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Translocation renal cell carcinoma and succinate dehydrogenase (SDH)-deficient renal cell carcinoma are now
recognized as specific renal tumor types in the World Health Organization (WHO) classification. Both have
limited immunohistochemical positivity for epithelial markers, and the spectrum of morphology continues to
widen for both of these entities. We identified four renal cell carcinomas with positive TFE3 immunohistochem-
ical staining and negative SDHB staining. The patients (2F, 2M) ranged in age from 19 to 65 years. All tumors were
composed, at least in part, of eosinophilic cells. Cytoplasmic inclusions, prominent nucleoli, and mitotic figures
were seen in three tumors. Psammoma bodies were also present in two tumors. Using immunohistochemistry, a
broad spectrum of commonly used renal tumor markers yielded nonspecific, limited positivity, including
uniformly positive reactions for PAX8 but negative results for cathepsin K and HMB45. Fluorescence in situ
hybridization results showed the presence of TFE3 gene rearrangement in all four tumors, and molecular
analysis revealed SDHB mutations in neoplastic cells of three tumors. In one case, the same SDHB mutation was
confirmed in the adjacent non-neoplastic tissue. We report for the first time the presence of both TFE3
translocation and SDHB mutation in the same tumor.
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Our understanding of the genetics of renal cell
carcinoma has been evolving in the last three
decades, with recognition of a number of new
entities. In hereditary renal tumor syndromes and
with translocation renal cell carcinomas, the tumors
may present in unusually young patients, although
they both also affect adults in the typical age range
for renal cell carcinoma in general. Among these, the
microphthalmia transcription factor (MITF) family of
translocation renal cell carcinomas is well
recognized,1 and more recently succinate dehydro-
genase (SDH)-deficient renal cell carcinoma has been
recognized.2,3 Xp11 translocation renal cell carci-
noma is cytogenetically characterized by chromoso-
mal translocations involving breakpoints in the

TFE3 gene, which maps to the Xp11.2 locus.
Histologically, a wide spectrum of morphology has
been described in these tumors, emphasizing the
need to consider these carcinomas in the differential
diagnosis of unusual renal cell carcinomas occurring
in either children or adults.1 Strong nuclear TFE3
immunohistochemical expression is a reasonably
sensitive and specific marker for Xp11 translocation
renal cell carcinoma.4 However, fluorescence in situ
hybridization (FISH) assays have been demonstrated
to be more reliable.5

SDH-deficient renal cell carcinoma is now
accepted as a specific tumor type in the World
Health Organization classification,6 and is primarily
thought to affect patients with germline mutations of
SDH gene subunits. Germline mutations in one of the
SDH subunit genes (A, B, C, or D) are associated with
the hereditary paraganglioma/pheochromocytoma
syndromes, as well as development of gastrointest-
inal stromal tumors and pituitary adenomas. Many of
the reported SDH-deficient renal cell carcinomas to
date have been microscopically characterized by
sheets of uniform eosinophilic cells with flocculent
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cytoplasmic inclusions.2,3 However, other morphol-
ogies have been reported.7 To identify these tumors,
the absence of immunohistochemical staining for
SDH subunit B (SDHB) is considered a reliable
tool.2,3,8–10

Both translocation renal cell carcinoma and SDH-
deficient renal cell carcinoma may occur in young
patients, and their morphology may overlap with
those of other types of renal cell carcinoma. When
this occurs, immunostaining for TFE3 and SDHB can
be helpful. In this study, we identified four renal cell
carcinomas with strong nuclear TFE3 staining and
absence of immunohistochemical staining for SDHB.
We also demonstrated the presence of both TFE3
gene translocation and SDHB gene mutations in
three of the tumors, and SDHB germline mutation in
one of them.

Materials and methods

Patients and Samples

Four consultation cases of renal cell carcinoma with
TFE3 overexpression and immunohistochemical loss
of SDHB were retrieved from the Department of
Pathology of Indiana University. None of these cases
was previously reported. Hematoxylin and eosin
stained-slides and paraffin blocks were available for
each case. This research was approved by the
Institutional Review Board.

Immunohistochemistry

Immunohistochemical analysis was performed on all
cases utilizing the SDHB monoclonal antibody
(clone 21A11, Abcam; dilution 1:200), on whole
tissue sections. Granular cytoplasmic staining was
considered as positive. Complete absence of staining
in the neoplastic cells in the presence of positive
internal control reactions in non-neoplastic tissue
was considered to be a negative reaction.

An immunohistochemical panel to assess the
likelihood of translocation-associated renal cell
carcinoma was used: antibodies to cathepsin K
(monoclonal mouse antihuman antibody, 3F9;
Abcam; dilution 1:800), HMB45 (monoclonal mouse
antihuman antibody, HMB45; DAKO; prediluted),
melan-A (monoclonal mouse antihuman antibody,
A103; DAKO; prediluted), and TFE3 (monoclonal
mouse antihuman antibody, MRQ37, Cell Marque;
dilution 1:500). TFE3 immunohistochemistry was
performed using the DAKO’s Autostainer Plus
machine.

In addition, the following immunohistochemical
markers were used: antibodies to PAX8 (rabbit
polyclonal antibody, Cell Marque; prediluted),
vimentin (monoclonal mouse antihuman antibody,
V9; DAKO; prediluted) CD10 (monoclonal mouse
antihuman antibody, 56C6; DAKO; prediluted),
AMACR (monoclonal rabbit antihuman P504S,

13H4 clone, Dako; prediluted), cytokeratin AE1/
AE3 (monoclonal mouse antihuman antibody,
AE1/AE3, Dako; prediluted), EMA (monoclonal
mouse antihuman antibody, E29, Dako; prediluted),
CD117 (rabbit monoclonal antibody, EP10, Cell
Marque; prediluted), cytokeratin 7 (monoclonal
mouse antihuman antibody, OV-TL 12/30, Dako;
prediluted), and carbonic anhydrase IX (rabbit
monoclonal antibody, EP161, Cell Marque; predi-
luted). Positive and negative controls yielded
appropriate results for each antibody.

Fluorescence In Situ Hybridization

Interphase FISH assay was performed on all tumors
as described previously.11 Tissue sections 4 μm thick
were prepared from buffered formalin-fixed,
paraffin-embedded tissue blocks containing tumor.
The slides were deparaffinized with two washes
with xylene (15min each), and subsequently washed
twice with absolute ethanol (10min each), and then
air dried in the hood. Then, the slides were treated
with 10mm citric acid (pH 6) (Zymed, San Fran-
cisco, CA, USA) at 95 °C for 10min, rinsed in
distilled water for 3min, and then washed with
2×SSC for 5min. Digestion of the tissue was
performed by applying 0.4ml of pepsin (5mg/ml in
0.1m HCl/0.9 m NaCl) (Sigma, St Louis, MO, USA) at
37 °C for 40min. The slides were rinsed with
distilled water for 3min, washed with 2 ×SSC for
5min, and air dried. The split-apart probe set for
TFE3 uses BAC clones RP11-528A24 (116 kbp,
located centromeric to TFE3, labeled with 5-
fluorescein dUTP) and RP11-416B14 (182 kbp,
located telomeric to TFE3, labeled with 5-ROX
dUTP) (Empire Genomics, Buffalo, NY, USA). BAC
clones for TFE3were diluted with DenHyb2 at a ratio
of 1:25. Five microlitres of diluted probe was applied
to each slide in reduced light conditions. The slides
were then covered with a 22× 22-mm coverslip and
sealed with rubber cement. Denaturation was
achieved by incubating the slides at 83 °C for
12min in a humidified box and hybridization at
37 °C overnight. The coverslips were removed, and
the slides were washed twice with 0.1 ×SSC/1.5m
urea at 45 °C (20min each), and then washed with
2×SSC for 20min and with 2×SSC/0.1% NP-40 for
10min at 45 °C. The slides were further washed with
room temperature 2 ×SSC for 5min. The slides
were air dried and counterstained with 10 μl of
4′,6-diamidino-2-phenylindole (Insitus), covered
with coverslips, and sealed with nail polish.

The slides were examined with a Zeiss Axioplan 2
microscope (Zeiss, Göttingen, Germany). The images
were acquired with a CMOS camera, and analyzed
with metasystem software (MetaSystem, Belmont,
MA, USA). Five sequential focus stacks with 0.4-mm
intervals were acquired and then integrated into a
single image to reduce thickness-related artifacts; the
methodology and analysis for this have been
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previously described.11 For each case, a minimum of
100 tumor cell nuclei were examined with fluores-
cence microscopy at × 1000 magnification. Only
non-overlapping tumor nuclei were evaluated. The
TFE3 fusion resulted in a split-signal pattern. Signals
were considered to be split when the green and red
signals were separated by a distance of two or more
signal diameters. On this basis and based on other
commercially available break-apart FISH assays and
TFE3 break-apart FISH assays, a positive result was
reported when ≥10% of the tumor nuclei showed
the split-signal pattern.11

In our previous test validation, 100 neoplastic
nuclei in 18 renal cell carcinomas with Xp11.2
translocation and 18 clear cell renal cell carcinomas
were evaluated. The percentage of split signals
ranged from 17 to 78% (mean 33%) in tumors with
Xp11.2 translocation. In clear cell renal cell carci-
nomas (control), the percentage of split signals
ranged from 0 to 7% (mean 2%).

SDHB Mutation Detection

A SDHB sequencing was performed using a capture-
based next-generation sequencing panel on an
Illumina HiSeq 2500 with libraries prepared from
genomic DNA extracted from formalin-fixed paraf-
fin-embedded tumor or non-neoplastic adjacent
tissue.12 The analysis was based on the human
reference sequence UCSC build hg19 (NCBI build
37), using open source and licensed software
packages including BWA: 0.7.10-r789, Samtools:
1.1 (using htslib 1.1), Picard tools: 1.97 (1504),
GATK: 2014.4-3.3.0-0-ga3711, CNVkit: 0.3.3, Pindel,
SATK: 2013.1-10- gd6fa6c3, Annovar: v2015Mar22,
Freebayes, and Delly.

Results

Clinical Characteristics

The four cases included two women and two men.
The ages ranged from 19 to 65 years old (mean 40
years). Two patients underwent radical nephrectomy
and two patients underwent partial nephrectomy
(three in left, one in right kidney).

Pathological Findings

The gross and microscopic features were different in
each case and they are presented separately for
completeness. A summary of the main histological
findings is tabulated in Table 1 (Figures 1 and 2).

Case 1 (27-year-old woman). A well-circumscribed
mass was located in the superior-central left kidney.
The lesion measured 93× 77×68mm and was
described as tan-yellow with focal hemorrhage.
Histologically, a pseudocapsule was present. The
tumor was mainly composed of sheets or nests of

polygonal cells with indistinct cell borders, abun-
dant eosinophilic cytoplasm, central round nuclei,
and prominent nucleoli. Prominent pale cytoplasmic
inclusions were present. Mitotic figures were easily
found (6 per 10 HPF). Entrapped non-neoplastic
renal tubules and foamy macrophages were focally
present. The pathological stage (2010) was
pT2a pN0.

Case 2 (48-year-old man). Macroscopically, a
37 ×34× 30mm tan-yellow mass was present in the
left kidney. Histologically, the tumor was sur-
rounded by a thick fibrous pseudocapsule.
Entrapped renal tubules were occasionally seen at
the periphery of the neoplasm. The tumor was
mainly composed of sheets of cells with granular
cytoplasm and round nuclei with pinpoint nucleoli
and aggregates of intratumoral lymphocytes. Tubu-
lopapillary architecture, formed by cells with eosi-
nophilic cytoplasmic inclusions, round nuclei and
prominent nucleoli, comprised the remainder of the
tumor. A few psammoma bodies were seen. Sarco-
matoid areas were also present. The tumor displayed
extensive necrosis and hemorrhage. A hilar lymph
node metastasis was present (1/1). The pathological
stage (2010) was pT1a pN1.

Case 3 (65-year-old woman). Macroscopically, the
lesion measured 70× 55×45mm and was described
as an ill-defined, pink-tan, and partially calcified
mass with hemorrhagic areas. The tumor was
partially delimited by a pseudocapsule. Architectu-
rally, solid areas, tubular and papillary patterns,
cystic changes, and metaplastic bone were observed.
The carcinoma cells varied from uniform cells with
pale eosinophilic cytoplasm, irregular nuclei and
prominent nucleoli to polygonal cells with finely
granular eosinophilic cytoplasm and enlarged

Table 1 Main morphological features of renal cell carcinomas
with TFE3 translocation and loss of SDHB

Morphologic features Case 1 Case 2 Case 3 Case 4

Pseudocapsule + + + −

Architecture
Sheets + + + −
Nests + − − +
Tubules and/or papillae − + + +
Cystic changes − − + +

Cytological features
Eosinophilic cytoplasm + + + +
Cytoplasmic inclusion + + − +
Prominent nucleoli + + + −

Intratumoral lymphocytes − + + −
Psammoma bodies − + − +
Mitotic figures/10 HPF 6 o1 2 7
Necrosis − + + −

+, Present; − , absent.
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hyperchromatic nuclei. Mitotic figures were occa-
sionally encountered. Aggregates of intratumoral
lymphocytes were found at the periphery of the
tumor. Hemorrhage and necrosis were also present.
The pathological stage (2010) was pT1b NX.

Case 4 (19-year-old man). Macroscopically, an
18×17mm lesion was observed in the right kidney
and was described as a tan-orange nodule. Mi
croscopically, the tumor was a well-circumscribed
but unencapsulated nodule, made up of cells with

Figure 1 At low magnification, tumor 1 was partly surrounded by pseudocapsule and showed a solid architecture (a). At high
magnification, the same tumor was composed of eosinophilic cells with central round nuclei and prominent nucleoli (c and d) with
scattered foamy macrophages (c). Granular cytoplasmic SDHB staining was present in the non-neoplastic tubules (internal control) but all
of the neoplastic cells were negative (b). Intense nuclear labeling for TFE3 was also observed (e). Fluorescence in situ hybridization of the
same case showed the green and red signals split apart, demonstrating the TFE3 translocation (f).
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abundant granular eosinophilic cytoplasm and dis-
tinct cell borders, arranged in small nests and tubules
with focal cystic changes. The cells had uniform
round nuclei with open chromatin and indistinct

nucleoli. Mitotic figures were frequent (7 per 10 HPF).
Cytoplasmic inclusions containing pale eosinophilic
material and occasional small calcifications were
present. The pathological stage (2010) was pT1a NX.

Figure 2 Morphologically, sheets of cells with eosinophilic cytoplasm (a) and cytoplasmic inclusion (b) were commonly seen. Some
tumors displayed papillary architecture (c) and cystic changes (d). Aggregates of lymphocytes intermixed with tumor cells were observed
in two tumors (e). In tumor 3, foci of metaplastic bone were found (f).
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Immunohistochemical and Molecular Findings

Immunophenotypical and molecular features for
each tumor are detailed in Table 2. Each of the four
tumors showed strong and diffuse nuclear TFE3
immunolabeling and abnormal negative SDHB stain-
ing in the neoplastic cells. Strong and diffuse nuclear
expression for PAX8 was consistently present.
Staining for cathepsin K and HMB45 were not
detected in any of the tumors. Staining for melan-A
focally labeled neoplastic cells of tumor #2. Labeling
for vimentin, epithelial membrane antigen and
alpha-methylacyl-CoA racemase were present in all
tumors, but varied from focal to diffuse positivity.
Three of the four tumors labeled for cytokeratin AE1/
AE3. Reactivity for CK7 was absent in all tumors.
Carbonic anhydrase IX and CD10 varied from absent
to patchy and diffuse positivity. All tumors but one
showed negative staining for CD117.

FISH analysis demonstrated TFE3 gene transloca-
tion in the neoplastic cells of all four specimens.
Split signals, indicating the TFE3 translocation, were
found in 19% of tumor cells in tumors #1 and #2, in
12% of tumor cells in tumor #3 and in 14% of tumor
cells in tumor #4.

Molecular analysis performed in the tumor tissue
revealed splice site mutations in SDHB in tumors #1
and #4, and a missense mutation in tumor #3. No
mutation in SDHB was identified in tumor #2. Two
cases (cases #2 and #4) had sufficient normal tissue
for SDHB mutation detection. The same SDHB
mutation was found in normal adjacent tissue in
case #4, suggesting germline SDHB mutation in this
case. No SDHB mutation was found in tumor or
adjacent normal tissue of case #2.

Discussion

SDH-deficient renal cell carcinoma is now recog-
nized as a specific category of renal cell carcinoma in
the 2016 WHO classification.6 The morphological
features described to date as most helpful to identify
this subtype of renal cell carcinoma include sheets of
uniform cells with bubbly eosinophilic cytoplasm
and intracytoplasmic vacuoles or inclusions (likely
representing large abnormal mitochondria observed
by electron microscopy).3,9,13 As experience with
this tumor type is limited and its morphology may
overlap with that of other types of renal cell
carcinomas, it has recently been recommended that
SDHB immunohistochemical staining be performed
where there is clinical suspicion of familial renal
cancer, regardless of the morphology.9 The range in
age of patients with SDH-deficient renal cell carci-
noma and germline SDH mutation is also broad
(from 24 to 73 years).14 Therefore, the diagnosis, as
well as that of translocation carcinoma, must be
considered in not only young patients but also older
adults. In addition, translocation renal cell carci-
noma is increasingly recognized now as aT
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consideration for the differential diagnosis of any
unclassified or difficult to classify renal cell carci-
noma, due to the broad spectrum of morphology that
has been reported with these translocations.
Papillary, solid, and nested architectures have been
described. Prominent nucleoli, psammoma bodies,
and necrosis are often present, whereas tumor
lymphocytic aggregates and foamy macrophages are
rarely observed.1 A variety of unusual patterns have
been recently recognized in translocation carcino-
mas, including multilocular cystic tumors, oncocytic
tumors, highly pleomorphic cells, and tumors
mimicking urothelial carcinoma.5,11

In the current study, we describe four renal cell
carcinomas (2F, 2M; mean age= 40 years) with
positive immunohistochemical nuclear staining for
TFE3 and abnormal immunohistochemical absence
of SDHB. These were composed of sheets and nests
of cells with tubules, papillae, and microcystic areas.
As already mentioned, the variety of morphologic
patterns and the presence of psammoma bodies are
features frequently exhibited by translocation renal
cell carcinomas.1 However, cystic changes2 as well
as metaplastic bone formation,3 observed in case #3,
have been reported in SDH-deficient renal cell
carcinoma. Three tumors showed pale eosinophilic
cytoplasmic inclusions, a distinct finding often seen
in SDH-deficient renal cell carcinoma. Entrapped
non-neoplastic renal tubules, similar to those
reported in SDH-deficient renal cell carcinoma, were
found in two of the tumors. Tumor lymphocytic
aggregates throughout the tumor were observed in
two other cases. Necrosis and hemorrhage were
present in two tumors. In three tumors, mitotic
figures were easily encountered, and one tumor
displayed focally sarcomatoid features. These
characteristics have been previously observed in
translocation renal cell carcinomas and aggressive
SDH-deficient renal cell carcinomas.15,16

We demonstrated that all of the tumors with TFE3
nuclear staining showed TFE3 translocation using
FISH. Although the percentage of cells with the TFE3
FISH split-signal pattern was low (12–19% of
nuclei), it has been reported that a low percentage
of split-signal nuclei may be observed in
translocation-associated tumors when FISH is
performed in paraffin-embedded tissue sections.5
Three of the four renal cell carcinomas with
concomitant abnormal negative staining for SDHB
had SDHB gene mutations in the carcinoma cells.
The two splice site mutations (c.423+1G4A in case
#1 and c.72+1G4T in case #4) have been already
reported in two renal cell carcinomas with SDHB
germline mutations.8,13 We describe for the first time
the occurrence of missense mutation SDHB p.V140F
(case #3) in renal cell carcinoma. However, this
mutation is not novel, as it has previously been
found in paraganglioma/pheochromocytoma.17–19
Despite the absence of SDH immunohistochemical
expression in tumor #2, molecular analysis failed to
demonstrate a corresponding mutation in the SDHB

gene. This finding could be explained by false
negative staining, or as the result of mutation in
another subunit of SDH. Loss of SDHB staining can
result from disruption of the mitochondrial enzyme
due to mutation in other SDH subunits, due to
destabilization of the complex.20 Since alterations
involving SDHA,15,16 SDHC,7,21–23 and SDHD7 genes
are extremely rare, in this study we analyzed only
SDHB, we cannot exclude the presence of another
SDH mutation in case #2. On the other hand,
abnormally absent or very weak SDHB immunola-
beling in the absence of SDH mutation has been
rarely reported in renal cell carcinoma, especially in
cells with clear cytoplasm.9 In paraganglioma/pheo-
chromocytoma, SDHB staining has been extensively
studied and the false negative rate ranged from 9 to
16%.24–26 Of note, two of these studies used
polyclonal rabbit antibody to SDHB,24,26 and SDHA
mutation was not investigated. Therefore, the
absence of SDHB expression as the result of SDHA
or other mutation remains a possibility.25,26

So far, the majority of renal cell carcinomas with
SDHB-negative staining appear to be associated with
germline mutation of one of the SDH subunits.8,9
However, somatic mutation in the SDHB gene has
been observed in sporadic renal cell carcinoma. In 80
clear cell renal cell carcinomas studied by Papatho-
mas et al, one tumor showed a heterogeneous pattern
of SDHB staining, with abnormal negative staining in
areas with sarcomatoid dedifferentiation and
retained normal immunolabeling in low-grade tumor
areas. Sequencing analysis demonstrated no
germline mutation, but large intragenic SDHD and
SDHAF2 deletions were found.27 In two cases
(cases #2 and #4), SDHB mutational analysis was
performed in the normal tissue adjacent to tumor. As
expected, in case #2, no SDHB mutation was found.
The same SDHB splice site mutation observed in
tumor #4 was found in the adjacent normal tissue,
and we considered it as an instance of SDH-deficient
renal cell carcinoma occurring in association with
germline mutation. In the two remaining cases,
sufficient normal tissue was not available for
evaluation.

Several speculations may be drawn about the
coexistence of TFE3 translocation and SDHB
mutation in renal cell carcinomas. One of the
possibilities is that TFE3 translocation was the driver
alteration in tumorigenesis and SDHB mutation
occurred as a second mutation or vice versa. The
second alteration might be the result of genomic
instability or even have a role in tumor progression.
Intriguingly, we observed aggressive features, such
as sarcomatoid differentiation and mitotic figures in
these tumors. Nevertheless, we acknowledge that
double-hit SDH inactivation in the sporadic setting
appears to be extremely rare and seldom reported in
paraganglioma and pituitary adenoma.28–30 Conver-
sely, whether TFE3 translocation may occur in
patients with SDH germline mutation is unknown.
By using immunohistochemistry, TFE3 expression
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has been investigated in a handful of SDH-deficient
renal cell carcinomas and all of the seven cases
studied were negative.3 Although the presence of
germline mutation was found in only one case, the
likelihood of SDH mutation as a driver in tumor-
igenesis in which TFE3 translocation subsequently
occurs seems more likely. As this is the first report of
this occurrence, concomitant investigations of these
molecular abnormalities may be indicated in the
work up of difficult or unusual renal cell carcinoma
cases. A further comprehensive analysis of a large
series is needed to address the biology and clinical
behavior of these unusual tumors.

Of note, TFE3 translocation has recently been
reported in renal cell carcinoma occurring in
patients with prior neuroblastoma treated by
chemotherapy.31 This association raises the question
of whether TFE3 translocations may be found as a
secondary event in other contexts and tumor types.

In conclusion, we describe the clinical and
pathological characteristics of four renal cell carci-
nomas with TFE3 nuclear staining and negative
SDHB immunolabeling. All tumors harbored TFE3
translocation and, in three of them, SDHB mutation
was found.
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