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fluorescence measurements taken in the elongation step of each cycle. Fold changes and p values were then 

calculated by copying CT data into a Superarray analysis template (Superarray Inc. Frederick, MD). For 

each primer pair melting curve analysis was used to confirm the presence of a single amplicon. Sequences 

of primers used in quantitative RT-PCR are provided [see Additional file 2]. 

 

Immunohistochemistry 

 

In brief, tissue sections (5mm) affixed to glass slides, were deparaffinized and treated for 15 minutes in 

methanol containing 0.6% H2O2  followed by either 1mM EDTA (pH 8.0) or 10 mM citrate buffer (pH 

6.0) in a microwave vacuum histoprocessor (RHS-1; Milestone, Italy).  The temperature was gradually 

increased to 100°C over 10 minutes and maintained at 100°C for an additional 10 minutes.  Sections were 

cooled, rinsed sequentially in H2O and PBS for 10 minutes each. Primary antibodies, used at dilutions  

indicated [see Additional file 1] were overlayed onto the tissue sections and incubated either overnight or 

for 30 min at room temperature.  Sections were rinsed in PBS for 10 minutes and incubated with the 

appropriate secondary antibody for 30 minutes.  Sections were rinsed in PBS for 10 minutes and processed 

according to instructions detailed in the detection kits. 

 

Results 

 

Microarray analysis 

 

For seven patients with confirmed ASPS, fresh tumor specimens were obtained directly after surgery, total 

RNA was extracted, quality assured and then reverse transcribed to cDNA. Variables for these tumors in 

terms of sex, age, primary/metastatic disease and ASPL-TFE3 fusion type (1/2) are shown in Table 1. After 

reverse transcription, the seven cDNAs were each hybridized to duplicate high-density U133 plus 2 

microarrays (~47,400 transcript). Two additional arrays, hybridized to universal cDNA (Promega) were 

included as standards. The choice of universal RNA normalization, as opposed to normalizing against a 

single normal tissue or alternate pooled sarcoma ensured that an relatively unbiased (basal) gene expression 
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profile was generated. Analysis of combined ASPS patient arrays versus universal RNA was performed 

using the pairwise analysis function within GeneSifter (VizX labs), where the duplicate universal RNA 

arrays (control group) were analyzed against duplicate arrays for all seven ASPS patients (test group). A 

list of differentially expressed transcripts was then generated according to the following criteria; GC-RMA 

normalization, <0.05 adjusted p-value, Benjamini and Hochberg false discovery estimates with > +/- 3 fold 

changes in expression. The generated output consisted of 7367 differentially regulated transcripts, where 

4731 (64.2%) were downregulated and 2636 (35.7%) showed upregulated expression [see Additional file 

3]. 

 

Validation and gene ontology analysis 

 

Microarrary data was then interrogated with reference to gene ontology (GO) databases with the overall 

aim of identifying a subset of genes for validation with quantitative RT-PCR. Transcripts with potential 

disease relevance or drugability, such as those implicated in angiogenesis, metastasis, proliferation and 

drug resistance were of particular interest. Reference databases used to mine gene ontology information 

included Ingenuity Pathways Analysis (www.Ingenuity.com), Entrez Gene (http://www.ncbi.nlm.nih.gov), 

Genecards (http://www.genecards.org/index.shtml) and Symatlas (http://symatlas.gnf.org/SymAtlas/). A 

subset of relevant genes was then validated using SYBR-green based quantitative RT-PCR. In total, 

primers were designed for 61 genes and expression relative to universal RNA determined for all seven 

ASPS patient samples. A summary of results from both microarray analysis and quantitative RT-PCR, 

subdivided into molecular function is shown in Figure 1. Results demonstrated concordance in direction of 

change between techniques with acceptable p-values, supporting differential regulation of the gene subset. 

However, for several transcripts a significant discrepancy was evident in the extent of change between the 

different techniques. Although some differences can be anticipated based on primer/probe specificity, 

methods for calculating fold change and dynamic range of detection, results for several transcripts were 

considerable (PRM1/2 and UMOD). For example, protamine 1 was downregulated 1160.1 fold by 

microarray versus 75.4 fold for RT-PCR. This result should be regarded as a ‘zero’ result for the 

microarray rather than a true representation of fold change and highlights a potential drawback in the use of 
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universal RNA as a standard given that it favors extreme differentials that may reside outside of the 

quantitation range of a technique.  

 

Immunohistochemistry 

 

A tissue array of paraffin-embedded ASPS tumors was then constructed for immunohistochemical (IHC) 

analysis. Each array contained multiple sections from each of the seven patients, where ASPS origin was 

confirmed by staining with H&E,  PAS/diastase and α-TFE3 antibody. Staining protocols were then 

established using several commercially available antibodies against targets identified during gene 

expression analysis. Representative examples of IHC staining patterns for each experimental antibody are 

shown in Figure 2. Results demonstrated that an antibody against HIF-1α showed nuclear localized 

staining consistent with the regulation of HIF-1α expression by hypoxia gradients. An Anti-VEGF 

antibody produced intense and consistent staining of endothelial cells, highlighting the potential importance 

of this mediator in establishing ASPS morphology and potentially also in disease progression. A similar 

staining pattern was evident using antibodies against the secreted protein Periostin (POSTN), suggesting 

that endothelial cells are either the source of or ultimate target of this molecule.  Conversely, midkine 

(MDK) staining was found across all patients and localized to the cytoplasm of the ASPS tumor cells 

themselves. Interestingly, for c-MET, all ASPS tumors were positive with expression localized to both 

cytoplasm and nucleus, which is consistent with it’s recognized cycling between these two cellular 

compartments. Some of the most intense staining was observed for an antibody against CYP17A1, which 

localized to tumor cell cytoplasm. Lastly, antibodies against the muscle-specific proteins ITGB1BP3/MIBP 

and TRIM63 reacted consistently with ASPS tumor sections with cytosolic localization. These experiments 

suggest that detection of mRNA reflects, at least qualitatively, expression of protein. More importantly, 

immunohistochemistry data provides confidence that biological inferences can be drawn from the broader 

transcriptomic analysis.  

 

Discussion 
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Our current understanding of ASPS disease origin, pathogenesis and effective treatment strategies is 

rudimentary.  In this study, we began to address these issues by generating a genome-wide ASPS 

transcriptome using freshly isolated patient RNA. The quality of target RNA is a central issue in successful 

gene expression analysis, especially when using high-feature microarrays.  Therefore, the decision was 

taken to focus efforts on RNA freshly isolated from a small number of ASPS patients rather than utilizing 

degraded RNA from archived paraffin-embedded specimens. Results demonstrated that ASPS has a 

molecular signature encompassing genes with therapeutic and diagnostic potential (Figure 3). Similarly, 

identification of elevated expression for several transcripts provided clues towards the cellular origin of 

disease.  

 

Altered expression of transcripts involved in the response to hypoxia and angiogenesis suggests that these 

pathways are active in ASPS and provides some of the most interesting candidates for therapeutic 

intervention. The greatest increase in angiogenesis-related genes was seen for angiopoietin-like 2 

(ANGPTL2). Angiopoietins are hypoxia-regulated members of the vascular endothelial growth factor 

(VEGF) family, where ANGPTL2 acts as an endothelial survival factor that does not bind TIE1 or TIE2 

[21]. Increased expression was also observed for the master transcriptional regulator of the response to 

hypoxia, HIF-1α (HIF1A), which is interesting given that regulation of HIF-1α occurs predominantly 

through a post-translational mechanism [22]. Similarly, enhanced expression of Midkine (MDK), a 

hypoxia-induced growth factor involved in cell survival and migration, provides a potential target for 

inhibition [23]. Here, we also confirm consistent increases in expression of the hepatocyte growth factor 

receptor (MET). In a recent study, ASPL-TFE3 and other TFE3 fusion proteins were shown to bind and 

strongly activate the MET promoter [17]. Furthermore, in cells expressing TFE3, inhibition of MET using 

siRNA or a small molecule MET inhibitor impaired tumor growth. A similarly important observation 

concerned elevated expression of two members of the VEGF family, VEGF-A and VEGF-B, supporting 

the utility of inhibitors such as Bevacizumab in the treatment of ASPS [24]. Increased expression of 

Stabilin (STAB1) may also contribute towards an angiogenic phenotype, given that this scavenger receptor 

is expressed on endothelial cells and inhibition with monoclonal antibodies has been shown to prevent cord 

formation in vitro [25]. In a recent study, RNA isolated from formalin-fixed paraffin-embedded ASPS 











 

 

19

(ECM1) has angiogenic properties and is expressed by breast tumor cells. Faseb J 2001, 

15(6):988-994. 

34. Mochizuki S, Okada Y: ADAMs in cancer cell proliferation and progression. Cancer Sci 2007, 

98(5):621-628. 

35. Zhou M, Graham R, Russell G, Croucher PI: MDC-9 (ADAM-9/Meltrin gamma) functions as 

an adhesion molecule by binding the alpha(v)beta(5) integrin. Biochem Biophys Res Commun 

2001, 280(2):574-580. 

36. Sung SY, Kubo H, Shigemura K, Arnold RS, Logani S, Wang R, Konaka H, Nakagawa M, 

Mousses S, Amin M, Anderson C, Johnstone P, Petros JA, Marshall FF, Zhau HE, Chung LW: 

Oxidative stress induces ADAM9 protein expression in human prostate cancer cells. Cancer 

Res 2006, 66(19):9519-9526. 

37. Salahshor S, Goncalves J, Chetty R, Gallinger S, Woodgett JR: Differential gene expression 

profile reveals deregulation of pregnancy specific beta1 glycoprotein 9 early during 

colorectal carcinogenesis. BMC Cancer 2005, 5:66. 

38. Snyder SK, Wessner DH, Wessells JL, Waterhouse RM, Wahl LM, Zimmermann W, Dveksler 

GS: Pregnancy-specific glycoproteins function as immunomodulators by inducing secretion 

of IL-10, IL-6 and TGF-beta1 by human monocytes. Am J Reprod Immunol 2001, 45(4):205-

216. 

39. Weterman MA, Ajubi N, van Dinter IM, Degen WG, van Muijen GN, Ruitter DJ, Bloemers HP: 

nmb, a novel gene, is expressed in low-metastatic human melanoma cell lines and xenografts. 

Int J Cancer 1995, 60(1):73-81. 

40. Kuan CT, Wakiya K, Dowell JM, Herndon JE, 2nd, Reardon DA, Graner MW, Riggins GJ, 

Wikstrand CJ, Bigner DD: Glycoprotein nonmetastatic melanoma protein B, a potential 

molecular therapeutic target in patients with glioblastoma multiforme. Clin Cancer Res 2006, 

12(7 Pt 1):1970-1982. 

41. Tse KF, Jeffers M, Pollack VA, McCabe DA, Shadish ML, Khramtsov NV, Hackett CS, Shenoy 

SG, Kuang B, Boldog FL, MacDougall JR, Rastelli L, Herrmann J, Gallo M, Gazit-Bornstein G, 

Senter PD, Meyer DL, Lichenstein HS, LaRochelle WJ: CR011, a fully human monoclonal 





 

 

22

60. Tallini G, Parham DM, Dias P, Cordon-Cardo C, Houghton PJ, Rosai J: Myogenic regulatory 

protein expression in adult soft tissue sarcomas. A sensitive and specific marker of skeletal 

muscle differentiation. Am J Pathol 1994, 144(4):693-701. 

61. Cessna MH, Zhou H, Perkins SL, Tripp SR, Layfield L, Daines C, Coffin CM: Are myogenin 

and myoD1 expression specific for rhabdomyosarcoma? A study of 150 cases, with emphasis 

on spindle cell mimics. Am J Surg Pathol 2001, 25(9):1150-1157. 

 

 

Figure legends 

 

Figure 1: Validation of Microarray Data for selected transcripts by Quantitative RT-PCR. For a subset of 

genes identified as potentially interesting from GO analysis, quantitative RT-PCR analysis was performed 

to validate the extent and direction of change. Results are shown subdivided into molecular function, with 

fold change values for both microarray and quantitative RT-PCR shown along with heat map representation 

of individual patient values with +/- 20 fold limits.  

 

Figure 2: Analysis of marker protein expression using an ASPS tissue array. Paraffin-embedded sections 

from seven ASPS tumors were arrayed on glass slides and analyzed by immunohistochemistry. For all 

sections, ASPS origin was confirmed by detection of intracellular granules using periodic-acid Schiff 

diastase (PAS/D) staining and nuclear reactivity when stained with an anti-TFE3 antibody. Images shown 

are representative of staining patterns for the majority tumors. All Images were captured at 350 X 

magnification.  

 

Figure 3: Potential ASPS diagnostic and therapeutic targets identified during the study. Established 

therapeutic targets or those currently undergoing development are marked with a star. 

 

Tables 

 

Table 1: ASPS Patient Demographics 
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