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Abstract

Wiskott—Aldrich syndrome (WAS) is an X-chromosome recessive immunodeficiency disease characterized by the triad of
thrombocytopenia, eczema, and susceptibility to infection owing to WAS protein gene abnormalities. Kidney transplanta-
tion is rarely offered to WAS patients with end-stage renal disease because of concerns that thrombocytopenia and immune
disorders may affect the clinical outcome. Here, we report the case of a 20-year-old kidney transplant patient who developed
end-stage renal disease owing to immunoglobulin (Ig)A nephropathy caused by WAS. Despite recurrent IgA nephropathy and
T-cell-mediated rejection 7 months after transplantation, two rounds of steroid pulse therapy attenuated his renal function
and urinary abnormality. His serum creatinine level was maintained at approximately 1.5 mg/dL 1 year after transplantation.
No other WAS-related complications were observed throughout the clinical course. Although WAS can cause poor prognosis

in kidney transplant patients, careful follow-up may allow kidney transplantation to be performed.
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Introduction

Wiskott—Aldrich syndrome (WAS) is an X-chromosome
recessive immunodeficiency disease characterized by the
triad of thrombocytopenia, eczema, and susceptibility to
infection owing to WAS protein (WASP) gene abnormalities
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[1]. The estimated birth prevalence of WAS is 0.01/1000
births, and over 300 associated gene mutations have been
reported [1]. The symptoms and clinical presentation of
patients with WASP vary depending on the gene mutations.
Some patients develop severe immunodeficiency and die
because of hemorrhagic diathesis in their childhood, whereas
others have mild thrombocytopenia [1]. It is known that 19%
of patients with WAS are complicated by nephropathy, and
70% of these patients have immunoglobulin (Ig)A nephropa-
thy [2]. Although kidney transplantation can be selected as a
treatment for end-stage renal disease caused by WAS, there
are concerns that immunodeficiency and thrombocytopenia
affect renal outcomes [3]. Since the prevalence of WAS is
low, and patients who undergo kidney transplantation are
extremely rare, the clinical course of kidney transplantation
among patients with WAS remains unknown.

Herein, we report the clinical course of a patient with
WAS who underwent kidney transplantation as well as lit-
erature review.
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Case report

A 20-year-old man who wished to receive a kidney trans-
plant was genetically diagnosed with WAS at 8 years
of age. He experienced refractory atopic dermatitis and
thrombocytopenia at that time. According to the results
of the genetic analysis, he and his mother had the same
missense mutation associated with WAS (c.713T > C,
p-11e238Thr). At 14 years of age, a renal biopsy was con-
ducted to elucidate proteinuria and hematuria etiology, and
he was diagnosed with IgA nephropathy (Oxford classifi-
cation MOE1SOTOCT1). Despite aggressive treatments for
IgA nephropathy, including several rounds of steroid pulse
therapy, tonsillectomy, and administration of cyclosporine
and mizoribine, his proteinuria persisted, and his renal
function gradually deteriorated and resulted in end-stage
renal disease. Besides renal dysfunction, WAS-related
symptoms did not require further therapies, such as sple-
nectomy and hematopoietic stem cell transplantation. In
addition, no autoantibodies were detected.

At 19 years of age, hemodialysis therapy was initiated
because of end-stage renal disease. With careful consid-
eration of the risks of kidney transplantation, an ABO-
compatible living-donor kidney transplant was performed
with a donated kidney from his father 7 months after the
initiation of hemodialysis. The details of the blood exami-
nation are shown in Table 1. The total ischemic time was

145 min, and his serum creatinine level gradually declined
after transplantation. The baseline transplant kidney biop-
sies (O h and 1 h) revealed no significant IgA deposition on
the glomeruli and no electron-dense deposits on electron
microscopy. Besides severe arteriosclerosis, there were no
pathological findings that could affect the graft function.
Further, a renal biopsy performed on day 7 postoperatively
because of delayed graft function showed no evidence of
IgA deposition on the glomeruli or acute rejection. Mesan-
gial proliferation, endothelial hypercellularity, and throm-
botic microangiopathy were not observed either; only
acute tubular necrosis seemed to be responsible for his
reduced renal function. Immunosuppression therapy was
conducted as follows: methylprednisolone 4 mg/day, tac-
rolimus dose adjusted to within 3-5 ng/mL in the trough
concentrations, mycophenolate mofetil 1500 mg/day, and
everolimus 1.5 mg/day (ceased 7 months after transplanta-
tion because of massive proteinuria).

Urinary abnormalities such as hematuria or proteinuria
were not observed, and his serum creatinine levels were
maintained at approximately 0.9 mg/dL until 4 months after
transplantation; however, hematuria and proteinuria began
to increase gradually. As his proteinuria increased linearly
and reached 2.5 g/gCr, an additional renal biopsy was per-
formed 7 months after transplantation. Nine glomeruli were
obtained, three of which showed mild mesangial cell pro-
liferation, and one glomerulus showed fibrinoid necrosis
(Fig. 1a). Immunostaining revealed massive but segmental

Table 1 Blood examination

before kidney transplantation WBC 5800/uL AST 7TUL Urinalysis
RBC 3.15x10%uL ALT 7 U/L Gravity 1.014
Hb 9.6 g/dL ALP 310 U/L pH 6.0
Hct 28.4% LDH 154 U/L Protein 1+
Plt 108 x 103/uL. CRP 0.64 mg/dL Occult blood 2+
Na 140 mmol/L Glucose (=)
K 4.5 mmol/L ANA (=)
Cl 103 mmol/L CH50 64 U/mL Urinary sediments
TP 6.9 g/dL C3 97 mg/dL RBC > 100/HPF
Alb 4.0 g/dL c4 29 mg/dL WBC 1-4/HPF
BUN 54.8 mg/dL HBs Ag =) Hyaline cast O0/LPF
Cr 12.15 mg/dL HCV Ab =)
UA 6.9 mg/dL IgG 1571 mg/dL Urinary chemistry
TC 151 mg/dL IgA 457 mg/dL UPro/UCr 0.4 g/gCr
TG 106 mg/dL IgM 31 mg/dL NAG 8.8 UL
HDL-C  38.6 mg/dL MPO-ANCA -)
LDL-C 91.2 mg/dL PR3-ANCA -)

WBC white blood cell, RBC red blood cell, Hb hemoglobin, Hct hematocrit, Plt platelet, Na sodium, K
potassium, CI chloride, TP total protein, Alb albumin, BUN blood urea nitrogen, Cr creatinine, UA uric
acid, TG triglyceride, HDL-C high-density cholesterol, LDL-C low-density cholesterol, AST aspartate ami-
notransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, LDH lactate dehydrogenase, CRP
C-reactive protein, ANA antinuclear antibodies, HBs Ag hepatitis B virus antigen, HCV Ab hepatitis C virus
antibody, /g immunoglobulin, MPO-ANCA myeloperoxidase-anti-neutrophil cytoplasmic antibodies, PR3-
ANCA proteinase-3-anti-neutrophil cytoplasmic antibodies
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Fig. 1 Pathological findings.

a Fibrinoid necrosis 7 months
after transplantation (Masson
Trichrome X 200) (arrow). b
Immunoglobulin A deposition
on the glomerulus 7 months
after transplantation (x200). ¢
C3 deposition in the glomerulus
7 months after transplantation
(%x200). d Electron microscopy
7 months after transplantation.
Arrowheads indicate electron-
dense deposits in the mesangial
area. (X 1200). e Interstitial
cellular infiltration and tubulitis
7 months after transplanta-

tion (PAS % 100). f Fibrocel-
lular crescent 9 months after
transplantation (PAS x 200)
(arrowheads)

IgA and C3 deposition in the glomerulus (Fig. 1b and
Fig. 1c). Despite weak IgM deposition, IgG and Clq depo-
sitions were not observed. Electron microscopy indicated
electron-dense deposits in the mesangial area (Fig. 1d). In
addition to the evidence of IgA nephropathy recurrence,
borderline change, tubulitis, and interstitial cellular infil-
tration were observed (Banff classification t2, i1, g0, vO,
ptc0, C4d0) (Fig. 1e). SV-40 staining was negative. Conse-
quently, urinary abnormalities and reduced renal function
were attributed to the active IgA nephropathy recurrence and
T-cell-mediated rejection, despite the patient not meeting the
criteria for T-cell-mediated rejection.

Although the degree of proteinuria declined to 1.2 g/gCr
after steroid pulse therapy (methylprednisolone 500 mg X 3),
the patient’s serum creatinine level increased to 2.7 mg/
dL; additional renal biopsy was performed 9 months after
transplantation. Compared with the findings of the previ-
ous biopsy, the activity of IgA nephropathy was reduced.

@ Springer

However, two glomeruli showed active fibrocellular cres-
cents (Fig. 1f), and the other two glomeruli showed mild
mesangial cell proliferation. Although the renal biopsy
revealed microvascular inflammation and C4d staining in
the peritubular capillary was positive (Banff classification:
tl,il, g1, v0, ptc2, C4d2), there was no definitive evidence
of anti-donor antibodies according to the LAB® screen
assay. Consequently, we administered steroid pulse therapy
to treat the recurrent IgA nephropathy, and the serum cre-
atinine level decreased to 1.5 mg/dL and was maintained at
approximately the same level until 1 year after transplanta-
tion. Despite slightly decreased IgG and platelet levels, no
severe WAS-related symptoms were observed. For example,
his IgG level decreased to 705 mg/dL and platelet count
decreased to 74,000/pL at 9 months after transplantation.
The IgA level was 457 mg/dL before the transplantation,
but it decreased to less than 300 mg/dL after transplanta-
tion. The clinical course summary of this case is illustrated
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in Fig. 2, and a summary of the kidney biopsy results is
provided in Table 2.

Discussion

Here, we report about a patient with WAS who underwent
kidney transplantation and developed renal dysfunction
owing to the early postoperative recurrence of IgA nephrop-
athy. Interstitial lesions were observed on biopsy 7 months
after transplantation, suggesting that T-cell-mediated rejec-
tion was superimposed on IgA nephropathy in this case.
After two rounds of steroid pulse therapy, his renal function
and urinary abnormalities resolved.

WAS is an X-chromosome recessive primary immunode-
ficiency disease with three symptoms of thrombocytopenia,

EVR 1.5 mg/day
Tac 3-5 mg/day, target CO 3-5 ng/mL
MME 1500 mg/day
5(%}%5 S8 g
mPSL 4 mg/day 20mg 4mg
> 1 1
lbiopsy
2.5 A
2 4
1.5 A
14 Cr (mg/dL)
[~
Proteinurig
0.5 (g/gCr)
0 T T T T T T T T T T T

AfterKT 3 4 5 6 7 8 9 10 11 12 13 14

(months)
Hematuria 5-9
(/HPF)

50-99 >100 50-99 >100 >100 >100 >100 50-99 >100 >100 50-99

Fig.2 Clinical course. EVR everolimus, Tac tacrolimus, MMF
mycophenolate mofetil, mPSL methylprednisolone, Cr serum creati-
nine, KT kidney transplantation

Table 2 Summary of the renal pathology findings

eczema, and susceptibility to infection owing to WAS gene
abnormalities. WASP is expressed in the cytoplasms of non-
erythroid hematopoietic cells (hematopoietic cells) and plays
an important role in remodeling the actin cytoskeleton [4].
Insufficient remodeling of the actin cytoskeleton causes
the dysfunction of T cells, B cells, natural killer cells, and
antigen-presenting cells. Specifically, the instability in the
interaction site between T cells and antigen-presenting cells
results in abnormal T cell function. The depletion of B cells
is also a known complication of WAS, and the T cell mal-
function may disrupt the homeostasis of B cells.

Over 300 WAS gene mutations have been reported to
date, and some variants evoke classic WAS that causes
severe immune deficiency and death in childhood owing
to hemorrhagic diathesis. In contrast, the mild symptom of
X-linked thrombocytopenia is observed in some WASP gene
mutations [1]. The clinical characteristics of patients with
WASP gene mutations vary, and 72% of cases are compli-
cated by autoimmune diseases [5]. Although the association
between the gene mutations in this case and the clinical phe-
notype remains unknown, this patient was diagnosed with
WAS owing to repeated upper respiratory tract infections in
childhood, thrombocytopenia, and atopic dermatitis. None-
theless, his phenotype can be assumed to be milder because
he grew to be 20 years old.

Since the clinical symptoms vary depending on the cases,
general condition should be assessed as an indication for kid-
ney transplantation among patients with WAS. Although the
mutation observed in this case (c.713T > C, p.11e238Thr)
has not been reported, a past report elucidated that mis-
sense mutations tend to be milder phenotypes than nonsense
mutations, and mutations in the exon 7 do not cause severe
symptoms [6]. Additionally, as shown in Table 1, throm-
bocytopenia was very mild and IgG level was 1571 mg/dL
without any specific treatment for WAS. Consequently, the

Banff classification

IgA deposition

Other findings

14 years old N/A (intrinsic kidney)

Oh Negative
1h Negative
Day 7 t0, 10, g0, v0, ptc0, C4d0 Negative
7 months t2, i1, g0, v0, ptc0, C4d0

ctl, ci0, cg0, cv0, mm1, ahl, i-IFTA O
9 months tl,il, g1, v0, ptc2, C4d2

ctl, cil, cg0, cvO, mml1, ahl, i-IFTA 1

Mesangium 2+

Mesangium 2 +

Mesangium 1+

Cellular crescent

Moderate arteriosclerosis

Moderate arteriosclerosis

Acute tubular necrosis, moderate arteriosclerosis

Fibrinoid necrosis on glomerulus, mild mesangial proliferation
Borderline change (T-cell-mediated rejection, suspect)
Moderate arteriosclerosis

Fibrocellular crescents, mild mesangial proliferation

Acute antibody-mediated rejection, suspected

Severe arteriosclerosis, multilayering of the peritubular capil-
lary wall on electron microscopy

N/A not available, Ig immunoglobulin
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kidney transplantation was conducted with the consent of
the recipient and donor.

Recurrent IgA nephropathy is observed in 7-30% of
ordinary kidney transplant patients whose etiology is IgA
nephropathy [7]. Generally, recurrent IgA nephropathy tends
to be observed in the later post-transplant phase, and the
mean timing of recurrence was reported to be 31 months
after transplantation [8]; however, some cases develop recur-
rence soon after transplantation. Some clinical character-
istics, such as the development of rapid progressive IgA
nephropathy before transplantation [9] and crescents in the
intrinsic kidneys [10], are known to be associated with the
early recurrence of IgA nephropathy. The current case was
diagnosed with IgA nephropathy at 14 years of age, and an
active crescent was observed in the biopsy at that time. In
addition, he developed end-stage renal disease 5 years after
diagnosing IgA nephropathy. Therefore, these characteristics
may have played an important role in the early recurrence of
IgA nephropathy in this case.

Incidentally, the recurrence of IgA nephropathy in kid-
ney transplant patients with WAS has not been described in
detail; however, the pathological features observed in this
case may differ from those of other recurrent IgA nephropa-
thy cases. This case exhibited focal segmental necrotizing
lesions and crescents in renal biopsies after transplanta-
tion, and these findings are not common in kidney trans-
plant patients [11]. Moreover, a previous report indicated
that recurrent IgA nephropathy with crescents after kidney
transplantation suggested poor renal prognosis because rapid
progressive renal failure could be evoked [10]. Even though
interstitial lesions can be caused by IgA nephropathy, the
interstitial lesions might not have been caused by recurrent
IgA nephropathy but rather by chronic rejection in this case.
This is because interstitial lesions progressed in a short time.
In contrast, IgA nephropathy damages the kidney gradually.
Nonetheless, his intrinsic kidney progressed to end-stage
renal disease in 5 years; we cannot exclude the influence of
IgA nephropathy on the interstitial lesions.

Concerning rejections, T-cell-mediated rejection was
previously observed in several kidney transplant patients
with WAS [12, 13]. As described above, WAS patients are
often complicated with autoimmune diseases, and T cells
are involved in the pathophysiology of this disorder [14].
Since regulatory T cells play an important role in T-cell-
mediated rejection [15], it should be noted that rejection
could occur among transplant patients with WAS. In this
case, microvascular inflammation, peritubular capillaritis,
and C4d positivity in peritubular capillary were observed
in renal biopsy at 9 months after transplantation, suggest-
ing simultaneous existence of antibody-mediated rejection.
Although donor-specific antibodies were not detected,
anti-non-human leukocyte antigen (HLA) antibody-medi-
ated antibody rejection possibilities could not be excluded.

@ Springer

Therefore, plasma exchange or rituximab treatment should
have been considered soon after renal biopsy. We attrib-
uted the etiology of IF/TA to chronic rejection, probably
due to T-cell-mediated rejection. However, non-HLA anti-
body-mediated rejection might have involved.

Nephropathy caused by WAS can result in end-stage
renal disease, and kidney transplantation is a treatment
option for this condition. However, kidney transplantation
might be avoided in such patients because of the immune
deficiency and thrombocytopenia caused by WAS [3].
There are several reports of kidney transplantation in
patients with WAS (Table 3). However, the etiologies of
end-stage renal disease were not limited to IgA nephropa-
thy among these previous cases.

Furthermore, although immunosuppressive therapy is
administered to treat IgA nephropathy in the native kid-
ney, there is no specific established therapy for recurrent
IgA nephropathy in transplanted kidneys [16]. In addition,
there is no standard treatment for IgA nephropathy caused
by WAS. A previous report showed that steroid pulse ther-
apy and tonsillectomy achieved the remission of WAS-
induced IgA nephropathy in the intrinsic kidney [17].
Another previous case illustrated the efficacy of steroid
therapy in treating recurrent IgA nephropathy in a patient
with segmental necrotic lesion and crescents, which were
also observed in the current case [18]. In our case, steroid
pulse therapy improved the renal outcome. Steroid pulse
therapy played a crucial role in treating rejection and the
recurrent IgA nephropathy in this case. From the transition
of urinary proteinuria severity, glomerular lesions may
persist after steroid pulse therapy, suggesting that steroid
pulse therapy was more effective on rejection than IgA
nephropathy.

However, immunosuppressive therapy should be adminis-
tered with caution in patients with WAS because immunode-
ficiency and infection may accelerate abnormal IgA produc-
tion, which could worsen IgA nephropathy [2]. Furthermore,
steroid pulse therapy can induce hypercoagulability, which
could cause severe complications, such as venous thrombo-
sis. Fortunately, no severe infections or thrombosis associ-
ated with steroid pulse therapy were observed in our case.

The description in this case report had a few limitations.
First, everolimus may have affected the degree of protein-
uria, although the drug was discontinued to reduce pro-
teinuria. Second, although donor-specific antibodies were
not detected at 9 months after transplantation, non-HLA
antibodies may have evoked antibody-mediated rejection.
Finally, in this case, the condition could be considered mild
WAS; however, he developed end-stage renal diseases at the
age of 19, so the patient was younger than those in the seven
previously reported cases [3, 12, 13, 19-22]. Therefore,
further studies will be needed to elucidate the association
between the severity of WAS and age.
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Table 3 Previously reported cases of patients with Wiskott—Aldrich syndrome who underwent kidney transplantation
Patient no Age (years) Gene mutations Causes Outcomes Reference
of renal
failure
41 N/A MesPGN  Death 35 months after transplantation (probable cardiac cause) [19]
33 N/A MPGN TCMR on day 26 after transplantation [12]
46 N/A N/A TCMR on day 76 after transplantation. Death 3 months after trans-  [13]
plantation
4 29 c.223G> A p.Val75Met IgAN Relapse of IgAN 4 years after transplantation. Maintained a stable [20]
graft function 9-year follow-up
5 27 a splice site mutation IgAN Relapse of IgAN 6 years after transplantation [3]
(3’ intron+4, CTC to Graft loss 3 months after relapse of IgAN
CCC)inexon 11
6 25 c.168C>T p.Thr45Met N/A Development of IgAN 8 months after transplantation. Maintained a  [21]
stable graft function during a 10-year follow-up
7 24 N/A N/A N/A [22]

A missense muta-
tion (¢c.713 T>C,
p-11e238Thr) in
exon 7

Our case 20 IgAN

Relapse of [gAN 7 months after transplantation

N/A not available, MesPGN mesangial proliferative glomerulonephritis, MPGN membranoproliferative glomerulonephritis, 7TCMR T-cell-medi-

ated rejection, /gAN immunoglobulin A nephropathy

In conclusion, we performed ABO-compatible living-
donor kidney transplantation for a 20-year-old man. Accord-
ing to accumulating reports, this is the eighth case of kid-
ney transplant in a patient with WAS. Our patient developed
recurrent IgA nephropathy and T-cell-mediated rejection.
The recurrent IgA nephropathy developed in a shorter
period in our case than in previous cases, and our patient
was younger than previous patients. Although recurrent IgA
nephropathy was pathologically confirmed 7 months after
transplantation, the patient’s serum creatinine level was
maintained at approximately 1.5 mg/dL 1 year after trans-
plantation. It remains unclear whether kidney transplantation
is preferable to conservative treatment in patients with WAS;
however, kidney transplantation can be an option for these
patients with the proper use of steroids.
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