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Orbital mesenchymal chondrosarcoma and its @
specific fusion gene HEYT-NCOA2

Jia-Qi Lin', Xun Liu', Jin-Zhi Zhao', Qing Wang', Li-Min Zhu"" and Ting-Ting Lin'"

Abstract

Background Mesenchymal chondrosarcoma (MC) is an uncommon type of malignant soft tissue tumor. The
skeleton is the most common site of MC. Extraosseous sarcoma is rare, especially that of the orbit. Fusion gene
HEY1-NCOA2 has diagnostic significance for MC, but there is a lack of research on its related pathways. To analyze the
characteristics of orbital mesenchymal chondrosarcoma (MC), and search for HEY1-NCOA2-related pathways in orbital
MCs, four cases of orbital MC were included in the study.

Methods From January 2018 to December 2022, four MC patients hospitalized at Tianjin Medical University Eye
Hospital were collected for a retrospective series of case studies. HEY1-NCOA?2 of the assay specimens was detected
by fluorescence in situ hybridization, and immunohistochemical staining was performed for representative proteins
of the relevant pathways. For figure modification and statistical analysis, GraphPad Prism 8.0 (La Jolla, CA, USA) was
utilized.

Results Four orbital MC were reported. Among the 4 ligible MC specimens, two were HEY1-NCOA2-positive and two
were HEY1-NCOA2-negative. Immunohistochemistry showed stronger expression of COL2A1, APC, CD99, and Bcl2 in
HEY1-NCOA2-positive samples than in HEY1-NCOA2-negative MCs.

Conclusion We summarized the clinical features, treatments, and prognosis of orbital MC, including our cases and
the literature. The expression of COL2A1 and Bcl2 is elevated in HEY1-NCOA2-positive tissues, and they promote
tumor cell growth by regulating cell proliferation, apoptosis, epithelial-mesenchymal transition, and drug resistance.
For HEY1-NCOA2-positive patients, given the high expression of CD99, drugs targeting the MAPK pathway may be an
effective treatment.

Keywords Mesenchymal chondrosarcoma, HEY1-NCOA?2, Fluorescence in situ hybridization, Small undifferentiated
cells, Chondrocytes, Orbital tumor
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Introduction
Mesenchymal chondrosarcoma (MC), a rare malignant
neoplasm characterized by a bimorphic pattern that is
composed of poorly differentiated small round cells and
islands of well-differentiated hyaline cartilage, can appear
in various parts of the body. The skeleton is the most
common site of MC, but it also can arise from extraskel-
etal sites. It has been reported since skeletal MC was dis-
covered by Lichtenstein et al. [1] in 1959. Reech et al. [2]
reported a case of a 27-year-old white female with MC
of the orbit in 1966, which is the first example of orbital
MC to be documented. In 2012, Robert Nakayama et al.
discovered a specific fusion gene HEYI-NCOA2 in MCs,
and the diagnostic significance of this fusion gene for MC
was proposed [3]. Thereafter, the presence of the fusion
gene HEY1-NCOA2 was verified in bone and extraosse-
ous soft tissues [4]. A recent study [5], based on iPSC-
derived mesenchymal stem cells (iPSC-MSCs), explored
the role of HEY1-NCOA2 in pathway transduction and
found that HEY1-NCOA2 may have an activating effect
on target genes that are repressed by wild-type HEY1.
This article describes four cases of MC occurring in
orbital soft tissue and summarizes and analyzes the clini-
cal aspects of MC. Furthermore, we used rolling circle
amplification fluorescence in situ hybridization (RCA-
FISH) to detect the fusion gene HEY1-NCOA2 in the
specimens obtained during surgery, and we explored
the pathways related to MC and the specific fusion gene
HEYI1-NCOA2 via immunohistochemistry.

Materials and methods

Case selection

This study was approved by Medical Ethics Committee of
Tianjin Medical University Eye Hospital (2022KY [L]-59).
From January 2018 to December 2022, the clinical and
follow-up data of four MC patients hospitalized at Tian-
jin Medical University Eye Hospital were collected for a
retrospective series of case studies. Excision of the mass
was performed for all patients. Hematoxylin—eosin (HE)
and immunohistochemical staining of the specimens
were performed after surgery. The follow-up period ends
on December 31, 2022.

Potentially activated pathways in MC

Paraffin-embedded tissues were collected from the Tian-
jin Medical University Eye Hospital. The histological
diagnosis was MC.

RCA-FISH

According to the method described by Larsson et al. [6],
a large number of linearly cyclized Padlock probes are
amplified. The linear cyclization probe of HEY1 binds to
the fluorescent probe Alex488 (Thermo) and is labeled
in green; the linear cyclization probe of NCOA2 binds to
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the fluorescent probe Cy3 (Thermo) and is labeled in red.
A total of 100 interphase nuclei from each tumor speci-
men were analyzed. The complete signal overlap of HEY1
and NCOA2 reached more than 20%, and we considered
the specimen positive for the fusion gene because HEYI
and NCOA2 were on the same chromosome, separated
by only 10 Mb in length [7, 8].

Immunohistochemistry

Representative proteins of each pathway expression in
MC tissues were detected by immunohistochemistry. We
stained Notch homolog 1(Notchl, 1:200, Affinity), Col-
lagen Type II (COL2A1, 1:1000, Proteintech), SRY-Box
Transcription Factor 9 (SOX9, 1:100, Affinity), Wing-
less/Integrated 3a (WNT3A, 1:100, Affinity), /5 -catenin
(ZSGB-BIO), adenomatous polyposis coli (APC, ZSGB-
BIO), protein kinase C (PKC- o, 1:100, Affinity), CD99
(ZSGB-BIO), B-cell lymphoma-2 (Bcl2, ZSGB-BIO),
transforming growth factor-p (TGF- 31, 1:100, Affin-
ity), plasminogen activator inhibitor-1 (PAI-1, 1:200,
Proteintech), phospho-Smad2 (p-Smad2, 1:100, Affin-
ity), phospho-Smadl (p-Smad1, 1:100, Affinity), platelet-
derived growth factor receptor a (PDGFRa, ZSGB-BIO),
protein kinase B (AKT, 1:200, Proteintech), phospho-
AKT (p-AKT, 1:200, Proteintech), phospho-mammalian
target of rapamycin (p-mTOR, rabbit, 1:100, Affinity),
glutamine synthetase (GS, ZSGB-BIO), phosphoinosit-
ide 3-kinase (PI3K, 1:500, Proteintech), and hairy and
enhancer of split 1 (HES1, 1:100, Affinity). A 4 pm-thick
section was cut from the three different paraffin-embed-
ded tissues of each specimen. Paraffin sections were
obtained for routine dewaxing and rehydration. DAB
reagent was used to color the tissues, and hematoxylin
was used to re-stain the tissues. The immunohistochemi-
cal results were scored.

Statistical analyses

For figure modification and statistical analysis, GraphPad
Prism 8.0 (La Jolla, CA, USA) was utilized. P<0.05 was
regarded as statistically significant.

Results

Clinical presentation of four patients

Details of the four cases are shown in the figures. Three
of our cases were middle-aged women (40—47 years old)
and one case was an 11-year-old boy. The tumors of the
four cases were all located in the upper orbit. The three
on the temporal side, whereas the mass of case 4 was
located on the nasal side.

Case 1

Hyperdensity was observed in CT examinations. The
optic nerve and tumor were poorly delineated, and the
tumor compressed the optic nerve and orbital wall,
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Fig. 1 Case 1. (a) Histopathology of recurrent specimen (H&E staining, original magnification x 20), yellow — , undifferentiated mesenchymal round
cells; blue — , areas of immature cartilage; A, antler-like vascular gaps; (b and ¢) MRl images at 1 month and 1.5 years after recurrent surgery show that
the soft tissue of the right orbit is nonhomogeneous slightly hyperintense in the axial scan of the orbit on the T1-weighted image of the right orbit, with
no significant change in 1.5 years; (d) MRI at 1.5 years after recurrent surgery shows that the internal rectus muscle is widened and isointense in the axial
scan of the orbit on the T2-weighted image of the right orbit

Fig. 2 Case 2. (a) CT image before the first surgery shows a circular-like lesion with a hyperdense supraorbital area in the axial scan of the orbit; (b) CDU
before surgery shows an irregular hypoechoic to isoechoic mass with well-defined border behind the eyeball, in which there is acoustic attenuation be-
hind the hyperechoic mass, the optic nerve is compressed to the inferior temporal area, the wall of the eyeball is sunken under pressure, and there is no
blood flow in the mass; (c) Histopathology of the specimen of first surgery ( x 20), yellow — , undifferentiated mesenchymal round cells; blue — , areas
of immature cartilage; A, antler-like vascular gaps; (d and e) MRI of 2 years after first surgery shows an irregular hyperintense lesion of 3 cm x 3 cmin
the muscle cone behind the right eyeball, compressing the optic nerve to displace to the nasal side in the axial scan of the orbit on T1-weighted image.

The lesion is hyperintense compressing adjacent extraocular muscle to displace on T2-weighted image

causing bone erosion. Resection of the tumor was per-
formed after the first onset, and no postoperative radio-
therapy or chemotherapy was performed. The tumor
recurred 2 years later. After recurrence, the lesion
adhered to the surrounding tissues (levator palpebrae
muscle and superior oblique muscle), and enlarged resec-
tion of the mass was performed. Postoperatively, the
patient underwent adjuvant y-knife treatment, and the
follow-up showed gradual reduction of the tumor, with
regular postoperative MRI. She was followed up for 4
years after surgery without recurrence (Fig. 1).

Case2

The patient underwent radical orbital excision. Intraop-
eratively, the mass was round and white, with an uneven
surface, hard texture, and no obvious adhesions with the
surrounding tissues. After 1 year and 9 months postop-
eratively, a local recurrence of the tumor was found, and
he underwent another orbital excision in another hospi-
tal (Fig. 2).

Case 3

MRI was performed in both cases 3, the mass was in the
superior orbit behind the right eyeball, with isointense on
the T1-weighted image(T1WI) and T2-weighted image
(T2WI). The patient underwent an orbital mass excision.
Intraoperatively, the mass was dark red cauliflower-like,

with a smooth surface, a tough false envelope, and
obvious adhesions to the surrounding tissues. He had
radiotherapy and chemotherapy after surgery and was
followed up for 1 year and 9 months without recurrence
(Fig. 3).

Case 4
The tumor adhered to the surrounding tissue when it first
appeared, and no adjuvant treatment was performed after
surgical resection. After 2.5 years, the tumor recurred
and was resected again. Intraoperatively, the tumor was
found to be closely attached to the external rectus muscle
and invaded the orbital apex. It was purplish-red lobu-
lated mass with a false envelope. Several rounded ossified
tissues were seen within it, adhering to the surrounding
tissue. The patient underwent 28 sessions of systemic
radiotherapy after the second surgery following up with
CT and MRI. MRI at 3 months after the second surgery
showed that the left lateral orbital soft tissue was slightly
thickened with isointensity on T1WI and slight hyperin-
tensity on T2WI after fat suppression. The MRI exami-
nations at 6, 13, and 18 months postoperatively showed
no significant changes compared with 3 months (Fig. 4,
Supplementary material 1-1).

We collected a total of five specimens (three cases of
first occurrence and two cases of recurrence). In the
recurrent specimen of case 4, several white, hard nodules
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Fig. 3 Case 3. (a and b) CDFI before surgery shows an irregular hypoechoic mass with well-defined border behind the eyeball, with patchy isoechoic to
hyperechoic nodules. The optic nerve is compressed to the inferior nasal area, and there is no blood flow in the mass; (c) Histopathology of the specimen
( x 20), yellow — , undifferentiated mesenchymal round cells; blue — , areas of immature cartilage

Fig. 4 Case 4. (a and b) MRI before first surgery shows a circular-like isointense lesion with a size of 1.4 cm x 1.5 cm located in the superior temporal
area of the muscle cone behind the eyeball, compressing the optic nerve in the axial scan of the orbit on T1- and T2-weighted images. (c) MRI before first
surgery shows nonhomogeneous enhancement of the lesion in the axial and coronal scan of the T2-weighted image. (d) MRI before first surgery shows
a circular-like lesion located in the superior temporal area of the muscle cone behind the eyeball in the sagittal scan of the T1-weighted image. (e and f)
CDU before first and second surgeries show the irregular isoechoic to hyperechoic mass with well-defined border behind the eyeball, and the optic nerve
is compressed to displace to the nasal temporal area at the time of the relapse. (g and h) Histopathology show a large percentage of undifferentiated
mesenchymal cells, which were elliptical or short shuttle in first specimen, and stratified distribution in the recurrent specimen (x20), yellow — , undif-
ferentiated mesenchymal round cells; yellow — , areas of immature cartilage; (i) CT image of 8 months after the second surgery, axial scan of the orbit on

soft tissue window, and slight thickening of soft tissue in the temporal aspect of the left orbit

were observed. The maximum diameter of the five masses
was 1.5-3.8 cm. The specimen contained small undiffer-
entiated cells, chondrocytes, and ossification, or small
undifferentiated cells as the main component. Heman-
giopericytomas were observed in small undifferenti-
ated cell regions in the five specimens. Necrosis was rare
(Figs. 1a, 2c and 3¢, and 4g-h).

Fusion gene HEY1-NCOA2 and potentially activated
pathways in MC

RCA-FISH detection of HEY1-NCOA2 fusion in MCs

Complete signal overlap was <10% in case 4 of recur-
rence, 15.79% in case 1 of recurrence, 62.03% in case 3,
and 62.07% in case 4 at the time of first onset. The speci-
men from case 2 was excluded because of the presence

of ossified components and high protein loss after tissue
decalcification treatment (Fig. 5).

Immunohistochemistry

We divided the specimens into two groups using 20%
HEY1-NCOA2-positive rate as the limit [7, 8]: the HEY1-
NCOA2-positive group included specimens from cases 3
and 4 at the time of first onset, and the negative group
included specimens from cases 1 and 4 at the time of
recurrence (Figs. 6 and 7).

Discussion

Orbital MC

About one-fifth to one-third of MCs occur in extraos-
seous soft tissue. Cerebrospinal membrane and lower
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Fig. 5 HEY1-NCOA2 RCA-FISH analysis: yellow circles, the positive signals appear as a single fused dot. (a) Recurrent specimen of case 1 shows complete
signal overlap of 15.79%; (b) Specimen of case 2 the complete signal overlap is 62.03%; (c and d) Specimen of case 4 in first surgery and recurrent speci-

men show complete signal overlap 62.07% and < 10%

extremities are the most common locations for MC,
followed by the orbit, parietal iliac soft tissue, and para-
vertebral soft tissue. Orbital MCs usually originate from
stromal cells in the orbit. Combined with literature
search from 2002 Janl to 2022 Dec31, 36 cases of MC
involving the orbit were found. Four cases were current,
and 32 cases [3, 9-34] were from the literature (Supple-
mentary material 2-1). The epidemiological results are
shown in figure (Fig. 8a—b and Supplementary material
2-2).

All 36 patients had monocular disease. The first epi-
sode duration was 11.61 +24.67 months (Supplementary
material 2—-3). Notably, one female infant among our sta-
tistical cases is the only one reported so far with congeni-
tal onset of orbital MC. Proptosis, decreased vision, and
papilledema were the most common symptoms or signs
(Fig. 8c and Supplementary material 2—4).

On imaging, MC appears close to soft tissue. (Tables 1
and 2 and Supplementary materials 2-5, 6, 7, 8) We
observed mass or stripe hypointensity mixed on both
T1WI and T2WI, which corresponded to the hyperdense
area on the CT scan. This result corresponded to the
ossification composition of the specimen. Several stripe
hyperintense areas are enhanced in T2WI, correspond-
ing to hemangiopericytoma. Parts other than these areas
exhibited obvious enhancement. In the orbit, the mass is
most often located in the superior medial and superior
lateral quadrants. On the basis of the patient’s clinical
presentation and imaging, the mass was most likely to be

misdiagnosed as cavernous hemangioma before surgery
(Supplementary material 2-9).

Surgical resection is the main treatment of MC,
including excision and exenteration. And radiotherapy
and chemotherapy are important adjuvant treatments.
Immunohistochemistry results in the current case 3
showed a Ki67 of 30%, which was higher compared with
the other cases, but the patient had postoperative radia-
tion and chemotherapy and no recurrence to date. The
ratio of well-defined to ill-defined demarcation of the
mass from the surrounding tissue was about 1:2 in first
and recurrent surgery (Fig. 8d). The mass was mostly
adherent to the optic nerve, extraocular muscles, and
orbital wall. Bagheri et al. [19] reported a case in which
the mass adhered to the dura mater at the time of recur-
rence (Supplementary material 2-10).

A total of 35 patients were subjected to pathological
examination. (Supplementary material 2-11). Six cases
had a smooth surface or complete pseudo-envelope, and
six cases had a rough surface or incomplete envelope.
Most of the masses were solid gray white in sections with
hard nodules that may be accompanied with hemorrhage
and necrosis (Supplementary material 2—12).

Microscopically, MC shows a typical biphasic pat-
tern consisting of undifferentiated small round or oval
cells mixed with hyaline chondrocytes (Supplemen-
tary material 2—13). There is a transition zone or a clear
demarcation between the two components. Osteoclastic
components are likely to be present.
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Fig. 6 Immunohistochemistry, expression of pathway-related proteins in undifferentiated mesenchymal cells (left) and cartilage (right) regions. Notch
signaling (a, x 20) Negative for Notch1; (b, x 20) Positive for COL2A1 in the extracellular region, and high percentage of positive cells in the cartilage re-
gion; (¢, x 20) Nuclear positive for SOX9. Wnt/B-Catenin (d,x20) Positive for WNT3A in the extracellular region; (e,x20) Nuclear and cytoplasmic positive
for p-Catenin, and high percentage of positive cells in the undifferentiated mesenchymal round cell region; (fx20) Nuclear and membrane positive for
APC, and high percentage of positive cells in the undifferentiated mesenchymal round cell region. PI3K/AKT/mTOR (g,x20) Negative for PDGFRa; (h,x20)
Nuclear, membrane, and cytoplasmic positive for AKT; (i, x20) Nuclear, membrane, and cytoplasmic positive for p-AKT, and high percentage of positive
cells in the cartilage region; (j,x20) Nuclear and cytoplasmic positive for p-mTOR; (k,x20) Positive for GS, and cartilage cells are negative for GS; (1,x20)
Membrane and cytoplasmic positive for PI3K; (m,x20) Nuclear, membrane, and cytoplasmic positive for PKC-e; (n,x20) Membrane positive for CD99, and
high percentage of positive cells in the undifferentiated mesenchymal round cell region; (0,x20) Nuclear positive for Bcl2, and high percentage of positive
cells in the undifferentiated mesenchymal round cell region. TGF-B/BMP (p, x20) Negative for TGF-31; (q, x20) Nuclear positive for SOX9; (r, x40) Clear
demonstration of positive expression of SOX9; (s, x20) Nuclear and cytoplasmic positive for p-Smad?2; (t, x20) Positive for PAI-1 in the extracellular region;
(u, x20) Nuclear and cytoplasmic positive for p-Smad1. HES1 (v x 20) Nuclear positive for HES1
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a b COL2A1 of cartilage
COL2A1 of undifferentiated mesenchymal round cells

HEY1-NOC2>20¥

Fig. 7 Effect of HEY1-NCOA2 positivity on proteins expression in MC. COL2A1 (a) in the undifferentiated mesenchymal round cell region (ns, P> 0. 05)
and (b) in the cartilage region (***P < 0.001); APC: (c) in the undifferentiated mesenchymal round cell region (****P <0.0001) and (d) in the cartilage
region (*P<0.05); CD99: (e) in the undifferentiated mesenchymal round cell region (**P<0.01) and (f) in the cartilage region (ns, P>0.05); Bcl2: (g) in the
undifferentiated mesenchymal round cell region (*P<0.05) and (h) in the cartilage region (ns, P>0.05)

Small undifferentiated cells with blue HE staining to mimic a hemangiopericytoma; occasionally [17, 29,
exhibited large darkly stained nucleus, which was het-  31], antler-like vascular gaps were observed. The carti-
erotopic and mitotic. Cells were round, ovoid, or spindle  lage component was composed of differentiated mature
in shape, and the cytoplasm is basophilic. The cells were  or immature chondrocytes. Chondrocytes were hetero-
uniform in size, and part of them surrounded the vessels  geneous and eosinophilic, with dark-stained nuclei. They
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Fig. 8 Clinical features of MC. (a) Age profile of male and female patients; (b) regional distribution of patients with orbital MC; (c) symptoms and signs of
orbital MC; (d) borders of orbital MC with surrounding tissues at first onset and recurrence; and (e) prognosis of patients who underwent surgery alone

and adjuvant therapy after surgery

could form cartilage islands with irregular foci of punc-
tate calcification as the ossification component. A transi-
tion zone was noted between small undifferentiated cells
and chondrocytes, or a clear demarcation was evident
between the two components. In the cases reported in
Kabra et al. [36] and current case 2, the swellings were
multilayered, with no necrotic component within the
lesion (Supplementary material 2—14).

At first onset, undifferentiated mesenchymal round
cells were positive for CD99 and vimentin, whereas car-
tilage cells were positive for S100. Ki67 expression lev-
els were 5%, 10%, and 30% in current case 4, case 3, and

another case, respectively [37] (Supplementary material
2-15).

All 36 patients underwent surgery (Supplementary
materials 2-16, 17, 18). The prognosis of patients treated
with surgery alone and combined adjuvant therapy is
shown in the figure and table (Fig. 8e). The prognosis of
patients treated with surgery alone and combined adju-
vant therapy is significantly different. All patients sur-
vived from onset to completion of follow-up, and no
metastases were seen elsewhere in the body.

Patients with intraorbital tumors typically present with
proptosis. Therefore, we need to differentiate orbital
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Table 1 Ultrasound examination at the time of initial onset
Author Echo Distribution Mixed Blood Shape Border Optic
flow nerve
Cui X et al. 2002 Isoecho NA NA No NA Well-defined NA
Zhang XM et al. 2008 Hypoecho NA Punctual hyperecho NA NA NA NA
LuPetal. 2017 Hypoecho Uneven Presence NA NA Well-defined NA
Odashiro AN et al. 2007 NA NA NA NA NA Well-defined NA
Current case 2 Isoecho to Uneven Mass hyperecho No Irregular Unclear Com-
hypoecho pression
Current case 3 Hypoecho Uneven mass or patchy isoecho or No Irregular Well-defined Com-
hyperecho pression
Current case 4 Isoecho to Uneven mass isoecho or NA Irregular Well-defined Com-
hypoecho hyperecho pression

NA, Not Available

MC from other tumors. Histopathology and immuno-
histochemistry are important for differential diagnosis,
and the cytogenetic technique of tumors is a significant
adjunctive approach (Supplementary material 2-19).
Compared with other sites of MC, the prognosis of
orbital MC is relatively good. Recurrence indicates the
worst outcome. No cases of metastasis or death has been
reported.

Findings based on MC-related pathways

In this study, 2/5 specimens were positive for HEY1-
NCOA2, and one specimen was excluded because of
decalcification. Although the HEYI-NCOA?2 fusion gene
was detected in two other specimens by FISH, the per-
centage of positive cells was less than 20%. In the study
of Wang et al. [8], 7 of 11 specimens were positive. In the
10 FFPE specimens of whole body bones and soft tissues
from abdominal wall or extremities reported by Robert
et al. [7], eight tested positive. Robert et al. hypothesised
that the chromosomes in the samples were damaged at
some point in the preparation process, resulting in some
of the samples being negative. A larger sample size is
needed to clarify the proportion and causes of negatives.

HEYI-NCOA2 promotes sarcomagenesis by influenc-
ing many downstream pathways. The combination of
these dysregulated pathways may drive the pathophysiol-
ogy of MC. Exploring the mechanisms governed by this
fusion may help clarify illness etiology and lead to the
discovery of new MC treatment targets.

The Notch signaling pathway promotes tumorigenesis
through apoptosis, proliferation, and epithelial-mesen-
chymal transition. Qi et al. [5] used genome-wide chro-
matin immunoprecipitation sequencing (ChIP-seq)
and expression profiling (RNA-seq) to discover that
HEY1-repressed target genes may be transactivated in
the presence of the HEY1-NCOA?2 fusion protein. HEY1
represses target genes of the Notch pathway. As a mem-
ber of the Notch pathway, the expression of COL2A1 is
reduced [4]. In our study, COL2A1 expression was high

in tissues positive for the HEYI-NCOA2 fusion gene,
which validated the above findings.

In the present study, we demonstrated the relatively
high expression of B-catenin and APC in HEY1-NCOA2-
positive tissues. Typical APC gene mutations resulting in
abnormalities of the Wnt pathway are less likely to occur
in tissues positive for the fusion gene HEY1-NCOA2 than
in tissues negative for the fusion gene.

Wnt signaling is crucial in bone formation and remod-
eling. It is proposed to affect the mesenchymal precursor
cell toward preferential bone formation and inhibition of
chondrocyte differentiation. Our immunohistochemical
results showed high positivity of cells for B-catenin and
APC in the region full of undifferentiated mesenchymal
cells. Fanburg-Smith et al. [38] identified the presence
of B-catenin in the nucleus at the interface between the
undifferentiated mesenchymal round cell region and the
cartilage region in MC. This discovery suggested the pos-
sibility that the APC/Wnt pathway may be involved in
endochondral ossification. APC protein expression was
significantly elevated in the fusion gene HEYI-NCOA2-
positive group. This result suggested that the formation
of HEY1-NCOA?2 inhibits cartilage formation by increas-
ing the expression of APC.

PKC-a activation can phosphorylate Bcl-2 and subse-
quently slow down apoptosis. Bcl2 is highly expressed in
MC, especially in undifferentiated mesenchymal cells.
In addition, our study found that the HEYI-NCOA2-
positive group expressed higher Bcl2 than the nega-
tive group. Moreover, HEY1-NCOA?2 fusion protein can
directly activate Bcl2 in trans [5]. The important role of
Bcl2 family members in chemoresistance in conven-
tional chondrosarcoma has been elucidated. Inhibition
of Bcl2 family members restores apoptotic mechanisms
in MC, sensitizing cells to conventional chemotherapy.
Therefore, patients may benefit from a combination of
Bcl2 family inhibitors and chemotherapy. By contrast,
HEYI-NCOAZ2-positive patients may receive Bcl2 family
inhibitors with pronounced effects because of the high
expression of Bcl2.
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NA

CD99 can activate MAPK pathway mediators through
the PKC pathway, thereby regulating cell growth and sur-
vival. Aberrant MAPK signaling can promote the devel-
opment of cancer. Our results showed higher expression
o of CD99 in HEYI-NCOA2-positive patients than in
- HEY1-NCOA2-negative patients. Thus, the MAPK path-
way can be activated in the positive patients.

Our research demonstrated that the expression of
PAI-1 was higher than that of p-SMAD2. This situation
may imply that PAI-1 may also be affected by other sig-
naling pathways, such as the EGFR signaling pathway.
Findings of Beaino et al. [4] showed that p-SMAD1 and
PAI-1 are highly expressed in about half of the mesen-
< chymal cell component and one-third of the cartilage
component.

In summary, the expression of COL2A1 [4] and Bcl2
is elevated in HEY1-NCOA2-positive tissues, and they
promote tumor cell growth by regulating cell prolifera-
tion, apoptosis, epithelial-mesenchymal transition, and
drug resistance. We speculate that patients with HEY1-
NCOA2-positive MC have a poorer prognosis than their
counterparts, and combination therapy is necessary for
such individuals. For HEYI-NCOA2-positive patients,
given the high expression of CD99, drugs targeting the
MAPK pathway may be an effective treatment. To com-
plement the evidence, differential expressed genes and
pathway enrichment analyses were performed using pub-
- lic dataset (GSE163291). Inconsistent results may be due
to limited sample types and sizes (Supplementary mate-
rial 1-2).

Orbital MC is uncommon, and its pathophysiology
is poorly understood. In the last 5 years, we have only
collected four cases. Given that some of the paraffin-
~ embedded tissues samples had been preserved for a long
time, we were unable to validate the fusion gene HEY1-
NCOA2 and pathway-related markers at the RNA level.
We evaluated these cases in conjunction with those
reported by other experts to gain a thorough understand-
ing of MC. Additional fresh tissues must be collected for
o an in-depth investigation of MC and its specific HEY1-
NCOA2 fusion gene-related pathways.

Enhancement

NA The part
thanAis
obvious

other

and T2-weighted

hypointense on T1
image

Distribution
NA Uneven, both

Isointense

Hyperintense

T2-weighted image

NA Hypointense

Isointense

T1-weighted image

MRI

Conclusions

We summarized the clinical features, treatments, and
= prognosis of MC occurring in orbital soft tissue, includ-
ing our cases and the literature. Orbital MC is char-
acterised by proptosis, loss of vision, and optic papilla
oedema, often occurring in the superior medial and
superior lateral quadrants. Patients with HEY1-NCOA2-
positive MC have a poorer prognosis than those without
it, and for such patients, combination therapy is neces-
sary. Drugs targeting the MAPK pathway might be an
effective treatment.

hyperdense

Distribution
NA Uniform Uneven, mixed NA Hypointense

19

Table 2 CT and MRI examination at the time of initial onset

CcT
Soft-tissue

Density
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Abbreviations

MC Mesenchymal chondrosarcoma

RCA-FISH  Rolling circle amplification fluorescence in situ hybridization
HE Hematoxylin—eosin

Notch1 Notch homolog 1

COL2A1 Collagen Type Il

WNT3A Wingless/Integrated 3a
PKC-a Protein kinase C

Bcl2 B-cell lymphoma-2

TGF-B1 Transforming growth factor-
PAI-1 Plasminogen activator inhibitor-1
p-Smad2 Phospho-Smad?2

p-Smad1 Phospho-Smad1

AKT Protein kinase B

PI3K Phosphoinositide 3-kinase
HEST Hairy and enhancer of split 1
TIWI T1-weighted image

T2WI T2-weighted image
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