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Abstract The microphthalmia (MiT) subfamily of transcription factors includes TFE3, TFEB,
TFEC, and MITF. In the 2016 World Health Organization classification, MiT family translocation
renal cell carcinoma (tRCC) including Xp11 tRCC and t(6;11) RCC, was newly defined as an RCC
subtype. Xp11 and t(6;11) RCC are characterized by the rearrangement of the MiT transcription
factors TFE3 and TFEB, respectively. Recent studies identified the fusion partner-dependent
clinicopathological and immunohistochemical features in TFE3-rearranged RCC. Furthermore,
RCC with TFEB amplification, melanotic MiT family translocation neoplasms, was identified
may as a unique subtype of MiT family associated renal neoplasms, along with MITF associated
RCC. In this review, we will collect available literature of these newly-described RCCs, analyze
their clinicopathological and immunohistochemical features, and summarize their molecular
and genetic evidences. We expect this review would be beneficial for the understanding of
these rare subtypes of RCCs, and eventually promote clinical management strategies.
ª 2019 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
The microphthalmia (MiT) family of transcription factors
comprises four distinctly encoded genes: MITF, TFEB, TFE3,
and TFEC. All family members share sequence homology in
their DNA-contacting basic domains and the transactivation
domains, recognize similar DNA sequences, indicating
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potential overlap in their target gene repertoire. Addi-
tionally, these factors can heterodimerize with each
other [1]. They are physiologic regulators of cell growth,
differentiation, and survival in several tissue types. Several
distinct tumors are associated with the dysregulation of this
ity.
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gene family, including renal cell carcinoma (RCC), mela-
noma, alveolar soft part sarcoma (ASPS), clear cell sar-
coma, angiomyolipoma, and perivascular epithelioid cell
neoplasms (PEComas). All these tumors have been consid-
ered to be members of the family of tumors, owing to their
histological, immunohistochemical and molecular genetic
similarities.

The new category of MiT family translocation RCC has
been incorporated into the World Health Organization
(WHO) classification in 2016 [2]. The MiT family RCC chiefly
consists of Xp11 translocation RCC harboring TFE3 gene
fusions and t(6;11) RCC harboring a MALAT1eTFEB gene
fusion. RCCs associated with the other two MiT family
members, MITF and TFEC, have rarely been reported.
Recent findings indicate that MITF has an important onco-
genic function in tumorigenesis of multiple tissues/mela-
nocytes and kidney cells [3]. TFEC was first identified in
cells of the mononuclear phagocyte lineage, coexpressed
with other members of the MiT family. Within this lineage,
TFEC’s expression is restricted to macrophages, and its
function has not been widely investigated. This review
summarizes our current knowledge of these recently
described RCCs.

1. Xp11 translocation RCCs (tRCCs)

Xp11 tRCCs are a distinctive subtype of RCC characterized
by several different translocations that involve chromo-
some Xp11.2, resulting in gene fusions of the TFE3 tran-
scription factor gene. In these tumors, the TFE3 gene is
fused by translocation to one of several other genes,
including ASPL (17q25), PRCC (1q21.2), NONO (P54NRB)
(Xq12), CLTC (17q23), SFPQ (PSF ) (1p34), LUC7L3
(17q21.33), KHSRP (19p13.3), PARP14 (3q21.1), DVL2
(17p13.1), RBM10 (Xp11.3), GRIPAP1 (Xp11.23), MED15
(22q11.21) and unknown partner genes on chromosomes 3,
10 and 19 (Table 1) [4,5]. The three most common Xp11
tRCCs are those bearing the t(X;1)(p11.2;q21) which fuses
the PRCC and TFE3 genes, the t(X;17)(p11.2;q25) which
fuses the ASPSCR1 and TFE3 genes, and the
t(X;1)(p11.2;p34) which fuses the SFPQ (PSF ) and TFE3
genes. Of interest, both ASPLeTFE3 RCC and ASPS harbor
the same ASPLeTFE3 fusion gene. However, the trans-
location is balanced in ASPLeTFE3 RCC and is unbalanced in
ASPS, which may contribute to the differences seen at the
clinical and histopathologic levels between Xp11 trans-
location RCC and ASPS.

The function of chimeric TFE3 fusion proteins can also
vary. Tumors with different specific gene fusions may have
different clinical manifestations and morphological
features.

1.1. Clinical features

Xp11 tRCC comprises 20%e40% of childhood RCC and 1%e4%
of adult RCC with an average age of onset of 50 years [6].
The frequency of Xp11 tRCC in adults may be under-
estimated, perhaps due to morphological overlap with more
common adult RCC subtypes, such a conventional clear cell
RCC and papillary RCC [7]. Xp11.2 RCC is one of the fewer
subtypes of RCC that occurs in females more frequently
than males (2.5:1), and the age at presentation is typically
earlier than with other RCC subtypes (i.e., in the third to
fifth decades) [8]. Clinically, the typical presenting fea-
tures of hematuria, flank pain, or abdominal pain are the
most common presenting features for translocation carci-
nomas. As is common for other forms of renal cell
neoplasia, approximately one-third of tumors present as an
asymptomatic, painless renal mass, often identified acci-
dentally during abdominal imaging.

Prior exposure to cytotoxic chemotherapy is currently
the only known risk factor for development of Xp11
tRCC. tRCC has been documented in patients with a
history of prior chemotherapy for various cancers or in-
flammatory conditions (Wilms tumor, Ewing sarcoma,
systemic lupus erythematosus, acute leukemia, and bone
marrow transplant), possibly accounting for 15%e20% of
all pediatric tRCC cases [9]. The post chemotherapy in-
terval ranged from 4 to 13 years, though more recent
studies have documented occurrence of Xp11 tRCC within
2 years of chemotherapy. In adults, although Xp11 tRCC
has been reported during pregnancy or in association
with end stage renal diseases and hemodialysis, no
studies have been carried out to identify particular risk
factors.
1.2. Pathologic features

1.2.1. Gross findings
Gross examination of Xp11.2 tRCCs includes lesions that can
range from small (1e2 cm) to quite large (up to 20 cm);
smaller lesions tend to be well circumscribed, whereas
larger lesions may be irregular in shape and extend beyond
the confines of the kidney. They present as solitary cortical
masses characterized by tan-yellow cut surfaces with foci
of hemorrhage and necrosis, and occasionally focal cystic
degeneration is present. Other cases are more grayer and
appear grossly papillary.

1.2.2. Microscopic features
Histologically, Xp11.2 tRCCs are characterized by hetero-
geneous architectural and cytologic features. The most
distinctive histologic pattern is that of a neoplasm featuring
papillary architecture and epithelioid clear cells. Archi-
tecturally, these tumors can contain true papillae, or
pseudopapillae, broad sheets, nested, trabeculae, and
solid growth patterns. Tumor cells are clear to eosinophilic
with varying amounts of cytoplasm (moderate to volumi-
nous). The nuclei may show some variability in size and are
generally large with a prominent eosinophilic nucleolus
(typically International Society of Urologic Pathology [ISUP]
3 or 4) (Fig. 1). Eosinophilic hyaline droplets, psammoma
bodies, and large calcifications may also be present. Focal
necrosis is a common feature, and rarely there may be
a lymphocytic infiltrate or aggregates of foamy
macrophages [10,11].

However, there has been increasing evidence that Xp11
tRCCs often present with unusual morphological features,
which can mimic other types of RCC (e.g., clear cell RCC,
multilocular cystic RCC, collecting duct carcinoma), and
can also be mimicked by some other atypical tumors (e.g.,
high-grade urothelial carcinoma and well-developed



Table 1 TFE3, TFEB and MITF gene fusions.

Neoplasm Fusion Translocation Age range (year)

ASPS ASPSCR1eTFE3 der(17)(X;17)(p11.2q25) 1e71
RCC ASPSCR1eTFE3 t(X;17)(p11.2;q25) 1e75
RCC PRCCeTFE3 t(X;1)(p11.2;q21) 2e69
RCC SFPQeTFE3 t(X;1)(p11.2;q34) 3e68
RCC NonOeTFE3 inv(X)(p11.2;q12) 39
RCC CLTCeTFE3 t(X;17)(p11.2;q23) 14
RCC LUC7L3eTFE3 t(X;17)(p11.2;q21) 20 F
RCC KHSRPeTFE3 t(X;19)(p11.2;p13)
RCC PARP14eTFE3 t(X;3)(p11.2;q23) 45 F
RCC DVL2eTFE3 t(X;17)(p11.2;p13.1) 73 M
RCC RBM10eTFE3 Inv(X)(p11.2;p11.23) 32e61
RCC GRIPAP1eTFE3 inv(X)(p11.23,p11.23) 40 F
RCC MED15eTFE3 t(X;22)(p11.2;q11.2) 34 F
RCC Unknown t(X;3)(p11.2;q23) 32
RCC Unknown t(X;10)(p11.2;q23) 77
Melanotic Xp11 translocation cancer SFPQ(PSF)eTFE3 t(X;1)(p11.2;q34) 11e55

ARID1BeTFE3 T(X:6)(p11.2;q25.3)
Melanotic t(6;11) renal cell carcinoma MALAT1(Alpha)eTFEB t(6;11)(p21;q12)
Xp11 PEComa SFPQeTFE3 and others t(X;1)(p11.2;q34) and others 9e55
Subset of epithelioid hemangioendothelioma YAP1eTFE3 t(X;11)(p11.2;q13) 14e50
RCC MALAT1(Alpha)eTFEB t(6;11)(p21;q12) 3e68
RCC CLTCeTFEB t(6;17)(p21;q23)
RCC KHDRBS2eTFEB inv(6)(p21q11)
RCC COL21A1eTFEB inv(6)(p21p12)
RCC TFEBeCADM2 t(3;6)(p12;p21)
RCC ACTG1eMITF t(17;3)(q25.3;p13)
RCC PRCCeMITF t(1;3)(q21;p13) 45

ASPS, alveolar soft part sarcoma; PEComa, perivascular epithelioid cell neoplasm; RCC, renal cell carcinoma; F, female; M, male.

Figure 1 Xp11 translocation renal cell carcinoma (RCC). (AeC: Hematoxylin and eosin stains) (A) Xp11 tRCC showing compact
nested and papillary architecture at low power; (B) Xp11 tRCC showing solid nested architecture with eosinophilic cytoplasm; (C)
Xp11 tRCC at higher power showing cells with voluminous clear cytoplasm and vesicular nuclei with prominent nucleoli; (D)
Immunohistochemistry for TFE3 showing nuclear labeling of neoplastic cells; note the absence of labeling in native endothelial
cells.

314 L. Xie et al.



MiT factor associated renal cell carcinoma 315
fascicles of spindled neoplastic cells with bland nuclei and
focal myxoid stroma). The wide spectrum of morphology
seen in Xp11 tRCCs emphasizes the need to consider these
carcinomas in the differential diagnosis of unusual, difficult
to classify RCCs occurring in both children and adults.

Different gene fusions in Xp11 tRCC may be associated
with differing morphologic features. Tumors with the
ASPLeTFE3 fusion are predominantly nested with pseudo-
papillary architecture, and foam cells are not a feature,
although psammoma bodies may be present [12]. Carci-
nomas with the PRCCeTFE3 fusion usually show a papillary
or alveolar architecture [13]. Foam cells and more rarely
psammoma bodies may be seen, and there is often focal
tumor necrosis. However, these are only trends, and there
can be morphologic overlap among tumors with different
gene fusions. Typical morphologic features associated with
the other identified gene fusions have not been described
due to the rarity of cases.

1.2.3. Immunohistochemistry
Unlike other types of RCC, Xp11 tRCCs are either negative
or only focally positive for epithelial markers such as
cytokeratins, cytokeratin 7 (CK7), and epithelial membrane
antigen (EMA) and have variable vimentin expression. CK7 is
typically negative. These tumors are also generally positive
for the RCC immunostaining (CD10, RCC marker, racemase
[AMACR; P504S], PAX2 and PAX8) [14]. Occasionally, Xp11
tRCCs may express melanocytic markers such as Melan-A
and HMB-45, particularly in cases associated with less
common gene fusions. Cathepsin K to be a transcriptional
target of the MITF family, an immunohistochemistry anti-
body to cathepsin K has been utilized in the diagnosis of
MITF family tRCC. Cathepsin K is overexpressed in a subset
of Xp11 tRCCs (approximately 60%) and in almost all t(6;11)
RCCs, but not in other types of RCCs. Interestingly,
PRCCeTFE3 RCC label more frequently for cathepsin K than
do the ASPSCR1eTFE3 RCC in the limited number of cases
tested, suggesting that there are functional differences
between the resulting fusion proteins [15].

The most sensitive and specific marker for the Xp11 tRCC
is strong nuclear TFE3 immunoreactivity, using an antibody
to the C-terminal portion of TFE3 [16]. However, false-
positive and false-negative results are quite frequent due
to differences in fixation times, technical methods and
scoring systems. Furthermore, ALK-rearranged RCCs often
show positive nuclear TFE3 immunostaining, so the immu-
nohistochemical positivity for TFE3 should be cautiously
interpreted [17]. TFE3 break-apart fluorescence in situ
hybridization (FISH) assay on formalin-fixed paraffin
embedded tissue sections is currently the gold standard for
identifying TFE3 rearrangements and often results in large-
space split signals from a translocation [18].

1.3. Prognosis and treatment

From a clinical outcome perspective, outcome data on Xp11
tRCC remain at a premature stage because of its relatively
rare incidence. Outcomes have been highly variable, with
some patients surviving decades with indolent disease and
others dying rapidly of progressive disease. Overall, Xp11
tRCC frequently shows lymph node metastasis and has a
worse prognosis than papillary RCC and similar prognosis
with clear cell RCC [19]. Several studies have demonstrated
that Xp11 tRCCs in childhood patients have a relatively
indolent course, despite their often advanced stage at
presentation [20]. Xp11 tRCCs have the potential to
metastasize as late as 20e30 years after diagnosis [21].
Therefore, good long-term follow-up data are necessary
before any favorable short-term outcome can be
confirmed. Among Xp11 tRCCs, Xp11 tRCC with an
ASPSCR1eTFE3 fusion, which is also detected in alveolar
soft part sarcoma, was reported to have a worse prognosis
than Xp11 tRCCs with other fusion partners, but it is still
unclear whether the fusion partner plays a prognostic
role [19].

The optimal therapy for the Xp11 tRCCs remains to be
determined, as clinical trials have been mainly conducted in
patients with clear cell histology. For localized Xp11 tRCC,
including patients with positive regional lymph nodes, sur-
gery is the treatment of choice. For patients with hema-
togenous metastases, the current options are
immunotherapy using cytokines, such as interleukin-2 and
interferon-alfa, and multikinase inhibitors. However, Xp11
tRCC has poor prognosis regardless of treatment. Therefore,
new, effective treatments are desperately needed for pa-
tients with this tumor type. Therapies targeting vascular
endothelial growth factor receptor and mammalian target of
rapamycin may benefit patients with Xp11 tRCC [22,23]; the
MET signaling pathway is another possible target, since it is
activated by ASPLeTFE3 fusion [24]. A recent study finds
that positive PD-L1 expression is independently associated
with tumor progression and predicts an adverse prognosis for
Xp11 tRCC patients. These suggest that immunotherapy
targeting the PD-1/PD-L1 pathway may represent a potential
novel treatment for Xp11 tRCC patients [25].

2. Melanotic MiT family translocation
neoplasms

In recent years, an increasing number of MiT family
translocation neoplasms with melanotic features have
been reported, such as melanotic Xp11 translocation renal
cancer, TFE3 rearrangement-associated PEComas, Xp11
neoplasm with melanocytic differentiation, and melanotic
t(6;11) RCC. These tumors share similar morphologic
characteristics, such as purely nested or sheet-like ar-
chitectures separated by delicate vascular networks,
purely epithelioid cells containing a clear or granular
eosinophilic cytoplasm, uniform round or oval nuclei
containing small visible nucleoli, and in most cases,
melanin pigmentation. By immunohistochemistry, the
tumor cells were immunoreactive for the melanocytic
markers HMB45 and Melan A, but not for cytokeratins,
muscle markers SMA, S100, and the renal tubule markers
CD10, PAX2, and PAX8 [26].

In 2009 Argani et al. [27] first described a distinctive
subset of MiT family renal tumors designated melanotic
Xp11 translocation renal cancer. These authors later noted
that melanotic Xp11 translocation renal cancer shares many
common features with subsequently described extra-renal
PEComas with TFE3 fusions [28]. However, all these le-
sions have overlapping features driven by the underlying
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TFE3 gene fusion and can all be placed in the category of
MiT family associated cancers. To date only 20 cases have
been described. Clinically these tumors tend to occur in
younger patients (11e46 years, and mean age of 27 years)
and had a propensity towards aggressive tumor behavior,
where most cases are metastatic at initial presentation. It
can present with flank pain, abdominal pain, constitutional
symptoms, or metastasis. African and Asian ethnical groups
are predominant among affected individuals. No associa-
tions with oncogenetic syndromes or specific environmental
exposures have been found [29].

They are characterized by epithelioid nested
morphology, cytoplasmic melanin pigment with positive
immunoreactivity for melanocytic markers (HMB45 and
Melan-A), negative staining for melanoma (S100 and MITF),
epithelial, muscle and renal tubular markers, and positive
staining for the MiT family transcription factor TFE3 (how-
ever negative for MITF which is usually positive in mela-
noma and PEComa). Most cases have demonstrated an
SFPQ (PSF )eTFE3 gene fusion. Antic et al. [30] described
a rare melanotic translocation RCC with a novel
ARID1BeTFE3 gene fusion. Immunostains were positive for
TFE3 and HMB45 and negative for PAX8, MITF, and CAIX;
keratins Cam 5.2 and AE1/AE3 were focally positive. The
patient is alive and without evidence of disease 7 years
after his diagnosis. Cardili et al. [31] reported herein a rare
case of TFE3-related melanotic renal cell tumor showing an
unusual immune expression of cytokeratins (AE1/AE3) and
RCC markers (RCC, CD10). Cathepsin K and vimentin were
diffusely positive whereas melanocytic markers (HMB-45
and Melan-A) displayed weak and patchy expression. PAX-8,
muscle markers and S-100 were negative. TFE3 fusion was
confirmed by break-apart FISH. Different fusion partners
might explain these intriguing phenotype variations.

Saleeb et al. [29] described the first reported case of
melanotic t(6;11) RCC. Morphologically, this case was very
similar to the melanotic Xp11 tRCC, having clear to eosin-
ophilic epithelioid cells, nested alveolar architecture and
intracytoplasmic melanin. This case exhibiting both
epithelial and melonocytic differentiation was proven by
positivity for epithelial markers and melanocytic markers
(HMB45 and Melan-A).

This malignancy has various histologic and immunophe-
notypic features that overlap with melanoma, RCC, and
PEComa. In summary, the expression of cytokeratins and
RCC markers corroborates previous evidence for overlap in
the MITF associated cancer family, remarkably for pig-
mented tumors. It may not be possible to set a clear cutoff
between the epithelial and mesenchymal subgroups, at
least in some cases.

3. t(6;11) RCCs

The t(6;11) RCC is an extremely rare variant and accounts
for 0.02% of all renal carcinomas [32]. The t(6;11) RCC was
first described by Argani et al. [33] in 2001. While their
lineage was initially unclear, the t(6;11) RCC has now been
accepted by the 2016 WHO Renal Tumor Classification as a
subtype of the MiT family of translocation RCC [2]. The
t(6;11) translocation fuses the gene for TFEB, a
transcription factor related to MITF, with Alpha (MALAT1),
an untranslated gene of unknown function, resulting in
overexpression of native TFEB.

3.1. Clinical features

The t(6;11) RCCs are less common than the Xp11 tRCCs; only
approximately 70 cases have been documented in the
literature, the majority of which occurring in children and
adolescents, however, more recent literature has demon-
strated that these neoplasms can present in adults as
well [34e36]. The mean age of presentation is 34 years, with
a wide reported range of 3e77 years. The male-to-female
ratio approximately is 1.1:1. The tumor size ranges from
1.0 cm to 27.0 cm with a mean of 7.5 cm. The patients may
present with hematuria, abdominal pain or an abdominal
mass. The tumor may be also incidentally. Similar to the
Xp11 tRCC, a subset of cases have occurred in patients who
have received cytotoxic chemotherapy for other disorders.

3.2. Pathologic features

3.2.1. Gross findings
The t(6;11) RCCs do not have a distinctive gross appear-
ance. The tumors are generally well circumscribed and
satellite nodules around the main tumor are often
observed. Some cases have had a mahogany color and soft
texture similar to that of oncocytoma, where others have
been grayer and still others have been focal cystic change,
hemorrhage or necrosis [37].

3.2.2. Microscopic features
Histologically, t(6;11) RCCs typically show a biphasic
morphology, composed of large and small epithelioid cells,
which often form nests of rosettes clustered around the
basement membrane. The larger cells have clear to eosin-
ophilic cytoplasm, and the smaller cells have narrow cyto-
plasm with condensed chromatin. (Fig. 2). These neoplasms
typically do not show prominent cytologic atypia or mitotic
activity. The biphasic cell population (large and small cells)
is an important diagnostic clue. More recently, however,
other studies have found that this unique morphology is not
always straight forward, and that some molecularly
confirmed cases may have unusual morphological features,
such as epithelioid angiomyolipoma-like, papillary, tubulo-
cystic, oncocytoma-like, chromophobe cell RCC, clear cell
RCC, multilocular cystic, higher grade unclassified, and
extensive hyalinization or sclerotic, ossified features. In
some tumors, pigment and psammoma bodies can be
observed. These unusual features have expanded the
morphologic spectrum of TFEB RCCs [38,39].

3.2.3. Immunohistochemistry
Immunohistochemically, previous literature reports that
most t(6;11) RCCs express melanocytic markers, such as
HMB-45 and Melan-A, but are either negative or only focally
positive for epithelial markers, such as cytokeratins and
EMA. Cathepsin K is overexpressed in almost all t(6;11)
RCCs. Most cases express PAX8, supporting renal tubular
differentiation. TFE3 is consistently negative in this tumor.



Figure 2 The t(6;11) renal cell carcinoma (RCC). (A,B) The t(6;11) RCCs typically show a biphasic morphology, with larger
epithelioid cells at the periphery of the nests and smaller cells clustered around hyaline basement membrane material in the
center; (C) Immunohistochemistry for TFEB showing strong nuclear labeling of neoplastic cells; note the absence of labeling in
native endothelial cells; (D) Diffuse cytoplasmic staining with Melan A in both types of cells.
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Diffuse nuclear immunoreactivity for TFEB is a critical
diagnostic marker for t(6;11) RCCs. Immunoreactivity for
TFEB is highly sensitive and specific for this tumor, as
exemplified by Argani et al. [40] who could not demon-
strate any staining for TFEB in any of the 1089 other tumors,
including Xp11 tRCCs. However, the results of immunos-
tainings can be inconsistent among laboratories, mainly
because of technical factors such as fixation time and dif-
ferences in the methods of antigen retrieval, the scoring
system, and antibody specificity and sensitivity. Ultimately,
the identification of these neoplasms as t(6;11) RCC should
be confirmed definitively by TFEB FISH studies [40,41].

3.3. Molecular genetic feature

Genetically, t(6;11) RCC is characterized by the fusion of
the 50 portion of the MALAT1 (also known as Alpha) gene
mapped at 11q12 with the TFEB gene located at 6p21 [42].
MALAT1 is a well-known long non-coding RNA that fuses to
TFEB upstream of the translation initiation codon ATG in
exon 3 or exon 4 (downstream of the wild-type ATG in exon
3) [43].Therefore, the fusion transcript of MALAT1eTFEB
encodes full length TFEB.

More recently, Malouf et al. [44] identified a novel fusion
partner of TFEB (TFEBeKHDRBS2) in the TCGA database of
clear cell RCC. Durinck et al. [45] found an unreported gene
fusion involving CLTC and TFEB (CLTCeTFEB) in a non-clear
cell RCC sample that was designated as unclassified. The
comprehensive molecular characterization by the TCGA
research network identified two new fusion partners of
TFEB (COL21A1eTFEB and TFEBeCADM2) in two cases of
papillary RCC [46].
3.4. Prognosis and treatment

Most instances of t(6;11) RCC have an indolent clinical
course with a few published cases demonstrating aggressive
behavior. Most neoplasms have presented at low stage (pT1
or pT2) and have had benign follow-up. With respect to
aggressive t(6;11) RCC, review of the literature provides
some useful information [34e36]. RCC with TFEB rear-
rangement displayed an aggressive behavior in roughly 17%
of cases (12 of 71), occurring as larger masses (12 vs. 7 cm)
in older patients (46 vs. 31 years). It should be noted that
hematogenous metastasis are more common than nodal
metastasis (3 of 12). There are no well-established prog-
nostic markers or protocols predicting biological behavior
that are applicable for t(6;11) RCC.

The clinical behavior of t(6;11) RCC remains unestab-
lished due to their rare incidence. Extirpative surgery re-
mains the lone therapeutic strategy as no proven
neoadjuvant or adjuvant therapies exist. Like the Xp11
tRCC, these neoplasms have demonstrated the capacity to
recur late (up to 8 years after diagnosis), so long-term
follow-up is important for these patients. However, given
the more aggressive behavior in adult populations as well as
the potential for recurrence and metastasis, a more
aggressive postoperative follow-up may be warranted.

4. RCCs with TFEB amplification

More recently, RCC with TFEB amplification have been
identified and appear to be associated with a more aggres-
sive clinical course than TFEB tRCC. The first case of TFEB-
amplified RCC was published in 2014 by Peckova et al. [47].
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To date, 39 cases of high-level amplification of TFEB in RCCs
have been reported [48]. Argani et al. [49] reported the first
series of eight cases of TFEB-amplified RCC (six without TFEB
rearrangement and two with TFEB rearrangement). Gupta
et al. [50] noticed the proximity of TFEB and VEGFA at
6p21.1. The two genes were co-amplified in 11 TFEB ampli-
fied RCC.

Morphologically, TFEB-amplified RCC frequently shows
nests of high ISUP grade epithelioid cells with eosinophilic
cytoplasm associated with pseudopapillary formation and
necrosis, or true papillary formations. These patterns raise
the differential diagnosis of high grade clear cell and
papillary RCC. Although all TFEB-amplified RCCs showed
aberrant melanocytic marker expression, TFEB-amplified
RCCs were different from t(6;11) RCC in some ways. For
example, TFEB-amplified RCC occurred in older patients
(23e83 years; mean age, 63 years) compared with unam-
plified t(6;11) RCC (3e77 years; mean age, 34 years). TFEB-
amplified RCC was associated with a more aggressive clin-
ical course, 62% of patients presented with pT2 disease or
higher, and 46% presented with pT3 disease or higher. TFEB
and melanocytic marker expression was more variable
within the TFEB-amplified RCC. Given that TFEB immuno-
reactivity is less in TFEB-amplified RCC than unamplified
t(6;11) RCC, it seems unlikely that an increased cellular
level of TFEB in the TFEB-amplified RCC relative to that in
the usual t(6;11) RCC is the key reason for the aggressive
behavior. Instead, it seems likely that additional concurrent
genetic alterations which are as yet unknown (such as
genomic instability) drive the aggressive clinical
behavior [51].

TFEB-amplified RCC may constitute a novel entity with a
poor prognosis that warrants novel therapeutic approaches.
Because of their relatively recent identification, such RCC
with TFEB amplification have not been given a formal name
or included in the WHO classification. Its pathogenesis
should be further characterized to develop appropriate
targeted therapy.

5. MITF associated RCC

MITF, one member of the MITF family of transcription fac-
tors, encodes a member of the Myc supergene family of
transcription factors, which is thought to function as a
melanoma oncogene. A germline missense variant of MITF
(c.952G-A; p.E318K) has been identified at higher fre-
quency in patients with family history of cutaneous malig-
nant melanoma (CMM) or primary multiple melanomas
relative to healthy controls [52]. MITF p.E318K occurs at a
conserved SUMOylation position and this variant decreases
the number of SUMO-modified MITF forms. As SUMOylation
of MITF represses its transcriptional activity, p.E318K in-
creases the MITF transcriptional activity and upregulates
HIF-1a, which is known to drive renal tumorigenesis [3].
Interestingly, a significantly increased frequency of RCC
compared to normal controls was detected in melanoma
patients with the p.E318K germline mutation in MITF. The
prevalence of p.E318K in melanoma and RCC patients
ranges from 2.2% to 4%, whilst in a control population
prevalence of this variant is 0.6% in French and Italian
populations and 0.8% in UK and Australian
populations [52,53]. These findings suggest MITF as a
possible connection point between melanoma and RCC.

Recent studies have shown that the same MITF mutation
associated with increased risk of melanoma (E318K) also
leads to increased risk of RCC. These studies indicate that
the missense variant p.E318K is more often observed in
patients affected by multiple primary cancers, such as
melanoma þ RCC or by multiple primary melanomas and
associated odds ratios (ORs) ranged from 4.22, 95% confi-
dence interval (CI) (1.52, 10.91) (Australian study), 7.79,
95% CI (3.12, 20.04) (French study) and 6.4, 95% CI (1.43,
28.58) (Italia study) for multiple melanomas to 14.46,
95% CI (3.74, 48.04) (French study) and 7.9, 95% CI (1.62,
39.4) (Italia study) for melanoma þ RCC [52e54]. Collec-
tively, MITF might be the missing link between melanoma
and kidney cancer and as the first common inherited factor
between these two cancers.

More recently, two studies reported that the MITF
p.E318K mutation does not seem to play a major role in
sporadic RCC development in Caucasians and Polish, but is
possibly restricted to a rare subpopulation of inherited
RCC [55,56]. Although further research is necessary, the
evidence strongly supports a role for the MITF p.E318K
variant as a medium-penetrance, germline mutation that
predisposes to melanoma and RCC and potentially other
cancers as well.

Considering the overlapping functions of MiT transcrip-
tion factor family members, MITF genetic abnormalities
could create a neoplasm similar to the RCC resulting from
TFE3 or TFEB gene fusions in theory. However, MITF has
rarely been reported. To our knowledge, only two MITF
gene fusion RCC was reported.

Durinck et al. [45] identified an ACTG1eMITF gene
fusion in a papillary RCC sample (this case also exhibited
oncocytic and papillary features), and found that the tumor
expressing the fusion had a higher level of MITF expression
than the matched normal sample. Xia et al. [57] reported
another case of novel PRCCeMITF gene fusion RCC by RNA-
sequencing and specifically described its clinicopathologic
and molecular features. This tumor demonstrated the
overlapping histology of Xp11 tRCC and t(6;11) RCC,
including an alveolar or nested architecture, discrete cell
borders, psammoma bodies, “pseudorosettes” formation
and basement membrane material. The tumor was immu-
nohistochemically negative for TFE3 and TFEB but strongly
positive for cathepsin K. These two cases prove the recur-
ring existence of MITF tRCC and expand the genotype
spectrum of MiT family tRCCs. The clinicopathologic man-
ifestations of MITF tRCC need to be further explored and
elucidated. Altogether, MITF is the third member of the MiT
family that might play a critical role in kidney cancer.

6. Conclusion

In summary, MiT family associated RCC is a rare subtype of
RCC with genetic abnormalities (gene fusion, amplification,
and mutation etc.) involving members of the MiT family of
transcription factors, including TFE3, TFEB and MITF. This
review highlights that MiT family associated RCCs are clin-
icopathologically and molecularly diverse. Several different
tumor types can affect the kidney, ranging from indolent
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tumors treated primarily with surgery to more aggressive
entities which require multimodal therapy. More common
tumors such as Xp11 tRCC and t(6;11) RCC have included in
the WHO classification. More rare entities will by definition
have only case series and case reports (such as TFEB
amplified RCC, MITF associated RCC, melanotic MiT family
translocation neoplasms). There has been increasing
awareness that renal cell tumors, which may seem histo-
pathologically similar across many tumors, actually repre-
sents a group of molecularly distinct tumors. The increased
understanding of morphological, immunohistochemical,
molecular, and epidemiological features of RCCs enables us
to categorize renal neoplasms into subtypes/entities with
distinct characteristics. At the current time, there is stan-
dard treatment protocol for patients with MiT family asso-
ciated RCC. Future studies will utilize emerging genomic
technologies to identify prognostic factors and therapeutic
targets in these neoplasms.
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