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INTRODUCTION

Idiopathic membranous glomerulopathy is a well characterized clini-
cal and pathologic disorder that has earned its title primarily from
anatomic considerations. The disorder is "idiopathic" in that a precise
pathogenetic mechanism has yet to be well defined. The disorder I will
review must also be unassociated in the strictest sense with other
well-characterized systemic diseases. It is "membranous" in that the
anatomic deviance from normal is best viewed at the level of the
glomerular basement membrane. This variety of intrinsic renal disease
is called a '"glomerulopathy" to clearly demonstrate the absence of
easily observable renal glomerular inflammation. More than 50% of the
cases of nephrotic syndrome in adults in the United States are conse-
quent to membranous GN, thus enhancing its importance for the internist
in practice. That membranous glomerulopathy has generated interest
beyond the narrow scope of the subspecialist is related to its service
as a clinically relevant model of immunologically mediated human
disease. The genesis of this review stems from the ferment of new
information on the immune mechanisms which may underlie membranous
glomerulopathy as well as the raging controversy concerning a more
optimistic therapeutic approach to patients afflicted with this
disorder. The new data from the clinic as well as that supplied from
laboratory study of animal models has spawned a broad revision of our
understanding of immunorenal disease which deserves careful analysis,
while the potential for successful therapeutic intervention demands wide
dissemination. This review will characterize the classic pathologic
features which give rise to the notion that membranous glomerulopathy is
a unique disease with an immune pathogenesis and will characterize the
clinical features of membranous glomerulopathy with particular reference
to the stability of diagnosis and natural history of disease. This
understanding of the natural history of MGN will introduce the problem
of therapeusis in this disease and allow for a careful review of the
possibility of a more optimistic therapeutic approach generated from the
large inter-hospital cooperative study recently concluded in the United
States. Having drawn the inference that MGN is an immunologically
mediated disorder, this review will pause and redevelop the classic
Dixon hypothesis of immune mediation of renal disease raising questions
from the explosion of new information based on animal and human data.
The review will introduce the novel concept of in situ immune complex
formation and its dimportance in the pathogenesis of immune renal
disease. Finally, the review will attempt to formulate some holistic
understanding of the pathogenesis of human membranous glomerulopathy.

Pathologic Features of Idiopathic Membranous Glomerulopathy

Because idiopathic membranous glomerulopathy derives its name from
the morbid anatomy common to a group of patients, one can a priori
assume that the pathologic features of the disorder are well described
and are distinctive. L.T. Bell was the first to observe membranous
transformation of the glomerulus in several patients with a nephrotic
syndrome in what was felt to be lipoid nephrosis. In his classic mono-
graph on 1lipoid mnephrosis of 1929, Bell described three separate
patients whose kidneys were swollen and lipid-laden on gross anatomy but
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who did not have normal appearing glomeruli. In contrast, he found
thickening of the basement membrane with almost complete obliteration of
the glomerular capillary loop in at least one of the three patients
studied.

(C) Renal Lesions Of Uncertain Type

"The glomerular lesions are very prominent....
the glomeruli are 1large and there is marked
thickening of the basement membrane with narrowing
of the capillaries. In case 1X the thickening of
the basement membrane is so extreme that the
capillaries are almost obliterated. The clinical

picture.....is that of 1lipoid nephrosis, viz

severe albuminuria, edema, normal blood pressure,

and no nitrogen retention.

C.T. Bell Am. J. Pathol. 5:587, 1929

A careful description of the renal abnormality of this separable
group of patients awaited routine application of the renal biopsy using
standard and special histochemical stains of thin (<2 J) sections of
tissue prepared for light microscopy, electron microscopy, and immuno-
fluorescence. By light microscopy, all glomeruli have uniformly
thickened capillary walls with no or minimal cellular proliferation or
inflammatory reaction in the usual case (Figure 1). Thus, the appella-
tion diffuse, generalized glomerulopathy is correctly applied to idio-
pathic membranous GN. Cases felt to be more severe may exhibit
coalescence of the membranes and solidification of the glomerular tuft
that can be shown by special connective tissue stains to be the result
of deposition of material into the basement membrane rather than expan-
sion of matrix material alone. All special stains of matrix material
demonstrate that the "deposits" have little histochemical properties in
common with the basement membrane itself and can be uniquely identified
with positive and negative staining techniques. Traditionally, a
periodic acid-methenamine silver stain demonstrates in many cases
finger-like projections of the basement membrane beyond negatively
staining deposit material accounting for a phenomenon called a "spike'.
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Figure 1 Light microscopic micrograph of a renal biopsy with N & E
stain.
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Figure 2 Special histochemical stains of MGN renal biopsy. Note the
"spikes" of basement membrane material protruding from the
epithelial side of the capillary loop.



Figure 3 Special histochemical stain of MGN renal biopsy. Note the
"spikes" of basement membrane material protruding from the
epithelial side of the capillary loop.

This easily characterized morphologic picture was observed in biopsy
material in patients all of whom had excessive proteinuria, most of whom
had the nephrotic syndrome, as discussed below, with generally bland
urinalysis so it was reasonable to carve out a special clinicopathologic
entity based on the described morphologic derangments.

The electron microscopic evaluation of the biopsy material greatly
extended the description of MGN providing initial attempts at patho-
genetic explanation of the disease, means for "early" diagnosis, and a
theory of progression of disease. Corresponding to the deposit material
found lodged in the thickened basement membrane material by special
histochemical stains with light microscopy are found electron dense
deposits localized beneath the visceral epithelial cells which line the
basement membrane separating it from Bowman's urinary space (Figure 4A).
In some biopsied patients with nephrotic syndrome, the light microscopic
examination may be nearly normal which would have led to the diagnosis
of a nil change nephropathy but for the subepithelial deposit material
identified by the electron microscope. Ehrenreich and Churg have
described stages of the disorder by analyzing the position of the
deposit in the basement membrane. In stage I, as shown in Figure 4B,
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the electron dense deposits are found protruding from the epithelial
side of the basement membrane. Stage II is defined by the finding of
deposits imbedded in the membrane with protrusion of the matrix material
on either side of the deposit to form the spikes identified by silver
stain. When the deposits are surrounded by the basement membrane, type
III changes are defined. In type IV the basement membrane is thickened
but little deposit material can be identified, rather there is fracture
of the membrane with loosened areas felt to represent dissolution of
deposit once present.

Figure 4A EM micrograph demonstrating elecron dense
deposits in GBM.



Figure 4B Four pathologic stages of MGN based on
placement and amount of electron dense
deposit. Stage I is pattern A, Stage II =
B, Stage III = C, Stage IV = D.

Little hard evidence exists to support the view that any given
patient actually progresses through the four stages of Ehrenreich and
Churg. On the other hand, two pieces of softer evidence have supported
the utility of this pathologic classification. Firstly, Noel and his
associates applied a similar classification to 116 untreated patients
with idiopathic membranous glomerulopathy studied in Paris. The time
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between diagnosis and biopsy was considerably shorter in the patients
found to have type I lesions with more frequent spontaneous improvements
or complete remission in what is felt to be a more benign picture of the

disease pathologically. End stage renal failure was never encountered
in this '"mild, early" group but accrued with equal frequency in the
purportedly more severe morphologic types. Secondly, twelve cases have

had two biopsies.

- Type N
- Type 1l 7 &
- Type |

—- Normal capiliarywall

J 1

First biopsy Second biopsy

Noel, et al. Am. J. Med., 1979

Figure 5 The pathologic fate of twelve second
biopsies in a group of patients with MGN
left untreatecd.

Of these twelve, two biopsies appeared normal in patients now in
remission whose first biopsy had mild lesions. 10/12 biopsies remained
membranous with progression to the pattern of more serious involvement
in seven. No repeat biopsy could be assigned to a separable variety of
glomerulonephritis on morpholog:c grounds. In seven repeat biopsies
performed during clinical remission there was noted regression of
clearly defined deposit material from the previous biopsy and a movement
to a type IV pathologic classification with thickened membranes and no
observable deposit material. This finding supported the view that
pathologic type IV membranous GN represented a reparative phase of the
illness.

Immunofluorescent studies are of interest primarily for what they
may reveal of the pathogenesis of idiopathic MGN.



Figure 6 Granular staining of fluorescent antibody indentifying IgG
deposted in GBM of renal biopsy from a patient with MGN.

Classically there is a diffuse, granular staining of deposit material by
fluorescently labeled antisera to IgG. The third component of comple-
ment can be found in the deposit material as well, although less often.
This "lumpy-bumpy' fluorescent staining pattern for immunoglobulin and
complement has been the primary evidence for assigning an immunologic-
ally mediated mechanism to the pathogenesis of idiopathic MGN and
consigning, probably incorrectly as we will see later, a similar immune
complex-mediated mechanism to MGN felt to be at play for experimental
models of glomerulonephritis worked out by Dixon and colleagues.

Medical disorders defined purely by pathological alterations
discerned morphologically can stand as unique, clinically relevant
diseases only if the pathologic description is reasonably unique to a
separable and clinically definable group of patients and if such patho-
logic description is reasonably stable, bearing some relationship to the

natural history of a given group of patients. That is to say, the
pathologic description of tissue must '"breed true" and carry prognostic
import. The classic monographs of Pollak and associates, Rosen, Noel,

et al, and Forland and Spargo elevate pathologically defined membranous
glomerulopathy to such a unique clinical entity. Serial renal biopsies,
as discussed above, indicate a picture which is morphologically stable
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or progressive within the ambit of membranous changes depicted by
Erhenreich and Churg. If care is taken to rule out systemic diseases
which are associated with secondary renal involvement which pathologic-
ally may have membranous features (listed in Table I), Rosen has found
that '"no other renal disease evolves into it, nor does it become trans-
formed into another type of glomerulonephritis".

TABLE I

SYSTEMIC DISEASE AND MEMBRANOUS GN
1. BLE
. Diabetes Mellitus
. Hepatitis

2
ki
4. Penicillamine Nephropathy
5. Cancer :

6

. Hg S5 — .

Pollak has shown that the degree of basement membrane thickening
observed morphologically is associated with duration of clinical illness
and that the more severely involved biopsy material presages the more
dismal clinical outcomes. Thus a distinct clinical entity can be
defined by pathologic descrip:ion of tissue from a group of patients
with a common clinical picture--the pathology is stable and 'breeds
true”. This review will return to a more detailed description of the
natural history of the idiopathic membranous patient in context of an
analysis of the findings concerning potential successful therapeutic
intervention but will now analvze the clinical features of this disease.

The Clinical Features Of Idiopathic Membranous Glomerulopathy

Just as the disease called idiopathic membranous glomerulopathy has
a distinct morbid anatomy, so is the c¢linical presentation equally
distinct. The clinical features which characterize membranous glomeru-
lopathy are summarized in Table ITI.
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TABLE II

CLINICAL FEATURES OF MEMBRANOUS GN

1. Proteinuria - all
2. Nephrotic syndrome - >80%
3. Peak age 3rd to 5th decade

4. Most common cause of nephrotic syndrome in the
adult - 50%

5. Less common cause of nephrotic syndrome in
children (10%) and more benign

6. Male to female ratio - 3:2

Although the disease occurs 1in children (the age of the youngest
reported case being 2.5 years), the majority of series report a mean age
in the third to fifth decade. MGN accounts for as many as 25% of the
cases of nephrotic syndrome in the adult in England and more than 50% of
the cases of nephrotic syndrome in the adult in the United States; thus
in terms of incidence becomes an important disorder for the internist.
There is a slight but definite male predominence to the disease on the
order of 3:2. Several aspects of these clinical features are well
described in reviews in the literature as depicted in Figures 7-9.
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Non-nephrotic
proteinuria

Number of patients 41
Males 31
Females 10

Age, yr
Males

Range 18-70

Mean 49.7
Females

Range 26-68

Mean 47

Follow-up, mo
Range 7-222
Mean _ 55

7

20-47
356

44-62
53

24-164
105

Erwin et al. Mayo Clinic Proc., 1973

Figure 7 Clinical description of 48 patients with
MGN collected at The Mayo Clinic.

MEMBRANOUS NEPHRITIS

6 I —
MEAN AGE - 37

, 3 mae
SF ™ B remace
4

NO.

OF

PATIENTS

0-19 20-20 30-39 40-49 50-59 60-
YEARS

Laver & Kincaid-Smith, 1972
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AGE OF ONSET IN PATIENTS
WITH MEMBRANOUS NEPHROPATHY
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Cameron, et al. 1972

Figure 9: The peak age of incidence of MGN in
England demonstrating that MGN appears to be a
similar disease in at least three continents.

The hallmark of the disease is the insidious development of proteinuria
discovered in most cases by <clinical appearance of edema without
recognizable antecedence. These patients, in contrast to others with
varying forms of glomerular 1lesions, cannot date their illness to a
viral or bacterial infection or to an episode of gross hematuria. In
all patients there is a non-selective excretion of protein into the
urine which may be of massive proportion. In as many as 80 to 85% of
the cases of membranous GN, the patient fulfills the criteria for the
diagnosis of the nephrotic syndrome. The nephrotic syndrome, as
classically defined, consists of a triad as shown in Figure 10:
1) albuminuria; 2) hypoalbuminemia; 3) edema (Figure 10).
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NEPHROTIC SYNDROME - A TRIAD

1. Edema

2. Hypoalbuminemia

3. Albuminuria = 3.5 g/24 hs

Figure 10 The pyramidal view of the diagnostic triad which constitutes
the nephrotic syndrome.
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I like to think of the nephrotic syndrome as a pyramid. The primary
defect 1involves the failure of the glomerular filtration barrier to

impede the passage of albumin into the urine. Albuminuria is thus the

base of the metaphorical pyramid upon which the other features of the

nephrotic syndrome will be built. Excess urinary albumin leads in part

to hypoalbuminemia which contributes to clinical edema. The formation

of hypoalbuminemia is a result of several derangements as shown in

Figure 11.
Extra-Renal Tubular
Catabolism Catabolism

Intravascular
Hepatic Pool/Plasma Glomerular Urinary
Synthesis Alb Conc Filtration Excretion

1509/4.0g/dl

1-2q

1-2¢ + O
Normal

Nephrotic
Syndrome

i &
10g returned
to body pool

Figure 11 An artist's conception of the creation of hypoalbuminemia in
nephrotic syndrome.

Firstly, obviously, there is albumin spillage into the final urine. It
can be shown, however, that urinary loss of albumin cannot itself
produce low plasma concentrations of albumin as the liver capacity to
enhance protein synthesis can make up for most of the loss of protein
into the urine. In pure nephrotic syndrome, hepatic albumin synthesis
is indeed increased, albeit less than one might have expected for
reasons as yet unclear. If urinary losses are inadequate to explain the
observed plasma defect in albumin concentration, a second defect in
albumin homeostasis must be postulated. Calculations from rat models
and actual human clearance studies have demonstrated substantial filtra-
tion of albumin into the tubular fluid at least 20-fold above normal.
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Indeed it can be shown that 10 to 60 gm of albumin may appear in
Bowman's space. It is reasonable to assume that renal catabolism of
this albumin appearing in gross excess in the filtrate is the second
defect din albumin balance which generates hypoalbuminemia. Several
pieces of evidence support this view. Strober and Waldmann in their
review show that the proximal tubule has the capacity to catabolize
several proteins including albumin while Maunsback morphologically

showed proximal tubule uptake of albumin material. Interestingly,
nephrectomy in experimentally induced nephrotic syndrome can restore the
serum albumin level. The majority of recent studies in this field

support the classic view of the importance of the renal tubule in the
establishment and maintenance of hypoalbuminemia in nephrotic syndrome.

The abnormal loss of albumin into the urine generates the increased
urinary protein loss and tubular catabolism which produces the next
level of support in the pyramid of nephrotic syndrome. The diminished
serum albumin sets in motion a series of adjustments in the forces that
control plasma volume culminating in the third feature of nephrotic
syndrome, edema as depicted in Figure 12.

NEPHROTIC EDEMA

¥ Serum Albumin

v

Decreased plasma
oncotic pressure

¢ B ~a.

» Decreased plasma Increased interstitial

volume \ fluid volume |
A V¥

Decreased cardiac output

; and blood pressure
7] Y
Nat retaining

factors * GFR

3 4
increased distal i
Decreased proximal
tubule <o tubule reabsorption
reabsorption

i

Decreased
urine Na

& % ad lib

Nat intake

-

v

A ECV

Figure 12 The mechanism of edema foramtion in
nephrotic syndrome.
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Diminution of the serum albumin reduces the plasma oncotic pressure
altering Starling forces to favor volume shifts to the interstitial
fluid compartment and edema formation while reducing intravascular
volume. Several salt retaining factors operative presumptively at the
distal renal tubule are stimulated directly by the contracted plasma
volume and indirectly by reduction in cardiac output and blood pressure.
The resultant fall in glomerular filtration rate reduces the filtered
load of salt which in the face of a reduction in peritubular protein
concentration and diminished filtration fraction leads to increased
delivery of salt out of the proximal tubule to the more distal sites of
salt transport which have been maximally stimulated by the contracted
volume. The net result is a decrease in urinary sodium excretion and a
retention of sodium and water. If a patient has free access to sodium,
the increased sodium retention expands the extracellular volume which
attempts to overcome the decreased plasma volume and may actually
further reduce the plasma oncotic pressure by dilution enhancing the
propensity for edema formation. The net result is that the added volume
from avid renal salt retention is delivered into the edema fluid.

The genesis of major clinical difficulty for the patient with MGN,
then is the "leaking'" glomerulus which no longer excludes protein from

the urinary filtrate. The normal glomerular capillary wall excludes
albumin by virtue of intrinsic sieving properties based on its physico-
chemical construction. The exquisite ultrastructural analyses using

specifically charged probes dinitiated by Merrill and Farquhar and
extended by Venkatachalam, Reinnecke and Cotran have pointed to the
importance morphologically of the epithelial slit pore as the protein
filtration barrier.



Page 18

Figure 13 Artist's view of the GBM with epithelial slit pore and coat of
sialoprotein on the hadocyte highlighted.

The best model of the capillary membrane is one of a model with fixed
pores of specific size which bear a net negative charge felt to the be
the result, in part, of sialic acid residues and discrete proteins
called glycosoaminoglycans or GAGS. This model predicts that the

membrane will exclude particles by size and charge as delineated in
Table III.
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TABLE ITI

SIEVING PROPERTIES OF THE

GLOMERULAR FILTRATION BARRIER

1. Molecular size selectivity

2. Charge selectivity

3. Influence of Starling's hemodynamic forces

That hemodynamic forces which include renal blood flow (é) and the
hydraulic pressure gradient across the capillary bed should also have
important effects on protein movements can be mathematically predicted
and experimentally demonstrated. The physiologic explanation of this
latter complex matter is beyond the scope of this review. Predictions
concerning the importance of molecular size and charge have also been
experimentally confirmed by the elegant studies of Deen, Brenner and
their associates using measurement of carefully characterized index
molecules of known size and charge in plasma and in Bowman's space by
glomerular micropuncture. Figure 14 is a stylized example of the re-
sults of this form of experiment from a review of one of these studies.



Page 20

EFFECT OF MOLECULAR CHARGE
ON GLOMERULAR FILTRATION BARRIER

! 1 I R | W 4 i I

1.0} ¢ é % ~

0.9F } (+) Charge
7&

07

BOWMAN'S SPACE 0.6
CONCENTRATION OF “-
X

T
| ® s |

0.5
PLASMA
CONCENTI;Q(ATION OF 04}
0.3
0.2f-
O1f 4
BN .

k)
Lt ] 1 L ?\H‘U —C—. 6:8
18 20 22 24 26 28 30 32 34 36 38 40
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Figure 14 Relation of charge and molecular size to glomerular filtration
of well characterized probes.

“Here fractional excretion of a given solute, X, is evaluated as a

function of size and charge. Clearance is graphed on the ordinate with
the scale in terms of the ratio of the concentration of X in Bowman's
space to the concentration of X in the plasma. If a molecule freely

moves across the glomerulus, the concentration in Bowman's space at
equilibrium will be equal to that in plasma, giving a ratio of 1.0.
Complete exclusion of X by the membrane means that the Bowman space
concentration will be =zero as will be the concentration ratio. To
examine the effect of size, one should concentrate on the series of
ratios measured after provision of neutral molecular probes of given

size to the experimental anpimal. Note that below a Stokes-Einstein
radius of 26 one achieves a ratio very close to 1.0. This pore size
is the smallest hypothetical pore size envisioned for the model
membrane. As depicted by the model, charge considerations are equally

important as size with greater exclusion for any given size for more
negatively charged molecular species lending credence to the crucial
role of the negative charge of the membrane itself in determining
filtration characteristics. Confirmatory of the role of the membrane
negative charge is the important opposite effect on the movement of the
positively charged molecular species as shown in the figure.
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The fate of the glomerular capillary basement membrane has recently
been examined in patients with altered glomerular anatomy, including
those with wvarious glomerulopathies. Twenty-eight patients with
glomerulonephritis were divided into two groups by Myers and colleagues
by the nature of the selectivity of the proteinuria observed clinically.
In group I (n = 13) the glomerulus permitted the passage of exclusively
negatively charged albumin (isoelectric point around 5.2) with an effec-
tive molecular radius of 36 K, while it passed a wide range of proteins
including the neutral "large' (~ 55 &) molecule IgG in group II (n=15).
Electrofocusing of urinary protein from group I patients demonstrated
the presence only of small negatively charged materials, while large
molecules of all net charges were found in the urine of group II. These
data permitted a model of pathologic alteration in the basement membrane

produced by various forms of glomerulonephritis, as shown in Figures
15A, 15B and 15C.

Figure 15A Diagram of a model of the glomerular basement membrane
emphasizing the importance of pore size and net negative
charge.
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Figure 15B & 15C Model of the derangements in the glomerular basement
membrane in patients with glomerulonephritis from the observa-
tions of Myers et al. 1In 15B the defect in patients with
selective proteinuria is identified as loss of net negative
charge. In 15C the defect in patients with non-selective
proteinuria is identified as destruction in the failure of the
GBM leading to enlarged pores.
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In those forms of glomerulonephritis characterized by selective
proteinuria pore size remained undisturbed but the net negative charge
conferred on the pore by the several structural proteins had been lost.
Negatively charged proteins which can have passed through the pore by
virtue of its size but which had been excluded from Bowman's space by
the 1like-charge propulsion are no longer excluded and appear in the
filtrate. Proteins, regardless of charge, of large size greater than
the pore itself remained excluded. In other forms of glomerulo-
nephritis, of which idiopathicomembranous GN is an example, pore size is
greatly increased, up to 97 A or almost two-fold more than the small
pore of the basement membrane, almost as if the pathologic process had
"ripped" holes in the membrane thus permitting indiscriminate wastage of
plasma protein into the urinary filtrate. It is possible that the
immune complex which presumptively is the pathogenetic force in
membranous glomerulopathy is the culprit in producing these abnormally
large pores leading to excess protein excretion of a non-selective type,
hypoalbuminemia, edema, the nephrotic syndrome.

The Natural History Of Idiopathic Membranous Glomerulopathy

More than 10 separate studies have examined the natural history of
patients with idiopathic MGN in the last 20 years. Examining these
studies one is struck by the uniformity of the experience in this
patient population supporting the concept that MGN is a distinct clini-
cal disorder. This uniformity of clinical experience has been observed
in spite of marked variance in therapeusis. The series are reviewed in
Table IV from which several points are clear.

TABLE IV

NATURAL HISTORY OF PATIENTS WITH MGN

Ultimate
n Nephrotic Sx Remission Renal Failure
% % %
Erwin 1973 48 75 25 25
Laver & Kincaid-Smith 1979 38 80 29 ==
Noel 1979 116 62 23 19
Forland & Spargo 1969 19 74 26 47
Baldwin 1973 38 62 29 16
Franklin 1973 32 72 22 44
Pierides 1977 37 77 25 18
Children
Habib 1979 50 48 52 10
Olbing 1973 9 33 33 33
Row 1975 72 56 40 b
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Firstly, MGN is generally a benign disease. In children benignity is
even more striking with 5 to 6% of the 131 children in three series
developing renal failure. About 45% of children experience a complete
remission as defined by normal renal excretory function and the absence
of proteinuria. The disease is somewhat less benign in adults with an
average of 28Y% of 328 reported cases from the series in the table
developing renal failure while 25% of the patients entered a spontaneous
remission. The study of Noel and associates is most instructive in that
116 untreated patients were followed for a mean of 4.5 years in Paris.
76% of the patients presented with fully developed nephrotic syndrome
while 24% had lesser degrees of proteinuria, suggesting a slightly less
severely affected group of patients at the beginning of the follow
period. Clinical remission in this untreated group occurred in
approximately 23% of the cases contrasted to 19% who developed renal
insufficiency. The actuarial survival curve for this group demonstrated
76% of the patients alive at ten years.

% 100
&
© 90
';80 12 100 8 7 6 5 4 3 2 1
=2
« 70t
=
= 60}
E
© 50
40+
30t
20¢
10 s A i (— & i & [l I el A

2 4 8 8 10 12 14 16 18 20 Years

_ Noel, et al. Am. J. Med., 1979

Figure 16 Actuarial survival curve of 116 patients with
MGN left untreated.

The recent study of Davison and associates following 66 untreated
patients for two to tem years further advanced the concept of a
reasonably benign course for patients with membranocus glomerulopathy
untreated. Pollak's review of several series revealed the generally

optimistic course of a natural history of MGN as shown in Figures 17 and
18.
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IDIOPATHIC MEMBRANOUS
GLOMERULONEPHROPATHY
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Figure 17 Patient survival in several groups of
patients with MGN as reviewed by Pollak.
The series of Hardwicke and Ehrenreich
contain patients with MGN related to
systemic lesions.
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IDIOPATHIC MEMBRANOUS
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Figure 18 Natural history of renal excretory function
in idiopathic MGN. Children have a more
benign disease.

The data also raise several caveat. These data clearly demonstrate
again how benign the disorder is in children as revealed by the analysis
of the Habib Paris study. The less than sparkling results in earlier
studies described in these data can be laid to the inclusion of patients
with systemic diseases (the Erhenreich and Hardwicke series) and of
patients with biopsies that contain glomerular proliferation leading to
the supposition of misdiagnosis.
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The pictorial synthesis adapted and redrawn from Cameron's data
(Figure 19) reflects a general overview of the natural history of idio-
pathic MGN in the adult.

NATURAL HISTORY OF IDIOPATHIC MEMBRANOUS
GLOMERULONEPHROPATHY

100

| T
‘ Renal Failure
80 -
Nephrotic Syndrome
60 B\\ \ .

40 /////////// )

Proteinuria

20R) .

Remission

5 10 15

Figure 19: Natural history of MGN

I have taken the liberty of adjusting the figure based on my own review
of the subject which includes all the series reviewed by Cameron and
several newer ones available to me. Analysis of the figure provides an
excellent summary of the disease with which we have been dealing. All
patients presented with proteinuria. About 85% of the patients
presented with the nephrotic syndrome. There is a finite rate of
complete and spontaneous remission. Rates approach 15% in the first
five years, become 259% by the later years and may be as high as 30% in
those series with 15 years of follow up. Renal failure rate is slowly
progressive for the first five years of the disease but may be expected
in 409 of the cases after 15 to 20 years of the disorder. As renal
failure ensues or patients enter remission, the amount of daily protein
excretion in this group of patients is reduced while the renal function
of patients with abnormal protein excretion below 3 gm is about the
same.



Page 28

The recent study of Davison and his colleagues of 66 untreated
patients in England followed from two to ten years further increases our

understanding of the natural history of MGN with respect to excretory
function.

RENAL FUNCTION IN UNTREATED PATIENTS WITH MGN

31 (47% Stable Creat
66
35 (53%) Rising Creat
6 29
Slow Rise Doubling In

Less Than 5 Yr

Davison et al, 1981

Figure 20

Thirty-one patients, 47%, maintained stable glomerular filtration rates
throughout the observation period, while 359% demonstrated steadily
declining function. In the latter group, plasma creatinine doubled
within five years in 29 or 449 and 12 patients (18%) exhibited a rapid
rise in serum creatinine in less than two years despite entering the
study with a normal creatinine. There appeared in this group to be a
clear separation between groups with "'stable'" and "progressive" disease.

From the studies reviewed an understanding of a set of prognostic
indicators in MGN may be generated as listed in Table V.



Page 29

TABLE V

PROGNOSTIC INDICATIONS IN MGN

Better Prognosis Worse Prognosis

Minimal Thickening of the Basement Membrane Severely Thickened Basement Membrane

Children and Women Men

Younger Patients Older Patients

Non Nephrotic Nephrotic Syndrome

No Superimposed Complications Superimposed Complications

-=-~Renal Vein Thrombosis
---Interstitial Nephritis

First, the pathologic examination of the tissue permits an accurate
prediction of that group of patients likely to ultimately wend their way
to renal failure. As previously discussed, there is a good correlation
between the degree of thickening of the capillary loop, the bulk of
deposit material found in the capillary loop, and the clinical outcome.
Secondly, the disease is decidedly more benign in children and somewhat
less rapid in women than men. If patient mortality is the end point of
analysis, then older patients do less well, perhaps related to the
volume stresses that nephrotic syndrome imposes on a compromised cardio-
vascular system present in many older individuals. The degree of patho-
logic protein excretion predicts outcome based not only on the distinc-
tion between nephrotic and non-nephrotic range of proteinuria, but also
quantitatively within these two groups. Lastly, the superimposition of
complications related to MGN hastens renal failure. Patients with MGN
are susceptible to the development of intravascular coagulation
especially of the renal veins, a subject that deserves extensive review
in its own right elsewhere. Renal vein thrombosis alters the clinical
picture in general but in particular enlivens the tempo of the movement
to renal failure. Most patients with extensive proteinuria and edema
will be treated symptomatically with diuretics so that a small but real
incidence of diuretic-related allergic interstitial nephritis has been
encountered in patients with MGN. Such a second disease also alters the

generally benign tempo of the disorder reflected by a more rapid move-
ment into renal failure.

In summary, idiopathic membranous glomerulopathy is a disease with
an identifiable pathologic picture which remains relatively stable. It
has a definitive clinical presentation and natural history. A clear
understanding of the morphologic derangemnt and clinical presentation of
any given patient permits a fairly accurate prognosis to be discerned.
One can easily support the view that MGN is a unique disorder in man
with patients readily recognizable using clinical acumen and appropriate
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morphologic classification. If care is taken to delete the patients
with the systemic disorders associated with the pathologic pattern of
membranous GN, one can evaluate a relatively homogeneous group of

patients for whom a logical and effective therapeutic approach may be
constructed.

Therapy

It is in the area of a definitive therapeutic approach to patients
with idiopathic MGN that important new information has developed in the
last four years which has generated a brisk controversy in the medical
literature. This controversy has grown out of the findings of an inter-
hospital collaborative study of the controlled use of prednisone in
patients with MGN in the United States. Prior to this controlled
collaborative study, it has been generally acknowledged that immuno-
suppressive therapy of any variety offered little advantage in the
treatment of adult patients with membranous GN. The initial feeling
with respect to therapy in MGN obtains from an examination of the
natural history of the disease as discussed above. In the group of
studies reviewed in the previous section (review Table 1IV), therapy in
patients ranged from nothing to various combinations of
immunosuppressives. What impressed most reviewers in this field was the
uniformity of mnatural history despite a widely variant therapeutic
approach. Indeed, using mortality as the end point, one could see that
total patient survival was significantly greater in a group of untreated
patients as compared to two previous series in which all patients
reported were treated with steroids. The general applicability of the
patient experience in this untreated group as reported by Noel and Habib
from the Hopital Necker in Paris will be discussed later. The findings
in occasional uncontrolled series that purported to show that prednisone
offered some benefit to patients with membranous glomerulopathy has been
discussed by most clinicians based on the data that clearly demonstrated
in large groups of patients followed for many years that improvement on
drug was no greater than that offered by the spontaneous remission in
untreated patients. Most important for the creation of the view that
membranous glomerulopathy had no definitive response to immunosuppres-
sive therapy was the result of a controlled, multi-center prospective
study of steroid treatment of the nephrotic syndrome conducted by the
Medical Research Council of Britain. There appeared to be no statistic-
ally significant differences between a control, untreated group of
patients or the steroid treated group with respect to protein excretion
rate, patient survival, or maintenance of renal excretory function.
Although it is possible to re-analyze this study and demonstrate that
the steroid treated groups tended to have lower serum creatinines and
protein excretions, most readers of the study concluded that steroids
were not effective in treating membranous GN nor was the risk of therapy
warranted for whatever small benefit might accrue. Thus, a nihilistic
approach to the therapy of membranous glomerulopathy has been the rule.
The MRC study also explored the utility of steroid treatment in other
forms of nephrotic syndrome pointing out how very responsive patients
with nil change disease were to such treatment. This stark difference
in steroid responsiveness between patients separable almost uniquely by
renal morphology was taken as strong support for the importance of the
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renal biopsy in patients with the nephrotic syndrome. Such a biopsy
could discern the steroid sensitive group with nil disease from the
non-responsive group with membranous GN permitting precise therapy for
the one and preventing useless therapy in the other.

This approach of benign therapeutic neglect for patients with MGN
no longer can be cavalierly sustained in the face of the new data
obtained by the collaborative study in the United States. These new
data have opened an important controversy which is presently raging in
nephrologic circles and therefore warrants careful review. Originally
conceived as an inter-hospital study group comprised of 18 separate
institutions to examine the nature of and treatment for idiopathic
nephrotic syndrome, the collaborative study concentrated, for internal
reasons, on the treatment of adult patients with idiopathic membranous
nephropathy. Seventy-two adult patients between the ages of 16 and 65
met the stringent entrance criteria (summarized in Table VI) for evalua-
tion by the study group.

TABLE VI
U.S. COLLABORATIVE STUDY

ENTRANCE CRITERIA

1. Referral from participating center

2. Age 16 to 65

3. > 3.5 g protein/day per 1.73 mm? (2 measurements)

4. Absence of associated systemic disease - SLE,
PSGN, amyloid, HgSS, hepatitis, drug usage

5« Serum creatinine < 2.0 mg/dl, GFR 42 ml/min

6. Bx of membranous GN

Several critical features of the entrance criteria should be
highlighted. The group made major efforts to eliminate patients with
systemic disorders which might be associated with membranous changes in
renal tissue. For example, special efforts were made, using serologic
criteria, to exclude disseminated lupus erythematosus. All patients
were administered a series of glucose tolerance tests with an abnormal
performance by standard criteria causing the exclusion from analysis of
a given patient. Amyloidosis was eliminated by absence of amyloid
staining material in renal tissue available on all subjects. In
contrast to this careful search for associated illnesses, the evaluation
of the potential complication of renal vein thrombosis was poorly done.
Patients with renal vein thrombosis were excluded if there were sug-
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gestive signs, symptoms, or if special histologic features of that
disease were present. Renal vein angiography was not required for
admission to the study. Only a few patients were actually studied in
this manner at their respective centers. The problem of renal vein
thrombosis in this group will be discussed below. Another important
feature of the entrance criteria was the manner in which the pathologic
diagnosis of membranous was made. All pathologic specimens were
examined by a central pathology board in a coded fashion along with a
series of biopsies from a wide range of disorders culminating in neph-

rotic syndrome. Light microscopy, electron microscopy, and immuno-
fluorescence was available on 62 of the 72 patients included in the
study. In ten of the subjects adequate tissue for analysis was avail-

able for only two of the three modalities. All biopsies had to have
electron dense deposits which stained for immunoglobulin when immuno-
fluorescence was available for inclusion in this study. Although, by
definition, all patients had to have the nephrotic syndrome as defined
by excretion of 3.5 gm of albumin in the urine or more per day, renal
excretory function was excellent. Patients had to have a GFR of at
least 42 ml/min or a serum creatinine below 2.0 mg/dl for entrance into
the study at the time of randomization into a treatment or control
group.

Characteristics of the 72 patients who met the entrance criteria
are summarized in Table VII.

TABLE VII

CHARACTERISTICS OF PATIENTS IN
COLLABORATIVE NEPHROTIC SYNDROME STUDY

1. Sex Ratio 42 males

30 females
2. Age 16-30 yr 24 pt

31-45 yr 24 pt

46-65 yr 24 pt
3. Mean Protein Excretion Rate 388 g/d

4. Mean Serum Creatinine 1.0 mg/dl

5. Entrance BP 130/83
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The sex ratio was virtually identical to that expected in such a large
series with males predominating 3:2. Similarly the bulk of the patients
were found in the third to fifth decade of life. Not only were these
patients all nephrotic, but protein excretion rates were relatively
severe with a mean of 8.8 gm of albumin passed in a 24 hr urine

specimen. By definition, patients had excellent renal excretory
function; the mean of the group had a serum creatinine of 1.0 mg/dl at
the beginning of randomization. Interestingly, blood pressure was

normal in virtually every patient. The histologic stratification of the
patients was also interesting. The bulk of the patients had Ehrenreich
and Churg class II pathology, which means to say moderately severe
subepithelial electron dense deposits imbedded in the basement membrane
with "spike'" of membrane material surrounding the deposit. Only 14 of
the 72 subjects entered with quite mild deposit formation or class I.
Thus, the bulk of the patients had moderately severe disease by patho-
logic criteria. Moreover, the requirment that all patients had to have
the nephrotic syndrome potentially biased this study for poor outcomes
on clinical grounds as reviewed in an earlier section.

TABLE VIII
OUTCOME VARIABLES IN

COLLABORATIVE NEPHROTIC SYNDROME STUDY

1. Treatment failure - maintenance of mnephrotic
range proteinuria

2. Complete response - < 200 mg protein/24 hr
3. Partial response - 20/mg to 2 g protein/24 hr

4. A GFR during study

The overall goal of the collaborative study was to ascertain
whether short-term, every-other~-day prednisone therapy could alter
importantly the outcome of the patients with idiopathic MGN with two
outcome variables analyzed: 1) the degree of proteinuria; 2) maintenance
of renal excretory function over time (Table IX).
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TABLE IX

TREATMENT PROTOCOL OF

COLLABORATIVE NEPHROTIC SYNDROME STUDY

1. Random assignment to '"steroid" or "placebo"
groups

2. Steroids - 100 to 150 mg/qod
3. Taper

a. Non responder - 4 wk to no drug
b. Responder - 8 wk to no drug

4, Relapse of responders could permit additional
4 wk course of the high dose therapy followed
by taper

The study design did not permit a blind crossover approach to therapy
although patients were randomized by computer by stratification of
histologic diagnosis into the prednisone treatment group, 100-150 mg

q.o.d. for eight weeks, or an untreated control group. The untreated
control group received placebo tablets din an identical number to
maintain an attempt at a blinded sample. After eight weeks of such
therapy a taper schedule was employed. If a patient demonstrated
complete or partial response, the taper period was somewhat more
prolonged than for the non-responder. Responders were evaluated

particularly with respect to the degree of proteinuria present during
and at the completion of therapy with a complete response defined as a
reduction in albumin excretion rates to 200 mg/day or less and a partial
response being defined as a reduction in protein excretion to between
200 mg and 2 gm/day. If a responder had a relapse, a second eight week
course of therapy was permitted.

Because steroid therapy had potential risks and toxicities, the
study group built into the design ten "stop points' as listed in Table
10 which were recorded and utilized to delete patients from analysis.
The important findings in the study deal with the renal excretory and
proteinuric aspects of the stop points and will be discussed below. One
of the interesting findings in this study was the lack of clinical
toxicity observed in those patients receiving steroid therapy in this
protocol. Only one patient of the 34 patients who received every-
other-day steroids experienced any of the stop points listed in Table X,
that being a mild GI bleed.
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TABLE X

NEPHROTIC SYNDROME STUDY

1. Persistent increase in serum creat to two-fold
entrance value

2. Hypoproteinemia with hypotension

3. Severe anasarca reducing life to bed-chair
existence

4., G.I. bleeding

5. Serious infections

6. Psychosis

7. Hypertension

8. Embolic or thrombotic phenomena
9. Severe steroid side effects

10. Proximal myopathy

One control patient was removed from the study after eight months of
follow because of psychiatric disturbance. The physicians caring for
the 34 prednisone treated patients were able to identify the correct
therapy of their patient in eight instances after omne month of therapy
and 12 instances after 12 months of therapy and were equally incorrect
in assigning the appropriate therapy to their control patients. One can
conclude from this aspect of the study that the every-other-day steroid
regimen was at least safe.

The other issue at hand, however, was whether such therapy was
actually beneficial. Although sterocid treated patients were more likely
to experience at least one episode of partial or complete remission (22
of 34 patients treated), the final number of patients who were
completely free of significant proteinuria at the completion of the two
year observation period was absolutely not different than the patients
who received no treatment at all. Indeed, that only four patients of
the steroid group were in remission after two years of follow (12%)
represents a different natural history for this group of patients than
has been observed over time in treated or untreated groups in many
different studies. I will return to this point later in this discus-
sion. In contrast to this somewhat tenuous benefit of steroid treatment
for the proteinuria of idiopathic MGN was the finding with respect to
changes in GFR. Eleven of the 38 placebo patients achieved a creatinine
stop point with nine either dead secondary to renal disease or in renal
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failure. The renal failure rate in the two years of follow-up in this
group was a substantial 26%. In contrast, only two patients in the
steroid treated group reached a creatinine stop point with only one of
34 patients in renal failure. The differences between the groups
regarding GFR was statistically significant at two years. The conclu-

sions of the study group as described by Cecil H. Coggins as the
spokesman are detailed in Table XI.

TABLE XI
CONCLUSION IN COLLABORATIVE

NEPHROTIC SYNDROME STUDY

1. Although steroids induce more frequent remis-
sions, they have no lasting effect on reduc-
tion in proteinuria.

2. Steroids at 125 mg/qod for 8 weeks are very
safe.

3. Significant reduction in renal function can be
avoided or delayed by steroid therapy.

The starkly variant conclusion of the study group from the bulk of
previous studies has engendered the significant controversy in neph-
rology eluded to earlier. Several features of this study have been
severely criticized. Cameron points out that the natural history
described by most series is that of a slowly progressive disorder such
that. short term trials of several years duration may show no effect or
have an effect only on a unique subgroup of patients who would have
experienced a more rapid course into renal failure than is typical of
the larger group. Indeed, his group has generated information that such
a subgroup of more severely affected patients with membranous exists.

This subgroup may be the unique subgroup of patients amenable to steroid
therapy.

Many have criticized the collaborative study by pointing out that,
by chance, a group of patients more severely affected were studied with
an increased likelihood of degenerating into of renal failure. All
patients had to have nephrotic syndrome, most with morphologically more
severe renal lesions. Although this argument is true, it cannot explain
the differences between the treatment and non-treatment group in the
collaborative study alone. There were no differences in morphology or
clinical prognostic criteria between the treatment or placebo group.

Moreover protein excretion rates were also equal between the two study
groups.
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A problem does arise, however, in interpretation of this study
based on the possible skew of the data afforded by the possibility of a
secondary complication. The care taken to control for the onset of
renal vein thrombosis was inadequate. In fact steroids may actually
reduce the propensity for clotting and RVT in the treated group perhaps
accounting for its mechanism of action. Nor were patients with a rapid
decline in renal function re-evaluated pathologically to assure the
absence of allergic interstitital nephritis which may occur in nephrotic
patients treated with diuretics. Although these points have been raised
by many critics of the study, it seems unlikely to me to account for the
difference in outcome for treated patients with brief courses of
medicine and examined several years later. Statisticians, on the other
hand, point out that a difference in outcome of only two patients from
the treated or placebo groups moving into or out of the renal failure
group would have made the observations from this study not statistically"
significant. Thus it is possible that missing two cases of renal vein
thrombosis in the placebo group could have altered importantly the basic
conclusion of the study, that prednisone is beneficial therapy for MGN.

My own reading of the literature and of the results of the collab-
orative study has generated a more optimistic recommendation of the
therapy of idiopathic MGN in the United States than the previous
nihilistic approach. With all the problems of a multi-center trial in
terms of patient selection, entrance of patients, and enthusiasm of
various investigator teams, the collaborative study just reviewed offers
the only prospective and well planned set of observations concerning the
treatment of this disease in the United States. Although problems may
be detected in study design, no major methodologic difficulties would a
priori obviate the study findings. One must always assign a risk to
benefit ratio in interpreting such studies. The data supplied by the
collaborative study suggests that there is little risk from using this
dose of steroids in the every-other-day pattern. Because of the
important potential for at least retarding the development of renal
insufficiency in even a subgroup of patients with membranous GN with
little risk, I recommend that patients be treated with a similar proto-
col as defined by the collaborative study group. Continued entrance of
patients into the study with continued follow-up past five and ten years
will allow a clearer view of the response of this disorder to therapy.
At this point in time, the few complications of therapy do not permit,
in my estimation, one to deny the potential benefit of the therapy for
this category of patients.

Pathogenesis Of MGN

The immunopathology of idiopathic membranous glomerulopathy with
the finding of electron dense deposits containing serum immunoglobulin
and the complement has led to the assignment of the pathogenesis of this
disorder to an immunologically mediated mechanism. The classic hypothe-
sis that explains this disorder suggests that membranous glomerulopathy
is mediated by the passive infiltration of the basement membrane of the
glomerulus by immune complexes formed in the circulation. A new under-
standing of the biology of the basement membrane and the immunopatho-
genic mechanisms which underlie animal models of MGN has challenged not
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only this hypothesis in particular but also the entire categorization of
immunologic mechanisms in renal disease. In order to characterize this
novel view of the description of immune mechaninisms in renal disease, I
will review the classical understanding that grew out of experiments
performed more than 30 years ago and which were etched in stone in an
important review by Dixon in 1968.

Dixon developed a two-part model of immunologically mediated renal
disease. In the first formulation, the kidney serves as the antigen
itself. A single event, perhaps an acute infection, initiates synthesis
of an antibody which crossreacts with structural elements of the
glomerular basement membrane.

Figure 21 Artist's view of the immune mechanism respbnsible for anti-GBM
nephritis.

As shown in Figure 21, this non-collagen structural antigen is assaulted
directly by antibody to the protein. Because the antigen is distributed
in an almost continuous fashion along the capillary wall, one can
identify the bound antibody with immunofluorescent techniques in a
"linear" pattern. In patients and most animal models, the binding of
the antibody to the structural protein initiates a cascade of events,
many of which are inflammatory in nature, culminating in immediate and
delayed alterations in renal function. In man this form of immune
injury occurs in a disorder called Goodpasture's Disease, which is
relatively rare.
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The second Dixon formulation is depicted in cartoon fashion in
Figure 22.

Figure 22 The Dixon hypothesis of immune complex nephritis.

In this view the kidney serves as an innocent bystander which is injured
incidental to its capacity as a hemodialyzer. Patients respond to an

antigenic stimulation by antibody formation. In the plasma space the
antigen is coupled in a certain size and charge configuration to the
antibody producing an immune complex. These dimmune complexes then

filter through the basement membrane, lodging in that structure,
initiating a series of events including activation of phlogistic factors
leading to injury and clinical dysfunction. Employing immunofluorescent
techniques, one will detect discontinuous, discrete aggregations of
immunoglobulin and complement in a "lumpy-bumpy'" pattern. This very
immunofluorescent pattern characterizes idiopathic membranous glomerulo-
pathy, thus this disease has been assigned an immune complex
pathogenesis.

The immune complex hypothesis of the Dixon model grew directly out
of the observations made by Germuth and Dixon concerning the acute,
one-shot serum sickness animal model in which labeled bovine serum
albumin was injected into a rabbit and its fate followed as shown in
Figure 23.
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Figure 23 The fate of injected albumin in the single shot, acute serum
sickness nephritis in the rabbit.

After an initial distribution phase the elimination of the BSA antigen
attains a relatively fixed rate. By day 3, antibodies to the BSA are
beginning to appear in the circulation and by day 6 circulating immune
complexes may be measured. The presence of increasing concentrations of
antibody altered the elimination rate of the antigen hastening its
removal from the circulation and ultimate disappearance. Serum sickness
lesions appeared only after the formation of circulating complexes and
began to disappear when complexes were absent. The temporal relation-~
ship between the glomerular lesion and the appearance of complex in the
circulation led to the formulation of the hypothesis that complexes were
pathogenic and reached the kidney from the circulation itself.

Examination of the pathologic tissue from rabbits actively and
chronically presented with antigen led to the second concept that stated
that the site of glomerular immune deposit formation in the glomerular
capillary wall, thus the type of histologic glomerular lesion which
would be produced, depended on the antibody response which determines
the antigen:antibody ratio and dimportantly the circulating immune
complex size. This notion is pictorially demonstrated in Figure 24.
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Figure 24 The relationship between the vigor of the antibody response to
chronically administered antigen and the place in the
glomerulus the immune comple xwill lodge. Courtesy of Dr.
William Couser.

If an animal makes a great deal of antibody in response to a given
antigen, large soluble circulating complexes may be formed which easily
can be cleared by the mononuclear phagocytic system. Little or no renal
deposits will accrue in this setting and those that are found are con-
fined to the mesangial region, an area of the kidney which participates
in the functions of the RES system. If a given animal synthesizes a
concentration of antibody equivalent to the concentration of antigen
present in the circulation, medium size, often soluble, circulating
immune complexes are formed which lodge in the mesangium and the sub-
endothelial region of the capillary wall leading to a severe prolifera-
tive glomerulonephritis with activation and proliferation of the endo-
thelial cells. Lastly, if an animal makes a meager antibody response,
antigen excess will ensue and small circulating immune complexes will be
formed which are thought to lodge in the subepithelial region of the
glomerular capillary wall. In this location, the deposits are less
likely to induce a proliferative response of the endothelium or an
inflammatory cellular response from the blood side producing membranous
glomerulopathy. Dixon supported this view with results obtained in the
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"active'", chronic serum sickness rabbit model in which he could change
the lesion by controlling the amount of antigen injected based on the
antibody response of a given rabbit.

The first assault on this impregnable concept of circulating immune
complex mediated nephropathy was launched by the failure to reproduce
deposit lesions in the kidney upon the passive introduction of preformed
immune complexes into the circulation. Table XII details the large
group of studies all of which failed to reproduce subepithelial
glomerular deposits with the introduction of preformed complexes into
the circulation regardless of the antigen-antibody system employed.
Whether the protein system is an anti-BSA system, a haptenated protein-
anti-hapten system, or one composed of protein aggregates, which usually
can replace complexes in most assay systems, the glomerular capillary
tuft was devoid of deposit material. Indeed the majority of deposits
that were found in renal biopsy material were confined to the mesangial
region or rarely the subendothelial space.

TABLE XII

The Failure of Passively Administered Immune Complexes
to Induce Subepithelial Deposit Formation

Methods of
Report Material injected localization Resuits
Immune complexes

Mellors, 1962 [54) Rabbit anti-BSA or OA-FITC IC's into mice IF Mesangial deposits, BSA-FITCIC's

and BSA-FITC alone on capillary wall
McCluskey, 1962 [50] Rabbit anti-DNP-DNP-BGG IC's to mice IF Mesangial deposits
Weiser, 1962 [55] Rabbit anti-BSA 1gG-FITC-BSA IC's to mice IF **Diffuse’’ glomerular deposits, no illustrations
Okumura, 1971 [59] Rabbit anti-BSA IC's to mice IF, EM Mesangial and subendothelial deposits
Wright, 1973 [61) Dog anti-canine adenovirus IC’s to mice IF,EM Mesangial and subendothelial deposits
Haakenstad, 1975 [13] Rabbit anti-HSA 1C's to mice IF Mesangial deposits
Ford, 1975 (12, 56} Rabbit anti-BSA IC's to mice IF Mesangial deposits, mesangial and capillary

wall deposits with RES blockade
Haakenstad, 1976 [10] Rabbit anti-HSA IC's to mice IF, EM Mesangial and subendothelial deposits
Van Damme, 1978 (22] Rabbit anti-rat Fx1A IC’s to rats IF Mesangial deposits

Koyama, 1978 [60) Rabbit anti-DNP-BSA or BGG to mice IF,EM Mesangial and subendothelial deposits
Rabbit anti-TNP BSA

Protein aggregates

Michael, 1967 [62) Aggregated HSA, 1gG to mice IF, EM Mesangial and subendothelial deposits
Mauer, 1972 [63] Aggregated IgG to rabbits IF Mesangial and subendothelial deposits
Ford, 1975 [64) Aggregated BSA to mice IF Mesangial and **pericapillary’” deposits
Kijlstra, 1978 [65] Aggregated IgM IF,EM Mesangial and subendothelial deposits

Couser & Salant. Kidney Int., 1980
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GLOMERULAR IMMUNE DEPOSITS IN “PASSIVE"
SERUM SICKNESS (PRE-FORMED IC INFUSION)

Figure 25 Passively administered immune complexes are found primarily in
the mesangium or in the subendothelial region of the GBM.
Courtesy of Dr. William Crouser.

No single example of subepithelial deposit consequent to administration
of pre-formed immune complexes have been experimentally described to
date without vigorous chemical alteration of the basement membrane.

The active administration of the cationic probe ferritin, which can
be followed morphologically due to its electron dense nature, afforded
initial hints as to the mechanism of subepithelial deposit formation.
This antigen led to an immune response, circulating immune complexes
composed of ferritin and anti-ferritin antibodies, and later subepi-
thelial deposit.
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Figure 26 Ferritin granule deposition, the electron dense grains in this

photomicrograph, are planted in the regions of the GBM bearing
a net negative charge.

In this tightly controlled experimental model, the subepithelial deposit
lesion could not be demonstrated to have temporally followed closely the
formation of circulating complex. Indeed, one could show the presence
of the ferritin in the basement membrane prior to significant antibody
formation in the circulation or the formation of complex. The lessons
of the ferritin experiments were lost until the animal model of MGN was
studied in depth.

The failure to produce subepithelial deposits by passive adminis-
tration of complex was initially felt to be related to the absence of
inflammation and elaboration of vasoactive substances consequent to

active presentation of antigen. The argument was advanced that
complexes found in the circulation would lodge in the basement membrane
only after elaboration of wvasoaclive compounds during inflammatory
reaction to the antigen. Experimental exploration of this view by

vasocactive administration of a range of materials in combination with
preformed immune complexes failed to produce subepithelial deposit
formation. Indeed maneuvers which sought to increase glomerular perme-
ability tended to reduce rather than increase subepithelial deposits in
the active, chronic serum sickness model. The failure to produce
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glomerular deposits after injection of preformed immune complexes with
or without modulation of permeability by vasoactive substances strongly
shook the Dixon model.

The second major assault on the classic Dixon immune complex hypo-
thesis has come from the experimental evaluation of the rat model of
membranous glomerulopathy, a model called autologous immune complex
nephropathy (AICN) or the nephritis of Heymann. In this model, animals
immunized with antigen derived from the protein present in the luminal
brush border of proximal tubular epithelial cells and obtained by frac-
tionation of crude homogenants, thus its abbreviated name Fx1lA, develop
a renal disease indistinguishable from human membranous glomerulopathy.
Based on the observation that a small number of animals so immunized
will have circulating anti-tubular antibodies and immune complexes in
the circulation, the pathogenesis of Heymann's nephritis has been felt
to be an example of immunologically mediated renal disease in a setting
of large antigen excess with subepithelial deposit formation. A similar
pathologic lesion can be rapidly created by the passive injection of

preformed FxlA-anti Fx1lA antibody. A membranous pattern of renal
morphology with subepithelial basement membrane deposits results from
such a maneuver. Building on the observation of Van Damme and associ-

ates that anti Fx1A directly binds to renal slices, Couser demonstrated
that anti Fx1lA presented to the kidney during ex vivo isolated renal
perfusion not only bound to the glomerulus but was uniquely found in the
subepithelial space.

OXYGENATOR ARTERY
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Figure 27 Ex vivo isolated perfusion protocol employed by Couser and
associates to demonstrate that anti-Fx1A antibody binds
directly to a structural element of the glomerulus.
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In the experimental setting of Couser (shown in Figure 27) no circulat-
ing antigen was present, anti FxIA was introduced into the perfusate and
was found to develop subepithelial deposits in situ as a reaction of the
free antibody with a fixed, endogenous antigen which is a constituent
element of the glomerulus found in or near the outer portion of the
glomerular capillary wall. The normal rat glomerulus Couser argues,
possesses antigenic determinants which engage the antibody in situ as
shown in Figure 28.

Figure 28 In situ formation of immune complex in the
glomerulus of the Heymann's n-:phritis
model.
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Recently Farquhar has characterized the antigenic material recognized by
the anti-brush border antibody as a glycoprotein synthesized by the
glomerular epithelial cell which is localized in unique sections of the
cell membrane of the podocyte foot processes called coated pits. This
GP330 antigen then is found in what morphologically is a subepithelial
location where an antibody may engage it thus altering the glomerular
capillary filtration pore. Because the GP330 antigen is discontinuously
distributed through the basement membrane, immunofluorescence in the
Heymann's model will perforce be of the "lumpy-bumpy' wvariety. This
observation vraised the question of whether "lumpy-bumpy" immuno-
fluorescence, characteristic of human membranous glomerulopathy,
necessarily indicates a circulating immune complex mediated mechanism.
The amendment of the in situ formation model is depicted in Figure 29.

Molecular Understanding of
. Heymann Nephritis

o ¥

_and Farquhai
B3y

Figure 29 In situ formation of dimmune complex with a glycoprotein
elaborated by the glomuerular epithelia cell, GP330, serving
as the antigen.

Couser reinterpreted the ferritin experiment previously discussed as
supporting an in situ model of complex formation with the cationic
ferritin engaging the negatively charged sialoproteins at the subepi-
thelial portion of the capillary wall where antibody finds the ferritin
and a deposit is formed.
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The third piece of evidence that argues against a circulating
immune complex mediated mechanism to explain the pathogenesis of
membranous glomerulopathy stems from an extensive review of the litera-
ture that speaks to the presence of such complexes in patients with this
disorder. Table XIII reproduces the series that have explored this
issue. Using a wide variety of laboratory techniques to discover and
quantitate circulating immune complexes, no more than 20% of the
patients in most series in which well performed assays were employed

will have circulating complexes of any sort documented during their
nephrotic period.

TABLE XIII

DETECTION OF CIRCULATING IMMUNE COMPLEXES IN PATIENTS
WITH IDIOPATHIC MEMBRANOUS GN--ANY ASSAY

No. Positive No. Examined % Positive
Cairns et al 1982 34 36 94
Sobel et al 1976 18 26 69
Gluckman et al 1978 26 47 54
Szabo et al 1979 7 14 50
Abrass et al 1980 22 55 40
Ooi et al 1980 5% 13 38
Russell et al 1978 6 16 38
Border 1979 54 235 23
Didgeon et al 1977 2 10 20
Meroni et al 1979 2 11 18
Stachura et al 1981 1 6 17
Woodroffe et al 1979 2 44 14
Rossen et al 1979 1 9 11
Robinson et al 1979 1 10 10
Zager et al 1979 1 15 7
Simpson et al 1978 0 5 0
Tung et al 1978 0 8 0
Solling and Olsen 1981 0 74 0
Ooi et al 1977 0 13 0

*all had renal vein thrombosis

Moreover, in those patients that do have circulating complexes, one
cannot demonstrate that the complexes in the plasma space correlate to
the electron dense material or immunoglobulin deposits seen pathologic-
ally in the "membranous'" kidney. This experience relating circulating
complexes to patients with MGN stands in stark contradistinction to that
seen in patients with proliferative forms of systemic lupus erythemato-
sus glomerulonephritis in which more than 95% of patients can have
circulating immune complexes demonstrated which contain antigens and
antibodies similar to those found in the basement membrane of biopsy
material. A demonstration that deposits can be formed in situ in the
basement membrane in animal models of membranous glomerulopathy and a
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failure to detect circulating immune complexes in the majority of
patients with this disease, strongly argue against an immune complex
mediated mechanism to explain membranous glomerulopathy in man.

On the other hand, one cannot uncritically accept the view that an
identical mechanism extant in the Heymann nephritis animal model can
explain human membranous GN. Subsequent to the observations of Couser
and colleagues, an assiduous search for the presence of antitubular
antibodies in patients with MGN has generally been unrewarding. While
it is true that several forms of membranous glomerulopathy in man has
been associated with antitubular antibodies such as that following renal
transplant rejection, obstructive uropathy, or sickle cell anemia, the
majority of patients do not have such an antibody. An alternative
hypothesis to explain most cases of human MGN that incorporates in situ
complex formation and the acquisition into the GBM of foreign material
which serves as antigen has been generated from an understanding of the
physicochemical nature of the glomerulus itself that might permit
foreign antigen material to be 'planted" in the basement membrane where
it can serve as both an immunogen and a target for the in situ formation
of immune deposit leading to glomerular dysfunction. That such an
antigen may be planted in the GBM has been demonstrated experimentally
by in vivo perfusion of kidneys with conconavalin A which avidly binds
directly to glomerular membrane glycoproteins where it initiates an
immune response resulting in membranous glomerulopathy and proteinuria.
One can also "plant" an antigen in the basement membrane using probes of
specific electrical charges. I have already discussed how the cationic
material ferritin will bind to the negatively charged portions of the
glomerular basement membrane culminating in membranous glomerulopathy.
Such a demonstration has now been repeated using other materials such as
protamine or positively charged bovine serum albumin. Lastly, immuno-
globulin itself may serve as an antigen planted in the capillary wall by
virtue of initial binding to C' receptors present in this region of the
glomerular tuft eliciting an antibody response and ultimately renal
damage. It is reasonable therefore to suggest that foreign antigen
because of chemical interactions, charge considerations, or receptor
mediated binding events can localize in the basement membrane where it
may form an immune complex in situ initiating the disease we call
membranous glomerulopathy.

Understanding the means by which antigen can get to the glomerulus
provides a view of only half of the pathogenetic equation in MGN. We
must also account for the mechanism which leads to a setting of gross
antigen excess in response to a given antigen. This circumstance per-
mits the conditions for antigen to plant in the GBM and escape immune
elimination by the RES. In some way a given antigen must evoke only a
weak antibody response. That this notion is potentially correct can be
discerned from that unique category of patients with systemic lupus
erythematosus with distinctly membranous rather than proliferative
biopsy lesions. These patients either do not have circulating anti DNA
or have a very low titer of ANA. Initially, Izui and colleagues demon-
strated that small amounts of anti-DNA antibody may cross-react with
elements of the basement membrane and cause a membranous picture in
animals similar to the Heymann nephritis story. Most intriguing is the
observation of Ooi and colleagues that lymphocytes obtained from
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capacity to make antibody after a polyclonal challenge with a B cell
Moreover there is an important association between certain HLA

mitogen.
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genotypes and the occurrence of MGN.

As shown in Figure 30,
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Figure 30 Immunoglobulin response of peri-

pheral ©blood lymphocytes after
polyclonal B cell activation in
patients with MGN and relevant
controls.

patients with MGN have defective immunoglobulin

glomerulopathy have a diminished

synthetic response compared not only to normal subjects but also to
non-membranous nephrotic controls.
relatively nonspecific in that lymphocyte blastic response to various
mitogens is also impaired (Figure 31) during active disease.

This defect in cellular immunity is
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Subjects Number of cases Stimulation index (SI)
Con A PHA

Normal controls 24 851+ 9.3 161.0 £ 31.7
MN

With NS 5 59.0+ 12.8 1130+ 9.1

In remission 6 743 % 1.8 142.0 £ 473
CGN

With NS 5 82.5 £ 25.2 161.3 £ 13.1

Without NS 5 88.7 £ 42.3 162.0 £ 673

Matsumoto, et al. Int. Archs Allergy Appl. Immun., 1981

Figure 31 Mitogen responses of lymphocytes from patients with MGNand
relevant controls.

The genetically determined immune hyporesponsiveness found in patients
with MGN permits a hypothesis of the pathogenesis of this disorder in
man. This hypothesis states that given patients are genetically
destined to make meager antibody responses to certain antigens. If
those antigens by virtue of their size, charge, chemical interactions,
or binding capacities are capable of planting in the subepithelial area
of the basement membrane and escape elimination by the meager antibody
response, an immune complex will form in situ and initiate renal damage
which, because of its 1location in the «capillary wall, leads to
proteinuria rather than predominant renal inflammation.
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*Genetic Low
Responder (HLA, Ts) \
Ag excess
low Ab response
Ag lodges in A‘IIIIIIIIII‘
kidney because of
physical characteristics \

in situ
subepithelial deposit

Figure 32 Pathogenesis of idiopathic membranous glomerulopathy.

These new data concerning membranous glomerulopathy allow a general
revision of the classic Dixon hypothesis as detailed in Table XIV.

TABLE XIV

DIXON’S FORMULATION OF
IMMUNE RENAL DISEASE-REVISED

. The kidney serves as antigen

A. anti GBM nephritis - Goodpasture’s Disease
B. anti GP330 nephropathy - some forms of MGN

Il. The kidney is injured incidental to its filtering properties

A. circulating immune complex deposition-SLE, PSGN

B. in situ formation of immune complex by circulating
antibody and antigen planted in the GBM by virtue of its
chemical properties — most MGN
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It is useful in my view, to retain the bipartite Dixon model with injury
resulting from the kidney serving as antigen or as an innocent
bystander. When the renal antigen involved in the immune injury is the
non-collagen portion of the glomerular capillary wall then severe
inflammation and nephritis ensues. When the renal antigen is a glyco-
protein elaborated by the visceral epithelial cell of the glomerular
tuft then discrete complexes are formed in situ and membranous glomeru-
lopathy ensues. On the other hand the kidney may be injured by immune
reactants which reach the kidney as small complexes formed in the circu-
lation and lodging under the capillary endothelial cell initiating an
inflammatory nephritis or first as antigens which plant in the basement
membrane by virtue of charge, chemical reactions, or receptor binding
where they are found by small concentrations of antibody in order to
form a complex causing disruption of the filtration barrier.

SUMMARY

Idiopathic membranous glomerulopathy is a disease with a distinc-
tive morbid anatomy and natural history. The pathologic diagnosis is
constant with 1little shifting, that is it '"breeds true". An under-
standing of the clinicopathologic features of the disease carries
prognostic import. It is now possible that accurate diagnosis of this
disorder may lead to potentially effective therapy. An understanding of
the pathogenesis of this disorder has greatly altered our understanding
of immune mechanisms in renal disease and has engendered a greater
degree of collaboration between morphologists, renal physiologists,
immunolo jists, and clinicians.
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