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Abstract

Glomerular IgG deposition is rarely observed in antibody-
mediated rejection. Here, we report chronic active antibody-
mediated rejection with linear IgG deposition on glomerular
capillary walls in a pediatric kidney transplant recipient. A
6-year-old boy with bilateral renal hypoplasia underwent
preemptive deceased-donor kidney transplantation. Five
years after the transplantation, an allograft biopsy revealed
chronic active antibody-mediated rejection with diffuse lin-
ear IgG deposition on glomerular capillaries. Anti-glomeru-
lar basement membrane antibody, donor-specific anti-hu-
man leukocyte antigen (HLA) antibodies, and anti-angioten-
sin Il type 1 receptor antibody were negative. A multiplex
antibody assay identified anti-major histocompatibility
complexclass | chain-related molecule A antibody. Addition-
ally, asingle-antigen bead assay identified autoantibodies to

12 non-HLA antigens, including vimentin and glutathione
S-transferase theta-1. To investigate whether IgG autoanti-
bodies in the patient’s serum bind to antigens on glomerular
capillaries, we incubated the patient’s serum with 0-h biopsy
specimens of tissue donated to the patient and a control
subject, both obtained immediately after nephrectomy from
respective donors. IgG signals were observed in neither pa-
tient nor control samples. Nevertheless, linear IgG deposi-
tion may be explained by the binding of autoantibodies to
non-HLA antigens that are usually hidden and only exposed
via severe endothelial cell injury. Further studies are needed
to confirm the significance of non-HLA antibodies in glomer-

ular IgG deposition. ©2020 5. Karger AG, Basel

Introduction
Chronic  active  antibody-mediated  rejection

(CAAMR) is an important risk factor for allograft dys-
function and graft loss after kidney transplantation. In
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Fig. 1. Allograft biopsy 5 years post-kidney transplantation. a Light
microscopy shows partial duplication of the glomerular capillary
walls and mild glomerulitis (periodic acid-methenamine-silver
stain, original magnification, x400). Higher magnification of the
marked area shows double contour of the capillary walls. Scale bar
denotes 50 pm. b Moderate peritubular capillaritis and peritubular
capillary basement membrane thickening (periodic acid-Schiff
stain, original magnification, x400). Scale bar denotes 50 um. ¢ Im-
munofluorescence shows diffuse C4d staining along the glomeru-

most patients with CAAMR, anti-human leukocyte anti-
gen (HLA) donor-specific antibodies (DSAs) are in-
volved. However, this type of rejection can also occur in
patients who are DSA negative. Mounting evidence
points to the role of non-HLA antibodies as important
contributors to CAAMR [1]. The pathological findings
of CAAMR include transplant glomerulopathy, peritu-
bular capillary basement membrane multilayering, and
arterial intimal fibrosis. CAAMR is also characterized by
microvascular inflammation or C4d deposition on peri-
tubular capillary walls [1, 2]. Glomerular IgG deposition,
however, is rarely observed in CAAMR [2]. Here, we re-
port a pediatric kidney transplant recipient with non-
HLA antibodies, but not anti-HLA DSAs, who developed
CAAMR with linear IgG deposition on glomerular capil-
lary walls.
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lar capillary walls and peritubular capillaries. d Immunofluores-
cence shows intense linear signals for IgG along capillary walls.
e-h IgG subclass analysis showed positive IgG1 signals, while sig-
nals for IgG2, 1gG3, and IgG4 were negative. i Electron micros-
copy shows prominent subendothelial space widening with dupli-
cation of the GBM. No electron-dense deposits were observed.
Scale bar denotes 2 um. j Electron microscopy of the peritubular
capillary shows multilayering of the basement membrane. Scale
bar denotes 2 um. GBM, glomerular basement membrane.

Case Report

A 6-year-old boy with bilateral renal hypoplasia underwent
preemptive deceased-donor kidney transplantation. His Epstein-
Barr virus (EBV) serostatus was donor-positive/recipient-nega-
tive. Immunosuppressive regimens consisted of basiliximab, ta-
crolimus, mycophenolate mofetil, and methylprednisolone. The
estimated glomerular filtration rate (eGFR) was 40-50 mL/
min/1.73 m% Per-protocol allograft biopsies at 1- and 6 months
post-kidney transplantation showed mild interstitial fibrosis and
tubular atrophy, which were likely due to ischemia. The plasma
EBV-DNA load was approximately 1.0 x 10* copies/10° cells 6
months post-kidney transplantation, which prompted us to reduce
the dosage of immunosuppressive agents [3]. The trough levels of
tacrolimus and mycophenolate mofetil were 2.0-2.5 ng/mL and
1.0-3.0 ng/mL, respectively.

At 3.5 years post-kidney transplantation, eGFR decreased to 39
mL/min/1.73 m?. An allograft biopsy showed CAAMR with a low
level of linear IgG deposition on glomerular capillary walls. The
Banff classification was i1, t0, v0, g0, ptc2, ci0, ct0, cv0, cg0, ptcbm],
ah0, aah0, and C4d0.
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Fig. 2. Immunofluorescence was per-
formed to analyze the binding of autoanti-
bodies in patient serum to glomerular cap-
illary walls. Sera of the patient (1:40) and a
healthy control (1:40) were incubated with
0-h allograft biopsy specimens from the pa-
tient and a control subject which were ob-
tained immediately after nephrectomy
from donors. Secondary antibody was fluo-
rescein isothiocyanate-conjugated rabbit
anti-human IgG (1:50). No significant sig-
nals for IgG were observed in both 0-h
specimens of the patient (a) and the control
subject (b) that were incubated with the pa-
tient’s serum. Similarly, no significant sig-
nals for IgG were observed in both 0-h
specimens of the patient (c) and the control
subject (d) that were incubated with serum
from a healthy control.

Patient’s serum

Control serum

Control Oh

Patient Oh

Table 1. Antigens analyzed by Luminex LABScreen Autoantibody assay

Detected

Not detected

Alpha-enolase, C-X-C motif chemokine 9, eukaryotic translation
initiation factor 2A, glial cell-derived neurotrophic factor,
glutathione S-transferase theta-1, heterogeneous nuclear,
peroxisomal trans-2-enoyl-CoA reductase, protein kinase C eta,
protein kinase C zeta, protein tyrosine phosphatase receptor type N,
regenerating islet-derived protein 3 alpha, ribonucleoprotein K, and
vimentin

Agrin, angiotensinogen, aurora kinase A, C-X-C motif chemokine 10, C-X-C motif
chemokine 11, chromatin assembly factor 1 subunit B, fibronectin leucine-rich
transmembrane protein 2, glyceraldehyde-3-phosphate dehydrogenase, interferon
gamma, interferon induced with helicase C domain 1, lamin A/C, lamin B1,
myosin-binding protein C, nucleolar and spindle associated protein 1,
peptidylprolyl isomerase A, perlecan, platelet glycoprotein 5, Rho GDP-
dissociation inhibitor 2, secretory phospholipase A2 receptor, tubulin alpha-1B

chain, and tumor necrosis factor alpha

The presence of non-HLA antibodies was investigated using Luminex LABScreen Autoantibody (One Lambda) which can simultaneously detect up to
33 autoantibodies. Data acquisition and analysis were performed using the LABScan 3D flow analyzer. HLA, human leukocyte antigen.

Five years posttransplantation, eGFR further decreased to 31
mL/min/1.73 m? due to non-adherence. There were no laboratory
findings suggestive of thrombotic microangiopathy (e.g., throm-
bocytopenia, hemolytic anemia, and elevated lactate dehydroge-
nase levels). Serum anti-glomerular basement membrane (GBM)
antibody was negative and hemoglobin Alc level was normal. An
allograft biopsy showed mild glomerulitis, double contour of the
glomerular capillary walls, moderate peritubular capillaritis, and
peritubular capillary basement membrane thickening (Fig. 1a, b).
No pathological changes suggestive of diabetic nephropathy such

Linear IgG Deposition on Glomerular
Capillaries in Chronic AMR

as polar vasculosis, mesangial matrix increase, nodular lesion, and
microaneurysm were observed. There was a strong immunofluo-
rescence signal for C4d on glomerular capillaries and peritubular
capillaries (Fig. 1c). All of the above findings were compatible with
CAAMR. In addition, the Banff classification was i0, t0, v0, gl,
ptc2, ci2, ct2, cv0, cgl, ptcbm1, mmo0, ah0, aah0, ti2, i-IFTA2, and
C4d3, and immunofluorescence showed diffuse linear IgG deposi-
tion on glomerular capillary walls (Fig. 1d). Immunofluorescence
study performed at the same time showed that signals for IgG was
negative in kidney biopsy specimens obtained from 2 patients with
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IgA nephropathy and 1 patient with secondary focal segmental
glomerulosclerosis after kidney transplantation (data not shown).
In the present patient, the signals for IgM, the third component of
complement (C3), and Clq were negative. IgG subclass staining
showed that IgG1 was positive, while IgG2, IgG3, and 1gG4 were
negative (Fig. le-h). No light-chain isotype restriction was ob-
served. Electron microscopy showed diffuse subendothelial wid-
ening with partial duplication of the GBM (Fig. 1i). Peritubular
capillary basement membrane multilayering was also noted
(Fig. 1j). Electron-dense deposits were not identified.

Because the patient was anti-HLA DSA negative, we searched
for non-HLA antibodies. A quantitative ELISA (One Lambda,
West Hills, CA, USA) did not detect anti-angiotensin II type 1 re-
ceptor antibodies. Luminex microbead technology using LAB-
Screen Mixed assay (One Lambda) detected anti-major histocom-
patibility complex class I chain-related molecule A (MICA) in the
patient’s serum. We further searched for other non-HLA antibod-
ies using Luminex LABScreen Autoantibody (One Lambda).
Twelve autoantibodies including vimentin and glutathione S-
transferase theta-1 (GSTT1) were detected (Table 1).

To investigate whether IgG autoantibodies in the patient’s se-
rum bind to antigens on glomerular capillaries, we incubated pa-
tient serum and serum from a healthy control with 0-h donor-
tissue biopsy specimens of the patient and a control (obtained im-
mediately after nephrectomy from respective donors). IgG signals
were not observed in patient or control biopsy specimens that were
incubated with patient serum (Fig. 2). The patient and his parents
gave written informed consent to participate in the study.

Discussion

The patient described here developed CAAMR follow-
ing kidney transplantation. This was presumed to be due
to a reduction of the dosage of immunosuppressive
agents. An allograft biopsy showed linear IgG deposition
on glomerular capillary walls, which has not been previ-
ously described in CAAMR.

Linear IgG staining on glomerular capillary walls is a
characteristic finding of anti-GBM disease. However, the
patient was anti-GBM antibody negative, and allograft bi-
opsy specimens showed no glomerular crescent forma-
tion. Linear staining of IgG, along with IgM and comple-
ment C3, is also observed in diabetic nephropathy. This
is thought to reflect structural changes in endothelial
cells, permitting entrapment of serum proteins [4]. Sig-
nals for IgM and C3 in this patient were negative, and IgG
signals were more intense in the present patient than
commonly seen in diabetic nephropathy. Therefore, it is
unlikely that linear IgG deposition on glomerular capil-
lary walls was caused by entrapment of serum proteins in
our patient.

Because we did not observe donor-specific anti-HLA
antibodies in the patient, we searched for non-HLA anti-
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bodies, resulting in identification of anti-MICA antibod-
ies. MICA is expressed in endothelial cells, epithelial cells,
monocytes, keratinocytes, and dendritic cells, and is not
detected on the cell surface in their normal state; expres-
sion is increased by cell stress and cytokines (e.g., TNFa)
[5]. The current evidence surrounding the association of
MICA with transplant rejection is contradictory [6-9].

A recently developed single-antigen bead assay identi-
fied 12 autoantibodies in the patient’s serum. Of these,
vimentin and GSTT1 may be associated with antibody-
mediated rejection or graft dysfunction in solid-organ
transplantation [10-13]. Vimentin is an intermediate fil-
ament protein that, when polymerized, forms the basis of
the fibroblast, smooth muscle cell, and endothelial cell
cytoskeletons. It participates in signal transduction,
maintenance of cell structure, cell motility, and cell pro-
liferation [14]. There is evidence showing that anti-vi-
mentin antibodies are associated with interstitial fibrosis/
tubular atrophy and transplant glomerulopathy after kid-
ney transplantation [10-12]. While vimentin is not ex-
pressed on the cell surface, damage to the endothelium
during surgery allows it to become exposed to the im-
mune system [10].

GSTT1 is expressed on liver and kidney cells as well as
on erythrocytes. It has been reported that anti-GSTT1 an-
tibodies could be responsible for the occurrence of anti-
body-mediated rejection [13] and that anti-GSTT1 anti-
bodies are associated with de novo hepatitis after liver
transplantation [15, 16].

As IgG signals were not detected when we incubated
patient’s serum with 0-h allograft biopsy samples from
donor and control, we could not confirm the deposition
of autoantibodies on glomerular capillaries. However,
unlike HLAs, which are constitutively expressed on the
cell surface of the allograft endothelium, non-HLA auto-
antigens are usually cryptic. Tissue injury associated with
ischemia-reperfusion and rejection creates permissive
conditions for the exposure of cryptic autoantigens and
allows them to bind to antigenic targets [17]. Autoanti-
bodies may not bind to antigens on endothelial cells of
0-h biopsy specimens if cell injury is just limited.

In conclusion, linear IgG deposition on glomerular
capillaries observed in our patient may be a result of bind-
ing of non-HLA antibodies to autoantigens such as
MICA, vimentin, and GSTT1, which might be permis-
sively expressed after severe endothelial cell injury. Fur-
ther studies are required to investigate and confirm the
significance of non-HLA antibodies in glomerular IgG
deposition.
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