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“I was not aware of such a connection 

between lung and kidney disease”

Dr Ernest Goodpasture

1919: A fatal case of GN and lung hemorrhage 
attributed to an atypic influenza infection.



1958
“Goodpasture disease” was first used 
by Australians Stanton and Tange, in 
their report describing 9 cases of GN 
associated with lung hemorrhage.

1964
Development of immuno-
fluorescence techniques making 
possible to detect anti-GBM Abs 
in kidney tissue.

1967
The pathogenic potential of anti-
GBM antibodies in kidney tissue was 
demonstrated upon elution
and transfer to nonhuman primates.

1969
Detection of circulating anti-GBM 
Abs in patients.

1973
The first comprehensive clinical description of “anti-GBM antibody–induced 
GN” by Wilson and Dixon in Kidney International.

HISTORY OF GOODPASTURE SYNDROME – ANTI-GBM Abs





EPIDEMIOLOGY

Incidence of 1 pmp/year in European populations, rarer in African populations

10%–15% of all cases of crescentic GN in Bx series

Male predominance (>50%) 

Bimodal age distribution:

• I peak 3rd decade (male predominance, kidney + lung disease)

• II peak 6th-7th decades, (more common isolated kidney disease)

Genetic susceptibility: ilityHLA-DR15, DR4 = increased risk, DR1,DR7 = lesser risk

McAdoo & Pusey. CJASN 11:1392-1399,2016



“Outbreaks” and seasonal variation - spatial and temporal clustering of disease

ENVIRONMENTAL FACTORS MAY BE IMPORTANT TRIGGERS FOR DISEASE ONSET 

• infections 

• cigarette smoking

• inhalation of hydrocarbons

• treatment with the anti-CD52 monoclonal Ab alemtuzumab

Spatial and temporal clustering of anti-GBM disease

 A significant cluster of cases was identified 

beginning on December 2012-March 2013 

 Western counties had relatively lower incidence

McAdoo & Pusey. CJASN 11:1392-1399,2016



Anti-GBM Abs 
(IgG>>IgA, IgM)

Principal target 
“Goodpasture
autoantigen” 
NC1 domain of the 
alpha-3 chain of 
type IV collagen
(Restricted expression of BM of 
glomerular and alveolar capillaries)

Immunopathogenesis – “Goodpasture AutoAg” - a3(IV)NC1

Triple Helical Organization of the Type IV Collagen Family

Assembly and Network Organization of Collagen IV

Hudson et al, N Engl J Med 2003



Pedchenko V et al. NEJM 2010

Two principle autoantibody EPITOPES
within the autoantigen  EA and EB, 

sequestered in native GBM within the 
quaternary structure of the 

noncollagenous domains of the triple helix 
of a3, 4, and 5 chains.

Conformational transitions in subunits of non–cross-linked hexamers or trimers forming 
pathogenic neoepitopes that elicit Ab production and binding



 The triggering event may be an 

individual factor or a combination of 

factors that perturbs the quaternary 

structure of the hexamer.
• enzymatic or nonenzymatic post-

translational modifications
• a rise in body temperature
• proteolytic cleavage
 Anti-GBM Ab with high affinity could 

themselves induce the necessary 

conformational change and bind to the 

antigen without denaturation

Pedchenko V et al. NEJM 2010



McCall S et al. JASN Nov 2018

Exposure of the cryptic epitope is thought to occur via disruption of sulfilimine crosslinks in the NC1 domain 
that are formed by peroxidasin-dependent production of hypobromous acid 



• T cells stimulated with a3(IV) peptides on 

HLA-DR15 proliferate into pro-inflammatory 

CD4+ T cells. 

• The same peptides loaded on HLR-DR1 

induce Tregs inhibit the pro-inflammatory 

response. 

• The presence of DR15/absence of DR1 cause 

T-cell influx into the tissue + promote affinity 

maturation of anti-GBM antibodies from the 

existing pool of B cells. 

• Cytokines produced by the T cells + bound 

Ab recruit and activate neutrophils + 

monocytes/macrophages. 

Immune mediated tissue destruction

Segelmark et al, Nephrol Dial Transplant 2018



Central to the diagnosis of anti-GBM disease is: 

 the identification of anti-GBM Ab either in serum or deposited in tissue

 along with pathologic features of crescentic GN (80-90& RPGN)

 with (40-60%) or without evidence of alveolar hemorrhage



Serologic testing for anti-GBM antibodies is by definition, 

an urgent laboratory test!

 ELISA or luminex-based technologies 

Specificity and sensitivity of assays range 90%-100% and 95%-100%, respectively

10% of patients do not have identifiable circulating Ab with conventional assays 

 Western blotting: more sensitive method, not widely available

 Indirect immunofluorescence using normal kidney tissue: alternative method, requires input 

from a kidney pathologist, more false (-) results



High levels of circulating Ab against the specific epitopes EA & EB -

more severe renal disease at diagnosis as well as a worse prognosis

• Pts with oliguria or anuria had 

higher levels of autoAb against 

EA and EB at onset.

• Pts with a large amount of 

crescents had higher levels of 

anti-GBM Ab vs pts with better 

preservation of the renal 

architecture.

Yang et al, Nephrol Dial Transplant 2009



Anti-GBM autoAb-IgG subclass distribution is associated with disease severity 

IgG1 and IgG3 may play a major role in the initiation and progression of the disease.

The IgG subclass distribution of natural autoantibodies and anti-GBM 
autoantibodies in patients with different renal function on diagnosis.

 In anti-GBM patients, from normal to severely 

damaged renal function, IgG subclasses change 

from the restricted subclasses of IgG2 and IgG4 

to the four subclasses at the gene level.

 Different subclasses of IgG have distinct epitope 

spectra. 

 The increasing types of anti- GBM Ab subclasses 

reflected possible B-cell epitope spreading in the 

pathogenesis of anti-GBM disease.

Group A: Normal sCr
Group B: sCr < 133mol/L 
Group C: sCr 134–599mol/L 
Group D: sCr > 600 mol/L.

Zhao et al, Human Immunology 2009



 A greater % of patients with disease had a 

single detectable anti-GBM level compared 

with matching controls at any time point 

before diagnosis

 Only patients with disease had multiple 

detectable anti-GBM levels over time.

A rising titer of anti-GBM antibodies has been shown to predate the onset of clinical 
disease by several months

Olson et al, J Am Soc Nephrol 2011



Therapeutic goals

Rapid removal 

of circulating 

anti-GBM Ab

PLASMA 
EXCHANGE

Suppression of 

Ab formation

Glucocorticoids Glucocorticoids 

CyclophosphamideCyclophosphamide

TREATMENT OF GOODPASTURE SYNDROME





Κατευθυντήριες οδηγίες της Αμερικανικής 
Eταιρείας Aφαίρεσης για θεραπευτικούς σκοπούς 

–Αmerican Society for Apheresis (ASFA) 2016 



Κατηγορία Ι-πλασμαφαίρεση
 Σύνδρομο Goodpasture με διάχυτη κυψελιδική

αιμορραγία (1 C) ή όταν δεν απαιτείται αιμοκάθαρση (1
Β)

Schwartz et al  J Clin Apheresis 2016; 31꞉ 149-338

• Combination of PLEX + CS +CTX 
• DO NOT PERFOM PLEX UNLESS DAH IS PRESENT in pts with an initial 

creatinine>6.6 mg/dL or who are dialysis-dependent at the time of initiation

Plasmapheresis=PLEX, Cyclophosphamide=CTX



Who should we treat?

PLEX + Prednisone + CTX should be administered:

In pulmonary hemorrhage, independent of the presence and/or severity of renal

involvement

In renal involvement with sCreatinine >5 - 7 mg/dL not requiring immediate renal 

replacement therapy

In less severe renal disease (<30 – 50% crescents on renal Bx) ?

Plasmapheresis=PLEX, Cyclophosphamide=CTX



Who should we treat?

• Very low likelihood of renal response in pts presenting with dialysis-dependent 

renal failure BUT…

• Inability to accurately identify the dialysis-dependent patient who may recover 

renal function Rx should be considered:

• In very acute disease

• Younger pts able to tolerate aggressive immunosuppression

• Pts with anti-GBM Ab + ANCA



McAdoo & Pusey. CJASN 11:1392-1399,2016

PLEX
Daily 4L exchange for 5% human albumin solution
+ FFP (300–600 ml) within 3 d of invasive procedure (e.g., kidney biopsy) or alveolar hemorrhage
Duration: 14d or until Ab levels are fully suppressed
Monitor Ab levels regularly after cessation of Rx because PLEX may require reinstatement if Ab 
rebound 





ONLY 1 RANDOMIZED PROSPECTIVE STUDY

PLEX is generally recommended for the treatment of anti-GBM disease

 Improved morbidity and mortality in the era of plasmapheresis compared to historic rates

 Greater amelioration of disease consequences with rapid removal of anti-GBM antibody



• 17 pts – 2 Groups
→ 9 pts PREDNISONE + CTX → 6/9 dialysis dependent 
→ 8 pts PLEX (every 3d) + DRUG REGIMEN → 2/8 dialysis dependent

• PLEX group: rate of disappearance of anti-GBM Ab x2 
mean sCreat end of Rx = ½ Group PS+CTX

• Two groups similar in terms of entry clinical characteristics, 
pulmonary manifestations and complications associated with therapy

Johnson JP et al. Medicine(Baltimore) 1985

1 RANDOMIZED TRIAL (1985)



CONCLUSIONS
• % of crescents on initial renal Bx + entry sCreat correlated better with outcome vs 

therapeutic modality
• Pts with <30% crescents + sCreat < 3 mg/dL good outcome

Pts with >75% crescents + sCreat > 4 mg/dL poor outcome
• Limitations : inconclusive results due to the lack of adequate power and more severe 

baseline disease in the patients treated with plasmapheresis.

Johnson JP et al. Medicine(Baltimore) 1985



Levy JB et al. Ann Intern Med. 2001;134:1033-1042 

• Design: Retrospective, max FU25 
years 

• Setting: UK / 71 treated patients 
with anti-GBM Ab disease 

• Intervention: All patients 
received PLEX+PS+CTX

• Patients: 3 Groups – according 
to initial renal function level

• Measurements: Patient and 
renal survival

RETROSPECTIVE STUDY



• Results: SURVIVAL at 
1 YEAR & MEDIAN FU 7Y

• 19 pts sCreat <5.7 mg/dL
patient survival 100% & 84%
renal survival 95% & 74% 

• 13 pts sCreat >5.7 mg/dL but did 
not require immediate dialysis
patient survival 83% & 62%
renal survival 82% & 69% 

• 39 patients dialysis-dependent
patient survival 65% & 36% 
renal survival 8% & 5% 

• All patients who required 
immediate dialysis + 100% 
crescents on renal Rx remained 
dialysis dependent 

Levy JB et al. Ann Intern Med. 2001;134:1033-1042 



RETROSPECTIVE STUDY

• 221 pts anti-GBM disease - 1998-2008 in Peking University 1st Hospital
• Treatment Protocol:

PLEX (2-4L,) daily or every other day → 14 sessions or until anti-GBM Ab (-) 
(HA 5% + FFP in pulmonary hemorrhage)
MPS pulses 3 days (7-15mg/kg/d,<1g/d) → PS (1mg/kg/d,<60 mg/d) → tapering in 6-12m
Oral CTX (2-3 mg/kg/d) for 2-3 months 

• 3 different therapeutic regimens: 
1) 76pts   PLEX+CS+CTX 
2) 59pts   CS+CTX  
3) 41pts   CS alone







• The patient and renal survival rates at 1y were 72.7% and 25.0%
• PLEX+PS+CTX > PS+CTX > PS 



 Anti-GBM Ab titers should be regularly monitored

every 1-2 weeks until they are negative on two occasions

periodical monitoring for up to 6 months 

at any time if there are clinical signs suggestive of recurrence

 Anti-GBM Ab will disappear naturally over 2 years on average

MONITORING OF Anti-GBM Levels



Atypical Variants And Subgroups of anti-GBM disease

• Double-Positive Anti-GBM and ANCA-Associated GN

• Post-Transplant Anti-GBM Disease in Alport Syndrome

• Anti-GBM Disease Associated with Membranous Nephropathy

• “Atypical” Anti-GBM Disease

• Anti-GBM disease following immunotherapy



Case series of anti-GBM disease published after 2000
Double-Positive Anti-GBM and ANCA: 20-47%

Segelmar et al, Nephrol Dial Transplant 2018



 ANCA may be detected before the onset of anti-GBM disease

 ANCA-induced glomerular inflammation may be a trigger for the development of an 

anti-GBM response

 MPO-ANCA predominate in double- positive patients, frequencies of 66–81%

 Clinical course: more like anti-GBM associated RPGN in the short-term but more like 

ANCA-associated RPGN in the long-term 

Olson et al, J Am Soc Nephrol 2011, McAdoo et al, KI 2017



Patients double-seropositive for ANCA and anti-GBM antibodies have 
varied renal survival, frequency of relapse, and outcomes compared to 
single-seropositive patients 

McAdoo et al, KI 2017



Double-positive patients have a 
greater risk of relapse compared 
with patients who are positive for 
anti-GBM only.

Double-positive patients have a greater tendency to recover 
from being dialysis dependent after treatment and intermediate 
long term renal survival compared to single-positive patients.

McAdoo et al, KI 2017



Immunoadsorption offers an effective therapy for direct removal of circulating 

anti-GBM Ab and is non-inferior to PLEX

 10 patients with anti-GBM-disease treated 
with IAS / retrospective

 IAS was highly effective at removing anti-
GBM-Ab with a reduction of 71 - 86% / 
treatment

 Combined with immunosuppression, anti-
GBM-antibodies became undetectable (<10 
U/ml) in all patients within 2 to 9 IAS 
treatments.

Biesenbach et al, Plos One 2014



Biesenbach et al, Plos One 2014

• The per-treatment cost of IAS varies 
and depends on the type of adsorber
and on the number of treatments 
performed as the absorber can be 
reused. 

• The mean number of IAS per patient 
was 23.

• The costs for 23  Therasorb treatments 
were 1035 € per treatment, compared 
to PE with 4 liters of human albumin 
including personnel and disposables 
costs of 1194 €.



Double filtration plasmapheresis

Fewer plasma-associated side effects and reduced loss of IgG

Comparative effects of IA and DFPP on changes in 
anti-GBM antibody and IgG concentrations

28 pts (16 DFPP, 12 IAS) + 
All Immunosuppression 
Effects of IAS and DFPP on 
concentrations of anti-GBM 
antibodies in individual patients:
 In DFPP group, the average 

reduction of anti-GBM-
antibody was 123.7 RU/ml 
(61.9%).

 In the IA group the average 
reduction of anti-GBM-
antibody was 142 RU/ml 
(70.8%).

Zhang et al. BMC Nephrology 2014



Removal of tissue-bound anti-GBM Ab IgG can be targeted by virtue of the 

properties of bacterial proteins secreted by Streptococcus pyogenes

• IgG-degrading enzyme of S. pyogenes (IdeS) cleaves the heavy 

chain of IgG resulting in one F(ab’)2 and 2 monomeric Fc 

fragments, directly affecting IgG effector functions.

Endoglycosidase (EndoS) hydrolysis of all IgG 

subclass glycans diminishes C1q binding and 

complement activation as well as IgG-mediated 

opsonization by impairing IgG FccR binding.



In an experimental model of anti-GBM 

disease, a massive deposition of 

mouse IgG could be detected in 

kidneys from placebo-treated animals 

while there was only small amounts of 

mouse IgG in the kidneys from the 

IdeS-treated animals.

Yang R et al. NDT 2010



FUTURE DIRECTIONS

• EudraCT 2016–004082–39  - Clinical study of IdeS in severe anti-GBM disease, 

where it may promote rapid clearance of pathogenic IgG

• GOODIdeS NCT03157037 – Clinical study for the efficacy of IdeS in removing 

pathogenic tissue-bound anti-GBM Αb



ΕΥΧΑΡΙΣΤΩ 

ΚΑΛΑ ΧΡΙΣΤΟΥΓΕΝΝΑ



ΟΝΟΜΑΤΟΛΟΓΙΑ

• “Goodpasture disease” for patients with anti-GBM Abs 
• “Goodpasture syndrome” copresentation with GN and pulmonary 

hemorrhage of any cause
• “anti-GBM GN” specifically to the kidney involvement 
• “anti-GBM disease” broader spectrum of kidney and lung disease



Anti-GBM is associated with a specific allele HLA-DRB1*1501 

• As main role of DR molecules is to bind and present 

antigenic peptides to CD4+ T cells, the association of 

DR alleles with anti-GBM disease is explained by 

presence of polymorphic residues enabling DRB1*15 

alleles to bind peptides.

• Dominant-negative protective effect of DRB1*07 .

• DRB1*15 and DRBI*04 alleles share a glutamine (Q) 

at position β/70 on the α helix, while the protective 

DRBI*07 alleles contain charged residues, aspartic 

acid (D) at β/70 and arginine (R) at β71, altering both 

size and charge of the pocket. 

• Residues at β/70 and β/71 might also contact the T 

cell receptor, directly affecting T cell responses.

Polymorphisms and copy number variation in non-HLA 

genes have also been implicated in disease susceptibility, 

such as the genes encoding Fcg-receptors.

Fisher et al, Kidney Int 1997



• The immune response is polyclonal, and autoantibodies are mainly found against the a3(IV)NC1. 

• Most patients also have Ab against other epitopes on the a3(IV)NC1 and other a(IV) chains. 

• Of the 2 major epitopes - EA and EB, only autoantibodies against the EA epitope reflect toxicity. 

• Such antibodies are present at low levels and with low affinity in healthy persons. 

• The epitope is a cryptotope and conformational changes are necessary for the anti- GBM Ab to bind.

• Anti-GBM Ab with high affinity could themselves induce the necessary conformational change and bind 

to the antigen without denaturation.

• T cells contribute directly to cell-mediated glomerular injury but the pathogenic T cell epitopes have not 

been defined.



• Positive anti-GBM serology may be occasionally associated with pathology that is 

pauci immune 

• False (+) anti-GBM Ab tests may be found in states of polyclonal activation such as 

in hepatitis C or HIV infection and with diverse renal pathologies

• 10% of patients do not have identifiable circulating Ab with conventional assays 

which may result in diagnostic delay, until a renal biopsy is performed.



• Early diagnosis and initiation of PLEX are important for response to therapy and 

long-term prognosis

• The proportion of preserved glomeruli and the presence of oligoanuria may be

the best prognostic factors

• Pts requiring dialysis within 72 hours of presentation, usually need maintenance

dialysis



Levy JB et al. Ann Intern Med. 2001;134:1033-1042 



IgG resides 30%–45% in the extravascular space. 

With such a large plasma volume, under otherwise identical circumstances, several 

plasma exchanges will be required to remove the Ig from the circulation and the 

interstitial space and to achieve meaningful clearance. 

For IgG-mediated processes, for example, six TPEs would be expected to decrease 

circulating IgG levels to one-fifth or one-sixth of the baseline levels.





The combination therapy of had an overall beneficial effect on both 

patient survival and renal survival! 
 particularly renal survival for those with anti-GBM nephritis with initial sCreatinine> 6.8 mg/dL

Cui et al, Medicine 2011



• Double-positive patients have broader antigenic specificity with preferential 

binding of anti-GBM antibodies to a5 chains of type IV.

• ANCA directed against myeloperoxidase (MPO) predominates in double- positive 

patients, with reported frequencies of 66–81%.

• Double-positive patients are affected later in and there appears to be a male 

preponderance.

• Clinical presentation is almost indistinguishable from patients with only anti-GBM 

antibody positivity but clinical course often differs. 





Immunoadsorption (IAS)

• IAS is an alternative method removing antibody from the circulation used in the 

treatment of autoimmune diseases. 

• In renal disease, IAS is mainly used in ABO incompatible and highly sensitized renal 

transplant recipients, in antibody mediated rejection and in SLE

• Advocates have proposed IAS as a therapy in FSGS, AAV and anti-GBM disease.

• IAS has additional benefits to PLEX

selective high-affinity binding of IgG subclasses 1, 2 and 4

requires no FFP or albumin

allows a greater plasma volume to be processed.

Processing of 2.5 plasma 

volumes has the capacity to 

remove up to 87% of IgG, with 

multiple sessions increasing 

IgG clearance to>98%.


