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Abstract
Anti-glomerular basement membrane (GBM) antibody disease is a typically monophasic autoimmune disease with severe
pulmonary and renal involvement.We report an atypical case of frequently relapsing anti-GBMantibodydiseasewith both anti-
GBM antibody–positive flares with pulmonary and renal involvement, and anti-GBM antibody–negative flares that were
pulmonary limited with no histologic renal disease. This is the first report of alternating disease phenotype and anti-GBM
antibody status over time. Disease severity paralleled the detection of anti-GBM antibodies but was independent of IgG subtype
staining along the GBM. This case suggests a role for changing subpopulations of pathogenic antibodies as an explanation for
variation in disease phenotype and anti-GBM antibody results.
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Background
Anti-glomerular basement membrane (GBM) antibody disease is
a prototypical autoimmune disease characterized by pulmonary
hemorrhage and crescentic necrotizing glomerular disease as a
result of antibodies targeting the non-collagenous 1 domain of
the α3 subunit of type 4 collagen [α3(IV)NC1] [1]. The disease
course is usually monophasic, with initially severe pulmonary
and renal involvement, but subsequent relapses are not com-
monly seen. In >95% of cases, anti-GBM antibodies can be de-
tected in the serum using commercially available ELISAs that
use various forms of α3(IV) collagen as the target antigen [2, 3].

However, there have been increasing reports of atypical anti-
GBM antibody disease characterized by isolated pulmonary dis-
ease with minimal renal involvement or without detectable
anti-GBM antibodies [4–9]. Proposed mechanisms to explain
negative anti-GBM antibody ELISA testing include low levels of
pathogenic antibodies below the detectable limit of the assay,
different IgG subtypes (such as IgG4) or non-IgG antibodies that
are less detectable by ELISA, lowantigen binding affinity or target
antigens other than the usual epitopes in α3(IV)NC1 [6, 10–13].
These atypical characteristics have also been suggested to result
in fewer pathogenic antibodies and hencemight explain cases of
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isolated pulmonary disease in the context of superimposed lung
injury from hydrocarbons or smoking [1, 12–14].

We report a case of anti-GBM antibody disease with a highly
unique frequently relapsing disease course that varied between
anti-GBM antibody–positive flares with both pulmonary and
renal involvement and anti-GBM antibody–negative flares that
were pulmonary limited. To our knowledge, this clinical pattern
of anti-GBM antibody disease has not been previously described.
By comparing ELISA results with IgG subtypes detected along the
GBM in serial kidney biopsies, this case provides unique insight
into the role of longitudinal changes in antibody characteristics
associated with atypical variation in the clinical phenotype of
anti-GBM antibody disease.

Case report
A 41-year-old woman with normal baseline kidney function
presented in December 2005 with pulmonary hemorrhage con-
firmed on CT scan and bronchoscopy, an elevated creatinine of
957 µmol/L (eGFR 5 mL/min/1.73 m2) requiring dialysis, >50 red
blood cells (RBCs)/high power field (HPF) on urinalysis, negative
anti-neutrophil cytoplasmic antibodies (ANCAs), and positive
anti-GBMantibodies (see Figure 1).A renalbiopsyshowedcrescent-
ic glomerulonephritis in which 60% of the 24 glomeruli contained
active cellular orfibrocellular crescents, with strong linear capillary
glomerular staining on direct immunofluorescence (IF) that was
IgG2 dominant (see Figure 2 and Table 1). None of the glomeruli
had segmental or global sclerosis. She was treated with daily
plasmapheresis, steroids andmonthly intravenous (IV) cyclophos-
phamide for 6 months. Her hemoptysis resolved, and she recov-
ered renal function but had residual chronic kidney disease with
baseline creatinine of 170 µmol/L.

In June 2009 she presented with diffuse alveolar hemorrhage
confirmed on CT scan and bronchoscopy, creatinine near

baseline at 201 µmol/L with an eGFR of 25 mL/min/1.73 m2 and
negative anti-GBM antibody and ANCA testing. Urinalysis was
negative for RBC or protein. A kidney biopsy showed strong linear
capillary IgG staining on IF that was IgG2 dominant, but no active
disease (24 glomeruli—17 were globally sclerotic, 2 had segmen-
tal scarring and 5 were normal; see Figure 2 and Table 1). Shewas
treatedwith plasmapheresis, steroids andmonthly IV cyclophos-
phamide followed by azathioprine maintenance therapy, with
improvement in her hemoptysis. In 2011, while on low-dose
azathioprine, she presented again with pulmonary hemorrhage
confirmed on CT scan, creatinine near her baseline at
215 µmol/L with an eGFR of 21 mL/min/1.73 m2 and negative
anti-GBM antibody testing. Urinalysis was again negative for
RBC or protein. A third renal biopsy again showed linear IgG
staining that was IgG1/2 codominant but with no active disease
(48 glomeruli—33 were globally sclerotic and the rest were nor-
mal or had segmental scarring; see Figure 2 and Table 1). She
was treated with plasmapheresis, steroids and oral cyclophos-
phamide, followed by azathioprine maintenance therapy, with
resolution of her pulmonary disease. In December 2012, she pre-
sented with a final disease flare while on low-dose azathioprine.
She had diffuse alveolar hemorrhage confirmed on CT scan and
bronchoscopy, >20 RBCs/HPF on urinalysis, creatinine increased
to 677 µmol/L requiring dialysis and positive anti-GBM anti-
bodies (see Figure 1). A renal biopsy was not performed. She
was treated with plasmapheresis, steroids andmonthly IV cyclo-
phosphamide followed by azathioprine. Her hemoptysis resolved
but she remained dialysis dependent. Throughout her disease
course she had no evidence of a lymphoproliferative disorder,
but shewas a lifelong smoker and had recurrent occupational ex-
posures to paints and solvents.

All testing for the presence of anti-GBM antibodies was by the
QUANTA Lite GBM ELISA (INOVA Diagnostics, San Diego, CA,
USA), which uses purified bovine α3(IV) as substrate and was

Fig. 1. Serum creatinine, anti-GBM titers and disease presentations over time.

662 | B. Gu et al.

C
L
IN

IC
A
L
K

ID
N
E
Y
JO

U
R
N
A
L



performed according to the manufacturer’s protocol. Banked
serum samples were not available for more detailed anti-GBM
antibody testing.

Discussion
We describe a unique case of anti-GBM antibody disease that is
the first report of an atypical frequently relapsing disease course
alternating between combined pulmonary and renal involve-
ment and isolated pulmonary hemorrhage. Renal involvement
paralleled the presence or absence of detectable anti-GBM anti-
bodies by conventional ELISAs but was independent of IgG sub-
type or staining intensity on serial kidney biopsies.

Anti-GBM antibody disease most commonly presents as a
monophasic illness that results in crescentic glomerular disease
alone or in combination with pulmonary hemorrhage [1]. While
the risk of relapse was originally thought to be quite rare, there

have been recent reports of classic pulmonary-renal disease
with positive anti-GBM antibodies that were followed by a single
pulmonary limited relapse without detectable anti-GBM anti-
bodies [5, 7, 8]. These relapses were often triggered by inhalation
injury from smoking or hydrocarbons, which has been proposed
to cause local alveolar injury precipitating pulmonary disease but
without sufficient systemic involvement to result in crescentic
glomerulonephritis. This is similar to the current case, in which
multiple frequently relapsing pulmonary limited flares without
detectable anti-GBM antibodies were likely precipitated by on-
going exposure to cigarettes, paint fumes or solvents. However,
to our knowledge this is the first report of pulmonary limited
antibody-negative relapses followed by a second occurrence of
combined pulmonary and renal disease with reappearance of
detectable anti-GBM antibodies. This emphasizes that in rare
instances anti-GBM antibody disease can result in multiple re-
lapses associated with inhalational irritants, that organ involve-
ment in the lungs and kidney can fluctuate over time and that
anti-GBM antibodies can be variably detectable and parallel
more severe renal involvement.

This case offers novel insight into anti-GBM antibody charac-
teristics that have been previously proposed to explain variation
in disease severity and false-negative conventional ELISAs.
Although IgG4 is the least common subtype seen on kidney bi-
opsy, it has been associated with more mild renal involvement
and is less able to bind anti-IgG antisera during ELISA prepar-
ation, resulting in false-negative results [13–15]. Low levels of
pathogenic antibodies below the detectable limit of ELISAs have
also been proposed to explain pulmonary limited disease [6, 8].
However, neither of these explain the variation in clinical disease

Fig. 2. Renal biopsy findings. (A) First renal biopsy (2005). A glomerulus with a large cellular crescent characteristic of active crescentic glomerulonephritis [Periodic acid–Schiff

(PAS) stain, originalmagnification ×400]. (B andC) Second (2009) and third (2011) biopsies. Both panels show glomeruli with segmental scarring (short arrows) or global sclerosis

(long arrows) (PAS stain, original magnification ×200). (D) Direct immunofluorescence. The glomerulus shows strong linear capillary staining for IgG (original magnification

×200).

Table 1. Results of linear IgG subtype staining along the GBM on serial
kidney biopsies, graded on a scale of 0 to 4+, performed using indirect
immunofluorescence

First biopsy
(2005)

Second biopsy
(2009)

Third biopsy
(2011)

IgG1 1+/2+ 1+ 1+/2+
IgG2 3+ 3+ 1+/2+
IgG3 0 0 0
IgG4 1+/2+ 1+ 1+
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or anti-GBM assay results seen in this case, given that IgG1 and 2
were the dominant subtypes on serial kidney biopsies, and the
stable intensity of linear IgG staining across disease flares sug-
gests sufficient antibody production to result in the same degree
of GBMdeposition irrespective of the presence or absence of renal
involvement. Because commercial ELISAs use various forms of α3
(IV)NC1 as a substrate, they are less able to detect antibodies that
either target atypical antigens or have lower binding affinity and
are removed during the preparation process [9, 10]. More severe
disease is known to be associatedwith increasing binding affinity
to target antigens andwith epitope spreading to atypical NC1 do-
mains in non-α3 chains, such that the majority of patients with
severe disease have antibodies against two or more antigens in
different α chains [1, 14, 16, 17]. As such, we propose that this
patient may have had multiple subpopulations of antibodies
with different characteristics, such as antigen binding affinity
or epitope specificity, whose pathogenicity varied over time and
resulted in different clinical presentations. This is consistent
with the initial and final severe disease flares that had both pul-
monary and renal involvement and had detectable antibodies
against α3(IV)NC1 of sufficient binding affinity to result in posi-
tive ELISAs. The intervening more mild pulmonary limited flares
occurred in the context of IgG anti-GBM antibodies, as demon-
strated by linear GBM staining on kidney biopsies, but these
had sufficiently different properties to result in negative ELISAs.
These findings suggest that the population of pathogenic anti-
bodies in anti-GBM antibody disease may not be static and
instead may change over time, resulting in disease flares of dif-
ferent severity and organ involvement and inconsistent detec-
tion of circulating anti-GBM antibodies by conventional ELISAs.

In summary, we demonstrated a case of highly atypical anti-
GBM antibody disease with a frequently relapsing course in
which disease flares alternated between combined lung and
renal involvement and isolated pulmonary hemorrhage. The
variable detection of anti-GBM antibodies by ELISA paralleled
disease severity and was independent of persistent linear IgG
staining along the GBM, suggesting a role for changing subpopu-
lations of pathogenic autoantibodies as an explanation for vari-
ation in disease phenotype.
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