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Xp11 translocation renal cell carcinomas are characterized by several different translocations involving the TFE3
gene. Tumors with different specific gene fusions may have different clinicopathological manifestations. Fewer
than 10 renal cell carcinoma cases with NONO-TFE3 have been described. Here we examined eight additional
cases of this rare tumor using clinicopathological, immunohistochemical, and molecular analyses. The male-to-
female ratio of our study cohort was 1:1, and the median age was 30 years. The most distinctive feature of the
tumors was that they exhibited glandular/tubular or papillary architecture that was lined with small-to-medium
cuboidal to high columnar cells with indistinct cell borders and an abundantly clear or flocculent eosinophilic
cytoplasm. The nuclei were oriented toward the luminal surface and were round and uniform in shape, which
resulted in the appearance of secretory endometrioid subnuclear vacuolization. The distinct glandular/tubular or
papillary architecture was often accompanied by sheets of epithelial cells that presented a biphasic pattern.
Immunohistochemically, all eight cases demonstrated moderate (2+) or strong (3+) positive staining for TFE3,
CD10, RCC marker, and PAX-8. None of the tumors were immunoreactive for CK7, Cathepsin K, Melan-A, HMB45,
Ksp-cadherin, Vimentin, CA9, 34βE12 or CD117. NONO-TFE3 fusion transcripts were identified in six cases by
RT-PCR. All eight cases showed equivocal split signals with a distance of nearly 2 signal diameters and
sometimes had false-negative results. Furthermore, we developed a fluorescence in situ hybridization (FISH)
assay to serve as an adjunct diagnostic tool for the detection of the NONO-TFE3 fusion gene and used this
method to detect the fusion gene in all eight cases. Long-term follow-up (range, 10–102 months) was available for
7 patients. All 7 patients were alive with no evidence of recurrent disease or disease progression after their initial
resection. This report adds to the known data regarding NONO-TFE3 renal cell carcinoma.
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Renal cell carcinomas associated with Xp11 transloca-
tions are rare and are characterized by several different
translocations involving the TFE3 gene. In these
tumors, the TFE3 gene is fused by translocation

to one of several other genes, including ASPL, PRCC,
NONO (p54nrb), CLTC, SFPQ1, LUC7L3, KHSRP,
PARP14, DVL2, RBM10, and unknown genes on
chromosomes 10.1–13 Tumors with different specific
gene fusions may have different clinical manifestations
and morphological features.7 The first description of a
NONO-TFE3 gene fusion came from a UOK109 papil-
lary renal cell carcinoma cell line and was reported by
Clark et al.1 Recently, Argani et al12 provided the first
morphological description of NONO-TFE3 renal cell
carcinoma, which was based on five cases. To the best
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of our knowledge, fewer than 10 cases of NONO-TFE3
renal cell carcinoma have been described in the
literature to date.1,12,14,15 Thus, the clinical manifesta-
tions and morphological features of NONO-TFE3 renal
cell carcinoma must be further elucidated.

The detection of strong nuclear TFE3 immuno-
reactivity using an antibody to the C-terminal portion
of TFE3 is currently the most commonly used
diagnostic technique for Xp11 translocation renal cell
carcinoma.16,17 However, false-positive and false-
negative results are quite frequent due to differences
in fixation times, technical methods and scoring
systems.7 TFE3 break-apart fluorescence in situ hybri-
dization (FISH) assays 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.7 However, when TFE3 rearrangement
results from an inversion of chromosome X, as in the
NONO-TFE3 fusion, the split signals are more subtle.

In the current work, we performed a retrospective
study of eight patients with NONO-TFE3 renal cell
carcinoma and described the specific tumor mor-
phology as well as the patients’ long-term survival.
We also discussed a potential diagnostic pitfall in
detecting NONO-TFE3 gene rearrangement using
TFE3 break-apart FISH that can easily produce
false-negative and equivocal results. Additional
FISH assays may provide further confirmation of
the presence of the NONO-TFE3 fusion gene.12,13,18

Materials and methods

Case Selection

Of the eight cases included in this study, one case was
from the State Key Laboratory of Cancer Biology,
Department of Pathology, Xi Jing Hospital, Fourth
Military Medical University, Xi'an, China; one case
was from the Department of Pathology, West China
Hospital, West China Medical School, Sichuan Uni-
versity, Chengdu, China; one case was from the
Department of Pathology, Fudan University Shanghai
Cancer Center, Shanghai, China; and five cases were
from the archives of the Department of Pathology at
Nanjing Jinling Hospital, Nanjing University School of
Medicine. Clinicopathological characteristics, treat-
ments, and follow-up data were recorded.

For each case, the pathology report and all tissue
sections stained with hematoxylin and eosin (mean,
7.1 slides; median, 7 slides; range, 4–13 slides) were
reviewed independently by experienced pathologists
(RQ and XQY). The blocks containing the largest
proportion of tumor tissue for each case were
selected for immunostaining.

Immunohistochemistry

Tumor tissues were fixed in 10% formalin and
embedded in paraffin. Sections that were 3-μm thick

were immunohistochemically stained using anti-
bodies against the following proteins: TFE3
(SC-5958, 1:300; Santa Cruz, Santa Cruz, CA, USA),
cathepsin K (3F9, 1:300; Abcam, Cambridge, UK),
HMB45 (1:500; Dako, Glostrup, Denmark), Melan-A
(A103/M2-72, 1:100; NeoMarkers, Fremont, CA,
USA), CD10 (56C6, 1:100; Novocastra, Milton Keynes,
UK), vimentin (V9, 1:200; Zymed, Grand Island, NY,
USA), CK7 (OV-TL12/30, 1:300; Zymed), CD117
(Polyclonal, 1:100; Dako), Ksp-cadherin (4H6/F9,
1:200; Zymed), PAX8 (4H7B3, 1:100; ProteinTech
Group, Rosemont, IL, USA), RCC marker (PN-15, pre-
diluted; MaxVision, Madison, AL, USA), carbonic
anhydrase IX (CA9) (ab1508, 1:1000; Abcam) and
cytokeratin 34βE12 (pre-diluted, Ventana, Roche,
Tucson, AZ, USA).

Immunoreactions were performed using labeled
streptavidin-biotin and overnight incubation as pre-
viously described. Then, 3,3’-diaminobenzidine was
used for visualization. Immunoreactivity was eval-
uated in a semiquantitative manner to assess both
staining intensity and the percentage of immunopo-
sitive cells as described previously.10,19 For all
antibodies, the resulting score was calculated by
multiplying the staining intensity (0 =no staining,
1 =mild staining, 2 =moderate staining and
3= strong staining) by the percentage of immuno-
reactive tumor cells (0–100). The immunostaining
result was considered 0 or negative when the score
was o25; it was considered 1+ or weak when the
score was 26–100; it was considered 2+ or moderate
when the score was 101–200; and it was considered
3+ or strong when the score was 201–300.

Detection of the NONO-TFE3 Fusion Gene via RT-PCR

An RT-PCR assay was performed as described by
Clark et al and Chang et al20 to detect major TFE3-
related fusion genes, including t(X;1) (p11.2;p34)
SFPQ1-TFE3, t(X;17)(p11.2;q23) CLTC-TFE3, inv(X)
(p11.2;q12) NONO-TFE3, t(X;1)(p11.2;q21) PRCC-
TFE3, and t(X;17)(p11.2;q25.3) ASPL-TFE3.1,20

For the NONO-TFE3 fusion gene, new primer pairs
were designed to detect fusion gene transcripts.
These primers are listed in Supplementary Table S1.

For sequence analysis, the PCR products were
purified using a Wizard PCR Preps Purification
System (Promega, Madison, WI, USA). Sequencing
was performed using Big Dye Terminator and ABI
Basecaller (Applied Biosystems, Grand Island, NY,
USA).

FISH Probe Design and Development

Bacterial artificial chromosome clones were selected
using the 'CloneCentral human bacterial artificial
chromosome Clone Locator' from EmpireGenomics
(http://www.empiregenomics.com/CloneCentral/gene_
search) as previously described for split hybridization
experiments.7,10,13,21 For theNONO-TFE3 fusion assay,
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the bacterial artificial chromosome clone RP11-934E1,
located centromeric to the NONO gene locus,
was labeled with 5-fluorescein-dUTP. The bacterial
artificial chromosome clone RP11-416B14, located
telomeric to the TFE3 gene locus, was labeled with
5-ROX-dUTP (Figure 1a).

FISH

One slide stained with hematoxylin and eosin from
each block was examined to identify areas contain-
ing tumor cell clusters for cell counting. Tissue
sections that were 3-μm thick were prepared from
buffered formalin-fixed paraffin-embedded tissue
blocks. Tumor tissues on the slides were deparaffi-
nized and subjected to heat pretreatment (pressure
cooking for 10min at full pressure) in distilled water
and then digested by incubation with 0.25% pepsin
(Sigma, Taufkirchen, Germany) and 0.01M HCl for
15min at 37 °C. After rinsing twice in 2xSSC for
5min, the tissues were dehydrated by immersing
the slides in 70%, 85%, and 100% ethanol for
1min each at room temperature and then air-dried.

The probes were diluted in tDenHyb 2 (Insitus,
Albuquerque, NM, USA) at a ratio of 1:25. The slides
containing the tissue DNA probes (10 μl per slide)
were co-denatured in an in situ thermocycler
(System 1000, Perkin Elmer, Waltham, Massachusetts,
USA) at 83 °C for 12min, annealed at 37 °C, and
hybridized in a humidified chamber at 37 °C overnight.
After post-hybridization washing in 0.4×SSC (70 °C
for 2min) and 2×SSC (room temperature for 2min),
a coverslip was added to the slides with 10ml of
4,6-diamino-2-phenylindole for counterstaining.

FISH Evaluation

The method of analysis used for FISH evaluation
has been partially described previously.7,10,22 The
first step involved using a split probe assay
to identify TFE3 gene rearrangement. A fused or
closely approximated green-red signal pattern was
interpreted as a normal result, whereas a split signal
pattern indicated the presence of a TFE3 trans-
location.

Figure 1 (a and b) Schematic representation of the NONO-TFE3 fusion probe design and FISH assay.

Modern Pathology (2017) 30, 416–426

NONO-TFE3 renal cell carcinoma

418 Q-y Xia et al



The second step involved using a fusion probe
assay with a probe telomeric to TFE3 (5-ROX-dUTP,
red) and another probe centromeric to NONO
(5-fluorescein-dUTP, green). A colocalized signal
represented a fusion between NONO and TFE3
(Figure 1b). Signals were considered to be split when
green and red signals were separated by a distance
equal to or greater than the two signals’ diameters.
For each case, a minimum of 100 tumor nuclei was
examined for probe signals via fluorescence micro-
scopy at 1000x magnification. To avoid false-positive
interpretations resulting from nuclear truncation,
only non-overlapping tumor nuclei were evaluated.
Based on the generally accepted guidelines used by
all other commercially available break-apart FISH
assays and the TFE3 break-apart FISH assays devel-
oped here, a positive result was reported when more
than 10% of the nuclei in a tumor tissue sample
displayed evidence of a TFE3 gene rearrangement or
the NONO-TFE3 fusion.7,10,21

As negative controls, four clear cell renal cell
carcinomas, two papillary renal cell carcinomas,
three ASPL-TFE3 renal cell carcinomas, two PRCC-
TFE3 renal cell carcinomas, and a panel of non-
neoplastic renal tissues were also evaluated.

Results

Patients

The clinicopathological features of the eight patients
diagnosed with NONO-TFE3 renal cell carcinoma
are shown in Table 1. The patients ranged in age from
23 to 61 years (mean, 32.5 years; median, 30 years).
The male-to-female ratio was 1:1. According to the
2010 American Joint Committee on Cancer TNM
staging system, five patients presented with stage I
disease and three presented with stage II disease.
Follow-up data were available for seven patients
(range, 10–102 months; mean, 51 months; median,
52 months). After the initial resection, all seven
patients were alive with no evidence of disease.

Morphology

Morphologically, the most distinctive feature of the
evaluated tumors was the presence of glandular/
tubular or papillary architecture lined with small to
medium cuboidal to high columnar cells with
indistinct cell borders and abundant clear or floccu-
lent eosinophilic cytoplasm (Figure 2a). The nuclei
were oriented toward the luminal surface and were
rounded and uniform in shape, resulting in the
appearance of secretory endometrioid subnuclear
vacuolization or a pattern that mimics clear cell
papillary renal cell carcinoma, as previously
described by Argani et al.12 The nucleoli were not
prominent (WHO/ISUP grade 2; Figure 2b).

Remarkably, this distinct glandular/tubular or
papillary architecture was often accompanied by T
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sheets of epithelial cells and therefore presented a
biphasic pattern (Figures 2c–f). The proportion of
glandular/tubular or papillary architecture observed
for each case was variable and ranged from 5 to 90%.
The architecture was predominantly glandular/tub-
ular or papillary in three patients, predominantly
solid sheets of epithelial cells in one patient, and
equal for both morphologies in four patients. All
eight patients exhibited psammoma bodies. Focal
necrosis was observed in one patient. Hyaline
degeneration of the stroma, hemorrhage, and hemo-
siderin were frequently observed.

Immunohistochemistry

All eight patients demonstrated moderate (2+) or
strong (3+) positive staining for TFE3, CD10, RCC,
and PAX-8. None of the patients were immuno-
reactive for CK7, Cathepsin K, Melan-A, HMB45,
Ksp-cadherin, Vimentin, CA9, 34βE12, or CD117.
The patients’ immunohistochemical profiles are
summarized in Table 2.

Molecular Analysis

Adequate RNA was extracted from the formalin-
fixed paraffin-embedded tissues from all eight
patients and subjected to RT-PCR analysis. NONO-
TFE3 fusion transcripts were identified in six
patients (fusion transcript sequencing results are
shown in Supplementary Figure S1). Sequencing of
the PCR products revealed that the NONO-TFE3
fusion points were between exon 7 of NONO and
exon 6 of TFE3 in 5 patients (Cases 1, 2, 4, 7, and 8)
and between exon 9 of NONO and exon 5 of TFE3 in
1 patient (Case 5; Figure 3).

FISH Analysis

Using the TFE3 break-apart FISH assay, all eight
patients showed a high percentage (mean, 53%;
range, 41–68%) of equivocal split signals with a
distance of nearly two signal diameters and some-
times had false-negative results (Figures 4a and b).

For the controls, three ASPL-TFE3 renal cell carci-
nomas and two PRCC-TFE3 renal cell carcinomas
showed a positive result with a high percentage of
widely split signals (mean, 59%; range, 47–72%),
while the four clear cell renal cell carcinomas, two
papillary renal cell carcinomas and non-neoplastic
renal tissues were negative.

The fusion probe assay that used probes centro-
meric of NONO and telomeric of TFE3 showed a
positive fusion signal. All 8 patients demonstrated a
high percentage of cells with colocalized signals
(mean, 59%; range, 51–75%; Figures 4c and d),
whereas none of the 11 controls or the non-neo-
plastic renal tissues showed positive FISH results.

Discussion

Aside from ASPL, PRCC and SFPQ1, which are
relatively common gene fusion partners associated
with Xp11 translocation renal cell carcinoma, there
are several exceedingly rare gene fusion partners,
including NONO (p54nrb), CLTC, LUC7L3, KHSRP,
PARP14, DVL2, and RBM10.1–12,15 Many of these
genes, such as CLTC, LUC7L3, KHSRP, PARP14,
DVL2, and RBM10, have only been discussed in
case reports.4,8,9,11,12 To the best of our knowledge,
fewer than 10 NONO-TFE3 renal cell carcinomas
have been described in the English literature to
date.1,12,14,15 In this study, eight patients were
identified as having NONO-TFE3 renal cell carci-
noma. The male-to-female ratio was 1:1, and there
was no sex predominance. The patient ages ranged
from 23 to 61 years (mean, 32.5 years; median, 30
years). All patients had a low pTNM stage (five with
stage I, three with stage II). Long-term follow-up
(range, 10–102 months; mean, 51 months; median,
52 months) was available for seven patients, all of
whom were alive with no evidence of recurrent
disease or disease progression after their initial
resection. Information regarding the clinical charac-
teristics of the NONO-TFE3 renal cell carcinomas
remained unclear because of their rare incidence.
In our study, NONO-TFE3 renal cell carcinoma
appeared to be a relatively indolent tumor. In the
patients with available treatment and prognostic
information, there were no reports of death associ-
ated with NONO-TFE3 renal cell carcinoma.1,12,14,15
Although Argani et al12 reported metastasis in two of
five patients, Kristyna et al15 reported recurrence in
one of three patients, survival or deceased outcome
was not reported. Our relatively small sample may
not be indicative of the true outcome of these tumors.
Therefore, their exact biological behavior should be
determined through further investigations using a
larger cohort.

Xp11 translocation renal cell carcinomas with
different specific gene fusions may have slightly
different clinical manifestations and morphological
features.7,16,23 In a recent study conducted by Argani
et al,12 four of five patients demonstrated nuclear
palisading with subnuclear vacuoles, a pattern that
mimics clear cell papillary renal cell carcinoma. In
our series, we demonstrated that NONO-TFE3 renal
cell carcinomas displayed a distinctive architecture
that contains a biphasic pattern composed of sheets
of epithelial cells and glandular/tubular or papillary
architecture. These glandular/tubular or papillary
regions were lined with cuboidal to high columnar
cells with abundant clear or flocculent eosinophilic
cytoplasm. The nuclei were oriented toward the
luminal surface and were rounded and uniform in
shape, resulting in the appearance of secretory
endometrioid subnuclear vacuolization or a pattern
that mimics clear cell papillary renal cell carcinoma,
as previously described by Argani et al.12 However,
in one case reported by Argani et al,12 nuclear
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Figure 2 The morphologically distinct feature of NONO-TFE3 renal cell carcinoma is the presence of a biphasic pattern. (a) In case 6, the
tumor had a predominantly glandular/tubular or papillary architecture lined by cuboidal to high columnar cells with abundantly clear or
flocculent eosinophilic cytoplasm. (b) Nuclei were oriented toward the luminal surface and were round and uniform in shape, resulting in
the appearance of secretory endometrioid subnuclear vacuolization. Focal psammoma bodies were also observed. (c) The proportion of
sheets of epithelial cells and glandular/tubular or papillary architecture was equal in case 1. (d) High-power field microscopy of glands
revealed the appearance of secretory endometrioid subnuclear vacuolization. (e) In case 2, the tumor was predominantly composed of
solid sheets of epithelial cells. (f) Focal glands/tubules displaying the appearance of secretory endometrioid, which could be easily missed
due to insufficient sampling.
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palisading that resembled trabecular architecture
was present, which led to an initial diagnosis of
neuroendocrine neoplasm, and similar subnuclear
vacuolization was also observed in SFPQ1-TFE3
renal cell carcinoma. Disregarding the RT-PCR
results, the frequent distinctive architecture
observed in the NONO-TFE3 renal cell carcinomas
along with the positive TFE3 staining and the
equivocal TFE3 FISH results allowed for the sub-
typing of Xp11 translocation renal cell carcinomas.
Such subtyping is assumed to be helpful for detect-
ing additional potential cases and for furthering
clinicopathological investigation. However, we also
note that the proportion of glandular/tubular or
papillary architecture for each case was variable
and ranged from 5 to 90%. Therefore, sufficient
sampling is important to avoid overlooking distinc-
tive morphologies.

We also compared the features of NONO-TFE3
renal cell carcinomas and clear cell papillary renal
cell carcinomas based on the literature and our
present study.12,15,24,25 Table 3 summarizes the
clinicopathological findings observed in our series
of NONO-TFE3 renal cell carcinomas compared
with clear cell papillary renal cell carcinomas.
NONO-TFE3 renal cell carcinomas frequently pre-
sent at a younger age and with high columnar cells
with indistinct cell borders, WHO/ISUP grade 2
nuclei, a flocculent eosinophilic cytoplasm, psam-
moma bodies, hyaline degeneration of the stroma,
hemorrhage, hemosiderin, and strong immuno-
staining of TFE3, which are features not typically
observed in clear cell papillary renal cell carcinoma.
clear cell papillary renal cell carcinomas usually
present with glandular/tubular or papillary
architecture with open and large lumens,

Figure 3 RT-PCR identified two NONO-TFE3 fusion gene patterns among six cases. One pattern had a fusion point between exon 7 of
NONO and exon 6 of TFE3 (Cases 1, 2, 4, 7, and 8), while the other pattern had a fusion point between exon 9 of NONO and exon 5 of TFE3
(Case 5). A full color version of this figure is available at the Modern Pathology journal online.

Table 2 Immunohistochemical findings for NONO-TFE3 renal cell carcinomas

Case TFE3 Cathepsin K Mel-A Hmb45 CD10 CK7 Ksp-cad Vim Pax8 CD117 RCC CA9 34βE12

1 +++ − − − ++ − − − +++ − +++ − −
2 ++ − − − +++ − − − ++ − +++ − −
3 +++ − − − +++ − − − ++ − +++ − −
4 ++ − − − +++ − − − ++ − ++ − −
5 ++ − − − +++ − − − ++ − +++ − −
6 +++ − − − ++ − − − +++ − ++ − −
7 + − − − +++ − − − +++ − ++ − −
8 +++ − − − ++ − − − ++ − ++ − −

Abbreviations: Ksp-cad, kidney-specific cadherin; Mel-A, melan-A; Vim, vimentin.
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intraluminal pale eosinophilic material, cuboidal to
low columnar cells, a perfectly clear cytoplasm with
relatively distinct cell borders, WHO/ISUP grade 1
nuclei in a linear arrangement, smooth muscle

stroma, and immunostaining of CA9, 34βE12, and
CK7 (Figure 5).

Most NONO-TFE3 renal cell carcinomas reported
in references Argani et al12 and Kristyna et al15

Figure 4 Split (a and b) and fusion (c and d) FISH assays performed on tumors from female (Case 5) and male (Case 1) patients and showed
positive results. Remarkably, the maintenance of glandular/tubular architecture could be visualized under a fluorescent microscope. A
high percentage of the tumor cells that were arranged in a linear pattern inside the glands/tubules exhibited positive results, while the
stroma cells in the surrounding fibrous and vascular septa were negative like the internal controls (b and d).

Table 3 Comparison of NONO-TFE3 renal cell carcinomas and clear cell papillary renal cell carcinomas

NONO-TFE3 renal cell carcinomas(present study) 12,15 Clear cell papillary renal cell carcinomas24,25

Age 23–66 years (mean, 38 years) 18–88 years (mean, 60 years)
Tumor Size 0.8–11.5 cm (mean, 5.1 cm) Usually small
Architecture Glandular/tubular or papillary architecture often

accompanied by sheets of epithelial cells that are
arranged in a biphasic pattern

Tubular, papillary, acinar, cystic, ribbon-like, and solid
patterns in varying proportions, sometimes with open
and large lumens and intraluminal pale eosinophilic
material

Nuclear feature (glands/
tubules or papillary area)

Nuclei oriented toward the luminal surface; most
are WHO/ISUP grade 2

Nuclei in a linear arrangement apart from the basement
membrane and round and uniform in appearance; most
are WHO/ISUP grade 1

Cell feature (glands/
tubules or papillary area)

High columnar cells, clear or flocculent
eosinophilic cytoplasm, indistinct cell borders

Cuboidal to low columnar cells, perfectly clear
cytoplasm with relatively distinct cell borders

Stroma feature Psammoma bodies usually present; hyaline
degeneration of the stroma, hemorrhage, and
hemosiderin can be observed

Fibrous and/or smooth muscle in varying amounts in
the stroma

IHC findings Positive staining for CD10 and TFE3; negative
staining for CK7, CA9, and 34βE12

Immunoreactive for CK7, CA9, and 34βE12
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and in the current study showed negative staining for
cathepsin K (14/16, 87.5%). This contrasts
with observations of mesenchymal tumors associ-
ated with the same gene fusion. Previous studies
have demonstrated that renal carcinomas with
SFPQ1-TFE3, NONO-TFE3, and DVL-TFE3 gene
fusions are typically PAX8-positive and cathepsin
K-negative, while mesenchymal tumors with the
same gene fusion have the opposite immunopheno-
type.12,13,18,26,27 However, it has previously been
shown that cathepsin K is frequently positive in a
subset of Xp11 translocation-associated renal cell
carcinomas. In the studies of Martignoni and Argani,
12 of 14 and 7 of 11 Xp11 renal cell carcinomas with
the PRCC-TFE3 gene fusion showed a positive
reaction with cathepsin K, but consistently negative
in the ASPL-TFE3 renal cell carcinoma, suggesting
that functional differences exist between the result-
ing fusion proteins.12,26,27

The NONO gene belongs to a conserved family of
multifunctional nuclear factors termed DBHS (droso-
phila behavior human splicing) proteins, which also
includes SFPQ1 and PSPC110.13,28 Because it is
involved in a variety of biological processes, including
RNA splicing and editing, DNA unwinding and repair,
gene transcription and stem cell differentiation, NONO
is believed to play an important role in cancer.13,28
Previous studies have reported highly overlapping
functions between SFPQ1 and NONO, possibly result-
ing in the similar morphology of SFPQ1-TFE3 and
NONO-TFE3 renal cell carcinomas.11–13

Various strategies have been developed to confirm
the diagnosis of Xp11 translocation renal cell
carcinoma.7,16 Assessing nuclear TFE3 immunoreac-
tivity using an antibody to the C-terminal portion of
TFE3 is currently the most commonly used diag-
nostic technique for identifying Xp11 translocation
renal cell carcinoma.7,16,17 However, false-positive
and false-negative results are common due to

Figure 5 (a) NONO-TFE3 renal cell carcinomas frequently exhibited high columnar cells with indistinct cell borders, a flocculent
eosinophilic cytoplasm, and WHO/ISUP grade 2 nuclei. Psammoma bodies were always observed in our series. (b) In NONO-TFE3 renal
cell carcinomas, hyaline degeneration of the stroma, hemorrhage, and hemosiderin were usually observed. (c) clear cell papillary renal cell
carcinomas usually demonstrated glandular/tubular or papillary architecture with open and large lumens, intraluminal pale eosinophilic
material, cuboidal to low columnar cells, and perfectly clear cytoplasms with relatively distinct cell borders. The nuclei were mostly
WHO/ISUP grade 1. (d) Fibrous and/or smooth muscle stroma in varying amounts was noted in the clear cell papillary renal cell
carcinomas.
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differences in fixation times, technical methods and
scoring system.7 RT-PCR is a highly specific techni-
que, but it usually requires high-quality RNA (ie,
fresh-frozen samples) and can only identify known
TFE3 fusion variants.11,29 This creates a major
limitation because the spectrum of TFE3 fusion
partners is constantly broadening.

Our group and previous researchers have noticed
that NONO-TFE3 gene fusion can be identified based
on TFE3 rearrangement features using FISH. Using
this technique, an uncommon split with a fixed
distance (~2 signal diameters) implies chromosome
X inversion instead of translocation.12,13 In this
setting, a subtle TFE3 break-apart FISH pattern that
does not clearly match the current recommended
guidelines, which state that inter-spot spacing
should be at least twice the spot diameter to consider
a split signal as positive, could be missed by
inexperienced observers. Furthermore, we deve-
loped a NONO-TFE3 fusion FISH assay to detect
the NONO-TFE3 fusion gene in all eight of the
included patients. The abnormally colocalized signal
of the NONO-TFE3 fusion in the FISH assay appears
to be more easily interpreted than the TFE3 split
assay. However, Just et al recently identified a new
recurrent inversion leading to RBM10-TFE3 renal
cell carcinoma by formalin-fixed paraffin-embedded
RNA-Seq.11 The RBM10-TFE3 fusion transcript
resulting from a paracentric inversion would theore-
tically result in an even smaller split signal than the
NONO-TFE3 fusion transcript and its TFE3 break-
apart pattern was poorly illustrated by FISH.11 The
referenced work showed that RNA-Seq can be used
as a robust supplementary technique to detect fusion
transcripts from formalin-fixed paraffin-embedded
material.11 Taken together, the diagnosis of such
tumors should be based not only on morphology but
also on immunophenotype and molecular genetic
findings, especially for tumors with unusual patho-
logical manifestations.

In summary, we reported the details of eight patients
with NONO-TFE3 renal cell carcinoma and described
the specific morphology of the tumors. All of the
patients showed good prognosis with long-term survi-
val. It is too early to conclude that NONO-TFE3 renal
cell carcinoma is a relatively indolent tumor, as our
relatively small sample may have influenced our
results and relatively short-term follow-up may not
be indicative of the true outcomes of patients with
these tumors. Therefore, further investigations of larger
and more heterogeneous populations should be con-
ducted to validate and extend our results. We also
confirmed a potential diagnostic pitfall associated with
using TFE3 break-apart FISH assays to detect NONO-
TFE3 gene rearrangement that can easily lead to false-
negative and equivocal results. We further developed a
FISH assay to serve as an adjunct diagnostic tool for the
detection of NONO-TFE3 fusion genes. This report
adds to the known data regarding NONO-TFE3 renal
cell carcinoma.
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