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Abstract

Neural epidermal growth factor-like 1 protein (NELL1) is a target antigen of membranous nephropathy (MN). NELL1-
associated MN (NELL1-MN) was originally described as a primary form but has subsequently been associated with other
diseases, including malignancies, pre-exposure to certain drugs, hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections, and rheumatoid arthritis (RA). We present a case of a 78-year-old woman with long-standing RA who devel-
oped persistent proteinuria and was diagnosed with MN. Evaluation of the underlying cause revealed chronic active HCV
infection and past HBV infection. The underlying cause was less likely to be drug-related; however, there was no evidence
of malignancy. The patient was diagnosed with HCV-associated MN. At 4 years after the diagnosis of MN, the patient died
of breast cancer with multiple metastases. Subsequent immunohistological analysis revealed that she had NELL1-MN, and
her breast cancer tissue stained positive for NELL1. Our case illustrates the difficulty in establishing the underlying cause of
NELLI1-MN, even after diagnosis. However, the incidence of malignancies, particularly breast and prostate cancers, is higher
in NELL1-MN than in MN with other target antigens. Therefore, malignancies are considered a priority for investigation
because of their frequency and prognosis among patients with NELL1-MN.
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Abbreviations Introduction

Cr Creatinine

HBV Hepatitis B virus Membranous nephropathy (MN) is the most common cause

HCV Hepatitis C virus of adult-onset nephrotic syndrome [1]. Approximately

MN Membranous nephropathy 70-80% of cases of MN are classified as primary; the

NELL1 Neural epidermal growth factor-like 1 protein remainder are classified as secondary MN associated with

PLA2R Phospholipase A2 receptor autoimmune disease, infection, drug exposure, or malignan-

RA Rheumatoid arthritis cies [2-4].

THSD7A Thrombospondin type-1 domain-containing Neural epidermal growth factor-like 1 protein (NELL1) is
TA arecently discovered target antigen of MN, which accounts

for 5-10% of cases [5]. An initial study reported that
NELLI1-positive MN (NELL1-MN) is a primary disease
without underlying contributing illnesses. Subsequently,
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Herein, we report a case of a potential secondary MN in a
patient with several underlying illnesses who was eventually
diagnosed with NELL1-MN.

Case report

A 78-year-old woman was referred to our hospital for per-
sistent proteinuria. At 22 years prior, the patient developed
rheumatoid arthritis (RA) and was treated with oral predni-
solone. Several years later, methotrexate and sulfasalazine
were added, and her joint symptoms were well controlled. At
5 months before referral, the patient was first noted to have
proteinuria. Her urinary protein persisted at approximately
3.0 g/g creatinine (Cr).

Other medical history included appendicitis at the age
of 17 years. Her family history included uterine cancer
(mother) and chronic kidney disease of unknown etiology
(brother). The patient smoked 10 cigarettes daily for 57 years

but had no history of alcohol consumption, illicit drug use,
or blood transfusions.

The patient was admitted to the hospital for further exam-
ination. Her blood pressure was 130/70 mmHg, pulse was
regular at 90 bpm, and temperature was 37.8°C. Peripheral
edema was observed in both legs. The patient had moder-
ately impaired kidney function but exhibited no evidence of
nephrotic syndrome. Serum tests indicated chronic active
hepatitis C virus (HCV) infection and inactive past hepatitis
B virus (HBV) infection. Serum C4 and CH50 levels were
low, whereas serum C3 level was within normal range. A
test for antinuclear antibodies was positive at a dilution of
1:80. Antibodies to double-stranded DNA were negative.
Serum cryoglobulin showed a weakly positive result. Uri-
nary protein excretion was 3.1 g/day with a urinary red blood
cell count of 0—1/high power field. Complete laboratory test
results are shown in Table 1.

A kidney biopsy was performed to evaluate the etiology
of the patient’s proteinuria. Out of the total 44 glomeruli

Table 1 Laboratory data at the
time of kidney biopsy

Reference range Patient results

Total protein(g/dL)

Albumin (g/dL)

Total bilirubin (mg/dL)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Alkaline phosphatase (U/L)
Creatinine (mg/dL)
C-reactive protein (mg/L)
Serum IgG (mg/dL)

Serum IgA (mg/dL)

Serum IgM (mg/dL)

Serum C3 (mg/dL)

Serum C4 (mg/dL)

Serum CHS50 (U/mL)

Serum antinuclear antibody
Rheumatoid factor

Serum cryoglobulin
Monoclonal protein

Serum

Urine

Hepatitis B surface antigen
Hepatitis B surface antibody
Hepatitis B envelope antibody
Hepatitis B core antibody
Hepatitis B virus DNA
Hepatitis C virus antibody

Hepatitis C virus RNA (log IU/mL)

Urinalysis
Proteinuria (g/day)
Urine RBC (/high power field)

6.6-8.1 6
4.1-5.1 2.8
0.4-1.5 0.3
13-30 8
7-23 19
106-322 207
0.46-0.79 1.17
>0.14 0.37
870-1700 1502
110410 245
35-220 205
65-135 103
13-35 9
30-50 <4.5
0-39 X 80 (nucleolar pattern)
0-15 45
Negative Weakly positive
Negative Negative
Negative Negative
Negative Negative
Negative Positive
Negative Positive
Negative Positive
Negative Negative
Negative Positive
Negative 6.2

3.1

0-1
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identified, three showed global sclerosis, and one showed
segmental sclerosis with neither extracapillary nor endo-
capillary hypercellularity in the remaining glomeruli. Glo-
merular capillary walls were segmentally thickened, with
spike and crater formation (Fig. 1a). Mesangial hypercel-
lularity was not observed. Mild intimal thickening of the
interlobular artery was observed, but not hyaline arteriolo-
sclerosis. Interstitial fibrosis and tubular atrophy involved
approximately 10% of the renal cortex. Electron microscopy
showed the presence of subepithelial electron-dense depos-
its of glomeruli but no mesangial deposits (Fig. 1b). There
were no microstructures in the deposits. The patient was
diagnosed with stage I-II MN. Immunofluorescence studies
revealed positive granular staining on the segmental glomer-
ular basement membrane for IgG (3 +) (Fig. 1c), C3 (1+)
(Fig. 1d) C1q (1+) (Fig. le), IgA (-), and IgM (—) based
on a 5-point scale from ( —) to (3 +). IgG subclass analysis
showed positive granular staining for IgG1 (1 +), IgG2 (2+),
and IgG4 (2 +) along the glomerular capillary wall, as well

Fig.1 Kidney biopsy specimen. a Silver staining shows segmen-
tal thickening of the glomerular basement membrane with spike and
crater formation (original magnification, X 1000; scale bar, 20 pm). b
Electron microscopy reveals the presence of subepithelial electron-
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as negative staining for IgG3 ( — ). Histopathological find-
ings, including incomplete segmental deposits and various
IgG subclass immunostaining patterns, suggested a second-
ary form of MN. However, no apparent lesion suspected of
being a malignancy was found. Therefore, the patient was
considered to have developed secondary MN associated
with chronic HCV infection. Considering the patient’s age,
supportive therapy was given with salt restriction and imi-
dapril administration. Even after the initiation of supportive
therapy, the patient’s urinary protein fluctuated from 0.4 to
1.3 g/g Cr with a stable serum Cr level.

At 4 years after MN diagnosis, the patient noticed a lump
in the right breast and was diagnosed with scirrhous pattern-
dominant invasive ductal carcinoma of the right breast with
brain and lung metastases. The patient requested no fur-
ther evaluation and treatment. At 1 year later, she died of
advanced terminal cancer.

Several years after her death, we performed immu-
nohistological analysis of her previous kidney biopsy

dense deposits (original magnification, X 6000; scale bar, 2 pm). c—e
Immunofluorescence assay showing positive granular staining on
the segmental glomerular basement membrane for IgG (c¢) and less
intense staining for C3 (d) and Cl1q (e) (original magnification, X 200)
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specimens using antibodies against phospholipase A2 recep-
tor (PLA2R), thrombospondin type-1 domain-containing
7A (THSD7A), and NELLI1. Immunohistochemical analy-
sis revealed segmental NELL1-positive staining along the
glomerular capillary wall (Fig. 2a and b), whereas PLA2R
and THSD7A were negative. Furthermore, the breast biopsy
specimen showed intense staining for anti-NELL1 antibod-
ies on ductal carcinoma cells (Fig. 2c and d) but negative
staining for anti-PLA2R antibodies and anti-THSD7A
antibodies.

Discussion

Our patient developed MN with several diseases that were
potentially associated with secondary MN, such as RA, past
HBYV infection, chronic HCV infection, and breast cancer.
Immunohistological analysis after death revealed that the
patient had developed NELL1-MN.

Fig.2 Immunohistochemistry
with anti-NELL1 antibody on
kidney biopsy tissue and breast
cancer tissue. a and b Immuno-
histochemistry with anti-NELL1
antibody on kidney biopsy
tissue shows both incomplete
and segmental distributions of
NELLL1 positivity on paraffin-
embedded (a) and frozen (b)
sections (original magnifica-
tion, X 200; scale bar, 50 pm). ¢
Hematoxylin—eosin staining of
breast biopsy tissue. Ductal car-
cinoma was diagnosed (original
magnification, X 100; scale

bar, 200 pm). d Immunohis-
tochemistry with anti-NELL1
antibody on breast biopsy tissue
shows strong positive staining
on ductal carcinoma (original
magnification, X 100; scale bar,
200 pm)

The patient had a long-term history of RA. MN is a glo-
merular disease frequently associated with RA. The most
common cause is pre-exposure to certain drugs, particularly
D-penicillamine and bucillamine [11]. MN complicated by
RA has been reported; however, its prevalence is lower than
that of drug-associated MN [12]. Our patient received meth-
ylprednisolone, sulfasalazine, and methotrexate as a treat-
ment for RA prior to the development of proteinuria. These
drugs are rarely related to drug-associated MN. Recently, we
reported four cases of NELL1-MN complicated by RA [13].
In this study, 60% of Japanese patients with NELL1-MN
had a history of RA, and 66% of cases were MN associated
with drugs (mostly bucillamine), indicating that NELL1-
MN in Japanese people is frequently complicated by RA
and bucillamine-associated MN. Our patient did not have
a history of bucillamine use. NELL1 has been reported to
have osteogenic, pro-chondrogenic, and anti-inflammatory
properties in osteoarthritis models. As such, the osteogenic
properties of NELL1 in the joint involvement of patients
with RA may cause immune antigenicity against MN.
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In our case, HBV infection was unlikely to contribute
to MN development because of its inactive state; however,
the patient’s serum tests indicated chronic active HCV
infection. Several small studies suggested that MN might
be induced by chronic HCV infection [14]. Additionally,
Sethi [5] recently reported that NELL1-MN was detected
in 25% of hepatitis B-associated MN cases and has also
been detected in a patient with active hepatitis C. Thus,
active HCV infection may have affected the development
of NELL1-MN in our case.

Our patient was diagnosed with breast cancer 4 years
after MN diagnosis. It has previously been reported that
the risk of cancer development persists for at least 5 years
after MN diagnosis [15]. Furthermore, the median time
from MN diagnosis to malignancy diagnosis was 40
months [16]. Considering the multiple metastases at the
time of breast cancer diagnosis in our case, the associa-
tion between breast cancer and NELL1-MN is probable.
Immunohistochemistry of her breast biopsy tissue revealed
intense NELL1-positive staining on ductal carcinoma
cells. This finding is consistent with the data from the
Human Protein Atlas [17] and supports the previously
reported possibility of breast cancer as a source of NELL1
antigen [6].

Our case depicts the difficulty in interpreting NELL1-
MN, reinforcing the findings reported in the recent review
by Sethi [5] NELLI-MN is associated with almost all
causes of secondary MN. Therefore, we cannot conclude
which underlying diseases have affected MN develop-
ment in our case, even after establishing the diagnosis of
NELLI1-MN. However, it is important to note that malig-
nancy is the most commonly reported disease in secondary
NELLI1-MN, albeit with a wide range of incidence rates
[6, 9, 18]. Additionally, the incidence of malignancies
was much higher in NELL1-MN (33%) than in MN with
other target antigens (i.e., PLA2R-positive MN [4.2%]
and THSD7A-positive MN [10.8%]) [6]. While NELL1
is expressed in various cancer tissues [17], breast cancer
has been reported to express a higher NELL1 level among
them and to be the second most common malignancy
(14.7%) following prostate cancer (17.6%) among patients
with NELL1-MN [6]. Therefore, patients with NELL1-
MN, in particular, should be screened for breast cancers.

In conclusion, we report a patient who developed
advanced breast cancer at 4 years after being diagnosed
with NELL1-MN complicated by long-standing RA and
chronic active HCV infection. Our case suggests that
NELLI-MN is associated with several diseases related to
both primary and secondary MN; nonetheless, malignant
disease should be addressed with the highest priority for
investigation because of its frequency and prognosis.
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