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A novel partner of TFE3 in the Xp11 translocation renal cell carcinoma:
clinicopathological analyses and detection of EWSR1-TFE3 fusion
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Abstract
The renal cell carcinomas associated with Xp11 translocations (Xp11 translocation RCCs) harbor gene fusions involving TFE3, a
member of the microphthalmia-associated transcription factor (MiTF) family. In the present study, we identified a novel partner
of TFE3, Ewing sarcoma breakpoint region 1 (EWSR1), in an Xp11 translocation RCC. A 57-year-old Japanese woman without
special disease history was referred to us for treatment of an RCC. The resected tumor displayed an alveolar growth pattern with
high-grade nuclei. The tumor was diffusely positive for TFE3 and cathepsin K. Anchoredmultiplex PCR revealed a novel fusion,
EWSR1-TFE3. Fluorescent in situ hybridization analysis demonstrated the rearrangements of EWSR1 and TFE3. RT-PCR
analysis confirmed the chimeric transcript. No neoplasm with EWSR1-TFE3 has been reported so far, in any organ. The results
will expand the genomic spectrums of Xp11 translocation RCCs and contribute to better understanding of the roles of the MiTF
family in the oncogenic process.
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Introduction

Microphthalmia-associated transcription factor (MiTF) family
translocation renal cell carcinomas (RCCs) include Xp11
translocation RCC with transcription factors E3 (TFE3) rear-
rangement. Xp11 translocation RCCs harbor gene fusions in-
volving TFE3, and it is the most common, around 40%, of
RCCs in children and young adults [1]. Although adult

patients have a much lower risk of developing Xp11 translo-
cation RCC, a substantial number of RCCs histologically clas-
sified as clear cell RCC and papillary RCC in adulthood are
found to harbor TFE3 rearrangements by whole transcriptome
sequencing analysis [2, 3].

Representative fusion partners of TFE3 include ASPSCR1
and PRCC. Possible differences in clinicopathological fea-
tures are characterized between these two RCC subtypes.
For example, ASPSCR1-TFE3 RCCs are composed of en-
larged cells that are rarely stained for cathepsin K, and some-
times show aggressive features, whereas PRCC-TFE3 RCCs
are typically composed of smaller cells that are positively
stained for cathepsin K [4–6]. In addition to ASPSCR1 and
PRCC, whole transcriptome analyses have allowed us to de-
tect less common subtypes including SFPQ-TFE3, NONO-
TFE3, and MED15-TFE3 [7]. Even though morphological
differences between these subtypes have been characterized,
it is difficult for pathologists to predict TFE3 fusion partners
from histopathological information alone. Because most sub-
types of Xp11 translocation RCCs have at least partial papil-
lary architecture and clear cell components, they may be
misdiagnosed as a general type of RCC, especially in adult
cases. In the present study, we present an Xp11 translocation
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RCC harboring a novel partner of TFE3, that is the Ewing
sarcoma breakpoint region 1 gene (EWSR1, previously
known as EWS), which occurred in a middle-aged woman
with no specific disease history.

Clinical summary

A 57-year-old Japanese woman with no disease history
consulted a primary care physician due to general fatigue.

Liver dysfunction and a tumor of the right kidney were de-
tected. Thorough medical examination revealed metastases to
the lung and mediastinal lymph nodes. Based on the diagnosis
of advanced RCC, she received Axitinib 10 mg/day for
3 months and was referred to our hospital for further
treatment.

Right nephrectomy was performed. After the operation, the
patient received Axitinib 10 mg/day for 32 months. Thirty-
one months after nephrectomy, multifocal brain metastases
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Fig. 1 Histopathological features
of the resected kidney. a The
patient’s resected right kidney
(left). The dotted lines and star(s)
of the frontal plane indicate axial
cut sections. The cut sections of
the tumor (right). Each specimen
indicated by star(s) corresponds to
the axial section lined in the
frontal plane. b Hematoxylin and
eosin staining of the tumor.
Alveolar nested tumors have thin
capillary networks. Upper left
region contains necrosis. cHigher
magnification of the tumor.
Enlarged polymorphic nuclei and
eosinophilic or clear cytoplasm
are observed. d–h Representative
immunostainings. Tumor cells are
diffusely positive for TFE3 (d),
cathepsin K (e), PAX8 (f), EMA
(g), and occasionally positive for
α-methylacyl-CoA racemase
(AMACR) (h)
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were detected. She received combined modality therapy in-
cluding brain tumor resection, gamma rays, and whole-brain
radiation. Subsequently, Nivolumab (3 mg/kg) was adminis-
trated every 2 weeks for 6 months as the second-line therapy.
The response to Nivolumab was progressive disease; thus,
Axitinib was administrated again, which maintained the pa-
tient in stable disease status for 2 months.

Pathological findings

A 12 × 6.5 × 7.8 cm-sized nodular infiltrative mass replaced
the lower pole of the right kidney (Fig. 1a). The resected
tumor grew in a solid manner and exhibited whitish, bloody,
and necrotic features. Microscopically, the solid lesions were
composed of nested alveolar architectures, compartmentalized
by thin-walled capillary vasculature (Fig. 1b). At a higher
magnification, the tumor cells had large nuclei with nucleoli.
Nuclear pleomorphism was noted with occasional bizarre nu-
clei. The tumor was classified as grade 4 according to the
WHO/International Society of Urologic Pathologists
(Fuhrman grade 4) (Fig. 1c). The cytoplasm was voluminous,
eosinophilic and fluffed, and was also vacuolated. Psammoma
body and melanin pigments were undetec tab le .
Immunohistochemically, the tumor cells were positively
stained for TFE3, cathepsin K, PAX8, EMA, and α-
methylacyl-CoA racemase, as well as focally positive for
melanosome-associated antigen (clone HMB 45), Melan-A
and E-cadherin. The tumor was negative for CD10,
cytokeratin (clone AE1/AE3, CAM 5.2, CK5/6, CK7), high-
molecular weight cytokeratin (clone 34βE12), S-100 protein,

smooth muscle actin, and neuroendocrine markers CD56,
synaptophysin, and chromogranin A (Fig. 1d–h and data not
shown). The histological features, especially alveolar architec-
ture with high grade nuclei and diffuse TFE3 immunoreactiv-
ity, were indicative of Xp11 translocation RCC. Dual-color
fluorescent in situ hybridization (FISH) using break-apart
TFE3 probe showed a rearranged pattern in 69 of 97 counted
nuclei (71%) of tumor cells (Fig. 2a). The tumor was diag-
nosed as an Xp11 translocation RCC. Lymphovascular inva-
sion and infiltration to the renal pelvis were detected, thus the
TNM stage was pT3aN0Mx.

After obtaining written informed consent and institutional
review boards approvals, the patient’s tumor was analyzed for
gene fusion. The RT-PCR for common partner genes
(ASPSCR1, PRCC, NONO, and SFPQ) did not make fusion
products; thus, anchored multiplex PCR was done. The tumor
was found to have an EWSR1-TFE3 fusion. To confirm the
result, FISH and RT-PCRwere done. Dual-color FISH using a
break-apart EWSR1 probe displayed split signals in 70 of 138
counted nuclei (51%) of the tumor area (Fig. 2b). RT-PCR and
sequencing analysis allowed us to define the chimeric
EWSR1-TFE3 transcript, which joined EWSR1 exon 12 to
TFE3 exon 6 (Fig. 2c).

Discussion

We diagnosed the present tumor with BXp11 translocation
RCC^ based on the current WHO classification; however,
the diagnostic rationale warrants further consideration. The
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Fig. 2 Analysis of EWSR1-TFE3
fusion. a Dual-color break-apart
FISH assays using the probes for
TFE3 (a) and EWSR1 (b). The 5′
and 3′ ends are labeled with FITC
and Texas Red, respectively. A
yellow arrow (fused color) indi-
cates a full-length transcript in
one allele. A single colored arrow
(green and red) indicates that the
gene rearrangement occurs in the
other allele harboring TFE3 (a)
and EWSR1 (b). c mRNAwas
extracted from the renal tumor,
and reverse transcription-PCR
was performed. Sequencing anal-
ysis demonstrates the chimeric
transcript composed of EWSR1
and TFE3. The in-frame break
point is indicated by a dotted
arrow
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fusions ASPSCR1-TFE3 and SFPQ-TFE3 are not limited to
Xp11 translocation RCCs but have also been detected in
mesenchymal neoplasms such as alveolar soft part sarcoma
and perivascular epithelioid cell tumor (PEComa) [8].
Wang et al. proposed that the Xp11 translocation RCC
and melanotic Xp11 neoplasm sharing a SFPQ-TFE3 gene
fusion need to be differentiated [9]. Similarly, the diagnosis
of BRCC^ in the present case may not be conclusive. The
patient was an adult without special medical history. The
tumor developed in the renal parenchyma, and tumor cells
displayed epithelioid morphology with immunoreactivities
for PAX8 and EMA. These findings support RCC. The
possibility of melanomas is unlikely, given lack of melanin
pigment and negative staining for S-100 protein. On the
other hand, PEComa and some other mesenchyme neo-
plasms carrying TFE3 rearrangements can show solid and
alveolar patterns with immunoreactivity for cathepsin K,
and often lack spindle cell differentiation [10]. Although
we cannot exclude the possibility of a mesenchymal tumor
showing epithelioid morphology, no information is current-
ly available about soft tissue tumors harboring an EWSR1-
TFE3 fusion. Whether tumors with EWSR1-TFE3 fusion
are detectable in any organs is a subject for further investi-
gation. If such tumors appear and possess a sarcoma- or
PEComa-like nature, then the diagnosis of the current case
should be re-considered.

EWSR1 gene is located on 22q12.2 chromosome and
spans about 40 kb of DNA with 17 exons. EWSR1 gene
rearrangements are frequently detected in Ewing family
tumors and some other mesenchymal tumors. In addition,
tumors of epithelial origin, such as papillary thyroid carci-
noma and hyalinizing clear cell carcinoma of the salivary
gland also have EWSR1 translocations [11, 12]. The chi-
meric proteins produced by EWSR1 usually consist of the
N-terminal transcriptional activation domain of EWSR1
fused to the C-terminal DNA-binding domain of the tran-
scription factor. Representative translocation partners are E
26 family and homeobox gene superfamily. Leucine-zipper
transcription factors family such as ATF1 and CREB1 can
also form a fusion transcript with TFE3. The structure of
EWSR1-TFE3 conforms to the prototype mentioned above.
Most tumors with EWSR1 chimeric transcripts have break
points between exons 7–10 [13]. The present case had a
break point at exon 12. Although the inclusion of the ad-
ditional exons would predict transcription of an arginine-
glycine-glycine (RGG) box and a part of RNA recognition
motif of the C-terminal RNA-binding domain, subcellular
localization of this transcript may not be different from
those of common EWSR1 chimera with break points at
exons 7–10 [14]. The unique combination will be added
as a target for developing new therapeutic approaches to
block aberrant molecular pathways induced by fusion tran-
scripts in cancers.

A series of molecular studies of RCC using whole tran-
scriptome analyses has revealed that chimeric transcripts
are not l imited to MiT family-associated types.
Substantial numbers of histologically diagnosed clear
cell- and papillary RCCs, and even Xp11 translocation
RCCs, possess various chimeric transcripts other than
TFE3 [15]. Currently, it is largely unknown whether and
how miscellaneous chimeric transcripts contribute to the
biology of each RCC. Not all chimeric transcripts were
increased at the mRNA level, indicating that some chimeric
transcripts may participate in renal carcinogenesis through
dysfunction of tumor-related genes [15]. In the present
case, TFE3 and its downstream molecule, cathepsin K,
were overexpressed as detected by immunohistochemistry.
Similar to the other subtypes such as ASPSCR1-TFE3 and
SFPQ-TFE3 with TFE3 break point at exon 6, the present
chimeric TFE3 transcript also encodes exons 6–8, which
includes the basic region and helix-loop-helix/leucine-zip-
per domains that mediate dimerization and DNA binding.
Although TFE3 overexpression predicts constitutive acti-
vation of target promoters, detailed effects of the novel
chimeric transcript in oncogenic signaling will require fur-
ther study.

The present case added a new TFE3 partner to Xp11 trans-
location RCCs. Further studies of TFE3-mediated signaling in
the oncogenic process will help us manage the affected pa-
tients with this type of RCC and also with the mesenchymal
neoplasms involving TFE3 such as alveolar soft part sarcoma
and PEComa.

Acknowledgments We thank Ms. Hiromi Soeda, Mr. Takayuki Akagi,
and the members of the pathology laboratory of TokyoWomen’s Medical
University Hospital for their excellent assistance.

Authors’ contributions HF, IK, MF, RT, and YN analyzed and
interpreted the data. TT and TK contributed to clinical management. IK,
MF, and YN contributed to writing the manuscript. All authors read and
approved the final manuscript.

Funding source This work was supported by JSPS KAKENHI grant
numbers, 16K19085 (I.K.), 17K08745 (M.F.), and 17K11162 (Y.N.),
and Yokohama Academic Foundation grant number 676 (M.F.).

Compliance with ethical standards

Ethical approval This study was approved by the institutional review
boards of Tokyo Women’s Medical University (No.330) and Yokohama
City University (A170928009).

Informed consent Written informed consent for the study was obtained
from the patient.

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

392 Virchows Arch (2019) 474:389–393



References

1. Cajaiba MM, Dyer LM, Geller JI, Jennings LJ, George D,
Kirschmann D, Rohan SM, Cost NG, Khanna G, Mullen EA,
Dome JS, Fernandez CV, Perlman EJ (2018) The classification of
pediatric and young adult renal cell carcinomas registered on the
Children’s oncology group (COG) protocol AREN03B2 after fo-
cused genetic testing. Cancer 124:3381–3389. https://doi.org/10.
1002/cncr.31578

2. Cancer Genome Atlas Research N (2013) Comprehensive molecu-
lar characterization of clear cell renal cell carcinoma. Nature
499(7456):43–49. https://doi.org/10.1038/nature12222

3. Cancer Genome Atlas Research N, Linehan WM, Spellman PT,
Ricketts CJ, Creighton CJ, Fei SS, Davis C, Wheeler DA, Murray
BA, Schmidt L, Vocke CD, Peto M, Al Mamun AA, Shinbrot E,
Sethi A, Brooks S, Rathmell WK, Brooks AN, Hoadley KA,
Robertson AG, Brooks D, Bowlby R, Sadeghi S, Shen H,
Weisenberger DJ, Bootwalla M, Baylin SB, Laird PW, Cherniack
AD, Saksena G, Haake S, Li J, Liang H, LuY, Mills GB, Akbani R,
LeisersonMD,Raphael BJ, Anur P, BottaroD, Albiges L, Barnabas
N, Choueiri TK, Czerniak B, Godwin AK, Hakimi AA, Ho TH,
Hsieh J, Ittmann M, KimWY, Krishnan B, Merino MJ, Mills Shaw
KR, Reuter VE, Reznik E, Shelley CS, Shuch B, Signoretti S,
Srinivasan R, Tamboli P, Thomas G, Tickoo S, Burnett K, Crain
D, Gardner J, Lau K, Mallery D, Morris S, Paulauskis JD, Penny
RJ, Shelton C, Shelton WT, Sherman M, Thompson E, Yena P,
Avedon MT, Bowen J, Gastier-Foster JM, Gerken M, Leraas KM,
Lichtenberg TM, Ramirez NC, Santos T, Wise L, Zmuda E,
Demchok JA, Felau I, Hutter CM, Sheth M, Sofia HJ, Tarnuzzer
R, Wang Z, Yang L, Zenklusen JC, Zhang J, Ayala B, Baboud J,
Chudamani S, Liu J, Lolla L, Naresh R, Pihl T, Sun Q, Wan Y, Wu
Y, Ally A, Balasundaram M, Balu S, Beroukhim R, Bodenheimer
T, Buhay C, Butterfield YS, Carlsen R, Carter SL, Chao H, Chuah
E, Clarke A, Covington KR, Dahdouli M, Dewal N, Dhalla N,
Doddapaneni HV, Drummond JA, Gabriel SB, Gibbs RA, Guin
R, Hale W, Hawes A, Hayes DN, Holt RA, Hoyle AP, Jefferys
SR, Jones SJ, Jones CD, Kalra D, Kovar C, Lewis L, Li J, Ma Y,
Marra MA, Mayo M, Meng S, Meyerson M, Mieczkowski PA,
Moore RA, Morton D, Mose LE, Mungall AJ, Muzny D, Parker
JS, Perou CM, Roach J, Schein JE, Schumacher SE, Shi Y, Simons
JV, Sipahimalani P, Skelly T, SolowayMG, Sougnez C, TamA, Tan
D, Thiessen N, Veluvolu U,WangM,WilkersonMD,Wong T, Wu
J, Xi L, Zhou J, Bedford J, Chen F, Fu Y, Gerstein M, Haussler D,
Kasaian K, Lai P, Ling S, Radenbaugh A, Van Den Berg D,
Weinstein JN, Zhu J, Albert M, Alexopoulou I, Andersen JJ,
Auman JT, Bartlett J, Bastacky S, Bergsten J, Blute ML, Boice L,
Bollag RJ, Boyd J, Castle E, Chen YB, Cheville JC, Curley E,
Davies B, DeVolk A, Dhir R, Dike L, Eckman J, Engel J, Harr J,
Hrebinko R, Huang M, Huelsenbeck-Dill L, Iacocca M, Jacobs B,
Lobis M, Maranchie JK, McMeekin S, Myers J, Nelson J, Parfitt J,
Parwani A, Petrelli N, Rabeno B, Roy S, Salner AL, Slaton J,
Stanton M, Thompson RH, Thorne L, Tucker K, Weinberger PM,
Winemiller C, Zach LA, Zuna R (2016) Comprehensive molecular
characterization of papillary renal-cell carcinoma. N Engl J Med
374(2):135–145. https://doi.org/10.1056/NEJMoa1505917

4. Martignoni G, Gobbo S, Camparo P, Brunelli M, Munari E, Segala
D, Pea M, Bonetti F, Illei PB, Netto GJ, Ladanyi M, Chilosi M,
Argani P (2011) Differential expression of cathepsin K in neo-
plasms harboring TFE3 gene fusions. Mod Pathol 24(10):1313–
1319. https://doi.org/10.1038/modpathol.2011.93

5. Ellis CL, Eble JN, Subhawong AP, Martignoni G, Zhong M,
Ladanyi M, Epstein JI, Netto GJ, Argani P (2014) Clinical

heterogeneity of Xp11 translocation renal cell carcinoma: impact
of fusion subtype, age, and stage. Mod Pathol 27(6):875–886.
https://doi.org/10.1038/modpathol.2013.208

6. Argani P, Antonescu CR, Couturier J, Fournet JC, Sciot R, Debiec-
Rychter M, Hutchinson B, Reuter VE, Boccon-Gibod L, Timmons
C, Hafez N, Ladanyi M (2002) PRCC-TFE3 renal carcinomas:
morphologic, immunohistochemical, ultrastructural, and molecular
analysis of an entity associated with the t(X;1) (p11.2;q21). Am J
Surg Pathol 26(12):1553–1566

7. Wang XT, Xia QY, Ye SB, Wang X, Li R, Fang R, Shi SS, Zhang
RS, Tan X, Chen JY, Sun K, Teng XD, Ma HH, Lu ZF, Zhou XJ,
Rao Q (2018) RNA sequencing of Xp11 translocation-associated
cancers reveals novel gene fusions and distinctive clinicopathologic
correlations. Mod Pathol 31:1346–1360. https://doi.org/10.1038/
s41379-018-0051-5

8. Rao Q, Shen Q, Xia QY,Wang ZY, Liu B, Shi SS, Shi QL, Yin HL,
Wu B, Ye SB, Li L, Chen JY, Pan MH, Li Q, Li R, Wang X, Zhang
RS, Yu B, Ma HH, Lu ZF, Zhou XJ (2015) PSF/SFPQ is a very
common gene fusion partner in TFE3 rearrangement-associated
perivascular epithelioid cell tumors (PEComas) and melanotic
Xp11 translocation renal cancers: clinicopathologic, immunohisto-
chemical, and molecular characteristics suggesting classification as
a distinct entity. Am J Surg Pathol 39(9):1181–1196. https://doi.org/
10.1097/PAS.0000000000000502

9. Wang XT, Xia QY, Ni H, Ye SB, Li R, Wang X, Shi SS, Zhou XJ,
Rao Q (2017) SFPQ/PSF-TFE3 renal cell carcinoma: a clinicopath-
ologic study emphasizing extended morphology and reviewing the
differences between SFPQ-TFE3 RCC and the corresponding mes-
enchymal neoplasm despite an identical gene fusion. Hum Pathol
63:190–200. https://doi.org/10.1016/j.humpath.2017.02.022

10. Argani P, Zhong M, Reuter VE, Fallon JT, Epstein JI, Netto GJ,
Antonescu CR (2016) TFE3-fusion variant analysis defines specific
clinicopathologic associations among Xp11 translocation cancers.
Am J Surg Pathol 40(6):723–737. https://doi.org/10.1097/PAS.
0000000000000631

11. Antonescu CR, Katabi N, Zhang L, Sung YS, Seethala RR, Jordan
RC, Perez-Ordonez B, Have C, Asa SL, Leong IT, BradleyG, Klieb
H, Weinreb I (2011) EWSR1-ATF1 fusion is a novel and consistent
finding in hyalinizing clear-cell carcinoma of salivary gland. Genes
Chromosom Cancer 50(7):559–570. https://doi.org/10.1002/gcc.
20881

12. Oliveira G, Polonia A, Cameselle-Teijeiro JM, Leitao D, Sapia
S, Sobrinho-Simoes M, Eloy C (2017) EWSR1 rearrangement is
a frequent event in papillary thyroid carcinoma and in carcino-
ma of the thyroid with Ewing family tumor elements (CEFTE).
Virchows Arch 470(5):517–525. https://doi.org/10.1007/
s00428-017-2095-1

13. Gamberi G, Cocchi S, Benini S, Magagnoli G,Morandi L, Kreshak
J, GambarottiM, Picci P, Zanella L, AlberghiniM (2011)Molecular
diagnosis in Ewing family tumors: the Rizzoli experience–222 con-
secutive cases in four years. J Mol Diagn 13(3):313–324. https://
doi.org/10.1016/j.jmoldx.2011.01.004

14. Zakaryan RP, Gehring H (2006) Identification and characterization
of the nuclear localization/retention signal in the EWS proto-
oncoprotein. J Mol Biol 363(1):27–38. https://doi.org/10.1016/j.
jmb.2006.08.018

15. Gotoh M, Ichikawa H, Arai E, Chiku S, Sakamoto H, Fujimoto H,
Hiramoto M, Nammo T, Yasuda K, Yoshida T, Kanai Y (2014)
Comprehensive exploration of novel chimeric transcripts in clear
cell renal cell carcinomas using whole transcriptome analysis.
Genes Chromosom Cancer 53(12):1018–1032. https://doi.org/10.
1002/gcc.22211

Virchows Arch (2019) 474:389–393 393

https://doi.org/10.1002/cncr.31578
https://doi.org/10.1002/cncr.31578
https://doi.org/10.1038/nature12222
https://doi.org/10.1056/NEJMoa1505917
https://doi.org/10.1038/modpathol.2011.93
https://doi.org/10.1038/modpathol.2013.208
https://doi.org/10.1038/s41379-018-0051-5
https://doi.org/10.1038/s41379-018-0051-5
https://doi.org/10.1097/PAS.0000000000000502
https://doi.org/10.1097/PAS.0000000000000502
https://doi.org/10.1016/j.humpath.2017.02.022
https://doi.org/10.1097/PAS.0000000000000631
https://doi.org/10.1097/PAS.0000000000000631
https://doi.org/10.1002/gcc.20881
https://doi.org/10.1002/gcc.20881
https://doi.org/10.1007/s00428-017-2095-1
https://doi.org/10.1007/s00428-017-2095-1
https://doi.org/10.1016/j.jmoldx.2011.01.004
https://doi.org/10.1016/j.jmoldx.2011.01.004
https://doi.org/10.1016/j.jmb.2006.08.018
https://doi.org/10.1016/j.jmb.2006.08.018
https://doi.org/10.1002/gcc.22211
https://doi.org/10.1002/gcc.22211

	A...
	Abstract
	Introduction
	Clinical summary
	Pathological findings

	Discussion
	References


