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 Introduction 

 Fabry disease (FD) is an X-linked syndrome caused
by the missing activity of the enzyme  � -galactosidase A 
which results in a progressive and systemic accumulation 
of glycosphingolipid globotriaosylceramide (Gb3). In 
most cases, the advanced disease leads to a progressive 
deterioration of kidney function due to the presence of 
typical deposits in renal cells, especially podocytes. These 
deposits, which are called myelin bodies or zebra bodies, 
are best shown thanks to transmission electron micros-
copy (TEM) and could have different sizes and shapes. 
The occurrence of renal cell carcinoma (RCC) in FD is an 
rare event. Only two other cases of (bilateral) RCC in a 
genetically confirmed FD have been reported in the lit-
erature  [1, 2] . No etiologic correlation between FD and 
tumor development was demonstrated. Moreover, these 
tumors did not present peculiar features compared with 
conventional (sporadic and hereditary) forms.
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 Abstract 

 The occurrence of renal cell carcinoma (RCC) in Fabry disease 
(FD) is a rare event. We report a deep ultrastructural study of 
RCC in a patient with a previous histological diagnosis of FD. 
In order to highlight analogies and differences between the 
two histological samples, we used the nephrectomy speci-
men as a ‘repeat biopsy’, making a dynamic analysis of the 
evolution of the disease-related kidney damage. Secondly, a 
comparative ultrastructural analysis between non-neoplas-
tic tissue and cancer demonstrated for the first time the pres-
ence of zebra bodies in the tumor cells. Finally, a hypothetical 
speculation about the relationship between the lysosomal 
accumulation, the oxidative damage and the genesis of the 
tumor was performed. The link connected the accumulation 
of glycosphingolipid globotriaosylceramide, characteristic of 
FD, with the expression of CD74 and macrophage migration 
inhibitory factor that may play an important role in tumori-
genesis regulated by the Von Hippel-Lindau/hypoxia-induc-
ible factor 1 �  pathway.  Copyright © 2012 S. Karger AG, Basel 
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  Case Report 

 After a diagnosis of FD in her third son, a 45-year-old Peru-
vian female patient was found to have proteinuria (286 mg/24 h, 
albuminuria 154 mg/24 h, creatinine clearance 160 ml/min) as-
sociated with neurosensorial hearing loss, corneal whirling and 
paresthesias.  � -Galactosidase A enzyme activity in plasma leuko-
cytes was low (26 nmol/h/mg; normal range: 30.2–107.5). The pa-
tient underwent renal biopsy, which suggested an FD diagnosis 
( fig. 1 ). A genetic analysis (polymerase chain reaction and direct 
DNA sequencing) found a new mutation both in her son’s skin 
fibroblasts and her peripheral blood. This spot mutation (het-
erozygosis, c.4C 1 T) causes a Gln2Stop non-sense mutation.
Sequencing analysis of exon 1 showed presence of the polymor-
phism g.1170C 1 T  [3] . Angiotensin-converting enzyme inhibitor 
and enzyme replacement therapy (ERT) was planned, but the pa-
tient did not optimally comply with the treatment during the fol-
low-up. However, she underwent annual ultrasound examination. 
Six years later, a hyperechogenic nodule in the right kidney ap-
peared. Computerized tomography showed a solid and exophytic 
lesion in the middle-upper pole of the kidney ( fig. 2 a). There was 

no clinical evidence of renal failure. The patient underwent a ne-
phrectomy, and the lesion was diagnosed as an RCC. After the 
surgery, we observed a progressive worsening of creatinine clear-
ance (55 ml/min), and a tendency to higher pressure levels. For 
these reasons, angiotensin-converting enzyme inhibitor therapy 
was confirmed, with a strong recommendation to start ERT.

  Renal Biopsy Findings 
 For the histological analysis, a 1.5-cm-long renal core biopsy 

was fixed with 10% buffered formalin and afterward paraffin em-
bedded. 3- � m-thick sections were cut from the block and set for 
hematoxylin-eosin and histochemical stains. A little fragment of 
the biopsy was frozen and sent for immunofluorescence (IF). A 
third little sample was taken for TEM, fixed in glutaraldehyde, 
dehydrated and embedded in Epon. Resin-embedded sections 
were stained with toluidine blue. Histological sections revealed 
the presence of 15 glomeruli with absence of mesangial alterations 
and normal basal membrane ( fig. 1 a); 2 out of 15 glomeruli were 
totally sclerotic. Segmental sclerosis was focally present ( fig. 1 a). 
Podocytes showed mild bulging and vacuolated aspects ( fig. 1 a). 
Some tubular cells with foamy cytoplasm were found. At high-
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  Fig. 1.  Renal biopsy.  a  Initial segmental sclerosis was evident in some glomeruli; swelling podocytes with vacu-
olated cytoplasm were occasionally found. Masson trichrome.  ! 40.  b  High-power field histology revealed some 
diagnostic, typical inclusions in glomeruli. Toluidine blue.  ! 100.  c–e  Gb3-rich lipidic lysosomal inclusions in 
podocytes, parietal cells and distal tubular cells. TEM.  ! 300. 
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power field, toluidine blue staining revealed inclusions suspicious 
of zebra bodies ( fig. 1 b). IF (IgG, IgA, IgM, C3, C1q, fibrinogen, 
kappa and lambda immunoglobulin light chains) resulted com-
pletely negative. TEM showed rarefaction and vacuolization of 
visceral epithelium and endothelial cells, with irregularly thick 
basal membrane and frequent thin shares. Zebra bodies with cy-
toplasmic localization were found with a focal pattern of distribu-
tion in visceral ( fig. 1 c), parietal ( fig. 1 d) and tubular ( fig. 1 e) cells. 
No inclusion in endothelial cells was present.

  Nephrectomy Findings 
 A 10  !  4.5  !  3 cm right nephrectomy specimen was submit-

ted for histological analysis. The kidney showed a 2.7-cm maxi-
mum diameter nodular mass with yellow cut surface located in 
the central region ( fig. 2 b). Histologically, the tumor was consti-
tuted by clear cells with classic features of conventional RCC 
(Fuhrman grade 2;  fig. 2 c). The peritumoral tissue showed some 
totally sclerotic glomeruli; segmental sclerosis with visceral epi-
thelium hypertrophy was appreciable with a more diffuse pattern 

than in renal biopsy. Cytoplasmic vacuolization of the tubular 
epithelium and minimal peritubular and vascular fibrosis were 
reported. IF was completely negative again. EM showed Gb3-rich 
lipidic lysosomal inclusions and lamellar structures in podocytes, 
parietal and tubular cells. Myelin-like structures and tiny Gb3 
inclusions were evident also in mesangial cells ( fig. 2 d). In con-
trast to the first biopsy, the Gb3 inclusions were present also in the 
endothelial cells of the glomerular and interstitial vessels ( fig. 2 e). 
TEM revealed Gb3 lysosomal inclusions in tumor clear cells 
( fig. 2 f) and endothelial cells. Finally, the nephrectomy specimen 
was stained with CD74 (immunohistochemistry LN2 at 1:   50 dilu-
tion, Dako, Glostrup, Denmark) and macrophage migration in-
hibitory factor (MIF sc_20121 at 1:   100 dilution, Santa Cruz Bio-
technology, Santa Cruz, Calif., USA). CD74 ( fig. 3 a) and its ligand 
MIF ( fig. 3 b) displayed a prominent membrane localization at im-
munohistochemistry in tumor cells, as previously described  [4] . 
Moreover, patchy reactivity was also evident in glomeruli and
tubules ( fig. 3 c, d).
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  Fig. 2.  Nephrectomy.  a  A nodular mass was evident in the upper 
pole of the kidney (computerized tomography imaging).  b  The 
macroscopic specimen showed a yellow mass of the right kidney 
with an expansive growth pattern.  c  Segmental sclerosis in corti-
cal glomeruli near RCC cells. HE.  ! 10.  d  Tiny Gb3 inclusions in 
mesangial cell (arrow). TEM.  ! 300.  e  Gb3 inclusions in endothe-

lial cell (arrow). TEM.  ! 300.  f  Gb3 lysosomal inclusions in tumor 
cells. Tumor cell inclusions are similar to those observed in epi-
thelial cells. On the left of the image, granular inclusions and elec-
tron-lucent areas are seen suggestive of glycogen in partial disso-
lution, consistent with RCC. In the  inset , typical FD lamellar in-
clusions are visible. TEM.  ! 300;  inset   ! 700. 
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  Discussion 

 Blanco et al.  [2]  reported a case of bilateral conven-
tional RCC in a patient with chronic renal failure, diag-
nosed as FD only after the histological examination of the 
resected kidney. Cassiman et al.  [1]  described a bilateral 
multifocal RCC (papillary and clear cell type) in a kidney 
without the typical morphological alterations of FD. Both 
patients were males. We had the exceptional possibility to 
study a female patient with a first renal biopsy diagnosed 
as FD and a second specimen from nephrectomy that we 
could consider as ‘repeat’ biopsy. Moreover, no ERT was 
performed during the period between the two histologi-
cal examinations, so we had the opportunity to study the 
natural history of FD. Foamy podocytes were present in 
the first renal biopsy, while in the second specimen simi-
lar vacuoles were easily detected also in the tubular cells. 
Focal segmental sclerosis was already present at the time 
of diagnosis; 6 years later, this finding was even more ev-
ident, probably because of the chronic evolution of un-
treated FD. The arteriole walls were a little more thick-
ened in the second specimen, while we did not detect a 
severe vascular injury. The ultrastructural findings of 
our study were the most interesting features. In the first 
biopsy, inclusions were easily recognizable in epithelial 
cells. No alteration was evident in the endothelium. In-
stead, endothelial inclusions in nephrectomy were tiny, 

but frequent in glomeruli, interstitium and around the 
tumor. So, the first ‘take home message’ was that despite 
a normal renal function the kidney damage had a sig-
nificant progressive evolution that could justify repeat
biopsy as an important clinical instrument for patient 
management  [3] . The second key point of our report was 
the possible pathogenetic relationship between FD and 
RCC. Were the zebra bodies in RCC cells only an epiphe-
nomenon of a constitutive enzymatic deficit or, alterna-
tively, a promoting factor involved in oncogenesis? Sup-
porting this second hypothesis, many types of glyco-
sphingolipids and gangliosides were found in a variety of 
renal non-neoplastic diseases (polycystic kidney disease, 
acute kidney injury, glomerulonephritis and diabetic ne-
phropathy) and in RCC cells  [5] . In fact, glycosphingolip-
ids are thought to promote cell proliferation and, thus, 
tumor growth  [6] . In vitro models had just shown that 
Gb3 are related to oxidative stress damage in a dose-de-
pendent manner  [7] . Interestingly, we know that the most 
powerful trigger in RCC development is oxidative dam-
age (through Von Hippel-Lindau/hypoxia-inducible fac-
tor 1 �  – VHL/HIF pathway)  [8] . In vivo models are still 
unavailable, but a preliminary investigation in FD pa-
tients under ERT found that elevated Gb3 levels are 
strongly related to decreased antioxidant defenses and in-
creased levels of inflammatory cytokines (interleukin-6 
and tumor necrosis factor- � )  [9] . Moreover, Lyso-Gb3 
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  Fig. 3.  CD74 and MIF expression in the ne-
phrectomy specimen.  a  Strong cytoplas-
mic and membrane reactivity of CD74-
LN2 in clear cells. Immunohistochemis-
try.      ! 20.  b  MIF expression in clear cells. 
Immunohistochemistry.  ! 20 and  ! 40. 
Note the prominent membranous pattern 
of reactivity.  c  Patchy reactivity in the 
glomerulus. Both CD74 and MIF had
the same pattern. Immunohistochemistry. 
 ! 40.  d  Tubular expression (note the atyp-
ical cytoplasm signal and the apical, mem-
branous true reinforcement). Immuno-
histochemistry.  ! 40.   
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was recently shown to increase transforming growth fac-
tor- �  1  production and CD74 expression in cultured renal 
cells. Lyso-Gb3 is globotriaosylsphingosine, a glycolipid 
accumulated in FD that is more water soluble than Gb3 
 [10] . Accumulating evidence has found that CD74 is up-
regulated in various kinds of cancers, implying that CD74 
may play an important role in tumorigenesis. Genomic 
studies and immunohistochemical analyses suggest that 
CD74 is involved in tumor growth and metastasis  [11] . 
The CD74 ligand (MIF) has also been proposed to play a 
role in renal cancer, regulated by the VHL/HIF pathway 
and overexpressed because of the loss of VHL  [4] . So, we 
tested CD74 and MIF immunohistochemical expression 
in our nephrectomy specimen confirming their upregu-
lation especially in tumor cells. We suggest a physiopath-
ological link between Gb3 accumulation, oxidative stress 
and oncogenesis (VHL/HIF pathway) according to the 
hypothesis that high levels of MIF, secreted by RCC cells, 
activate a positive signaling cascade through the engage-
ment of the cell surface receptors CD74. Although we 
present a single case, the possible correlation between 
RCC and FD is further sustained by the early onset of this 

tumor (50 years; median age for RCC 60–70 years)  [12]  
and its rapid growth. As already proposed  [13] , only per-
spective studies will be able to clarify if FD patients have 
an incremental oncologic risk. Considering the bilateral 
presentation of the previous FD-related RCC in the lit-
erature, we will monitor the patient with a strong and 
seriated follow-up.
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