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INTRODUCTION

A
mong patients with primary membranous ne-
phropathy (PMN), neural epidermal growth

factor-like 1 protein (NELL1)-associated membranous
nephropathy (MN) is the second most common antigen,
following phospholipase A2 receptor (PLA2R).1

The natural history of PLA2R-associated MN is well
described. However, the natural history of other
antigen-associated MN is incompletely understood.
Emerging evidence suggests that complementary and
alternative medicine (CAM) and malignancies may play
a role in the development of NELL1-associated MN.2-4

According to the study by Caza and colleagues, only
a quarter of patients with NELL1-associated MN
received immunosuppression, signaling that immuno-
suppression may not have a significant impact on the
clinical outcomes.3 Despite a growing understanding of
the underlying etiology of NELL1-associated MN, more
International Reports (2024) 9, 1513–1516
studies are needed to determine treatment practices and
clinical outcomes. In addition, it is difficult to discern
whether NELL1-associated MNs are associated with
secondary causes differently from unidentified antigen-
associated MNs. Considering the aforementioned
knowledge gap, this study examined the clinical
characteristics and remission rates of NELL1-associated
MNs and compared them with unidentified antigen-
associated MNs whose clinical characteristics and
therapeutic outcomes remain unclear. The methods are
described in the Supplementary Methods.
RESULTS

The study included 46 and 36 patients with NELL1-
associated and unidentified antigen-associated MN,
respectively. The mean age of the patients in the
NELL1 and unidentified antigen-associated MN group
was 40.7 � 15.3 (18–75) and 40.3 � 13.6 (16–68) years,
1513
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Table 1. Baseline and outcome parameters

Variables

Unidentified
antigen-associated
MN (n [ 36)

NELL1 group
(n [ 46)

Baseline characteristics

Mean age (yr) 40.3 � 13.6 (16–68) 40.7 � 15.3 (18–75)

M/F (n) 20/16 22/24

CAM, n (%) 6 (16.7)a 27 (58.6)a

Hypertension, n (%) 18 (50.0) 5 (10.8)

Diabetes mellitus, n (%) 1 (2.7) 7 (15.2)

Duration (mo) 6 (1,12) 6 (4,6.7)

Proteinuria (g/d) (median) 5.9 (3.5–9.6) 7.7 (4.5–11.7)

Serum albumin (g/dl) (mean) 2.4 � 0.7 (1.1–3.9) 2.5 � 0.7 (1.2–4.2)

Serum creatinine(mg/dl) (median) 0.9 (0.6–1.2) 0.8 (0.6–1.0)

Treatment and outcome, n (%)

Conservative management 4 (11.1) 20 (43.4)

Immunosuppression 32 (88.9)b 26 (56.5)b

1. Rituximab 7 (21.9) 8 (30.7)

2. Cyclical CYC/CS 23 (71.9) 18 (69.2)

3. Others 2 (6.2) None

Treatment response

1. Clinical remission 24 (68.5) 33 (76.7)

2. Complete remission 12 (50.0) 11 (33.3)

3. Partial remission 12 (50.0) 22 (66.7)

Number of deaths (n) 1 1

Lost to follow-up (n) 1 3

Follow-upc (median duration)
(mo)

24 (12,36) 10 (6,18)

Proteinuria (g/d) 0.9 (0.2–2.8) 1.6 (0.4–3.2)

Serum albumin (g/dl) 3.7 � 0.8 3.7 � 0.6

Serum creatinine (mg/dl) 0.8 (0.6–1.8) 0.8 (0.6–1)

CAM, complementary and alternative medicines; CYC/CS, cyclophosphamide-steroids;
F, female; M, male; MN, membranous nephropathy; NELL1, Neural epidermal growth
factor-like 1 protein.
aP ¼ 0.0001.
bP ¼ 0.001.
cDuring the follow-up, 2 patients died and 4 were lost to follow-up.
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respectively. The pooled incidence of NELL1-associated
PMN was 11.5%, and 58.6% of patients had a history
of CAM exposure, compared to 16.7% in the uniden-
tified antigen group (P < 0.0001). Baseline parameters
and outcomes are shown in Table 1.

Pathology

Segmental IgG staining was more prevalent in NELL1-
associated MN (47.8%) than in the unidentified
antigen-associated MN (3.22%). C3 staining was posi-
tive in three-fourths of cases (73.9% in the NELL1-
related MN and 69.4% in the unidentified antigen-
associated MN) (Supplementary Table S1).

Clinical Outcomes

Compared to the NELL1 group (56.5%), the prescrip-
tion of immunosuppressive therapy was higher in the
unidentified antigen group (88.9%) (P ¼ 0.001).
Thirty-three (76.7%) and 24 (66.6%) patients in the
NELL1-associated and unidentified antigen-associated
MN achieved remission, respectively (Table 1,
Supplementary Figure S1). As a result of the
1514
withdrawal of the inciting agent, 9 patients (33.3%) in
the NELL1 group and 1 patient (16.66%) in the un-
identified antigen group achieved clinical remission
(Supplementary Figure S1). Among the patients with
NELL1-associated MN, 13 of 20 (65%) achieved
remission with supportive therapy (spontaneous
remission, with CAM intake: 9 of 14 [64.2%] and with
no CAM intake: 4 of 6 [67%]) as compared to 2 (50%) in
the unidentified antigen group. With immunosup-
pressive therapy, 21 patients (80.7%) in the NELL1
group and 22 patients (68.75%) in the unidentified
antigen-associated MN group achieved clinical remis-
sion (Supplementary Figure S1). One patient with
NELL1-associated MN relapsed during follow-up and
had remission following the withdrawal of skin-
whitening cream. One patient with HIV-positive and
NELL1 MN was on Highly active antiretroviral therapy
for 7 years (undetectable viral load and a CD4 count of
555 cells/ml). The patient was referred to the
nephrology unit due to pedal oedema and proteinuria.
Following cyclical cyclophosphamide and steroid
therapy,S1 the patient has now achieved remission.
DISCUSSION

Our study examined the clinical, biochemical, thera-
peutic, and outcome characteristics of NELL1-associated
and unidentified antigen-associated MN patients.
Approximately half of the patients in the NELL1 group
had a history of consuming CAM. Immunosuppressive
therapy was required far less frequently in the NELL1
group than in the group with unidentified antigens.

A variety of clinical settings have been linked to
NELL1-associated PMN, which includes cancer, drugs,
infections, autoimmune diseases, stem cell trans-
plantation, and de novo MN following kidney trans-
plantation.3,5 An analysis of 126 patients by Sethi
et al.6 revealed that 23% of the 126 PLA2R-negative
cases were NELL1-positive. Nonetheless, in 1 series
from China, a third of the PLA2R-negative and
THSD7A-negative PMNs were NELL1-related; howev-
er, none displayed any signs of malignancy.7 Although
all patients in the present study underwent a reason-
able malignancy screening, none showed any signs of
cancer. In an interesting finding, CAM consumption
was associated with both PLA2R-related8 and NELL1-
related MN.2,4 Kurien et al.2 reported that approxi-
mately 35% of MN cases in India were associated with
traditional indigenous medicine use, of which 88%
were NELL1-positive. A meticulous history is essential;
in the present study, a small minority consumed CAM
after the onset of their illness, which may be an
incorrect attribution to PMN development. Emerging
evidence suggests that mercury and lipoic acid-
Kidney International Reports (2024) 9, 1513–1516
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containing CAM are associated with developing
NELL1-associated PMNs.4,9 The comprehensive sum-
mary of NELL1 case reports-based reviewS2–S9 is shown
in Supplementary Table S2.

As reported by Sethi et al.6 16% of their patients
with PMN had granular staining with NELL1 antibody,
which was similar in pattern to IgG. In these cases,
there was incomplete or segmental staining with IgG,
prominent IgG1, mild-to-moderate staining with C3,
increased mesangial deposits, and reduced extra-
glomerular staining. In the current study, segmental
IgG staining was observed in 50% of the NELL1-
associated MN cases. Similarly, C3 staining was
observed in three-fourths of the NELL1 group and the
unidentified antigen group. The results of the present
study are similar to the finding of Caza et al.,3 who
found pure segmental staining (IgG) in 45% of the
cases and C3 staining in three-fourths of the cases.

Currently, very little information is available
regarding the clinical outcomes in patients with (non–
malignancy-related) NELL1-associated and unidentified
antigen-associated PMN. In the study by Caza et al.,3

only 15 patients (25.42%) received immunosuppressive
therapy. A total of 8 patients were treated with calci-
neurin inhibitors, 3 with cyclophosphamide, 3 more
with mycophenolate mofetil combined with steroids,
and 1with rituximab therapy. The granular details of the
cases in the aforementioned series is unavailable. Sultan
et al.9 reported a successful response to cyclical
cyclophosphamide-corticosteroids in 2 patients with
skin-whitening cream-associated NELL1 MN. In the
present study, immunosuppression was less frequently
required in the NELL1 group than in the unidentified
antigen group, perhaps partly attributed to the higher
rate of CAM intake in theNELL1 group,whichmay have
responded swiftly to the withdrawal of the inciting
agent. Despite the differences in therapeutic approach in
both groups, clinical remission rates were comparable. A
descriptive study by Wang et al.7 reported follow-up
data for 12 patients, of whom 10 received immunosup-
pressive therapy, and 11 achieved clinical remission
(complete remission: 5 and partial remission: 6). The
predominant immunosuppressive agents used in our
study were cyclical cyclophosphamide-corticosteroid or
rituximab only therapy. In both the NELL1 and un-
identified antigen groups, there was no difference in
remission rates between patients treated with cyclical
cyclophosphamide-corticosteroid and those treatedwith
rituximab. In the NELL1 group, all but 1 patient treated
with rituximab experienced clinical remission.
Although constrained by a small sample size, the present
study suggests that rituximab could prove efficacious in
managing anti-proteinuric resistantNELL1-related PMN
(Supplementary Figure S2).
Kidney International Reports (2024) 9, 1513–1516
Conclusion

Although this is the first study to extensively delineate
the clinical outcomes of NELL1-associated PMN and
juxtapose them with those of unidentified antigen-
associated PMN, this study is not without its limita-
tions. These encompass a modest sample size, brief
follow-up duration, a dearth of information regarding
the nature of CAM, absence of antibody monitoring,
lack of IgG-subtyping, and a nonprotocolized approach
to management. In conclusion, NELL1-associated PMN
demonstrates an association with CAM intake
compared to the unidentified PMN group. Two-thirds
of patients in both cohorts achieved clinical remis-
sion, with spontaneous remission being more prevalent
in the NELL1 group.
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