
Abstract. Background/Aim: Undifferentiated pleomorphic
sarcoma (UPS) is an aggressive mesenchymal neoplasm
characterized by chromosomal instability. The aim of this study
was to identify fusion events involved in UPS. Materials and
Methods: Transcriptome sequencing was performed to search
for new fusion genes in 19 UPS samples, including two paired
recurrent (R) and re-recurrent (RR) samples. Results: A total
of 66 fusion genes were detected. Among them, 10 novel fusion
genes were further confirmed by reverse transcription
polymerase chain reaction (RT-PCR) and Sanger sequencing.
Retinoblastoma (RB1) fusions (2 cases) were the most
recurrent fusion genes. The gene fusions RB1-RNASEH2B,
RB1-FGF14-AS1, and E2F6-FKBP4 were correlated with the
Rb/E2F pathway. Pseudogenes were involved in the formation
of the gene fusions CIC-DUX4L8 and EIF2AK4-ANXA2P2.
Importantly, targetable gene fusions (PDGFRA-MACROD2
and NCOR1-MAP2K1) were detected in UPS. Conclusion:
Screening for the presence of fusion transcripts will provide
vital clues to the understanding of genetic alterations and the
finding of new targeted therapies for UPS.

Undifferentiated pleomorphic sarcoma (UPS) is one of the
most common soft tissue sarcomas, and represents an
aggressive type of mesenchymal malignancy with no
identifiable line of differentiation (1). Surgery, radiotherapy,
and chemotherapy are the main treatments for UPS.
However, UPS tends to recur and spreads to other organs
(mainly the lungs), and the 5-year survival rate remains low
(30-50%) (1). Therefore, investigations into the underlying
mechanisms involved in UPS initiation and progression are
of major importance and may lead to the development of
new approaches for these patients with poor prognosis.

We and others have found that TP53, ATRX, and RB1 are
highly mutated in UPS (2, 3); however, no specific genetic
characteristics have been identified for UPS compared with
other soft tissue sarcomas[such as c-kit mutation for
gastrointestinal stromal tumor (4), SS18-SSX1 fusion for
synovial sarcoma and so on (5)]. Gene fusions are common
in leukemia, bone and soft tissue tumors (6). Almost 300
gene fusions have been detected in mesenchymal tumors (5).
Many gene fusions are driver mutations and provide new
insights into the molecular mechanisms that are involved in
tumorigenesis. These may serve diagnostic or risk
stratification purposes and specific targets (5, 7). Some gene
fusions (PRDM10 and TRIO fusions) have been reported in
a small number of UPS cases (8, 9). However, UPS is
heterogeneous at the genomic level, displaying a spectrum
of genomic instability mostly driven by massive copy
number changes and large structural rearrangements (10, 11).
Many gene fusions may represent chance events that result
from chromosomal instability (12). Therefore, we
hypothesized that more fusion genes may exist in UPS.

In an attempt to identify new fusion genes in UPS, we
performed transcriptome sequencing on 19 UPS samples,
including two paired recurrent (R) and re-recurrent (RR)
samples. In this study, 66 fusion genes were found. Among
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them, 10 novel fusion transcripts were further verified by
reverse transcription polymerase chain reaction (RT-PCR)
and Sanger sequencing.

Materials and Methods
Patients. Seventeen patients diagnosed with UPS (the criteria: 1. No
identifiable line of differentiation; 2. Tumor cells showing a high
degree of pleomorphism) by two professional bone and soft tissue
pathologists were included in this study. Four μm hematoxylin and
eosin stained slides of each tumor were reviewed, a minimum tumor
content of 20% was observed for all cases. Of the 17 patients, one
case had a primary tumor resection three years earlier and
developed lung metastasis, three cases were newly diagnosed, and
13 patients were relapsed at admission. Tumor tissues and matched
adjacent normal muscle tissues were frozen and stored at -80˚C.
Tumor, node, and metastasis (TNM) staging was determined using
the 7th edition of the American Joint Committee on Cancer
guideline of TNM classification. All patients provided written
informed consent, and the study was approved by the Clinical
Research Ethics Committee of Fudan University Shanghai Cancer
Center (Number: 050432-4-1805C).

RNA extraction. Total RNA was extracted by TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) from fresh frozen UPS samples and
matched adjacent normal muscle tissue samples according to the
manufacturer’s instructions. The quantity and quality of RNA were
evaluated by the Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). Samples with a RIN score >7 and RNA
concentration >1000 ng were selected for library preparation.

RNA sequencing. One microgram of total RNA from UPS samples
was used for library preparation, which was conducted by using the
TruSeq RNA Library Prep Kit (Illumina, SanDiego, CA, USA)
according to the manufacturer’s protocol. The final libraries were
sequenced on an Illumina HiSeqXten platform with a paired-end
2×150 bp protocol aiming at 8 Gb per sample. To discover the
fusion transcripts, the RNA-Seq data was analyzed by the STAR-
Fusion software (13, 14). In Star-Fusion, a built-in GRCh38
reference genome was used with Gencode v26 annotation. Fusion
transcripts were found by Star-Fusion with default parameters, and
at least three spanning read pairs and three split-reads were required
for each fusion (14). In this study, the matched adjacent normal
muscle tissue samples were not subjected to RNA sequencing.

RT-PCR and Sanger sequencing. The primers used for PCR
amplification and sequencing are listed in Table I. For RT-PCR, 1 μg
of total RNA was reverse-transcribed in a 20-μl reaction volume using
a FastKing RT Kit (with gDNase) according to the manufacturer’s
instructions (Tiangen Biotech, Beijing, China). PCR amplification was
performed using PrimeSTAR Max DNA Polymerase (Takara). PCR
products were analyzed by agarose gel electrophoresis. All positive
RT-PCR products were confirmed by Sanger sequencing. The BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used for the analysis of
sequence data.

Immunohistochemical analysis. Immunohistochemical analysis was
performed on 4-μm-thick tumor sections according to standard
procedures. The tissue sections were dewaxed and retrieved, and
endogenous peroxidase activity was blocked by hydrogen peroxide

treatment. Following incubation with protein blocking solution,
slides were incubated at 4˚C overnight with an RB1 antibody
(1:600, 9309, against the C-Terminus of RB1, Cell Signaling
Technology), PDGFRA antibody (1:400, ab203491), and MAP2K1
antibody (1:100, ab32576, against the C-Terminus of MAP2K1).
Signal amplification was performed using the IHC Detection Kit
(KIT-5920, Fuzhou Maixin Biotechnology, Fujian, China). 

Results

Detection of fusion genes in UPS. To identify fusion
transcripts, we performed RNA-sequencing in 19 UPS
samples, including two paired recurrent (R) and re-recurrent
(RR) samples. The clinicopathological characteristics of
patients are listed in Table II. STAR-Fusion software was
used for analyzing the sequencing data, and 66 fusion genes
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Table I. Primers used for RT-PCR of gene fusions.

Primer                                            Sequence (5’-3’) 

C15orf57-CBX3                            
C15orf57-CBX3 F                         CCTACTGTTGGTTGCCCGT
C15orf57-CBX3 R                        CTCTTTCGCCAGCACCAAGT
CIC-DUX4L8                               
CIC-DUX4L8 F                             CTCTGTGGACAACAGGGTCC
CIC-DUX4L8 R                            GAGCCTGAGGGTGGGAGA
E2F6-FKBP4                                 
E2F6-FKBP4 F                              CCTCTTTTTCCGTCTGCGTC
E2F6-FKBP4 R                             CACCCTCATTGGGCTTAGCA
EIF2AK4-ANXA2P2                   
EIF2AK4-ANXA2P2 F                 CAACAGCTTTCTGCCCACTG
EIF2AK4-ANXA2P2 R                GGTGACCTCATCCACACCTTT
MAPK10-SPARCL1                     
MAPK10-SPARCL1 F                  ATAGCAACCCCATTCCCCAA
MAPK10-SPARCL1 R                  TGTTGTCAGGTGCTACCGTT
NCOR1-MAP2K1                        
NCOR1-MAP2K1 F                      AGAGGGGTTGAGTCAAGATGG
NCOR1-MAP2K1 R                     TGGAGGAGGCTCGTTGACTA
RB1-FGF14-AS1                          
RB1-FGF14-AS1 F                       TTTATTGGCGTGCGCTCTTG
RB1-FGF14-AS1 R                       TGAAGTAGCATTGCAGCACTTT
RB1-RNASEH2B                         
RB1-RNASEH2B F                      TCTTTATTGGCGTGCGCTCT
RB1-RNASEH2B R                      CACAGGTGTGGCAAAATGGAG
RICTOR-CCDC152                      
RICTOR-CCDC152 F                   GGTGTTGTGACTGAAACCCG
RICTOR-CCDC152 R                  CTTTGCCAACAGAAAGGCGT
RORA-AC011526.1                      
RORA-AC011526.1 F                   GATAGAGGGAGTCTCGGAGC
RORA-AC011526.1 R                  TCCCAGACCCAAGGCTTACA
RORA-LHFP                                 
RORA-LHFP F                              GCCATCTCCAGCGATCTCTAC
RORA-LHFP R                             TTCTTGCCCGAAAAGCAAGC
PDGFRA-MACROD2                  
PDGFRA-MACROD2 F               AAAAGCGAAGGCGCAATCTG
PDGFRA-MACROD2 R               TGATCTGTCACTTCACCGCC

F: Forward; R: reverse.



were found. The gene fusions are shown in Figure 1A. The
number of fusion genes varied in different patients (Figure
1B). Of the 17 patients, one patient (ID 13) harbored the
largest number of gene fusions (n=17), and 4 patients (ID7,
8, 10, 17R) showed no fusion genes. Interestingly, the RR
tumor (ID 17RR) showed a new fusion gene, ZSWIM6-
LDB2. Another RR sample (ID 16RR) displayed the same
number of fusion genes compared with the paired R sample
(ID 16R). However, two fusion genes (C15orf57-CBX3 and
RNF24-MACROD2) were newly detected, whereas two
fusions (COIL-SHISA6 and PPAP2A-DNAJA3) were lost in
the RR UPS (ID 16RR) compared with paired R UPS (ID
16R); three fusion genes (DLEU2-FAM124A, RB1-FGF14-
AS1 and RORA-LHFP) showed no change after tumor re-
recurrence. No relationship was found between gene fusions
and survival in this study.

A few gene fusions (PRDM10 and TRIO fusions) have been
reported in a small number of UPS cases (8, 9). However, in
this study, we found many fusion genes (n=66). Most of the
gene fusions that were recurrent in different cases or whose
gene partner affects proliferation were selected and confirmed
by RT-PCR and Sanger sequencing; these may be neoplasia -
associated gene fusions. C15orf57-CBX3, RORA fusions and
RB1 fusions were selected as the most recurrent fusions and
were observed in 2 patients each. Twelve fusion genes
(C15orf57-CBX3, RORA-AC011526.1, RORA-LHFP, RB1-
RNASEH2B, RB1-FGF14-AS1, E2F6-FKBP4, CIC-DUX4L8,
EIF2AK4-ANXA2P2, PDGFRA-MACROD2, NCOR1-
MAP2K1, MAPK10-SPARCL1 and RICTOR-CCDC152) were

further analysed in this study. Only one fusion (RORA-
AC011526.1) could not be detected by RT-PCR (data not
shown), although additional paired primers were used. Eleven
fusions were confirmed by Sanger sequencing (Figures 2-5).
The fusion genes were specifically found in UPS compared
with corresponding normal tissues, except for one fusion gene
(C15orf57-CBX3) that was observed both in the tumor and the
corresponding normal tissue (patient ID 14, data not shown),
which is consistent with a report indicating that C15orf57-
CBX3 is found in healthy humans (15). To our knowledge, 10
gene fusions (RB1-RNASEH2B, RB1-FGF14-AS1, E2F6-
FKBP4, CIC-DUX4L8, EIF2AK4-ANXA2P2, PDGFRA-
MACROD2, NCOR1-MAP2K1, MAPK10-SPARCL1, RICTOR-
CCDC152, and RORA-LHFP) were confirmed for the first
time in malignant diseases. Regarding the three recurrent
fusions, RORA-AC011526.1 fusion could not be verified by RT-
PCR, C15orf57-CBX3 fusion was not tumor- associated as it
was also detected in normal tissue, and RB1 fusions (two cases)
were identified as the most recurrent fusion genes in this study.

Gene fusions correlated with the Rb/E2F pathway. RB1
mutation is a common event in UPS (2, 3). However, reports
on RB1 fusion are scant. Interestingly, we found two patients
harboring RB1 fusion genes. One case with RB1-FGF14-AS1
fusion (Figure 2A and B) had four local recurrences, and the
re-recurrent tumor also showed the same fusion (Figure 2A).
The patient had to undergo hindquarter amputation to control
tumor recurrence, and is still alive, without tumor relapse and
metastasis for three years. Another patient with the RB1-
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Table II. Characteristics of patients.

Patient ID                  Gender                    Age                           Localization                      Status at admission                 TNM stage               Survival

1                                   Male                       63                          Upper extremity                          Recurrence                               III                         Dead
2                                   Male                       57                         Lower extremity                         Recurrence                               III                         Dead
3                                   Male                       62                         Lower extremity                         Recurrence                               III                        Alive
4                                   Male                       53                          Upper extremity                          Recurrence                               III                        Alive
5                                   Male                       62                         Lower extremity                         Recurrence                               II                         Alive
6                                 Female                     53                                   Lung                                   Metastasis                               IV                        Dead
7                                 Female                     69                                  Trunk                                     Primary                                 III                         Dead
8                                   Male                       57                                  Trunk                                  Recurrence                               III                        Alive
9                                   Male                       62                         Lower extremity                            Primary                                 III                         Dead
10                               Female                     55                         Lower extremity                         Recurrence                               III                         Dead
11                                 Male                       49                            pelvic cavity                             Recurrence                               III                         Dead
12                                 Male                       48                         Lower extremity                         Recurrence                               III                         Dead
13                                 Male                       48                         Lower extremity                            Primary                                 III                         Dead
14                               Female                     17                                  Trunk                                  Recurrence                               III                         Dead
15                                 Male                       71                                  Trunk                                  Recurrence                               II                         Alive
16R                            Female                     42                         Lower extremity                         Recurrence                               II                         Alive
16RR                          Female                     43                         Lower extremity                         Recurrence                               II                         Alive
17R                              Male                       66                                  Trunk                                  Recurrence                               III                         Dead
17RR                           Male                       67                                  Trunk                                  Recurrence                               III                         Dead

R: Recurrence; RR: re-recurrence.



RNASEH2B fusion (Figure 2C and D) died of lung metastasis.
Rb/E2F pathway dysregulation is a key factor in the
pathogenesis of malignant diseases, and E2F-6 acts as a
transcriptional repressor (16, 17). We found a new E2F6-
FKBP4 fusion transcript consisting of the first exon of the
E2F6 gene fused to exon 2 of the FKBP4 gene (Figure 2E and
F), which may disrupt the Rb/E2F pathway in UPS. Moreover,
expression of the RB1 protein was scarcely observed or only
observed in few cells of the two patients with the RB1 fusion
compared with the patient with no RB1 fusion (Figure 2G-K).

Pseudogenes are involved in formation of gene fusion. A
pseudogene is a non-coding gene that is not producing
protein (18). In this study, we identified two fusion genes
(CIC-DUX4L8, EIF2AK4-ANXA2P2) (Figure 3) with
pseudogene partners (DUX4L8, ANXA2P2).

Targetable gene fusions. Some fusions represent a potential
therapeutic target (19). Transcriptome sequencing of 19 UPS
samples showed that 1 case with metastasis in the lung harboring
PDGFRA-MACROD2 fusion (Figure 4A and B) could be treated
with tyrosine kinase inhibitor, which has been shown to be
effective in the management of patients with PDGFRA fusions
(19, 20). The PDGFR gene has a breakpoint between exon 1
and exon 2 (Figure 4B); however, the coding sequence for
PDGFR begins at the second exon. Immunohistochemical
staining was performed to detect the impact of PDGFRA-
MACROD2 fusion on the expression of PDGFRA protein. High
expression of PDGFRA was observed in the patient with

PDGFRA-MACROD2 fusion compared with the patient without
the PDGFRA-MACROD2 fusion (Figure 4C-E).

MAP2K1, also known as MEK1, is a key ‘gatekeeper’ of
ERK signaling, making MEK inhibition a promising strategy
for the treatment of various tumors (21-23). We not only found
a novel NCOR1-MAP2K1 fusion gene as described in Figure
4F and 4G, but also uncovered strong diffuse immunoreactivity
by immunohistochemistry using an antibody to the C terminus
of MAP2K1.

Other confirmed fusions in UPS. Three other fusions were
also confirmed by RT-PCR and Sanger sequencing. One case
harbored a fusion between exon 2 of the MAPK10 and exon
3 of SPARCL1 gene (Figure 5A and B). Another patient
displayed a RICTOR-CCDC152 fusion (Figure 5C and D).
A fusion transcript RORA-LHFP composed of RORA exon 1
fused to LHFP exon 3 is shown in Figure 5E and F. The
three fusion genes are speculated to be involved in tumor
growth, as their partners have important roles in malignant
diseases (24-26).

Discussion

UPS is a heterogeneous disease with no definitive cell of
origin or specific genetic markers. Fusion genes are
considered to have one of the most cancer-specific signatures
(27). However, only a few gene fusions have been reported
in UPS (8, 9). We identified 10 novel fusion transcripts,
including RB1-RNASEH2B, RB1-FGF14-AS1, PDGFRA-
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Figure 1. Overview of fusion genes detected in UPS. A. Circle plot for fusion transcripts is presented. B. The number of fusion genes in different
patients. R: Recurrence; RR: re-recurrence.



MACROD2, MAPK10-SPARCL1, CIC-DUX4L8, EIF2AK4-
ANXA2P2, RICTOR-CCDC152, E2F6-FKBP4, NCOR1-
MAP2K1, and RORA-LHFP. RB1 fusions (2/17 cases) were
the most recurrent fusion genes in this study. Pseudogenes
were involved in the formation of gene fusions. The fusion
transcripts were associated with the Rb/E2F pathway and may
be targets for treatment. The characterization of UPS-associated
gene fusions is beneficial for our general understanding of
pathogenetic mechanisms and may also improve patient
management.

RB1, the first tumor suppressor gene to be identified, acts
as a negative regulator of E2F-regulated transcription (16).
RB1 mutations at variable frequencies have been confirmed
in various tumors, and RB1 loss can induce indefinite cell
division (2, 16). In this study, RB1 fusions (2 cases) were
found to be the most recurrent fusion genes. RB1 was
respectively fused to RNASEH2B and FGF14-AS1 (Figure
2A-D). Moreover, expression of RB1 protein was scarcely
observed or only observed in few cells (Figure 2G-K),
indicating that RB1 fusions lead to loss of RB1 expression.

Zheng et al: Fusion Genes in UPS

403

Figure 2. Gene fusions correlated with the Rb/E2F pathway. A. Confirmation of the RB1-FGF14-AS1 fusion by RT-PCR for patient ID16. B. Schematic
representation of the sequence around the junction point (vertical line) is shown for the RB1-FGF14-AS1 fusion. C. Confirmation of the RB1-RNASEH2B
fusion by RT-PCR for patient ID 6. D. Schematic representation of the sequence around the junction point (vertical line) is shown for RB1-RNASEH2B
fusion. E. Confirmation of the E2F6-FKBP4 fusion by RT-PCR for patient ID 1. F. Schematic representation of the sequence around the junction point
(vertical line) is shown for the E2F6-FKBP4 fusion. G. H&E staining of UPS for patient ID16. H. Immunohistochemical analysis of RB1 expression in
STS for patient ID16. I. H&E staining of UPS for patient ID 6. J. Immunohistochemical analysis of RB1 expression in STS for patient ID 6. K. Positive
expression of RB1 in UPS without RB1 fusion. M: DNA marker; C: Paired normal tissue; Original magnification (G-K), ×400.



Our data enrich the knowledge on RB1 genetic aberration
caused by gene fusion and suggest that RB gene fusion is an
important event in UPS. Interestingly, in another case, a
FKBP4 fusion with E2F6 was detected, which is associated
with the Rb/E2F pathway. Taken together, our results suggest
that gene fusions (RB1-RNASEH2B, RB1-FGF14-AS1 and
E2F6-FKBP4) correlated with the Rb/E2F pathway may play
important roles in sustaining tumor cell growth in UPS. 

Pseudogenes, as non-coding genes, have lost the ability to
produce proteins (18). Emerging evidence suggest that
pseudogenes play an important role in the pathogenesis of
various tumors (18, 28). However, few studies have reported
that pseudogenes are involved in the formation of gene
fusions. Interestingly, we observed two novel pseudogene
fusions (EIF2AK4-ANXA2P2 and CIC-DUX4L8) (Figure 3).
EIF2AK4, also known as GCN2, a stress-activated protein
kinase, has been shown to promote tumor growth and
angiogenesis (29), and its function may be affected by the
fusion with pseudogene ANXA2P2. Another gene, CIC, a
transcriptional repressor, which has a tumor suppressive
function in glioblastoma (30), was found to be fused with the
pseudogene DUX4L8. These data suggest a new mechanism
of genetic disorder involving pseudogenes.

Gene fusions provide important clues to the precise
diagnoses and classifications (5). For example, compared
with Ewing sarcoma, tumors containing CIC-rearrangements
are taken as an independent tumor type with distinct
clinicopathological features (31, 32). One patient was found

to have a fusion of CIC with a new partner (DUX4L8)
(Figure 3A and B). The patient developed lung metastasis
following previous surgery in her right thigh and died of
disseminated disease, which is consistent with Antonescu’s
study (31) indicating that tumors containing CIC
rearrangements are associated with an aggressive clinical
course. Therefore, tumors containing CIC rearrangements
should be treated with more aggressive approaches.

Gene fusions provide important clues for targeted therapy
(26). In UPS, the data on fusion gene-guided therapy are
limited. Zhou et al. have reported a case with a lumbosacral
UPS harboring a LMNA-NTRK1 gene fusion. The patient
showed a near-complete clinical response to crizotinib (33).
In this study, one case was found to harbor three fusion genes
(PDGFRA-MACROD2, RB1-RNASEH2B, and PLXDC2-
ZEB1) in lung metastasis. Among these, PDGFRA-MACROD2
can be a direct treatment target, as patients with PDGFRA or
PDGFRB fusions often respond to tyrosine kinase inhibitor
therapy (19). Unfortunately, the patient died of tumor
metastasis without using targeted therapy. Another patient
harboring an NCOR1-MAP2K1 fusion showed aberrant
expression of MAP2K1 (Figure 4I), which can be treated with
MEK inhibitors (22, 23), but he showed no local recurrence
and metastasis for 4 years after our extensive resection of the
tumor in the right upper extremity. In this study, we selected
12 fusion transcripts for verification, and 11 gene fusions were
confirmed by RT-PCR and Sanger sequencing, indicating
transcriptome sequencing is a reliable approach for detecting
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Figure 3. Pseudogene is involved in the formation of gene fusion. A. Confirmation of the CIC-DUX4L8 fusion by RT-PCR for patient ID14. B.
Schematic representation of the sequence around the junction point (vertical line) is shown for CIC-DUX4L8 fusion. C. Confirmation of the
EIF2AK4-ANXA2P2 fusion by RT-PCR for patient ID 13. D. Schematic representation of the sequence around the junction point (vertical line) is
shown for the EIF2AK4-ANXA2P2 fusion. M: DNA marker; C: paired normal tissue.



fusion genes. Moreover, we found 66 fusion genes in 19 UPS
samples, and fusion genes were positive in 14 (82%) of 17
patients, suggesting UPS is a translocation-related sarcoma.
Trabectedin, a DNA-binding agent with multiple mechanisms
of interfering with several transcription factors and DNA-
binding proteins, has shown more clinical benefits in

translocation-related sarcoma than those without translocations
(34). It has also been reported that trabectedin provides a
clinical benefit in UPS patients, and the disease control rate is
56% (5/9) (35). Our results indicate that targeted therapy and
trabectedin may show great promise in some selected UPS
patients through transcriptome sequencing.
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Figure 4. Targetable gene fusions. A. Confirmation of the PDGFRA-MACROD2 fusion by RT-PCR for patient ID 6. B. Schematic representation of
the sequence around the junction point (vertical line) is shown for the PDGFRA-MACROD2 fusion. C. H&E staining of UPS for patient ID 6. D.
High expression of PDGFRA for patient ID 6. E. Low expression of PDGFRA in a patient without PDGFRA-MACROD2 fusion. F. Confirmation of
the NCOR1-MAP2K1 fusion by RT-PCR for patient ID 4. G. Schematic representation of the sequence around the junction point (vertical line) is
shown for the NCOR1-MAP2K1 fusion. H. H&E staining of UPS for patient ID 4. I. Abnormally strong expression of MAP2K1 for patient ID 4. J.
Low expression of MAP2K1 in a patient without the NCOR1-MAP2K1 fusion. M: DNA marker; C: paired normal tissue; Original magnification
(C-E, H-J), ×400.



In this study, gene fusions were frequently observed in
UPS. Novel recurrent RB1 fusion genes were found that
were accompanied with loss of RB1 expression.
Pseudogenes were involved in gene fusions. Moreover, some
fusion transcripts were associated with the Rb/E2F pathway
and targeted treatment. Screening for the presence of fusion
transcripts in UPS will provide vital clues to understanding
genetic alterations and finding new targeted therapies.   
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