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The hard way from bench to bedside

History lessons from the pathogenesis of
idiopathic membranous nephropathy (MN)

Membranous nephropathy (MN) is one of the most common causes of
adult nephrotic syndrome. Histopathology involves typical subepithelial
immuncomplexes, with an obvious pathogenetic role. Today, the study of
pathogenesis, which began in 1959, has proven that MN is an organ-specific
autoimmune disease. Our aim was to follow and draw some historical les-
sons from this 60-year long course of studies on MN. Heymann nephritis
(HN; 1959) is the classical animal model, in which the pathogenetic role of
immuncomplexes in MN was first established. HN is induced by injection in
rats of tubules brush border (BB) antigens (active HN) or the corresponding
antibodies (anti-BB; passive HN). In 1978, lesions of HN forming ex vivo after
anti-BB injection in an isolated perfused rat kidney model, i.e. in the absence
of circulating BB antigens, proved that immune-complex formation occurs
in situ. In 1982, megalin was identified as the epithelial auto-antigen in HN.
However, as megalin could not be detected in human podocytes, pathogen-
esis of human MN still remained unresolved. In 2002, neutral endopeptidase
was identified as the podocyte antigen in cases of antenatal allo-immune
human MN, clearly implicating the pathogenetic role of podocyte membrane
proteins and in situimmune-complex formation. In the next years, phospho-
lipase A2-receptor and Thrombospondin type-1 domain containing 7A were
identified as organ-specific auto-antigens associated with MN. The maxim
“sciencia facit altus” could precisely describe the evolution of 60 years of
research on the pathogenesis of MN, which was decisively promoted with
the breakthroughs made in the last 20 years. This pattern may change as we
reach the exciting new scientific era.

1. INTRODUCTION
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Membranous Nephropathy (MN) is one of the most
common causes of adult nephrotic syndrome.’ It was first
described and defined clinically and histopathologically
in 1959.2 Its histopathology involves typical sub-epithelial
immune complex deposits and gradual thickening of the
basement membrane. These immune complexes activate
C5b-9, the complement membrane attack complex, which
is the major mediator of proteinuria.

The majority of cases with MN (about 80%) are idiopathic
and 20% are associated with autoimmune disease, infection,
malignancy or drugs. The clinical course of idiopathic MN is
varying and 30% of cases have a spontaneous remission of

nephrotic syndrome, while 30% show a progression towards
end-stage renal disease within 5-15 years from diagnosis.?

Research on the pathogenesis of MN began from the
first clinicopathological description? and the development
of the experimental animal model of Heymann Nepritis (HN)
in 1959.“ From this beginning, the research —still ongoing-
formulated three possible mechanisms for the formation
of the sup-epithelial immune complexes (fig. 1).

- Preformed circulating immune complexes are entrapped
in the sup-epithelial basement membrane

- Circulating pathogenic antigens are planted in the sup-
epithelial space, where they bind with autoantibodies
to form immune complexes in situ
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Figure 1.The three possible mechanisms of the sup-epithelial immune
complex formation in membranous nephropathy (see text for details).

- Autoantibodies bind to pathogenic antigens inert to
the podocyte cell membrane with subsequent in situ
sup-epithelial immune complex formation.

Today, research has proven that MN is an organ-specific
autoimmune disease. The aim of the present study was to
draw some historical lessons from this 60-year long course
of studies on MN.

2. HEYMANN NEPHRITIS

Heymann nephritis (HN; 1959) is the classical animal
model of MN, in which the pathogenetic role of immune
complexes was first established.” In the initial experiments
by Heymann, a paediatrician from Cleveland (OH, USA),
nephritis was induced by immunisation of Lewis rats by
whole kidney extracts. From the crude kidney extract only
the fractions from the tubules brush border (BB, Fx1A)
induced HN (active HN). In addition, passive immunisation
with injection of Lewis rats with the corresponding antibod-
ies (anti-BB; anti-Fx1A) induced passive HN. Because HN
was not induced by glomerular but rather by tubular BB
extracts, the model of active HN indicated that the deposits
came from circulating immune complexes. However, the
model of passive HN in rats argued against this scenario
and supported the possible pathogenetic role of antigens
inert to the podocyte’'s membrane (fig. 1).°

This question was answered with certainty only 20 years
later (in 1978), when two groups independently showed in
anisolated perfused rat kidney model, that HN lesions form
ex vivo after anti-BB (Anti-Fx1A) injection (fig. 2). The forma-
tion of sup-epithelialimmune complexes in the absence of
circulating BB antigens finally proved thatimmune-complex
formation in HN occurs in situ.” For this reason, research
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Figure 2. Active Heymann Nephritis (HN), 3-4 weeks after immunisation
of Lewis rats by renal brush border (BB) antigen (Fx1A). Passive HN 3 days
afterinjection in Lewis rats of (sheep or rabit) antibodies against rat renal
BB antigen (anti-Fx1A). Formation of sup-epithelialimmune deposits in an
isolated perfused rat kidney after addition in the perfusate of antibodies
against rat renal BB (anti-Fx1A).

efforts intensified to assess the auto-antigen responsible
for HN in rat podocytes.

These efforts finally bore results in 1982. Megalin was
identified as the epithelial auto-antigen in HN. These find-
ings, 33 years after Heymann'’s first description, allowed a
significant clarification in the pathogenesis of Heymann
nephritis.®? Furthermore, it seemed absolutely justified
to hypothesise that human membranous nephropathy
would follow a similar pathogenetic pattern with HN, also
involving megalin.? However, really unexpectedly megalin
could not be detected in human podocytes.’”

3. ANTIGENS IN MEMBRANOUS NEPHROPATHY

Megalin is localised in tubular epithelial cells but not
in human podocytes.® For this reason, the pathogenesis of
human MN still remained unclear. For many years, all efforts
to assess an auto-antigen in human podocytes with a role
in human MN similar to the role of megalin in HN were
unsuccessful.’ This failure was most probably due to the
reduced sensitivity of the applied methodology, especially
of mass spectrometry, and the use of cultured podocytes
as the main source of antigens.

In 2002, neutral endopeptidase was identified as the
podocyte antigen in cases of antenatal allo-immune human
MN,? clearly implicating the pathogenetic role of podocyte
membrane proteins and in situ immune-complex forma-
tion. This impressive proof that the formation of immune
complexes in MN occurs in situ led to the intensification of
all research efforts to assess the auto-antigen responsible
for MN on human podocytes.
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Finally, in 2009 and 2014, two human podocyte proteins
were identified as pathogenetic antigens of idiopathic
MN. Specifically, phospholipase A2-receptor (PLA2R) and
thrombospondin type-1 domain containing 7A (THSD7A)
were identified as organ-specific auto-antigens associated
with MN.”"’? A long-standing problem was solved.

The methodological approach was similar to the stud-
ies on HN 25 years earlier. It was also based on microdis-
section of human glomeruli, proteomic technology and
mass spectrometry. However, the technological precision
of the implemented methods was better in these recent
studies and represented a central contributing factor for
success. However, the main reason for this success is that
non-reducing conditions were applied during the detec-
tion procedure. This is based on a simple idea, namely that
under non-reducing conditions the disulfide bonds remain
intact and protein conformation does not change. Indeed,
the antibody reactive epitopes of both antigens involved in
idiopathic MN were reduction-sensitive (i.e. conformation-
dependent epitopes) and the serum samples from patients
with MN did not recognise the antigens under reducing
conditions.
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4. CONCLUSIONS

Research on the pathogenesis of MN began in 1959 with
the description of HN the experimental animal model for
MN. Thereafter, the first step forward was to prove the in situ
formation of immune complexes in HN. This was achieved by
an ex vivo model, applied simultaneously by two scientific
groups (1978). The second decisive step was to show that
the same principle also applies in human idiopathic MN.
Progress came from a rare case of neonatal MN analysed
with scrutiny by a specialised group in 2002. The final step
was then to identify the specific podocyte auto-antigens in
MN, as was already done for HN in 1982.This was achieved
thanks to technology and to a very simple idea, namely that
the antigen epitopes might be conformation-specific and
thus reduction-sensitive (in 2009 and 2014).

The maxim“sciencia facit saltus” could precisely describe
the above-described evolution of 60 years of research on
the pathogenesis of MN, which was decisively promoted
with the breakthroughs made in the last 20 years. This pat-
tern may change, or simply become faster, as we reach the
exciting new scientific era.
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O 8UOKOAOG SPOMOC ATTO TOV TTAYKO TOU £PYACTNPIiOU 0TNV KAivn TOU ac0svouc. loTopikd padnuata
arnoé Tov MAaBOoYEVETIKO HNXAVIGHO TNG 1I81omaboug pepfpavwdoug orelpapatoveppitidag
I. STEDOANIAHZ," E. NIKOAAOY,' ®. KAPAXABBIAOY,2T. EAEYOEPIAAHZ," A. AIAMANTOINOYAOZ3
'Neppoloyikd Tunua, Mavemotnuiaké Noookoueio Adpioag, Adpiloa,
2EpyaoTtriptio ®apuakodoyiag, MNavemotnuiakd Noookoueio Adptoag, Adptoa, 3latpikry ZxoAn, EBviko
kat Kamodiotptako MNMavemotriuio ABnvwy, ABrnva kat ldpuua Aovpou lotopiacg tng latpikrg, ABriva

Apxeia EAAnvikni¢ latpikric 2020, 37(>uurmA 2):125-128

H pepBpavwdng veppomddela (MN) gival n mo cuxvr aitia Ve@pwaoilkol cuvSpoOpouU oToug eVAAIKEG. H toTormaBolo-
yia eUTTAEKEL TUTTIKA UTTOETIONALAKA AVOCOCUUTAEYUATA, UE EUPAVH TTAOOYEVETIKO PONO. ZHHUEPQ, N LEAETN TNG TTO-
Boyéveoncg tTng, n omoia dpxloe to 1959, éxel amodeifel 6T N MepBpavwdng Ne@pomdBela amoTteAei pla avtodvoon
000£VEIQ CUYKEKPIPMEVWY OPYAVWYV. STOXOG HAG ITAV VA TTAPAKOAOUOCOUE KAl VA AVTAI|COUUE UEPLKA IOTOPIKA
paBriupata and TNV €ENKOVTAETH TTOPEIQ TWV HEAETWV TTAVW oTn MepBpavwdn veppondBela. H veppitida Heymann
(HN, 1959) amotelei To KAACIKO {WIKO LOVTEAO OTO OTToI0 KABIEPWONKE yla TPWTN YOoPd O TTABOYEVETIKOG PONOG TWV
avoooouumAeypdtwy otn MN. H veppitida Heymann emdyetal pe €veon o€ apoupaioug avtlyovwy (evepyoug HN)
PYNKTPOoEISoUG TTapUPKG (BB) ] TwV avTIOTOIXWV AVTICWHUATWY (AVTIyova PnKTPoeISoUG TApUEPNG, TTAONTIKK VEQPITL-
&a Heymann). To 1978, ol aANOIWOEIG OXNUATICHWY eX Vivo TnG veppitidag Heymann petd anod éveon avilyovwy Yn-
KTPOEISOUG TTAPUPIG OE €Va ATTIOOVWHEVO UOVTENO EUTTOTIOUEVOU VEQPOU apoupaiou, SnA. amoucia KUKAO@OPOoU-
VIWV avTlyovwv YnKTPoeldolg mapu@ng, amédet§av OTt 0 OXNUATIOHOG AVOCOCUUTTAOKOU TTIPOKUTITEL in situ. To 1982,
n peyaAivn (megalin) avayvwpioTnke wg To MONAIaKO autoavTlydovo oth ve@pitida Heymann. Qotéoo, kabwg Sev
gival duvaTtn n avixveuon tngG peyaAivng ota avOpwriva modokuttapa, n maboyéveon tng MN otov dvBpwro mapé-
peve ave€nyntn. To 2002, n oudétepn evOOTENTIOAON AVAYVWPIOTNKE WG TO AVTIYOVO TTOSOKUTTAPWY OE TIEPITITW-
OELG TTIPOYEVVNTIKNAG aANoAvwong avBpwrivng MN, TTou CUVETTAYETAL CAPWGE TOV TTABOYEVETIKO POANO TWV TIPWTEVWV
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NG MEMPBPAVNG TTOSOKUTTAPWY KAl TOV in Situ CXNMATIONO AVOCOCUUTTIAOKOU. Ta ETOUEVA £TN, O uTTOOOXEAG A2 PW-
o@oAuTdong kat n Opopoomovdivin TUTou-1 TToL TIEPLEXEL 7A TAUTOTTOINONKAV WG AUTOAVTIYOVA CUYKEKPIUEVWY OP-
yavwv mou oxetiovtal pe T MN. To adiwpa «n emotiun kavel GAuata» Ba umopoVoe va IEPLYPAYEL LE akpiEla TNV
£€ENEN TNG E€NKOVTAETOUG €peuvag TAvw otnv maboyéveon tng MN, n omoia TTPOXWPNOE ATTOPYACIOTIKA UE TIG AVa-
KOAUWELG TTOU €ylvav Ta TeAeuTaia 20 xpovia. AUTO To poTio evdéxeTal va aAAA&el KOBWG PTAVOUE OTN CLVAPTIA-
OTIKI) VEQ EMIOTNHOVIKN ETTOXN.

Né&eig eupeTnpiou: IoTopia TNG LATPIKAG £pguvag, Meyalivn, MepBpavidng veppormdOela, Neppitic Heymann
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