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Abstract
Inherited and acquired metabolic disorders are responsible for renal intracellular accumulation of
phospholipids. Ultrastructural analysis revealing typical myeloid or zebra bodies was previously
thought to be exclusive to Fabry disease. However, chloroquine/hydroxychloroquine toxicity can
cause similar abnormalities. Recent studies have mentioned curvilinear bodies (CLB) in renal cells
in such cases, never described in Fabry nephropathy. We report a 31-year-old patient with systemic
lupus erythematosus who was on long-term hydroxychloroquine treatment. The presence of zebra
bodies on electron microscopy lead to initial interpretation of Fabry disease, but subsequent
genetic analysis did not show a relevant mutation. Further evaluation revealed CLB in renal cells,
supporting the diagnosis of hydroxycholoroquine-induced renal phospholipidosis.
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Introduction

Fabry disease is a rare X-linked metabolic disorder caused
by deficient activity of the lysosomal hydrolase, alpha-ga-
lactidosidase A (AGL), resulting in intracellular accumu-
lation of globotriasylceramide in numerous cells (vascular
endothelium, cardiac, skeletal and smooth muscle and
renal cells) [1]. These glycosphingolipid inclusions can be
found within a variety of renal cells. Light microscopic
examination usually shows enlarged podocytes with
abundant, finely vacuolated cytoplasm due to lipid
inclusions. Although podocytes are affected predomi-
nantly, accumulation of globotriasylceramide can also
occur in glomerular or vascular endothelium, mesangial
cells, tubular epithelium, interstitial foam cells or in vascu-
lar myocytes. The ultrastructural appearance of the
inclusions is of whorled layers of alternating dense and
pale material (‘zebra bodies’ or myelin figures) that are
highly characteristic of Fabry disease [2] Although hetero-
zygous females were previously thought to be clinically
unaffected, subclinical or fully symptomatic forms can
occur due to differential X-chromosomal inactivation [3].

Various drugs including amiodarone, chloroquine and hy-
droxychloroquine may mimic phospholipidosis of Fabry
disease. In previous years, case reports have been pub-
lished that have drawn attention to chloroquine, causing
histomorphologic changes similar to those of Fabry nephro-
pathy. In all cases, the almost identical inclusions led to
misdiagnosis until a complete history was available, fol-
lowed by confirmation of normal enzymatic activity or
absence of α-galactosidase A genemutation [2, 4–6].

Recent reports [5, 6] with ultrastructural analyses of
chloroquine-induced phospholipidosis found a unique
feature never reported in Fabry disease. Curvilinear
inclusion bodies were first described by Müller-Höcker
et al. [4] as an intermingled twisted microtubular sub-
structure found in vascular smooth muscle cells and podo-
cytes. More recently, Ferluga [7] demonstrated similar
curvilinear bodies (CLB) in renal biopsies in a small case
series of chloroquine-induced iatrogenic phospholipidosis.

We report a 31-year-old systemic lupus erythematosus
(SLE) patient on hydroxychloroquine therapy who under-
went a kidney biopsy that revealed findings typical of
Fabry disease.

Case report

A 31-year-old female was diagnosed with SLE in 1998
when she presented with arthritis, anaemia and skin
lesions (lupus discoid). Blood analysis showed hypocom-
plementaemia and positive antinuclear antibody and
anti-double-stranded DNA antibodies. Therapy was com-
menced with steroids and methotrexate. She had been on
hydroxychloroquine since 2009 (150 mg/day, cumulative
dose, 219 g) and developed proteinuria (600 mg/day) over
the 3-year observation period. The serum creatinine was
normal at 81 µmol/L (0.9 mg/dL). As the skin lesions wor-
sened in 2010, steroids were increased (0.5 mg/kg/day
with subsequent tapering to 7.5 mg/day after a 6-month
period), and azathioprine was commenced (later switched
to mycophenolate mofetil). This treatment regimen
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brought about only partial improvement. A kidney biopsy
was performed in February 2012 for evaluation of renal
histology to facilitate the decision of giving belimumab
therapy.

Kidney biopsy

Light microscopic examination (Figure 1) of paraffin-em-
bedded sections stained with haematoxylin and eosin,
and periodic acid–Schiff stain showed renal cortex con-
taining 23 glomeruli, 2 of which were sclerosed. Glomeru-
lar visceral epithelial cells were diffusely enlarged with
fine uniform vacuolations. Mesangial matrix and cellular-
ity were slightly increased throughout. There was no
inflammation, segmental sclerosis, adhesions or cres-
cents. Minimal interstitial fibrosis and tubular atrophy
were observed. Arterioles showed only mild sclerosis.

Immunofluorescence showed mild mesangial staining
for IgA, IgG, IgM and complement factor C3. Immunos-
taining for complement factors C4 and C1q, κ and λ light
chains, and fibrinogen was negative.

Methylene blue-stained thin sections cut at 1 µm were
prepared for electron microscopy and contained one
glomerulus and arteriole. Ultrastructural examination of
glomerular visceral epithelial cells demonstrated promi-
nent membrane-bound electron-dense bodies with a mul-
tilamellar appearance, with changes characteristic of
myelin figures or zebra bodies (Figure 2). Similar structures
were also present, although to a far lesser degree, within
glomerular endothelium and vascular smooth muscle
cells. Few lamellated bodies were present in tubules, with
predominance of proteinaceous material in the tubular ly-
sosomes. CLB, expressing twisted microtubular structure,
were found in glomerular visceral epithelial and arteriolar
endothelial cells (Figures 3 and 4). Foot processes of over-
lying epithelial cells showed patchy effacement. Expan-
sion of mesangial matrix was observed and immune-type
electron-dense deposits were present within the mesan-
gium and focally in subendothelium.

The biopsy specimen showed features of lupus nephritis
Class II (ISN/RPS 2004), with superimposed intracytoplas-
matic inclusions characteristic of Fabry disease.

Clinical follow-up

The patient had no clinical signs or familiar history sug-
gestive of Fabry disease. Leucocyte α-galactosidase A
enzyme activity was normal at 8.18 nmol/mL/h (normal
2.1–13.6 nmol/mL/h) and mutation analysis showed no
abnormalities in the patient’s α-galactosidase A gene.

Ophthalmologicexaminationrevealedperioculareczema
(related to SLE) and discrete bilateral corneal subepithelial
opacities with normal campimetry. Skin biopsy ultrastruc-
tural analysis (Figure 5) showed difuse intralysosomal
electron-dense deposits and larger inclusions with typical
CLB. Since Fabry disease was excluded, these findings
were attributed to hydroxychloroquine toxicity and it was
discontinued.

Improvement in skin lesions was observed 6 months
after stopping hydroxychloroquine and bilateral corneal
subepithelial opacities disappeared. Renal function re-
mained stable (serum creatinine 81 µmol/L (0.9 mg/dL)
with proteinuria 400 mg/24 h) while the patient remained
on azathioprine and low-dose steroids.

Fig. 1. Visceral epithelial cells showing finely vacuolated cytoplasm (*).
Diffuse increase in mesangial matrix and cellularity (Periodic acid–schiff
stain, ×400).

Fig. 2. Visceral epithelial cells containing myeloid/zebra body inclusions
(electron micrograph; original magnification ×5200).

Fig. 3. Curvilinear (arrow) with myeloid/zebra bodies in the cytoplasm of a
podocyte (electron micrograph; original magnification ×7500).
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Discussion

It was a surprise to find features of classic Fabry disease
on kidney biopsy of this patient. However, lack of symp-
toms, a negative family history of Fabry disease, combined
with normal enzyme activity, and absence of genetic
mutations excluded this diagnosis.

The unique findings on kidney biopsy used to establish
diagnosis of Fabry disease have been questioned in recent
years. There are few case reports to support this, and they
describe inclusions similar to Fabry nephropathy in
patients with long-term therapy with chloroquine and hy-
droxychloroquine [2, 4–6]. These drugs have been shown
to become sequestered in tissues (the liver, spleen, lungs
and kidneys). This extensive distribution has been attribu-
ted to its amphiphilic nature, which allows for lysosomal

trapping and inhibition of key lysosomal enzymes, including
α-galactosidase [8]. Accordingly, renal phospholipidosis,
similar to that observed in Fabry nephropathy, has been
associated with chloroquine and hydroxychloroquine tox-
icity. In these cases, ultrastructural analysis has variously
shown small dense cytoplasmic bodies, larger concentri-
cally lamellated myeloid bodies and straight parallel-ar-
ranged lamellated zebra bodies, resembling Fabry disease.
Even the distribution within renal cells is similar, with a
dominant involvement of podocytes and endothelial cells
and, to a lesser extent, smooth muscle cells of the vessel
walls. Therefore, in such cases, exclusion of Fabry disease is
only possible by demonstrating normal α-galactosidase
activity and/or absence of genetic mutations.

Ferluga [7] reported a small series of 25 patients
(21 males and 4 females) who were on long-term treat-
ment with chloroquine, most with a diagnosis of SLE with
a clinically low activity or lupus-like mixed connective
tissue disease. The presence of proteinuria or renal failure
was not referred to in this study. In six female patients
(24%), histopathologic and ultrastructural intracytoplas-
matic inclusions similar to Fabry disease were found,
with quantity and type of distribution resembling a female
heterozygous mild form of Fabry nephropathy. In these
patients, kidney biopsy also showed milder forms of lupus
nephritis and occasional focal sclerosing lesions. They had
been on chloroquine for a period ranging from 11 days to
5 years. One year after stopping chloroquine, total remis-
sion of myeloid inclusion bodies in the kidney biopsy was
seen in one patient and partial resolution in two patients.

In the six cases declared as chloroquine-induced phos-
pholipidosis, four expressed CLB (three in vascular smooth
muscle cells and two within podocytes and cytoplasm of
distal tubular epithelial cells). They were described as
inclusion bodies surrounded by single membrane and in la-
mellated and twisted microtubular substructure. Typically
found in ceroid lipofuscinosis, CLB are also an ultrastructur-
al feature of chloroquine toxicity found in myocytes and
cardiomyocytes [9]. Despite the fact that the first descrip-
tion of CLB in chloroquine-induced phospholipidosis in the
kidney biopsy was described in a case report by Müller-
Höcker et al. [4], this finding was not observed in other pub-
lished cases. The presence of CLB does not seem to be a
uniform finding in renal biopsy specimens, but this small
series published by Ferluga [7] suggests that it may be fre-
quently found. Therefore, the presence of CLB may be an
ultrastructural clue that allows differentiation between
Fabry and chloroquine-induced nephropathy.
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