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The value of ASPL-TFE3 dual-color single-fusion FISH
assay in diagnosing alveolar soft part sarcoma
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Abstract: Objectives: To improve the accuracy of the diagnosis of alveolar soft part sarcoma, ASPL-TFE3 dual-color,
single-fusion fluorescence in situ hybridization (FISH) probe was developed, especially for alveolar soft part sarcoma
with atypical morphological features, unfamiliar positions or overlap of its pathological features with other tumors.
Methods: ASPL-TFE3 dual-color, single-fusion FISH probe was invented for the diagnosis of alveolar soft part sarco-
ma. The probe was performed on formalin-fixed, paraffin-embedded tissues from ten alveolar soft part sarcoma, five
granular cell tumors, five rhabdomyosarcoma and five paraganglioma in our hospital. All the cases were restudied,
including pathological morphology and immunohistochemistry, and TFE3 immunohistochemistry and FISH assay
were taken for all the cases. Results: TFE3 Immunohistochemistry was positive in ten alveolar soft part sarcoma
cases and one of paraganglioma. ASPL-TFE3 single-fusion FISH assay was positive in all alveolar soft part sarcoma,
and negative in granular cell tumor, rhabdomyosarcoma and paraganglioma cases. Conclusions: This FISH assay
can precisely detect the ASPL-TFE3 fusion gene, and it can be utilized as a useful adjunct way for the diagnosis of

alveolar soft part sarcoma.
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Introduction

Alveolar soft part sarcoma (ASPS) is a rare,
malignant mesenchymal sarcoma accounting
for less than 1% of all soft tissue tumors, main-
ly affecting children and young adults [1, 2].
Typically, patients with ASPS note a painless,
slowly growing mass. Despite a relatively indo-
lent clinical course, ASPS has a high propensity
for metastasis to lung, bone and brain, which
may precede the detection of the primary tumor
[3, 4]. The prognoses of these patients are
poor, with overall survival rates of 64% at 5
years and 48% at 10 years [5]. Portera et al [6]
found that 5-year disease-free survival rate
was 71% in patients with localized nidus, but
20% in patients with metastases. Treatment
options for ASPS are extremely limited. For
localized diseases, radical resection is the per-
fect treatment. But for metastasizing cases,
ASPS is a generally chemo- and radio-resistant
tumor, with no standardized treatment guide-

line [7-9]. These causations highlight the neces-
sity of an early accurate identification of ASPS.

Up to now, the diagnosis of ASPS mainly relies
on pathologic morphology [10]. Although diag-
nosis is straightforward in classical cases,
ASPS with atypical morphological features may
be difficult to be confirmed solely on the con-
ventional histopathology, especially occurring
in unusual locations [11].

ASPS has a cytogenetic profile involving an
unbalanced der (17) t(X; 17) (p14; g25) translo-
cation, which leads to the fusion of the ASPL
gene and the TFE3 gene. The part of TFE3 gene
is duplicated and then fused to chromosome
17, while the part of ASPL gene lost [12]. Thus,
a genetic approach to confirm TFE3 rearrange-
ment can make a definite diagnosis. Genetic
approaches, including reverse transcription
polymerase chain reaction (RT-PCR), cytogenet-
ic karyotypic analysis and fluorescence in situ
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Figure 1. A: The typical FISH result of ASPS in male: one fusion signal in tumor cell nucleus and a couple of sepa-
rated red and green signals in case 4, 1000x zoom; B: The typical FISH result of ASPS in female: one fusion signal,
one red and two green signals in tumor cell nucleus, case 1, 1000x zoom; C: Part of nucleus had two fusion signals
emerged simultaneously in case 3, 1000x zoom.

Table 1. Clinicpathologic features, TFE3 IHC, ASPL-TFE3 dual-fusion FISH of ASPS

Case No. Age/sex Site CK Vim Des CgA MyoD1 NSE PAS TFE3 FISH
1 8/F Axilla + 4 - ++ ] + -+

2 13/F Crus N N N N ++ +
3 29/M Oxter R + +
4 27/M Retroperitoneum N +/- + . . +
5 30/M Thigh N +/- +/- . N +/- +4 +
6 11/M Thigh N + +
7 30/F Acetabulum +++ + +++ +
8 27/F Lung ++ - ++ +/- ++ +
9 38/M Lung +/- N R Tt +
10 24/F Thigh N . N + +t +

Abbreviations: F, female; M, male; +/-: focal positive; N: did not test this immunohistochemistry.

hybridization (FISH) assay, are available tools to
identify the type of genetic changes in tumor
cells [13]. But fresh tumor tissues are not
always available for RT-PCR, and karyotypic
analysis is confined by availability of viable
tumor cells.

FISH assay is a highly sensitive method for con-
firming the special gene translocation. It has
been reported that FISH assay was used to
diagnose Xpl11.2 renal cell carcinoma, whose
genetic change is similar to ASPS. Herein, we
demonstrate an ASPL-TFE3 dual-color, single-
fusion probe for the diagnosis of ASPS.

Materials and methods
Patients

For this study, we selected all the ASPS cases
that underwent resection in Nanjing Drum
Tower Hospital during 2007 to 2014. All the
formalin-fixed, paraffin-embedded tissues were
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reviewed by two experienced pathologists, and
then ten cases of ASPS were selected for TFE3
immunohistochemistry (IHC) and FISH assay.
Typical cases of five granular cell tumors, five
rhabdomyosarcoma and five paraganglioma
were chose as control groups. The IHC and
FISH results of all the cases were reviewed and
analyzed. This study was approved by the
Institutional Review Board of Nanjing Drum
Tower Hospital.

TFE3 IHC

All the selected cases were underwent the
TFE3 IHC. Four uym paraffin section was pre-
pared for TFE3 IHC. Deparaffinized sections
were subjected to 0.3% H,0, for 10 mins at
room temperature to block endogenous peroxi-
dase activity. The rabbit anti-TFE3 monoclonal
antibody (prediluted, ZSGB-BIO, China) and bio-
tinylated anti-rabbit 1IgG (ZSGB-BIO, China) were
used for TFE3 IHC. This method has been
reported [14].
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Figure 2. A: The typical pathology of ASPS: a clear voluminous cytoplasm and growth in a uniform, organoid nests,
separated by fibrovascular septa, HE staining, 100x zoom; B: Nuclear TFE3 immunostaining of ASPS, showed strong
nuclear TFE3 positivity, 100x zoom.

DNA probe design

Dual-color, single-fusion probe design: The bac-
terial artificial chromosomes (BAC) (Invitrogen,
U.S.A.) which cover more than ASPL gene were
labeled with tetramethylrhodamine-5-dUTP
(Roche, Switzerland) as red fluorescein, includ-
ing RP11-634L10, RP11-51H16, and RP11-
475F12. The X chromosome probe, labeled
with fluorescein-12-dUTP (Roche, Switzerland)
as green fluorescein, consists of CTD-2311N12,
RP11-416B14, CTD-2522M13, CTD-2516D6,
CTD-2312C1, CTD-2248C21, and RP11-959H-
17, covering the entire TFE3 gene.

The probe was composed of purified DNA
labeled with certain fluorochrome, human Cot-1
DNA and hybridization buffer on a proportional
basis.

FISH assay

The process of this study was conventional, of
which the main steps include deparaffinizing,
hybridization, incubation, redyeing. This proce-
dure was performed as previously described
[15].

FISH result was analyzed by two experienced
pathologists in our hospital. During the assess-
ment, they were blinded to the result.

According to the FISH probe design, two typical
signal patterns would be observed. Fusion sig-
nal (yellow or adjacent green-red signal) em-
erged when ASPL-TFE3 fusion gene was exist-
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ed, so the translocation of TFE3 gene and ASPL
gene can be identified. Split green or red signal
was the indication of the location of TFE3 gene
or ASPL gene, respectively. Based on the genet-
ic change in ASPS, one fusion signal is the typi-
cally positive pattern in ASPS (Figure 1A, 1B).
Clear FISH signals must be observed in >100
non-overlapping nucleus. Only the proportion of
single-fusion signal is more than 10% that
emerged in all observed tumor nucleus, posi-
tive result can be identified.

Results

Data regarding the clinic pathologic features,
IHC, ASPL-TFE3 dual-fusion FISH of ASPS in 10
cases of ASPS are summarized in Table 1. Of
the 10 patients, five were male and five female
and median age was 23.7 years (range from 8
to 38). Part of tumors located in limbs, also in
crus, lung or even retroperitoneum.

About pathologic morphology of these ten
ASPS, seven of them grew in typical alveolar or
nest pattern, surrounded by fibrovascular septa
(Figure 2A). Periodic acid-Schiff (PAS) stain was
relatively specific for the diagnosis of ASPS. In
the retrospective analysis of our patients, PAS
was positive in most ASPS, but two of them
were only focal positive. The pathological diag-
noses of three patients (case 3, 4 and 8) were
uncertain. Their morphology was indiscriminate
from paraganglioma, and case 4 was confused
with clear cell renal cell carcinoma. After all of
the IHC had finished, these three cases were
diagnosed as ASPS. However, because of atypi-
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cal histological characteristics and confused
IHC results, paraganglioma still couldn’t be
eliminated in case 8.

A total of twenty-five cases were evaluated for
TFE3 IHC and FISH assay. For TFE3 IHC, all the
ASPS and one of the five granular cell tumors
were positive in TFE3 IHC (Figure 2B), but part
of ASPS were slight to moderate positive. For
FISH assay, the ASPS, including case 8, were all
positive, with the others negative.

Discussion

In recent years, ASPS has attracted broad
attention of clinicians and pathologists, owing
to its unique histopathological features and
unpredictable clinical manifestation. The most
common onset age is 15 to 35 years old [2].
According to large series, as many as 60% of
ASPS cases are seen in women [3], while our
cases are composed of five male and five
female patients. There is a wide variety in loca-
tion, primarily occurring in the deep soft tissues
of lower extremities, with a smaller number of
cases at other soft-tissue locations such as the
uterine cervix, axilla, retroperitoneal tissue,
bone [3, 16]. When presented at these unusual
sites, untypical ASPS may significantly cause
diagnostic confusions. In our series, three
cases locate in the thigh, two in the lung, two in
the axilla and the other three cases’ sites are
acetabulum, crus and retroperitoneal tissue,
respectively.

ASPS is characterized by uniform, organoid
nests of polygonal tumor cells, separated by
fibrovascular septa and delicate capillary-sized
vascular channels [11]. So diagnosis of ASPS is
usually straightforward by characteristic histol-
ogy, but can be challenging when presenting at
unusual sites or with atypical histological fea-
tures. Such as in infants and children, the
tumor may show a diffuse growth pattern with-
out nested architecture or intervening vascular
channels [17]. And furthermore, ASPS’ histo-
logical features can be mimicked by a number
of more common tumors such as granular cell
tumor, rhabdomyosarcoma, paraganglioma
and metastatic clear cell renal cell carcinoma
[10].

Moreover, IHC is a useful tool for the diagnosis.
In ASPS, cytological features include PAS+ crys-
talline cytoplasmic inclusions. But the typical
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cytoplasmic crystals are observed only in 22%
to 80% of ASPS cases [18]. TFE3 IHC, identify-
ing the carboxy terminal portion of the TFE3
protein, can develop strong nuclear staining in
tumors with chromosome translocations involv-
ing the TFE3 gene. Because of its high sensitiv-
ity and specificity, TFE3 IHC has been used as
an efficient auxiliary diagnostic method. How-
ever, TFE3 reactivity by IHC is not entirely spe-
cific, because it can be observed in some non-
ASPS tumors, such as adrenal cortical carcino-
ma, granular cell tumor, Xp11.2 translocation
renal cell carcinoma, perivascular epithelioid
cell neoplasm [19, 20], which indicates that
TFE3-positive findings do not always result in a
confirmed diagnosis. Besides, a negative result
cannot finally rule out ASPS. And TFE3 IHC has
not rarely accompanied with strong background
stain, or even with false positive and negative
results, which will interfere with the diagnosis
[19]. In our study, three cases show strong posi-
tive in TFE3 IHC, but the other seven ASPS
cases are moderate and weak positive. Es-
pecially for weak positive result, misjudgment
or false positive will be presented in many
cases. Hence, further tests are necessary to
consolidate the IHC results to obtain more
accurate diagnosis.

Genetically, translocation of chromosomes X
and 17 resulting in ASPL-TFE3 fusion was
reported in a balanced form in Xp11.2 renal
cell carcinoma and in an unbalanced form in
ASPS [21]. The TFE3 break-apart and fusion
FISH assays have been proven to be effective
tools for the diagnosis of Xp11.2 renal cell car-
cinoma [21-23]. The novel ASPL-TFE3 fusion
probe was designed for Xpl1.2 translocation
RCC firstly, emerging dual-fusion signal [15].
For ASPS, the break-apart probe is unable to
identify the fusion partner with this gene, but
fusion signal pattern would occur when ASPS is
detected by the ASPL-TFE3 single-fusion FISH
assay, verifying the formation of ASPL-TFE3
fusion gene. According to the distinctive design,
BACs cover the entire ASPL and TFE3 gene, and
two fusion signals emerge in tissue with recip-
rocal translocation of ASPL gene and TFE3
gene, but the single fusion signal signify non-
reciprocal translocation. This fusion probe can
accurately distinguish the balanced and unbal-
anced translocation of the TFE3 gene.

More in-depth studies found that translocation
of ASPS is present as type 1 and 2 variants,
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involving the fusion of the 1-7 exons of the ASPL
gene to TFE3 exon 6 in type 1 and to exon 5 in
type 2 transcripts (GenBank NM_006521) [12].
Williams showed no differences in terms of clin-
ical setting, morphology or behavior correlating
to the fusion transcript types [20].

In our study, specific single-fusion signals were
observed in ASPS, and the ratio was conformed
to the diagnostic criteria, so the FISH assay can
be a useful tool to the diagnosis of ASPS. But
during the analysis the results, part of nucleus
in ASPS emerged two fusion signals simultane-
ously. The ratio of this phenomenon was sel-
dom but need to pay attention (Figure 1C). And
minority ASPS cases with balance TFE3 trans-
location had been reported [12, 20, 24]. We
need additional study, such as PCR or gene
sequencing, to identify these phenomena. The
relevant works are prepared in our laboratory.

In conclusion, we have performed the ASPL-
TFE3 dual-color, single-fusion probe to identify
ASPL-TFE3 gene fusion in formalin-fixed, paraf-
fin-embedded ASPS tissues. Besides, these
FISH assays are also adjunctive and powerful
tools to clarify a diagnosis of ASPL-TFE3 renal
cell carcinoma, perivascular epithelioid cell
tumors (PEComas) and other ASPL-TFE3-as-
sociated neoplasms.
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