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Abstract
Thyroid-like follicular renal cell carcinoma is an uncommon kidney tumor with no distinct molecular alteration described to
date. This cohort of eight women with mean and median ages of 45 and 46 years, respectively (range 19–65 years), had
unencapsulated, well-circumscribed tumors composed of tightly packed anastomosing follicle-like cysts filled with
eosinophilic colloid-like material and lined by cuboidal cells with high nuclear to cytoplasmic ratios, oval to elongated nuclei
with perpendicular arrangement toward the lumens, and prominent nuclear overlapping. The stroma between these was
minimal with the exception of two tumors. Calcifications and necrosis were absent. Immunohistochemically, the tumors
were positive for KRT19 (7/7), PAX8 (5/5), cyclin D1 (6/6), KRT7 (5/7), and AMACR (1/5; focal, weak), and were
negative for WT1, TTF1 (transcription termination factor-1), and thyroglobulin. In three of three tumors tested molecularly,
EWSR1-PATZ1 fusion was identified by RNA sequencing and confirmed by RT-PCR and Sanger sequencing. Over a follow-
up period of 1–7 years, no evidence of recurrence or metastasis has been detected. The EWSR1-PATZ1 fusion has been
recognized as a recurrent alteration in a subset of round to spindle cell sarcomas with EWSR1–non-ETS fusions (EWSR1-
PATZ1 sarcoma) and in several central nervous system tumors. The finding of an EWSR1-PATZ1 fusion in all three of the
thyroid-like follicular renal cell carcinomas for which sufficient tissue was available for genomic profiling provides the first
distinct molecular abnormality in thyroid-like follicular renal cell carcinomas, supporting its designation as a distinct
diagnostic entity.

Introduction

Thyroid-like follicular renal cell carcinoma is rare. It was
first described by Amin et al. in 2004 [1] at the United
States and Canadian Academy of Pathology annual meeting
and the full manuscript of the same study was published in
2009 [2, 3]. To date, fewer than 40 cases have been
reported. Due to the small number of reported cases and
limited data regarding its pathogenesis, it was considered a
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provisional entity in the 2016 WHO classification of kidney
tumors [4].

Microscopically, these tumors are composed of tightly
packed cysts, resembling thyroid follicles; however, they
stain negatively for transcription termination factor-1 (TTF1)
and thyroglobulin. These tumors appear to occur more fre-
quently in women and seldom progress [5, 6]. Herein, a
series of eight tumors are reported with clinicopathologic
and immunohistochemical features, of which three of three
subjected to molecular testing demonstrated EWSR1-
PATZ1 fusion by next-generation sequencing (NGS) and/
or reverse-transcription PCR (RT-PCR) analysis. EWSR1-
PATZ1 fusion has not been previously described in thyroid-
like follicular renal cell carcinoma. We propose that this
gene fusion event may be of pathogenic importance in
thyroid-like follicular renal cell carcinomas.

Materials and methods

Study population

A search was performed of the institutional databases at the
participating institutions following institutional review
board approval. For inclusion in the study group, we
required the presence of tightly packed, variably sized,
anastomosing follicle-like cysts filled with eosinophilic
colloid-like material and lined by cuboidal cells with high
nuclear to cytoplasmic ratios, oval to elongated nuclei with
perpendicular arrangement toward the lumens, and incon-
spicuous nucleoli. After application of these criteria, eight
tumors were identified and retrieved from the pathology
department files and the authors’ consultation archives.
Tumor 7 was previously published [7]. A control group
composed of two oncocytoma-like tumors (dense cyto-
plasmic eosinophilia or oncocytic renal neoplasm with
dilated tubular structures), which contain dense colloid-like
secretions, giving them a thyroid-like appearance, was
included.

Histopathologic study

Tissues from all ten tumors were fixed in 10% neutral buf-
fered formalin and embedded in paraffin. Cases 1–8 were
stained with antibodies directed against PAX8 (rabbit, poly-
clonal, Cell Marque, CA), keratin (KRT) 7 (OV-TL 12/30;
Dako, Carpinteria, CA), KRT19 (PCK108; Dako), cyclin D1
(EO12; Dako), α-methylacyl-CoA-racemase (AMACR/
P504S [13H4; Dako]), Wilms tumor 1 (6F-H2, Dako), TTF1,
formerly known as thyroid transcription factor-1 (8G7G3/1;
Dako), thyroglobulin (Dako), melan-A (A103; Dako), and
TFE3 (MRQ-37, Cell Marque) in a Dako automated instru-
ment. The staining intensity was recorded as negative (0),

weak (1+), moderate (2+), or strong (3+). Less than 5%
weak staining was considered negative. Positive and negative
controls gave appropriate results for each stain.

Fluorescence in situ hybridization analysis

Fluorescence in situ hybridization (FISH) was performed on
tumors 1 and 2 with the chromosome enumeration probes
(CEPs) for chromosomes 3, 7, 10, 12, and 17 (Abbott,
Downers Grove, IL) as previously described [8–10]. The
probes were diluted with tDenHyb-2 (Insitus, Albuquerque,
NM) in a ratio of 1 : 25 and 5 µl was applied to each slide
under reduced light conditions. The slides were then cov-
ered with a 22 × 22 mm cover slip and sealed with rubber
cement. Denaturation was achieved by incubating the slides
at 83 °C for 10 min in a humidified box and hybridization at
37 °C overnight. FISH signal analysis was described pre-
viously [8–10].

NGS and data analysis

Formalin-fixed, paraffin-embedded (FFPE) blocks of two
thyroid-like follicular renal cell carcinomas (cases 1 and 2)
containing more than 60% tumor were submitted for tar-
geted NGS using the University of Chicago Medicine
OncoPlus (UCM-OncoPlus) panel, a hybrid-capture panel
targeting 1213 cancer-associated genes. Nucleic acid
extraction/quantification, library preparation, and sequen-
cing were performed as previously described [11]. Data
analysis was performed on a Health Insurance Portability
and Accountability Act-compliant high-performance com-
puting system (Center for Research Informatics, University
of Chicago) using a University of Chicago-developed
bioinformatics pipeline. First, using BWA MEM v0.7.12
[12], the data were aligned to the hg19 reference human
genome followed by de novo local assembly and realign-
ment using ABRA [13]. For variant calling, variants were
filtered based on depth (>50× base calls with Phred quality
score > 30), minor allele frequency (>10%), and location in
clinical exonic territory for review. Variant calls were
annotated and converted to Human Genome Variation
Society nomenclature using Alamut Batch version
1.4.0 software. Further manual variant curation was fol-
lowed in accordance with the Association for Molecular
Pathology recommendations [14].

Genome-wide copy number alterations were calculated
using a combination of CNVKit v0.8.2 software [15] and
intra-run normalization by comparison with clinical con-
trols, to eliminate run-specific artifacts. Focal gene-level
changes were called using the UCM-OncoPlus clinical
interpretation criteria [11], whereas the chromosome-level
changes were called using a combination of UCM thresh-
olds (1.5-fold change) and manual interpretation [16].
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Fusion detection was performed using SvABA
v0.2.1 software. De-duplicated ABRA-realigned BAM files
were provided as input BAM to the software. The unfiltered
vcf file output by SvABA is further filtered based on
information provided by the software, such as quality
scores, assembly and discordant support, MAPQ, and
number of supporting reads (FILTER= PASS, QUAL > 0,
and AD > 5 or FILTER= LOWMAPQ, QUAL > 20, and
AD > 20), using an in-house script. False-positive calls and
results from noisy region of the panel were also removed.
Rearrangements from the final filtered vcf file are then
manually reviewed [13, 17].

A representative FFPE block from tumor 3 was sub-
mitted to Memorial Sloan Kettering Cancer Center
(MSKCC) for NGS using the MSK-Fusion assay, a targeted
RNA sequencing (RNAseq) panel approved by New York
State Department of Health as a clinical assay. MSKCC was
blinded to the results identified in cases 1 and 2. Following
RNA extraction and quantification using the standard
RNeasy FFPE Kit and protocol (Qiagen, Catalog #73504)
and Qubit Broad Range RNA Assay Kit (Life Tech., Cat-
alog #Q10211), respectively, the quality of the RNA sample
was assessed using the Archer® PreSeq™ RNA QC Assay
prior to library preparation and sequencing [18].

For RNAseq, cDNA libraries were prepared using the
Archer™ FusionPlex™ standard protocol and supplied
reagents including Archer® Universal RNA Reagent Kit for
Illumina® (Catalog #AK-0040–8), Archer MBC adapters
(Catalog #SA0040–45), and custom-designed Gene Specific
Primer Pool kit as previously described. High yield of
RNAseq for targetable kinase fusions in lung adenocarci-
nomas with no mitogenic driver alteration detected by DNA
sequencing and low tumor mutation burden was assessed
[18]. Data were analyzed using the Archer analysis software
(V6.0).

RT-PCR and Sanger sequencing

Total RNA extraction was performed from four unstained
FFPE tissue slides of study tumors 1, 2, and 4, and control
cases 9 and 10. The concentration of RNA was assessed
with Qubit 2.0 Fluorometer (Agilent Technologies) using an
RNA HS Assay Kit. The integrity and the average size of
RNA was assessed by endpoint RT-PCR assay using two
different primer pairs directed against the HPRT gene
[HPRT 518/781 (5′-ACT TTG CTT TCC TTG GTC A-3′/
5′-TTT ACT GGC GAT GTC AAT AG-3′ and HPRT679/
781 (5′-CTT CAG GGA TTT GAA TCA TG-3′/5′-TTT
ACT GGC GAT GTC AAT AG-3′)]. For the validation of
NGS data and fusion transcript screening, RT-PCR assay
was established. Fifty nanograms of total RNA was retro-
transcribed to cDNA using the PrimeScript High Fidelity
RT-PCR kit (Takara, Mountain View, CA 94043, USA)

according to the supplier’s recommendations. PCR ampli-
fication of the fusion point in the presence of PCR primers
designed based on the analysis of the NGS data set was
performed using PrimeSTAR Max DNA Polymerase
(Takara, Mountain View, CA 94043, USA). The PCR
products were analyzed on a 2% agarose gel in the presence
of ethidium bromide and cloned into pCR-4 TOPO vector
(Invitrogen, Carlsbad, CA) following the addition of dA to
the 3′-ends of the amplified products by the use of TA-
cloning Reagent Set for PrimeSTAR (Catalog #6019,
Takara). All clones were confirmed by Sanger sequencing at
the ASU Genome Sequencing Core facility (Phoenix, AZ)
using Big Dye V3.1 chemistry (Applied Biosystem, Foster
City, CA) and processed employing an Applied Biosystems
3730XL Capillary electrophoresis Instrument.

Results

Clinical features

Clinicopathological details of the ten patients (including
two cases in the control group) are presented in Table 1. For
cases 1–8, the patients’ ages ranged from 19 to 65 years
(mean 45 years, median 46 years). All were women. Per-
tinent clinical histories include the following: patient 1 had
a history of hypertension, patient 6 received chemoradiation
therapy for B-lymphoblastic leukemia at the age of 2 years
and had cirrhosis due to hepatitis C viral infection, and
patient 7 with leiomyomatosis had a family history of her-
editary leiomyomatosis-associated renal cell cancer and
underwent nephrectomy for cystic renal dysplasia. Genetic
testing for FH mutation was negative.

All tumors were incidental findings. The initial diagnosis
was rendered on nephrectomy specimens for six patients
(two partial and four radical nephrectomies). Two patients,
cases 6 and 8, were diagnosed on biopsy (the biopsy from
tumor 6 was obtained at the time of radiofrequency abla-
tion). Four of the resected tumors were stage category pT1a
(cases 1, 4, 5, and 7), one (case 3) was pT1b (tumor size
70 mm), and one (case 2) was pT3a, due to invasion of renal
sinus fat. Follow-up data were available for five patients.
All patients, but one (case 6) were alive, with no evidence
of recurrence or metastasis at a median follow-up period of
16 months (mean 37 months, range 10–84 months). Patient
6 died due to complications of cirrhosis at 24 months fol-
lowing renal biopsy. Surveillance radiologic studies showed
no evidence of recurrence of metastasis during follow-up.

Pathological and immunohistochemical features

Grossly, the tumors ranged from 8 to 70 mm in diameter
(mean 34 mm; median 36 mm). Cases 1 and 3–5 were

EWSR1-PATZ1 fusion renal cell carcinoma: a recurrent gene fusion characterizing thyroid-like. . . 1923



Ta
bl
e
1
A

su
m
m
ar
y
of

th
e
cl
in
ic
op

at
ho

lo
gi
c
fi
nd

in
gs

in
pa
tie
nt
s
w
ith

E
W
SR

1-
P
A
T
Z
1
fu
si
on

re
na
l
ce
ll
ca
rc
in
om

a.

G
ro
up

P
ro
ce
du

re
A
ge

(y
ea
rs
)

G
en
de
r

S
iz
e
(m

m
)

L
at
er
al
ity

pT
-s
ta
ge

S
ig
ni
fi
ca
nt

hi
st
or
y

F
ol
lo
w
-u
p

pe
ri
od

(m
on

th
s)

R
ec
ur
re
nc
e/

m
et
as
ta
si
s

E
W
SR

1-
P
A
T
Z
1
ge
ne

fu
si
on

1
S
tu
dy

gr
ou

p
P
ar
tia
l

ne
ph

re
ct
om

y
58

F
40

R
ig
ht

pT
1a

H
yp

er
te
ns
io
n

10
N
o

P
re
se
nt

2
T
ot
al

ne
ph

re
ct
om

y
40

F
56

L
ef
t

pT
3a

-
16

N
o

P
re
se
nt

3
T
ot
al

ne
ph

re
ct
om

y
58

F
70

L
ef
t

pT
1b

-
-

-
P
re
se
nt

4
T
ot
al

ne
ph

re
ct
om

y
49

F
34

L
ef
t

pT
1a

-
14

N
o

T
es
tin

g
at
te
m
pt
ed
;

ho
w
ev
er
,
qu

al
ity

of
R
N
A

in
su
ffi
ci
en
t
fo
r
an
al
ys
is

5
P
ar
tia
l

ne
ph

re
ct
om

y
25

F
38

R
ig
ht

pT
1a

S
lig

ht
en
la
rg
em

en
t
ov

er
7
ye
ar
s

84
N
o

N
ot

te
st
ed

6
R
en
al

bi
op

sy
19

F
11

a
R
ig
ht

-
B
-l
ym

ph
ob

la
st
ic

le
uk

em
ia

F
ol
lo
w
-u
p
C
T
sc
an

sh
ow

ed
no

tu
m
or

re
cu
rr
en
ce
/m

et
as
ta
si
s.

D
ie
d
of

ci
rr
ho

si
s
co
m
pl
ic
at
io
ns

(h
ep
at
iti
s
C
vi
ru
s
re
la
te
d)
.

24
N
o

N
ot

te
st
ed

7
T
ot
al

ne
ph

re
ct
om

y
42

F
8

L
ef
t

pT
1a

C
on

ge
ni
ta
l
cy
st
ic

re
na
l
dy

sp
la
si
a

P
er
so
na
l
hi
st
or
y
of

he
re
di
ta
ry

le
io
m
yo

m
at
os
is

F
am

ily
hi
st
or
y
of

he
re
di
ta
ry

le
io
m
yo

m
at
os
is
-
as
so
ci
at
ed

re
na
l

ce
ll
ca
rc
in
om

a

-
-

N
ot

te
st
ed

8
R
en
al

bi
op

sy
65

F
16

-
-

-
-

-
N
ot

te
st
ed

9
C
on

tr
ol

gr
ou

p
-

59
M

1.
3

R
ig
ht

pT
1a

-
-

-
A
bs
en
t

10
-

65
M

2.
5

R
ig
ht

pT
1a

-
-

-
A
bs
en
t

a R
ad
io
lo
gi
c
m
ea
su
re
m
en
t.

1924 K. I. Al-Obaidy et al.



well-circumscribed and were tan-yellow on cut surface.
Tumor 2 was mostly well-circumscribed, yellow-tan with
foci of hemorrhage and cystic degeneration (Fig. 1A).
Tumor 7 was incidentally found on histologic examination
of a nephrectomy specimen resected due to congenital
cystic renal dysplasia.

Microscopically (Fig. 1B–F and 2A–F), the tumors were
well-circumscribed and unencapsulated. Tumors 1–3, 5, and
7 were composed of variably sized, small and large follicle-
like cysts, whereas cases 4 and 8 featured predominantly
small follicle-like cysts. Although tumor 6 was diagnosed in
a biopsy with significant thermal artifact, it had a similar
morphology to the others with small and large follicle-like
cysts. The cysts were filled by eosinophilic secretions of
variable density in all cases; however, rare areas lacking the
characteristic colloid-like secretions within the cysts were
seen in cases 1 and 2. In addition, clear spaces separating
the lining epithelial cells and luminal secretions in what
appears to be a retraction artifact were evident in all cases.
The cells lining the large cysts had minimal eosinophilic to

amphophilic cytoplasm with high nuclear to cytoplasmic
ratios and predominantly oval to elongated overlapping
nuclei that were perpendicularly arranged toward luminal
spaces in all cases. The quantity and composition of the
intervening stroma varied among the cases with some
(tumors 1 and 5–7), demonstrating little to no stroma and
others exhibiting relatively abundant paucicellular and
collagenized (tumor 2) to densely cellular and spindle cell
(tumors 3 and 8) stroma. No calcifications, mitotic figures,
or necrosis were present.

In addition, the two tumors selected as a control group
(cases 9 and 10) shared the presence of colloid-like secre-
tions; however, these differed by the presence of non-
anastomosing dilated tubular structures, which were lined
by cells with moderate amounts of eosinophilic cytoplasm
and, more importantly, nonoverlapping round “oncocy-
toma-like” nuclei (Fig. 3).

Using immunohistochemical staining (Table 2), all
tumors in the study group with available material showed
immunoreactivity for KRT19 (n= 7) and PAX8 (n= 5).

Fig. 1 Morphologic features of
thyroid-like follicular renal
cell carcinoma. Representative
gross image of EWSR1-PATZ1
renal cell carcinoma (case 2)
showing a well-circumscribed,
tan-yellow cut surface with foci
of central fibrosis, hemorrhage,
and degenerative changes (A).
Microscopically, tumors were
formed of closely packed, small
and large follicular-like cysts
(B, C) or predominantly small
follicular-like cysts (C, D), filled
by eosinophilic “colloid-like”
secretions of variable density.
Intra- and inter-follicular
cholesterol clefts were seen
(B, C). The stroma varied from
minimal to prominent (B–F).
Case 6 (excisional biopsy) with
significant thermal artifact,
showing similar morphology.

EWSR1-PATZ1 fusion renal cell carcinoma: a recurrent gene fusion characterizing thyroid-like. . . 1925



Fig. 2 Additional morphologic
features of thyroid-like
follicular renal cell carcinoma.
Representative sections of
tumors showing cysts filled by
eosinophilic secretions of
variable density with areas
lacking the characteristic
secretion (A) and some showing
clear spaces separating the
luminal secretions from lining
epithelial cells (B). The cells
show minimal eosinophilic to
amphophilic cytoplasm with
oval to rounded (C), focally
cleared (D) overlapping nuclei.
These are embedded in a
variably cellular (inset),
abundant stroma (E, F).

Fig. 3 Morphologic features of
the two tumors included in the
control group. Representative
sections of both were formed of
non-anastomosing follicular-like
cysts and tubules, with
occasional eosinophilic “colloid-
like” secretions. These were
lined by cells with moderate
amount of eosinophilic
cytoplasm and, more
importantly, nonoverlapping
round “oncocytoma-like”
nuclei (A–D).
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Cyclin D1 showed at least focal moderate to strong
immunoreactivity in all stained tumors as well (n= 6).
KRT7 was immunoreactive in five tumors (5/7) and one
tumor exhibited patchy and weak immunoreactivity for
AMACR (n= 1/5). None of the tumors was immunor-
eactive for WT1, thyroglobulin, or TTF1. Tumor 6 was
stained for TFE3 and melan-A as a screening for post-
therapy MITF-family translocation renal cell carcinoma and
both were negative. One tumor (case 7) was stained for
fumarate hydratase and showed retained cytoplasmic
immunoreactivity (Fig. 4).

Molecular analysis

FISH and copy number alteration results

FISH analysis with the CEPs performed on tumors 1 and
2 showed disomy of chromosomes 3, 7, 10, 12, and 17.

NGS and RT-PCR results

Targeted exome-sequencing analysis revealed a fusion
between exon 8 of EWSR1 (NM_005243.3) and intra-
exonic sequences of exon 1 of PATZ1 (NM_014323.2) for
tumors 1 and 2. RT-PCR analysis using designed primers
based on the NGS-implied fusion point (Fig. 5A) was
performed, confirming the pre-detected genetic abnormality
of cases 1 and 2 suggestive of a fusion event (Fig. 5B, C).
Sanger sequencing of the RT-PCR product for case 1
confirmed the in-frame fusion of exon 8 of EWSR1 and
intra-exonic sequences of PATZ1 exon 1 at the nucleotide
position of 1728 nucleotides, 983 nucleotides downstream
from the translational start codon (Fig. 5D). Similarly, in
case 2, exon 8 of EWSR1 was fused to intra-exonic
sequences of PATZ1 (NM_014323) exon 1 at 1743, 998 n
distal of the ATG start codon (Fig. 5E). Tumor 3 was
analyzed by NGS using the MSK-Fusion panel. An
EWSR1-PATZ1 fusion transcript was detected joining exon
8 of the EWSR1 gene (NM_005243.3) and exon 1 of the
PATZ1 (NM_014323.2) gene (Fig. 6A, B). The fusion point
of case 3 (at nucleotide position 1800, 1055 nucleotides
downstream of the translational start codon) and of cases 1
and 2 are illustrated in Fig. 6C. In all three EWSR1-PATZ1
fusions, the whole N-terminal transcriptional activation
domain (TAD, QGSY low-complexity region) from EWSR1
is present in the fusion, in frame with the PATZ1 tran-
scription factor C-terminal DNA-binding domain contain-
ing seven Zn++ finger domains.

To further validate our findings, we subjected the two
tumors in our control series to RT-PCR analysis using the
designed primers described. A different group of renal
tumors, including eight acquired cystic disease-associated
renal cell carcinomas, five renal cell carcinomas withTa
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leiomyomatous stroma, and two atrophic-kidney-like
tumors were also subjected to the same NGS performed
on cases 1 and 2; however, no similar fusion gene events
were identified in any tested tumor (whether subjected to
RT-PCR or to NGS).

No known pathogenic gene mutations indexed in the
COSMIC (catalog of somatic mutations in cancer) and
ClinVar databases or copy number alterations were identi-
fied in the study group. Indels and nonsense mutations are
tabulated in Supplementary Table 1.

Discussion

Renal tumors are heterogeneous with diverse clinical, his-
tological, and molecular characteristics. Thyroid-like folli-
cular renal cell carcinoma is a rare neoplasm of the
epithelium of renal tubules. It was included in the 2013
ISUP Vancouver classification of renal tumors and in the
2016 WHO classification of kidney tumors as an emerging
renal tumor [3, 4, 6].

Thyroid-like follicular renal cell carcinoma occurs over a
wide age range (10–83 years) and is mostly found in women
[19]. Most patients appear to be cured by surgical resection,
although metastases have been reported in six patients
[2, 20–24]. In the current series of eight women, the mean
age at presentation was 45 years (range 19–65 years) and no
evidence of recurrent or metastatic disease was identified in
follow-up ranging from 10 to 84 months, despite the pre-
sence of renal sinus fat invasion in one patient.

On gross examination, thyroid-like follicular renal cell
carcinomas appear well-circumscribed or encapsulated,

have a tan-brown, solid, or microcystic cut surface, and
typically show no hemorrhage and necrosis. Histopatholo-
gically, the first series described by Amin et al. [2] included
three morphologically different groups of tumors, although
they all shared the presence of eosinophilic colloid-like
secretions including the following: group 1—a tumor (case
3) with similar histologic features to our series; group 2—
tumors that were later described as atrophic-kidney-like
tumor/lesion [25]; and group 3—tumors with non-
anastomosing microcystic architecture with centrally loca-
ted, round nonoverlapping “oncocytoma-like” nuclei and
inconspicuous occasional nucleoli. The tumors in our con-
trol group had similar features to those in group 3.

The presence of a pattern resembling thyroid follicles in
a neoplasm detected in the kidney is not restricted to
thyroid-like follicular renal cell carcinoma. Included in the
differential diagnosis is a metastasis from primary thyroid
carcinoma (Fig. 7A). Both neoplasms express PAX8;
however, metastasis from the thyroid almost invariably
expresses TTF1 and often thyroglobulin. These stains are
helpful with this differential diagnosis, as by immunohis-
tochemistry thyroid-like follicular renal cell carcinomas do
not express TTF1 [26]. In addition, most of the follicular
and papillary, follicular variant, and thyroid carcinomas
have NRAS and HRAS or BRAF mutations, respectively,
contrasting with thyroid-like follicular renal cell carcinomas
that lack these mutations [2, 27, 28]. Morphologic
overlap also exists with atrophic-kidney-like tumor/lesion
[25, 29, 30]. These are composed of variably sized cysts
with dense eosinophilic secretions that may resemble
thyroid-like follicular renal cell carcinoma; however, the
follicles of atrophic-kidney-like tumor/lesion are typically

Fig. 4 Immunohistochemical
features of the thyoid-like
follicular renal cell carcinoma.
Tumors were positive for (A)
PAX8, (B) CK7, (C) CK19
(inset: variable CK19 staining),
and (D) cyclin D1 was variable,
respectively.
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lined by flattened epithelium with occasional hobnail mor-
phology. Microcalcifications are also common in these
lesions (Fig. 7B). Immunohistochemically, these tumors/
lesions are consistently positive for WT1 in contrast to
thyroid-like follicular renal cell carcinoma, which is nega-
tive for WT1 [25]. Papillary renal cell carcinoma type 1
may also show foci that resemble thyroid-like follicular

renal cell carcinoma when the papillary cores become
markedly edematous imparting a thyroid-like follicular
pattern; however, areas of ordinary papillary renal cell
carcinoma are invariably present in these tumors (Fig. 7C)
[5, 31–33]. Lastly, urothelial carcinoma of the renal pelvis
with prominent cystitis cystica proliferation may show foci
that resemble a thyroid-like follicular pattern (Fig. 7D);
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Fig. 5 Molecular findings of the analyzsed thyroid-like follicular
renal cell carcinoma tumors. A Primer design based on the EWSR1-
PATZ1 fusion point identified by NGS for case 1. B Reverse-
transcriptase PCR (RT-PCR) was performed using RNA extracted
from FFPE slides of cases of 1 and 2. Then, 2.0 μl of cDNA were
subjected to PCR, to assess the quality and integrity of RNA using an
HPRT RT-PCR two-step assay. The oligonucleotide combination of
HPRT 518/781 (5′-ACT TTG CTT TCC TTG GTC A-3′/5′-TTT ACT
GGC GAT GTC AAT AG-3′ and HPRT 679/781 (5′-CTT CAG GGA
TTT GAA TCA TG-3′/5′-TTT ACT GGC GAT GTC AAT AG-3′)
was used. Lane M: 100 bp ladder; lanes 1 and 2: case 1 with HPRT

679/781 and HPRT 518/781; lane 3 and 4: case 2 with HPRT 679/781
and HPRT 518/781. C EWSR1-PATZ1 RT-PCR using the oligonu-
cleotides EP10F and EP10R presented in Fig. 3A; M: 100 bp; lane 1:
case 1; lane 2: case 2. D, E Sanger sequence of the amplified products
from cases 1 and 2, respectively. Partial sequence chromatograms for
case 1 (D) and case 2 (E) demonstrate that exon 8 of EWSR1
(NM_005243.3) is fused to intra-exonic sequences of PATZ1
(NM_014323.2). The red arrows indicates the fusion points. The
translation of the nucleotide sequence shows the presence of an open
reading frame.
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however, the distinction between these lesions is usually
straightforward and GATA3 immunostaining may be used
for pointing toward a urothelial origin.

The genetic basis of renal cell neoplasia is complex;
however, the identification of shared and subtype-specific
molecular features has contributed to classification, corre-
lations with clinical course, and prediction of therapeutic
response [34]. For example with respect to classification,
several kidney tumor subtypes have distinct genetic
abnormalities that may serve as useful diagnostic aids such
as gene fusions seen in MITF-family translocation renal cell
carcinoma or somatic alterations involving VHL or chro-
mosomal arm 3p deletion in clear cell renal cell carcinoma,
MET mutation or gains of chromosomes 7 and 17 in
papillary renal cell carcinoma, losses of chromosomes Y, 1,
2, 6, 10, 13, 17, and 21 in chromophobe renal cell carci-
noma, or KRAS mutations, in papillary renal neoplasm with

reverse polarity [3, 35–37]. For thyroid-like follicular renal
cell carcinoma, molecular alterations have been reported in
a few studies with no distinctive abnormality having been
identified [2, 20, 38–42].

For example, Amin et al. [2] reported overexpression of
cell cycle regulatory genes and mixed lineage leukemia/
trithorax homolog in three tumors. The association between
thyroid-like follicular renal cell carcinoma and hemato-
poietic disease is not understood, despite being found in
four patients, including one of our patients (case 6)
[5, 38, 40].

Using comparative genomic hybridization analysis, gains
and losses of several chromosomal regions or chromosomes
have been reported by Jung et al. [41]. These included gains
of 7q36, 8q24, 12, 16, 17p11-q11, 17q24, 19q, 20q13,
21q22.3, and Xp, and losses of 1p36, 3, and 9q21–33.
Additional molecular cytogenetic studies reported in a few
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Fig. 6 Illistrutive views of the EWSR1 and PATZ1 and the cor-
responding molecular alteration detected in the analyzed thyroid-
like follicular renal cell carcinoma tumors. A Graphic view of
EWSR1 (NM_005243.3) exon 8–PATZ1 (NM_014323.2) exon 1
fusion breakpoint detected by the Archer analysis software. The cor-
responding transcript sequence is shown on top (light blue: EWSR1;
dark blue: PATZ1). B Schematic illustration of the EWSR1
(NM_005243.3) transcript illustrating the exon boundaries and the
conserved domains. The TAD domain is the transactivation domain
containing a consensus sequence of the repeated QGSY peptide. The
three RGG domains are rich in arginine and glycine; they play a role in
RNA recognition and binding. RMM represents the RNA recognition

domain and Zn, the Zn finger domain. PY is a C-terminal nuclear-
localization domain. The vertical bars indicate the exon borders. The
start and end of the coding sequence is indicated by dotted vertical
lines. The red arrow designates the fusion point. C Schematic illus-
tration of the PATZ1 transcript (NM_014323.2). BTB/POZ is a pro-
tein/protein interaction motif, AT is a DNA-binding motif, and Zn is a
Zn finger domain. The partial nucleotide and amino acid sequence
underneath the PATZ1 transcript shows the position of the breakpoints
for cases 1, 2, and 3 in PATZ1 exon 1. The fusion removes the BTB/
POZ putative transcriptional repressor domain and the AT-hook
domain at the N terminus of PATZ1 (NP_055138.2), and converts a
transcriptional repressor into a transcriptional activator.
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other tumors have shown chromosomal copy number
imbalances including monosomy 7 and 17, among others
[20, 42]. No chromosomal imbalances were identified by
FISH in tumors 1 and 2 in the current series.

In the current study, an in-frame fusion of exon 8 of
EWSR1 (NM_0005243) and intra-exonic sequences of
PATZ1 exon 1 was detected in all the thyroid-like follicular
renal cell carcinomas studied with RNAseq and RT-PCR,
with subsequent Sanger sequencing. This is the first recur-
rent aberration for this tumor. The EWSR1-PATZ1 fusion
has been reported previously in round to spindle cell sar-
comas classified under “round cell sarcomas with
EWSR1–non-ETS fusions” in the 2020 WHO 5th Edition
Classification of Soft Tissue and Bone Tumors [43]. In
addition, EWSR1-PATZ1 fusion has been found in eight
diverse primary central nervous system neoplasms [44–48].
The unique gene expression signature of EWSR1-PATZ1
sarcoma has not been compared with the central nervous
system tumors [49]. EWSR1 is a multifunctional protein
acting in DNA repair, DNA recombination, mRNA splicing
and transport, and G-protein signaling [50]. PATZ1 is an
essential transcriptional regulator, repressing developmental
genes through its N-terminal BTB domain and C-terminal
zinc finger motif-containing domain that mediates DNA
binding [51]. The EWSR1-PATZ1 fusion removes the
putative transcriptional repressor domain BTB at the N
terminus of PATZ1, which might alter a transcriptional
repressor into an activator. The chimeric EWSR1-PATZ1

protein is expected to maintain DNA-binding function
through the C-terminal zinc finger motifs and modifying the
transcription control at PATZ1 target sites, which might be
the driving force for tumorigenesis.

In a unique tumor reported by Jenkins et al. [23], the
thyroid-like follicular renal cell carcinoma was associated
with a primitive small round/spindle cell sarcomatoid
component and metastatic disease (mesenteric mass and
multiple aortocaval lymph nodes). In contrast, both the
primary renal tumor and the lesions of other cases of
thyroid-like follicular renal cell carcinomas with metastatic
disease have lacked a sarcomatoid component and have
been composed almost entirely of follicles [10, 12]. FISH
studies conducted on the tumor with a sarcomatoid com-
ponent were negative for MDM2 amplification and SS18
rearrangement. Assessment of the EWSR1 locus revealed a
break-apart signal in 23% of 52 tumor cells analyzed with
aneuploidy of EWSR1 signals (up to 4 per cell), findings the
authors concluded as negative for EWSR1 rearrangement.
As EWSR1 and PATZ1 reside in close proximity to each
other on chromosome 22 (both genes localized to 22q12.2
at ~2Mb distance) and are normally transcribed in opposite
directions, the EWSR1-PATZ1 fusion event is most likely
the result of a submicroscopic or cryptic intrachromosomal
paracentric inversion that poses significant interpretive
challenges in visualizing the subtle dissociation or breaking
apart of signals by FISH [43, 48]. Moreover, as additional
studies would be required for identification of the PATZ1

Fig. 7 Tumors that may show
follicles or follicle-like cysts
included in the differential
diagnosis of the thyroid-like
follicular renal cell carcinoma.
(A) thyroid carcinoma (inset,
TTF1 immunohistochemistry),
(B) atrophic-kidney-like
tumor (inset, WT1
immunohistochemistry),
(C) papillary renal cell
carcinoma type 1 (inset,
AMACR immunohisto-
chemistry), and (D) urothelial
carcinoma (inset, GATA3 [clone
L50-823; Biocare medical,
Pacheco, CA, USA]
immunohistochemistry).
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partnership, other technical approaches instead of FISH are
preferable for EWSR1-PATZ1 fusion identification. NGS
targeting the exonic sequence of 152 genes of the same
tumor revealed variants of uncertain significance (VUS) in
RAD51C and SMO, in both the thyroid-like follicular car-
cinoma and sarcoma components at an allele frequency,
suggesting that these are germline variants, while three
other VUS mutations (AKT3, NOTCH1, and JAK3) were
exclusive to the sarcomatoid component, potentially being
acquired somatic mutations [23].

In a molecularly profiled series of paired primary and
metastatic papillary renal cell carcinomas and rarer kidney
cancer subtypes, one tumor of a primary renal tumor (and
associated metastasis) classified as a renal fibrosarcoma was
shown to have an EWSR1-PATZ1 fusion [52]. Notably, both
this patient and the patient with the thyroid-like follicular
renal cell carcinoma with sarcomatoid differentiation
experienced progression, succumbing to their disease within
a few months of diagnosis [23]. Immunohistochemically,
however, the renal fibrosarcoma was negative for PAX8,
whereas both the follicular and sarcomatoid components of
the thyroid-like follicular renal cell carcinoma with sarco-
matoid differentiation expressed PAX8. Moreover, the renal
fibrosarcoma also harbored a homozygous deletion of
CDKN2A, a secondary alteration that might have prognostic
significance in EWSR1-PATZ1 sarcoma [30]. The histo-
pathological and immunophenotypic features described for
EWSR1-PATZ1 sarcomas are fairly diverse [43]. Tumor
cells are small, round, or spindle-shaped and are often
accompanied by a fibrous stroma. Coexpression of muscle
markers (desmin, myogenin, and MYOD1) and other mar-
kers (S100P, SOX10, MITF, and GFAP) is seen at variable
levels. The renal fibrosarcoma tumor reportedly exhibited
focal S100P positivity but was negative for desmin and
MYOD1. Based on the limited data regarding the thyroid-
like follicular renal cell carcinoma with primitive round/
spindle cell sarcomatoid differentiation (undetermined
EWSR1-PATZ1 fusion status) and the renal fibrosarcoma
lacking thyroid-like follicular renal cell carcinoma mor-
phology, it is difficult to draw definitive conclusions
or address potential overlap between the two disease
processes.

In conclusion, we have identified EWSR1-PATZ1 as a
recurrent gene fusion event in thyroid-like follicular renal
cell carcinomas. Chromosomal translocations or other
structural alterations and associated fusion genes are com-
mon in hematopoietic and mesenchymal neoplasia, and
more recently have been demonstrated in a number of
epithelial neoplasms; however, reports in primary kidney
tumors are few [35, 53, 54]. Thyroid-like follicular renal
cell carcinoma is a rare tumor that has only been provi-
sionally introduced as an entity and its full histopathologic
spectrum has yet to be recognized. We propose that this

gene fusion is of a pathogenic importance. Correspond-
ingly, the RT-PCR assay developed in this study could
serve as a valuable diagnostic adjunct for this rare disease
entity.
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