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Loss of expression of YAP1 C-terminus as an ancillary marker for
epithelioid hemangioendothelioma variant with YAP1-TFE3
fusion and other YAP1-related vascular neoplasms
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Epithelioid hemangioendothelioma (EHE) with YAP1-TFE3 fusion is a recently characterized distinctive variant of EHE that accounts
for a small subset (<5%) of cases. It is composed of nests of epithelioid cells with voluminous pale cytoplasm and often shows
focally vasoformative architecture. TFE3 immunohistochemistry (IHC) can be used to support the diagnosis; however, studies have
questioned its specificity. Yes-associated protein 1 (YAP1), part of the Hippo signaling pathway, is expressed in normal endothelial
cells, but becomes disrupted in EHE variant with YAP1-TFE3, such that only a small N-terminal region of YAP1 is expressed in the
fusion protein. A recent study also reported YAP1 rearrangements in a subset of retiform and composite hemangioendotheliomas
(RHE and CHE). In this study, we evaluated the diagnostic utility of an antibody directed against the C-terminus of YAP1 (YAP1-CT)
for EHE with YAP1-TFE3, RHE, and CHE. In total, 78 tumors were included in the study: EHE variant with YAP1-TFE3 (n= 13),
conventional (CAMTA1-positive) EHE (n= 20), pseudomyogenic hemangioendothelioma (n= 10), epithelioid hemangioma (n= 19),
epithelioid angiosarcoma (n= 10), RHE (n= 4), and CHE (n= 2). IHC was performed using a rabbit monoclonal anti-YAP1 C-
terminus antibody. EHE variant showed complete loss of YAP1-CT expression in 10 of 13 (77%) cases. All cases of RHE and CHE, with
previously confirmed YAP1 rearrangements, also showed loss of YAP1-CT expression. Loss of YAP1-CT was seen in one conventional
EHE (1/20; 5%). All other epithelioid vascular tumors showed retained YAP1-CT expression. Loss of expression of YAP1-CT appears to
be associated with good sensitivity and specificity for EHE variant with YAP1-TFE3 fusion and may provide additional support along
with TFE3 and CAMTA1 IHC in challenging cases. This marker may also be useful in the diagnosis of RHE and CHE.
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INTRODUCTION
Epithelioid hemangioendothelioma (EHE) is a rare malignant
vascular neoplasm that arises most commonly in the soft tissue,
liver and lung of adults [1]. While it is generally less aggressive
than angiosarcoma, the prognosis is variable and has been shown
to depend on several factors including primary anatomic site,
tumor size, and the presence of multifocal (arguably metastatic)
disease [2, 3]. Histologically, it is composed of epithelioid cells with
eosinophilic cytoplasm arranged in cords, nests, and as single
cells, within a variably myxoid and hyalinized stroma. The tumor
cells may also have intracytoplasmic vacuoles, a feature that has
been likened to the early stages of angiogenesis [1].
More than 90% of EHE harbors a t(1;3)(p36;q25) translocation

[4]. This cytogenetic event was identified in 2001 and subse-
quently shown by two independent studies in 2011 to result in
WWTR1-CAMTA1 gene fusion [4–6]. In recent years, a distinct
YAP1-TFE3 fusion has been identified as an alternative driver
event in the remaining subset [7, 8]. Although EHE with YAP1-
TFE3 is classified alongside EHE with WWTR1-CAMTA1 in the fifth
edition World Health Organization (WHO) Classification (2020)
[9], the limited data currently available suggest this variant has
certain clinicopathologic differences. For example, EHE with
YAP1-TFE3 fusion has been shown to affect younger patients,

with a mean age of 30 years, around a decade earlier than
conventional EHE [2, 7]. There is also some suggestion from a
recent series that it may have a better prognosis [2]. In addition,
it is morphologically distinct, typically comprising tumor cells
with voluminous eosinophilic cytoplasm arranged in nests and
focally forming vascular channels. This vasoformative growth
pattern means that it shows histologic overlap with a much
broader spectrum of endothelial neoplasms than is the case for
conventional EHE, ranging from benign entities such as
epithelioid hemangioma to the highly aggressive epithelioid
angiosarcoma. Accurate diagnosis of this variant can therefore
be particularly challenging.
In EHE with WWTR1-CAMTA1, immunohistochemistry for

CAMTA1 has become established as a reliable diagnostic marker
[10, 11]. For EHE with YAP1-TFE3, although TFE3 is also used in a
similar manner to support the diagnosis, studies have shown it to
lack specificity [8, 12]. In addition, variation in staining intensity
can make interpretation of a positive result difficult. These
shortcomings can therefore mean that molecular studies, such
as fluorescence in situ hybridization (FISH) or next-generation
sequencing (NGS), are required for confirmation.
Yes-associated protein 1 (YAP1), encoded by the partner gene

in the fusion, is normally expressed in endothelial cells and
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functions as part of the Hippo signaling pathway. Given that the
YAP1-TFE3 fusion protein in EHE typically contains only a small N-
terminal region of YAP1, we hypothesized that immunohisto-
chemistry using an antibody directed against the C-terminal
region of YAP1 (YAP1-CT), may be negative in this subset (loss of
expression) and potentially serve as a more specific diagnostic
marker. In this study, we evaluate the role of YAP1-CT
immunohistochemistry in the diagnosis of EHE with YAP1-TFE3
fusion and compare this with a range of other epithelioid vascular
neoplasms that typically fall within the differential diagnosis. We
also evaluated YAP1-CT in retiform hemangioendotheliomas and
composite hemangioendotheliomas, which were recently shown
to harbor YAP1 rearrangements in a subset of cases [13].

MATERIALS AND METHODS
This study was approved by the Institutional Review Board of Mass General
Brigham (MGB). Cases were retrieved from the departmental and
consultation files of Brigham and Women’s Hospital (BWH), including the
consultation files of two of the authors (C.D.M.F. and J.L.H.). In total, 78
tumors were included in the study, encompassing 7 tumor types: EHE with
YAP1-TFE3 (n= 13), EHE with WWTR1-CAMTA1 (n= 20), pseudomyogenic
hemangioendothelioma (n= 10), epithelioid hemangioma (n= 19), epithe-
lioid angiosarcoma (n= 10), retiform hemangioendothelioma (n= 4), and
composite hemangioendothelioma (n= 2). The latter 6 tumors (retiform
and composite hemangioendotheliomas) were recently published and
known to harbor YAP1 rearrangements [13].
Representative slides of all cases were reviewed to confirm the original

diagnoses. In the EHE with YAP1-TFE3 cohort, 6/13 cases were confirmed
genetically. In one, the YAP1-TFE3 fusion was confirmed using a targeted next-
generation sequencing platform (OncoPanel) at our institution, as previously
described [14]. This demonstrated a balanced translocation generating an in-
frame YAP1-TFE3 fusion connecting exon 1 of YAP1 to exon 4 of TFE3, a
previously reported exon breakpoint pair. Four were included in the original
series of Antonescu et al. [7] which characterized this entity. In their study,
rearrangement of both YAP1 and TFE3 was confirmed in these four cases
using FISH. One case was confirmed at our institution with TFE3 break-apart
FISH using homebrew probes specific for the 5′ and 3′ regions of TFE3 at
Xp11.23 and a probe for Xp11.1-q11.1 (DXZ1, Abbott Molecular, Des Plaines,
IL). The remaining seven cases were diagnosed based on a combination of
their distinctive histologic features (as outlined earlier) and immunohisto-
chemical profile (ie. negative for CAMTA1 and positive for TFE3).
Immunohistochemistry was performed on 4-μ-thick formalin-fixed paraffin-
embedded tissue sections following pressure cooker antigen retrieval (Target
Retrieval Solution, pH 6.1; Dako, Carpinteria, CA). The following antibody
clones, dilutions, and sources were used: YAP1-CT (Clone: D8H1X; 1:100; Cell
Signaling Technology, Danvers, MA), CAMTA1 (Rabbit polyclonal; 1:200; Novus
Biologicals, Littleton, CO), and TFE3 (Clone: MRQ-37; 1:100; Cell Marque,
Rocklin, CA). Positive control slides were stained in parallel.

RESULTS
Clinicopathologic characteristics of epithelioid
hemangioendothelioma with YAP1-TFE3 fusion
The clinicopathologic features of the EHE variant (with YAP1-TFE3
fusion) study group are summarized in Table 1 and compared with
those of conventional EHE (withWWTR1-CAMTA1). In EHE variant, the
median patient age was 38 years (range 14–62). Females (n= 8)
slightly outnumbered males (n= 5). Of the 13 cases, 2 were
multifocal. The most common location was the extremities or trunk
(n= 4), followed by bone (n= 3), head and neck (n= 2), lung (n= 2),
lymph nodes (n= 1), skin (n= 1), and pleura (n= 1). The latter case
also involved vertebra as separate nodules, giving a total of three
cases with vertebral involvement. Microscopically, EHE variants were
composed of epithelioid cells with voluminous eosinophilic cyto-
plasm and in most cases demonstrated a focally vasoformative
growth pattern (Fig. 1).

Immunohistochemical results
The results of YAP1-CT immunohistochemistry in EHE, retiform
hemangioendothelioma, composite hemangioendothelioma, and

other epithelioid vascular tumors are summarized in Table 2. Ten
cases (10/13; 77%) of EHE variant showed loss of YAP1-CT
expression, with no staining observed in either the nucleus or
cytoplasm of tumor cells (Fig. 1). Conversely, strong nuclear YAP1-
CT expression was seen in endothelial cells of normal vessels and
background pericytes where present, serving as an internal
positive control. Three cases showed retained YAP1-CT expression
(Fig. 2): two showed weak cytoplasmic staining and one showed
strong nuclear and cytoplasmic staining. Of these three cases, two
were among those previously confirmed as EHE variant using
molecular studies. However, the YAP1 breakpoints and YAP1
domains present in the fusion proteins of these tumors are not
known, and therefore the reasons for their different staining
patterns are not clear. A third case with retained YAP1-CT had not
been genetically tested. Morphologically, this case had occasional
foci resembling conventional EHE but by immunohistochemistry it
was negative for CAMTA1 and diffusely positive for TFE3.
Conventional EHE cases very commonly showed retained YAP1-

CT expression (19/20; 95%) (Fig. 3), with only one case having loss
of expression; this CAMTA1-positive tumor showed typical
histologic features of EHE. Among those with retained expression,
positivity for YAP1-CT was observed in a cytoplasmic (15/20; 75%),
nuclear (3/20; 15%), or both cytoplasmic and nuclear (1/20; 5%)
distribution.
Loss of YAP1-CT expression was also seen in all cases of retiform

hemangioendothelioma and composite hemangioendothelioma
with previously confirmed YAP1 gene rearrangements (Fig. 4) [13].
All other epithelioid vascular tumors showed retained YAP1-CT
expression (Fig. 5). Immunohistochemistry for TFE3 was positive in
all cases of EHE variant; however, in one case the staining was
weak. Equivocal staining for TFE3 was observed in the one
conventional EHE tested. CAMTA1 was negative in all EHE variant
cases tested (0/7) and positive in all conventional EHE (20/20).

DISCUSSION
In this study, we evaluated the utility of a novel antibody directed
against the C-terminus of YAP1 (YAP1-CT) in the diagnosis of EHE,

Table 1. Clinical characteristics of EHE variant (with YAP1-TFE3 fusion)
and conventional EHE (with WWTR1-CAMTA1 fusion).

EHE with YAP1-
TFE3
(n= 13)

EHE with WWTR1-
CAMTA1
(n= 20)

Age

Median in years
(range)

38 (14–62) 59 (22–72)

Sex

Male 5 10

Female 8 10

Anatomic distribution (N)

Extremities/trunk 4 9

Bone (vertebra) 3a 0

Skin 1 2

Head/neck 2 2

Lung 2 0

Pleura 1 1

Lymph node 1 0

Liver 0 4

Mediastinum 0 2

EHE epithelioid hemangioendothelioma.
aIncludes one multicentric case also listed as involving pleura.
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Fig. 1 Epithelioid hemangioendothelioma variant with YAP1-TFE3 fusion. A This tumor shows frank blood vessel formation.
B Immunohistochemistry for YAP1-CT shows loss of expression in tumor cells, with retained expression in pericytes and occasional non-
neoplastic vessels. C This case demonstrates a solid and nested architecture. D Loss of YAP1-CT expression with a positive internal control.
E This example has a sheet-like growth pattern of tumor cells with abundant eosinophilic cytoplasm and vesicular nuclei. F The tumor cells are
negative for YAP1-CT while admixed stromal cells are positive.

Table 2. Summary of immunohistochemical staining for YAP1 C-terminus in EHE variant and other epithelioid vascular tumors.

Tumor type Total cases YAP1-CT lost YAP1-CT
retained

Epithelioid hemangioendothelioma with YAP1-TFE3 13 10 3

Epithelioid hemangioendothelioma with WWTR1-CAMTA1 20 1 19

Retiform hemangioendothelioma 4 4 0

Composite hemangioendothelioma 2 2 0

Pseudomyogenic hemangioendothelioma 10 0 10

Epithelioid hemangioma 19 0 19

Epithelioid angiosarcoma 10 0 10

CT C-terminus, EHE epithelioid hemangioendothelioma.
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Fig. 2 EHE variant with YAP1-TFE3 fusion demonstrating retained YAP1 C-terminus expression. A This case, arising in an inguinal lymph
node, was confirmed to harbor YAP1 and TFE3 rearrangements. It shows nests of tumor cells adjacent to a germinal center. B Weak retained
expression of YAP1-CT was seen in the cytoplasm of tumor cells. C This example was also confirmed genetically. It comprises sheets of tumor
cells with eosinophilic cytoplasm. D There was retained YAP1-CT expression with cytoplasmic and nuclear staining. E This tumor arose in the
lung and had a multinodular growth pattern. F There is weak cytoplasmic positivity for YAP1-CT.

Fig. 3 Conventional EHE (CAMTA1 rearranged). A In this case, there are tumor cells with occasional cytoplasmic vacuoles arranged as cords
and single cells in a myxohyaline stroma. B There is diffuse, retained cytoplasmic expression of YAP1-CT.

W.J. Anderson et al.

2039

Modern Pathology (2021) 34:2036 – 2042



retiform hemangioendothelioma, and composite hemangioen-
dothelioma, and a range of other epithelioid vascular neoplasms.
We demonstrated that the EHE variant (with YAP1-TFE3 fusion)
commonly shows loss of YAP1-CT expression from the nucleus
and cytoplasm of tumor cells (10/13; 77%); IHC using YAP1-CT may
provide additional support along with TFE3 and CAMTA1 IHC in
challenging cases. Importantly, loss of YAP1-CT was seen in only 1
case of conventional EHE (CAMTA1-positive). All other vascular
neoplasms showed retained YAP1-CT expression, except for
retiform and composite hemangioendotheliomas (see below).
We identified only three cases of EHE variant with retained YAP1-
CT expression. Two of these cases had been confirmed genetically
in a prior study, with FISH demonstrating rearrangement of both
YAP1 and TFE3 [7]. One possible reason for the positive staining in
these cases is residual YAP1 expression derived from the non-
rearranged allele. Another possibility is that the fusion protein in
these cases may encompass a larger region of the YAP1 transcript.
The latter is difficult to verify, however, since the structure of the
fusion proteins in these tumors is unknown. Genetic testing was
not undertaken in the third case with positive YAP1-CT staining,
although by immunohistochemistry it was negative for CAMTA1
and positive for TFE3.
EHE with YAP1-TFE3 fusion was first described in 2011 by

Antonescu and colleagues [7]. Morphologically, this tumor is
distinct from conventional EHE in that it demonstrates areas of
bona fide blood vessel formation and more frequent solid and
nested/alveolar growth patterns – the latter feature having initially
prompted TFE3 immunohistochemistry in their index case. YAP1,
encoded by the YAP1 gene on 11q13, is a transcriptional co-
activator that shows sequence homology with WWTR1/TAZ. YAP1
and TAZ are both regulated by the Hippo signaling pathway and
may be expressed in the cytoplasm or nucleus depending on their
phosphorylation status. It is thought that the highly active
promoter regions of YAP1 and WWTR1 lead to overexpression of
TFE3 and CAMTA1 in their respective oncogenic fusions. TFE3 is
located on Xp11.22 and encodes a member of the microphthalmia

transcription factor family. Immunohistochemistry for TFE3 has
been applied to support the diagnosis of EHE variant and is very
sensitive. For example, in the series of Antonescu, all 10 cases
showed strong diffuse nuclear expression [7]. However, cases with
focal staining have also been described [12]. In the current study,
while all cases were positive for TFE3, one showed only weak and
patchy expression, requiring molecular testing (FISH) to confirm
the diagnosis. The weak intensity of TFE3 staining in cases such as
this make its interpretation difficult. Perhaps more problematic,
however, is its imperfect specificity. In the series of Flucke et al.,
TFE3 positivity was reported in 19 of 22 cases of conventional EHE
(with WWTR1-CAMTA1 fusion), which was occasionally more than
focal [12]. Similarly, in the series of Patel and colleagues, three
cases showed multifocal nuclear TFE3 staining, yet on molecular
analysis harbored WWTR1-CAMTA1 fusion rather than YAP1-TFE3
[8]. A limitation of our study is that a direct comparison of TFE3
and YAP1-CT was not possible, since a subset of our cases (7/13)
were diagnosed primarily based on clinical, morphologic, and
immunohistochemical features (which included TFE3 positivity).
Nevertheless, the high specificity of YAP1-CT that we have shown
appears to complement the high sensitivity of TFE3, as
determined here and in other studies, suggesting that diagnostic
accuracy may be best when these biomarkers are used together.
Interestingly, YAP1 rearrangement has been characterized as a

recurrent event in a growing number of other neoplasms. In a very
recent study, YAP1-MAML2 fusions were identified in both retiform
hemangioendothelioma and composite hemangioendothelioma,
two other vascular neoplasms that behave in a locally aggressive
manner [13]. We were fortunate to include six genetically
confirmed cases from that series in the current study (two
composite hemangioendotheliomas and four retiform heman-
gioendotheliomas) and found loss of YAP1-CT expression in each
tumor. In addition, a recent study by Russell-Goldman and
colleagues [15] demonstrated the utility of YAP1-CT in poroma
and porocarcinoma, which harbor YAP1-NUTM1 or YAP1-MAML2
fusions [16]. Other tumor types which may harbor YAP1

Fig. 4 Retiform hemangioendothelioma (RHE) and composite hemangioendothelioma. A RHE with confirmed YAP1 rearrangement,
composed of narrow branching blood vessels lined by small and uniform tumor cells with hobnail nuclei. B The tumor cells show loss of YAP1-
CT expression, while background stromal cells are positive. C Composite hemangioendothelioma of the dermis, showing an admixture of
epithelioid and RHE-like areas. D This case was also known to harbor YAP1 rearrangement and showed loss of YAP1-CT expression.

W.J. Anderson et al.

2040

Modern Pathology (2021) 34:2036 – 2042



rearrangement include sclerosing epithelioid fibrosarcoma-like
sarcoma (YAP1-KMT2A) [17–19] and metaplastic thymoma [20], as
well as rare subsets of ependymomas [21] and meningiomas
[22, 23]. It will be interesting to see in future studies whether the
YAP1-CT antibody is equally useful in these other contexts.
In summary, we have shown that YAP1 C-terminus immuno-

histochemistry is a useful diagnostic adjunct for the EHE variant
with YAP1-TFE3 fusion. Overall, our results indicate that loss of
YAP1-CT expression is highly specific for this tumor type and
strongly supports its diagnosis. Given its moderate sensitivity
(77%) however, we would recommend that this biomarker is best
used alongside TFE3, which is more sensitive but less specific.
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