Supplementary Material 1. Molecules involved in clear cell
sarcoma of the kidney (CCSK).

BCL6 co-repressor (BCOR). BCOR gene is located on chro-
mosome Xpl1.4 and is primarily expressed in the cell nucleus.
It is a corepressor that interacts with BCL6. The protein
encoded by this gene can selectively interact with the POZ
domain of BCL6 (1,2). BCOR is associated with growth and
development of children. BCOR acts as a negative regulator of
osteogenic ability in adult stem cells by inhibiting transcrip-
tion factor AP-2a (TFAP2A) (3) and promoting osteoblast
division. In CCSK, the abnormal expression of BCOR (such
as internal tandem repeat amplification) leads to an enhanced
inhibitory effect on TFAP2A. This may disrupt the cellular
balance in the bone microenvironment, making it easier for
tumor cells to colonize and grow in the bone. In addition, the
inhibition of TFAP2A may also affect the normal function of
bone cells, such as the activity of osteoblasts and osteoclasts,
thereby promoting the occurrence of bone metastasis (3). This
also explains why CCSK is prone to bone metastasis. In 2015,
Ueno-Yokohata et al (4) first discovered that internal tandem
duplication (ITD)-BCOR is the cause of CCSK. Specifically,
different ITDs involve the region of 1,700-1,755 amino acids,
with the number of repeated amino acids ranging from 22
to 38. This indicates that high-frequency mutations occur
in a relatively small but functionally specific region (1-3).
Zhang et al (5) found that in cases of BCOR-ITD in CCSK,
there are also deletions or mutations of TP53. TP53 aberration
has been confirmed to be associated with the development
of various malignant tumors, such as lung, breast, colorectal
cancer, ovarian cancer, bladder cancer (5,6). Children with
BCOR-ITD and TP53 aberrations typically have poor prog-
nosis (9), indicating TP53 mutations serve an important role in
the prognosis of CCSK. However, BCOR-ITD does not occur
in all CCSK cases. A retrospective study by Astolfi er al (1)
found that <75% of CCSK cases have BCOR-ITD and
few cases exhibit tyrosine 3-monooxygenase/tryptophan
5-monooxygenase activation protein e-NUT family member 2
(YWHAE-NUTM?2) fusion (6).

YWHAE. In humans, YWHAE is a highly conserved gene
located on chromosome 17p13.3 that serves as a phospho-
serine/phosphothreonine-binding protein (7). It is involved in
numerous important cell regulatory processes such as metabo-
lism, protein transport, signal transduction, apoptosis and
cell cycle regulation (7). It is also highly expressed in various
organs, such as brain, thyroid, kidney and testis. However,
the chromosomal region where this gene is located is prone
to allelic deletion and it is abnormally expressed in renal
tumors (8), ovarian (9), breast (10) and prostate cancer (11),
CCSK and uterine leiomyosarcoma. YWHAE promotes
the proliferation of prostate cancer cells by phosphorylating
and activating the PI3K/AKT/Bcl-2 signaling pathway (11).
Yan et al (12) discovered that Y WHAE promotes tumor growth
by increasing the levels of phosphorylated phosphatidyletha-
nolamine-binding Protein 1) and ERK, thereby activating the
ERK/MAPK pathway. These findings indicate that YWHAE
phosphorylates multiple members of key oncogenic signaling
pathways, ultimately leading to tumor development. Research
has shown that YWHAE is prone to fusion with NUTM?2 in

soft tissue sarcoma. This fusion gene was initially used to
diagnose uterine leiomyosarcoma but is also detected in CCSK
sequencing, suggesting an association between CCSK and
maternal inheritance, highlighting the necessity of detecting
YWHAE-NUTM?2 fusion during early pregnancy screening
in clinical practice (13). In a study by Li et al (9) on CCSK, it
was found that cells expressing the YWHAE-NUTM?2 fusion
show more significant cell migration and MAPK/PI3K/AKT
signaling pathway dysregulation. Importantly, the same
pathway activation was observed in CCSK tumor samples,
confirming that YWHAE promotes tumor cell proliferation
in CCSK by phosphorylating the MAPK/PI3K/AKT signaling
pathway (14). In addition to promoting tumor cell prolifera-
tion, YWHAE also facilitates the osteogenic differentiation of
mesenchymal stem cells, which is consistent with the role of
BCOR (6,9-12). Therefore, it was hypothesized that YWHAE
and BCOR act on the same pathway to inhibit TFAP2A and
promote osteoblast differentiation. YWHAE can regulate
TFAP2A activity by binding phosphorylated proteins (such
as transcription factors or signaling molecules). If YWHAE
directly binds to TFAP2A and inhibits its transcriptional
activity, or recruits histone-modifying enzymes (such as
histone deacetylases) to change the chromatin state of
TFAP2A target genes, thereby inhibiting its expression, it may
indirectly promote osteogenic differentiation. BCOR may be
recruited to the TFAP2A promoter region by sequence-specific
DNA-binding proteins (such as BCL6 or MLLT3), and directly
inhibit TFAP2A expression through epigenetic modification,
thereby relieving its inhibition of osteogenic differentiation.

TLE family member 1, transcriptional corepressor (TLEI).
TLEI is one of four transducin-like enhancer genes involved
in the regulation of hematopoiesis, neuronal differentiation and
terminal epithelial differentiation and has high sensitivity and
specificity for the diagnosis of synovial sarcoma (15). TLEI
is a transcriptional co-repressor of the Wnt signaling pathway
and affects the occurrence and development of tumors through
the classical Wnt pathway. Previous studies (16,17) have found
that inhibiting the expression of TLEI reverses the transduc-
tion of the Wnt pathway and improves the extensive crosstalk
and mutual antagonism between the two signaling pathways
in B cell precursor acute lymphoblastic leukemia. Moreover,
TLEI regulates the Wnt pathway and serves an important role
in gastrointestinal stromal tumors (17). IHC of TLEI positivity
is not limited to synovial sarcoma. Ali et al (15) found that
TLE1 expression is also positive in many soft tissue tumors,
including CCSK. However, its specificity is relatively poor (15).

CCNDI. CCNDI shows notable periodicity in protein abun-
dance throughout the cell cycle. As regulatory factors of cyclin
dependent kinase kinases, cyclins exhibit different expression
and degradation patterns that contribute to the temporal
coordination of each mitotic event (18). CCNDI is regarded
as a pan-cancer factor; its mutation and amplification alter the
cell cycle process and promote tumorigenesis (18-20). CCNDI1
shows extensive and strong expression characteristics in CCSK
cells and cases, as well as in cases with YWHAE-FAM?22
translocation, YWHAE-NUTM?2 fusion, and BCOR-ITD
status (20,21). This indicates that the positive expression of
CCNDI is useful in differentiating CCSK from Wilms' tumor,



as CCNDI highlights the epithelial component. Nevertheless,
CCNDI cannot distinguish CCSK from neuroblastoma and
mesoblastic nephroma. Therefore, examination of histological
features is key for the accurate diagnosis of CCSK.
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Table SI. Primary antibodies used for immunohistochemistry.

Antibody Dilution Antibody type Clone no. Cat. no. Supplier
Ki67 1:1,000 Rabbit monoclonal LBP2-Ki67 IR098 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
Soluble 1:400 Mouse monoclonal LBP1-S100P IM193 Guangzhou Anbiping
protein-100 Pharmaceutical
Technology Co., Ltd.
Paired box gene | 1:1,000 Rabbit monoclonal LBP2-Pax2 IR225 Guangzhou Anbiping
2 Pharmaceutical
Technology Co., Ltd.
Cyclin D1 1:500 Rabbit monoclonal EP180 IR392 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
BCL6 1:100 Rabbit polyclonal CSB-PA000988 | Q6W2J9 Cusabio Technology,
CO-Tepressor LLC
CD99 1:50 Rabbit monoclonal LBP2-CD99 1IR045 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
BCL-2 1:1,000 Mouse monoclonal LBP1-BCL2 IMO009 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
Transducin-like 1:50 Mouse monoclonal LBPI-TLE1 IM401 Guangzhou Anbiping
enhancer protein Pharmaceutical
1 Technology Co., Ltd.
Special ~ AT-rich | 1:600 Rabbit monoclonal E8R8H CST39229 | Cell Signaling
sequence-binding Technology, Inc.
protein 2
Integrase 1:2,000 Rabbit monoclonal D8M1X CST91735 | Cell Signaling
interactor-1 Technology, Inc.
Wilms’ tumor 1 1:100 Rabbit monoclonal LBP2-WT1 IR346 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
CD56 1:400 Rabbit monoclonal MRQ-42 1R040 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
Vimentin 1:400 Rabbit monoclonal LBP2-Vim IR142 Guangzhou Anbiping
Pharmaceutical
Technology Co., Ltd.
Brahma-related 1:500 Rabbit polyclonal CSB-PA851527 | LA11HU Cusabio Technology,
gene 1 LLC




