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Introduction

The classification of adult renal cell carcinomas (RCCs) is
well established and is mainly based on histopathologic
features and genetic abnormalities [1]. In comparison,
pediatric RCCs are more difficult to classify. In the past
few years, it has become evident that a great majority of
pediatric RCCs belong to the newly-recognized family of
Xpll translocation RCCs [2, 3]. These tumors are
genetically characterized by different chromosome trans-
locations, resulting in gene fusions between Xpll.2 and
TFE3 transcription factor genes [2]. At least 5 genetic
variants have been identified, including t(X;1)(p11.2;q21)
translocation with PRCC-TFE3 fusion [4], t(X;1)(p11.2;
p34) translocation with PSF-TFE3 fusion [5], inv(X)(p11;
q12) translocation with NonO (p54™")-TFE3 fusion [5], t
(X;17)(p11.2;q25) translocation with ASPL-TFE3 fusion
[6],and t(X;17)(p11.2;q23) with CLTC-TFE3 fusion [7].
Additionally, a subset of epithelioid RCCs that harbor t
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(6:11)(p11.2;q12), which fuses the Alpha gene and TFEB
transcription factor gene, has been described [8]. A novel
translocation of t(X,3)(p11;q23) has recently been reported
in a 32-year-old female patient [9]. As TFEB and TFE3 are
closely-related members of the microphthamia transcription
factor (MiTF) family (a subfamily of basic helix-loop-helix
leucine zipper transcription factors), it has been proposed
that these tumors are classified as “MiTF/TFE translocation
carcinomas” [2].

In the English literature, most case reports and series
studies originate from Western countries [3, 6, 9-14], and
case reports and series studies of pediatric RCCs in Asia are
rare [15, 16]. Recently, Chen et al described a molecularly-
documented Xpl1.2 translocated RCC in a 6-year-old
Taiwanese boy [17]. Herein, we report a case of an
Xpl11.2 translocated RCC in a S5-year-old Taiwanese boy.
The diagnosis was established based on the histopathologic
features, nuclear expression of TFE3 protein, and the
presence of the type 1 TFE3-ASPL fusion gene as detected
by reverse transcriptase-polymerase chain reaction. A
literature review of translocation RCCs is also included.

Clinical History

A S-year-old boy was referred to Changhua Christian
Hospital due to recurrent gross hematuria for about one
month; no associated symptoms such as fever, chills or
flank pain were present. Renal echography revealed a right
renal tumor, and non-enhanced computed tomography (CT)
showed a well-defined, homogeneous mass measuring 4.8 x
4.7 cm, over the middle pole of right kidney (Fig. 1a).
Neither lymph node enlargement nor distant metastasis was
present. This tumor was classified as stage I (pTINOMO)
according to the criteria of American Joint Committee in
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Fig. 1 a Computed tomography (CT) scan showed a 5.5x5.0x
5.0 cm tumor in the middle pole of the right kidney. b
Macroscopically, the tumor was well-circumscribed and was com-
posed of yellowish to tan sectioned surfaces exhibiting necrosis,
hemorrhage and cystic degeneration

2002, the patient underwent right total nephrectomy under
the impression of Wilms’ tumor. The operation was
performed smoothly without any complications. No adju-
vant therapy was given, and the patient has been alive
without manifestations of disease or any other signs or
symptoms for two years.

Material and Methods
Immunohistochemistry

The specimen was fixed in 10% neutral-buffered formalin
and paraffin-embedded, following which sections were
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stained with hematoxylin and eosin for histological evalu-
ation. Immunohistochemical analysis was performed on
formalin-fixed, paraffin-embedded tissue sections using a
panel of antibodies including CD10 (clone 56C6, 1:60
dilution; Thermo Scientific, Fremont, CA , USA), renal cell
carcinoma marker (clone 66.4C2, 1:50 dilution; Novocas-
tra, Newcastle upon Tyne, UK), pan-cytokeratin (clone
AE1/AE3, 1:200 dilution; Dako, Carpinteria, CA, USA),
vimentin (clone V9, 1:200 dilution; Dako), cytokeratin 7
(clone OV-TL 12/30, 1:100 dilution; Dako), «-methylacyl-
coenzyme A racemase (p504s) (clone 13H4, 1:80; Zeta,
Sierra Madre, CA, USA), and HMB45 (clone HMB45, 1:60
dilution; Dako). A BenchMark XT IHC/ISH autostaining
system (Ventana Medical System, Tucson, AZ, USA) was
used, and TFE3 immunostaining (clone P-16, 1:300
dilution; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) was performed as previously described [17].

Molecular Analysis

RNA extraction from paraffin sections was performed as
previously described [17]. 1 ug of total RNA was subject to
cDNA synthesis using an Omniscript RT kit (Qiagen
GmbH, Hilden, Germany), following which detection of
ASPL-TFE3 by PCR was performed as described by
Argani et al [6, 17]. To evaluate the adequacy of the RNA
used for analysis, RT-PCR was performed using primers
spanning an intron of the ubiquitously-expressed 18S
ribosomal RNA, resulting in amplification of a 315-bp
fragment. Adjacent normal kidney tissue was used as the
negative control. The amplified fragments were identified
by electrophoresis, and the identity of all positive results
was further confirmed by sequencing using a fluorescent
DNA sequencer (Applied Biosystems Inc, Foster City, CA,
USA). DNA sequence analysis was performed by BLAST
sequence similarity searches using the National Center for
Biotechnology Information database.

Results
Histopathologic Findings

The right kidney measured 8.0x5.5x5.0 cm and weighed
115.0 g. A well-defined and unencapsulated tumor measur-
ing 5.5%5.0%5.0 cm was located at the cortex of the middle
pole, which was soft and yellow to tan in color, with foci of
hemorrhage, necrosis and cystic degeneration (Fig. 1b).
There was no gross invasion to the capsule, renal pelvis,
hilar vessels, or ureter.

Microscopically, the tumor showed nested and papillary
growth patterns surrounded by delicate vascular networks.
Tumor cells displayed centrally located, vesicular nuclei with
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mild atypia, indistinct nucleoli and abundant clear to eosino-
philic cytoplasm (Fig. 2a). Occasional psammomatous-like
calcification was observed. Immunohistochemically, the
tumor cells revealed diffuse nuclear TFE3 staining
(Fig. 2b); they were also positive for CD10 and RCC marker
antigen but negative for pan-cytokeratin, vimentin, CK7 and
HMB45.

Molecular Study

The efficacy of the RT-PCR analyses was excellent, as
shown by the amplification of 18S ribosomal RNA.
Detection of fusion gene transcripts revealed an approxi-
mate 200-bp band in type 1 TFE3-ASPL (Fig. 3).
Sequencing of this PCR product confirmed a 218-bp
transcript encoding type 1 TFE3—ASPL rearrangement with
an in-frame fusion of TFE3 exon 3 to ASPL. No transcript

Fig. 2 a Microscopically, the tumor revealed marked papillary
structures lined by voluminous clear to acidophilic cytoplasm cells
(H&E stain, original magnification 200x). b Most tumor cells showed
positive nuclear staining for TFE3 (original magnification, 400x)

18s ASPL/TFE3 TFE3/ASPL TFE3/ASPL
type | type Il

6 7 8 9 10 11 12

M 1 2 3 4 5

500 bp —»

Fig. 3 Analyses of TFE3-ASPL and ASPL-TFE3 fusion transcripts
by RT-PCR. RT-PCR was performed as described in the text with the
primer combinations indicated. The tumor showed type 1 TFE3-ASPL
fusion transcript (218-bp product) (lane 7), whereas the adjacent
normal kidney tissue showed amplification of 18S ribosomal RNA
(lane 2) and an absence of fusion transcripts (lanes 5, 8 and 11). The
PCR controls were negative (lanes 3, 6, 9 and 12). M indicates the
marker lane (100-bp marker)

was detected in ASPL-TFE3 and type 2 TFE3-ASPL.
None of the negative controls showed any amplification
products.

Discussion
Historical Background

Recognition of translocation carcinoma in children and
adolescents with unique genetic features took years of
research. After Tomlinson et al first described Xpll.2
translocation in a 17-month-old child in 1991 [18], other
groups subsequently published similar findings [19, 20].
The genes involved in translocations were not known at the
time. In 1996, two independent research groups reported
that the TFE3 transcription factor gene was fused to a novel
PRCC gene in t(X;1)(p11.2;q21)-positive papillary RCCs
[4, 21]. Subsequent studies have shown that there are at
least 5 other genetic variants, including t(X;1)(p11.2;p34)
translocation with PSF-TFE3 fusion [5], inv(X)(p11;q12)
translocation with NonO (p54™?)-TFE3 fusion [5], t(X;17)
(p11.2;q25) translocation with ASPL-TFE3 fusion [6], t
(X;17)(p11.2;q23) with CLTC-TFE3 fusion [7], and the
recently-described t(6:11)(p11.2;q12) with Alpha-TFEB
fusion [8]. A novel translocation of t(X,3)(p11;q23) has
also been recently reported in a 32-year-old female patient
[9]. Xp11.2 translocation carcinomas are now recognized
as a distinct entity in the 2004 World Health Organiza-
tion’s renal tumor classification guidelines [1].
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Clinical Features

Pediatric RCC is rare, with a cumulative incidence of 2.2
per million, accounting for only 1.9-6% of pediatric
malignant renal tumors [12]. Based on histopathological
and immunohistochemical analyses of TFE3 protein ex-
pression, the frequency of TFE+ RCCs in institution-based
studies varies from 20-83.3% [2, 11]. However, one
German population-based study reported a translocation
RCC rate of 22.4% [12]. Nevertheless, existing data
indicate that the percentage of TFE+ tumors in pediatric
RCCs is close to 70% [14].

Female predominance has been noted several large series
studies [3]. The most common clinical presentations
include hematuria, abdominal pain and an abdominal mass;
however, only a small proportion of patients show the
classical triad. Other symptoms include fever, anorexia,
fatigue and body weight loss [3, 6, 9—14]. In some rare
cases, polycythemia, rheumatoid arthritis, tuberous sclerosis
or abdominal non-Hodgkin lymphoma was noted at the
time of diagnosis [22], and in some instances the tumor
developed following treatment for ganglioneuroblastoma
[13]. Most notably, approximately 10—15% of translocation
RCCs have been associated with previous exposure to
cytotoxic chemotherapy in some studies [13, 22, 23]. It is
therefore suggested that translocation RCCs should be
added to the list of chemotherapy-associated secondary
neoplasms in children [24].

Pathologic Findings
Histopathology

The gross appearance of Xp11.2 translocation RCCs is very
similar to that of conventional (clear cell) renal carcinomas;
they usually are tan—yellow and are often necrotic and
hemorrhagic [1]. A calcified fibrous pseudocapsule, which
may be grossly apparent, is usually seen in PRCC-TFE3
tumors [1]. The approximate mean tumor size of TFE3+
tumors is reported to be in the range of 6.1-6.86 cm in
series studies and in the overall literature [6, 9, 25, 26].
Microscopically, the most distinctive histopathologic fea-
ture is that of a carcinoma with a papillary architecture
composed of clear cells [1, 2]; however, a nested
architecture is frequently observed and the tumors often
contain cells with granular eosinophilic cytoplasm. How-
ever, microscopic features can vary among different
translocation variants [1, 2]. ASPL-TFE3 RCCs are
characterized by cells with voluminous, clear to eosino-
philic cytoplasm, discrete cell borders, vesicular nuclear
chromatin, and prominent nucleoli [1, 2, 6]. Tumor cells
often are loosely adhesive and form an alveolar and
pseudopapillary architecture. Psammoma bodies are almost
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universal and sometimes extensive, and usually form upon
characteristic hyaline nodules [1, 2, 6]. In contrast, PRCC-
TFE3 RCCs typically have less abundant cytoplasm, fewer
psammoma bodies, fewer hyaline nodules, and a more
nested, compact architecture [2, 25]. Alpha-TFEB RCCs
frequently have a nested architecture and are composed of a
biphasic population of large and small epithelioid cells [2,
26]. Smaller epithelioid cells are typically clustered around
hyaline basement membrane material. Nevertheless, some
cases may be morphologically indistinguishable from
Xp11.2 translocation carcinomas. The morphologic charac-
teristics of other Xpl1.2 translocation carcinomas (PSF-
TFE3, NonO-TFE3, CLTC-TFE3) have not been defined
clearly owing to the scarcity of cases.

Immunoprofile

Immunophenotypes of renal Xpll.2-associated transloca-
tion carcinomas are different from those of conventional
RCCs. They typically underexpress epithelial markers such
as cytokeratin and epithelial membrane antigen [1, 2]. Only
approximately one half of cases are focally positive,
whereas approximately 85% of conventional RCCs are
positive for cytokeratin [2]. The same applies for vimentin
immunostaining [1, 2]. PSF-TFE3, CLTC-TFE3 and Alpha-
TFEB carcinomas are usually positive for melanocytic
markers such as HMB45 and Melan A [7], but negative for
S-100 protein and desmin are consistently negative [2]. The
Xpll.2-associated translocation renal carcinomas consis-
tently express RCC marker antigen and CD10, similar to
conventional (clear cell) and papillary renal carcinomas [16,
25]. Expression of o-methylacyl-coenzyme A racemase
(p504s) is present in both TFE3 and TFEB RCCs [3].
p504s is also strongly expressed in prostate cancer and
mucinous tubular and spindle carcinoma of the kidney [27,
28]. It has also been shown that Xp11 translocation RCCs
and alveolar soft part sarcoma both express high levels of
MET tyrosine kinase protein, as detected both by immuno-
histochemistry and Western blotting [29]. Expression of
MET tyrosine kinase protein has rarely been examined in
other studies.

Nuclear expression of TFE3 or TFEB protein is the most
distinctive immunophenotype [1-3]. This is because both
chromosome translocations effectively result in promoter
substitution, such that the fusion gene protein is over-
expressed and hence can be detected in archival material by
immunohistochemistry [2]. Additionally, Ramphal et al
reported that 5 of the 13 cases in their study showed focal,
weak MiTF immunostaining, suggesting that the MiTF
gene may be involved in some cases [13]. Interestingly, one
tumor was TFE3+ and MiTF+ and another was TFE3— and
MiTF+. The significance of this finding warrants further
investigation. However, liposarcomas have been reported to
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be MiTF+ by immunohistochemistry [30]; therefore, the
specificity of MiTF immunostaining requires additional
stringent analyses.

Ultrastructure

Ultrastructurally, despite the unusual immunophenotype,
these neoplasms show predominantly epithelial features
similar to these of conventional renal carcinomas, while a
few may have membrane-bound rhomboidal crystals as
seen in soft-tissue ASPS [6]. Some PRCC-TFE3 renal
carcinomas have distinctive intracisternal microtubules
similar to those noted in malignant melanoma and extra-
skeletal myxoid chondrosarcoma [25].

Pathogenesis
Genetic Alterations

TFE3 transcription factor gene is the major gene involved
in pediatric translocation RCCs [1, 2]. TFE3 is 1 of 4
closely-related members of the MiTF/TFE transcription
factor family of basic helix-loop-helixleucine zipper tran-
scription factors [31]. The other members are MiTF, TFEB,
and TFEC. These MiTF members share virtually perfect
homology in their DNA binding domains and bind a
common DNA motif [32]. TFEB is involved in chromo-
somal translocation in a subset of epithelioid RCCs
harboring t(6:11)(p11.2;q12) [8]. To date, 30 PRCC-TFE3,
23 ASPL-TFE3, 8 PSF-TFE3, and 1 NonO-TFE3 cytoge-
netically confirmed cases have been reported [3]. So far,
there are reports of translocation involving the MiTF or
TFEC genes. Detection of ASPL-TFE3 and PRCC-TFE3
fusion genes can be achieved readily by reverse
transcription-polymerase chain reaction using specific
primer sets [6, 25]. There are two types of ASPL-TFE3
fusion transcripts, in which the ASPL gene is fused to TFE
exon 4 (type 1) or exon 3 (type 2) [6]. Four types of PRCC-
TFE3 fusion transcripts have been described [25]. Signif-
icant differences in the clinicopathologic features between
cases with different fusion types remain to be established.
In contrast, detection of Alpha-TFEB gene fusion by RT-
PCR is more difficult due to its larger size (>1.5 kb) [26].
Because RNA isolated from clinical samples is usually
partially degraded, detection of Alpha-TFEB fusion by
long-range DNA PCR can be considered as a useful
alternative for molecular diagnosis [2].

Besides recurring translocation, translocation RCCs also
display other complex cytogenetic abnormalities [2, 13,
25]. The roles of specific oncogenes and tumor suppressor
genes have rarely been investigated. By microarray profil-
ing, the gene expression file of Xpl1 translocation RCC
was found to be closer to that of alveolar soft part sarcoma

than to that of adult-type RCC [33]. Camparo et al
employed whole genome microarray expression profiling
analyses and identified TRIM 63 glutathione S-transferase
Al and alanyl aminopeptidase as the main differentially
expressed genes [3].

Prognosis and Treatment

Accumulated evidence shows that the clinical behavior of
pediatric translocation RCCs is actually quite heteroge-
neous and they behave in a clinically distinct fashion, in
contrast to their adult counterparts [11]. Translocation
RCCs tend to present strong extrarenal extension with
nodal involvement at the time of diagnosis [14]. The largest
hospital-based retrospective study included 41 pediatric
RCC patients from Italian pediatric oncology centers, 46%
of whom had localized RCCs with an 88.9% 20-year
overall survival rate (OS) and 46% had RCCs with regional
lymph node or distant metastases and a 22.6% OS [10].
Geller and Dome analyzed 230 pediatric RCC cases in the
literature and 13 patients from their institution [11], and
found that local lymph node involvement is not an adverse
prognostic factor in pediatric RCCs. Ramphal et al reported
one patient with a genetically confirmed ASPL-TFE3 RCC
who had hematogenous metastases at the time of diagnosis
and died of cancer within 1 year [13]. Among 8 patients
with ASPL-TFE3 RCC reported by Argani et al, one 17-year-
old female patient died of progressive bony and lymph node
metastasis 2 years after surgery and another 17-year-old
female developed lung metastasis after 15 months. The
remaining 6 patients showed no evidence of disease after an
average of 4.2 years of follow-up (range, 2 months to 10 years)
[6]. At present, the prognostic influence of different
biological features in pediatric RCCs is not well-defined.
Because of the rarity of pediatric RCCs, a collaborative
international study is required to enable delineation of their
clinical behavior.

The optimal treatment for translocation RCCs remains to
be determined. For localized tumors, surgery without
adjuvant therapy is adequate. Partial instead of simple or
radical nephrectomy for stage I RCCs may be adequate if
both macroscopic and microscopic margins are free of
malignancy [13, 34]. Surgical resection of tumor and
metastases appears to be the crucial mainstay of successful
treatment of advanced pediatric RCCs [12]. The value of
adjuvant radiation therapy, chemotherapy or immunother-
apy is uncertain. Selle et al analyzed the correlation
between treatment and outcome in 84 pediatric metastatic
RCC patients and found no consistent advantage for
radiotherapy or chemotherapy [12]. Immunotherapy
seemed to have little survival benefit for a small subgroup.
An international clinical trial is required to establish the
appropriate therapy for advanced pediatric RCC.
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