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Validation of potential therapeutic targets in alveolar soft part sarcoma: an
immunohistochemical study utilizing tissue microarray

Aims: The molecular signature of alveolar soft part
sarcoma (ASPS) is a specific der(17)t(X;17)(p11.2;q25)
translocation, resulting in a chimeric transcription
factor (ASPSCR1–TFE3). When this disease is no longer
amenable to surgical curative intervention, uniformly
efficacious therapies are lacking. The aim of this study
was to evaluate the expression of potential molecular
therapeutic targets in a cohort of ASPS tumour samples.
Methods and results: Immunohistochemical analysis for
hepatocyte growth factor, c-Met, phosphorylated
c-Met, phosphorylated AKT, phosphorylated MEK,
epidermal growth factor receptor (EGFR), vascular
endothelial growth factor (VEGF), p53 and vimentin
was performed on an ASPS tissue microarray, yielding
complete data from 26 tumours. Activation of c-Met

and its downstream effectors was noted, whereas only
limited EGFR expression was seen. VEGF was expressed
to varying degrees. Only one sample exhibited strong
nuclear p53 expression, while 10 expressed low levels.
Vimentin expression was negative in the vast majority
of samples (96%).
Conclusions: There is a crucial need for better anti-ASPS
therapies. Activated c-Met and the phosphorylation of
its downstream effectors validate an intact signalling
cascade probably induced by the ASPSCR1–TFE3
chimeric transcription factor. The angiogenic pheno-
type of these tumours is supported by increased
angiogenic factor expression. Combination therapies
targeting both tumour cells and angiogenesis merit
further investigation.
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Abbreviations: ASPS, alveolar soft part sarcoma; EGFR, epidermal growth factor receptor; HGF, hepatocyte growth
factor; TMA, tissue microarray; UTMDACC, University of Texas M. D. Anderson Cancer Center; VEGF, vascular
endothelial growth factor receptor.

Introduction

Alveolar soft part sarcoma (ASPS) is an uncommon
soft tissue sarcoma of uncertain differentiation first

described in 1952.1,2 It presents in younger patients,
often in the extremities.3,4 Despite relatively high rates
of metastasis, patients often experience prolonged
survival in the metastatic setting relative to other
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sarcomas, but most will ultimately succumb to
disease.5,6 Whereas surgery, even in the setting of
metastatic disease, can improve outcomes, traditional
cytotoxic chemotherapy and ⁄ or radiotherapy confer
no significant survival advantage; there exists a need
for novel therapeutic interventions to improve disease
outcome.5,7 The approach to cancer therapy has
recently undergone shifts from non-specific cytotoxic
agents towards utilization of molecularly targeted
treatments. This personalized tumour-specific
approach requires identification of tumour type-related
‘oncogenic addiction ⁄ s’; i.e. molecular aberrations
essential for tumour maintenance and progression.8,9

To make progress in ASPS management it is crucial to
identify commonly expressed deregulated targets
that are amenable to pharmaceutical inhibition. Tradi-
tional pathology techniques such as immunohisto-
chemistry are integral to this discovery and validation
process.

The hallmark of ASPS is a chromosomal rearrange-
ment at 17q25 and Xp11.2 engendering an
ASPSCR1–TFE3 fusion gene responsible for an aber-
rant transcription factor presumably enabling patho-
genesis.10 This aberrant chimeric transcription factor
retains the N-terminal DNA binding domain encoded
by TFE3 while the ASPSCR1 encoded portion proba-
bly provides domain(s) modulating gene expression.10

The presence of this ‘super-activated’ transcription
factor may induce the expression of numerous mol-
ecules contributing to ASPS progression and metasta-
sis. Several such proteins have been identified (e.g. c-
Met) that might serve as unique anti-ASPS therapeu-
tic targets. Histologically, ASPS has a distinctive
angiogenic phenotype with prominent capillary ves-
sels surrounding individual, often pseudoalveolar,
tumour nests. Gene expression profiling of ASPS
demonstrates an array of potentially therapeutically
targetable angiogenic factors,11,12 a promising anti-
cancer strategy that has established efficacy in several
tumour systems.13,14

These initial insights into ASPS biology are essen-
tial in developing novel therapeutics. To amplify these
observations, it is important to validate the expres-
sion of candidate, clinically relevant ASPS therapeutic
targets. Although target presence does not guarantee
therapeutic efficacy, lack of target expression strongly
implies minimal therapeutic effect. A major limitation
in ASPS research is the rarity of this tumour, making
access to human specimens difficult. We have
recently constructed a focused ASPS tissue micro-
array (TMA); utilizing this unique bioresource,
the expression of potential targets in ASPS was
evaluated.

Materials and methods

asps tma

Institutional review board approval was obtained from
The University of Texas M. D. Anderson Cancer Center
(UTMDACC). Eighty-two ASPS patients seen at UTM-
DACC between 1986 and 2005 were identified; 33 had
formalin-fixed paraffin-embedded tumour available (17
primary and 16 metastatic ASPS). These materials
were used to construct a TMA as previously de-
scribed.11 Sections (4 lm) were cut, and standard
haematoxylin and eosin-stained slides were examined
to verify viable tumour presence.

immunohistochemistry

Commercially available antibodies against hepatocyte
growth factor (HGF) (affinity-purified polyclonal sf21,
dilution 1:5; R&D Systems, Minneapolis, MN, USA),
c-Met (polyclonal c-28, dilution 1:500; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), phosphorylated
(Tyr1234 ⁄ Tyr1235) c-Met (affinity-purified poly-
clonal, dilution 1:10; R&D Systems), phosphory-
lated ⁄ Ser221 MEK (clone 166F8, dilution 1:50; Cell
Signaling Technology, Beverly, MA, USA), phosphory-
lated ⁄ Ser473 AKT (clone D9E, dilution 1:50; Cell
Signaling), epidermal growth factor receptor (EGFR)
(clone 31G7, dilution1:50; Zymed, San Francisco, CA,
USA), vascular endothelial growth factor receptor
(VEGF) (clone A-20, dilution 1:50; Santa Cruz), p53
(clone DO7, dilution 1:100; DakoCytomation, Carpin-
teria, CA, USA), TFE3 (affinity-purified goat polyclonal;
P-16; Santa Cruz Biotechnology) and vimentin (mono-
clonal V9(1), dilution 1:900; Dako) were used for
immunohistochemistry. Briefly, 4-lm thick unstained
slides cut from the ASPS TMA were steamed for 30 min
in citrate buffer pH 6.0 and incubated overnight at 4�C
with primary antibody. Appropriate secondary anti-
bodies were used for detection. Positive and negative
controls were performed in parallel. Labelling intensity
was graded as none (0), weak (1), moderate (2) or
strong (3), and the percentage of positive tumour cells
was estimated.

Results

Of the 33 tumours on the ASPS TMA, there were 26 in
which all 10 of the markers could be evaluated; these
form the core of this analysis (Figure 1, Table 1). As
noted previously, all samples showed nuclear TFE3
reactivity suggesting the presence of a chimeric protein,
and 16 of 18 cases with evaluable RNA showed
evidence of a fusion transcript.11 The expression

Alveolar soft part sarcoma therapeutic targets 751

� 2009 The Authors. Journal compilation � 2009 Blackwell Publishing Ltd, Histopathology, 55, 750–755.



pattern was relatively uniform in the tumour cells of
the paired 1-mm TMA samples; therefore, only inten-
sity readings are noted in Table 1. Expression of HGF
was strong in the samples, with all showing at least

moderate intensity. c-Met demonstrated reactivity in all
samples and 19 samples (73%) had at least moderate
intensity. Phosphorylated or activated c-Met was pres-
ent in all samples, with eight (30%) being moderate or
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Figure 1. Simplified depiction of the hepatocyte growth factor ⁄ c-Met pathway with representative examples of staining of tissue microarray

samples. The c-Met receptor is formed by combining a and b chains and when ligand is bound, the cytoplasmic domain is phosphorylated both

at sites within the catalytic kinase domain, which phosphorylates other cytoplasmic proteins, and just distal or c-terminal to this domain. H&E,

TFE3, p53, vimentin (Vim), epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) are also illustrated. Although

other proangiogenic factors are also expressed by alveolar soft part sarcoma cells, VEGF may function by binding to its receptors (VEGFR) on tumour-

associated endothelial cells. Many of the illustrated proteins or the pathways in which they play a role are potential therapeutic targets.
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strong and the remainder showing weak reactivity. In
contrast, only six (23%) samples exhibited EGFR
reactivity (moderate ⁄ weak = 6). All samples expressed
phosphorylated MEK (moderate ⁄ strong = 12); phos-

phorylated AKT expression (moderate ⁄ weak) was
observed in 24 samples (92%). VEGF was expressed by
all ASPS samples to varying levels (moderate ⁄ strong =
23, weak = 3). Nuclear p53 immunoreactivity was

Table 1. Tabulation of
tissue microarray alveolar
soft part sarcoma cases
including c-Met pathway,
vimentin, TFE3 and
presence of the ASPSCR1–
TFE3 fusion transcript

The characterized c-Met pathway constituents are colour coded for intensity and sorted based
on strength of HGF, cMET, and p-cMET intensity. Tumour, tumour status; P, primary; M,
metastasis; R, local recurrence; Fusion, fusion transcript type documented by reverse
transcriptase-polymerase chain reaction if available; NA, not available, usually because of
poor RNA quality in older paraffin blocks. – negative, – low, – moderate, – high.
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observed in 11 samples (42%); however, in the vast
majority of cases (n = 10) only weak reactivity was
seen. Vimentin was essentially negative in all but one
case (Figure 1). The delicate capillary vasculature
served as an internal positive control for vimentin
reactivity.

Discussion

As ASPS is a very rare malignancy, current knowledge
of potential therapeutic targets and their expression
pattern in ASPS is limited. Data presented here
identified several overexpressed potential drug targets
in a cohort of human specimens demonstrating the
utility of a focused TMA for such investigations.

MET, a gene encoding for the tyrosine kinase
receptor and proto-oncogene c-Met, was recently
identified as an ASPSCR1–TFE3 transcriptional tar-
get.15 The promoter of this gene contains a TFE3
binding site; studies demonstrate that transcription of
this gene is up-regulated by TFE3, ultimately producing
functional protein.15 c-Met is activated by HGF, result-
ing in autophosphorylation of the receptor and down-
stream signalling that promotes angiogenesis,
proliferation, survival, cell motility and invasiveness
in various systems.16 Among the specific downstream
pathways activated are the MEK ⁄ ERK and AKT path-
ways. Activity of these two proteins and c-Met can be
assessed by their degree of phosphorylation. Study of a
small number of ASPS samples indicated increased
c-Met expression and activation.15,17 Overall, our
results support the presence of an intact signalling
cascade downstream of the c-MET receptor. Immuno-
histochemistry revealed that the relevant ligand (HGF)
is present, and c-Met itself is present and phosphory-
lated at expected sites for protein activation as well as
the downstream effectors AKT and MEK. A Phase II
clinical trial is currently accruing ASPS patients and
others to evaluate the effect of ARQ 197, a novel c-Met
inhibitor. Furthermore, it is possible that the ERK and
AKT pathway activation seen is a result of stimulation
by factors other than activated c-Met receptor. Cur-
rently, several AKT and MEK inhibitors are available,
and targeting multiple activated pathways might result
in superior anti-ASPS effects.

There is a strong rationale for targeting ASPS
tumour-associated vasculature due to their highly
angiogenic tumour phenotype. VEGF is the most widely
investigated angiogenic factor and a target for several
anti-cancer therapies. Overexpression of VEGF mRNA
was identified in gene expression profiling of seven
ASPS samples and was further confirmed via immuno-
histochemistry in this cohort of patients.12 Our current

study has further validated this finding, demonstrating
VEGF overexpression in the evaluated samples. A
recent case report suggested the efficacy of the anti-
VEGF antibody, bevacizumab, in a patient with meta-
static ASPS.18 Taking all data together, further inves-
tigation of anti-VEGF therapies for ASPS treatment
appears warranted. A recently described ASPS mouse
xenograft model has also shown promise for anti-
angiogenic therapy.7 Furthermore, a growing number
of combined inhibitors such as XL184 target multiple
tyrosine kinase receptors, including c-Met and VEGFR;
blockade of both overexpressed pathways in ASPS
merits attention.

Lastly, TMA can be utilized to evaluate multiple
markers potentially important in ASPS inception,
differentiation and progression. For example, in the
current study we evaluated the expression of p53 and
vimentin. Mutations in p53 are a common molecular
event in many soft tissue sarcoma types.19,20 Increased
nuclear expression is considered a marker for
mutated ⁄ dysfunctional p53.21 Our results demonstrate
that p53 aberrations are apparently uncommon in
ASPS; only one sample expressed relatively high
nuclear p53 levels. Lack of vimentin immunoreactivity
has previously been reported in ASPS; however, this is
the largest single cohort where this marker has been
explored.22 ASPS do not bear resemblance to or express
markers of either epithelial neoplasia or recognizable
mesenchymal tissue. This lack of correlation with
recognizable mesenchymal tissue is noted in other
translocation-associated sarcomas – desmoplastic small
round cell tumour, synovial sarcoma and Ewing’s
sarcoma – and warrants further elucidation of the
potential ASPS cell of origin or its line of differentia-
tion.23

The major limitation of ASPS research is the lack
of cell lines and animal models to facilitate preclinical
validation of potential therapeutic targets. Thus,
treatment protocols for ASPS are largely empirical,
since supportive preclinical studies are lacking.
Cohorts of human ASPS samples are useful to dem-
onstrate the expression and potential activation of
therapeutic targets, an important first step towards
establishing novel and sorely needed rational thera-
peutic approaches.
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