
Immunohistochemical Discrimination Between the
ASPL-TFE3 Fusion Proteins of Alveolar Soft Part Sarcoma

David T. Vistica, PhD,* Paula M. Krosky, PhD,w Susan Kenney, BS,* Mark Raffeld, MD,z
and Robert H. Shoemaker, PhD*

Summary: Alveolar soft part sarcoma (ASPS), a rare soft tissue
sarcoma, is characterized by a chromosomal translocation
der(17)t(X;17)(p11;q25) resulting in the production of 2 fusion
proteins encoded by regions of the genes for alveolar soft part
locus (ASPL) and the transcription factor E3 (TFE3). In this
study, polyclonal antibodies were generated to 25 mer peptides
encompassing the junctional regions of ASPL-TFE3 type 1 and
ASPL-TFE3 type 2. The specificity of the a!nity purified
antibodies for the synthetic peptides and recombinant expressed
ASPL-TFE3 type 1 and ASPL-TFE3 type 2 proteins was
evaluated by enzyme-linked immunosorbent assay and was
highly fusion type specific. Immunohistochemical staining of
formalin-fixed, para!n-embedded ASPS tumors with the
fusion-specific antibodies resulted in intense nuclear staining
and di"erentiation between tumors that express the type 1
protein and tumors that express the type 2 protein. These
antibodies will be useful for the di"erential diagnosis of type 1
and type 2 ASPS and also in the detection of the fusion proteins
in biochemical and cell biologic investigations.
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A lveolar soft part sarcoma (ASPS) is a rare neoplasm,
constituting less than 1% of all soft tissue sarcomas.

Originally described in 1952,1 this tumor is found

primarily in adolescents and young children. ASPS
exhibits a highly characteristic histopathology, which is
the basis for clinical diagnosis. Most notable are the
alveolar architecture and the presence of cytoplasmic
rhomboid crystals and granules that stain with periodic
acid-Schi" (PAS) reagent and are resistant to digestion
with diastase.2 ASPS characteristically exhibits a
nonreciprocal chromosomal translocation, der(17)t(X;17)
(p11;q25),3 and seminal work by Ladanyi and coworkers4

indicated that this translocation fuses the N-terminal
region of the alveolar soft part locus (ASPL) gene, located
at 17q25, to the C-terminal region of the transcription
factor E3 (TFE3), located at Xp11. Two alternative
fusion junctions have been observed resulting in the
expression of 2 distinct fusion transcripts, ASPL-TFE3
type 1 and type 2, and their respective proteins. The type
2 protein retains the primary TFE3 activation domain
encoded by exon 5, whereas this domain has been lost in
the type 1 protein. One consequence of the ASPL-TFE3
gene fusion is increased nuclear reactivity to antibodies
directed against TFE3, which suggests overexpression of
the fusion protein relative to normal levels of TFE3.5 This
result, however, provides no insight into potential
di"erences in the pathobiologic e"ects of the 2 forms of
the fusion protein. At the present time, it remains unclear
whether di"erent biologic and/or clinical consequences
are associated with the 2 ASPL-TFE3 fusion proteins.
Historically, generation of antibodies for immunocyto-
chemical detection of junctional epitopes of chimeric
proteins produced as a result of chromosomal transloca-
tions has proved to be exceedingly di!cult.6 Nonetheless,
in an e"ort to develop reagents that allow detection and
di"erentiation between ASPL-TFE3 type 1 and ASPL-
TFE3 type 2 fusion proteins, we sought to develop
antibodies against 25 mer peptides homologous to the
ASPL-TFE3 fusion domains. Presently, we report that
the resulting antibodies are able to discriminate between
synthetic ASPL-TFE3 type 1 and type 2 fusion peptides,
recombinant ASPL-TFE3 fusion proteins and the 2
fusion proteins in formalin-fixed, para!n-embedded
ASPS tumor tissue.

MATERIALS AND METHODS

ASPS Tumor Acquisition and RNA Preparation
ASPS tumors were obtained from surgery following

informed consent under NCI clinical research protocol
05-C-N138. A representative tumor sample (0.5 to 1.0 cm)Copyright r 2008 by Lippincott Williams & Wilkins
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was fixed in bu"ered 10% formalin for confirmatory
histopathology including hematoxylin and eosin, PAS/
diastase, and immunohistochemical staining for TFE3
(sc-5958, Santa Cruz Biotechnology, Santa Cruz, CA). A
portion of tumor tissue was immediately placed in
RNAlater solution (Ambion, Austin, TX), stored at 41C
and subsequently total RNA was isolated using the
RNeasy Fibrous Midi Kit (Qiagen, Valencia, CA)
according to the manufacturer’s instructions. The con-
centration of RNA was determined on a Nanodrop
spectrophotometer, and the A260/A280 values were
greater than 1.9. The integrity and size distribution of
RNA were evaluated on 1% denaturing NuSieve agarose
gels (Cambridge, Rockland, ME) followed by ethidium
bromide staining.

Reverse Transcription/Polymerase Chain
Reaction Detection of ASPL-TFE3 Type 1
and Type 2 Fusion Transcripts

Reverse transcription was performed using the
Superscript First Strand Synthesis system (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instruc-
tions. Briefly, total RNA (1 mg) was denatured and
annealed to random hexamers before the addition of
RT bu"er, MgCl2, dithiothreitol, an RNAse inhibitor,
and reverse transcriptase. Elongation was performed at
421C for 30 minutes, followed by inactivation of the reverse
transcriptase at 991C for 5 minutes. A negative control
of diethylpyro carbonate-treated water and a positive
control of total HeLa RNA were included in each
experiment. The resulting cDNAs were diluted with a
polymerase chain reaction (PCR) mastermix that in-
cluded PCR bu"er, MgCl2, dNTPs, primers (1.5 mM
each), and Taq DNA polymerase. PCR consisted of 40
cycles of 951C/60 seconds, 601C/60 seconds, and 721C/60
seconds, followed by a final extension at 721C for 10
minutes. The PCR products were electrophoresed in 2%
NuSieve agarose gel (Cambrex, Rockland, ME) and
stained with ethidium bromide. ASPL-TFE3 fusion
transcripts were detected using a forward primer corre-
sponding to nt 548 to 569 of ASPL (AAAG AAGT
CCAA GTCGG GCCA) and a reverse primer corre-
sponding to nt 972 to 993 in exon 4 of TFE3 (CGTT
TGAT GTTG GGCA GCTCA)4 (Integrated DNA
Technologies Inc, Coralville, IA). Plasmids encoding
ASPL-TFE3 type 1 and ASPL-TFE3 type 2 were kindly
provided by Dr Marc Ladanyi, Memorial Sloan Kettering
Cancer Center and were used as positive controls.
Expected fragment sizes were 195 bp for ASPL-TFE3
type 1 and 300 bp for ASPL-TFE3 type 2.

Antibody Preparation
Polyclonal antibodies were raised in rabbits against

a 25 mer fusion peptide comprised of amino acids 302 to
311 (DPQQEQERER) of ASPL protein and either amino
acids 296 to 310 (LPVSGNLLDVYSSQG) (ASPL-TFE3,
type 1) or amino acids 261 to 275 (IDDVIDEIISLESSY)
(ASPL-TFE3, type 2) of TFE3 (Invitrogen). Antibodies
were a!nity purified and used at a dilution of 1:5000 to

10,000 for tissue staining. Antibody to TFE3, prepared in
goats, was obtained from Santa Cruz Biotechnology (sc-
5958) and was also used at a dilution of 1:5000 to 10,000.

Immunohistochemical Staining
Tissue sections, 4-mm a!xed to glass slides, were

depara!nized and treated for 15 minutes in methanol
containing 0.6% H2O2followed by 1mM ethylene dia-
mine tetraacetic acid (pH 8.0) in a microwave vacuum
histoprocessor (RHS-1; Milestone, Italy). The tempera-
ture was gradually increased to 1001C over 10 minutes
and maintained at 1001C for an additional 10 minutes.
Sections were cooled, rinsed sequentially in H2O and
phosphate-bu"ered saline (PBS) for 10 minutes each, and
blocked with 10% normal rabbit serum (TFE3 antibody)
or 2% serum (ASPL-TFE3 type 1 and 2 antibodies) in
PBS for 20 minutes. Primary antibody, used at a dilution
of 1:5000 to 10,000 in PBS containing 0.1% bovine serum
albumin (BSA), was overlayed onto the tissue sections
overnight at 41C. Sections were rinsed in PBS for 10
minutes and incubated with biotinylated secondary anti-
body (antigoat for TFE3 and antirabbit for ASPL-TFE3
type 1 and ASPL-TFE3 type 2 fusion proteins) in PBS
containing 1.5% normal serum for 30 minutes. Sections
were rinsed in PBS for 10 minutes and processed using the
Vectastain Elite ABC kit (Vector Laboratories, Burlin-
game, CA) according to the manufacturer’s instructions.

Cloning, Expression, and Purification
of Recombinant Proteins

TFE3, ASPL-TFE3 type 1, and ASPL-TFE3 type 2
genes were subcloned by PCR from plasmids kindly
provided by Dr Marc Ladanyi, Memorial Sloan Kettering
Cancer Center. Fragments were first amplified for 5 cycles
using 200 nM each of primers L1339 and L1341 (for
TFE3) or L1340 and L1341 (for ASPL-TFE3 fusions)
(for sequences, see below). After this, 200 nM of adapter
primer L907 was added, and amplification was continued
for 15 cycles. PCR was carried out using Platinum Taq
HiFidelity (Invitrogen) under standard conditions using a
2-minute extension time. The final PCR products contain
the genes of interest flanked on the 50 side with a Gateway
attB1 site and Tobacco Etch Virus protease cleavage site.
The 30 side contains a Gateway attB2 site. The PCR
products were purified using the QiaQuick PCR purifica-
tion kit (Qiagen) and recombined into pDonr223 using
the Gateway BP recombination reaction (Invitrogen) and
the manufacturer’s protocols. pDonr223 is a modified
version of pDonr201 (Invitrogen) in which the kanamycin
resistance gene was replaced with a gene encoding
spectinomycin resistance and several additional sequen-
cing primer sites were added to aid in sequence verifica-
tion of entry clones. The resulting entry clones were
completely sequence verified, and selected entry vectors
were transferred to pDest544 using Gateway LR Clonase
(Invitrogen). Final expression clones encode proteins of
the form His6-NusA-B1-tev-TFE-stop. The expression
plasmids were transfected into Escherichia coli Rosetta
(DE3) (Novagen, Madison, WI), and overnight cultures
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were diluted 1:20 in Super Broth (Quality Biological Inc,
Gaithersburg, MD) with 100mg/mL of ampicillin (Sigma),
grown to ODB0.5, and induced with 0.5mM of
isopropylthioglactoside (Sigma) for 4 hours at 201C.
Cells pellets were resuspended in BugBuster (Novagen)
with complete protease inhibitors (Roche Applied
Science, Indianapolis, IN) and stored at " 801C. Thawed
lysates were sonicated to reduce viscosity and brought to
500mM of NaCl and 45mM of imidazole. The lysates
were clarified at 50,000# g for 20 minutes and loaded
onto HisTrap FF crude columns (GE Biosciences,
Piscataway, NJ). The columns were washed with 5
volumes of 50mM Tris, pH 8.0, 500mM of NaCl, and
60mM of imidazole, and protein was eluted with a
gradient of the same bu"er to 500mM imidazole. Selected
fractions were pooled, diluted to 300mM of NaCl with
50mM Tris, pH 8.0 with 0.01% Brij-35 (Bu"er A), bound
to a HiTrap heparin HP column (GE Biosciences), and
eluted with a gradient to 1M of NaCl in Bu"er A.
Selected fractions were pooled, diluted to 250mM of
NaCl with Bu"er A, mixed with Tobacco Etch Virus
(Invitrogen, Carlsbad, CA) and 0.5mM of dithiothreitol,
and cleaved overnight at room temperature. The linker
between the fusion tag and the gene of interest consists of
the amino acid sequence ENLYFQG, which is cleaved by
Tev protease between the Q and G residues to leave only
a single glycine at the amino terminus of the protein of
interest.

Residual fusion protein, NusA tag, and protease
were removed with a second His-Trap column. Purified
protein, located in the flow through, was quantified with
the BioRad protein assay, aliquoted, and stored at " 801.

The following oligonucleotides (Operon Inc) were
used in this study:

L1339: 50GGCGAAAACCTGTACTTCCAAGGCA
TGTCTCATGCGGCCGAACCAGCTCGGG
L1340: 50GGCGAAAACCTGTACTTCCAAGGCA
TGGCGGCCCCGGCAGGCGGCGGAGGCT
L1341: 50-GGGGACAACTTTGTACAAGAAAGTT
GGCTAGGACTCCTCTTCC
L907: 50-GGGGACAACTTTGTACAAAAAAGTT
GGCGAAAACCTGTACTTCCAAGGC

Quantification of Antibody Affinity
Selected antigens (100 mL containing 0.05, 0.1, 0.25,

0.50, or 1.0 pMol) were added to 96-well EIA/RIA flat
bottom Elisa plates (Corning/Costar, Corning, NY) and
incubated at 41C overnight in a humidified atmosphere.
Six replicate wells were used for each concentration of
peptide, protein, and antibody. Plates were washed 5
times for 1 minute each with 200 mL/well PBS containing
0.05% Tween-20, blocked by addition of 200 mL/well 1%
BSA in PBS at 371C for 60 minutes and then washed as
before. Primary antibody was diluted in PBS with 1%
BSA (1:100, 1:500, 1:1000, 1:5000, and 1:10,000), the
dilutions were added to the plates (100 mL/well), and
the plates were incubated at 371C for 60 minutes and
washed. Goat antirabbit IgG conjugated with Horseradish

Peroxidase (Santa Cruz, Santa Cruz, CA) was diluted
1:1000 in PBS containing 1% BSA, an aliquot was added
to each well (100 mL) and the plates were incubated for 60
minutes at 371C and washed. Peroxidase substrate was
prepared in 0.1M of Na2HPO4/0.1M of sodium citrate
(pH 5) by addition of 4mg O phenylenediamine to 10mL
bu"er followed by 3.3 mL 30% H2O2. The substrate
solution was added to wells (100 mL/well) and A405 nm
read at intervals of 2.5 minutes for 60 minutes on a Bio
Tek EL# 800 plate reader (Bio-Tek Instruments Inc,
Winooski, VT).

Nonlinear Analysis of Binding Data
Enzyme-linked immunosorbent assay (ELISA) data

from each of the 6 replicate wells were fitted to an
exponential nonlinear model using Statistical Analysis
Software Nonlinear:

Optical density ðodÞ ¼ BþAð1" e"atÞ:
The derivative with respect to time was evaluated at

t=0 (A# a) and provided an estimate of initial velocity
of the reaction. These estimates were modeled via the The
Michaelis-Menton (M-M) equation as a function of
peptide or protein concentration:

Initial velocity ¼

Vmax ½concentration=ðKmþ concentrationÞ):
The 2 parameters were estimated using Statistical

Analysis Software Nonlinear and a separate fit for each
antibody concentration was carried out to check for the
consistency of the estimates of the parameter Km. An
overall estimate of Km was made by pooling the data over
antibody concentrations.

RESULTS

Antibody Specificity for ASPL-TFE3 Type 1
and ASPL-TFE3 Type 2 Fusion Peptides
and Recombinant Proteins

The nonreciprocal chromosomal translocation
der(17)t(X;17)(p11;q25), which is characteristic of ASPS,
results in the expression of 1 of 2 fusion proteins that
include the N-terminal 311 amino acids of ASPL and
variable regions from the C-terminus of the TFE3. ASPL-
TFE3 type 1 retains aa 295 to 575 of TFE3 and the
slightly longer ASPL-TFE3 type 2 retains aa 260 to 575
from TFE3. In an attempt to immunologically di"erenti-
ate between these 2 fusion proteins, we synthesized 25 mer
peptides encompassing the ASPL-TFE3 fusion junctions
(Fig. 1). The 2 peptides shared an amino terminal 10
residues (aa 302 to 311 from ASPL) and di"ered in the
residues derived from TFE3 (aa 296 to 310 for the type 1
peptide and aa 261 to 275 for the type 2 peptide). Two
rabbits were immunized with each peptide, and the
collected sera were a!nity purified using the respective
peptides. However, it was not clear if these antibodies
would recognize their respective epitopes within the
context of folded, full length proteins or if they could
di"erentiate between the 2 variants of ASPL-TFE3,
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which have identical ASPL-derived N-terminal sequences.
An ELISA was developed and used to measure the
relative a!nity of each antibody for the synthetic
peptides. Each of the 2 antibodies was tested against the
2 synthetic peptides, and each antibody bound exclusively
to its ‘‘matched peptide’’ (Table 1). No cross-reactivity
was observed. Nonlinear analysis of the data generated a
Km of 11.3 nM for the type 1 interaction and a Km of
1.6 nM for the type 2 interaction. Thus, both antibodies
were highly specific, and the ASPL-TFE3 type 2 antibody
exhibited a 7-fold greater a!nity for its respective
matched peptide than did the type 1 antibody.

The ELISA was also used to examine antibody
binding, specificity, and a!nity to recombinantly ex-
pressed ASPL-TFE3 type 1 and ASPL-TFE3 type 2
proteins. The ASPL-TFE3 type 2 antibodies recognized
only the ASPL-TFE3 type 2 protein with a Km of
1.35 nM, a value similar to the Km observed for the
interaction between this antibody and the type 2 peptide.
The ASPL-TFE3 type 1 antibody recognized both ASPL-
TFE3 type 1 and 2 proteins but had substantially greater
a!nity (12.5-fold) for the ASPL-TFE3 type 1 recombi-

nant protein. Figure 2 illustrates the comparative
specificity of both antibodies for ASPL-TFE3 type 1
and ASPL-TFE3 type 2 recombinant proteins.

Immunohistochemical Staining of ASPL-TFE3
Type 1 and ASPL-TFE3 Type 2 ASPS Tumors

The specificity of the ASPL-TFE3 type 1 and 2
antibodies was examined in representative formalin-fixed,
para!n-embedded ASPS tumors. Both type 1 and type 2
ASPS tumors exhibited characteristic histology consisting
of organoid nests of cells, PAS positive/diastase resistant
stained regions (Figs. 3A, 4A), and intense nuclear
staining with an antibody raised against a C-terminal
portion of TFE3, which is present in both type 1 and type
2 tumors (Figs. 3C, 4C). Tumors were classified as ASPL-
TFE3 type 1 (Fig. 3) or ASPL-TFE3 type 2 (Fig. 4) by
reverse transcription-PCR (RT-PCR) detection of ASPL-
TFE3 type 1 or type 2 fusion transcript (panel B). Twelve
cases were studied by immunohistochemistry and
included 4 ASPL-TFE3 type 1 and 8 ASPL-TFE3 type
2 tumors as determined by RT-PCR. In addition, tumor
samples from 2 of the type 1 and 2 of the type 2 cases were
obtained from subsequent resection of tumor thus
yielding 16 total tumor samples for analysis. Sections
from these tumors were stained with the antibodies to the
ASPL-TFE3 type 1 and type 2 peptides and di"erentia-
tion was readily observed between the tumor and stromal
cells and between type 1 and type 2 ASPS tumors (panels
D, E). All 4 of the type 1 cases and all 8 of the type 2 cases
stain specifically with their respective antibody. The
ASPL-TFE3 type 2 antibody was highly specific for the
ASPL-TFE3 type 2 cases, and showed no cross-reaction
with the ASPL-TFE3 type 1 cases. Although the ASPL-
TFE3 type 1 antibody strongly stained the nuclei of
ASPL-TFE3 type 1 cases, it also showed weak nuclear
staining in of ASPL-TFE3 type 2 cases, paralleling the
cross-reaction seen in the ELISA study. Nonetheless

FIGURE 1. Amino acid sequences of ASPL-TFE3 type 1 and
ASPL-TFE3 type 2 fusion peptides. ASPL-TFE3 type 1 peptide is
comprised of aa 302 to 311 of ASPL and aa 296 to 310 of
TFE3. ASPL-TFE3 type 2 peptide consists of aa 302 to 311 of
ASPL and aa 261 to 275 of TFE3.
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FIGURE 2. Specificity of ASPL-TFE3 type 1 and ASPL-TFE3 type
2 antibodies for ASPL-TFE3 type 1 and ASPL-TFE3 type 2
recombinant proteins. Selected concentrations of antigen
were bound to EIA/RIA plates, exposed to listed antibodies,
and developed with colorimetric reagents. Absorbance was
read every 2.5 minutes for 60 minutes and replicate wells
(n = 6) were averaged.

TABLE 1. Affinity of ASPL-TFE3 Type 1 and ASPL-TFE3 Type 2
Antibodies for ASPL-TFE3 Fusion Peptides and Proteins

Antibody Km, nM (SE) 1/Km

ASPL-TFE3 fusion peptide
Type 1 Type 1 11.30 (1.9) 0.09
Type 1 Type 2 * *
Type 2 Type 2 1.60 (0.34) 0.63
Type 2 Type 1 * *

ASPL-TFE3 recombinant protein
Type 1 Type 1 0.50 (0.12) 2.0
Type 1 Type 2 * *
Type 2 Type 2 1.35 (0.24) 0.73
Type 2 Type 1 6.30 (2.5) 0.16

Km values were derived from ELISA quantification as described in Methods.
*Indicates no observable reaction.
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combined use of these 2 antibodies allowed easy
identification of type 1 and type 2 cases.

DISCUSSION
The present investigation was undertaken to devel-

op antibodies that allow detection of and discrimination
between the 2 ASPL-TFE3 fusion proteins, resulting from
the der(17)t(X;17)(p11;q25) chromosomal translocations
associated with ASPS3 and this was achieved. ELISA
analysis of binding to synthetic peptides and recombinant
proteins and immunohistochemical staining of formalin-
fixed, para!n-embedded ASPS tumor tissue support this
conclusion. Reports of antibodies against junctional
epitopes of proteins produced as a result of chromosomal
translocations have been rare.6 The di!culty of produ-
cing antibodies that recognize junctional epitopes within

chimeric proteins can be attributed to several issues,
including a potential lack of immunogenicity of the
peptide sequence and potential di"erences in tertiary
structure between immunogen peptides and full length
proteins. These limitations can result in either a lack of
recognition of the junctional epitope or a reduced a!nity
for the epitope. The first successful antibody to a fusion
protein junction to be described targeted the E2A/pbx 1
fusion protein of the t(1;19)(q23;p13.3) translocation
found in acute lymphoblastic leukemia.7 A recent
publication8 reported the generation of monoclonal
antibodies against 2 fusion proteins, TLS-CHOP and
EWS-CHOP, which result from chromosomal transloca-
tions associated with myxoid and round cell liposar-
comas, respectively. Emerging data indicate that the 2
ASPL-TFE3 fusion proteins function as aberrant tran-
scription factors activating MET signaling9 and likely

A B

C D

E F

FIGURE 3. Histology, molecular classifi-
cation, and immunohistochemistry of
type 1 ASPS. All antibodies were used at
a concentration of 1:10,000. A, PAS/
diastase. B, ASPL-TFE3 fusion transcript.
C, TFE3 antibody. D, ASPL-TFE3 type 1
antibody. E, ASPL-TFE3 type 2 antibody.
F, Negative control for ASPL-TFE3 type 1
antibody.
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other important signal transduction pathways. It remains
unclear whether di"erent biologic consequences are
associated with the 2 ASPL-TFE3 fusions. In contrast
to the as yet undefined role of the 2 ASPL-TFE3 fusion
proteins in ASPS, the PRCC-TFE3 fusion proteins
associated with papillary renal carcinoma have been
shown to have transforming potential.10 Recently Mathur
and Samuels11 showed that the PSF-TFE3 fusion could
transform 3T3 cells and act as a functional transcription
factor. Indeed fusions of TFE3 with yet additional genes
are associated with renal cancers12–14 and supports the
notion that aberrant transcription mediated by the TFE3
constituent of the fusion protein plays a key role in the
pathogenesis of these tumors.

The antibodies described here, which recognize the
ASPL-TFE3 type 1 and ASPL-TFE3 type 2 fusions,
allow immunologic di"erentiation between and therefore

facile diagnosis of type 1 and type 2 ASPS. The
observation that the entire tumor cell population seems
to express a fusion protein provides further evidence for
a key role in the pathogenesis of ASPS. It remains to
be determined whether the di"erences in the 2 fusion
proteins confer di"erent biologic consequences. Because
the ASPL-TFE3 type 2 fusion protein contains a larger
contribution from TFE3, including the activation do-
main, the biologic consequences of binding to its cognate
DNA sequence may be di"erent than that of the ASPL-
TFE3 type 1 fusion protein. Elimination of this domain
from the native TFE3 gene confers a dominant negative
phenotype.15 Such a radical phenotype seems not to be
associated with the ASPL-TFE3 type 1 fusion protein.
The presence or absence of sites of posttranslational
modifications could also result in functional di"erences
between the proteins. Sumoylation has been shown to be

ASPL-TFE3 type 2
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FIGURE 4. Histology, molecular classifi-
cation, and immunohistochemistry of
type 2 ASPS. A, PAS/diastase. B, ASPL-
TFE3 fusion transcript. C, TFE3 antibody.
D, ASPL-TFE3 type 1 antibody. E, ASPL-
TFE3 type 2 antibody. F, Negative control
for ASPL-TFE3 type 2 antibody.
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an important feature of TFE3 and the related transcrip-
tion factors MITF and TFEB with which it can
heterodimerize.16 Recent studies have provided additional
information regarding the molecular mechanisms by
which TFE3 can a"ect control of cellular growth. Nijman
et al17 conducted a functional genetic screen, which
revealed that TFE3 regulates cyclin E expression in an
E2F dependent manner. The importance of adjacent E2F
sites in promoters for transcriptional activation by the
various TFE3 fusions remains to be established. Likewise,
the relative ability of the fusion proteins to bind TFE3
partners such as lymphoid enhancer binding factor 1,18 is
unknown and could contribute to di"erences in the
biologic behavior of the respective tumors. Given the very
small number of ASPS tumors that have been character-
ized for fusion type to date and their heterogeneous
presentation, it is not surprising that prognostic signifi-
cance has not yet been recognized. Study of additional
cases using molecular and immunohistochemical methods
may support this in the future and contribute to the
development of additional insight into the molecular
interactions of these fusion proteins and suggest avenues
for therapeutic intervention.
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