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Abstract
e AIM: To determine the role of heparanase-1 (HPSE-1) in

orbital rhabdomyosarcoma (RMS), and to investigate the
feasibility of HPSE-1 targeted therapy for RMS.

e METHODS: Immunohistochemistry was performed
to analyze HPSE-1 expression in 51 cases of orbital RMS
patients (including 28 cases of embryonal RMS and 23
cases of alveolar RMS), among whom there were 27 treated
and 24 untreated with preoperative chemoradiotherapy.
In vitro, studies were conducted to examine the effect
of HPSE-1 silencing on RMS cell proliferation and tube
formation of human umbilical vein endothelial cells
(HUVECs). RD cells (an RMS cell line) and HUVECs were
infected with HPSE-1 shRNA lentivirus at a multiplicity of
infection (MOI) of 10 and 30 separately. Real-time PCR and
Western blot were applied to detect the mRNA and protein
expression levels of HPSE-1. Cell viability of treated or
control RD cells was evaluated by cell counting kit-8 (CCK-8)
assay. Matrigel tube formation assay was used to evaluate
the effect of HPSE-1 RNAI on the tube formation of HUVECs.
e RESULTS: Immunohistochemistry showed that the
expression rate of HPSE-1 protein was 92.9% in orbital
embryonal RMS and 91.3% in orbital alveolar RMS.
Tissue from alveolar orbital RMS did not show relatively
stronger staining than that from the embryonal orbital
RMS. However, despite the types of RMS, comparing the
cases treated chemoradiotherapy with those untreated, we

have observed that chemoradiotherapy resulted in weaker
staining in patients’ tissues. The expression levels of HPSE-1
declined significantly in both the mRNA and protein levels
in HPSE-1 shRNA transfected RD cells. The CCK-8 assay
showed that lentivirus-mediated HPSE-1 silencing resulted
in significantly reduced RD cells viability in vitro. Silencing
HPSE-1 expression also inhibited VEGF-induced tube
formation of HUVECs in Matrigel.

e CONCLUSION: HPSE-1 silencing may be a promising
therapy for the inhibition of orbital RMS progression.
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INTRODUCTION

habdomyosarcoma (RMS) is a rare type of soft tissue
R sarcoma with a high degree of malignancy and mortality'"”.
Head and neck RMS occur frequently, and approximately
25%-30% of them appear in the orbit®™. It is well known
as a pediatric disease. In adults, its incidence is pretty low,
and prognosis is significantly worse, compared with those
in children*”!. RMS are subdivided into 4 types in the
2013 WHO classification, including embryonal, alveolar,
spindle cell/sclerosing, and pleomorphic RMS™. Embryonal
rhabdomyosarcoma (ERMS) and alveolar rhabdomyosarcoma
(ARMS) were the primary histologies. In addition to
differences in clinical presentations and outcomes, a number
of genetic features separate ARMS from ERMS. The alveolar
type is less frequent with a worse prognosis'’'". Therefore,
histology was considered to be a major treatment determinant
and the most important prognostic factor'''. The commonest
embryonal type is significantly correlated with orbital
involvement''”. Excellent prognosis of orbital RMS can
be achieved frequently by treatment based on combination
chemotherapy together with local surgery therapy and/or
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radiation therapy'”'*. However, local complications are
common, including cataract, keratopathy, orbital hypoplasia or
fat atrophy, eyelid malposition and lacrimal duct stenosis"*"".
To minimize ophthalmic adverse effects, novel therapeutic
strategies are urgently needed for this malignancy. There
are several attractive therapeutic strategies that have been
investigated in RMS to date, including those directed against
receptor tyrosine kinases and associated downstream signaling
pathways, the Hedgehog signaling pathway, apoptosis pathway,
DNA damage response, cell-cycle regulators, oncogenic fusion
proteins, and epigenetic modifiers"”"*. Our previous study
showed that there is a parallel between over-expression of
heparanase-1 (HPSE-1) and key molecules of the Hedgehog
signaling pathway in untreated human alveolar orbital RMS"”.
HPSE-1 is the only known mammalian endo-f-glucuronidase
that can decompose heparan sulfate proteoglycans (HPSG)
within the extracellular matrix (ECM), basement membrane
(BM) or on the cellular surface. Its activity has been strongly
implicated in cell invasion and migration—a consequence
of the structural modification that loosens the ECM

9221 " thereby it is involved in the regulation of multiple

barrier
cellular processes and biological activities. Unlike matrix
metalloproteinases (MMPs) enzyme families, HPSE-1 and
its only close homolog HPSE-2 exert opposing biological
properties”™ "), Previous studies have confirmed that elevated
expression of HPSE-1 dramatically enhances tumor growth,
angiogenesis, and metastasis, and it can be served as an
independent prognostic factor for poor outcome of some cancer
patients™. The heparan sulfate mimetic PI-88 is a complex
mixture of sulfated oligosaccharides that was identified
as a potent inhibitor of HPSE-1 and subsequently entered
clinical trials for cancer. It progressed to Phase III trials but
ultimately was not approved for use because of the antibody-
induced thrombocytopenia in some patients”’ . Advances in
the chemistry of the heparan sulfate mimetics PG500 series
provide numerous advantages over PI-88. PG545 has been
selected as the lead clinical candidate for oncology and is
currently undergoing formal preclinical development as a
novel treatment for advanced cancer”**".

Current knowledge about HPSE-1 mRNA and protein
expression in orbital ARMS is only based on our previous
¥l However, it has not been elucidated whether HPSE-1
protein can be a targeted therapy factor of orbital RMS. In the

report'

present study, we examined the expression of HPSE-1 protein
levels in ERMS and ARMS specimens, as well as preoperative
chemoradiotherapy and untreated patients. Furthermore, the
antitumor efficacy of HPSE-1 targeted therapy was investigated
in vitro. Both RMS cells viability and tube formation of
human umbilical vein endothelial cells (HUVECs) induced by
vascular endothelial growth factor (VEGF) were evaluated.
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MATERIALS AND METHODS

Ethical Approval The use of specimens from human subjects
was approved by the Institutional Review Board of Chinese
PLA General Hospital, and a signed consent form was obtained
from each patient.

Study Subjects Formalin-fixed paraffin-embedded RMS
specimens were obtained from 51 patients with orbital RMS,
who were aged between 1 and 41y, and surgically treated in
the Department of Ophthalmology, the Third Medical Centre,
Chinese PLA General Hospital. Among these 51 patients, there
were 28 ERMS and 23 ARMS; 27 cases (14 of ERMS and 13
of ARMS) received preoperative chemoradiotherapy followed
by surgery (chemotherapy drugs include cyclophosphamide
100-400 mg, vincristine 1-1.5 mg and adriamycin 10-30 mg;
The radiation dose is 60 Gy), while the other 24 patients
received no such treatment before surgery.
Immunohistochemistry The presence of HPSE-1 protein
expression in 28 ERMS and 23 ARMS samples was confirmed
by immunohistochemistry. The paraffin embedded tissues
were sectioned with 3 pm thick and collected on glass
slides, deparaffinized in xylene, and were then rehydrated in
a graded ethanol series and washed in phosphate-buffered
saline (PBS). The sections were immersed in citrate buffer
(pH 6.0), and samples were heated in a pressure cooker for
10min to achieve antigen retrieval of HPSE-1. The rabbit
anti-HPSE-1 (1:100; Abcam Ltd., Hong Kong, China.)
was used as primary antibody. Sections were reacted with
primary antibodies overnight at 4°C and washed three times
in PBS, then followed by incubation with secondary anti-
rabbit IgG polyclonal antibodies (1:250, Abcam) conjugated
to horseradish peroxidase (HRP) for 30min at room
temperature. A diaminobenzine (DAB) solution was added
at room temperature for 3-5min to illuminate the positive
staining signals, and the sections were counterstained with
haematoxylin for 20s. Immunostaining results were assessed
for intensity and extent by three experienced pathologists.
Positive expression was defined as >10% of the cells showing
moderate or intense positive cell staining by the antibody in 10
randomly selected fields on every section or >50% of the cells
showing weak staining"”.

Cell Culture RD cells (a human RMS cell line), 293T cells and
HUVECs were obtained from the cell bank of the Chinese
Academy of Science (Shanghai, China) and incubated at
37°C in a humidified atmosphere which was maintained at
5% CO.,.

RD cells and 293T cells were cultured in a mixture containing
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,
Gaithersburg, MD) supplemented with 100 IU/mL penicillin
and 100 pg/mL streptomycin, 1% GlutaMAX and 10% fetal
bovine serum (FBS). HUVECs were cultured on ScienCell
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Table 1 The primer sequences and length of the PCR products in RT-PCR

Gene Forward primer (5°-3°) Reverse primer (5°-3”) PCR products (bp)
HPSE-1 ACCATTGACGCCAACCTG CTGGCCAAGGTACGAAGC 77
Actin TCCTTCCTGGGCATGGAGT CAGGAGGAGCAATGATCTTGAT 208

ECM supplemented with 5% FBS, 100 U/mL penicillin,
100 pg/mL streptomycin, 100 pg/mL endothelial cell growth
factor.

Construction and Filtering of the Most Effective HPSE-1
shRNA Plasmid Four coding regions in the sequence of
human HPSE mRNA (NM_006665.5) were designed as the
target sequences. Four pairs of complementary DNA oligos
were synthesized and annealed to generate a double-stranded
oligo, followed by ligating into the linearized pcDNA6.2-GW/
EmGFP-miR vector (Invitrogen, Carlsbad, CA, USA) using T4
DNA ligase at 22°C for 2h. 293T cells with high transfection
efficiency of pcDNA6.2-EmGFP negative control plasmid
were selected for plasmid transfection. For the relatively
low abundance of HPSE-1 gene expression in 293T cells
detected by reverse transcription polymerase chain
reaction (RT-PCR; Figure 1), we cloned HPSE-1 cDNA
into a pEGFP-NI1 eukaryotic expression vector (Invitrogen)
to construct a HPSE-1 eukaryotic plasmid. Using POLO
deliverer™ 3000 (Shanghai R&S Biotechnology Co., Ltd.,
Shanghai, China) according to the manufacturer’s instruction,
the HPSE-1 eukaryotic plasmid was then co-transfected with
the recombinant vectors with HPSE-1 shRNA1, HPSE-1 shRNA2,
HPSE-1 shRNA3, HPSE-1 shRNA4 (targeting different
sequences of HPSE-1) or the Neg-shRNA into 293T cells,
respectively. HPSE-1 mRNA and protein expressions were
detected by RT-PCR and Western blotting to filter out the most
effective vector with HPSE-1 shRNA.

Construction of the HPSE-1 shRNA Lentivirus Vector
Sequences of the most effective HPSE-1 shRNA were inserted
into the pLenti6.3/V5 DEST" lentivirus RNAi expression
system (Invitrogen, Carlsbad, CA, USA) to construct the
HPSE-1 shRNA lentivirus vector. The insert was cloned into
the pLenti6.3/V5 DEST plasmid by double digesting with
Ascl/Pmel enzymes and ligating with T4 DNA ligase. The
resulting pLenti6.3-HPSE-1 shRNA was then sequenced and
co-transfected with the ViraPower™ Lentiviral Packaging Mix
(Invitrogen) using POLO deliverer™ 3000 (Shanghai R&S
Biotechnology Co., Ltd.) into 293T cells. Viral supernatant
was harvested 72h post-transfection and titers were determined
by the green fluorescent protein (GFP) assay of the 293T cells
infected with serial dilutions of concentrated lentivirus.
HPSE-1 shRNA Recombinant Lentiviral Transduction
RMS cells were randomly divided into 3 different groups,
which were transfected with HPSE-1 shRNA (Inhibition
group), Neg-shRNA (Negative control group), or untreated

208 bp 77 bp 100-2000 bp

Figure 1 HPSE-1 mRNA expression in 293T cells via RT-PCR

showed low abundance.

(blank cell group). The recombinant lentiviruses with
HPSE-1 shRNA were transduced into RD cells with an
optimized multiplicity of infection (MOI=10). Appropriate
amount of HPSE-1 shRNA lentiviruses (2.745x10° TU/mL)
and negative control lentiviruses (2.0x10* TU/mL) were added
into the cells, 4-8 pg/mL polybrene was also added to enhance
the infection. The expression of lentivirus GFP was observed
under fluorescence microscope 72h after infection and the
percentage of fluorescent cells was more than 85%, which can
be used for subsequent experiments.

HPSE-1 mRNA and Protein Levels in RD Cells in vitro
Quantitative real-time PCR Total RNA was extracted from
RD cells using Trizol (Invitrogen). The concentration and
purity of RNA was subjected for a spectrophotometer analysis
(Fullertone, CA, USA). RNA was reversely transcribed using
M-MLV reverse transcriptase (Fermentas Inc., Burlington,
Canada) at a total volume of 20 uL according to the
manufacturer’s instructions. Subsequently, the qPCR assay
was carried out using 2xSYBR Green qPCR Mix (Invitrogen)
at the real-time PCR amplification equipment of mastercycler
EP realplex (Eppendorf AG, Hamburg, Germany). The PCR
primers used to detect HPSE-1 and -actin mRNA expression
were seen in Table 1. PCR conditions included an initial step
of 95°C for 2min, followed by 40 cycles of 95°C for 20s and
then annealed at 60°C for 15s, and 72°C for 20s. Products
were identified by melting curve analysis after 39 cycles.
The comparative Ct (**Ct) method was used to calculate the

relative quantitation of mRNA as previously described™”. The

33



Heparanase-1 and orbital rhabdomyosarcoma

expression of HPSE-1 was determined by normalization of the
threshold cycle (Ct) of HPSE-1 gene to that of B-actin. The
ACt and AACt were determined using the following equation:
ACt = (Ct of HPSE-1) - (Ct of B-actin), AACt = (mean ACt of
HPSE-1 genes in RNAi groups) - (ACt of HPSE-1 genes in

_AACE - . . .
2% implicates the relative expression

control group). The
vaule of the HPSE-1 gene.

Western blotting After washed two times with PBS at room
temperature, the protein was extracted from RD cells using cell
lysis buffer containing phenylmethanesulfonyl fluoride (PMSF;
Sigma-Aldrich, Shanghai, China). The protein concentrations
were determined by bicinchonic acid (Sigma-Aldrich) protein
assay. Samples were separated by 10% sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PAGE), and then
the proteins were electro-transferred with a semi-dry blotting
system onto a polyvinylidene fluoride (PVDF) membrane. The
membrane was blocked with 5% non-fat milk in Tris-buffered
saline (TBS) for one hour at room temperature, followed by
hybridization with the primary antibody overnight at 4°C.
The primary antibody included the HPSE-1 antibody (Abcam,
Cambrideg, UK) at a dilution of 1:1000 and the GADPH
antibody (Bioworld Technology, CA, USA) at a dilution of
1:5000. After washed three times with TBS/0.1% Tween 20
for 30min, a corresponding secondary antibody was added to
the membrane (1:5000 dilution, Santa Cruz Biotechnology)
for 1h at room temperature. Subsequently, after 3 washes in
TBS/0.1% Tween 20 for 30min, the signals were visualized by
a chemiluminescence reagent (Thermo Fisher Scientific, MA,
USA) followed by exposure to X-ray film. All experiments
were repeated three times.

Human Rhabdomyosarcoma Cells Viability Assay The
proliferation of RD cell lines was evaluated by cell counting
kit-8 (CCK-8) assay. RD Cells were seeded in 96-well culture
plates at a density of 4000 cells per well. After the cells were
transfected with the recombinant lentivirus at an MOI of 10 for
12h, the medium was replaced with a fresh complete medium.
Blank cells and silenced cells were tested as well as the relative
negative controls. After 24h incubation, 10 pL of CCK-8
solution was added to each well for an additional 3h at 37°C.
The number of proliferating cells was evaluated by measuring
the absorbance at a 450 nm wavelength on a microtiter plate
reader (Thermo Fisher Scientific, MA, USA) at the same time
of 6 continuous days, and cellular viability was evaluated by
the A, Value.

Tube Formation Assay Basement membrane extracellular
matrix (Matrigel; BD Biosciences, San Jose, CA, USA) was
thawed at 4°C overnight. The 200 pL pipette tips and a 96-well
plate were also kept at 4°C overnight. Matrigel (90 uL) was
loaded in each well, and then the plate was incubated at 37°C
for 30min to solidify the matrix. The appropriate amount of
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recombinant lentivirus containing HPSE-1 shRNA (1x10° TU/mL)
and negative control lentivirus (1x10° TU/mL) were added into
the cells (MOI=30), and the final concentration of polybrene
was 8 pg/mL. After infection 48h, the pretreated HUVECs
were seeded on the solidified matrigel at a density of 10" cells/well.
The plates were kept at room temperature for 15min and then
transferred to the 5% CO, incubator at 37°C. The capillary-like
structure formation of HUVECs was observed at different time
points during a 12h experimental period using a microscope.
After incubation for 4, 6, and 10h, the capillary-like tube
formation was quantified by counting the length of tubes in 5
randomly selected optical fields using an Olympus microscope
(Olympus Corporation, Tokyo, Japan).

Statistical Analysis Data were collected and expressed
as the mean+standard error (SD) and were analysed using
SPSS statistical software (Ver 11.0, Chicago, IL, USA) with
differences between groups assessed by Student’s ¢ test or one-
way analysis of variance (ANOVA). P<0.05 was considered
significant.

RESULTS

Immunohistochemistry HPSE-1 protein expression was
examined in 28 orbital ERMS and 23 orbital ARMS by
immunohistochemistry. Positive expression was observed with
different staining intensity in 92.9% of embryonal samples
and 91.3% of alveolar samples tested and primarily located
in the cytoplasm and nucleus. Generally speaking, there was
no significant difference in HPSE-1 immunostaining intensity
between ERMS and ARMS specimens. However, both of
them displayed the similar tendency. Tissue from untreated
(no chemoradiotherapy before surgery) RMS patients tended
to show intense staining, whereas tissue from RMS patients
treated with chemoradiotherapy (chemoradiotherapy followed
by surgery) showed relatively weaker staining (Figure 2).
Most Effective HPSE-1 shRNA Plasmid was Singled Out
Four recombinant plasmids of HPSE-1 shRNA (1-4), targeting
four different encoding regions of HPSE-1 mRNA, were
successfully constructed using pcDNA6.2-GW/EmGFP-miR,
which were confirmed by DNA sequence analysis. Forty-eight
hours after the co-transfection of HPSE-1 shRNA plasmid and
HPSE-1 eukaryotic expression vector, 293T cells were divided
into six groups, i.e., HPSE-1 shRNA1-4, negative control,
and blank cells group. All the four recombinant plasmids of
HPSE-1 shRNA successfully down-regulated HPSE-1 mRNA
and protein expression levels, and the plasmid with HPSE-1
shRNA1 was shown to be the most efficient RNAi vector.
Compared with negative control group, HPSE-1 mRNA and
protein expression levels in 293T cells that were transfected
with HPSE-1 shRNA1 were down-regulated by maximum
95% (RT-qPCR) and 58.3% (Western blotting) respectively
(Figure 3).
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Figure 2 Expression of heparanase-1 protein in the embryonal and alveolar orbital rhabdomyosarcoma HPSE-1 positive staining were
seen in the samples obtained from embryonal orbital RMS (A, B) and alveolar orbital RMS (C, D). A, C: No chemoradiotherapy before surgery;
B, D: Chemoradiotherapy followed by surgery. Samples tended to stain intensely in A and C, but staining was relatively weak in B and D.
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Figure 3 HPSE-1 eukaryotic plasmid was co-transfected with four recombinant plasmid of HPSE-1 shRNA1, 2, 3, 4 into 293T cells
respectively HPSE-1 mRNA and protein expressions were detected by RT-qPCR and Western blotting to filter out the most effective HPSE-1 shRNA
plasmid. Group 1-4: HPSE-1 shRNA (1-4) + HPSE-1 eukaryotic plasmid transfected group; Group 5: Negative control + HPSE-1 eukaryotic
plasmid transfected group; Group 6: Blank control group. The plasmid of HPSE-1 shRNA1 attained the most inhibition effect of HPSE-1 mRNA
(A) and protein levels (B, C).
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Figure 4 The pLenti6.3-HPSE-1 shRNA recombinant lentivirus was construced and transduced into RD cells A: HPSE mRNA expression
levels in control (group 2, 3) and silenced (group 1) RD cell lines were determined by real-time PCR. The results were normalized using B-actin
as internal control. B, C: Western blot analysis was performed to demonstrate HPSE-1 silencing between control and silenced RD cell lines.
GAPDH was included as loading control. HPSE-1 mRNA and protein expression in RD cells were compared between inhibition group, negative
control group, and blank cell group. The average HPSE-1 mRNA and protein levels were downregulated by 67% (A) and 41% (B) in the inhibition
group of RD cells infected with HPSE-1 shRNA recombinant lentivirus compared to that of negative control group respectively (P<0.05).

Construction of the pLenti6.3-HPSE-1 shRNA Lentivirus  negative control group, and blank cell group). As shown
Vector The HPSE-1 shRNA1 was used as the foundation  in Figure 4, HPSE-1 mRNA and protein expressions in the
for construction of the pLenti6.3-HPSE-1 RNAI lentivirus  inhibition group were decreased by 67% and 41% respectively,
vector. Lentiviral vectors was packaged in 293T cells and the =~ when compared with the negative control group (P<0.05). The
GFP expression was observed 72h post-package under the  lentivirus-mediated HPSE-1 RNAi notably down-regulated
fluorescence microscope, the viral titer was calculated to be =~ HPSE-1 expression levels of both mRNA and protein in RD cells.
2.75x10° TU/mL. Recombinant lentiviruses with HPSE-1 Lentivirus-mediated HPSE-1 RNAi Attenuated RD
shRNA were transduced into RD cells and the levels of HPSE-1 Cellular Proliferation The optical density (OD) value of
mRNA and protein were tested by real-time RT-qPCR and  viable RD cells in different groups were determined by CCK-8
Western blotting in three groups of RD cells (inhibition group,  assay. The results showed that RD cells, transfected stably with
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Figure 5 Effects of lentivirus-mediated HPSE-1 shRNA on RD cells proliferation RD cells infected with HPSE-1 shRNA recombinant
lentivirus (inhibition group) or negative control lentivirus (negative control group) and blank RD cells (blank cell group) were cultured for 6d

consecutively. Five days after treatment, RD cells proliferation were observed under microscope (A) and fluorescence microscope (B; x10). C:

Average OD values of different treated RD cells were analysed using CCK-8 assay.
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Figure 6 VEGF-containing serum induced tube formation Counting results of tube length, HPSE-1 RNAI lentivirus transfected group

compared with negative control group and blank cells group at 4h (A), 6h (B), and 10h (C) after incubation. D: Average tube length of HPSE-1

RNAI lentivirus transfected group decreased compared with negative control group or blank cells group.

HPSE-1 shRNA, had reduced viability when compared to the
blank cells or the negtive-shRNA transfected cells at 3, 4, 5,
and 6d, the A5, values of HPSE-1 shRNA transfected cells
were significantly lower than control groups (£<0.05; Figure 5,
Table 2).

Lentivirus-mediated HPA-1 RNAI Inhibited the Tube
Formation of HUVECs Compared with blank cell group and
negative control group, the average tube length in HPSE-1 RNAi
lentiviral infection group was significantly shorter (P<0.05),
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which suggested that down-regulated HPSE-1 expression can
inhibit the tube formation of HUVEC cells (Figure 6, Table 3).
DISCUSSION

In the present study, HPSE-1 protein was expressed in 92.9%
of the orbital ERMS specimens and in 91.3% of orbital
ARMS ones. The staining intensity of the alveolar type was
not stronger than that of the embryonic type. However, tissue
from untreated RMS patients tended to show stronger staining
than that from chemoradiotherapy patients. /n vitro, when
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Table 2 A, value of RD cells were analysed using CCK-8 assay n=6, mean+SD
Group 1d 2d 3d 4d 5d 6d
A 0.071£0.013  0.076£0.019  0.189+0.036*°  0.225+0.027*"  0.361+0.030*° 0.246£0.021*"
B 0.052+0.017  0.084+0.024  0.262+0.023 0.449+0.033 0.629+0.040 0.363+0.031
C 0.005£0.001  0.058+0.019  0.238+0.034 0.454+0.028 0.80120.029 0.630+0.027

Group A: HPSE-1 miRNA lentivirus transfected; Group B:
group; °P<0.05, A versus C group.

Negative control; Group C: Blank cells. "P<0.05, A versus B

Table 3 The average tube length in three groups after HUVEC incubated in matrige mean+SD, um
Group 4h (n) 6h (n) 10h (n)
A 102.64+25.66" (10) 106.17+30.42*° (7) 167+41.64*" (5)
B 135.58+38.4 (8) 159.28+49.32 (7) 269.56+68.85 (5)
C 168.61+£18.43 (9) 168.78+52.12 (7) 283.11+£76.48 (5)

Group A: HPSE-1 miRNA lentivirus transfected; Group B:
group; "P<0.05, A versus C group.

HPSE-1 shRNA recombinant lentivirus was successfully
constructed and transfected into RMS cells, the expression of
HPSE-1 mRNA and protein levels decreased by 67% and 41%
respectively compared with RMS cells infected with negative
control lentivirus. Transfection of lentivirus-mediated
HPSE-1 shRNA induces decreased RMS cell proliferation
after 72h incubation by CCK-8 assay. In addition, lentivirus
mediated HPSE-1 shRNA silenced the expression of HPSE-1
gene in HUVEC cells, which significantly inhibited VEGF
induced angiogenesis. In our study, HUVECs were cultured
on the ECM supplemented with 100 pg/mL endothelial cell
growth factor.

RMS is a highly malignant soft-tissue tumor of childhood
and adolescence that arises in the skeletal muscle, and
approximately 10% of the total tumors occur in the orbit. Many
clinical association studies have consistently demonstrated
that the embryonal type is the most common variant; alveolar
variant is less frequent but has a worse prognosis”>?*.
Increased expression of HPSE-1 has been observed in
numerous malignancies and is associated with a poor
prognosis”**’!. Furthermore, it has been well recognized
that HPSE-1 weakly expresses in normal human tissues
and its elevated levels are associated with increased tumor
angiogenesis and metastasis”>***"\. In our study, the paraffin
samples consisted of 28 ERMS and 23 ARMS. However, the
expression of HPSE-1 protein in ARMS with worse prognosis
was not stronger than that in ERMS. This has not been
consistent. In two groups, tissue from untreated RMS patients
tended to show stronger staining. Our previous study has also
demonstrated chemotherapy and/or radiotherapy appears to
significantly inhibit HPSE-1 upregulation in orbital RMS'"”.

In order to determine the HPSE-1 role in the progression and
metastasis potential of orbital RMS, we stably silenced RD cell
line by lentiviral vectors-mediated HPSE-1 shRNA in vitro.

Negative control; Group C: Blank cells. “P<0.05, A versus B

RNAI has been widely used since its first discovery in 1998,
and lentiviral vectors-mediated RNA1 is known to be able to
induce a stable and long-term gene silencing in both dividing
and non-dividing cells””*. Based on the real-time RT-qPCR
and Western blotting assay results, from four designed HPSE-1
shRNA vectors, we selected one that was characterized with
the most HPSE-1 silence efficiency, in order to construct the
HPSE-1 shRNA recombinant lentivirus. After transducing into
RMS cells, HPSE-1 mRNA and protein levels appeared to be
silenced obviously. We demonstrated that HPSE-1 silencing
significantly reduced the proliferation potential of RD cell
lines compared with the untreated cells. Because Masola et
al® have demonstrated in RD cell lines that no change in
cell proliferation was observed by MTT analysis after
HPSE-1 silencing, we determined the effects of HPSE-1
silencing in RD cell proliferation by analyzing A5, values for
6 consecutive days using CCK-8 assay. In our cellular model
we observed the inhibition phenomenon of cell proliferation
at different time points (from 3 to 6d) in HPSE-1 silenced
RD cells and in blank or negative control RD cells. Our data
suggests that HPSE-1 presumably serves as an oncogenic gene
for RMS cells.

Angiogenesis is a crucial step for cancer metastasis; the
formation of new networks of blood vessels from pre-existing
vessels creates a favorable microenvironment during cancer
progression*”. HPSE-1 can release heparan sulfate bound
proangiogenic growth factors (bFGF, HGF, PDGF and VEGF)
from the ECM to promote endothelial cell proliferation and
to facilitate the remodeling of the extracellular matrix prior
to ECM during angiogenesis. Thus, tumors with elevated
HPSE-1 levels have significantly higher microvessel density
than tumors with low HPSE-1 expressions'*'. It had been
reported that HPSE-1 and VEGF are positively correlated
in human adrenocortical carcinoma and their expressions
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were positively correlated with microvessel density in all
specimens'*”. VEGF is known to be a key angiogenic factor
and plays a crucial role in cancer development through the
regulation of angiogenesis* ™. To further study the effect of
HPSE-1 on angiogenesis of orbital RMS, we in vitro invested
whether the application of specific RNAI targeting HPSE-1 is
effective in inhibiting VEGF induced HUVECs tube formation. Our
data revealed a definite inhibiting effect of HPSE-1 silencing
on angiogenesis. /n vitro, HUVEC cells that were transfected
with lentivirus mediated HPSE-1 shRNA showed significantly
reduced ability of tube formation. This is consistent with the
result obtained in a previous study, which showed HPSE-2 functions
as an inhibitor of the HPSE-1 enzyme and also inhibits
neovascularization mediated by VEGF™.

In summary, the positive immunohistochemical overexpression

of HPSE-1 proteins in specimens advocates that HPSE-1 may

possibly play some role in the growth of the orbital RMS.

Also, we have observed promising results about HPSE-1

gene silencing on RMS cell proliferation and angiogenesis.

A previous study has indicated that the expression level of

HPSE-1 in normal human tissues is rather low, and there is

no obvious abnormality in HPSE-1 gene knockout animals'”.

All these dates emphasize the therapeutic potential of anti-

HPSE-1 therapy for orbital RMS. Therefore, HPSE-1 gene

silencing may be developed as a novel therapy to prevent the

progression of orbital RMS without sacrificing patients’ quality
of life. Further research is needed to establish the animal model
of orbital RMS, and to study the effect of HPSE-1 silencing on
tumor growth in vivo. Moreover, significant differences in the
survival rates of ERMS and ARMS have been demonstrated*”’.

The correlation between HPSE-1 expressions and survival

rates of different types of RMS was not discussed in the current

study, and it requires further investigation.
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