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Abstract

Background: Membranous nephropathy occurs when antibodies bind to an-
tigens in the kidney’s filtering units. PLA2R is the common target antigen in
the main type of MN, while NELL-1 has recently been found to be a target anti-
gen in secondary MN. Alpha-lipoic acid, a common over-the-counter supple-
ment for diabetic neuropathy, may trigger NELL-1-associated MN. Case Presen-
tation: We present a case of a 69-year-old white male with type 2 diabetes,
obesity (BMI 42), and diabetic peripheral neuropathy. He developed signifi-
cant proteinuria after starting alpha-lipoic acid supplements (1200 mg daily)
in December 2024. Before starting the supplement, his kidney function was
stable (creatinine 0.87 - 0.89 mg/dL) and his urine albumin-to-creatinine ratio
(UACR) was normal (less than 30 mg/g creatinine). By June 2025, about seven
months after he started alpha-lipoic acid, his UACR reached 4,061 mg/g, in
the nephrotic range clinically. A kidney biopsy in June 2025 confirmed mem-
branous glomerulopathy. Tests on the biopsy showed IgG, kappa, and lambda
staining in the capillary walls. PLA2R was negative, but NELL-1 was positive,
confirming NELL-1-associated membranous nephropathy. The biopsy showed
23% of glomeruli globally sclerosed (3 of 13) against a background of diabetic
glomerulopathy, Class IIa. The patient stopped taking alpha-lipoic acid right
away and was monitored without immune-suppressing medicine. After three
months, in September 2025, his UACR dropped to 2,195 mg/g. This was a 46%
drop from its highest level, showing good improvement after stopping the
drug. Conclusions: This case shows a link between alpha-lipoic acid supple-
ments and NELL-1-associated membranous nephropathy. This is supported
by the timing, the dosage, and the rapid improvement after stopping the drug.
The case shows why it is important to monitor for protein in the urine in pa-
tients taking alpha-lipoic acid, especially at higher doses (1200 mg/day or
more). Detecting this problem early and discontinuing the drug promptly can
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lead to significant improvement without immunosuppressive medication. Since
many people use alpha-lipoic acid as a supplement, doctors should be aware
of this side effect. They should consider NELL-1-associated MN in patients
who develop significant proteinuria while taking this supplement.
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1. Introduction

Membranous nephropathy (MN) is caused by antibodies against an antigen
present in the glomerular basement membrane (GBM). Primary membranous
nephropathy (PMN) is responsible for 70% of MN [1], and the target antigen in
about 70% of instances is M-Type Phospholipase A2 Receptor (PLA2R), Throm-
bospondin type-1 domain-containing 7A (THSD7A) in about 1% - 5% of instances,
and about 25% of instances have an unknown target antigen [2]. Nerve epidermal
growth factor-like 1 (NELL-1) antigen-antibody has also been recently recognized
as a secondary cause of MN in PLA2R-negative cases [2]. Over-the-counter lipoic
acid, a drug taken to manage diabetic neuropathic pain, has been recognized as a
cause of NELL-1-associated MN with resulting high-grade proteinuria [3]. Lipoic
acid withdrawal has shown good results in some instances, with the achievement

of partial or complete remission within three to six months [4].

2. Case Report

A 69-year-old white male with a history of type 2 diabetes mellitus, obesity (BMI
42), and diabetic peripheral neuropathy was referred for evaluation of worsening
proteinuria. The patient had been on alpha-lipoic acid supplements (Nutricost
brand, twice a day 600 mg, total 1200 mg/day) since December 2024 for managing
his diabetic neuropathy, which had provided symptomatic relief. He was on lis-
inopril at presentation and denied any prior or current use of SGLT?2 inhibitors
or mineralocorticoid receptor antagonists (steroidal or nonsteroidal), and had no
history of NSAID use. His Alc history was 5.5% to 6.6% (February 2025: 5.5%,
November 2024: 5.9%, July 2024: 6.2%, March 2024: 6.6%). Baseline laboratory
values were serum creatinine 0.87 - 0.89 mg/dL, BUN 16 - 17 mg/dL, and albumin
3.83 g/dL. His lipid panel was triglycerides 88 - 338 mg/dL, HDL 24 - 25 mg/dL,
and LDL 52 - 56 mg/dL. The patient experienced numbness and tingling of both
feet with pain.

The following timeline summarizes the key laboratory events. On March 11,
2024 (pre-supplement baseline), laboratory values showed WBC 7.4, hematocrit
36.8%, glucose 150 mg/dL, creatinine 0.87 mg/dL, AST 16 U/L, ALT 22 U/L, tri-
glycerides 338 mg/dL, HDL 25 mg/dL, and LDL 56 mg/dL. On July 1, 2024 (ap-
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proximately five months before alpha-lipoic acid was initiated), BUN was 17
mg/dL, creatinine 0.95 mg/dL, AST 16 U/L, ALT 28 U/L, UACR 5 mg/g (normal,
< 30 mg/g creatinine), total cholesterol 105 mg/dL, HDL 24 mg/dL, triglycerides
221 mg/dL, and LDL 53 mg/dL. Following initiation of alpha-lipoic acid in De-
cember 2024, proteinuria rose substantially: UACR was 2520 mg/g on March 14,
2025 (approximately three months after starting supplementation), reaching a
peak of 4,061 mg/g on June 27, 2025 (approximately seven months after initia-
tion), the value discussed with the patient at the time of biopsy. Serologic workup
for secondary causes was negative, including hepatitis B virus (HBV), hepatitis C
virus (HCV), human immunodeficiency virus (HIV), and anti-PLA2R antibodies.

A kidney biopsy was performed on June 27, 2025. Light microscopy of the for-
malin-fixed specimen revealed tissue consisting of 30% renal cortex with six glo-
meruli, two of which were globally sclerosed. Glomeruli were mildly expanded
mesangially without hypercellularity. Arteries had mild fibrous intimal thicken-
ing, and interstitial fibrosis and tubular atrophy were present. Congo red stain for
amyloid was negative. Toluidine blue sections revealed arteriolar hyalinosis char-
acteristic of diabetes.

Immunofluorescence microscopy of the Michel’s fixative specimen contained
seven glomeruli, one of which was globally sclerotic. Subglobal granular periph-
eral capillary wall staining was identified for IgG (1+), kappa (1+), and lambda
(1+). All other immunofluorescence stains were negative in glomeruli. Above all,
PLA2R was negative, but NELL-1 was positive, making the diagnosis of NELL-1-
associated membranous nephropathy. Electron microscopy was not feasible as no
intact glomeruli were available for ultrastructural examination.

The chronicity summary, drawn from both specimen components, identified
13 total glomeruli, with three exhibiting global glomerulosclerosis (23%). Segmen-
tal sclerosis, interstitial fibrosis, and tubular atrophy were absent; arterial intimal
fibrosis was mild. The final pathological diagnosis was: 1) Membranous Glomer-
ulopathy, NELL-1 Positive, and 2) Diabetic Glomerulopathy, Class IIa.

Because NELL-1 has a malignancy association in roughly one-third of instances,
malignancy screening was performed. The patient denied a personal history of
cancer. Screening was initiated by obtaining a smoking history, which was nega-
tive, and review of imaging results, including a chest radiograph (most recent
March 2025), which was unremarkable. His family history was positive for colon
cancer in his father, and he is on five-year surveillance for a personal history of
adenomatous colon polyps; his most recent colonoscopy in 2023 showed a benign
tubular adenoma. His most recent PSA was normal at 0.39 ng/mL. Supplementa-
tion with alpha-lipoic acid was discontinued immediately following biopsy. Finer-
enone (Kerendia), which had been initiated for management of diabetic pro-
teinuria, was continued initially and was subsequently discontinued on October
9, 2025, specifically to establish a finerenone-free proteinuria baseline and clarify
the magnitude of alpha-lipoic acid’s independent contribution to the proteinuria,
rather than because of any adverse effect. All other supplements were also discon-

tinued. Follow-ups monthly with renal function assessment were initiated.
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Following cessation of alpha-lipoic acid, the patient showed improvement in
proteinuria. UACR at the three-month follow-up on September 9, 2025, was 2,195
mg/g—a decrease of 46% from the maximum of 4,061 mg/g, at a time when finer-
enone (an agent with well-established antiproteinuric effects) was still being ad-
ministered; finerenone was not discontinued until October 9, 2025. Therefore, this

improvement cannot be attributed solely to alpha-lipoic acid cessation.

3. Discussion

NELL-1 antigen in membranous nephropathy can indicate the development of sec-
ondary membranous nephropathy following malignancy or exposure to drugs/sup-
plements [5]. NELL-1-related MN cases are diagnosed based on the identification
of distinctive histopathologic patterns, including a granular pattern in capillary
loops observed with Immunoglobulin G (IgG) staining, with segmental to global
involvement [6]. The current case report highlights the significance of recognizing
NELL-1-associated MN as a distinct clinical entity, as it could have implications
for treatment and prognosis.

Alpha-lipoic acid, a potent antioxidant commonly employed in the treatment
of diabetic neuropathy, has been implicated in inducing NELL-1-associated MN,
although not the definite mechanisms [7]. Molecular mimicry, hapten-like activ-
ity, or adjuvant-like enhancement of immune reactions against the NELL-1 pro-
tein on podocytes have been postulated as the etiologic mechanisms [8]. Case re-
ports and small case series reported in the literature include lipoic acid as the eti-
ology of NELL-1 membranous nephropathy [4] [9].

The temporal relationship in this case suggests a possible causal association:
stable renal function prior to December 2024, an acute onset of proteinuria during
greater than seven months on alpha-lipoic acid therapy, and a 46% reduction in
UACR within three months of alpha-lipoic acid cessation. However, finerenone,
an agent with well-established antiproteinuric effects, was still being administered
at the time this improvement was measured (September 9, 2025) and was not dis-
continued until October 9, 2025; therefore, the observed improvement cannot be
attributed solely to alpha-lipoic acid withdrawal. This temporal sequence is con-
sistent with, but does not definitively establish, drug-induced nephropathy. This
case therefore suggests a possible, rather than a confirmed, causal association; the
limitations affecting this inference are detailed at the end of this section.

Approximately one-third of NELL-1-associated MN patients have a history
of malignancy, with detectable serum titers of NELL-1 antibodies [5]. Therefore,
complete cancer-specific screening in each case of NELL-1-positive membranous
nephropathy should be performed. The dose used in the current case (1200 mg
daily) is in the higher range of commonly administered doses and agrees with dos-
ing in other cases reported in the literature [4] [9], which suggests possible dose
dependence of the nephrotoxic effect.

The reversibility established in this instance is valuable prognostically. Alt-

hough 23% of glomeruli showed global sclerosis on biopsy (consistent with the
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Results), indicating a degree of irreversible chronic structural injury, the overall
extent of chronicity was limited, and the acute inflammatory underpinning for
active proteinuria seemed amenable to withdrawal of the offending agent. Con-
servative therapy without immunosuppression was successful, without the con-
comitant risks of infection, metabolic derangement, and worsening diabetes asso-
ciated with immunosuppressive treatment [10].

Current research has shown that NELL-1 MN with a thiol-containing drug
achieves very high remission rates, such as 88% of patients entering remission by
11 months off immunosuppression [11]. This is much higher than other forms of
NELL-1 MN and much greater than remission rates for PLA2R MN, likely sec-
ondary to the relative ease of exposing and eliminating exposure [11] [12].

Limitations: This case is subject to several important limitations. It is a single-
case report, which limits generalizability. The patient had underlying diabetic kid-
ney disease, itself a cause of proteinuria and glomerular injury, representing a po-
tential confounding factor. Finerenone, an agent with established antiproteinuric
effects, was co-administered for part of the observation period and was not dis-
continued until after the initial improvement in proteinuria was documented,
confounding attribution of that improvement to alpha-lipoic acid cessation alone.
The absence of electron microscopy precluded ultrastructural confirmation of the
diagnosis and definitive staging of the membranous nephropathy, limiting the
completeness of the pathological characterization. Follow-up after finerenone dis-
continuation was relatively short, limiting assessment of the durability of improve-
ment. Finally, although malignancy screening was reassuring, it may not have
been fully comprehensive, and occult malignancy cannot be entirely excluded.
Given these limitations, this case suggests, but does not confirm, a possible asso-
ciation between alpha-lipoic acid and NELL-1-associated membranous nephrop-

athy.

4. Conclusions

This case report suggests a possible association between alpha-lipoic acid supple-
mentation and the development of NELL-1-associated membranous nephropa-
thy. Patients on alpha-lipoic acid supplements, particularly at higher doses (=1200
mg/day), should be screened for developing proteinuria. Patients developing ne-
phrotic-range proteinuria and new-onset renal disease while on alpha-lipoic acid
should be evaluated for NELL-1-associated membranous nephropathy with ade-
quate kidney biopsy, including NELL-1 immunofluorescence staining.

Prompt diagnosis and removal of the suspected inciting agent was followed by
a 46% reduction in proteinuria within three months in this patient, although con-
current finerenone use limits attribution of this improvement to alpha-lipoic acid
cessation alone. Practitioners must be aware, however, that permanent glomerular
damage can occur with continued exposure. Due to the association of NELL-1 and
malignancy, intensive cancer evaluation must be pursued in all NELL-1-positive

individuals.
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More research is needed to investigate alpha-lipoic acid-induced NELL-1
nephropathy frequency, identify susceptibility risk factors, identify the pathogenic
processes, delineate the best monitoring regimens in patients taking alpha-lipoic
acid, and establish long-term outcomes after supplement withdrawal. Medical
professionals must exercise vigilance when prescribing alpha-lipoic acid for dia-

betic neuropathy and initiate other therapies with better-defined safety profiles.
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