
NEPHROLOGY ROUNDS
1590
Anti–Brush Border Antibody Disease

(Anti-LRP2 Nephropathy) Associated

With Lupus Nephritis
Zeljko Dvanajscak1, Joel D. Murphy1, Christopher P. Larsen1 and Sandeep A. Padala2

1Renal Pathology Division, Arkana Laboratories, Little Rock, Arkansas, USA; and 2Department of Nephrology, Hypertension &

Transplant, Augusta University Medical Center, Medical College of Georgia, Augusta, Georgia, USA

Correspondence: Zeljko Dvanajscak, Arkana Laboratories, 10810 Executive Center Dr., Suite 100, Little Rock, AR 72211, USA.

E-mail: zeljko.dvanajscak@arkanalabs.com

Received 13 April 2020; revised 9 June 2020; accepted 23 June 2020; published online 3 July 2020

Kidney Int Rep (2020) 5, 1590–1594; https://doi.org/10.1016/j.ekir.2020.06.025

ª 2020 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

A
nti–brush border antibody disease (ABBAD) is a
rare autoimmune disease associated with acute

kidney injury and tubulointerstitial damage. The
autoantibody target was recently identified as low-
density lipoprotein receptor–related protein 2 (LRP2),
also known as megalin.1 LRP2 is a large 517-kDa trans-
membrane glycoprotein present along the apical brush
border of the renal proximal tubular epithelium where
it functions as an endocytic receptor for more than 30
substances including vitamin-binding proteins, apoli-
poproteins, low-molecular-weight peptides, hormones,
enzymes, drugs, and ions.2 ABBAD, also known as
anti-LRP2 nephropathy, is usually diagnosed in indi-
viduals older than 65 years who present with unex-
plained renal failure. The disease is highly aggressive,
with the majority progressing to end-stage renal dis-
ease within a year, and it responds poorly to various
attempted treatment strategies.1

Histologic evaluation of a kidney biopsy reveals a
pattern of severe but nonspecific tubulointerstitial
injury, without significant glomerular alterations. How-
ever, the pattern of immunofluorescence staining for IgG
serves as an initial clue to the presence of ABBAD. In
approximately half of patients, abnormal IgG positivity
along the proximal tubular epithelial brush borderwill be
present, the native location of the LRP2 protein in the
kidney.1 Although the majority also have granular IgG
staining along the subepithelial aspect of the glomerular
capillary loop (segmental membranous pattern), all pa-
tients show granular IgG staining along the tubular
basement membranes (TBMs) and Bowman capsules.1

Therefore, extraglomerular IgG staining, in concert
with light microscopic evidence of acute tubular injury,
are critical to identification of ABBAD.
The pathophysiologic mechanism whereby basal
tubular IgG deposits develop because of an autoanti-
body directed against an apical brush border protein in
ABBAD is unclear and possibly related to transcytotic
mechanisms of antigen-antibody complexes.1 However,
detection of ectopic LRP2 serves as a highly sensitive
and specific diagnostic tool for ABBAD. Pathologists
utilize a commercial antibody against LRP2 conjugated
to a fluorescent marker to colocalize IgG and LRP2
deposits along the TBMs. Confirmation of the presence
of a circulating anti–brush border antibody via sero-
logic assay is also currently available.

To our knowledge, this is the first report of ABBAD
associated with proliferative lupus nephritis in a non-
elderly patient, and only a second case of ABBAD that
responded well to treatment. We believe this case
highlights (i) the difficulty in diagnosing ABBAD when
associated with other autoimmune nephritides, (ii) the
possibility that ABBAD is underdiagnosed in younger
individuals, and (iii) that ABBAD responds to combi-
nation immunosuppressive therapy.
CASE REPORT

The patient is a 55-year-old Caucasian male with a
medical history of hypertension, diabetes mellitus type
2, and hyperlipidemia who presented with a 2-day
history of left-sided chest pain radiating to his shoul-
ders. He endorsed several weeks of dry cough, fatigue,
lower extremity edema, arthralgias, poor appetite, and
mild weight loss. The patient’s primary care provider
noted a decrease in hemoglobin (10 g/dl from 15.8 g/dl)
and referred the patient for a colonoscopy, which was
unremarkable. Imaging workup on hospital admission
was negative for pulmonary embolism, but revealed
mild pulmonary vascular congestion, ground-glass
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Table 1. Laboratory parameters at the time of biopsy
Laboratory parameter Value Reference range

Serum creatinine, mg/dl 1.24 0.6–1.2

BUN, mg/dl 12 11–23

Proteinuria, mg/24 h 5717 10–150

Hematuria, urinalysis Moderate, 2þ Negative

C3, mg/dl 65 90–170

C4, mg/dl <8 19–52

Serum albumin, g/dl 2.9 3.2–4.8

ESR, mm/h 63 0–26

CRP, mg/l 4 0–0.5

Ferritin, ng/ml 450 22–322

ANA, Positive, >1:640 <1:40

Anti-dsDNA, IU/ml Positive, 727 <30

RF, IU/ml Positive, 18 0–14

Anti-Smith, U Positive, 1.1 <1.1

Anti-histone, U Positive, 9.4 0–0.9

Anti-SSA/Ro, AI Negative, <0.2 0–0.9

Anti-SSB/La, AI Negative, <0.2 0–0.9

Anti-cardiolipin, U/ml Negative, <9 0–12

ANCA, U Negative, <0.2 <0.4

White blood cells, 1000/ml 5 4.5–11

Hemoglobin, g/dl 10.7 14–18

Platelets, 1000/ml 270 150–400

HIV Negative Negative

Hepatitis panel Negative Negative

ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; BUN, blood urea
nitrogen; CRP, C-reactive protein; dsDNA, double-stranded DNA; ESR, erythrocyte
sedimentation rate; RF, rheumatoid factor; SSA, Sjögren syndrome–related antigen A;
SSB, Sjögren syndrome–related antigen B.

Table 2. Key teaching points

1. ABBAD is a rare autoimmune tubulointerstitial renal disease with autoantibodies
against the tubular apical brush border protein LRP2/megalin.

2. ABBAD typically affects older individuals (>65 yr of age) and leads to ESRD in the
majority within 12 mo and recurs in transplants.

3. ABBAD is diagnosed on kidney biopsy by the presence of LRP2-positive TBM deposits.

4. A serologic test of the presence of circulating anti–brush border antibodies is available.

5. ABBAD may occur in nonelderly individuals and it may coexist with autoimmune
diseases such as lupus nephritis.

6. Optimal treatment is unclear, but favorable outcomes are seen with a combination of
corticosteroids and cyclophosphamide.

ABBAD, anti–brush border antibody disease; ESRD, end-stage renal disease; LRP2, low-
density lipoprotein receptor–related protein 2; TBM, tubular basement membrane.
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opacification of lungs, cardiomegaly, mild concentric
left ventricular hypertrophy, a moderate pericardial
effusion (without tamponade), and a small amount of
intra-abdominal and pelvic ascites. Electrocardiogram
was consistent with pericarditis. Real ultrasound
showed normal cortical echogenicity and was other-
wise unremarkable.

The patient was admitted for treatment of pericar-
ditis and pericardial effusion and was started on aspirin
and colchicine with significant early symptomatic
improvement. Laboratory values from the date of
admission showed acute renal failure, nephrotic-range
proteinuria, hypocomplementemia and positive auto-
immune serologies (summarized in Table 1). The pa-
tient subsequently met the Systemic Lupus
International Collaborating Clinics (SLICC) criteria for
systemic lupus erythematosus with clinical (renal,
serositis) and immunologic (þANA, þdsDNA, þanti-
Smith, hypocomplementemia) criteria.3 He was dis-
charged on prednisone (60 mg once daily) and myco-
phenolate mofetil (1.5 g every 12 hours) pending renal
biopsy in the outpatient setting.

Major renal biopsy findings are summarized in
Figure 1. The biopsy contained 26 glomeruli, 1 of
which was obsolescent. Light microscopic examination
revealed glomeruli with diffuse mesangial hyper-
cellularity associated with mesangial matrix expansion.
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Two of 12 glomeruli showed segmental endocapillary
hypercellularity with predominantly mononuclear cells
and lesser neutrophils with karyorrhexis. One
glomerulus demonstrated segmental fibrinoid necrosis
with an associated cellular crescent. Focal red blood cell
casts and acute tubular injury were also present, but
the interstitium was devoid of a significant inflamma-
tory infiltrate. No significant chronic injury was pre-
sent, with only mild interstitial fibrosis (10%) and
minimal tubular atrophy (<10%). Immunofluorescence
showed diffuse, granular, predominantly mesangial
and lesser capillary loop “full-house” staining for IgG
(3þ), IgA (3þ), IgM (1–2þ), C3 (3þ), C1q (2þ), kappa
(1–2þ), and lambda (2–3þ). Neural epidermal growth
factor-like 1 protein (NELL1) and exostosin (EXT1 and
EXT2) stains were negative in glomeruli
(Supplementary Figure S1). Extraglomerular granular
IgG deposits were focally present along the TBMs and
Bowman capsules. IgG also highlighted the apical
brush border of numerous proximal tubules. Immu-
nofluorescence with the anti-LRP2 antibody showed
positivity along the apical brush border of the prox-
imal tubules (internal positive control) and focal gran-
ular positivity along the TBMs. Glomerular
ultrastructural evaluation revealed numerous mesangial
electron-dense deposits, but no discrete electron-dense
deposits were seen along the peripheral glomerular
basement membranes. A diagnosis of focal lupus
nephritis (ISN/RPS Class III) and ABBAD (anti-LRP2
nephropathy) was rendered, with a total modified NIH
lupus nephritis activity score of 6 of 24 and chronicity
score of 2 of 12.4 The diagnosis of ABBAD was
confirmed via serologic testing, revealing positive anti-
kidney tubular brush border antibodies by indirect
immunofluorescence with a titer of 1:10 (negative <
1:10).

Despite treatment with mycophenolate mofetil and
prednisone, the patient was readmitted approximately
18 days following renal biopsy with elevated serum
creatinine (1.93 mg/dl) and hyperkalemia. Mycophe-
nolate mofetil was discontinued and therapy was
switched to methylprednisolone pulse (1 g, 3-day
1591



Figure 1. Anti–brush border antibody disease and lupus nephritis. (a) Glomerular mesangial and endocapillary (arrow) hypercellularity (periodic
acid–Schiff stain; original magnification �400; bar ¼ 20 mm). (b) Glomerular staining for IgG (original magnification �400; bar ¼ 20 mm). (c) IgG
staining along the tubular epithelial apical brush border (original magnification �400; bar ¼ 20 mm). Inset: granular IgG staining along the
tubular basement membrane (original magnification �600; bar ¼ 20 mm). (d) LRP2/megalin immunofluorescence with normal staining along the
apical brush border and ectopic staining along the tubular basement membrane (arrow; original magnification �600; bar ¼ 20 mm).
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pulse) and intravenous cyclophosphamide. Three days
later, serum creatinine improved to 1.10 mg/dl and the
patient was discharged on prednisone (60 mg, qd) with
slow taper and monthly intravenous cyclophosphamide
infusions. Following 4 (out of 6) infusions of cyclo-
phosphamide, serum creatinine decreased to within
normal limits (1.0–1.1 mg/dl), together with a marked
reduction in proteinuria (urine protein-creatinine ratio
0.8 g/g). Ultrasonography showed only a minimal re-
sidual pericardial effusion. Repeat serologic testing was
negative for anti–kidney tubular brush border anti-
bodies performed 5 months following the initial posi-
tive result.
DISCUSSION

Our patient represents a rare case of anti-LRP2 ne-
phropathy in a nonelderly individual (55 years old),
and the first reported case of ABBAD in association
1592
with lupus nephritis. Of all the known cases of ABBAD
in the English literature, only 1 was in a patient
younger than ours.5 In the largest-to-date case series of
ABBAD, the youngest patient was 66 years old, with
the average cohort age of 72.9 years (range: 66–80
years).1 In the same series, 3 patients showed serologic
positivity for antinuclear antibody, but none met
diagnostic criteria for systemic lupus erythematosus.1

All other known case reports of ABBAD are in pa-
tients 59 years of age or older,6-9 and none carried an
association with systemic lupus erythematosus or lupus
nephritis. Therefore, our patient is a highly unusual
case of ABBAD in a relatively young individual asso-
ciated with another concurrent autoimmune nephritis.

ABBAD is likely significantly underdiagnosed in all
patient populations for a number of reasons. The
clinical features of ABBAD are entirely nonspecific. The
typical patient presentation is that of an older indi-
vidual with progressively worsening renal function
Kidney International Reports (2020) 5, 1590–1594
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(mean serum creatinine 6.2 mg/dl) and variable sub-
nephrotic proteinuria.1 The clinical differential diag-
nosis of such patients is broad and most are not
biopsied. Furthermore, the pathologic features of
ABBAD are non-specific and could easily lead to
misdiagnosis on biopsy. For instance, the presence of
segmental subepithelial glomerular deposits could lead
to a misdiagnosis of ABBAD as membranous glomeru-
lonephritis. In such cases, the absence of phospholipase
A2 receptor (PLA2R) and thrombospondin type-1
domain containing 7A (THSD7a) positivity portends
the possibility of a secondary etiology of membranous
glomerulonephritis such as malignancy or drug-
induced etiologies, both of which are relatively com-
mon in elderly individuals. The presence of severe
acute tubular injury on light microscopy is common in
elderly patients who are frequently on multipharmacy
because of comorbidities. The presence of tubular de-
posits is also not specific and is often seen in association
with a wide variety of both common and rare condi-
tions including nonsteroidal anti-inflammatory drug
use, cardiac valve replacement, IgG-4–related renal
disease, membranous nephropathy, idiopathic hypo-
complementemic tubulointerstitial nephritis, poly-
omavirus nephritis, Kimura disease, Sjögren syndrome,
and lupus nephritis.7 Lastly, the awareness and famil-
iarity with ABBAD is low among both clinicians and
pathologists. The disease went largely unrecognized for
35 years since first descriptions of a tubulointerstitial
disease with TBM and glomerular deposits with patient
sera reactive to the renal proximal tubular brush
border, reported independently in 1981 by Morrison9

and Douglas.5 Renewed interest in this disease arose
only recently with a case report of an immune-complex
tubulointerstitial nephritis with antibodies to the
proximal tubular brush border in 20168 and discovery
of LRP2 as the target antigen in 2017, confirmed in a
small series of 10 patients.1 Since then, only 2 case
reports of ABBAD have emerged,6,7 and no large case
series have been published.

The association of ABBAD with other autoimmune
diseases should not be surprising. More than 34% of
patients with an autoimmune disease show poly-
autoimmunity, defined as the presence of more than 1
autoimmune disease in a single patient.S1 Development
of autoantibodies to LRP2 is also not surprising if one
considers that LRP2 is expressed by a wide variety of
nonrenal absorptive epithelia. Expression of LRP2 in
the lung, epididymis, parathyroid, thyroid, placenta,
choroid plexus, labyrinthic cells of the inner ear,
ciliary epithelium of the eye, small intestine, endome-
trium, fallopian tube, and breast increases the likeli-
hood of autoantibody formation.2,S2 Indeed, LRP2 is a
common autoantigen in a wide range of autoimmune
Kidney International Reports (2020) 5, 1590–1594
conditions. Ooka and colleagues identified LRP2 auto-
antibodies in up to 40% of lupus, 87% of rheumatoid
arthritis, 35% of systemic sclerosis, and 3% of Behçet
disease patients.S3 LRP2 autoantibodies have also been
identified in patients with Crohn disease,S4 ulcerative
colitis,S5 and autoimmune thyroiditis.S6 In the small
case series of 10 ABBAD patients reported by Larsen
and colleagues, 4 showed at least 1 positive autoim-
mune serology, and 1 even had positive ANA and
dsDNA titers (none met criteria for systemic lupus
erythematosus).1

Furthermore, Dinesh and colleagues reported a case
of anti-LRP2 nephropathy in a 90-year-old female with
an associated plasma cell–rich interstitial inflammatory
infiltrate, with up to 40 IgG4-positive plasma cells per
high-power field.7 This feature raised the possibility of
concomitant IgG4-related tubulointerstitial nephritis, a
disease that shares the common feature of tubular
basement membrane deposits, Bowman capsule de-
posits, and segmental peripheral glomerular capillary
loop deposits. Our case did not have a notable tubu-
lointerstitial inflammatory infiltrate, and the modified
NIH (National Institutes of Health) activity index score
for interstitial inflammation was zero (on a scale of 0–3).

As autoimmunity tends to commonly affect non-
elderly patients, it is likely that ABBAD is therefore
underrecognized in this patient population. Although
most patients with autoimmunity do not suffer renal
sequelae and are thus not biopsied, more than half of
patients with systemic lupus erythematosus develop
lupus nephritis at some point in their disease courseS7

and are thus likely to undergo kidney biopsy. The
difficulty of identifying superimposed ABBAD in those
patients is confounded by the fact that many lupus
nephritis cases will have granular TBM deposits (33%–
67% of lupus nephritis casesS8,S9) and segmental sub-
epithelial glomerular capillary loop deposits (22%–
31% of lupus nephritis casesS10,S11). In fact, the pres-
ence of extraglomerular immune deposits carries a high
sensitivity (93%) and specificity (85%) in dis-
tinguishing lupus from nonlupus nephritis.S12 As
extraglomerular staining is often the only clue to the
presence of ABBAD, it is likely that extraglomerular
staining in lupus nephritis masks the presence of anti-
LRP2 nephropathy in many cases. One possible clue for
the pathologist to the presence of ABBAD in these in-
stances, as in the present case, is IgG staining along the
apical brush border of the proximal tubule, a finding
not seen in normal biopsies. However, it should be
noted that IgG staining of the apical brush border is
only present in 50% of ABBAD cases1; thus, a high
index of suspicion should be maintained with patients
showing significant tubular injury and TBM deposits
on both lupus and nonlupus biopsies. Once the
1593
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diagnosis of ABBAD is rendered on biopsy, serologic
testing may then be employed to identify the presence
of circulating anti–brush border autoantibodies and to
determine titer for monitoring of disease activity.

Because of a low number of identified cases, the
optimal treatment for ABBAD and disease outcome is
currently unclear. In a retrospective series of 10 cases
with an average follow-up of 11 months, 5 patients
reached end-stage renal disease and required renal
replacement.1 Treatment was variable and consisted of
observation only, prednisone only, combination of
prednisone and cyclophosphamide, and rituximab only.
Immunologic remission occurred at 12months in a single
patient treated with a combination of prednisone and
cyclophosphamide, with a stabilization of serum creat-
inine and resolution of proteinuria. One patient treated
with prednisone received a kidney transplant in which
the disease recurred. These data, albeit limited, suggest
that ABBAD leads to a rapid decline in renal function
and that prednisone and rituximab are not efficacious as
single agents. Our patient responded favorably to a
combination of corticosteroids and cyclophosphamide
(as he did not respond favorably to corticosteroids and
mycophenolate mofetil), with massive improvement in
systemic symptomology, proteinuria, and renal function
that returned to normal. Pre-biopsy treatment with
corticosteroid and mycophenolate mofetil is the most
likely explanation for the initial low positive serologic
titer (1:10) for anti–kidney brush border antibodies in
this case. Repeat serologic testing 5 months later and
following change of treatment to corticosteroid and
cyclophosphamide yielded a negative result. In combi-
nation, these observations contribute to preliminary
evidence that treating ABBAD similarly to proliferative
lupus nephritis (classes III and IV) with a combination of
corticosteroid and cyclophosphamide may lead to best
outcomes.

CONCLUSION

To our knowledge, this is the first report of ABBAD in
combination with lupus nephritis, and a rare case of
ABBAD in a nonelderly patient that responded to
treatment (Table 2). This case report highlights the need
for pathologists to maintain a high index of suspicion for
ABBAD as it may occur independently or in combina-
tion with other autoimmune nephritides. In particular,
this case underlines the need for heightened awareness
of extraglomerular staining on biopsies in patients of all
ages, and in particular in those with unexplained acute
1594
tubular injury with serologic or clinical evidence of
autoimmunity. Furthermore, our case represents a sec-
ond known case of ABBAD that responded favorably to
a treatment combination of corticosteroids and cyclo-
phosphamide. Larger studies are needed to clarify the
natural progression, optimal treatment, and outcomes
for patients with this rare but aggressive autoimmune
tubulointerstitial kidney disease.
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