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Abstract: Malignant infantile osteopetrosis (MIOP) is a rare inherited bone metabolism disorder characterized by in-
creased bone mineral density (BMD) and abnormal hematopoiesis. Hematopoietic stem cell transplantation (HSCT) 
is currently the only curative therapy for MIOP. However, a higher risk of secondary malignancy occurs in children 
previously exposed to cytotoxic drugs. Here we report a rare case of a 3-year-old female patient with MiT family 
translocation renal cell carcinoma (MiTF tRCC), who is a survivor of HSCT for MIOP 2 years earlier. The patient had 
a complete resection of the tumor. Microscopically, we detected diffusely and papillary-like arranged tumor cells 
whose cytoplasm was bright and clear. Immunohistochemistry showed tumor cells diffusely expressed TFE3, and 
fluorescence in situ hybridization (FISH) demonstrated disruption of the TFE3 locus, confirming the diagnosis of 
Xp11 translocation RCC, the subtype of MiTF tRCC. This case supports the view that chemotherapy exposure is a 
risk factor for MiTF tRCC and indicates the possible association of HSCT with MiTF tRCC.
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Introduction

Malignant infantile osteopetrosis (MIOP) is a 
rare inherited bone metabolism disorder that 
has an incidence of 1:250,000 in the general 
population [1]. Autosomal recessive is the in- 
heritance pattern of MIOP, and most cases are 
associated with mutations in the TCIRG1 gene. 
The failure in bone resorption due to reduced or 
dysregulated activity of osteoclasts results in 
generalized osteosclerosis [1]. MIOP has a mor-
tality rate of 70% by the age of 6 years and 
nearly 100% by the end of the first decade. The 
only potentially curative therapy is hematopoi-
etic stem cell transplantation (HSCT) [2]. How- 
ever, the conditioning regimen of HSCT, cover-
ing DNA topoisomerase II inhibitors or alkylat-
ing agents, may increase the risk of secondary 
MiT family translocation renal cell carcinoma 
(MiTF tRCC).

MiTF tRCC is a rare childhood and adult tumor, 
comprising Xp11 translocation RCC and t(6;11) 
RCC. The Xp11 tRCC was first officially recog-

nized in the 2004 WHO renal tumor classifica-
tion, and it harbors gene fusions involving TFE3 
with one of multiple reported genes including 
ASPSCR1 (ASPL), PRCC, NonO, SFPQ, CLTC, 
PARP14, LUC7L3, DVL2, KHSRP, and RBM10 
[3, 4]. Although RCCs account for <5% of re- 
nal tumors in children, Xp11 tRCC likely consti-
tutes approximately 50% of these cases [3]. It 
has similar clinical manifestations compared to 
other RCCs [5], and pediatric patients usually 
have a better prognosis than adults [3]. Sur- 
gery is the most common therapeutic strategy 
for this tumor [5]. 

Here we report a rare case of a 3-year-old fe- 
male patient with MiTF tRCC, who was a survi-
vor of HSCT for MIOP 2 years earlier.

Case report

A 3-year-old female was diagnosed with MIOP 
at 7 months of age. She was referred to our 
hospital with the chief complaint of gross mo- 
tor retardation. A physical examination reveal- 
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ed frontal bossing, mental retardation, moder-
ate hearing loss in the left ear, and nystagmus. 
A blood routine revealed anemia (Hb 89.2 g/L) 
and thrombocytopenia (91*109/L). The blood 
biochemistry showed elevated α-hydroxybuty- 
rate dehydrogenase (α-HBDH, 301 IU/L), lac-
tate dehydrogenase (LDH, 391 IU/L), creatine 
kinase isoenzyme (CK-MB, 41.9 IU/L), and re- 
duced serum calcium (1.21 mmol/L). Blood  
gas analysis revealed a significant decrease in 
blood oxygen saturation (73.2%) and oxygen 
partial pressure (39.3 mmHg).

respectively. No appearance of aGvHD was ob- 
served after transplantation, and immunosup-
pressant tacrolimus has been used for the long 
term.

After 6 months of transplantation, the blood 
routine showed no evidence of anemia (Hb120 
g/L), and the platelet count (191*1012/L) re- 
turned to normal. The blood biochemistry reve- 
aled that HBDH (248 IU/L), LDH (291 IU/L) and 
CK-MB (27 IU/L) were markedly decreased than 
before, and the patient’s serum calcium level 

Figure 1. Radiological findings of MIOP. A. MRI showed thin corpus callosum 
and plump lateral ventricle. B. The pelvis X-ray revealed uneven bone density 
increased, periosteal reaction could be seen on both sides of the sacrum 
and femur. C. The left lower extremity X-ray revealed extensively increased 
BMD and medullary cavity stenosis. D. Whole spine lateral X-ray showed skull 
bones, vertebrae, pelvis had increased BMD. The vertebral bodies showed a 
‘bone-in-bone’ appearance, and the anterior ribs were widened with reduced 
uneven bone density.

The extensively increased bo- 
ne mineral density (BMD) and 
medullary cavity stenosis we- 
re detectable on radiographs 
(Figure 1B and 1C) with a 
‘bone-in-bone’ appearance of 
the vertebrae (Figure 1D). An 
abdominal ultrasound disclo- 
sed pronounced hepatosple- 
nomegaly. Magnetic resonan- 
ce imaging (MRI) of the brain 
showed a thin corpus callo-
sum and a plump lateral ven-
tricle (Figure 1A). Genetic de- 
tection identified two hetero-
zygous mutations in the TC- 
IRG1 gene on chr11p6: a non-
sense mutation (C.2008C>T) 
and a frameshift mutation 
(C.1188: lack of C), confirm- 
ing the diagnosis of MIOP.

The patient underwent an 
HLA haploidentical HSCT at 
10 months of age at Beijing 
Children’s Hospital, condition- 
ed with fludarabine, busulfan 
and cyclophosphamide. Anti-
thymocyte globulin (ATG) was 
used for GvHD prophylaxis, 
which, however, was swit- 
ched to basiliximab consider-
ing the patient’s allergy to 
ATG. She received donated 
bone marrow and periphe- 
ral blood stem cell transfu-
sions, consisting of 24.63× 
108/kg of mononuclear cells 
and 10.22×106/kg of CD34+ 
cells. Neutrophils and plate-
lets were successfully engraft-
ed on day +11 and day +29 

Figure 2. A. MR on fat-suppressed T1WI sequence revealed a 26×29×22 
mm solid mass with isointensity signal, low signal and patchy high signal 
in the middle of the right kidney. B. MR on fat-suppressed T2WI sequence 
revealed isointensity signal and high signal.
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(2.57 mmol/L) was in the normal range. No 
cGvHD was observed in the following days.

During regular follow-up, she remained entirely 
well. But 2 years after the transplantation, ab- 
dominal ultrasonography indicated an occupa-
tion of the right kidney; there was no abdominal 
pain, fever or hematuria. A routine reexamina-
tion showed a progressive enlargement of the 
kidney mass. Ultrasonography of the abdomen 
revealed a 25×28×22 mm middle echogenic 
nodule in the middle of the right kidney with a 
clear boundary. The MRI reported a solid mass 
of approximately 26×29×22 mm in the middle 
of the right kidney, which was slightly enhanced 
by the enhancement scan (Figure 2A and 2B). 
She underwent tumor enucleation, having a 
complete resection with a margin of 0.2 cm 
from the edge of the tumor. No adjuvant treat-
ment was delivered, and the patient remained 
free of disease at 3 months’ follow-up. 

Pathologic manifestations

The surgical specimen demonstrated a well 
encapsulated tumor measuring 30×27×25 
mm. The tumor section was grayish red, yellow 
and soft, with focal areas of necrosis and calci-
fication (Figure 3A). 

The microscopic examination revealed diffu- 
sely arranged tumor cells and a papillary-like 
structure (Figure 3B), with focal areas of hem-
orrhage and necrosis (Figure 3E). The cyto-
plasms of the tumor cells were bright and clear, 
and the nuclei were obvious (Figure 3C and 
3D). The tumor cells broke through the capsule 
in some areas, which could be observed in the 
kidney tissue (Figure 3F). But none was found 
in the perirenal fat. 

Immunohistochemistry showed the tumor cells 
were positive for TFE3 (Figure 4A), PAX8 (Fig- 
ure 4B), CD10 (membranous, Figure 4C), PAX5 
(Figure 4D), PAX2 (weak, Figure 4E), CD68 (sp- 
arse, Figure 4F) and vimentin (scarce, Figure 
4L), and were negative for MelonA (Figure 4I), 
HMB45 (Figure 4J) and WT1 (Figure 4K). The 
cell proliferation marker, Ki67, showed a prolif-
eration rate of 5% (Figure 4G), and P53 showed 
a weak positive rate of 40% (Figure 4H). These 
markers were accordance with the characteris-
tics of Xp11 tRCC. Fluorescence in situ hybrid-
ization (FISH) demonstrated a disruption of the 
TFE3 locus consistent with an Xp11 transloca-
tion (Figure 5), supporting the diagnosis of 
Xp11 tRCC, the subtype of MiTF tRCC.

Figure 3. Pathological findings of the tumor. A. Gross appearance demonstrated a well encapsulated tumor mea-
suring 3.0×2.7×2.5 cm. The section was grayish red, yellow and soft, with focal areas of necrosis and calcification. 
B-D. The microscopic examination revealed papillary-like arranged tumor cells whose cytoplasm was bright and 
clear, and nucleolus was obvious (HE staining, ×100, ×200, ×400). E. Tumor cells with focal areas of hemorrhage 
and necrosis (HE staining, ×100). F. The tumor cells broke through the capsule in some areas, invading the kidney 
tissue (HE staining, ×100).
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Discussion

MIOP is a rare genetic metabolism disorder. 
The diagnosis of MIOP mainly depends on typi-
cal imaging findings. In addition, the Osteope- 
trosis Working Group also recommends genetic 
testing, which can provide key information on 
clinical performance as well as prognosis and 
play an important role in decision for treatment 
[6]. 

However, malignancy after MIOP is extremely 
rare. So far, only one study reported that a 3- 
month-old male patient was diagnosed as MI- 

OP and acute myeloid leukemia (AML), type  
M3 simultaneously with the manifestations of 
chest infection, growth retardation and hepato-
splenomegaly. The author speculated that AML 
was associated with a concomitant gene muta-
tion, but this was not confirmed genetically [7]. 
Our case is the first reported case of MiTF tRCC 
that occurred after MIOP. Due to the low num-
ber of reported cases, we cannot ascertain wh- 
ether there is a possible genetic association 
between MIOP and MiTF tRCC.

The category of MiTF tRCC is composed of 
Xp11 tRCC and t(6;11) RCC, and Xp11 tRCC 

Figure 4. Immunohistochemical manifestations of the tumor cells. A. TFE3+. B. PAX8+. C. CD10+, membranous. 
D. PAX5+. E. PAX2+, weak. F. CD68+, sparse. G. Ki67 5%+. H. P53 40%+, weak. I. MelonA-. J. HMB45-. K. WT1-. L. 
Vimentin+, scarce. (A-G, ×200; H-L, ×100).
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takes up majority of those cases. Xp11 tRCC 
harbors a chromosome translocation involving 
the Xp11 breakpoint, resulting in gene fusions 
involving the TFE3 gene [8]. The most common 
subtypes are the ASPSCR1-TFE3 RCC due to 
t(X;17)(p11;q25) translocation [9], and the 
PRCC-TFE3 RCC due to t(X;1)(p11;q21) translo-
cation [10]. 

Microscopically, Xp11 tRCC is similar to clear 
cell RCC or papillary RCC [11]. The most distinc-
tive histologic morphology is papillary architec-
ture and epithelioid clear cells. In typical cases, 
abundant psammoma bodies can be found  
[8]. Xp11 tRCC can also resemble other renal 
neoplasms, including extensive cystic change 
simulating multilocular cystic RCC, sarcomatoid 
transformation, oncocytic areas mimicking on- 
cocytoma, trabecular architecture mimicking a 
carcinoid tumor, colonization of renal pelvic ur- 
othelium mimicking urothelial carcinoma [12], 
etc. The broad morphological spectrum of Xp11 
tRCC makes it difficult for pathologists to dis- 
tinguish it from other tumor types both in ad- 
ults and children only by the morphology of HE 
staining. 

Therefore, immunohistochemistry is a common 
and essential method for differential diagnosis. 
Owning to the overexpression of TFE3, strong 
nuclear TFE3 immunoreactivity is the most sen-
sitive and specific immunohistochemical mark-
er for Xp11 tRCC. The Xp11 RCC underexpress-
es epithelial markers, such as cytokeratins and 
EMA. In contrast, this tumor consistently expre- 
sses CD10 and RCC markers like PAX2 and 

PAX8, similar to both clear cell RCC and papil-
lary RCC, while vimentin is often negative. Oc- 
casionally, Xp11 tRCC may express melanocyt-
ic markers, such as Melan A and HMB45, par-
ticularly in typical cases. Besides, cathepsin-K 
labels approximately 60% of Xp11 tRCC, and 
almost all t(6;11) RCC, but no other common 
RCC subtypes [8]. 

In the past, TFE3 break-apart FISH was regard-
ed as the best method to diagnose Xp11 tRCC. 
However, Argani et al. [4] reported 3 cases of 
Xp11 tRCC with RBM10-TFE3 gene fusion. TFE3 
rearrangement was not detected by conven-
tional TFE3 break-apart FISH, but was suggest-
ed by TFE3 IHC, which highlights the combina-
tion of TFE3 IHC and TFE3 FISH in diagnosis.  
In this case, the HE staining showed typical 
morphology, except for the psammoma bodies. 
Immunohistochemically, the tumor cells were 
positive for TFE3, CD10, PAX8, PAX5, PAX2 and 
vimentin (scarce), and negative for MelonA, 
HMB45 and WT1. Finally, the TFE3 break-apart 
FISH validated the diagnosis of Xp11 tRCC.

MiTF tRCC occurring as a second malignancy is 
even more unusual. Exposure to chemotherapy 
is currently the only known risk factor of MiTF 
tRCC, although its mechanism is not yet clear. 
Argani et al. [13] reported that 15% (6 of 39) of 
translocation RCCs were associated with previ-
ous exposure to cytotoxic chemotherapy. The 
indications for the antecedent chemotherapy 
included acute promyelocytic leukemia, acute 
myeloid leukemia with t(9;11), bilateral Wilms’ 
tumor, systemic lupus erythematosus, and con-
ditioning regimen of bone marrow transplant 
for Hurler’s syndrome. And they suggested that 
MiTF tRCC should be added to the list of possi-
ble chemotherapy-associated secondary malig-
nancies in children. Malouf et al. [14] also re- 
ported that 7% (4 of 54) of patients with MiTF 
tRCC had received chemotherapy for germ cell 
tumors, nephroblastoma, rhabdomyosarcoma, 
and medulloblastoma, respectively. Additional- 
ly, other translocation RCCs arising in the set-
ting of prior chemotherapy have been describ- 
ed, including neuroblastoma [14, 15], primitive 
neuroectodermal tumor [16, 17], Ewing sarco-
ma [16], rhabdomyosarcoma [18], acute lym-
phoblastic leukemia [17], and cardiac leiomyo-
sarcoma [19]. With the exception of cases with 
unknown chemotherapy regimens, DNA topoi-
somerase II inhibitors and/or alkylating agents 
were used in all of the above cases. Although 

Figure 5. Fluorescence in situ hybridization. Red ar-
row, a break-apart TFE3 probe showed disruption of 
the TFE3 gene with separation of green and red sig-
nals. Green arrow, normal gene: green and red signal 
merged together.
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they have differing mechanisms of action, both 
cytotoxic agents break DNA, which may initiate 
repair or recombination mechanisms that per-
mit a chromosome translocation to occur, in- 
creasing the risk of translocation malignancy 
[8]. Our case is the same as the above cases. 
The patient received a conditioning regimen of 
alkylating agents covering busulfan and cyclo-
phosphamide of HSCT, which further confirmed 
the recognized association of MiTF tRCC with 
prior cytotoxic chemotherapy.

In addition to chemotherapy, HSCT may also be 
associated with secondary malignancy. Several 
large studies have demonstrated that child-
hood survivors of HSCT represent a particularly 
high risk of secondary solid malignancies, re- 
porting cumulative incidence up to 6.7% at 15 
years of follow-up [20]. Risk factors include 
radiation and chemotherapy exposure, cGvHD, 
use of immunosuppressants, viruses [20, 21], 
etc. However, reports of secondary MiTF tRCC 
after HSCT are scarce. Argani et al. [13] report-
ed a 6-year-old female patient with t(6;11) RCC 
who underwent matched unrelated cord blood 
transplantation preceded by conditioning with 
high-dose cyclophosphamide, total body irradi-
ation, and ATG at 6 months of age. Al-Mashaikhi 
et al. [22] reported a case of a 17-year-old male 
patient with Xp11 tRCC who received an auto- 
logous HSCT at the age of 3 due to neuro- 
blastoma after 4 cycles of chemotherapy and 
radiotherapy. The conditioning regimen was 
carboplatin, etoposide and cyclophosphamide. 
In this case, we speculate that long-term use  
of immunosuppressant tacrolimus probably in- 
creased the risk of secondary translocation 
RCC. Because tacrolimus enhances the overex-
pression of transforming growth factor-β (TGF-
β) and promotes progression and metastasis of 
tumors [23], the tumor in this case showed pro-
gressive enlargement.

In summary, to our knowledge, this is the first 
reported case of MiTF tRCC occurring after MI- 
OP, which supports the view that chemotherapy 
exposure is a risk factor for MiTF tRCC and indi-
cates the possible association of HSCT with 
MiTF tRCC. However, for lack of enough cases, 
the clear relationship between HSCT and MiTF 
tRCC still needs more evidence to confirm.
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