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Abstarct: Xp11 translocation renal cell carcinomas (RCCs) are uncommon renal tumors, characterized by several
different translocations involving the TFE3 gene. In these diseases, the TFE3 gene is fused by translocation to 1
of several other genes, including ASPL, PRCC, NONO (p54nrb), CLTC, PSF, LUC7L3, KHSRP, PARP14 and unknown
genes on chromosomes 10. Tumors with different specific gene fusions may have slightly different clinical manifes-
tations and morphologic features. In this study, we developed a FISH assay to detect the TFE3 gene rearrangement
for the presence of the 2 most common fusion genes ASPL-TFE3 and PRCC-TFE3 inroutinely processed archival
materials. 10 Xp11 translocation RCCs were detected TFE3 fusion genes. Cases 1-6 displayed fusion signals of
ASPL-TFE3 and cases 7-10 demonstrated fusion signals of PRCC-TFE3. All cases contained a high percentage of
cells displaying fusion signals for ASPL-TFE3 (mean, 45%; range, 35% to 60%) and for PRCC-TFE3 (mean, 45%;
range, 35% to 60%). The sensitivity and specificity were both 100%. The interphase fluorescencein situ hybridization
(FISH) assays should enable a more definitive identification of the ASPL-TFE3 and PRCC-TFE3 fusion gene in archival
material and allow more meaningful clinicopathologic associations to be drawn.
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Introduction

Xpll translocation renal cell carcinomas
(RCCs) are uncommon renal tumors, character-
ized by several different translocations involv-
ing the TFE3 gene [1]. In these diseases, the
TFE3 gene is fused by translocation to 1 of sev-
eral other genes, including ASPL, PRCC, NONO
(p54nrb), CLTC, PSF, LUC7L3, KHSRP, PARP14
and unknown genes on chromosomes 10 [1-8].
The t(X;17)(p11.2;q25) translocation with ASPL-
TFE3 fusion and the t(X;1)(p11.2;921) translo-
cation with PRCC-TFE3 fusion are the 2 most
common forms [3, 4, 9, 10]. Tumors with differ-
ent specific gene fusions may have slightly dif-
ferent clinical manifestations and morphologic
features [11]. For example, ASPL-TFE3-associ-
ated tumors frequently present at an advanced
stage and distinctive features including volumi-
nous clear cytoplasm, discrete cell borders, an

alveolar or papillary growth pattern, and psam-
moma bodies, whereas PRCC-TFE3-associated
neoplasms tend to possess a nested growth
pattern, smaller cells with less abundant cyto-
plasm, and fewer calcifications [3, 4, 10, 11].
The difference and significance of clinical mani-
festations from different gene fusions remain
to be explored.

Xpll translocation RCCs can be diagnosed
through detection of TFE3 protein overexpres-
sion by immunohistochemistry and TFE3 gene
rearrangements by TFE3 break-apart fluores-
cencein situ hybridization (FISH) assays [11].
However, both methods do not provide informa-
tion as to the specific fusion partners of TFE3.
Cytogenetic karyotypic analysis and reverse
transcriptase polymerase chain reaction (RT-
PCR) are 2 common methodologies for identify-
ing the specific gene fusions. Unfortunately,
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both methods are limited by the need for spe-
cial handling techniques and are not always
easy to apply in routine diagnostic practice
[12]. Therefore the specific gene fusions of
Xpl1 translocation RCCs were rarely confirmed
and described in case reports or small series.

In this study, we developed a FISH assay to
detect the TFE3 gene rearrangement for the
presence of the 2 most common fusion genes
ASPL-TFE3 and PRCC-TFE3 in routinely pro-
cessed archival materials. The FISH assay
allows more meaningful clinicopathologic asso-
ciations to be drawn.

Materials and methods
Case selection

The study was performed on 10 Xp11 translo-
cation RCC cases proven by TFE3 break-apart
FISH assays and/or RT-PCR. The clinicopatho-
logic features, treatments, and follow-up data
were recorded (Table 1). As control, 5 previous-
ly published Xp11 neoplasms with melanocytic
differentiation, 16 unrelated RCCs, including 6
clear cell RCCs, 5 papillary RCCs, and 5 chro-
mophobe RCCs, and non-neoplastic renal tis-
sues were entered into the study [1, 13]. Among
these Xp11 neoplasms with melanocytic differ-
entiation, 4 cases located in the pancreas, cer-
vix, pelvis and kidney harbor PSF-TFE3 gene
fusions and 1 prostate tumor harbors NONO-
TFE3 gene fusion [1, 13].

Detection of the ASPL-TFE3 and PRCC-TFE3
fusion genes by reverse transcription poly-
merase chain reaction

For the ASPL-TFE3 and PRCC-TFE3 fusion gene,
2 new primer pairs were designed to detect
fusion gene transcripts. The PCR primers were
as follows: ASPL exon 7 (F), TGCTGCGAGCACA-
CTCAG, TFE3 exon 6 (R), TCAAGCAGATTCCCTG-
ACAC; PRCC exon 1 (F), GCCGGAGTTGCATAAGG,
TFE3 exon 6 (R), TCAAGCAGATTCCCTGACAC.

For sequence analysis, the PCR products were
purified using the Wizard PCR Preps Purification
System (Promega Corp), and sequencing was
performed using Big Dye Terminator and an ABI
Basecaller (Applied Biosystems).

FISH probe design and development

Bacterial artificial chromosome (BAC) clones
were selected using the “Clone Central human
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BAC Clone Locator” from Empire Genomics
(http://www.empiregenomics.com/Clone Cen-
tral/gene_search) as recently described for
both fusion and split hybridization experiments
[1, 11, 12]. FISH analysis of the TFE3 split as-
say was performed on paraffin-embedded tis-
sues as described previously [1, 11, 12]. For
the ASPL-TFE3 and PRCC-TFE3 fusion assays,
the BAC clones RP11-765014 (195 kbp) and
RP11-665F9 (176 kbp), located centromeric
to the ASPL gene locus and the BAC clones
RP11-867E4 (221 kbp) and RP11-1150P9 (179
kbp), located centromeric to the PRCC gene
locus were labeled with 5-fluorescein-dUTP.
The BAC clones RP11-416B14 (182 kbp) and
RP11-344N17 (202 kbp), located telomeric
to the TFE3 gene locus, were labeled with
5-ROX-dUTP.

FISH

A hematoxylin- and eosin-stained slide from
each block was examined to identify the areas
containing tumor cell clusters for cell counting.
Tissue sections that were 3 um in thickness
were prepared from buffered formalin-fixed,
paraffin-embedded tissue blocks. The deparaf-
finized tumor tissue on slides was subjected to
heat pretreatment (pressure cooking for 10
min at full pressure) in distilled water and then
digested using 0.25% pepsin (Sigma, Taufkir-
chen, Germany) and 0.01 M HCI for 15 min at
37°C. After rinsing twice in 2xSSC for 5 min, the
tissues were dehydrated by immersing the
slides in 70%, 85%, and 100% ethanol for 1
min each at room temperature and then air-
dried. The probes were diluted in t DenHyb 2
(Insitus, Albuquerque, NM) in a ratio of 1:25.
Slides containing tissue DNA probes (10 pl/
slide) were co-denatured in an in situ thermocy-
cler (System 1000, Perkin Elmer, Germany) at
83°Cfor 12 min, annealed at 37°C, and hybrid-
ized in a humidified chamber at 37°C overnight.
After post-hybridization washing in 0.4xSSC
(70°C for 2 min) and 2xSSC (room temperature
for 2 min), the slides were coverslipped with 10
ml of 4, 6-diamino-2-phenylindole for counter-
staining.

FISH evaluation

The method of analysis has been partially
described previously [1, 11, 12]. The first step
was a split probe assay to detect TFE3 gene
rearrangement. A fused or closely approximat-
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Table 1. Clinical, morphological, and molecular Data

Case Consensus Diagnosis Age/ ng/ Tumor Tumor WHO/ISUP Stage Pigment PB Necrosis TFES R.earran.gement Treatment
Side Size TFE3 split Fusion parter
1 Xp11 RCC probable ASPL fusion type 11/F/R 8cm 3 pT3NOMO _ + _ + ASPL RN
2 Xpl11 RCC probable ASPL fusion type 31/M/L 9cm 3 pT2N1MO _ + _ + ASPL RN
3 Xp11 RCC probable ASPL fusion type 27/F/R 10 cm 3 pT4N1IM1 _ - _ + ASPL RN
4 Xpl11 RCC probable ASPL fusion type 16/F/L 3.5cm 3 pTANOMO _ + _ + ASPL RN
5 Xp11 RCC probable ASPL fusion type 20/M/R 9cm 3 pT3N1IMO _ + _ + ASPL RN
6 Xp11 RCC probable ASPL fusion type 19/F/L 6.5cm 3 pTAINIMO _ + _ + ASPL RN
7 Xp11 RCC probable PRCC fusion type 35/F/R 2cm 2 pTAINOMO _ _ _ + PRCC PN
8 Xpl11 RCC probable PRCC fusion type 23/M/R 8cm 3 pT2NOMO _ + _ + PRCC RN
9 Xp11 RCC probable PRCC fusion type 31/F/L 4 cm 2 pTANOMO _ _ _ + PRCC RN
10 Xp11 RCC probable PRCC fusion type 36/F/L 5cm 2 pT1INOMO _ _ _ + PRCC RN

RCC, renal cell carcinoma; M, male; F, female; L, left; R, right; RN, radical nephrectomy; PN, partial nephrectomy; PB, psammoma bodies.
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Figure 1. A. The ASPL-TFE3-associated Xp11 RCC has nested and papillary architecture, psammoma bodies, and
cells with voluminous, and clear to lightly eosinophilic cytoplasm. B. The PRCC-TFE3-associated Xp11 RCC is com-
posed of compactly arranged, lightly eosinophilic cells with less abundant cytoplasm and prominent nucleoli. C. The
ASPL-TFE3 gene fusion was confirmed via RT-PCR. D. The PRCC-TFE3 gene fusion was confirmed via RT-PCR. E. The
ASPL-TFE3 fusion probe assay revealed a single pair of separated green and red signals and an abnormally colocal-
ized signal. The nuclei were stained with DAPI (blue). F. The PRCC-TFE3 fusion probe assay revealed a single pair
of separated green and red signals and an abnormally colocalized signal. The nuclei were stained with DAPI (blue).

ed green-red signal pattern was interpreted as
a normal result, whereas a split signal pattern
indicated the presence of a TFE3 fusion.

The second test was a fusion probe assay using
a probe telomeric to TFE3 (5-ROX-dUTP, red)
and another probe centromeric to ASPL or
PRCC (5-fluorescein-dUTP, green). Colocalized
signal represented a fusion between ASPL or
PRCC and TFES3.

The signals were considered to be split when
the green and red signals were separated by a
distance equal to or greater than two signal
diameters. For each case, a minimum of 100
tumor nuclei were examined for the probe sig-
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nals via fluorescence microscopy at 1000x
magnification. To avoid false-positive interpre-
tations resulting from nuclear truncation, only
non-overlapping tumor nuclei were evaluated.
Based on the generally accepted guidelines
used by all other commercially available break-
apart FISH assays and the developed TFE3
break-apart FISH assays, a positive result was
reported when more than 10% of the nuclei in
the tumor tissue displayed evidence of TFE3
gene rearrangement, ASPL-TFE3 fusion or
PRCC-TFE3 fusion [1, 11, 12].

As negative controls, 5 previously published
Xpll neoplasms with melanocytic differentia-
tion, 16 unrelated RCCs, including 6 clear cell
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RCCs, 5 papillary RCCs, and 5 chromophobe
RCCs, and non-neoplastic renal tissues were
evaluated.

Results
Patients

The clinicopathologic characteristics of all 10
Xpl1 translocation RCCsare shown in Table 1.
The patients ranged in age from 11 to 36 years
(mean, 24.9 y; median, 25 y). The ratio of male
to female patients was 1:2.3. None of the
patients had bilateral or multifocal neoplasms.
None of the patients reported a personal or
family history of tuberous sclerosis complex
(TSC), and their disease was not associated
with prior chemotherapy, which has been impli-
cated in translocation carcinomas. Nephre-
ctomy was performed at the time of diagnosis
for all patients.

Morphology

All 10 tumors displayed morphologic features
typical of Xpl1 translocation RCCs including
voluminous cytoplasm, discrete cell borders,
alveolar, nested, or papillary architecture, and
psammoma bodies. In cases 1-6, the tumor
had nested and papillary architecture, psam-
moma bodies, and cells with voluminous, clear
to lightly eosinophilic cytoplasm, and high Fu-
hrman nuclear grade, typical of an ASPL-TFE3-
associated neoplasm. Cases7-10 were com-
posed of compactly arranged lightly eosinophil-
ic cells with less abundant cytoplasm and
prominent nucleoli, typical of aPRCC-TFE3-
associated neoplasm (Figure 1A and 1B).

Molecular analysis

Adequate RNA was extracted from formalin-
fixed, paraffin-embedded tissues of 7 cases (1,
2, 3,4, 7, 8, and 9) for RT-PCR analysis. Using
primers (ASPL exon 7 [F], TGCTGCGAGCACAC-
TCAG, TFE3 exon 6 [R], TCAAGCAGATTCCCTG-
ACAC), RT-PCR for detecting fusion gene prod-
ucts revealed a 290-bp ASPL-TFE3 fusion gene
in case 1-4. The chimeric ASPL-TFE3 transcripts
were composed of ASPL exon 7 fused with TF-
E3 exon 6. Cases 7, 8, and 9 demonstrated an
identical PRCC-TFE3 fusion gene of 153 bp, wi-
th the fusion transcript comprising PRCC exon
1 fused with TFE3 exon 5 when using the prim-
ers PRCC exon 1 (F), GCCGGAGTTGCATAAGG,
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TFE3 exon 6 (R), TCAAGCAGATTCCCTGACAC.
(Figure 1C and 1D).

FISH analysis

On the basis of FISH analysis, all 10 Xp11 trans-
location RCCs exhibited TFE3 gene rearrange-
ment. Cases 1-6 displayed fusion signals of
ASPL-TFE3 and cases 7-10 demonstrated fu-
sion signals of PRCC-TFE3. All cases contained
a high percentage of cells displaying fusion sig-
nals for ASPL-TFE3 (mean, 41%; range, 32% to
58%) and for PRCC-TFE3 (mean, 43%; range,
30% to 62%) (Figure 1E and 1F).

5 Xp11 neoplasms with melanocytic differenti-
ation, 16 unrelated RCCs (6 clear cell RCCs, 5
papillary RCC, and 5 chromophobe RCCs) and
non-neoplastic renal tissues did not exhibitedT-
FE3 gene rearrangement on the basis of TFE3
split FISH assay. None of the 21 negative con-
trol cases or the non-neoplastic renal tissues
displayed positive colabeling on the basis of
ASPL-TFE3 or PRCC-TFE3 fusion FISH assays.

Discussion

Xpl1 translocation RCCs harbor chromosome
translocations that result in 1 of a variety of
gene fusions that involve the TFE3 gene, whi-
ch maps to the Xp11.2 locus. Reported TFE3
fusion partners include ASPL, PRCC, NONO
(p54nrb), CLTC, PSF, LUC7L3, KHSRP, PARP14
and unknown genes on chromosomes 10 [1-8].
It has been increasingly known that tumors
with different specific gene fusions may have
slightly different clinical manifestations and
morphologic features [11]. However, data on
the clinicopathologic features of the subtypes
of Xp11 translocation RCC associated with spe-
cific fusion partners are limited, as demonstra-
tion of the fusion partner has typically required
fresh tissue for either cytogenetics or reverse
transcriptase polymerase chain reaction as-
says. In this study, we developed a fluorescence
in situ hybridization (FISH) assay to evaluate a
series of Xp11 translocation RCCs for the pres-
ence of the most common gene fusions ASPL-
TFE3 and PRCC-TFES3.

All 10 Xp11 translocation RCCs displayed mor-
phologic features typical of Xp11 translocation
RCCs. 6 cases demonstrated histology typical
of an ASPL-TFE3-associated neoplasm. 4 cases
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(cases 7-10) demonstrated histology typical of
a PRCC-TFE3-associated neoplasm. Using ne-
wly designed primers, RT-PCR for detecting fu-
sion gene products revealed ASPL-TFE3 fusion
genes in case 1-4 and PRCC-TFE3 fusion genes
in case 7-9. The chimeric ASPL-TFE3 transcrip-
ts were composed of ASPL exon 7 fused with
TFE3 exon 6. Cases 7, 8, and 9 demonstrated
an identical PRCC-TFE3 fusion gene comprising
PRCC exon 1 fused with TFE3 exon 5. The case
10 was failed to be detected for inadequate
RNA.

Although RT-PCR can be used for identifying
the specific gene fusions, it is limited by the
need for special handling techniques and is not
always easy to apply in routine diagnostic prac-
tice [12]. It is reasonable to conclude that a
negative RT-PCR result could be explained by
variable breakpoints, by a new fusion partner
or by low-quality extracted RNA that prevented
the detection of a fusion partner with a long
RT-PCR product [1, 12]. Gene fusion detection
by RT-PCR is still less reliable than detection by
other molecular methods.

In the current study, we developed the ASPL-
TFE3 and PRCC-TFE3 fusion FISH assays to
detect the most common fusion genes of Xp11
translocation RCCs. All 10 Xp11 translocation
RCCs were detected TFE3 fusion genes. Cases
1-6 displayed fusion signals of ASPL-TFE3 and
cases 7-10 demonstrated fusion signals of
PRCC-TFES3. All cases contained a high percent-
age of cells displaying fusion signals for ASPL-
TFE3 (mean, 45%; range, 35% to 60%) and for
PRCC-TFE3 (mean, 45%; range, 35% to 60%).
None of the 21 negative control cases or the
non-neoplastic renal tissues displayed positive
colabeling on the basis of ASPL-TFE3 or PRCC-
TFE3 fusion FISH assays. The sensitivity and
specificity were both 100%. The interphase
FISH assays should enable a more definitive
identification of the ASPL-TFE3 and PRCC-TFE3
fusion gene in archival material and should per-
mit further clinicopathologic investigation of
these tumors.
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