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Abstract

Alveolar soft-part sarcoma (ASPS) is a rare soft tissue tumor with a broad morphologic differential diagnosis. While histology
and immunohistochemistry can be suggestive, diagnosis often requires exclusion of other entities followed by confirmatory
molecular analysis for its characteristic ASPSCRI-TFE3 fusion. Current stain-based biomarkers (such as immunohistochem-
istry for cathepsin K and TFE3) show relatively high sensitivity but may lack specificity, often showing staining in multiple
other entities under diagnostic consideration. Given the discovery of RNA in situ hybridization (RNA-ISH) for TRIM63 as a
sensitive and specific marker of MiTF-family aberration renal cell carcinomas, we sought to evaluate its utility in the workup
of ASPS. TRIM63 RNA-ISH demonstrated high levels (H-score greater than 200) of expression in 19/20 (95%) cases of
ASPS (average H-score 330) and was weak or negative in cases of paraganglioma, clear cell sarcoma, rhabdomyosarcoma,
malignant epithelioid hemangioendothelioma, as well as hepatocellular and adrenal cortical carcinomas. Staining was also
identified in tumors with known subsets characterized by TFE3 alterations such as perivascular epithelioid cell neoplasm
(PEComa, average H-score 228), while tumors known to exhibit overexpression of TFE3 protein without cytogenetic altera-
tions, such as melanoma and granular cell tumor, generally showed less TRIM63 ISH staining (average H-scores 147 and 96,
respectively). Quantitative assessment of TRIM63 staining by RNA-ISH is potentially a helpful biomarker for tumors with
molecular TFE3 alterations such as ASPS.
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Alveolar soft-part sarcoma (ASPS) is a rare malignant trans-
location-associated soft tissue neoplasm that can arise in the
deep soft tissue of the extremities, trunk (retroperitoneum,
pelvis), as well as the head and neck, and less frequently
in the female genital tract, mediastinum, bone, urinary
bladder, and other viscera [1]. ASPS can occur at any age,
with a range of 1-78 years. However, young individuals are
more susceptible to developing ASPS, with a median age
of 25 years. In fact, 72% of patients who develop ASPS are
younger than 30 years old. Female gender and head and neck
tumors are more common in infants and children. [2]. ASPS
usually presents as a slowly growing painless mass. Distant
metastasis (often arising late, 10 or more years after primary
diagnosis/resection) is not uncommon. Often the metasta-
ses of ASPS are slow-growing and minimally destructive,

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12032-024-02305-9&domain=pdf
http://orcid.org/0000-0002-6955-8884

76 Page2of10

Medical Oncology (2024) 41:76

allowing some patients to experience long-term survival
even with metastatic disease [2-5].

The histogenesis of ASPS remains incompletely under-
stood, but the entity is now molecularly defined by a recur-
rent unbalanced translocation der(17)t(X;17)(p11;q25)
resulting in ASPSCRI-TFE3 fusion, activating the MET
proto-oncogene signaling pathway [6—8]. ASPS is charac-
terized histologically by large, polygonal tumor cells that
contain abundant eosinophilic cytoplasm and PASD-positive
crystals, arranged in a nested, alveolar, or pseudovascular
growth pattern (Fig. 1). Reaching a histologic diagnosis of
ASPS can be challenging, given its rarity and morphologic
overlap with other epithelioid, myogenic, and hepatoid diag-
nostic considerations. These include, but are not limited to,
various types of tumors such as perivascular epithelioid cell
neoplasm (PEComa), paraganglioma, rhabdomyoma, rhab-
domyosarcoma, granular cell tumor, clear cell sarcoma,
hepatocellular carcinoma, adrenal cortical adenoma/carci-
noma, and melanoma. (Fig. 2) [1, 4].

Fig. 1 Alveolar soft-part
sarcoma (ASPS). A ASPS with
alveolar nests lined by vaguely
discohesive epithelioid cells
with abundant eosinophilic
cytoplasm. B Positive TRIM63
RNA-ISH staining of case

in panel A (H-score 295). C
ASPS with abundant granular
eosinophilic cytoplasm and foci
of infiltrative, spindled growth.
D Positive TRIM63 RNA-ISH
staining of case in panel C
(H-score 313) E ASPS with
heterogenous features including
foci (left) with marked pleomor-
phism and rhabdoid/hepatoid
cytomorphology. F. Positive
TRIM63 RNA-ISH staining of
case in panel E (H-score 395).
A, C, and E: Hematoxylin and
eosin. Magnifications 100X (A),
200X (A, E), and 400X (B, D, F)
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The data regarding the immunohistochemistry (IHC) for
TFE3 protein are variable in the literature for ASPS, with
positive staining in 92% of ASPS in one series of 24 cases
[9] and 100% in another series of 18 cases [10]. In the two
published series above, tumors that lacked TFE3 fusions
were used as controls. However, some level of positive stain-
ing was detected in various cases of high-grade myxofibro-
sarcoma, malignant peripheral nerve sheath tumor, granular
cell tumor, chordoma, adrenal cortical carcinoma, and distal
bile duct carcinoma. [9, 10]. In a research study focused
on ASPS, 22 cases were analyzed, and found that 91% of
them had TFE3 staining. However, it was also observed that
some of the control cases of paraganglioma, adrenal corti-
cal carcinoma, and granular cell tumor also showed posi-
tive staining. These control cases are often considered diag-
nostically similar to ASPS due to their similar appearance.
[11]. A heads-on comparison of staining between ASPS and
granular cell tumors showed TFE3 expression in 91% of
granular cell tumors [12]. Anecdotally, our experience with
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Fig. 2 Differential considerations in the diagnostic workup of ASPS.
A Melanoma, with nests of discohesive epithelioid cells; TRIM63
RNA-ISH (inset) shows scattered rare staining (H-score=20). B
Paraganglioma, with nests of epithelioid cells separated by delicate
branching vasculature; TRIM63 RNA-ISH (inset) shows scattered
rare staining (H-score=20). C Epithelioid PEComa with nested and
focal alveolar architecture and cells with prominent eosinophilic to
clear cytoplasm. TRIM63 RNA-ISH (inset) shows dot-like expres-
sion with more cytoplasmic staining than nuclear staining (H-score
195). D. Alveolar rhabdomyosarcoma, with nests and alveolar spaces

TFE3 IHC in the setting of renal tumor classification has fol-
lowed similar patterns, with difficulty interpreting moderate
expression as specific or nonspecific. As concluded by Tsuji
et al. [9], molecular methods for detecting the pathogno-
monic gene fusion transcript of ASPS have superior sensi-
tivity and specificity compared with TFE3 IHC; hence, we
decided to explore RNA-ISH technology which can identify
m-RNA transcripts under light/bright microscopy and can
be performed in a clinical surgical pathology lab. Similarly,

lined by cells with abundant clear to eosinophilic cytoplasm; TRIM63
RNA-ISH (inset) shows scattered rare staining (H-score=4). E.
Granular cell tumor, with voluminous granular eosinophilic cyto-
plasm; TRIM63 RNA-ISH (inset) shows scattered rare staining
(H-score=70). F. Hepatocellular carcinoma, with rhabdoid features
including abundant eosinophilic cytoplasm; TRIM63 RNA-ISH
(inset) shows focal faint cytoplasmic blush-like staining interpreted
as nonspecific (H-score =0). A—F Hematoxylin and eosin. Magnifica-
tions: 200X (A-C, F) and 400X (D, E, and all insets)

cathepsin K IHC has demonstrated impressive sensitivity
for ASPS, staining 100% of 18 cases of ASPS in a series
focused on tumors with TFE3 gene fusions [13]. However,
while carcinomas (without TFE3 fusions) are usually cath-
epsin K negative, mesenchymal neoplasms can frequently
show cathepsin K staining (e.g., more than half of 414 non-
ASPS mesenchymal tumors in one series), including many
cases of melanoma (which is also within the morphologic
differential diagnosis for ASPS) [14].
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Transcriptomic data of ASPS samples have identified
TRIMG63 (tripartite motif containing 63) as a possible bio-
marker for ASPS [15]. Given its regulation by TFE3 and
TFEB [16], TRIM63 RNA in situ hybridization (RNA-
ISH) is currently clinically performed in our department,
with primary use by genitourinary pathologists to detect
MiTF-family aberration associated (formerly referred
to as “translocation-associated”) renal cell carcinomas.
As part of prior work to discover and establish this bio-
marker as a sensitive and specific test in the context of
renal tumor classification [17], we evaluated a limited
number of cases of ASPS, which were found to demon-
strate strong and diffuse RNA-ISH TRIM63 expression.
We were intrigued by this observation as currently, no
known biomarkers by immunohistochemistry or RNA
in situ hybridization (RNA-ISH) can reliably detect
ASPS. The importance of TRIM63 overexpression as a
potential biomarker for ASPS fueled us to perform these
interrogations.

In this study, we sought to quantitatively evaluate
TRIM63 RNA-ISH in a cohort of ASPS cases, and select
other tumors with similar morphology, to assess the per-
formance of TRIM63 RNA-ISH for ASPS and to highlight
diagnostic scenarios in which TRIM63 RNA-ISH may
have utility and clinical value for distinguishing and/or
confirming a diagnosis of ASPS. In addition, we provide
further rationale for the current study by illustrating the
enrichment of TRIM63 in ASPS and TRIM63 as a down-
stream target of TFE3 by in-silico analysis of publicly
available data.

Materials and methods
Case selection

With approval by the institutional review board (IRB), the
laboratory information system of an academic medical
center was queried to identify cases of ASPS, in addition
to other diagnostic entities that may be in the differential
diagnosis, some of which potentially harbor shared molec-
ular aberrations (TFE3 fusion) or transcriptomic patterns
(TFE3 overexpression without gene fusion). Cases with
available tissue blocks and slides were collated, and diag-
noses were confirmed by histologic review. Tested cases
include ASPS (n=21), paraganglioma (n=3), PEComa
(n=75), granular cell tumor (n=3), melanoma (n=11),
rhabdomyosarcoma (n =8), rhabdomyoma (n = 1), adrenal
cortical tumors (adenomas and carcinomas, n = 3), hepa-
tocellular carcinoma (n =3), clear cell sarcoma (n=2),
and malignant epithelioid hemangioendothelioma (n =3).
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RNA in situ hybridization (RNA-ISH)

RNA-ISH was performed on whole formalin-fixed, paraffin-
embedded (FFPE) 4-micron-thick tissue sections using the
RNAscope VS Universal HRP kit (Advanced Cell Diag-
nostics, Newark, CA) and target probe against TRIM63
(532299 Hs-TRIM63 targeting NM_032588.3 270-1396nt)
on Discovery Ultra-automated slide-staining system (Roche-
Ventana Medical Systems). Signals were developed using
the mRNA DAB detection kit (Roche-Ventana Medical
Systems). RNA quality was evaluated using a positive con-
trol probe targeting the human housekeeping gene PPIB as
described previously [18]. The assay background was mon-
itored using a negative control probe targeting the bacil-
lus subtilis DapB gene. All the critical reagents and probe
details have been presented in Supplementary Table 1.

H-score calculation

RNA-ISH staining slides were examined under 100X and
200xmagnification for RNA signals in tumor cells. The
RNA-ISH signals were quantified according to previously
validated RNAscope scoring methodology: score 0 =no
staining or < 1 dot per 10 cells; score 1 =1-3 dots per cell;
score 2=4-9 dots per cell and no or very few dot clusters;
score 3=10-15 dots per cell and < 10% dots in clusters;
score 4= > 15 dots per cell and> 10% dots in clusters.
H-score was calculated for each examined tissue section as
the sum of the percentage of cells with RNAscope score
0-4: (A% Xx0)+B%x1)+(C%x2)+ (D% x3)+(E%x4),
A+B+C+D+E=100.

Cross-validatory in-silico meta-analysis of ASPS data
sets

For direct biological validation, we utilized a publicly avail-
able ASPS gene expression meta-analysis dataset utilized
by Stockwin et al. [19]. This meta-analysis comprised 4
publicly available ASPS gene expression datasets (from
GEO database https://www.ncbi.nlm.nih.gov/geo/), which
includes GSE68591 (contains microarray dataset of ASPS
cell line ASPS-1) [19], GSE13433 (microarray dataset from
7 ASPS patients) [15], GSE32569 (microarray dataset from
3 ASPS patients) [20], GSES 4729 (RNAseq dataset from
5 ASPS patients) datasets [21]. We identified up-regulated
genes (fold change > 2) in ASPS samples versus control
samples shared among all five datasets and used them as
ASPS signature. We extracted fold-change ASPS signature
genes including TRIM63 and visualized them in bar plot
and heatmap.

In addition, to identify the TRIM63 as a downstream of
TFE3, we employed the publicly available gene expression
data from a recent publication by Tanaka et al. [22], where
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they knocked down the TFE3 gene by siRNA in human
ASPSI cell line and generated gene expression microar-
ray data (GSE215316). GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/) was used to perform differential analysis
between siTFE3 and control samples. We then tested the
enrichment of the ASPS signature defined upon TFE3
knockdown with fgsea R package [23].

Statistical analysis

Unpaired two-tailed ¢ test was used to compare the mean
H-scores between ASPS and other tumor types with posi-
tive staining.

Results

High TRIM63 RNA-ISH expression in ASPS

TRIM63 semiquantitative scores (H-scores) for all cases
are plotted in Fig. 3. TRIM63 RNA-ISH expression was
seen in all 20 successfully assayed cases of ASPS (average
H-score 330), although one case that had undergone decal-

cification before processing showed only weak staining
(H-score =25). The positive control (PPIB probe) failed in
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one ASPS case due to poor RNA quality, and the case was
excluded from further analysis. Of the 20 resulting cases,
19 (95%) showed an H-score of greater than 200, and 16
(80%) showed an H-score of greater than 300. TRIM63
m-RNA transcripts in the RNA-ISH were seen as strong,
punctate brown dots in both the nucleus and cytoplasm
of the tumor cells. Examples of staining showing strong
positivity for TRIM63 RNA-ISH in an ASPS section are
seen in Fig. 1. Nontumoral tissue generally demonstrated
negative staining, except for low-level expression in cases
with adjacent benign skeletal muscle.

Absent to low expression of TRIM63 RNA-ISH
in a majority of other (non-ASPS) tumors

Absent (H-score of 0) or weak staining (H-score of 100 or
less) was noted in all successfully assayed cases of para-
ganglioma, malignant epithelioid hemangioendothelioma,
rhabdomyosarcoma, clear cell sarcoma, hepatocellular car-
cinoma, and adrenal cortical adenoma/carcinoma. Positive
control staining (PPIB) failed in one case of clear cell
sarcoma and one case of malignant epithelioid hemangi-
oendothelioma, which were excluded from final analyses.

ASPS

Fig.3 TRIM63 RNA-ISH staining in ASPS and other tested tumors.
H-scores are calculated as described in the methods section. H-scores
of less than five (including zero) were plotted as “5” so that each case
could be visually identified on the chart. The colors of the bars are
only for visual distinction between tested entities. ASPS alveolar soft-
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part sarcoma; PEComa perivascular epithelioid cell neoplasm, Gran.
granular, Paragang. paraganglioma, CCS clear cell sarcoma, RMS
rhabdomyosarcoma, HCC:hepatocellular carcinoma, ACA/ACC adre-
nal cortical adenoma/adrenal cortical carcinoma, Malig. EHE malig-
nant epithelioid hemangioendothelioma
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Moderate TRIM63 RNA-ISH expression in PEComa,
melanoma, and granular cell tumor

Average TRIM63 RNA-ISH H-scores for PEComa (228),
melanoma (146), and granular cell tumor (96) were gen-
erally lower than staining observed in ASPS (p =0.06 for
PEComa, p <0.0001 for melanoma, and p =0.0005 for
granular cell tumor). Three (of 5) cases of PEComa showed
H-scores greater than 200. Cases of granular cell tumor and
melanoma tended to show more moderate levels of expres-
sion; H-scores exceeded 200 in 4 of 11 melanomas and
exceeded 300 in only two of those cases. All three granular
cell tumors showed staining less than or equal to 200. In
addition, one case of rhabdomyoma included in the current
study demonstrated significant TRIM63 expression (H-score
280).

In-silico meta-analysis shows TRIM63 is enriched
in ASPS cell lines

TRIMG63 expression fold changes (ASPS versus respective
control samples) across different ASPS datasets represented
as bar plots clearly show overexpression of TRIM63 in ASPS
across all datasets. (Supplementary Fig. 1).

Gene set enrichment analysis (GSEA) shows TRIM63
is dysregulated in TFE knockdown ASPS cell line

We identified genes upregulated in ASPS tissues supported
by multiple published datasets (see Methods) and performed
GSEA analysis to show that besides TRIM63, several other
ASPS markers are also downstream targets of TFE3 (show-
ing downregulation in TFE3 knockdown with siRNA)
(Fig. 4).

Discussion

ASPS is a rare disease and a challenging diagnosis to ren-
der without cytogenetic testing. Nevertheless, accurate
diagnosis is important, as disease management is currently
evolving. Targeted therapies toward VEGF, MET signaling,
and immune modulation are being studied, and while some
clinical trials are agnostic of subclassification in treating soft
tissue sarcomas, growing familiarity with recurrent molecu-
lar features and implicated pathogenic pathways have led to
clinical trials being designed specifically for advanced ASPS
(e.g., atezolizumab and bevacizumab, in NCT03141684)
[24, 25]. Accurate and efficient diagnosis of ASPS is also
crucial to accrue patients with this rare tumor type. There
is morphologic overlap between ASPS and other tumors
with similar presentations, and as discussed above, other
promising stain-based biomarkers for ASPS such as TFE3
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and cathepsin K have limitations (with unfortunately low
specificity when comparing entities commonly considered
along with ASPS), leading to the need for a more specific
biomarker. Additionally, Ki67, while an important prolifera-
tion marker, is highly non-specific in the diagnostic setting
for ASPS. In the literature, the results are unclear but there is
a suggestion that Ki-67 staining may be a prognostic indica-
tor for the development of metastases in ASPS [26].

TRIMG63 is a gene that produces an E3 ubiquitin ligase
(also known as muscle-specific RING finger protein 1
[MuRF1]) found in skeletal, cardiac, and smooth muscle
[27]. This protein is involved in the ubiquitination and sub-
sequent proteasomal degradation of muscle proteins as regu-
lated by metabolic pathways and has been implicated in the
regulation of muscle atrophy hypertrophic cardiomyopathy
[28].

Analysis performed on publicly available data sets
revealed that TRIM63 was over-expressed in all five data
sets that we curated for the present study. Additionally,
work conducted by Stockwin et al. [19] in their in vitro stud-
ies (cell line data), that among all the different cell lines,
and then focusing on the myogenesis-related transcripts
only TRIM63 was specifically expressed in the ASPS cell
line. Interestingly the same authors have provided q-PCR
validation of TRIM63 overexpression in their dataset which
shows the specificity of TRIM63 expression. Thus, support-
ing the rationale of initiating this biomarker study having
a translational value in soft tissue tumor/sarcoma patient
management.

We show TRIM63 overexpression by RNA-ISH technol-
ogy to be highly enriched within ASPS, with high levels
of expression (H-score greater than 200) in 19/20 (95%)
cases. We also identified high levels of TRIM63 RNA-ISH
staining in three of five (60%) PEComas, a subset of which
are known to harbor TFE3 fusions. In supplemental data
published with previous work [17], an additional 8 cases
of PEComa (renal angiomyolipoma [AML]) underwent
TRIM63 RNA-ISH, with H-scores in epithelioid AML
(n=3) averaging 157 (range 66-277) and in classic AML
(n=5) averaging 245 (range 149-365). PEComas with TFE3
fusions are enriched for epithelioid morphology (“epithe-
lioid PEComa”) and alveolar architecture [28, 29], represent-
ing substantial morphologic overlap with ASPS. In addition,
the emerging molecular overlap between these two tumors
makes the unequivocal distinction complicated (both con-
ceptually and practically) as recently described “PEComa-
like neoplasms characterized by ASPSCR1-TFE3 fusion”
can show morphology that more closely resembles PEComa
than ASPS (despite their identical pairs of translocation part-
ners) [30]. In the current study, the average TRIM63 RNA-
ISH H-scores in PEComa were less than that of ASPS (228
and 330, respectively), but not statistically significantly so;
subsets of PEComa and ASPS may exist on a spectrum of
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Fig.4 TRIM®63 is transcrip-
tionally regulated by TFE3. A
Gene set enrichment analysis

of ASPS tumor-upregulated
genes show significant negative
enrichment in TFE3 knockdown
gene expression data. B Heat-
map represents the log2-fold
changes of gene expression

in ASPS tumors compared to
indicated control samples in
various publicly available data-
sets as reported earlier. Besides
TRIMG63, several ASPS-upreg-
ulated genes are downregulated
upon TFE3 knockdown (siTFE3
vs control column) indicat-

ing potential transcriptional
regulation of these target genes
by TFE3
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TFE3-related mesenchymal neoplasia that cannot always be
fully delineated using current tools. That said, broad and/or
strong immunohistochemical expression of myogenic and
melanocytic markers may further help resolve such situa-
tions. In Fig. 5 we elaborate on the patterns of IHC that may
be helpful when used in conjunction with TRIM63 RNA-
ISH; in particular, a moderate H-score for TRIM63 RNA-
ISH in combination with broad (multiple marker) and strong
myomelanocytic marker staining would favor a diagnosis of
PEComa over ASPS.

Tortola et al. demonstrated that TRIM63 expression is
tightly regulated by a transcriptional network comprised
of the protein kinase D (PKD)-family members and the
class Ila histone deacetylases as well as the MiT/TFE fam-
ily members TFEB and TFE3. Utilizing luciferase assays
performed on COS-7 cell line extracts transfected with
Hs_TRIM63-Luc with increasing the amount of TFEB and
TFE3 the authors were able to conclusively show an over-
expression of TRIM63 in a statistically significant man-
ner [16]. Therefore, TRIM63 RNA-ISH staining would be
expected in not only TFE3 fusion-associated neoplasms (like
ASPS) but also in some non-TFE3-fused neoplasms. [12,
31-34]. Thus, given the regulation of TRIM63 by TFE3,
positive TRIM63 RNA-ISH staining can be expected. Simi-
larly, in melanoma, TRIM63 and CAPN3 are a direct target

Alveolar soft part sarcoma PEComa

High TRIM63

Positive Cathepsin K
Occasional positive SmM markers
Melanoma

Generally negative for other
melanocytic and SkM markers,

PAX8, pankeratin

MITF family aberration RCC

High TRIM63 Rhabdomyoma

Positive PAX8, PAX2, Cathepsin K
Variable pankeratin

Intermediate/spectrum TRIM63

Variably positive MM markers

Intermediate/spectrum TRIM63
Positive SOX10, HMB45,
Melan-A, Cathepsin K
Intermediate to high TRIM63

Positive SmM and SkM markers

High TRIM63 staining

Fig.5 Spectrum of TRIM63 RNA-ISH expression for use in conjunc-
tion with other immunohistochemical studies. Conceptual organiza-
tion of spectrum of TRIM63 staining patterns observed in this study
and previous work [17] with additional helpful immunostaining pat-
terns. Of particular use are the breadth and strength of myogenic and
melanocytic differentiation in differentiating alveolar soft-part sar-
coma and MiTF-family aberration RCC (with high TRIM63 expres-
sion, colored in purple) from PEComa, melanoma, and rhabdomyoma
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Low to negative TRIM63 staining

of MiTF, wherein TRIM63 mRINA expression was positively
correlated with MiTF transcription factor and knockdown of
MiTF decreased TRIMG63 levels [35, 36].

In our cohort, while tumors that have MiTF pathway
activation without TFE3 rearrangement (i.e., granular cell
tumor and melanoma) demonstrated TRIM63 RNA hybrid-
ization, they generally did so at a lower level than that of
ASPS, with lower average H-scores (p <0.05). Based on
this data, we propose an H-score threshold value of greater
than 200 to consider ASPS, and more specific threshold
value of greater than 300 that is more suggestive of TFE3-
rearranged neoplasia such as ASPS (or TFE3-rearranged
PEComa, or translocation-associated RCC) over other
considerations such as melanoma, granular cell tumor,
and other tested entities. These quantitative thresholds in
a calibrated assay would offer some objectivity and addi-
tional specificity that is lacking when interpreting TFE3
[9-11] and cathepsin K [13, 14] IHC in the workup of
cases of ASPS for which tumors like granular cell tumor
and melanoma remain in the differential consideration.
Further research (with more control cases, additional
immunohistochemical evaluation, and, importantly, cor-
relative/confirmatory molecular testing) will be necessary
to establish the validity of these proposed thresholds. As
conceptualized in Fig. 5, there is utility of quantitative

Granular cell tumor
Low to negative TRIM63

Paraganglioma
Low to negative TRIM63

Positive S100, SOX10 Positive NE markers

Cccs Malignant EHE
Low to negative TRIM63 Low to negative TRIM63
Positive melanocytic markers Positive ERG
ACA/ACC RMS

Low to negative TRIM63 Low to negative TRIM63

Positive SmM and SkM
markers

Positive inhibin, calretinin
Positive Melan A

HCC Non-MiTF RCC
Low to negative TRIM63 (CCRCC, PRCC, ChRCC)
Low to negative TRIM63
Positive pancytokeratin,

HepPar-1 Positive pankeratin, PAX8

(colored in yellow). RCC renal cell carcinoma, PEComa perivascular
epithelioid cell neoplasm, CCS clear cell sarcoma, ACA/ACC adrenal
cortical adenoma/adrenal cortical carcinoma, HCC hepatocellular
carcinoma, FHE malignant epithelioid hemangioendothelioma, RMS
rhabdomyosarcoma, CCRCC clear cell renal cell carcinoma, PRCC
papillary renal cell carcinoma, CARCC chromophobe renal cell car-
cinoma
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TRIM63 RNA-ISH in combination with a practical panel
of immunohistochemical stains (which would further help
rule in or rule out melanoma or granular cell tumor); for
example, robust expression of multiple melanocytic mark-
ers in the presence of only intermediate TRIM63 RNA-ISH
expression would favor a diagnosis of melanoma.

TRIM63 RNA-ISH staining in a single case diagnosed
as rhabdomyoma may reflect overexpression of constitu-
tive gene transcripts, as TRIM63 is expressed in normal
skeletal muscle [27, 28]; indeed, in cases with nontumoral/
adjacent benign skeletal muscle, low-level TRIM63 RNA-
ISH staining was observed. Multi-institutional collabo-
ration may be required to accumulate enough cases for
further testing and conclusions, as rhabdomyomas are an
important clinical and histologic consideration, especially
in the workup of pediatric oro-maxillofacial tumors.

This study has several strengths. First, it used a
novel molecular technology (RNA-ISH) and a biomarker
on a focused cohort comprising molecular and morpho-
logical mimics. Second, whole tissue sections enabled a
thorough assessment of heterogenous biomarker expres-
sion in both tumor and adjacent tissue. However, one limi-
tation of TRIM63 as a diagnostic marker is its dependence
on a complex scoring system and threshold to differentiate
between ASPS and non-ASPS tumors. Additional work
including multi-institutional collaboration may be needed
to strengthen the aforementioned proposed thresholds.

In summary, TRIM63 RNA-ISH may be useful in chal-
lenging cases, not necessarily as a replacement for broad
sarcoma-specific molecular panels, but as a cost-effective
adjunct stain in cases for which ASPS is one of several dif-
ferential considerations, allowing for more efficient selec-
tion of cases for ancillary molecular testing. Familiariza-
tion with this assay for its potential inclusion in a panel
of stains for working up epithelioid soft tissue neoplasms
may allow for a more streamlined diagnostic process for
patients with these rare tumors.
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