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Abstract

The classification of undifferentiated soft tissue tumors continues to evolve with the expanded
application of molecular analysis in clinical practice. We report three cases of a unique soft tissue
tumor in young children (5 months to 2 years old) displaying a purely fibromyxoid histology,

with positive staining for desmin and CD34. In two cases, RNA sequencing detected a YWHAZ-
PLAGI gene fusion, while in the third case, a previously unreported £EF1AI-PLAGI fusion was
identified. PLAGI fusions have been reported in several pathologic entities including pleomorphic
adenoma, myoepithelial tumors of skin and soft tissue, and lipoblastoma, the latter occurring
preferentially in young children. In these tumors, expression of a full length PLAG1 protein comes
under the control of the constitutively active promoter of the partner gene in the fusion, and

the current cases conform to that model. Overexpression of PLAG1 was confirmed by diffusely
positive immunostaining for PLAGL1 in all three cases. Our findings raise the possibility of a

novel fibromyxoid neoplasm in childhood associated with these rare PLAGI fusion variants. The
only other report of a PLAGI-YWHAZfusion occurred in a pediatric tumor diagnosed as a
“fibroblastic lipoblastoma.” This finding raises the possibility of a relationship with our three
cases, even though our cases lacked any fat component. Further studies with regard to a shared
pathogenesis are required.
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INTRODUCTION

Over the past few decades, it has been determined that many pediatric soft tissue

neoplasms possess gene fusions that are diagnostic, or become so in the context of the
histopathologic findings of the particular tumor.1-2 Yet, there remain tumors that lack
morphologies and immunohistochemical profiles distinctive enough to allow a definitive and
reproducible diagnosis, and instead are labeled descriptively, such as “unclassified spindle
cell neoplasm.” This category is decreasing at an accelerated pace due to the application

of more modern molecular genetic techniques including next-generation sequencing panels,
anchored multiplex polymerase chain reaction systems to detect the partner for a known
fusion gene, and comprehensive RNA sequencing. For example, certain pediatric soft

tissue tumors have become recognized due to better characterization at the molecular

level including N7RK-fusion sarcomas, spindle cell/sclerosing rhabdomyosarcoma, and
undifferentiated sarcomas characterized by BCOR genetic alterations. Many of the gene
fusions involve growth factors (eg, PDGFB) or protein kinases (eg, ALK, ROS, NTRK,
BRAF), or abnormal function of transcription factors or chromatin remodeling. In this
report, we add three soft tissue tumors with a distinctive mixed myxoid and fibroblastic
histology, occurring in young children. Based on morphologic grounds, these tumors did not
fit into any well-defined category; however, molecular characterization uncovered unusual
PLAGI-related fusions, involving YWHAZin two cases, and £EEF1A1 in one other case.
Translocations involving PLAGI have been known for some time to occur in several tumors
including pleomorphic adenoma, skin and soft tissue myoepithelioma, and lipoblastoma.3~7
To the best of our knowledge, translocations involving YWHAZ have only been reported

in two cases to date,®% one of which occurred in a “fibroblastic lipoblastoma” involving
PLAGI, while translocations involving EEF1A1 have been described in four cases,10-12
none of which involved PLAGI. Thus, the involvement of YWHAZand EEF1AZin this
fibromyxoid type of pediatric tumor is unique.

PATHOLOGY

Casel

This case was a 2-year-old girl with a 3 week history of a painless left posterior neck

mass. The mass was fixed, firm and nontender and there were no palpable lymph nodes.
Computed tomography (CT) scan confirmed a well-circumscribed mass (5.2 x 3.6 x 3.0
cm) in close proximity to the left lamina of vertebra C2, with no evidence of calvarial bone
erosion or foraminal or intraspinal extension. An incisional biopsy was performed, followed
by a marginal resection of the mass, including the biopsy tract and overlying skin. The
mass was circumscribed and located within the deep soft tissue. The patient did not receive
adjuvant chemotherapy or radiotherapy and has no evidence of recurrence 2 years after the
resection. The tumor was well-demarcated but unencapsulated; the cut surface was white
and trabeculated, varying from firm to myxoid in nature. Microscopically, the tumor showed
a distinct biphasic morphology with a vaguely plexiform appearance (Figure 1). There were
discrete nodules of low-cellularity composed of spindle- to ovoid-shaped cells dispersed
within a loose myxoid stroma containing scattered collagen strands and a network of
branching, thin-walled vessels. Rare bi- and multinucleated cells were present but, overall,
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the cells lacked atypia. These myxoid nodules were separated by areas of a moderately
cellular, spindle cell proliferation arranged in intersecting fascicles. There was no significant
nuclear pleomorphism. Occasional mitoses were identified (up to 4 per 10 high-power
fields), mainly within the more cellular component. Ki-67 labeling index was less than 5%.
No necrosis was present and there were scattered inflammatory cells including histiocytes
and occasional mast cells. Both components were diffusely immunoreactive for CD34 and
desmin. In addition, the spindle cells in the myxoid areas expressed S-100 protein, GFAP,
D2-40, CD10, and CD117. BAF47 expression was retained. There was no nuclear staining
for beta-catenin. The following immunostains were also negative: SOX10, smooth muscle
actin, calponin, actin, BCOR, MUC4, pancytokeratin (AE1/AE3), cytokeratin 18, epithelial
membrane antigen, WT1 (NH2 terminal), CD31, calretinin, p63, PGP9.5, neurofilament, and
ALKZ1. The tumor was felt not to correspond to any known entity and was categorized as a
low-grade spindle cell neoplasm, awaiting molecular genetic testing.

Case 2

This case was a scalp mass resected from a 1-year-old girl. The tumor was a well-
circumscribed nodule composed of uniform ovoid and short spindle cells within a
predominantly fibrotic stroma, arranged in short fascicles, but also with solid areas,
sometimes storiform, or as single files separated by collagen columns (Figure 2). Focal
myxoid areas were also noted. The cells had a moderate amount of amphophilic cytoplasm
and plump ovoid nuclei with vesicular chromatin and small nucleoli. There was no evidence
of atypia or necrosis to suggest malignancy, and mitotic activity was low (1/10 HPFs). Ki-67
proliferation index was 5%. The tumor was diffusely positive for desmin and focally positive
for CD34. The following immunostains were negative: smooth muscle actin, myogenin,
MyoD1, S-100 protein, beta-catenin, EMA, STAT6, bc12, CD99, ALK-D5, ROS1, and
pan-NTRK. The tumor was considered to be a benign myofibroblastic neoplasm, possibly a
myofibroma, and molecular genetic testing was performed.

Case 3

This case was from a 3-month-old male who presented with a mass on the dorsum

of the left foot, increasing in size over the last few days. An incisional biopsy was
performed, following by a resection of the mass 1 month later. The excised tumor was a
lobulated rubbery mass measuring 4.7 x 3.9 x 2.6 cm. Microscopically, the tumor showed a
distinct biphasic morphology with pale myxoid nodules separated by pink fibroblastic areas
(Figure 3). The fibroblastic areas were of low cellularity and composed of spindle-shaped
cells, with small ovoid nuclei, arranged in short intersecting fascicles. The myxoid areas
contained similar appearing spindle-shaped cells embedded within a myxoid amphophilic
stroma. There was no atypia or necrosis. Scattered branching thin-walled, occasionally
ectatic, vessels were present. The tumor was diffusely positive for desmin, and focally
positive for S-100 protein and CD34. The tumor was negative for smooth muscle actin,
myogenin, MyoD1, SOX-10, EMA, STAT6, GLUT1, MUC4, and pan-NTRK. Ki-67 showed
a proliferative rate of less than 2%. A benign myofibroblastic tumor was the working
diagnosis, until molecular testing was completed.
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MATERIALS AND METHODS
RNA-sequencing (RNA-seq)

RNA-seq was performed for case 1 using the TruSight RNA Fusion Panel as previously
described.13:14 Briefly, total RNA was extracted from formalin-fixed paraffin-embedded
(FFPE) tissue scrolls (3—4 per case) using the ExpressArt FFPE Clear RNA Ready

kit (Amsbio, Cambridge, MA). RNA quality was assessed using the RNA 6000 Nano
Bioanalyzer Kit (Agilent, Mississauga, ON) and quantitated using the Qubit RNA HS Assay
Kit (ThermoFisher Scientific, Mississauga, ON). An input of 20 to 100 ng total RNA and
the TruSight RNA Fusion Panel were used to prepare the RNA-seq libraries (Illumina, San
Diego, CA), following manufacturer's instructions and as previously described. Sequencing
of each sample was performed with 76 basepair paired-end reads on an lllumina MiSeq at
eight samples per flow cell (~3 million reads per sample). The results were then analyzed
using the STAR and BOWTIEZ2 aligners, and Manta and JAFFA fusion callers, respectively.

Archer FusionPlex assay

Archer FusionPlex-targeted RNA sequencing analysis was performed for cases 2 and 3, as
previously described.’®> RNA was extracted from FFPE tumor material followed by cDNA
synthesis. cDNA was then subjected to dA tailing, and ligation with Illumina molecular
barcode adapters. Ligated fragments were subjected to two rounds of PCR amplification
using two sets of gene-specific primers and a primer complementary to the lllumina
adapter. Following PCR, the final targeted amplicons were sequenced on an Illumina Miseq
instrument (2 x 150 bp). The Archer analysis software V5.0 was used for data analysis.

Cytogenetics and spectral karyotyping

Direct preparations and short-term collagenase-treated cultures were prepared and G-banded
according to standard cytogenetic techniques. Spectral karyotyping (SKY) analysis was
carried out on the same metaphase preparations used for G-banding. The assay was
performed with the SKY probe according to the manufacturer's instructions (Applied
Spectral Imaging, Carlsbad, CA) as previously described.16

Fluorescent in situ hybridization

Fluorescent in situ hybridization (FISH) was performed as previously described.3 Bacterial
artificial chromosome DNA was acquired from the Applied Center for Genomics, Toronto,
Canada (http://www.tcga.ca/) and selected according to the UCSC Genome Bioinformatics
Browser (http://genome.uscs.edu/, GRCh37/hg19 Build). For this case, the following probes
were used: RP11-954B4 labeled with spectrum green for the YWHAZ gene, and RP11-
22114 labeled with spectrum orange for the PLAGI gene. RP11-954B4 is located 21 835
base pairs 5' of the start of exon 1 of YWHAZand RP11-22114 is located 25 457 base
pairs 3' of the end of exon 5 of PLAGI (Figure 4). Both YWHAZand PLAGI are located
on chromosome 8, and on a normal chromosome, the two probes would be separated by

44 854 237 base pairs. The labeled probes were hybridized to normal human lymphocyte
metaphases to confirm their chromosomal location. FISH was performed on both the slides
used for SKY and FFPE tumor samples.
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4| MOLECULAR GENETIC ANALYSIS

41| Casel

A diagnosis of low-grade fibromyxoid sarcoma was considered, but interphase FISH
analysis with a dual color break-apart probe for the FUS gene was negative, as well as
reverse transcriptase polymerase chain reaction (RT-PCR) for the t(7;16)(q33;p11) fusion
transcript. Using RNA-seq, a fusion was detected between the YWHAZ gene (RefSeq
NM_145690) at 8g22.3 and the PLAG1 gene (RefSeq NM_002655) at 8g12.1 (Figure 4).
The entire exon 1 of YWHAZwas fused to the start of exon 3 of PLAGI, implying an
interstitial deletion of 44.7 Mb in the long arm of chromosome 8. Exon 1 of YWHAZ
codes for the 50 untranslated region;1” coding of the YWHAZ protein begins in exon 2 (at
nucleotide 105 of mMRNA). Coding of the PLAG1 protein begins in exon 4 (at nucleotide 475
of MRNA);6:18 thus, the entire PLAG1 protein should be expressed in this gene fusion and,
indeed, immunostaining for PLAG1 was diffusely positive in both the myxoid and cellular
regions of the tumor (Figure 1).

Karyotype of the tumor by G-banding and SKY showed a gain of 1 to 3 additional copies
of chromosome 8 (Figure 5). Most metaphases (85%) had five copies of chromosome 8.

No other abnormalities were noted on G-banding. Based on the knowledge of the gene
fusion detected by RNA-Seq, the FISH probes for YWHAZand PLAGI would be spaced
apart by 90 424 bp, rather than the normal spacing of 44 854 237 bp (>99% reduction)

and easily distinguished from normal. Using these two probes on metaphase spreads, there
was one normal chromosome 8 per metaphase and fusion or close approximation of the two
signals in the remaining copies of chromosome 8 (2—4 copies per metaphase). FISH was
next performed on interphase nuclei in tissue sections of the resected specimen. Myxoid
and cellular regions of the tumor were scored separately, but both regions showed identical
results. Chromosome 8 copy number ranged from 2-5/nucleus with four or five copies noted
in at least 60% of nuclei. All nuclei showed 0 to 1 normal chromosome 8 and a fused signal
in the other copies of chromosome 8 (Figure 6). In addition, a separate break-apart FISH
probe for PLAGI confirmed the presence of a rearrangement (data not shown).

42| Case?2

By Archer FusionPlex targeted RNA sequencing, a similar fusion to case 1 was detected
in case 2 between the YWHAZ gene and the PLAGI gene. In case 2, however, exon 1 of
YWHAZ was fused to the start of exon 2 of PLAGI, instead of exon 3 as in case 1 (Figure
4). Since coding of the PLAGL protein begins in exon 4, the entire PLAG1 protein should
be expressed in this gene fusion. As predicted, immunostaining for PLAG1 was diffusely
positive in the tumor (Figure 2). FISH performed on interphase nuclei showed a fusion
signal between YWHAZand PLAGI similar to case 1, with chromosome 8 copy number
ranging from 2—6/nucleus and one to three copies of the fusion signal per nucleus (results
not shown).

43| Case3

By Archer FusionPlex targeted RNA sequencing, a fusion was detected between the
EEF1A1 gene (RefSeq NM_001402) at 613 and the PLAGI gene at 8g12.1. The entire
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exon 1 of EEF1A1 was fused to the start of exon 2 of PLAGI. Exon 1 of EEF1A1 codes

for the 5' untranslated region; coding of the ££F1A1 protein begins in exon 2.1920 Thus, as

with cases 1 and 2, the entire PLAG protein should be expressed in the gene fusion of case

3, with no protein contribution from the 5' partner. As expected, immunostaining for PLAG1
was diffusely positive in the tumor (Figure 3).

DISCUSSION

Gene fusions involving PLAGI have long been recognized in human neoplasia,3~" whereas
fusions involving YWHAZ and EEF1A1 are almost unknown. In PLAGI-fusion tumors,
expression of a full-length PLAGL1 protein comes under the control of the constitutively
active promoter of the partner gene in the fusion. The oncogenic effects of PLAG1 are
believed to be related to upregulation of a wide array of direct target genes, including
growth factors, growth factor binding proteins, growth factor receptors, and cell cycle-
related proteins. There are two reports documenting a gene fusion involving YWHAZ.
One bears no resemblance to our two cases; the partner gene was BRAF instead of
PLAGI, the fusion was at exon 5 of YWHAZ instead of exon 1, and the tumor was

a cholangiocarcinoma in an adult.? The other is a fusion to PLAGI similar to our two
cases, but occurring in a “fibroblastic lipoblastoma.”® The YWHAZ gene is located at
8022.3 and encodes tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation
protein zeta (14-3-3C), which belongs to a family of ubiquitously expressed proteins
that bind to phosphoserine- or phosphothreonine-containing target proteins.1” Through
these interactions, YWHAZ modulates cell cycle control, protein trafficking, apoptosis,
metabolism, and signal transduction.1”-21-23 The YWHAZ gene has six exons; exon 1
encodes the majority of the 5'UTR and the start codon is in exon 2. Thus, in the fusion
transcript in our cases, the YWHAZ gene contributes its promoter but no portion of the
YWHAZ protein.

Gene fusions involving £EF1A1 have only been rarely reported. In all cases, EEF1AI was
the 5' partner, fused to H/SP90ABI in two cases of colonic adenocarcinoma,® PDL2in one
case of diffuse large B cell lymphoma in an 18-year-old male,12 and RPL32in a case of
CIC-DUX4 sarcoma in an 11-year-old male. In the last case, the fusion was only found in
the post-treatment specimen, not the initial biopsy.1! The ££F1A1 gene encodes Eukaryotic
Elongation Factor 1 Alpha 1, which is a ubiquitous protein involved in peptide elongation
during mRNA translation. Other functions reported for EEF1AL include signal transduction,
control of cell proliferation and cell death, and cytoskeleton modulation. It is a negative
regulator of p53 and p73, giving it anti-apoptotic properties.24 The gene is located at 6g13
and is composed of eight exons. Exon 1 encodes ~50% of the 50 untranslated region, thus,
the fusion in our third case would include the promoter of ££F1A1 but none of the EEF1A1
protein. The EEF1AI promoter is known to have strong activity in many cell types, resulting
from specific sequences within the promoter.19-20 Thus, the £EF1A1 promoter is expected
to be driving transcription of the PLAGI gene in our case 3, which was confirmed by the
diffuse expression of PLAGL in the tumor. Our case differs from other published cases that
provided details of an ££F1A1 fusion.10.11 In these cases, the fusions were not in-frame
resulting in a premature stop codon and no evidence was provided that the EEF1A1 gene
fusions were indeed functional.
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PLAGI (Pleomorphic Adenoma Gene 1) is located on chromosome 8g12 and encodes a
zinc finger proto-oncogene. Most of the documented involvement of PLAGI in neoplasia
occurs through translocations, with PLAGI in the 3' position of the gene fusion and a
variety of partners in the 5' position. PLAGI fusions have been reported in pleomorphic
adenoma,*5:18:25-29 carcinoma ex-pleomorphic adenoma,*25:30.31 myoepithelial tumors of
skin and soft tissue,3:30:32 chondroid syringoma of skin,33 lipoblastoma,*8:34-40 uterine
myxoid mesenchymal tumors,* and T-ALL.#1 Many of the gene partners in PLAGI fusions
are on chromosome 8, as is PLAGI, including: TCEAI, HAS2, NDRG1, TRPS1 RABZA
21,33,36,37:40 (and YWHAZ as in two of our cases), suggesting recombinations within
chromosome 8 are not uncommon events in terms of PLAGI translocations. Despite the
large number of partners involved in PLAGI fusions, there is a remarkably consistent
theme to these genetic changes; the gene fusion involves either exon 2 or 3 of the PLAG1
gene (as in our cases). PLAGI is composed of 5 exons, with coding starting in exon 4,
resulting in a protein of 500 amino acids.®18 Thus, the above translocations involving
PLAGI maintain the entire coding sequence of PLAG1, but the promoter of PLAGI is
replaced by the one belonging to the 5' partner gene, a situation referred to as promoter
swapping.#2842 |n most cases, the 5' partner gene has been shown to be ubiquitously
expressed,18:26-29,33,.34,38,40 raqulting in upregulation of PLAGI transcription in the tumor.
Our three cases with YWHAZ or EEF1A1 as the 5' partners fit this promoter-swapping
model, and the diffuse expression of PLAGL1 in all three cases confirms the overexpression
of PLAG1. PLAG1 normally functions as a transcriptional regulator, but is not expressed
in adult tissues.618 Presumably, this is due to negative control elements normally in exon
1 of PLAGI, which are lost in the case of a translocation3® leading to overexpression of
PLAGL in tumors. Expression of PLAG1 can be detected using immunohistochemistry, for
example, in pleomorphic adenoma and lipoblastoma.*:26.:43.44 Qverexpression of PLAGI
appears to be oncogenic; in mouse models this leads to tumor development in salivary
gland and kidney.#>46 An alternate mechanism for PLAG1 overexpression is via increased
copies of the PLAGI gene, which has been reported to occur in pleomorphic adenoma,
lipoblastoma, and hepatoblastoma.28:353947 Copy gains of PLAG fusions are uncommon
but have been reported in pleomorphic adenoma.28:3% Our cases 1 and 2 both showed
increased copies of PLAGI and of the YWHAZ-PLAGI fusion. The oncogenic effects of
PLAGLI are believed to be related to upregulation of a wide array of direct target genes,
including growth factors, growth factor binding proteins, growth factor receptors, and cell
cycle-related proteins and, in particular, insulin-like growth factor 2, vascular endothelial
growth factor and mitogen-activated protein kinases.”-38:42:4548

We believe the three cases in this report to be a unique pediatric soft tissue tumor
characterized by unusual PLAGI fusions. All cases shared a mixed fibroblastic and myxoid
morphology, but no other lines of differentiation. Although none showed a distinctive
immunoprofile, all expressed CD34 and desmin, and two expressed S-100 protein as well.
Co-expression of S-100 protein and CD34 has been reported in several spindle-cell tumors
with a variety of gene fusions.*®-51 In all three cases, the PLAG1 gene fusion led to
overexpression of the PLAGL1 protein, thus these cases can be readily distinguished from
many other soft tissue tumors by immunostaining for this protein. We suspect previously
such cases would have been diagnosed simply as an “unclassified spindle cell neoplasm”
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or similar terminology. A recent report has documented several novel fusion partners for
PLAGI in a series of lipoblastomas occurring in older children and adults,8 including
YWHAZ that we detected in two of our cases. These fusion partners had not been detected
in several previous series based on this tumor.#34:36-38.40 Almost all of the novel partners
occurred in tumors that were diagnosed as “fibroblastic lipoblastoma,” which is an unusual
histologic pattern, yet one that comprised almost 25% of cases in this series. These cases
were defined as having “a predominance of fibrous stroma, largely obscuring the adipocytic
nature of the tumor.”8 As these tumors were predominantly fibroblastic and occurring

in older children and adults, it is possible that such tumors were not recognized as (or
considered to be) lipoblastomas in previous series of lipoblastomas and were therefore
excluded from genetic analysis. None of our three cases showed evidence of adipocytic
differentiation, and two of these included resection specimens, not simply biopsies. On

this basis, a diagnosis of lipoblastoma could not be rendered, despite the young age at
diagnosis and PLAGI gene rearrangements. However, it is possible that the cases reported as
“fibroblastic lipoblastoma”8 bear a pathogenetic relationship to the three cases in our series.
Further genomic studies are needed to determine whether those reported tumors and our
cases lie within a single morphologic spectrum. The biologic potential of our cases remains
undetermined at present; there has been no recurrence of tumor in our case 1, but the follow
up period is only 2 years at this point, and no follow up is available on the other two cases
that are more recent.
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FIGURE 1.
Histologic appearance of the tumor from case 1. A and B, The tumor shows a distinct

biphasic morphology with discrete nodules of low cellularity separated by areas of a
moderately cellular, spindle cell proliferation. C, The low-cellularity areas are composed of
spindle- to ovoid-shaped cells dispersed within a loose myxoid stroma containing scattered
collagen strands. D, The more cellular areas are composed of spindle cells arranged

in intersecting fascicles. Neither component shows significant atypia or necrosis. E-H,
Immunohistochemistry of the two regions with the myxoid area on the left side and the
cellular area on the right side, in each panel. There is expression by both components for
CD34 (E) and desmin (F) but only the myxoid areas express S-100 protein (G). There is
diffuse nuclear expression of PLAG1 (H). (Original magnifications A x1, B x40, C-H x200)
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FIGURE 2.
Histologic appearance of the tumor from case 2. A, The tumor is a well-circumscribed

nodule and B, shows a predominantly fibroblastic morphology with focal myxoid areas. C,
The tumor is composed of uniform ovoid and short spindle cells within a predominantly
fibrotic stroma, arranged in short fascicles, but also with solid areas. D, The cells have
plump ovoid nuclei with vesicular chromatin and small nucleoli. There is no evidence of
atypia or necrosis, and mitotic activity is low. E, The myxoid areas are composed of smaller,
ovoid cells within a loose myxoid stroma. F, The tumor is positive for CD34 and G, desmin.
H, There is diffuse expression of PLAGL. (Original magnifications A x1, B x40, C-H x200)
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FIGURE 3.
Histologic appearance of the tumor from case 3. A, The tumor shows a biphasic

morphology with myxoid nodules separated by fibroblastic areas. B, The fibroblastic areas
are paucicellular and composed of small ovoid cells lacking atypia, separated by a moderate
amount of collagen. C, The myxoid areas are composed of similar ovoid cells separated

by a myxoid amphophilic stroma. D, The tumor is focally positive for S-100 protein

and E, diffusely positive for desmin. F, There is diffuse expression of PLAGL. (Original

magnifications A x40, B x100, C-H x200)
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FIGURE 4.
Diagram of fusion transcript of cases 1 and 2 and fluorescent in situ hybridization (FISH)

probes. (Top panel) Normal chromosome 8 showing locations of PLAGI gene (red) and
YWHAZ gene (blue). (Second panel) Abnormal transcript detected in case 1 by RNA-Seq,
in which exon 1 of YWHAZ (blue) (5' end) is fused to exon 3 of PLAGI (red) (3' end).
(Third panel) Abnormal transcript detected in case 2 by RNA-Seq, in which exon 1 of
YWHAZ (blue) (5' end) is fused to exon 2 of PLAGI (red) (3' end). (Bottom panel)
Location of FISH probes RP11-22114 (labeled with spectrum orange) and RP11-954B4
(labeled with spectrum green) relative to the PLAGI and YWHALZ genes, respectively
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FIGURE 5.
SKY and metaphase FISH results. SKY on the illustrated metaphase spread shows 5 copies

of chromosome 8. By FISH on the same metaphase spread, there is close approximation or
fusion of the signals of the probes for PLAGI (orange) and YWHAZ (green) in 4 of the 5
chromosomes 8, in keeping with the fusion transcript detected by RNA-Seq. The remaining
chromosome 8 shows a normal FISH pattern. FISH, fluorescent in situ hybridization; SKY,
spectral karyotyping
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FIGURE 6.
Interphase FISH results. FISH performed in interphase tumor nuclei of case 1 showed

identical results for the myxoid and fibroblastic regions of the tumor. There is close
approximation or fusion of the signals of the probes for PLAGI (orange) and YWHAZ
(green), in keeping with the fusion transcript detected by RNA-Seq. Multiple copies of the
fusion gene are noted in some nuclei. The orange and green probes further apart from each
other represent the normal chromosome 8. FISH, fluorescent in situ hybridization
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