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Introduction
Dimercaptosuccinic acid (DMSA) is usually used to pro-
mote copper excretion in WD patients. Compared with 
other drugs for the treatment of WD, dimercaptosuccinic 
acid has mild adverse reactions, and it is rare to be forced 
to discontinue due to adverse reactions. At present, the 
main side effects of dimercaptosuccinic acid are as fol-
lows: (i) Neurological deterioration: mainly manifested 
as increased muscular tension, mental symptoms appear 
or worsen. (ii)digestive tract reactions: mainly manifested 
as fatigue, abdominal distension, and decreased appetite. 
(iii) Allergic reaction: mainly manifested as fever, drug 
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Abstract
Background Dimercaptosuccinic acid (DMSA) therapy is a kind of chelation therapy for patients with Wilson ‘s 
disease (WD). While there have been reports of side effects associated with DMSA, the development of membranous 
nephropathy as a result of this therapy is uncommon.

Case presentation We present a case of a 19-year-old male patient with Wilson’s disease who experienced 
proteinuria while receiving long-term DMSA treatment. Further evaluation revealed abnormally low levels of serum 
ceruloplasmin and serum albumin, as well as a 24-hour urinary protein excretion of 4599.98 mg/24 h. A renal biopsy 
confirmed the presence of membranous nephropathy. After ruling out other potential causes, we determined that 
the patient’s membranous nephropathy was likely caused by DMSA. Following treatment with glucocorticoids, there 
was a significant reduction in proteinuria.

Conclusion This case highlights the possibility of DMSA-induced membranous nephropathy and the importance of 
considering this diagnosis in patients receiving DMSA treatment. Given the widespread use of DMSA in the treatment 
of Wilson’s disease, further research is needed to fully understand the potential role of this drug in the development of 
membranous nephropathy.

Keywords Membranous nephropathy, Dimercaptosuccinic acid, Wilson’s disease

Membranous nephropathy caused 
by dimercaptosuccinic acid in a patient 
with Wilson’s disease: a case report 
and literature review
Xiang Li1†, FengXin Hu2† and Gaosi Xu1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-023-03201-6&domain=pdf&date_stamp=2023-5-24


Page 2 of 6Li et al. BMC Nephrology          (2023) 24:147 

rash. (iv) Bleeding: mainly manifested as gum, epistaxis, 
skin petechiae, and ecchymosis [1]. However, there is lim-
ited report on the potential renal side effects of DMSA. 
This report describes a patient with Wilson’s disease who 
was receiving long-term DMSA treatment and developed 
proteinuria, which was later confirmed through renal 
biopsy to be membranous nephropathy. The patient was 
successfully treated with glucocorticoids.

Case report
A 19-year-old male with Wilson ‘s disease (WD) for 7 
years was referred to our hospital with complaints of a 
1-year history of foam urine. He was found to have pro-
teinuria in a checkup 1 month ago. He was diagnosed 
with WD 7 years ago due to the appearance of corneal 
K-F ring and the reduction of blood ceruloplasmin. After 
that, the patient was regularly treated with DMSA for 
copper excretion. He denied a family history of genetic 
disease and D-penicillamine medication history. Physi-
cal examination revealed no significant abnormalities. 
Blood examinations showed normal blood cells. normal 
levels of serum creatinine (93.28µmol/L), blood glucose 
(5.23 µmol/L), triglyceride(2.29mmol/L), and total cho-
lesterol (5.71 mmol/L), low levels of total protein (6.2 g/
dl) and serum albumin (2.7  g/dl). Urinalysis showed 
that urine protein (2+), and 24-hour urinary protein was 
4599.98 mg/24 h. Anti-nuclear antibody (ANA), antineu-
trophil cytoplasmic antibody (ANCA), and Anti phos-
pholipase A2 receptor antibody(PLA2R) were negative. 
Tumor and infection indicators are normal. Doppler 
sonography showed no abnormality.

A renal biopsy was performed. Light microscopy 
showed thickened glomerular basement membrane 
(GBM) and discrete “spike” formation. The capillary 
loops were open. And mesangial expansion with mesan-
gial hypercellularity were observed (Fig.  1A). Immu-
nofluorescence microscopy revealed granular deposits 
of IgG(2+), IgM(+), C1q(2+), and C3(2+) along the glo-
merular capillary wall. Protein absorption droplets can 
be seen in renal tubular epithelial cells (Fig. 1B). Further-
more, the test of copper staining was negative (Fig. 1C). 
Electron microscopy revealed glomerular basement 
membrane irregularly thickened and podocyte foot pro-
cess effacement. Electron-dense deposits were noted in 
the subepithelial, basement membrane and mesangial 
regions (Fig. 1D). He was finally diagnosed with second-
ary MN caused by DMSA. Glucocorticoid (triamcinolone 
32  mg/d) was initiated. The change of 24-hour urinary 
protein was recorded, and 24-hour urinary protein was 
significantly reduced after the treatment initiated on the 
28th day following admission to our hospital (Fig. 2).

Discussion
DMSA is a broad-spectrum metal chelating agent for 
the treatment of WD. In this case, after long-term use 
of DMSA, urinalysis showed proteinuria (2+) and 24-h 
urine protein was 4599.98  mg/24  h. Renal biopsy con-
firmed the diagnosis of membranous nephropathy was 
identified, and the laboratory tests demonstrated ANA 
(-), ANCA (-), and PLA2R (-). Tumor and infection indi-
cators are normal. So, we ruled out the possibility of 
tumor and infection in the patient based on their clini-
cal manifestations, tumor markers, infection indicators, 
blood tests, urine tests, and ultrasound results. At pres-
ent, the patient is treated with oral medication to expel 
copper regularly, the blood copper is maintained at a low 
level, and the corneal K-F ring disappears. Copper stain-
ing of renal tissue showed no obvious copper particles 
were deposited in renal tubular epithelial cells and glo-
merular sacs. MN caused by WD was excluded, and there 
was no history of kidney disease or other renal involve-
ment in patients. Therefore, we concluded that DMSA 
was the cause of membranous nephropathy in this 
patient.

Wilson’s disease (WD) is an inherited disorder that 
causes excessive accumulation of copper in the liver, 
brain, and other organs. The accumulation of toxic 
amounts of copper in the liver, brain, and other organs 
may cause various clinical conditions, often with promi-
nent neurological, psychiatric, and liver-related symp-
toms [2]. Currently, the main treatment options for 
Wilson’s disease include D-penicillamine, trientine, zinc, 
and DMSA [3, 4] (Table 1). D-penicillamine is effective at 
removing copper from the body and can be used to treat 
all patients with symptoms of Wilson’s disease. How-
ever, it can cause a range of adverse reactions, including 
neurological deterioration in 10–20% of patients during 
the initial treatment phase. Early sensitivity reactions, 
such as fever, skin eruptions, lymph node swelling, neu-
tropenia or thrombocytopenia, and protein in the urine, 
may occur during the first 1–3 weeks of treatment. Later 
effects of treatment with D-penicillamine may include 
nephrotoxicity, bone marrow toxicity, and dermatologi-
cal toxicities. In 1969, trientine (triethylene tetramine 
dihydrochloride or 2,2,2-tetramine) was introduced as 
an alternative to D-penicillamine. Trientine is a chela-
tor with a polyamine-like structure chemically distinct 
from D-penicillamine. It is similar to D-penicillamine in 
that it promotes the excretion of copper in the kidneys. 
Trientine is generally associated with fewer side effects 
than D-penicillamine, but it can still cause bone marrow 
depression [5], hepatotoxicity [6], and overly aggressive 
removal of copper, which can lead to neurological dys-
function. Besides, the high cost and lack of availability 
of trientine limit its use in China. Zinc works by inhibit-
ing copper absorption in the intestine, It can be used as 
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first-line treatment for asymptomatic patients, as well as 
maintenance treatment for ordinary patients and alterna-
tive treatment for penicillamine intolerant patients. Zinc 
is also effective in treating neurological symptoms asso-
ciated with Wilson’s disease. It has few side effects, the 
most common of which are gastrointestinal irritation and 

numbness of the lips and limbs. Other potential adverse 
effects include decreased immune function and increased 
serum cholesterol and low density lipoprotein levels. In 
addition, zinc’s effects may be slow to manifest.

Dimercaptosuccinic acid (succimer; DMSA), a water-
soluble analog of dimercaprol, has been used since the 

Fig. 1 Histological images from the renal biopsy. (A) Staining of HE, Masson, PAS, and PASM. Light microscopy shows the glomerulus with thickening of 
basement membranes and spikes. (B) Staining of copper. No obvious copper deposition was found in renal tubular epithelial cells and glomerular sacs 
(C) Immunofluorescence micrographs. immunofluorescence microscopy shows C1q(++), C3(++), IgM(+), and IgG(++) deposited along the glomerular 
capillary. (D) Electron micrographs. Electron microscopy shows glomerular basement membrane irregularly thickened and podocyte foot process efface-
ment. Electron-dense deposits were noted in the subepithelial, basement membrane, subendothelial and mesangial regions
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1950s as an antidote for heavy metal toxicity [7]. DMSA 
can form complexes with copper ions and oral DMSA sig-
nificantly increased urinary copper excretion [8]. DMSA 
was first used as a copper chelator for WD in China [9] 
and there are substantial experiences with the use of 
DMSA for WD treatment in China [10]. At present, the 
known side effects include: (i) Neurological deterioration: 
mainly manifested as increased muscular tension, mental 
symptoms appear or worsen. (ii)digestive tract reactions: 
mainly manifested as fatigue, abdominal distension, and 
decreased appetite. (iii) Allergic reaction: mainly mani-
fested as fever, drug rash. (iv) Bleeding: mainly mani-
fested as gum, epistaxis, skin petechiae, and ecchymosis 
[1]. However, there are few reports about membranous 
nephropathy caused by DMSA. The mechanism of it 
leading to membranous nephropathy is unclear. So far, 
several medications have been known to cause mem-
branous nephropathy, mainly including: gold therapy; 
Penicillamine and Bucillamine; Mercury; Captopril; and 
NSAIDs. Wherein the penicillamine and busilamine are 
known to cause MN. The mechanism by which penicil-
lamine and bucillamine produce MN is unknown but 
may involve modification of the immune response and/or 
hapten formation. Captopril is an angiotensin-converting 
enzyme inhibitor (ACE-I) that is commonly used to treat 
hypertension and reduce proteinuria. It was reported that 
ACEI can induce MN attributed to a sulfhydryl group, 

which is unique to captopril among the ACE-Is but a 
feature that it shares with penicillamine and bucillamine 
[11]. Therefore, it is speculated that mechanism by which 
the drugs stimulate the response may involved in the 
thiol group of the drugs, which permits covalent bond-
ing to cellular macromolecules [12]. The DMSA contains 
two active sulfhydryl groups and has strong affinity with 
metal ions. Mercapto groups can covalently bind to mac-
romolecules, making drugs containing mercapto groups 
may be used as haptens to induce antibody production. 
However, the role of DMSA in secondary MN needs to 
be further studied, as the literature regarding this topic 
is limited.

Membranous nephropathy (MN) is a glomerular dis-
order typified by the accumulation of an abundance of 
immune complexes on the epithelial aspect of the glo-
merular capillary loop. The prevailing clinical presenta-
tion is that of nephrotic syndrome (NS). The incidence of 
secondary MN constitutes approximately 30% of all cases 
of MN [13]. In a review of nine published series on MN, 
6.6% of patients presented drug-induced disease [14]. In 
a cohort, a drug-induced etiology was identified in 14% 
of patients [15]. Pathologic findings frequently pose chal-
lenges in discriminating primary MN from drug-induced 
MN (DIMN), thus underlining the pivotal role of obtain-
ing comprehensive clinical details concerning medication 
utilization. The treatment of MN (DIMN) begins with 

Fig. 2 Efficacy evaluation, changes of the 24-hour proteinuria before and after treatments. Treatment of glucocorticoid initiated on the 28th day follow-
ing admission to our hospital. We observed a significant reduction in 24-hour urinary protein excretion following treatment with glucocorticoids
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discontinuation of the culprit drug. In some instances, 
such as with gold salts, penicillamine, and bucillamine, 
regular monitoring of urine is necessary due to the high 
incidence of proteinuria and MN. Immunosuppressive 
therapy may be necessary in cases of severe nephrotic 
syndrome (NS) symptoms or lack of improvement [11]. 
Although DMSA induced membranous nephropathy 
is rarely reported, the therapeutic approaches are akin 
to those utilized for most drug-induced membranous 
nephropathy cases. In our case, hormone therapy has 
been verified as efficacious.

Conclusion
We report a rare case of membranous nephropathy 
caused by dimercaptosuccinic acid in a patient with Wil-
son’ s disease. DMSA are now widely used in the treat-
ment of WD and can lead to side effects on kidneys, 
which rare reported and may go unrecognized. The 
diagnosis of DMSA-induced secondary MN is challeng-
ing and requires a proper laboratory work-up and histo-
logical testing. The further studies are needed to evaluate 
and comprehend the role of DMSA in this condition. 
In addition, we should use drugs cautiously according 
to drug safety and patient risk factors, and make timely 

judgments and active treatment when side effects occur. 
The case will provide a reference for side effects caused 
by DMSA.

Abbreviations
ACE-I  Angiotensin-converting enzyme inhibitor
DMSA  Dimercaptosuccinic acid
MN  Membranous nephropathy
WD  Wilson’s disease

Acknowledgements
Not applicable.

Authors’ contributions
All authors have contributed significantly, Xiang Li and Fengxin Hu performed 
the data collection, reviewed articles, and wrote the manuscript. Gaosi Xu 
designed the study and revised the manuscript. All the authors read and 
approved the final version of the manuscript. The authors have no competing 
interests to declare.

Funding
This study was supported by the National Natural Science Foundation of 
China (No. 81970583 & 82060138), the Nature Science Foundation of Jiangxi 
Province (No. 20202BABL206025), and the Projects in the Second Affiliated 
Hospital of Nanchang University (No. 2019YNLZ12008).

Data Availability
The datasets used and analyzed during the current study are available from 
the corresponding authors on reasonable request.

Declarations

Competing interests
The authors declare no conflicts of interest in the information contained in the 
manuscript.

Ethics approval and consent to participate
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor of this journal.

Consent for publication
The patient provided written agreement for publication of the data.

Received: 4 March 2023 / Accepted: 16 May 2023

References
1. Zhonghua gan zang bing za zhi. Guidelines for the diagnosis and treatment 

of hepatolenticular degeneration (2022 edition). Zhonghua ganzangbing 
zazhi=Chinese journal of hepatology. 2022;30(1):9–20.

2. Harada M. Pathogenesis and management of Wilson disease. Hepatol Res. 
2014;44(4):395–402.

3. European Association for Study of L. EASL Clinical Practice Guidelines: Wil-
son’s disease. J Hepatol. 2012;56(3):671–85.

4. Schilsky ML, Roberts EA, Bronstein JM, Dhawan A, Hamilton JP, Rivard AM et 
al. A Multidisciplinary Approach to the diagnosis and management of Wilson 
Disease:executive summary of the 2022 Practice Guidance on Wilson Disease 
from the American Association for the study of Liver Diseases. Hepatology. 
2022.

5. Karunajeewa H, Wall A, Metz J, Grigg AJA, medicine NZjo. Cytopenias sec-
ondary to copper depletion complicating ammonium tetrathiomolybdate 
therapy for Wilson’s disease. 1998;28(2):215–6.

6. Medici V, Trevisan CP, Bigotto MA, D’Inca R, Martines D, Dal Pont E, et al. 
Adverse reaction after tetrathiomolybdate treatment for Wilson’s disease: a 
case report. Mov Disord. 2006;21(11):2030–2.

Table 1 Currently available oral treatments for Wilson’s disease
Drug Mode of 

action
Side effects

D-Penicillamine General 
chelator in-
duces renal 
excretion of 
copper

• Neurological deterioration
• Fever and cutaneous eruptions, 
lymphadenopathy, neutrope-
nia or thrombocytopenia, and 
proteinuria
• Nephrotoxicity
• Bone marrow toxicity
• Dermatological toxicities

Trientine General 
chelator in-
duces renal 
excretion of 
copper

• Bone marrow depression
• Hepatotoxicity
• Neurological dysfunction

Zinc Metallothio-
nein inducer, 
blocks intes-
tinal copper 
absorption

• Gastrointestinal irritation
• Numbness of the lips and limbs
• Decreased immune function
• Increased serum cholesterol 
and low-density lipoprotein 
levels

Dimercaptosuc-
cinic acid

General 
chelator in-
duces renal 
excretion of 
copper

• Neurological deterioration: 
mainly manifested as increased 
muscular tension, mental symp-
toms appear or worsen.
• Digestive tract reactions: mainly 
manifested as fatigue, abdomi-
nal distension, and decreased 
appetite
• Allergic reaction: mainly mani-
fested as fever, drug rash.
•Gum bleeding:



Page 6 of 6Li et al. BMC Nephrology          (2023) 24:147 

7. FROITZHEIM G. [Experimental studies on the treatment of mercurial poison-
ing with alpha,alpha 1-dimercaptosuccinic acid]. Dermatologische Wochen-
schrift. 1954;129(20):497–500.

8. Bradberry S, Vale A. Dimercaptosuccinic acid (succimer; DMSA) in inorganic 
lead poisoning. Clin Toxicol (Phila). 2009;47(7):617–31.

9. Ren M, Yang R. Clinical curative effects of dimercaptosuccinic acid on hepa-
tolenticular degeneration and the impact of DMSA on biliary trace elements. 
Chin Med J. 1997;110(9):694–7.

10. Yang R. [Clinical analysis of 418 patients with Wilson’s disease in traditional 
chinese medicine and western medicine therapy]. Zhong xi yi jie he za zhi = 
chinese. J Mod developments traditional Med. 1990;10(3):134. 40, 0.

11. Hogan JJ, Markowitz GS, Radhakrishnan J. Drug-induced glomerular disease: 
immune-mediated injury. Clin J Am Soc Nephrol. 2015;10(7):1300–10.

12. Lionaki S, Vlachopanos G, Georgalis A, Ziakas P, Gakiopoulou H, Petra C et al. 
Lupus nephritis and non-hodgkin lymphoma simultaneously diagnosed in a 
patient on methimazole. 2013;22(1):95–8.

14. Glassock RJN. dialysis, transplantation: official publication of the European 
Dialysis, Association TA-ER. Secondary membranous glomerulonephritis. 
1992:64–71.

15. Rihova Z, Honsova E, Merta M, Jancova E, Rysava R, Reiterova J et al. Second-
ary membranous nephropathy–one center experience. 2005;27(4):397–402.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Membranous nephropathy caused by dimercaptosuccinic acid in a patient with Wilson’s disease: a case report and literature review
	Abstract
	Introduction
	Case report
	Discussion
	Conclusion
	References


