether
the suppressor cell was a mononuclear phagocyte cell or a
T cell, or both, cultures and co-cultures were done con-
currently, using lymphocytes depleted selectively of each cell
type. To remove phagocytes, lymphocytes were prepared bv
prior incubation of 50 ml of blood with 250 mig sterile
carbonyl ironi powder (Gallard-Schlesinger Chemical Mfg.
Corp., Carle Place, N. Y.) at 37°C for 30 min in 5%
CO2 with continuous agitation. Iron-ingested cells were
removed by differential centrifugation using Ficoll-Hypaque
gradients. The resultant lymphocyte preparations contained
<1% monocytes, as assessed by latex particle ingestioni and
morphology (20).
Lymphocytes were depleted of T cells by removing sheep

erythrocyte receptor-bearing lymphocytes in Ficoll-Hvpaque
density gradienits (17). Plastic tubes containing 0.5 ml of
5 x 106 lymphocytes/mI suspension were incubated with an
equal volume of 0.5% sheep erythrocytes for 5 min at 37°C.
Mixtures were centrifuiged at 200 g for 5 min, followed
by incubation for 4 h at 4°C. The erythrocyte-lymphocyte
pellets were dispersed, pooled, and layered onto a Ficoll-
Hypaque mixture (three parts 9% Ficoll and two parts 35%
Hypaque). Centrifugation was done at 400 g for 40 min, and
cells removed from the interface. The procedure was repeated
with these cells and a B-cell-enriched fraction was obtained
containing about 1-3% erythrocyte rosette-forming cells as
determined by re-rosetting with sheep erythrocytes. Later
experiments were done usinig the procedure described by
Saxon et al. (21), pretreating sheep erythrocytes with 2-
aminoethyl-isothiouronium bromide hvdrobromide.

()ta(ntitatiotn of peripheral blood mononut clear subpoputla-
tions. T cells were identified by their ability to form rosettes
with sheep erythrocytes (22), B cells by their ability to form
rosettes with sheep erythrocytes sensitized with IgM antibody
and mouse (C3) number 3 (23). Monocytes were identified by
morphology and by latex particle ingestion. These determina-
tions were done in seven patients.

Mfeasuremnenit of seruml iimmiunoglobtulitns. This was done
by radial immuniodiffusioni (24) usinig comimiiercial anitisera
(Calbiochem-Behring Corp., La Jolla, Calif.) anid stabilized
human serum (Calbiochem-Behring Corp.) as a standardl. All
experiments were dlone in duplicate.

Statistical atnalylsis. Statistical analysis was performe(d by
t test.

RESULTS

Serumiii i)lul ntoglobulini levels. The geomiietric imeans
for serumLl immilunioglobulin levels in patienits with imem-
branous nephropathy were 436 mg/100 ml for IgG ancd 72
mg/100 ml for IgNM. The levels were significantly lower
when compared with the geometric means of normual
subjects: 919 mg/100 ml for IgG (t = 6.8, P < 0.01),
114 mg/100 ml for 1gM (t = 3.0, P < 0.01; Table I). For
nephrotic control patients (Table I) the geometric
means were 406 mg/100 ml for IgG and 136 mg/100 ml
for IgM, the former value being significantly lower than
the normal geometric mean (t = 4.4, P < 0.01).

Enutmerationi of peripheral blood miontonuclear cell
subpopulations. The values (mean-+-SE) for seven
patients were 75.6+1.6% for T cells, 17.4+2.6% for B
cells, and 10.3 ±0.7% for monocytes. These were within
the normal ranges observed: T cells 63-78%, B cells
5-21%, monocytes 6-17%.
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FIGURE 1 Quantities of IgG and IgN4 produced by 2 x 106
peripheral blood lymphocytes after 7 cd culture in the presence
of 10 Al PWM. Four groups of subjects vere studied: 24
healthy controls, 11 patients with membranious nephropathy,
10 patients with chronic renal failure, and a similar niumber
with miscellaneous forms of renal disease. The group with
membranous nephropathy produced significantly lower amnounts
ofIgG and IgM compared with the control group. Results show
the geometric mean concentrations in nanograms ±1 SD.

In vitro sylnthesis of IgG and IgM by peripheral
blood lymphocytes Fig. 1. The geometric means of
immunoglobulin production of normal subjects were

1,779 ng for IgG and 2,940 ng for IgM (per 2 x 106
cells after 7 d culture in the presence of 10 ul PWM).
The peripheral blood lymphocytes of patients with
membranous nephropathy produced significantly lower
amounts of both immllunoglobulins, having geometric
meanis of 511 ng for IgG (t =9.7, P < 0.01) and 439 ng
for IgMl (t = 10.3, P < 0.01). This defect in immunio-
globulin production was persistent in the four subjects
tested on two conisecutive occasions at monthly intervals.
Lymphocytes from uremic patients and nephrotic

control patients produced geometric mean concentra-
tions of 1,636 and 1,442 ng IgG, respectively; the
corresponding values for IgM for each group were
2,536 and 2,308 ng. These were not significantly dif-
ferent compared with normal values. The individual
values of the patients are given in Tables I and II.

Co-cuilti re experiments. To determine whether
circulating suppressor cells were responsible for this
defect in immiiuinoglobulin production, co-culture ex-
perimenits were done. The results are shown in Table
III. In experiments done with mixtures of lymphocytes
from the patients with membranious nephropathy and
normal subjects, percent suppression ranging from
41 to 81% was observed for lymphocytes from 10
patients with regard to IgG production; lymphocytes
from all 11 patients dlemonstrated significant suppress-
ing capacity for IgN1, ranginig from 22 to 82%. In 10
co-culture experiments with lymphocytes from normiial
subjects, the percent suppression did not exceed 10%
for IgG and 7% for IgM. The results of co-cultuire
experiments between normal lymphocytes ancd cells

TABLE III
Suppressiotn of In}l munl oglobuilini Pro(diuctiont of Normai(il Peripheral Blood Li inphoclqtes

hil Lymphoci tes fromti Patient.s wcit/h lembranious Nephropathyl

IgG ng/2 x 10; lymphocytes 1g\1 ng/2 x 106 lynphocytes

Experi- Patienit Patienit
ment Norimial Patienit + niorimial Inhibition Norimial Patienit + niorimial Inihibition

17c %

1 1,898 710 722 45 1,260 684 756 22
2 2,054 778 445 69 1,365 220 176 78
3 1,855 389 599 47 3,520 541 486 76
4 855 745 252 41 1,968 396 573 52
5 2,797 583 1,562 8 1,980 242 435 60
6 1,021 601 426 48 1,760 541 512 55
7 2,054 256 223 81 2,874 655 527 70
8 2,254 333 522 60 2,068 702 254 82
9 1,454 488 556 43 3,438 286 507 73
10 3,175 674 604 69 4,466 770 1,716 34
11 2,132 398 653 48 3,164 198 624 63

Normlal lynmphoeytes (1 x 106 cells) wvere mixed with an equal numilber of lymphocytes from 1l patients wvith mlemi-
branous nephropathy and cultured for 7 d in the presenice of 10 ,ul of P\V\I. The percenit inhibition of expectedl
immunoglobulin production was calculate(d as (lescribed in Methods. 10 control co-cultures vere clone usinig
lynmphocytes from pairs ofnormal subjects. Percent inhibition did not exceed 10% for IgG and( 7% for 1gM in colntrol
experiments.
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from nephrotic control patients are shown in Table IV.
Suppressive activity did not exceed 8% for IgG and
7% for IgM. Lymphocytes from five uremic subjects
tested did not exhibit significant suppressive activity:
9% for IgG and 8% for IgM.
Experiments using fractionated lymphocytes to

determine the identity of the suppressor cell. The
results are shown in Table V. When normal lympho-
cytes were co-cultured with patient lymphocytes sub-
tracted of T cells, suppression was maintained at the
same level as with unfractionated lymphocytes. How-
ever, when monocytes were removed, the suppressive
activity was completely abolished. Additionally, in two
experiments, when patient lymphocytes (2 x 106 cells)
were depleted of monocytes and cultured alone, the
production of immunoglobulin rose, in one case, from
410 to 1,412 ng IgG and, in the other case, from 387 to
1,760 ng IgG. In comparison, the results of culture and
co-culture experiments using lymphocytes from ne-
phrotic control patients are shown in Table VI. No
significant increase in immunoglobulin production
resulted from the removal ofmonocytes in these experi-
ments.

DISCUSSION

The present study clearly delineates a defect in the
ability of peripheral blood lymphocytes from patients
with membranous nephropathy to produce normal
amounts ofIgG and IgM on stimulation with PWM. The
defect was not related to either the renal functional
status of the patient or the nephrotic state per se
because control experiments done with lymphocytes

from patients who were either uremic or nephrotic did
not reveal similar findings. Additionally, investigations
by others have shown normal immunoglobulin synthe-
sis by lymphocytes from patients with lipoid nephrosis
(25). The inability of peripheral blood lymphocytes
from patients with membranous nephropathy to
produce adequate amounts of immunoglobulin was
shown to be the result of a population of suppressor
cells whose activity could be demonstrated, when
normal immunoglobulin production was suppressed,
by co-culturing with normal lymphocytes. By mixing
experiments using lymphocytes depleted selectively of
either T cells or monocytes, identification of the
monocyte as the suppressor cell was established.
Suppressor activity was nullified only with removal of
monocytes. From studies of patients with multiple
myeloma and sarcoidosis (17, 26), there is precedent for
the monocyte as a suppressor cell. The monocyte has
been found to elaborate a variety of immunoregulatory
substances, some of which inhibit lymphocyte func-
tion (27).
The significance of these observations relates to the

partial validation of the hypothesis proposed. The
restrictions on the interpretation of the data are ac-
knowledged. The function of only one pool of lympho-
cytes is being tested. Although PWM has been used
previously to explore the cellular aberrations of
patients with a variety of immune disorders (15, 17, 19,
26,28-32), there is only limited information to indicate
that a defective B-cell response to this substance is
paralleled by a diminished response of these cells to
antigenic challenge (17). It is also apparent that the
demonstration of a poor antibody response to antigen-

TABLE IV
Results ofCo-Culture Experiments between Lymphocytesfrom Normal Subjects and Nephrotic Control Patients

IgG ng/2 x 106 lymphocytes IgM ng/2 x 106 lymphocytes

Experi- Patient Patient
ment Nonrmal Patient + normal Inhibition Normal Patient + normal Inhibition

1 2,132 1,463 1,840 -2 3,164 1,975 2,781 -10
2 1,998 2,027 1,901 6 3,892 2,407 2,973 6
3 2,054 1,398 1,856 -8 3,322 1,862 2,436 6
4 1,454 1,897 1,862 -11 1,980 4,504 3,092 -5
5 1,687 1,385 1,384 -10 2,420 1,907 2,346 -9
6 1,504 1,876 1,819 -8 2,874 3,507 3,040 5
7 2,087 922 1,384 8 4,092 1,590 2,654 7
8 1,974 2,846 2,650 -10 2,940 4,031 3,821 10
9 1,980 804 1,451 -5 3,366 1,612 2,815 6
10 2,797 901 1,751 6 5,412 1,560 3,712 -7

For 7 d, in the presence of 10,l PWM, lymphocytes (1 x 106 cells) from normal persons were cultured with an equal
number of cells from patients with various forms ofrenal disease. Percent inhibition was calculated as described in
Methods. Negative percentages denote that the amount of immunoglobulin produced exceeded the amount
expected.
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TABLE V
Effect of Cell Subpopulatiots from Patientf.s wiith Memnbranous Nephropathli ot Suppression

of I In unog11,lobulini Pro(dnc tionI b1, PVAI-.sti,tntlate(d Li mphociltes of Normtial Subjects

PWMI-stimuulated Ig pro(lutce(l
Sotirce of Stippressor cell in ctilture by, PBL*

Responder suppressor fractioi
cells cell (leplete(d of IgG Ig-M Stippression

ng/2 x 10' cells %r

PBLN 1 1,584
MIGN patienit 2t 183

PBLN1 SMGN patienit 2 Uinfractioniated 272 69
PBLN1 IMGN patienit 2 E-RFL depleted§ 216 75
PBLN 1 MGN patient 2 MIonocyte deplete(d 1,812 -105
PBLN2 2,242

MGN patienit 3 246
PBLN2 MIGN patient 3 Unfractioniated 460 63
PBLN2 XIGN patient 3 E-RFL depleted 405 67
PBLN2 MIGN patient 3 Monocyte dlepletedl 2,455 -94

PBLN3 3,514
MIGN patieint 7 420

PBLN3 MGN patienit 7 Unfractioniated 340 82
PBLN3 MGN patienit 7 E-RFL dlepleted 410 79
PBLN3 MGN patient 7 Monocyte dlepleted 2,816 -44

PBLN4 1,762
XIGN patient 9 289

PBLN4 MIGN patieint 9 Unfractioinated 410 60
PBLN4 XIGN patieint 9 E-RFL (lepleted 503 51
PBLN4 MIGN patienit 9 Monocyte depletedl 1,611 -57

For 7 d, in the presenc e of 10 jul PWVM, lymphocytes (1 x 106 cells) fromn normal persons were cultured
vith an e(qual nuimiber of cells from patients with membranous nephropathy. Percent inhibitioni was
calculated as described in Methods. Negative perceintages denote that the amiiouint of immunwliioglobulin
prodluced exceeded the amount expected.
* PBL, peripheral bloo10 moinoniuclear cells.
t \IGCN, membranous glomerulonephropathy.
§ E-RFL, ervthrocvte rosette-forming lymphocytes.

specific challenge would be the critical observation.
However, the nature of the antigen(s) in this form of
progressive glomerulon-ephritis is unknown, and the
relative unresponsiveness of lymphocytes to a poly-
clonal B-cell stimulation with PWM provides reason-
able evidence ofa B-cell defect in these patients. These
findings are consistent with the pathogenetic mecha-
nisms responsible for the production of membranous
nephropathy in one of the animal models studied,
namely, chronic serum-sickness nephritis.

In chronic serum-sickness nephritis, the classic
studies of Dixon et al. (33) clearly demonstrate that only
rabbits exhibiting a poor antibody response to the
inciting antigen would develop progressive renal
disease. These observations were extended by Ger-
muth and Rodriguez (2) who related the morphologic
expression of nephritis to the size of the circulating
immune complex and showed that membranous nephrop-
athy occurred in animals developing a very poor anti-

body response, allowing the production of small-sized
immune complexes formed presumably in large anti-
gen excess. The results of another study provide addi-
tional support for Germuth's hypothesis. In an in-
vestigation using the active serum-sickniess nephritis
model, the serum of the single animal developing
membranous nephropathy was shown to contain an
immune complex of relatively small size (34). Paren-
thetically, it must be stated that the size of the
antibody response exerts a critical role only when con-
stant doses of antigen are given to the animal (35).
The ratio of antigen to antibody is the more critical
determinant (35). Other properties of either the antigen
(such as its valence) or the antibody (affinity for the
antigen) have also been shown to be important in deter-
mining the localization ofcomplexes in the glomerulus,
probably by influencing their size (36). Clinically,
patients with lupus membranous nephropathy have
been shown to be associated with nonprecipitating
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IABLE VI
Effect of Monocyte Depletion on PWM-stimulated Immunoglobulin Production by Lymphocytes

from Nephrotic Control Patients during Culture and Co-Culture with Normal Lymphocytes

PWM-stimulated Ig
produced in culture

by PBL*
Experi-
ment Patient cells Nonnal cells IgG IgM Suppression

ng/2 x 106 cell %

1 Patient 2 2,250
2 Patient 2-monocyte depleted 2,025 11
3 Normal 1 2,033
4 Patient 2 Normal 1 2,256 6
5 Patient2-monocyte depleted Normal 1 2,362 4

1 Patient 4 1,726
2 Patient 4-monocyte depleted 1,850 -7
3 Normal 2 1,613
4 Patient 4 Normal 2 1,589 5
5 Patient 4-monocyte depleted Normal 2 1,690 -6

1 Patient 1 2,016
2 Patient 1 -monocyte depleted 1,844 9
3 Normal 3 2,965
4 Patient 1 Normal 3 2,681 -8
5 Patientl -monocyte depleted Normal 3 2,824 -5

1 Patient 8 3,985
2 Patient 8-monocyte depleted 3,689 10
3 Normal 4 2,817
4 Patient 8 Normal 4 3,201 6
5 Patient 8- monocyte depleted Normal 4 3,078 4

* Peripheral blood mononuclear (PBL) cells (2 x 106 cells) were cultured either by themselves or after
monocyte depletion. Unfractionated or fractionated patient cells (1 x 106 cells) were co-cultured with
an equal number ofnormal cells; all cultures were done with 10 Il PWM for 7 d. Percent inhibition was
calculated as in Methods. Negative percentages denote that the amount ofimmunoglobulin produced
exceeded that expected.

anti-DNA antibodies in their sera (37, 38). The study
also showed that patients with lupus membranous
nephropathy had significantly lower titers of serum
anti-DNA antibody compared with patients with other
forms of lupus nephritis, an observation that supports
the current findings.
Mention must be made of the alternative model of

membranous nephropathy, namely, Heyman's nephritis.
Recent experiments have demonstrated that renal in-
jury in this model results from the interaction of anti-
body with an antigen that is an integral component
of glomerular structure (10, 11). The relevance of our
observations to this pathogenetic mechanism of mem-
branous nephropathy is uncertain; at best they may
provide an explanation for the indolent course of the
illness.

Finally, it is acknowledged that the results of the
present study do not exclude the presence of other
potential mechanisms that may interfere with the
immune responses, such as the presence of serum
factors having immunoregulatory functions.

ACKNOWLEDGM ENTS

We are indebted to Dr. V. E. Pollak for his continued encour-
agement and advice.
This research was supported in part by National Institutes

of Health grant AM 17196.

REFERENCES
1. Pollak, V. E., C. L. Pirani, and D. H. Clyne. 1973. Natural

history of membranous glomerulonephropathy. In Glo-
merulonephritis. P. Kincaid-Smith, T. H. Mathew, and
E. L. Becker, editors. John Wiley & Sons, Inc., New York.
1: 429-442.

2. Germuth, F. G., and E. Rodriguez. 1973. Experimental
animal disease. In Immunopathology of the Renal
Glomerulus. Immune Complex and Antibasement Mem-
brane Disease. Little, Brown & Co., Boston. 15-43.

3. McCluskey, R. T. 1971. The value of immunofluores-
cence in the study of human renal disease. J. Exp. Med.
134: 242S-255S.

4. Ooi, Y. M., B. S. Ooi, and V. E. Pollak. 1977. Relation-
ship of levels of circulating immune complexes to histo-
logic patterns of nephritis: a comparative study of mem-
branous glomerulonephropathy and diffuse proliferative
glomerulonephritis.J. Lab. Clin. Med. 90: 891-900.

796 B. S. Ooi, Y. M. Ooi, A. Hsu, and P. E. Hurtubise



5. Tung, K. S. K., A. J. Woodroffe, T. D. Ahlin, R. C.
Williams, and C. B. Wilson. 1978. Application ofthe solid
phase Clq and Raji cell radioimmune assays for the detec-
tion of circulating immune complexes in glomerulone-
phritis. J. Clin. Invest. 62: 68-72.

6. Ooi, Y. M., B. S. Ooi, E. H. Vallota, M. R. First, and
V. E. Pollak. 1977. Circulating immune complexes after
renal transplantation. Correlation of increased 125I-Clq
binding activity with acute rejection characterized by
fibrin deposition in the kidney.J. Clin. Invest. 60: 611-619.

7. Ooi, Y. M., E. H. Vallota, and C. D. West. 1977. Serum
immune complexes in membranoproliferative and other
glomerulonephritides. Kidney Int. 11: 275-283.

8. Izui, S., P. H. Lambert, and P. A. Miescher. 1976. In
vitro demonstration of a particular affinity of glomerular
basement membrane and collagen for DNA. A possible
basis for local formation of DNA-anti-DNA complexes in
systemic lupus erythematosus.J. Exp. Med. 144: 428-443.

9. Izui, S., P. H. Lambert, G. J. Foumie, H. Turler, and
P. A. Miescher. 1977. Features of systemic lupus erythema-
tosus in mice injected with bacterial polysaccharides.
Identification of circulating DNA and renal localization of
DNA-anti-DNA complexes. J. Exp. Med. 145: 1115-1130.

10. Van Damme, B. J. C., G. J. Fleuren, W. W. Bakker,
R. L. Vernier, and Ph. J. Hoedemaeker. 1978. Experi-
mental glomerulonephritis in the rat induced by anti-
bodies directed against tubular antigens. V. Fixed
glomerular antigens in the pathogenesis of heterologous
immune complex glomerulonephritis. Lab. Invest. 38:
502-510.

11. Couser, W. G., D. R. Steinmuller, M. M. Stilmant,
D. J. Salant, and L. M. Lowenstein. 1978. Experimental
glomerulonephritis in the isolated perfused rat kidney.
J. Clin. Invest. 62: 1275-1287.

12. Ooi, B. S., Y. M. Ooi, and V. E. Pollak. 1978. Circulating
immune complexes in renal vein thrombosis. Clin. Res.
26: 519A. (Abstr.)

13. Woodroffe, A. J., M. Foldes, P. E. McKenzie, A. J. Thomp-
son, A. E. Seymour, and A. R. Clarkson. 1979. Serum
immune complexes and disease. Aust. N. Z. J. Med. 9:
129-135.

14. Heptinstall, R. H. 1974. Idiopathic membranous, mem-
branoproliferative, and lobular glomerulonephritis. In
Pathology of the Kidney. Little, Brown & Co., Boston.
393-437.

15. Waldman, T. A., M. Durm, S. Broder, M. Blackman,
R. M. Blaese, and W. Strober. 1974. Role of suppressor
T cells in pathogenesis ofcommon variable hypogammo-
globulinemia. Lancet. II: 609-613.

16. Boyum, A. 1968. Isolation of mononuclear cells and
granulocytes from human blood. Scand. J. Clin. Lab. In-
vest. 21(Suppl. 97): 77-89.

17. Paglieroni, T., and M. R. MacKenzie. 1977. Studies on
the pathogenesis of the immune defect in multiple
myeloma.J. Clin. Invest. 59: 1120-1135.

18. Gupta, S., S. Schwartz, and R. A. Good. 1979. Subpopu-
lation of human T lymphocytes. VII. Cellular basis of
concanavalin A-induced T cell-mediated suppression of
immunoglobulin production by B lymphocytes from nor-
mal humans. Cell. Immunol. 55: 285-290.

19. Broder, S., R. Humphrey, M. Durm, M. Blackman,
B. Meade, C. Goldman, W. Strober, and T. A. Waldman.
1978. Impaired synthesis of polyclonal (non-paraprotein)
immunoglobulins by circulating lymphocytes from patients
with multiple myeloma. Role of suppressor cells. N. Engl.
J. Med. 293: 887-892.

20. Yam, L. T., C. Y. Li, and W. H. Crosby. 1971. Cyto-
chemical identification of monocytes and granulocytes.
Am. J. Clin. Pathol. 55: 285-290.

21. Saxon, A., J. Feldhaus, and R. A. Robbins. 1976. Single
step separation ofhuman T and B cells using AET treated
SRBC rosettes. J. Immunol. Methods. 12: 285-288.

22. Jondal, M. G., and H. Wigzell. 1972. Surface markers on
human T and B lymphocytes. I. A large population of
lymphocytes forming non-immune rosettes with sheep
red blood cells.J. Exp. Med. 13: 207-215.

23. Bianco, C. R., R. Patrick, and V. Nussenzweig. 1970. A
population of lymphocytes bearing a membrane receptor
for antigen-antibody complement complexes. I. Separa-
tion and characterization.J. Exp. Med. 132: 702-720.

24. Mancini, G., A. 0. Carbonara, and J. F. Heremans. 1965.
Immunochemical quantitation ofantigens by single radial
immunodiffusion. Immunochemnistry. 2: 234-254.

25. Bronhara, B. H., R. M. Goldblum, and R. J. Cunningham.
1978. In vitro immunoglobulin synthesis in idiopathic
nephrotic syndrome. Pediatr. Res. 12: 539. (Abstr.)

26. Katz, P., and A. S. Fauci. 1978. Inhibition of polyclonal
B cell activation by suppressor monocytes in sarcoidosis.
Clin. Exp. Immunol. 32: 554-562.

27. Allison, A. C. 1978. Mechanism by which macrophages
inhibit lymphocyte responses. lininunol. Rev. 60: 3-27.

28. Wu, L. Y. F., A. R. Lawton, and M. D. Cooper. 1973.
Differentiation capacity of cultured B lymphocytes from
immunodeficient patients.J. Clin. Invest. 52: 3180-3189.

29. Siegal, F. P., M. Siegal, and R. A. Good. 1976. Suppression
of B-cell differentiation by leukocytes from hypogamma-
globulinemic patients. J. Clin. Invest. 58: 109-122.

30. Schwartz, S. A., S. A. Choi, L. Shou, and R. A. Good.
1977. Modulatory effects on immunoglobulin synthesis
and secretion by lymphocytes from immunodeficient
patients.J. CliGn. Invest. 59: 1176-1187.

31. Fauci, A. S., A. D. Steinberg, B. F. Haynes, and G. Whalen.
1978. Immunoregulatory aberrations in systemic lupus
erythematosus.J. Immzolunol. 121: 1473-1479.

32. Herrod, H. G., and R. H. Buckley. 1979. Use of a human
plaque-forming cell assay to study peripheral blood bursa-
equivalent cell activation and excessive suppressor cell
activity in humoral immunodeficiency. J. Clini. Inivest.
63: 868-876.

33. Dixon, F. J., J. D. Feldman, and J. J. Vazquez. 1961.
Experimental glomerulonephritis. The pathogenesis of a
laboratory model resembling the spectrum of human
glomerulonephritis.J. Exp. Med. 113: 899-920.

34. Pincus, T., R. Haberkern, and C. L. Christian. 1968.
Experimental chronic glomerulitis. J. Ex). Med. 127:
819-831.

35. Cochrane, C. G., and D. Koffler. 1973. Immune complex
disease in experimental animals and man. Adv. Immunol.
16: 185-214.

36. Koyama, A., Y. Niwa, H. Shigematsu, T. Masaru, ancl
T. Tada. 1978. Studies in passive serum sickness. II.
Factors determining the localization of antigen-antibody
complexes in the murine renal glomerulus. Lab. Invest.
38: 253-262.

37. Friend, P. S., Y. Kimn, A. F. Michael, and J. V. Donadio.
1977. Pathogenesis of membranous nephropathy in sys-
temic lupus erythematosus: possible role of noni-precipi-
tating DNA antibody. Br. Med. J. 1: 25.

38. Friend, P. S., and A. F. Michael. 1978. Hypothesis.
Immunologic rationale for the therapy of membranous
lupus nephropathy. Clin. Ininunnol. Immunopathlol. 10:
35-40.

Evidence for ant Immune Defect in Alembrantous Nephropathy 797


