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Chapter 1
A novel specific genetic translocation in epithelibemangioendothelioma showing a fusion

of the WWTR1 and CAMTAL genes.

I ntroduction

Vascular tumors encompass a wide histologic spectrand include hemangioma,
hemangioendothelioma, angiosarcoma, and their gttt variants (Wenger and Wold,
2000; O’'Connell et al., 2001). The vast majority lfth benign and malignant vascular
tumors are readily diagnosed based on their charsiit histologic features, such as the
formation of vascular spaces and the expressioendbthelial markers. However, some
vascular tumors have atypical histologic featusegh as a solid growth pattern, epithelioid
change, or spindle cell morphology, which compbsatheir diagnosis (Folpe et al., 2001).
For this rare subset of vascular tumors, there irsn@onsiderable controversy in regards to
the terminology and the classification that shdudused (O’Connell et al., 2001; Evans et
al., 2003). For example, Evans et al. (2003) argihed epithelioid hemangioma is not a
distinct tumor entity but rather a misdiagnosed &egioendothelioma, a tumor that, unlike
hemangioma, has metastatic potential. Furthernteemangioendothelioma of bone is not
listed as a distinct diagnostic entity in currerassification systems (World Health
Organization Classification of Tumours, 2002).

The genetic hallmark of vascular tumors is stildeninvestigation. To date, only a
few cases of vascular tumors have been analyzedgenyetically, reporting different
chromosomal translocations (Boudousquie et al.61B@ et al., 2006; Dunlap et al., 2009).

However, Mendlick et al. (2001) found an identicAkomosomal translocation involving



chromosomes 1 and 3 [t(1;3)(p36.3:925)] in 2 cadespithelioid hemangioendothelioma
(EHE), which possibly represents a characteristiarrangement for this histopathologic
entity. Therefore, we undertook a systematic mdécanalysis of a large spectrum of EHES,
including lesions from various anatomic locationsd desions with different biological

potentials. We hypothesized that a better undedstigrof the molecular signature of vascular

tumors may help to refine the present classificetigstem based on immunophenotype alone.

Material and Methods

We retrieved 23 cases of EHE with tissue sampledable for molecular analysis
from the surgical pathology and consultation filefs our institution. In each case, we
confirmed the pathologic diagnosis and the histclagyade by reviewing the pathology
slides and by immunostaining them for the followerglothelial cell markers: CD31, CD34,
FLI1, and von Willebrand factor. The tumors wersessed morphologically for growth
pattern, vasoformative nature, epithelioid versysndie cell composition, cellular
pleomorphism, mitotic activity, and necrosis (Fig 1

For each case, the location of the tumor was rechradlong with the anatomic
structures involved. Based on their location, #sdns were classified into 4 groups: bone,
soft tissue, intrathorax, and liver.

Because EHE, a low-grade tumor with metastatic rgi@tk is intermediate between
epithelioid hemangioma, a benign tumor, and epiftelangiosarcoma, a high-grade
malignant tumor, we included 15 cases of epithéll@mangioma and 5 cases of epithelioid
angiosarcoma to determine if there was any relgshign between them. In addition, we
included 3 cases of epithelioid sarcoma becausettimnor has the same morphologic and

immunophenotypic features as EHE.
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Fig 1: Morphological appearance of epithelioid wdac tumors analyzed in this study. (A) MalignafE of the arm, with
cords and single cells of epithelioid cells withdeeate nuclear atypia, embedded in a hyalinizexhetr (B) Classic EHE of
the liver with bland epithelioid cells with readlWsible intracytoplasmatic vacuoles. (C) EH of tlenjs in a 48-year-old
man, who presented as multiple cutaneous and adules, and showed large epithelioid cells withretaunt eosinophilic
cytoplasm surrounding vascular lumina. (D) Radiaiimduced angiosarcoma of breast, composed of prieduorthy
epithelioid morphology and showing high grade ayyi¢ atypia, with prominent nucleoli, as well assmalar channel
formation.

FISH was performed on paraffin-embeddegdm-thick tissue sections using custom-
labeled FISH probes, as previously described (Aegon et al., 2010). Each case was
analyzed with 3 probes covering and flanking chreomoes 1p36.3 and 3g25. The rearranged
regions of each chromosome were then evaluatedy i&inew probes. This process was

repeated as much as possible to zoom into theareggd chromosomal regions (Fig. 2, 3).
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Fig 2: FISH positional cloning strategy using BA@®Ipe sets on 1p36.33-1p36.11. Three sets of expetimdentified the breakpoint in
1p36.23. Underlined genes have been previouslytegpa other chromosomal translocations.
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Fig 3: Distribution of BAC probe sets tested spagrthe 3q24-27 region. Three rounds of FISH expemis illustrated in this diagram
were able to narrow-down the break-apart regiowéen 3924-25.1. Underlined genes have been prdyimported in other chromosomal

translocations.



FISH enabled us to focus on the 200-kb region irciwthe CAMTAL1 and WWTR1
genes are located in chromosomes 1 and 3, resplgctivherefore, we performed reverse
transcriptase-polymerase chain reaction (RT-PCRher8 cases of EHE with frozen tissue
available using housekeeping primers, as previode$cribed (Antonescu et al., 2010). The
RT-PCR products were analyzed by electrophoresid, the RT-PCR-amplified products

were sequenced using the Sanger method (Antonésty 2010)

Results

In this study, we included a total of 17 casesnamunohistochemically confirmed

EHE with tissue available for molecular analysial§le 1).

EHE | Age | Sex | Location IHC WWTR1- | Oncological | Months
Case CAMTAL | Outcome
no. Fusion
1 52 F Soft Tissue CD31land CD 34 + AWD 15
2 54 M Soft Tissue CD31and CD 34 + NED 108
3 59 F Soft Tissue CD 31 and Factor VIII + NED 116
4 39 M Soft Tissue CD31, CD34 and FLI1 + NED 14
5 68 M Soft Tissue CD31 and Factor VIII + NED 16
6 66 M Soft Tissue CD31 and CD34 + NED 4
7 39 F Soft Tissue CD31 and CD34 + DOD 43
8 56 M Intra-thoracic | CD31 and CD34 + NED 30
9 65 F Intra-thoracic | CD31 and CD34 + NED 20
10 61 M Intra-thoracic | CD31, CD34 and Factor + DOD 82
VI
11 32 M Intra-thoracic | CD34 + AWD 7
12 29 F Intra-thoracic | CD31 and CD34 + Lost at FU ?
13 42 F Intra-thoracic + NED 23
14 34 M Intra-thoracic | CD31 + DOD 4
15 48 F Liver CD31 and CD34 + Lost at FU ?
16 41 F Liver CD31 and CD34 + NED 7
17 25 M Bone CD31 + DOD 24

Table I: EHE, epithelioid hemangioendotelioma; NEi®, evidence of disease; AWD, alive with diseas®DD dead of disease; FU,

follow-up.




Six cases were excluded because of unsuccessb@ubdicence in situ hybridization
(FISH): 4 cases because of low cellularity and 2esébecause of decalcification. There were
8 women and 9 men, with a median age of 48 yeargyé, 25 to 68 years). The anatomic
distribution of EHE was as follows: 7 cases in s&$ue, 7 in the intrathorax, 2 in the liver,
and 1 in bone.

All cases had an identical chromosomal translonatigolving chromosomes 1 and 3
[t(1;3)(p36.23:925.1)]. Immunohistochemically, allmors were positive for CD31, showing
typically strong and diffuse staining, as well as €D34 and/or Factor VIl or FLI1. The
RT-PCR applied in the 3 tumors with available frozéssue showed 3 different
rearrangements: fragments of exons 8 and 9 of CAMW&re fused in-frame to a fragment

of exon 2 of WWTR1 (Fig. 4).
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Fig. 4: Identification of candidate genes on 1p3@fd 3q25 by FISH. (A) Gray are showed 1p36.28Kpeint location within CAMTAL
gene. Three-color FISH showed a break-apart betvggean-RP11-1120114 and Orange-RP11-338N10 (in@#})Two-color FISH
(orange-RP11-2G17 and Red-580-RP11-255N4) ideatifisplit red signal associated with the orangeasifinset). This pattern narrowed
the breakpoint at chr.3: 149270000 (hg. 19), whocialized in WWTR1 exon 4 to exon 8.
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Fig. 5: RT-PCR detection of WWTR1-CAMTAL fusion mscript variants and FISH demonstration of fusedTA1 and WWTR1
signals. (A) Gel electrophoresis showing amplifeedducts in lanes 1-3, of two distinct sizes (Mgsnarker, lane 1; EHEs line 1, 2 and 3;
negative control, lane 4). (B) Sequencing of thaeplicons identified two molecular variants, witkoa 4 of WWTR1 being fused in-
frame to either exon 8 (variant 1, upper panelgxmn 9 (variant 2, lower panel) of CAMTAL. (C) FISt¢monstration of fused signals,
using probes centromeric to CAMTA1L and telomerit\td/TR1.

In terms of survival outcome, at follow-up, 9 pat®were alive with no evidence of
disease, 2 were alive with disease, 4 had diedsetde, and 2 were lost to follow-up.

None of the other vascular tumors (13 cases ofhelmid hemangioma, 5 of
epithelioid angiosarcoma, and 3 of epithelioid sara) had a WWTR1-CAMTAL fusion.
Two epithelioid hemangiomas of bone were excludechbse of unsuccessful FISH due to

decalcification.

Discussion

One of the most confusing issues related to vasdtutaors is the myriad of names
that are used to describe them. Pathologicallysetitamors are remarkably similar, which
makes differentiating them from each other veryidift (Wenger and Wold, 2000). This

issue is compounded by the fact that current sargi@thology textbooks inadequately
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describe and classify these tumors. Moreover, nufsthese textbooks do not even
acknowledge the existence of the 3 subtypes ohelmid neoplasms. Not surprisingly,
epithelioid hemangioma continues to be confuseth &#IE (O'Connell et al., 2001). In a
series of 13 patients with so-called hemangioeredmtma reported by Evans et al. (2003), 3
of their patients were treated with chemotherapyd another 3 underwent amputation.
However, none of the patients in their series diagthermore, Rosenberg has argued that
Evans et al.’s illustrations of the tumors showrakteristics of epithelioid hemangioma, a
benign neoplasm (Floris et al., 2006). This exanilpistrates the danger inherent in using
poorly defined and inappropriate terminology tossify vascular tumors. Because clinical
behavior and, consequently, treatment and progneesig significantly among vascular
tumors, it is important to effectively and accuhatdistinguish them from each other.

Currently, we are limited to our subjective inteations, so molecular analysis may
help provide an objective answer. Prior to the enirrstudy, an identical chromosomal
translocation [t(1;3)(p36.3:925)] was identified # cases of EHE arising in 2 distinct
anatomic locations, the liver and soft tissue (Mekcet al., 2001).

In our study, an in-depth molecular analysis ofcages of EHE arising in different
anatomic locations revealed an identical genegiedliocation [t(1;3)(p36:925)] involving the
CAMTAL1 and WWTR1 genes on chromosomes 1 and 3.eotisely. As a result of the
translocation, 2 protein-coding regions were fusefilame, producing a chimeric protein. To
our knowledge, this is the first time that a CAMTRIWTRL1 fusion has been reported. This
is especially important because the CAMTA1 and WWTgenes have been shown to play
an important role in oncogenesis (Barbashina et2805; Henrich et al., 2006; Lei et al.,

2008; Chan et al., 2009; Zhang et al., 2009).
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CAMTAL

CAMTAL is a member of a recently described protamily designed as calmodulin-
binding transcription activators (CAMTASs) (Bouché a&., 2002). Its primary structure
contains a nuclear localization signal, 2 DNA-bmgildomains (CG-1 and TIG), calmodulin-
binding motifs, and ankyrin repeats. CAMTAL is anscription activator potentially
involved in cell cycle regulation (Nakatani et al2004) that may interact with
C&*/calmodulin and be engaged in“Caignaling (Bouché et al., 2002).

In mammalian cells, G4 and the C& receptor calmodulin are involved in the
regulation of gene transcription; nuclear and cigemic CA" control transcription by
distinct mechanisms. Indeed, certain transcripf@mtors are selectively activated in response
to distinct C&" signal duration and amplitude (Bouché et al., 2Q0@skaia and Lompré,
2004; Munaron et al., 2006). A sustained increaseytosolic C4" is necessary to activate
calcineurin, a C&/calmodulin—dependent phosphatase, which dephogphes many
proteins including the transcription factor NFATu@hear factor of activated cells) and
induces its translocation to the nucleus (Lipskaid Lompré, 2004; Munaron et al., 2006).

By contrast, transient Gainflux is particularly effective in activating CRE the
cAMP-responsive element binding protein, via Bzlmodulin-dependent phosphorylation
by C&*/calmodulin—dependent protein kinase (CaMK) or bitogen-activated protein
kinase (Lipskaia and Lompré, 2004; Munaron et 2006). Phosphorylation of CREB by
Cd" facilitates its interaction with the co-activat&REB-binding protein (CBP) or the
related protein p300. There is substantial evidescggesting that the p300/CBP
transcriptional co-activators play a critical ratethe transactivation of the tumor suppressor
p53 and on downstream effects of p53 on growthsaaed apoptosis. Therefore, one of the

functions of CREB phosphorylation via €antry might be the maintenance of a quiescent
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state, at least in excitable cells (Lipskaia anthpeg, 2004; Finkler et al., 2007).

A possible correlation between CAMTAL and growthmtrol is further supported by
Nakatani et al. (2004), who examined the expressiddAMTAL1 mRNA and protein during
cell cycle progression in human neuroblastoma .cBlécause the expression of CAMTAL
was found to be similar to that of p53 in neurotdasa cell lines, they speculated that
CAMTA could be involved in cell cycle regulation the same way as p53 (Nakatani et al.,
2004).

Bouché et al. (2002) investigated the propertiesnembers of the CAMTA family
from Arabidopsis and humans and demonstrated titigyadf both to interact with DNA in
vitro and activate transcription in yeast cells.irgsthe fly CAMTA, Gong et al. (2007)
further demonstrated that CAMTAs may function aglimer, both in vitro and in fly
photoreceptor neurons, and that the CG-1 domain mediate the potential dimerization of
CAMTA transcription factors. Therefore, in organsnwith multiple CAMTAs, the
possibility of homo- and heterodimerization exist#h further functional implications
(Finkler et al., 2007; Gong et al., 2007).

A possible role for human CAMTAL in cell proligion and tumor suppression has
recently been put forward by several research grgkiptoh and Katoh, 2003; Attiyeh et al.,
2005; Barbashina et al., 2005; Henrich et al., 2006

Loss of genetic material on the short arm of chreomee 1 occurs in many human
cancers. In a study of 683 solid tumors arisindifi¢rent anatomic locations, the prevalence
of loss of heterozygosity on 1p ranged from 30%6486, depending on tumor location
(Ragnarsson et al., 1999). However, the most exterigp deletion mapping in search of
tumor suppressors has been done in neuroblastavhas) are known to have 1p losses in

about 30% of cases (Maris et al., 2000; Attiyehlet2005; White et al., 2005).
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Although the expression of CAMTAL is seen in vasoorgans, low CAMTAL
expression seems to be significantly associateld pabr outcome in neuroblastoma (Attiyeh
et al., 2005; Henrich et al., 2006). In additiomatéh and Katoh (2003) showed that the
CAMTAL gene was located within the commonly deletedion of neuroblastoma. The
potential role of CAMTAL in tumor development issalsupported by Barbashina et al.
(2005) who showed, in a subset of gliomas, thaeletdd region on 1p36 involved the
CAMTAL gene.

Taken together, these data strongly suggest thaMMT®4 is involved in the
development of neuroblastoma and other tumors tyithmutations. ldentifying CAMTAL
downstream target genes and interacting proteiasaarong the major tasks ahead. Such
studies should provide important information to cedate the role of CAMTAL in

oncogenesis and, consequently, improve diagnasils aind therapies.

WWTR1

WWTRL1, also called TAZ, is a transcriptional coraator with PDZ-binding motif
that was initially identified by its ability to iatact with 14-3-3 proteins. Sharing amino acid
sequence homology with YAP (Yes-associated pratei#)Z contains a conserved WW
domain capable to interact with the PDZ domain @aet al., 2000). Lei et al. (2008)
reported that TAZ is negatively regulated by LAT@nbr suppressor kinase, which is a
component of the Hippo pathway initially defined Ilgenetic studies inDrosophila
melanogaste(Justice et al., 1995; Xu et al., 1995; Tapon.e2802).

The Hippo pathway controls organ size and contabtbition by regulating cell
proliferation and apoptosis (Chan et al., 2010@&)s kconserved from fly to human and its

deregulation in mammals often leads to tumorigen@Shan et al., 2010a). The downstream
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effectors of the Hippo pathway in mammals are thedcriptional co-activators YAP and
TAZ.

The transcription factors TEAD1-4 (TEADs) in mammare major interacting
partners for functional outcome. When TAZ is nohibited by the Hippo pathway and
remains in the nucleus, it interacts with TEADs autivates expression of genes such as
CTGF, IGFBP3, ITGB2, Birc5/Survivin, Gli2, and AiChan et al., 2010a). Phosphorylation
of TAZ by LATS leads to 14-3-3 binding and translton from the nucleus to the cytoplasm,
resulting in functional inactivation of this tramgtion co-activator. TAZ itself has no DNA-
binding domain, and so it must bind to DNA-binditrgnscription factors to stimulate
downstream target gene expression (Lei et al., 2008

TAZ has been shown to interact not only with TEA@$an et al., 2009) but also
with many other proteins, such as EphrinB1 (Xinglet 2010), Cbfal/Runx2 (Hong et al.,
2005), Wbp2 (Chan et al., 2010b), and PAX3 (Marukeinal., 2005). The identification of a
myriad of TAZ-interacting transcription factors peipating in various cellular and
development processes raises an important quessida which protein is most relevant to
the role of TAZ in oncogenesis and what is the dydey molecular mechanism (Chan et al.,
2009).

Chan et al. (2009) presented evidence supportingval mechanism for TEADsS to
mediate nuclear accumulation of TAZ to promote @acoc transformation. They suggested
that TAZ distribution is regulated by 2 major regiol'y mechanisms. The first is the well-
defined cytoplasmic sequestration by interactionthwil4-3-3 proteins upon its
phosphorylation by the Hippo pathway; the othernigclear retention mediated by its
interaction with TEADs. Their results suggest tmaidogenous TEADs, and especially
TEADA4, are important for TAZ to promote oncogenransformation of MCF10A cells

(Chan et al., 2009).
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Zhang et al. (2009) supported these results amdifigel TEADs transcription factors
as the major TAZ-interacting transcription factons HEK293 cells. They further
demonstrated that TEADs are indispensable for Téuatfion in promoting cell proliferation
and cell migration and in inducing epithelial medgymal transition, which are all involved
in cancer initiation and progression (Zhang et24Q9).

TAZ is highly expressed in a wide spectrum of hummancer cell lines and various
primary tumors, suggesting that this protein hasogenic potential (Chan et al., 2008;
Balasenthil et al., 2010). Chan et al. (2008) regzbthat TAZ was highly expressed in
invasive breast cancer cell lines and in a sigaifidraction of primary breast cancers. They
also reported that TAZ overexpression induced malguic changes characteristic of cell
transformation and enhanced cell migration andsiora(Chan et al., 2008).

In addition, Balasenthil et al. (2010) found TAZeogxpression in pancreatic cell
lines. Ectopic TAZ expression also induced celllipgmation, overcame contact inhibition,
and led to tumorigenesis in nude mice (Lei et24108).

Taken together, these finding advance our undetstgrof the role of TAZ in cancer
development and provide a potential therapeutigetafor cancer treatment. Chan et al.
(2011) recently showed that angiomotin, a novelul@gr of endothelial cell migration
(Troyanovsky et al., 2001), can interact with TAZading to its cytoplasmic retention and
inhibiting its transcriptional outcome and oncogemroperty. This interaction causes
cytoplasmic sequestration of TAZ in a manner simila, but independent of, TAZ
interaction with the Hippo pathway. Along with tletudy, future experiments should further
our understanding of the possible use of angionastia targeted therapy for EHE.

Acquired chromosome abnormalities were first suggge$o be casual factors in the
origin of cancer by Boveri in 1902 (Boveri, 2008jowever, the first specific translocation

identified in human neoplasia was t(9;22)(q34;9lt¢sulting in the Philadelphia
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chromosome (Rowley JD, 1973Y.here is now a general agreement that cancer enetig
disease with 2 types of initiating genetic everasihg been identified: the inactivation of
genes by deletion, mutation, or epigenetic meclhanand the activation or deregulation of
genes as a consequence of point mutation, ampiifica or balance cytogenetic
abnormalities (Mitelman F et al., 2007). It is alslbould be noted that there are a few
examples of balanced translocations leading tess ¢d gene function (Popovici et al., 2002;
Belloni et al., 2004).

Compared with haematological disorders, our knogéedf the karyotype of solid
tumors is limited. All solid tumors make up only%27of the total number of cases with an
abnormal karyotype reported in the literature (Mien F et al., 2007). In fact, we know less
about cytogenetics of the most common malignantotanbecasuse the chromosome
morphology is often poor and the karyoptype is Ugummplex. However, molecular and
cytogenetic studies performed over the past decéddes had a major impact on the
identification and classification of a large vayieff sarcomas (Bovée and Hogendoorn, 2010).

Non-random chromosomal translocations have beerciget in about 15% to 20% of
mesenchymal tumors, and they are restricted toifspaamor types (Mitelman et al., 2007;
Bovée and Hogendoorn, 2010). Tumor specific moblacahanges can be useful for several
reasons. First, the identification of chromosomalnslocations helps the pathologist in
diagnosing these lesions. Second, these tumorfgpecolecular changes may serve as
markers to detect minimal residual disease. Thilkse molecular data increase our
understanding of the pathogenesis of cancer. kinadcurrent fusion oncogenes offer the
best potential targets for therapeutics stratggfage, 2009; Bovée and Hogendoorn, 2010).

Since vascular tumors are uncommon neoplasms, dheygenerally regarded as
difficult to classify by surgical pathologists. Théferential diagnosis of these tumors can be

very difficult because of their remarkably similaistopathologic and morphologic features.
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Although morphologic and immunohistochemical feasurremain the cornerstone of
diagnosis, tumor-specific genetic alterations carvéry helpful in diagnosis-making (Bovée
JV and Hogendoorn PC, 2010). Indeed, there iscmgtsentiment to reclassify solid tumors
on the basis of their pathogenetic fusion tranglona (Kaye, 2009).

It is important to emphasize that the rearrangemaght not be the sole anomaly. In
fact, tumor developmemt is usually clonal evolutfmocess driven by the accumulation of
new genetic changes. However, recurrent balancetations represent often an initial event
in oncogenesis. Moreover, there is some evideratettile expression of certain sarcoma gene
fusions is sufficient for the cell differentiati@nd tumorigenicity (Riggi et al. 2006; Riggi et
al 2010).

Most balanced structural rearrangements have bmerdfto exert their tumorigenic
action by 2 alternative mechanisms: overexpressi@gene in one of the breakpoints, or the
creation of a hybrid gene through the fusion of tyemes, one in each breakpoint. Therefore,
the identification of structural chromosome changesmportant because the breakpoints
involved point to the location of cancer-relevamings (Mitelman et al.,, 2007). Specific
translocations can also reveal targets for ther@pfusion product involving the collagen
type 1, al gene and the platelet-derived growth factor Begé8OL1A1-PDGFB) in
dermatofibrosarcoma protuberans can be blockedjuginsine kinase inhibitors at PDGFR,
such as imatinib (Bovée and Hogendoorn, 2010).

In summary, we identified a novel specific chronmab translocation
[t(1;3)(p36:925)] in 17 cases of EHE arising intohist anatomic locations and involving the
CAMTAL1 and WWTR1 genes. This chromosomal transiocamay serve as the ultimate
biomarker, as it is specific for this distinct leigathologic tumor type, so it may be helpful to
refine the classification of vascular neoplasms.

Furthermore, it is widely accepted that fusion emwd resulting from chromosome
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translocations are oncogenic, based on evidendethlest are able to transform cells in
culture (Xia and Barr, 2005). As more oncogenicpprties of the fusion protein and
cooperative events are elucidated, therapeutitegies can be further developed to interrupt

these oncogenic processes.
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Chapter 2
Monoclonality of multifocal epithelioid hemangioasttielioma: confirmation by analysis of

WWTR1-CAMTAL rearrangements.

I ntroduction

Epithelioid haemangioendothelioma (EHE), similaotbher vascular tumors, presents
with multiple non-contiguous tumors in approximgté&0% of cases, and it is unclear
whether the separate lesions represent multicedisease or metastases (Deyrup and
Montag, 2007; O’'Connell et al., 2001). Multicentiycin mesenchymal neoplasms is defined
the presence of tumor at two or more anatomica&pasated sites, before the manifestation of
disease in sites where sarcomas most commonly tasitees such as the lungs (Antonescu et
al., 2000). Because the clinical course of EHE regdiently indolent, the concept that
different lesions are independent primary tumorgerofprevails (Gupta et al., 2006;
O’Connell et al., 2001).

However, it seems that we are limited to our subjecinterpretations and that we
must wait for molecular analysis of vascular tumbefore a more definitive and objective
answer becomes apparent.

In this study, we examined the question of whetB#tE is a metastatic or
multicentric disease. The recent identificationVWWWWTR1-CAMTAXusion, as the genetic
hallmark of EHE irrespective of anatomic locatigrpvides an objective and powerful
diagnostic tool that can be used to distinguigmudtifocal EHE has a monoclonal origin. In
fact, as expected, in our previous study the geadmnéakpoints of the t(1;3)(p36;925)

differed from one patient to others (Errani et2011).
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Therefore, we undertook a molecular analysis of Rtioentric EHEs of the liver,
including separate tumor samples from each pat{@uat.hypothesis is that the identification
of an identicaWWTR1-CAMTAZearrangement in different lesions from each pateuld

explain the monoclonal origin of EHE.

Material and Methods

We retrieved 2 cases of EHE from the surgical dathofiles of our institution with
available tissue for molecular analysis. In eackec#he diagnosis and histologic grade was
confirmed by reviewing the H&E slides. All tumonsciuded for analysis were positive for
the CD31 endothelial marker. The tumors were asses®rphologically for growth pattern,
vasoformative nature, epithelioid versus spindl# cemposition, cellular pleomorphism,
mitotic activity, and necrosis (Fig. 1).

For each case, the location of the tumor was rechradlong with the anatomic
structures involved. Both patients presented witlitipie sites in the liver, two lesions and
three lesions, respectively (Fig. 2).

Fluorescence in situ hybridization (FISHpositional cloning of the t(1;3)(1p36.23;3925.1)

FISH was performed in both cases for the presenteWWTR1/CAMTAL
rearrangement to confirm the histologic diagnoBisani et al., 2011).

As previously reported, BAC clones were obtainesimfrthe BACPAC Resources
Center of the Children’s Hospital of Oakland Reskainstitute (http://bacpac.chori.org)
(Errani et al., 2011). Probe preparation and FISidlysis were performed on paraffin-
embedded, 41m-thick tissue sections, as previously describett¢Aescu et al., 2010).

In brief, BAC DNA was isolated using phenol-chlaoh, labeled with different

fluorochromes (Enzo, PA, USA) in a nick translaticeaction, and validated on normal
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metaphases. Probe mixtures were co-denatured, yirddized to pretreated slides. Slides
were incubated, washed and mounted with DAPI inaatifade solution. At least two
hundred successive non-overlapping nuclei were airusing a fluorescence microscope.

A case was confirmed as positive for rearrangeroéat given gene when 20% of
the nuclei examined showed a break-apart signtsnpatising its respective BAC probes.
Reverse transcriptase-polymerase chain reaction {RTR).

In both EHE tumors adequate RNA extracted from drozissue (Trizol Reagent;
Invitrogen, USA) was available to investigate pbksiusion transcripts from each different
lesion in each patienRNA quality was determined by Eukaryote Total RNAMY Assay
and cDNA was tested by RT-PCR for PGK housekeepmme. A two-step RT-PCR was

used, with Oligo(dT)20 primer under SuperSé®iptll system (Invitrogen, USA) being

applied for first-strand cDNA synthesis, followeg & second-step PCR, using the HotStar
Tagq Master Mix (Qiagen, Valencia, CA). The RT-PCRoducts were analyzed by
electrophoresis and the RT-PCR amplified produ&sevgequenced using the Sanger method

Primers used for the RT-PCR detectioWdVTR1-CAMTA1usion are listed in Table 1.

Results

FISH analysis for the presence ofV@WTR1land CAMTAL gene rearrangements
showed signal abnormalities in bdMWTR1andCAMTAL Combined results confirmed the
translocation t(1;3)(1p36.23;3925.1) in both EHEBesa(Fig. 3).

The RT-PCR applied in both cases identified an dmg@lproduct in each case, but of
two different sizes. However, the size of the ra@aged bands from multifocal tumors in each
individual patient was identical (Fig. 4). RT-PCRn@lified two SWWTR1-CAMTAY

variant transcripts from both EHE cases. The&v®/TR1showed a consistent breakpoint
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within intron 3 and intron 4 respectively, whileadlner 2 different breakpoints were seen in
exon 9 by 3ACAMTAL Exon 3 (variant 1) and exon 4 (variant 2) of WWITRere fused to
CAMTAL exon 9.

The sequence of the fusion gene confirmed a differdd WTR1-CAMTAL
rearrangement in each patient, but an identMANTR1-CAMTAlrearrangement from

different lesions in each individual patient (Fg.

EHE1l FHEl2 FHE21 FHE22 20 PR

Control

Fig. 5: Gel electrophoresis showing amplified products from two different cases of two distinct sizes.
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CAMTAL
Ex9

1013 GAGCTGGC GGCAGEGTECATC ACAAGTGTAACAGCGUCAAACACC GCATCATC TCGECCA
AGGTGHAGCCAC GEACAGGEE G TACGGEAGC CACTCHGAGG THCAGCACAATGAC GTET
CGGAGGGCAAGCAC GAGCACAGC CACAGCAAGGGCTOCAGCC GTCAGAAGAGEAAC GG CA

s)¢ Break point of EHE 1
AGGTGACCARGE OO GTEC TEC THCACC AGAGCAGCACHS AGETOTCC TC CAC CAAC CAGE
TGEAAGTC OO CHACACCACOCAGAGCTCCCOTGTGTOCATCAGCAGE GG TCAACAGCS
ACCCGGACATGE TG GACAGEC COETGE TCACAGE TG TETC CGGTATE GC G TG GOC TE TG
W Break point of EHE 2

TGATGGGGAGCTTETC CCAGA G0 G0 CACGETE TTCATG TUAGAGG TCAC CAATGAGE COG
TOTACACC ATETCC O A COGCTOECE CCARCCACCACCT OO TETCACE TEAC GO0 TE T
AGGGCOTCBTCO TEGEC CG THA GO TC TEATGGC CACAASTTCGCOTTTCC CACCACG GECA
GOTCGGAGAGCC TG TCCATGC TECC CACC AACGTGTCCGAAGAGC TG GTCC TC TCCAC CA
GO T GAC GG TE G0 CGGAAGATTCC AGARACCAC CATEAACTTTGAS CC CGAC TETTTEC
TTAATAAC CCARAGCAGE GCCAGAC CTACGEGGE TEGAGE CC TEAAR G CEAGATGGTCA
GOTCCAAC AT GG CACT OG0 CACC OO GEGAGCEGAGCTTCAGCTTTAC CACC BTCUTCA
COAAGGAGATCAAGAC CGAGGACAC CTCCTTCGAGCAGCAGATEGCCAAAGARGCGTACT
COTCC TS G0 GECGEC TG TEGCAGC CAGC TCCCTCACC CTGACCGCC GG CTCCAGC T
TEC G TG GE OG0 GO0 TEACTCC CAGCACCAC CO TEGAGCAGATE CACT TC AGC B0 CA
TCGACTCCAACAAGGACTACACGTC CAGC TTCAG CCAGAC GG GUCACAGCCCC CACATCS
ACCAGACCCCCTOC COGAGETTE TTCE TG CAGGACGCCAGCARAC CCCTCCCC GTC GAGE
AGAACACCCACAGE AGCC TEAGTEACTOTEAG GG CACC TTCGTEA TG CC CACGETCAR AR
CGGAGGCCTCGTOC CAAACCAGE TCCTGCAGC GG TCACGT 3GAGACG CEGATC GAGTC CA
CTTCCTCC ST AC CTCATGC AGTTCCAGGCCAACTTCCAGGCCATGAC GG CAGAR GG GE
AGGTCACCATGGAGAC CT OO0 AGGC GOCGGARGE BAGCGAGETCC THCTCARG TE T G356
AGCTGCAGEC TTHCAGCTCTEAGCACTAC CTGCAGC CHGAGACCAAL GGG TAATC CHAR
GOGCCGECGGCETCCCCATOC TC CC GG GC AAC GT GG TECA GG GAC TC TACCCC GTG GO O
AGC OO AR T GG AACG OO TCr AACATEGAGCTCAGCCTHGACCAC TTTGACATC TE T
TCAGCAAC CAGTTC TCCGACC TEATCAACGAC TTCATCTC CG THGAG GEGEGCAGCAGCA
CCATCTAT GGGCAC CAGE TEG TG TC GG GG GACAG CACGGC GC TCTCACAGT CAGAGGACS
GGGCGCEEECCCCCTTCACCCAGGCAGAGATG TG CC TCCC CTGCTETAGCC CC CAGCAGS
GTAGCCTECAGE TGAGCAGOTCOG GAGEGCGEGG0 CAGCAC CATEECC TACATGCAC BTCE
COGAGGTGSTCTCGGCCGCCTCG G0 CCAGGGEAC CC TAGE CATEC TG CAGC AGAGE GGAC
GGGTETTCATGE TEACCGACTAC TC CC CAGAGTG GTCTTACC CAGAG

Fig 6: Sequencing of three amplicons identified twolecular variants, with exon 3 (variant 1, uppenel) or exon 4(variant 2, lower
panel) of WWTR1 being fused in-frame to exon 9CAMTAL.
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Discussion

As with other vascular tumors, epithelioid hemaegibotelioma can be multifocal in
up to 50% of cases (Deyrup and Montag, 2007; O’@bret al., 2001). Because of its usual
indolent clinical behaviour, this finding is comntpmeferred to as multifocal disease, and is
often not accepted or recognised as a metastattegs (Gupta et al., 2006; O’Connell et al.,
2001).

In this study, we examined the question of whetBétE is a multicentric or
metastatic tumor. We hypothesized that moleculatyars could help elucidate this question.

A variety of molecular genetic molecular techniqees be utilized to determine the
clonality of multifocal tumors. Monoclonal tumoreauild exhibit the identical initial genetic
alteration in genes responsible for early tumorettgwment. However, additional genetic
changes will subsequently accumulate, leading to-cdonal divergence and intratumoral
heterogenicity (Hafner et al., 2002).

A frequent used method for evaluating clonality based on X-chromosome
inactivation. However, the reliability of X-chromm®e inactivation analysis for clonality
study in tumors has been challenged (Sieben e2@D3). One problem is that tumors may
show altered DNA methylation patterns. Furthermorgn-random X-chromosome
inactivation in germline DNA of healthy and canedfected females may complicate the
interpretation (Sieben et al., 2003).

In contrast to analysis of clonality by X-chromosomnactivation, loss of
heterozygosity (LOH) is an irreversible genetic revacquired during tumorigenesis rather
than an epigenetic phenomenon like methylation. Waakness of this approach is that in the
absence of informative markers and the failureei@ct LOH it is likely to underestimate the

frequency of clonality (Sieben et al., 2003).
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Another technique used to investigate clonalitymaltifocal cancer is comparative
genomic hybridization (CGH). However, in contrastltOH analysis, the alternate loss of
paternal and maternal alleles, strongly indicatiiferent clones, is not detectable with this
method. Therefore, CGH and LOH analysis may be $essitive methods for detecting
genetic aberrations as compared to polymerase obadtion (PCR) (Kros et al., 2002).

If the gene rearrangement is the initiating eveintumorigenesis, fusion product
seems to be the most powerful idiotypic clonal reaifdntonescu et al., 2000; Melotti et al.,
2010). In chromosomal translocations, the gendireakpoints usually occur within introns.
However, like in our study, the gene rearrangenuamt also occur within exons. Within
introns or exons, the distribution of breakpointeni different cases seems essentially
random. This provides formal support for the us¢heke rearrangements to establish clonal
relationships in multifocal tumors characterized $pecific chromosomal translocations
(Antonescu et al., 2000).

To our knowledge, there are only a few reports thave been used gene
rearrangements to prove the clonal origin of mod# tumor (Antonescu et al., 2000;
Melotti et al., 2010; Ohta K et al., 2008; Plazaelfal., 2008; Shah ZH et al., 2009; Sugg et
al., 1998). Most of them have investigated mul@folymphoproliferative processes and the
analysis of clonality by PCR has played an impdrtiagnostic role (Melotti et al., 2010;
Ohta K et al., 2008; Plaza JA et al., 2008; ShaleZHhl., 2009; Sugg et al., 1998). Ohta et al.
reported a case in which B cell monoclonality waisnd in an intraocular lymphoma and a
primary breast lymphoma. They showed an identiealegrearrangement in the vitreous and
breast tumors. The same-sized band were detecteothnsamples and direct sequencing of

the PCR products revealed an identical monocla@tangments of the IgH gene.
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Our study shows similar result. In fact, we tested multifocal liver EHEs with
different rearrangments of WWTR1 and CAMTAl gendw identical monoclonal
rearrangment was found in each lesion fron eactergatout not in tumors from different
patients. The identical WWTR1-CAMTAL rearrangmeniggests that multifocal EHE
resulted from metastasis of the same neoplastimectather than a simultaneous neoplastic
formation of multiple EHE cell clones.

Our conclusions are supported by the results etant study that reported a series of
patients with liver EHE. Sixsteen patients receilreer transplant and 5 of them (31%) had
recurrence of disease in the new liver (Lau et28l1,1).

This finding follows the “seed and soil” theory tHaaget (1989) proposed in 1889,
namely, “When a plant goes to seed, its seedsaareed in all directions; but they can only
live and grow if they fall on congenial soil.”

Recently, many investigators have validated thidastatic theory (Kaplan et al.,
2006; Gupta et al., 2006; Norton and Massagué, 200ty defined the metastatic niche
(soil) as a friendly site for the tumor cell (sesalattach to and grow. In addition, Norton and
Massagué (2006) proposed that cancer was a selirgegisease and that the appearance of
multifocality was conveyed by self-seeds returrtimghe primary tumor’s organ of origin but
not attaching to the primary tumor mass.

Following these hypotheses, we can speculate thabih our cases the EHE cells
were able to attach and grow only in the liver. rEfiere, it seems that multifocal EHE is
more likely a metastatic disease rather than mstaifien of multicentricity.

Our data could have therapeutic implications. lct,fanetastatic disease suggests an
aggressive tumor that warrants further treatmentantrast, tumors arising independently
may simply reflect the propensity of an organ teadep occult tumors, which may or may

not progress to clinically significant disease.
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In summary, our present analysis of the genomiaramgments of WWTRI1-
CAMTAL genes in 2 patients with liver EHE confirrttee monoclonal origin of multifocal
EHE. This unusual clinical manifestation most likeépresents an intrinsic property of this

subset of EHE to re-seed in a congenial soil lieetissue of origin.
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Chapter 3

Epithelioid Hemangioma of Bone and Soft Tissueeniyn tumor with metastatic potential?

I ntroduction

Vascular tumors encompass a wide histologic spectand include hemangioma,
hemangioendothelioma, angiosarcoma, and their gttt variants (Wenger and Wold,
2000; O’'Connell et al., 2001). The vast majority lfth benign and malignant vascular
tumors are readily diagnosed based on their clarsiit histologic features, such as the
formation of vascular spaces and the expressioendbthelial markers. However, some
vascular tumors have atypical histologic featusegsh as a solid growth pattern, epithelioid
change, or spindle cell morphology, which compbsaheir diagnosis (Folpe et al., 2001).
For this rare subset of vascular tumors, there msneonsiderable controversy in
regards to the terminology and the classificatiwat should be used (O’Connell et al., 2001,
Evans et al., 2003). For instance, epithelioid hagrana (EH) continues to be confused with
hemangioendothelioma (O’Connell et al., 2001). Bvanal. (2003) recently argued that EH
is not a distinct clinicopathologic entity but ratha misdiagnosed hemangioendothelioma, a
tumor that, unlike hemangioma, has malignant pa@krin a series of 13 patients with so-
called hemangioendothelioma reported by Evans. ¢2@03), 3 of patients were treated with
chemotherapy, and another 3 underwent amputatiemaiably, none of the patients in
their series died. However, in a “Letter to thet&d in the International Journal of Surgical
Pathology Rosenberg argued that Evans et al.’s illustratiaf the tumors showed
characteristics of EH, a benign neoplasm (Florisalet 2006). This example not only

illustrates the current confusion surrounding tlesgification of this rare subset of vascular
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tumors but also indicates the danger inherent ingupoorly defined and inappropriate
terminology to classify them.

Because the clinical behavior and, consequenggatiment and prognosis of vascular
tumors can vary significantly, it is important teetively and accurately distinguish them
from each other. In this study, we examined thestjan of whether EH is a benign tumor
with metastatic potential. We hypothesize thatdlr@cal behavior of EH can help elucidate

this question and establish if this rare tumor li@aign or malignant neoplasm.

Material and Methods

We performed a retrospective analysis of all casdsH from the surgical pathology
files of our institution. In each case, the diagaosf EH was confirmed by reviewing
available histologic slides (Fig. 7).

Available radiographic images were also reviewead #&reatment and follow-up
information was obtained from the patient recofdsaddition, for each case, fluorescence in
situ hybridization (FISH) was performed to exclude presence of the specific chromosomal
rearrangement t(1;3)(1p36.23;3925.1), which hasnbskown to be characteristic of
epithelioid hemangioendothelioma (EHE) (Erraniletia press). BAC clones were selected
according to the UCSC genome browser (http://genocse.edu) and were obtained from
the BACPAC Resources Center of the Children’s Hasmf Oakland Research Institute
(CHORI) (Oakland, CA) (http://bacpac.chori.org)oBe preparation and FISH analysis were
performed on paraffin-embedded, pf-thick tissue sections, as previously described

(Antonescu et al., 2010).
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Fig. 7: Histologic analysis showed (A) a lobulaowth pattern of the lesion with extension outside tortex in adjacent soft
tissue; (B) mature vascular lumen formation witkieophilis infiltrating the adjacent stroma; (C)eformative properties at the periphery
of the lesion, with larger calibre vessels linedejthelioid cells; (D) hobnailed endothelial cglitruding in the lumen in a characteristic
tomstone appearance; (E) the central portion oflekion typically had more solid growth with sheefsepithelioid cells with densely
eosinophilic cytoplasm and lacked obvious vessah&tion. Occasionally abundant erythrocyte extratias was seen; (F) epithelioid cells
with a more foamy, vacuolated cytoplasm and focedderate pleomorphism and pseudonuclear inclusi@)sintracytoplasmic vacuoles
but typically these were not a predominant feat{rgpccasional areas of bland spindle cell compgnemd (l) vascular ivasion in one
patient who had lymphonode spread.

At least 200 successive non-overlapping nuclei vexi@mined using a fluorescence
microscope. A case was considered to have a speefietic rearrangement=f20% of the

nuclei examined showed a break-apart signal patteiny its respective BAC probes (Fig. 8).
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Fig. 8: Three-color fluorescence in situ hybridiaat(FISH) shows no break-apart (split signal)lia tegion of 3g25.1-25.3.

Results

We identified 16 patients with tissue available foolecular analysis: 4 women and
12 men, with a mean age at presentation of 44 y@ange, 18 to 81 years). Additional
demographic data for these patients are showreii dle.

In each case, the diagnosis of EH was first comdnby reviewing available
histologic slides. All tumors were positive for th€D31 endothelial marker.
Morphologically, EHs were defined as either lobethbr well-circumscribed lesions, which

had clear vasoformative properties, forming “mdatwessels with open lumina. The lesional
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cells occasionally had the so-called tombstone a@pee and consistently showed an
abundant, glassy, eosinophilic cytoplasm.

The correct diagnosis of all our EH cases basednonunophenotype alone was
confirmed thanks to lack of the specific genetiarrangemen{t(1;3)(1p36.23;30925.1)]
characteristic of epithelioid hemangioendotheliothat we showed in a previously report
(Errani et al., 2011).

The anatomic distribution of EH was as follows:a@&es in bone, 5 in soft tissue and 2
in both bone and soft tissue. Four patients hadrarsual multifocal presentation of EH in
the hand, wrist, foot, head and neck respectively.

On conventional x-rays, the bone lesions were lsdatent with well-defined

margins (Fig. 9).

Fig 9: (A) The en bloc resection specimen showgfasgly hemorrhagic cut surface lesion expandimgrib. (B) A contrast-enhanced CT
image of the same patient shows a multiseptatgzhrestle lytic lesion in the anterior portion of thight ninth rib, indenting and causing
low-attenuation presumed to be reactive edemaeistibjacent liver.
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In a few cases of EH of bone, the bone was expaadédfocally destroyed with
tumor extending into adjacent soft tissue. By castirin cases of EH of soft tissue, the
lesions had less-defined margins on the magnedmneance images. The size of the tumors
was known in 12 patients, ranging from 1 cm to@rbin diameter.

Treatment varied widely, ranging from biopsy to reegtal resection. Most patients
with EH of bone were treated with intralesionalettage. Three patients, 2 with EH in the rib
and 1 with EH in the carpus, underwent segmensaateon. By contrast, all patients with EH
of soft tissue underwent excision with marginalwede margins, except for 1 patient who
only underwent biopsy. Two patients were also é@awith radiation therapy, and one of
these patients with systemic therapy.

Follow-up information was available for all 16 ptts; the mean follow-up time was
64.5 months (range, 6 to 162 months). None of #teepts died of disease, including the 4
patients with a multifocal presentation of EH, aodly 2 patients developed a local
recurrence (Table 2).

A few cases, because of their unusual clinicalufest are described in detail. The
first patient was a 56-year-old woman with numertassons of the right foot (Fig 10). He
was treated with trans-tarsal amputation. The pat® alive and well free of disease 66
months later. The second patient was an 18-yearr@d with an EH of the right carpus
involving the scaphoid and trapezium bones. He mmelet segmental resection with wide
margins, and he is currently alive with no evideotédisease 156 months after surgery. The
third patient was a 49-year-old man who presentigd mumerous bone and soft tissue EHs

in the index and middle fingers.
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EHCase| Age | Sex| Location Multifocal vs Treatment Outcome

no. (y) Solitary (months)

1 63 | M | Soft Tissue (arm) Solitary Biopsy AWD

(64)

2 38 | M | Soft Tissue (arm) Solitary Surgery (M) NERB)

3 63 | F Soft Tissue (hand)| Solitary Surgery (M NE©D)

4 38 | F Soft Tissue (axilla)]  Solitary Surgery (W) DE

(162)

5 31 | M | Bone (metatarsus) Solitary Surgery (1) NEBD)(

6 20 | M | Bone (metatarsus) Solitary Surgery (1) NBD)(

7 40 | M | Bone (metatarsus) Solitary Surgery (1) NED1

(22)

7 59 | M | Bone (cuneiform) Solitary Surgery (1) NED (9

8 23 | M | Bone (rib) Solitary Surgery (W) NED (68)

9 41 | M | Bone (rib) Solitary Surgery (W) NED1

(67)

10 81 | M | Bone (clavicle) Solitary Surgery (1) NED) (6

11 50 | M | Bone (vertebra) Solitary Surgery (I) | DOO (16)

and RXT

12 34 | F Bone (tibia) Solitary Surgery (1) NED1

(114)

13 18 | M | Bone (carpus) Multifocal Surgery (W) NED
(scaphoid and (156)
trapezium)

15 49 | M | Bone and Soft Multifocal (index | Surgery (1) NED (48)

Tissue (hand) and middle
fingers)
16 56 | F Bone and Soft Multifocal Surgery (W) NED (66)
Tissue (foot) (midfoot and
forefoot)
17 35 | M | Soft Tissue (head | Multifocal (bone | Surgery (M), | NED1
and neck) and parotid) RXT and CHT| (240)

Table Il: EH, epithelioid hemangioma; M, male; énfale; NED, no evidence of disease; NED1, no ecielef disease after local or distant

recurrence; AWD, alive with disease; DOO, deadtbépcauses.

Several lesions were excised, and the remaindertnwated with laser therapy. This
patient is alive and disease-free 48 months aketrnent. Another patient was a 35-year-old
man, who presented with a facial mass in 1991. Hes wWweated with chemotherapy
(Adriamycin and Edatrexate) without significancepense. Therefore, he received 3000cGy
in 10 fractions to the whole brain with an excellessponse. He developed a local recurrence

involving lymphoid tissue adjacent to the salivglgnd in 2002.
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Thus, the patient underwent marginal excision & ldsion followed by radiation
therapy (4500cGy). He did well until 2005, whengresented left sphenoid and orbital roof
metastases. These lesions were excised only in 20l the presence of EH was

subsequently confirmed. He is alive 20 years ldterfirst appearance of the disease.

Fig 10: (A) A radiograph shows the first metatarisas been replaced and expanded by a multisegidiedesion. No gross calcified
matrix is evident in the lesion. (B) A coronal naontrast CT image through the forefoot of the saatéent shows marked expansion of the
first metatarsal with extensive cortical destructémd several thin intralesional septa. The attgouaf the tumor is slightly lower than that
of muscle.

Finally, the last interesting case was that of ay@&3r-old man diagnosed with a soft
tissue EH in the arm (Fig 11). He was treated Wwitpsy alone and did not show any disease

progression at follow-up 64 month after treatment.
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Fig 11: (A) The radiograph shows a tiny permeatlytc focus in the posterior cortex of the midhuaieshaft (arrow). No calcifications
are evident in nearby soft tissues. (B) An axialtpn density MR image shows heterogeneous tumassitspn the triceps muscle and an
intracortical tumor deposit (arrow). (C) A sagitfabton density MR image shows multinodular tumepaskits with low-signal intensity
inner rings (arrows), possibly related to hemosidéeposition.

Discussion

Epithelioid vascular tumors remain controversiatdaese of their unusual morphology,
poorly understood histogenesis, and unpredictaldi®dic behavior (Keel et al., 1999). In
fact, there is much debate involving certain vascuumors that show an epithelioid
phenotype and that share many of the same histolegitures. This has resulted in the

frequent misdiagnosis and inappropriate treatmeBtb(Nielsen et al., 2009).
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Although imaging is extremely helpful in the diagof hemangioma and usually
excludes the need for biopsy, it cannot be usest®fkly in the diagnosis of EH and other
vascular tumors because these entities lack clesistat radiologic features (Gupta et al.,
2006; Shah et al., 2005). In fact, the presencenwitifocal lesions may be the only clue
indicating a diagnosis of a vascular tumor (Weraget Wold, 2000).

Morphologic and immunohistochemical features thasain the cornerstone of
diagnosis of vascular tumors and their epithelvadants. The differential diagnosis of EH
includes EHE and epithelioid angiosarcoma. Becaoketheir epitheloid appearance,
epithelioid vascular neoplasms may also be misdisgt as metastatic carcinoma. However,
antibodies against certain vascular and endothatitgiens have been shown to be helpful in
differentiating vascular tumors from metastaticcocamas (Kleer et al., 1996). Furthermore,
features that distinguish EH from epithelioid arsgiccoma include the absence of significant
cytologic atypia, brisk mitotic activity, and nesrs and the presence of well-formed vessels
(Deyrup et al., 2007). The more difficult distirati between EH and EHE could be made on
the basis of our recent discovery of a novel genearrangement that is specific to EHE,
[t(1;3)(1p36.23;30925.1)] (Errani et al., in presahich was not present in all cases of EH
analyzed in the current study. The correct diffeetrdiagnosis between these 2 entities is
critical because EHE exhibits a more aggressivaiceli course than EH. It is also more
frequently multifocal when occurring in bone (O'CGatl et al., 1993). By contrast, the vast
majority of bone EHs are solitary. However, up &/@of bone EHs can affect the skeleton
in a multifocal fashion (Sung et al., 2000; O’Colre al., 2001; Deshpande et al., 2003).
Moreover, Floris et al. (2006) reported a case &f & the 2° toe with secondary
involvement of the ipsilateral inguinal, iliac, aparaortic lymph nodes. The groin lymph

nodes were excised, and the presence of EH wasudrstly confirmed.
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This 2006 article by Floris et al. sparked a corgrey reflected in an exchange of
opinions in the form of “Letters to the Editor” ithe International Journal of Surgical
Pathology (Floris et al., 2006). In his letter, Evans reted his opinion that EH is not a
distinct clinicopathologic entity but rather a meghosed hemangioendothelioma, a tumor
with malignant potential. However, in his own leftRosenberg argued that these neoplasms
are histologically and biologically different froome another. In a series of 13 patients with
so-called hemangioendothelioma reported by Evaak €2003), none of the patients died of
disease and, in Rosenberg’s opinion, Evans et dlustrations of the tumors show
characteristics of EH. Of these 13 patients, 3 wie&ted with aggressive chemotherapy, and
3 underwent a forequarter amputation, hip disddtean, and internal hemipelvectomy, for
what Rosenberg considers a benign neoplasm. Cletimdy classification of epithelioid
vascular tumors remains a topic of considerabldgrovarsy as EH continues to be confused
with EHE or some other type of vascular sarcomas.

Crucial to the significance of this controversyikat effect, if any, the classification
of these vascular tumors has on their treatmentpangnosis (O’Connell et al., 2001). In a
recent study, Nielsen et al. (2009) analyzed 5@sad EH of bone. In their series, most
patients presented with a single lesion, but %epé#di (18%) presented with lesions involving
more than 1 bone. Two of the patients with mulédod€Hs had discontinuous lesions of bone,
skin, artery, and lymph node, but none of thesdeptt with an unusual multifocal
presentation of EH experienced an adverse outcdhmerefore, the nonaggressive behavior
of EH reported in the literature (Evans et al., 20Bloris et al., 2006; Nielsen et al., 2009)
supports the hypothesis that this tumor is indessdgm.

Despite the fact that our series is relatively $nmalr findings confirm that EH does
not behave aggressively and thus is a benign tulmdact, although most patients received

conservative treatment, including only biopsy incdse, their long-term prognosis was
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excellent, and none of them died of disease. Byrast) as we previously reported, EHE is
also associated with good prognosis, but it caragtasize in some cases and produce a fatal
outcome (Errani et al., in press ).

In the current study, we found that 4 cases of Ed B multifocal appearance.
Although we cannot disprove a multicentric origar £H, we favor the theory of metastatic
spread of the tumor from bone and soft tissue,rgihe intimate relationship that vascular
tumors typically have with non-neoplastic vess8sllinger et al., 1994). However, we do
not believe that metastatic potential necessarigams malignancy. In 1889, Paget (1989)
originally proposed the “seed and soil” theory, eam“When a plant goes to seed, its seeds
are carried in all directions; but they can onlseliand grow if they fall on congenital soil.”
Recently, many investigators have validated theastatic theory (Kaplan et al., 2006; Gupta
et al.,, 2006; Norton and Massagué, 2006). Theynddfithe metastatic niche (soil) as a
friendly site for the tumor cell (seed) to attachaind grow. In Kaplan et al.’s and Gupta et
al.’s hypotheses, the metastatic niche is prepased substance secreted by the primary
tumor. The metastatic niche contains precursors call bone marrow-derived stem cells.
Subsequently, the invading metastatic cell musthixithe proper features to effectively
colonize the new site. Their data suggest thaegiffces in tumor-secreted humoral factors
promote metastatic spread to specific distant argand, as expected, the genes that mediate
these different site-specific metastatic activiges largely distinct. In addition, Norton and
Massagué (2006) proposed that cancer was a selirgegisease and that the appearance of
multifocality was conveyed by self-seeds returrtimghe primary tumor’s organ of origin but
not attaching to the primary tumor mass.

Building upon these hypotheses, Mihm and Nelson1@20proposed that the
metastatic niche theory can elucidate infantile fuegnoma development. They reported that

infantile hemangiomas may be metastases from tta&d¢ é@mponent of placenta. In fact,
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certain aspects of the biology of infantile hemanta cells suggest a relationship to the
placenta as a possible site of origin for hemangioprecursor cells. First, distinct
immunohistochemical markers are uniquely co-exge$s fetal microvessels of the human
placenta and juvenile hemangiomas (North et alQ120Second, the genome-wide gene
expression profiles of the placenta and hemangioexdsbit a higher degree of global
similarity relative to other tissues (Barnes et aD05). Finally, the natural progression of
infantile hemangiomas is similar to that of thecglata (rapid proliferation followed by
subsequent stabilization). Thus, they hypothesthatl the site where hemangioma forms is
prepared by humoral factors that determine theasitefantile hemangioma development, in
the same way that malignant tumor cells preparéeafer tumor metastases (Mihm and
Nelson, 2010). Taken together, these findings sstgijpat hemangioma precursor cell arise
from the placenta as a “benign metastasis.”

The possible existence of benign metastasis isdursupported by the behavior of
giant cell tumors, another type of benign bone tuthat can metastasize without producing
a fatal outcome. At the Rizzoli Institute, the alemetastatic rate of 349 giant cell tumors of
the extremity was 4%, and all tumors were assatiaith good long-term prognosis (Errani
et al., 2010). Similarly, Klenke et al. (2011) fauthe same rate of pulmonary metastases in
118 patients with giant cell tumors, and none @ platients died of disease. However, we
ultimately agree with Rosenberg, who pointed oGurfently, it seems that we are limited to
our subjective interpretations and that we must feaimolecular analysis of vascular tumors
before a more definitive and objective answer bexpapparent” (Floris et al., 2006).

In summary, our findings confirm that EH does nehéve aggressively and support
the contention that EH is a benign tumor. Basedoon experience, EH of bone can be
effectively treated with curettage and EH of sadsiie with marginal/wide excision; EH is

thus associated with an excellent prognosis. Likeerovascular tumors, however, EH may

41



present with multifocal involvement. Therefore, eanclude that EH is a benign tumor with
metastatic potential. It is important to distinguisH from other epithelioid vascular tumors

because of the significant differences in their aggament and clinical outcome.

Conclusions

The classification of epithelioid vascular tumoesnains challenging with considerable
morphologic overlap spanning across benign to mahg categories. A prior
t(1;3)(p36.3;925) was identified in 2 cases of EHBwever no follow-up studies have been
performed to identify the gene fusion or to assssgrevalence in a larger cohort of patients.
We undertook a systematic molecular analysis of EHE, characterized by classic
morphologic and immunophenotypic features, fromiotes anatomic locations and with
different malignant potential. Also included forngparison was a group of epithelioid
hemangioma and epithelioid angiosarcoma. FISH iposit cloning strategy, spanning the
cytogenetically defined regions on chromosomes 1p&86d 3925, confirmed rearrangements
in two candidate genes from these loci in all EH&Ses tested. Subsequent RT-PCR
confirmed theCAMTA1-WWTRXusion product in 3 cases. None of the other bermg
malignant epithelioid vascular tumors examined stthwhese abnormalitie€AMTAland
WWTR1genes have been previously shown to play impontal@s in oncogenesis. Our
results demonstrate the presenceCAMTAL-WWTRIusion in all EHE tested from bone,
soft tissue and visceral location (liver, lungkeeping with a single tumor entity. Thus FISH
or RT-PCR analysis for this fusion can serve assaful molecular diagnostic tool in
challenging diagnoses.

Like other vascular tumors, EHE can have multifqualsentation in up to 50% of cases.

However, whether multifocal EHE represents an uaupattern of metastasis or multiple

42



separate primary tumors remains to be elucidated. r®cent identification oWWWTR1
CAMTAL1fusion as the genetic hallmark of EHE irrespectiffanatomic location was used to
clarify this question by comparing the similarititcanslocation breakpoints. In our previous
study, we found variability of the fusion transd¢sipof the t(1;3)(p36;925) translocation
among different patients with EHE. Thus, we undgkta molecular analysis of six samples
from two patients with multicentric hepatic EHE test our hypothesis that the presence of
identical breakpoints iIWWWTR1and CAMTAlsupport the monoclonal nature of multifocal
EHE. Using FISH, RT-PCR and subsequent sequencangonfirmed an identicAWWTR1
CAMTAL1fusion transcript product from different nodulaseach patient. Our results confirm
that multifocal EHE are monoclonal and thus repmeeg metastatic implants of the same
neoplastic clone rather than a ‘field-effect’ onslironous occurrence of multiple neoplastic
clones.

The controversy surrounding EH diagnosis, partitylahen arising in skeletal locations,
stems not only from its overlapping features withen malignant vascular neoplasms, but
also from its somewhat aggressive clinical charattes, including multifocal presentation
and occasional lymph node metastases. Specificdiy,distinction from EHE has been
considerably controversial. The recurrent t(1;3%p25) chromosomal translocation,
resulting inWWTR1-CAMTAZusion, recently identified in EHE of various am@ic sites,
but not in EH or other epithelioid vascular neoplas suggests distinct pathogeneses. Thus,
we investigated the clinicopathologic and radiogregharacteristics of bone and soft tissue
EHs in patients treated at our Institution withitalge tissue for molecular testing. Seventeen
patients were selected after confirming the patfiolaiagnosis and FISH analysis for the
WWTR1 and/or CAMTAL rearrangements. Four patients had multifocal ptesen,
including one with locoregional lymph node metassadviost patients with EH of bone were

treated by intralesional curettings, while patiewntth EH of soft tissue underwent excision
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with marginal or wide margins. None of the patiediisd of disease and only four patients
developed a local recurrence. Our results, usintpentar testing to support the pathologic
diagnosis of EH, reinforce prior data that EH isemign lesion, characterized by an indolent
clinical course, with occasional multifocal presdgmn and rare metastatic potential to
locoregional lymph nodes. These findings highlighe importance of distinguishing EH

from other malignant epithelioid vascular tumor® da their difference in management and

clinical outcome.
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