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Abstract
Background Wiskott–Aldrich syndrome (WAS) is an X-linked immunodeficiency characterized by thrombocytopenia and 
eczema and is caused by a mutation in the WAS gene. WAS has heterogeneous clinical manifestations, and its clinically milder 
form is called X-linked thrombocytopenia (XLT). Patients with WAS/XLT sometimes have kidney complications, the most 
common of which is immunoglobulin (Ig)A nephropathy associated with aberrant glycosylation of IgA.
Case diagnosis/treatment The patient was a 6-year-old girl who was diagnosed with female XLT at the age of 4 years; she 
presented with microscopic hematuria and proteinuria at a school urinalysis. Her father had thrombocytopenia and IgA 
nephropathy while in his 20 s. The patient and her father had the same WAS gene mutations. A kidney biopsy was performed, 
and no abnormal findings were observed by light microscopy. Immunofluorescence analysis revealed a granular pattern of 
IgG staining along the capillary wall. Electron microscopy revealed small electron-dense deposits in subepithelial lesions. 
Consequently, we diagnosed her with membranous nephropathy (MN). Tissue PLA2R and THSD7A were negative, and she 
was judged unlikely to have secondary MN on the basis of blood test findings and IgG staining. We started the administration 
of angiotensin-converting enzyme inhibitors, and her proteinuria gradually decreased.
Conclusion To our knowledge, this is the first report of MN in a female WAS/XLT patient. WAS protein expression defects 
affect all immune system cells; however, the mechanisms underlying the occurrence of autoimmunity are not completely 
understood. In WAS/XLT patients, MN may develop as a result of increased autoantibody production, similar to other types 
of immunodeficiency.
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Introduction

Wiskott–Aldrich syndrome (WAS) is an X-linked immuno-
deficiency characterized by small platelets, thrombocyto-
penia, and eczema and is caused by a mutation in the WAS 
gene and deficient WAS protein (WASP) [1]. The clinical 
presentation of WAS is heterogeneous and ranges from a 
clinically mild form termed X-linked thrombocytopenia 
(XLT) to the classic severe immunodeficient form of WAS. 
XLT patients have less eczema and immunodeficiency [2]. 
Patients with WAS or XLT sometimes have autoimmune 

diseases with kidney complications, and the most common 
kidney disease is immunoglobulin (Ig) A nephropathy [3]. 
Because aberrant glycosylation of IgA has been observed 
in WAS patients, galactose-deficient IgA is attributed to the 
occurrence of kidney disease in WAS/XLT patients [4]. To 
our knowledge, only one case of MN in a patient with WAS/
XLT has been reported [5]. Moreover, autoimmune mani-
festations in a female patient with WAS/XLT have not yet 
been reported. Here, we report the first case of a female XLT 
patient with hematuria and proteinuria, which was diagnosed 
as MN on the basis of pathological findings.

Case report

The patient was a 6-year-old girl who had had thrombo-
cytopenia since the neonatal period but without a his-
tory of eczema or severe infection. Shortly after birth, the 
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neonatologist performed a blood test because the patient had 
some vesicles on her skin; her platelet counts were around 
50,000/µL. The vesicles were diagnosed as incontinence 
of pigment. The patient was observed, and the thrombo-
cytopenia was not treated because she was not prone to 
hemorrhage. Her family history indicated that her father 
had thrombocytopenia and IgA nephropathy. The patient’s 
mother and younger sister had no history of thrombocytope-
nia. During his childhood, the father’s platelets ranged from 
50,000/µL to 150,000/µL. He was diagnosed with chronic 
idiopathic thrombocytopenia and was observed. At the age 
of 25 years, he had nephrotic syndrome with hematuria and 
underwent a kidney biopsy. Pathohistological examination of 
nine glomeruli revealed five with mesangial hypercellularity 
and four with fibrocellular crescents. Immunofluorescence 
analysis showed diffuse mesangial IgA depositions, and 
electron microscopy demonstrated electron-dense deposits 
in the mesangial area. He was diagnosed with IgA nephropa-
thy and underwent tonsillectomy and was given pulse steroid 
therapy. He still had persistent proteinuria (urine protein to 
creatinine ratio, 0.88 g/gCre) at age 32 years because of his 
poor adherence to medication. His latest estimated glomeru-
lar filtration rate was 50.8 mL/min/1.73  m2.

At 3 years of age, the patient had purpura and further 
deterioration of platelets to 10,000/µL. Given her lack of 
response to intravenous Ig administration and her small plate-
let count, as well as her family history, we suspected hered-
itary thrombocytopenia. A genetic investigation revealed 
that the patient and her father had the same mutations in 
the WAS gene (c.1090C > T, c.1091_1093delGAGinsTGA, 
and c.1097delG). One of the three mutations (c.1090C > T 
[p.Arg364Ter]) has been previously reported as pathogenic 
for XLT [6]. Flow cytometric analysis of peripheral lym-
phocytes revealed markedly decreased WASP expression 
in both T and B cells, suggesting skewed X-chromosome 

inactivation. Therefore, the patient was diagnosed with 
female XLT. Although scheduled for periodic urinalysis, she 
did not undergo the follow-up. At 6 years of age, she came to 
our hospital again after presenting with microscopic hema-
turia (urinary red blood cells > 100/high power field) and 
proteinuria (urine protein to creatinine ratio, 1.14 g/gCre) at 
a school urinalysis. She did not have any symptoms such as 
edema, and her blood pressure was normal. Serum creatinine 
was 0.41 mg/dL, and the estimated glomerular filtration rate 
calculated using the fifth-order formula of the Japanese Soci-
ety of Nephrology [7] was 102.14 mL/min/1.73  m2. Platelet 
count was 105,000/µL, and the mean platelet volume was 7.6 
fL. She had slightly mild hypoalbuminemia and hyperlipi-
demia (serum albumin, 3.3 g/dL; total cholesterol, 253 mg/
dL). IgG, A, and M levels were normal (IgG, 698.8 mg/dL; 
IgA, 163.2 mg/dL; IgM, 119.8 mg/dL), and she did not have 
hypocomplementemia. Autoantibodies were negative, such 
as anti-nuclear antibody and perinuclear and cytoplasmic 
antineutrophil cytoplasmic antibodies. Furthermore, hepa-
titis B virus antigen and hepatitis C virus antibody were 
negative. She was suspected to have IgA nephropathy, and 
a percutaneous kidney biopsy was performed. Unexpectedly, 
light microscopy identified no mesangial, endocapillary, or 
extracapillary proliferation, sclerosis, or adhesion in 17 glo-
meruli (Fig. 1a). There was no deposition of IgG, IgA, IgM, 
C3, C1q, or fibrinogen by immunofluorescence analysis. 
Electron microscopy revealed small electron-dense deposits 
in subepithelial lesions without thickening of the glomerular 
basement membrane in four glomeruli (Fig. 1c). We then 
repeated the immunofluorescence analysis; this revealed a 
granular pattern of IgG staining (1 +) along the surface of 
the capillary wall (Fig. 1b). Additional immunofluorescence 
analysis showed that tissue M-type phospholipase A2 recep-
tor (PLA2R) and thrombospondin type-1 domain-containing 
7A (THSD7A) were negative, and IgG subclass staining 

Fig. 1  Histopathological findings. a Light microscopy (PAM stain-
ing) showing no obvious abnormalities. b Immunofluorescence 
showing a granular pattern of IgG staining along the surface of the 

capillary wall. c Electron microscopy showing small electron-dense 
deposits in subepithelial lesions (white arrows)
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revealed IgG1 2 + , IgG2 1 + , IgG3 2 + , and IgG4 2 + . 
We were unable to perform biopsy stains of other antigens 
such as exostosins 1 and 2 (EXT1/EXT2), neural epidermal 
growth factor-like 1 protein (NELL-1), neural cell adhesion 
molecule 1 (NCAM1), and semaphorin 3B (SEMA3B). 
However, in accordance with blood test findings and the 
results of IgG subclass staining, the patient was unlikely 
to have secondary MN. Upon receiving the results of the 
light microscopy analysis and the first immunofluorescent 
stain, the patient’s proteinuria increased to about 1.5 g/gCre, 
and her serum albumin decreased to 2.7 g/dL; we therefore 
started her on prednisolone. However, based on the electron 
microscopic findings and the second immunofluorescence 
analysis, the diagnosis was changed to asymptomatic idi-
opathic MN, and angiotensin-converting enzyme inhibitors 
(ACEI) were administered instead of prednisolone. Her pro-
teinuria gradually reduced to a urine protein to creatinine 
ratio of 0.5 g/gCre after 8 months.

Discussion

To our knowledge, only one case of MN in a patient with 
WAS/XLT has been reported [5]. The previous case was 
a 15-year-old male WAS patient diagnosed with nephrotic 
syndrome with MN. He was suspected to have a persistent 
Epstein–Barr virus (EBV) infection because of elevated 
titers of anti-EBV antibodies. Although we did not perform 
an anti-EBV antibody test in the present case, our patient did 
not have symptoms suggesting a persistent EBV infection.

Other reported histopathological patterns of WAS/XLT 
patients with kidney involvement include IgA nephropathy, 
membranoproliferative glomerulonephritis, mesangial pro-
liferation, and interstitial nephritis [3]. Additionally, com-
plications of MN have been reported in immunodeficient 
patients other than WAS. In a report of 22 common variable 
immunodeficiency (CVID) patients who underwent a kidney 
biopsy, 12 patients had immune complex glomerulopathy, 
including nine MN cases, which was the most predominant 
pathological finding [8]. All MN cases were negative for 
PLA2R and THSD7A. There was no gender difference in 
the prevalence of kidney involvement in CVID patients. 
Autoimmunity is observed in patients with CVID in addi-
tion to WAS/XLT patients, and several possible mechanisms 
of autoimmunity, including MN, in CVID patients have been 
proposed. First, B cell receptor-editing defects lead to loss 
of checkpoint control. Autoreactive B cell clones escape 
apoptosis under these defects. Additionally, there are T cell 
defects that lead to impaired  CD4+ T cell activation and 
depletion of regulatory T cells. Consequently, it is believed 
that autoimmune diseases such as nephritis occur in CVID 
patients because of an inability to suppress the autoim-
mune response [8]. Similarly, defective WASP can cause 

functional defects in immune system cells such as T cells, 
natural killer cells, regulatory T cells, and B cells. Peripheral 
blood regulatory T cell counts are comparable between WAS 
patients and healthy individuals; however, WASP-deficient 
regulatory T cells have an impaired ability to terminate pro-
liferation of activated effector T cells [9]. Furthermore, it 
is believed that WAS patients have B cell dysfunction that 
leads to inadequate elimination of pathogens and chronic 
immune activation [10]. Additionally, in WAS patients, 
decreased expression of complement receptors CD21 and 
CD35 impairs negative selection of autoreactive B cells 
and increases autoantibody production [11]. In the present 
case, WASP expression in T and B cells was decreased uni-
formly, suggesting increased autoantibody production and 
that immune complexes may have been deposited on the 
basement membrane and caused MN, as occurs in CVID 
patients.

Although the most common clinical feature of MN is 
proteinuria, children with MN present with hematuria more 
often than adults. A review of MN in children noted that the 
majority of patients have proteinuria associated with micro-
scopic hematuria; the incidence of macroscopic hematuria 
is approximately 40% [12, 13]. Microscopic hematuria was 
also identified in the present case.

Several female cases of WAS/XLT with clinical symp-
toms have been reported [14, 15]. In these previous reports, 
a random pattern of X-chromosome inactivation or skewed 
X-chromosome inactivation was detected. Although a 
genetic analysis of X-chromosome inactivation is currently 
underway for the present case, the finding that the patient 
and her father had the same mutations in the WAS gene and 
the marked impairment in WASP expression suggests that 
the patient had skewed X-chromosome inactivation. In pre-
vious studies, autoimmunity in female WAS/XLT has not 
been reported. Therefore, the prevalence of autoimmunity 
including nephritis in female WAS/XLT is unknown and 
needs to be investigated.

Generally, spontaneous remission is common, and kidney 
failure is rare in pediatric MN compared with adult MN 
[12, 13]. Therefore, pediatric MN patients may not require 
immunosuppression therapy unless they have severe symp-
toms. Hence, we decided to administer ACEI instead of 
prednisolone to our patient. A previous report of adult MN 
indicates that steroids alone show no benefits compared with 
conservative therapy in idiopathic MN [13]. Although pred-
nisolone was administered for a short period in our case, 
the patient’s proteinuria did not decrease at all in response 
to this treatment. Moreover, it has been reported that MN 
patients recover slowly, and complete remission requires 
many months to several years [13]. After 8 months of ACEI 
treatment, the patient has not yet achieved complete remis-
sion. It is unclear whether this case will follow the same 
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course as typical pediatric idiopathic MN, and careful obser-
vation is considered necessary.

In conclusion, we have reported the first case of MN 
complicated with female XLT. Kidney complications can 
develop even in female patients. Although IgA nephropathy 
and membranoproliferative glomerulonephritis have been 
mainly reported to be kidney complications of WAS/XLT, 
it is important to confirm the diagnosis by a kidney biopsy 
to determine a treatment plan. In the present case, proteinu-
ria decreased after administration of ACEI. However, it is 
unknown whether the prognosis of this patient is comparable 
with that of MN patients in general, because the mechanism 
by which MN developed in this case is unclear.
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