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Aim: Homeobox (HOX) genes and their protein products have been found to function as
oncogenes in the progression of many cancers. But the role of Homeobox C10 (HOXC10) in
osteosarcoma (OS) still remains less understood. In this study, we firstly determine the biologic
functions of HOXC10 in OS.

Materials and methods: We examined the expression of HOXC10 in OS tissues by quantita-
tive real-time polymerase chain reaction and Western blot assays. We investigated the effects of
HOXC10 on cell proliferation, apoptosis and caspase 3 activity in three OS cell lines by RNA
interference, Cell Counting Kit-8, flow cytometry and colorimetric assays.

Results: We found that HOXC10 was elevated in OS tissues. Silencing HOXC10 significantly
inhibited cell proliferation, induced cell apoptosis and increased the expression and activity
of caspase 3. The resistance assay further suggested that HOXC10 affected cell growth and
apoptosis through regulating the expression and activity of caspase 3.

Conclusion: HOXC10 might function as an oncogene in OS by regulating the expression and
activity of caspase 3.
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Introduction
Osteosarcoma (OS) is an aggressive bone malignancy. Mesenchymal stem cells and
committed osteoblast precursors have been suggested as the cell origin of OS.'? OS
most commonly occurs at sites of bone growth in children and adolescents, such as
the proximal end of tibia or humerus or the distal end of femur.># Surgical removal
of the malignant lesion is the mainstay therapy for OS. Neoadjuvant chemotherapy
combined with limb-sparing surgery has effectively increased the survival rates of OS.
However, about 20% of OS patients have metastatic spread when it is firstly diagnosed.
The survival rate of these patients still remains between 15% and 30%. Also, current
clinical therapy is helpless for metastatic patients.’’ Therefore, novel targets that can
advance the development of OS therapy are still urgently needed.®

Homeobox (HOX) genes are identified as a group of evolutionarily conserved
genes that control the cell differentiation and embryonic development.® The protein
products of HOX gene act as transcription factors by binding to the promoters of various
target genes and regulating their expression. In humans, four HOX clusters (A-D) are
located on four chromosomes (7, 17, 12 and 2, respectively). On the basis of sequence
similarities and location within the clusters, HOX genes are divided into 13 paralogous
groups. Homeobox A10 (HOXA10), Homeobox C10 (HOXC10) and Homeobox
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D10 (HOXD10) are three paralogous genes, inactivation of
which may affect motor neuron patterning and endometrial
differentiation.!®!! In recent years, more and more evidence
has indicated that HOX genes and their protein products are
associated with carcinogenesis.'? For example, HOXA 10 was
found to be frequently upregulated in various human cancers,
such as leukemia, lung cancer, epithelial ovarian cancer and
glioma.'*'¢ Lopez et al also suggested that expression of
HOXC10 was elevated in cervical cancer cells, which was
involved in the invasiveness of cervical cancer cells.'” Lower
HOXD10 mRNA levels were significantly associated with
higher grade breast cancer.'®

In this study, we assessed the expression level of
HOXC10 in OS. Also, we selected two OS cell lines com-
bined with primary OS cells to analyze the biologic functions
and mechanisms of HOXC10 in tumor progression. Our data
collectively established an important role for HOXCI10 in
OS and highlight HOXC10 as a potential therapeutic target
for OS patients.

Materials and methods

Tissue samples

OS and normal bone tissues were obtained from 45
patients with OS (Enneking’s stage II) and 15 patients with
other diseases, respectively treated at the Department of
Orthopedics, The Second Affiliated Hospital of Zhejiang
University. All these tissues were stored at —80°C until
being analyzed. This study was approved by the Ethics
Committee of The Second Affiliated Hospital of Zhejiang
University. Written informed consent was obtained from
all patients, according to the guidelines of the Ethics
Committee.

Quantitative real-time polymerase

chain reaction analysis

Total RNA was extracted with Trizol reagent (Invitrogen) and
reverse transcribed using cDNA Synthesis Kit (Fermentas).
Real-time polymerase chain reaction (PCR) was carried
out using a standard SYBR Green PCR kit, as previously
described."” The cycle conditions were: 10 min at 95°C
followed by 40 cycles of 15 s at 95°C and 45 s at 60°C. The
real-time PCR data were analyzed using ABI Prism 7300
SDS software. GAPDH was used as an internal control.
The following real-time PCR primers were used: HOXC10
(NM_0,17,409.3), 5’-TGACTTCAATTGCGGGGTGA-3’
and 5-ACTAGGTGGGTAGGAGCAGG-3’; caspase 3
(NM_0,04,346.3), 5-AACTGGACTGTGGCATTGAG-3’
and 5'-ACAAAGCGACTGGATGAACC-3’; GAPDH

(NM_00,12,56,799.1), 5’-CACCCACTCCTCCACC
TTTG-3" and 5'-CCACCACCCTGTTGCTGTAG-3".

Western blot assay

Total protein was extracted by using radioimmunopre-
cipitation buffer. Samples were then separated on sodium
dodecyl sulphate-polyacrylamide gel electrophoresis and
electrophoretically transferred to a nitrocellulose mem-
brane. After blocking with 5% skimmed milk, the blots
were incubated with primary antibodies, followed by incu-
bation with secondary antibody (Beyotime). The signal
was visualized using enhanced chemiluminescence (EMD
Millipore). The band intensity was quantified with ImageJ
Software. The primary antibodies used were as follows:
HOXC10 (Ab153904, 1:1500; Abcam), caspase 3 (Ab44976,
1:500; Abcam) and GAPDH (#5174, 1:2000; Cell Signaling
Technology).

Cell isolation and cell culture

Primary OS cells were isolated from available OS tissues
of three patients. Briefly, the OS tissues were cut into
0.5-1 mm? segments and transferred into a centrifuge tube
with 1.5 mL tryspin (10.25%) and 3 mL collagenase (4%).
After 2 h of incubation at 37°C, the cell suspension was
centrifuged at 500 rpm for 5 min. The supernatant was
collected and centrifuged at 3000 rpm for 10 min. The
supernatant was discarded and the cells were resuspended
in Dulbecco’s Modified Eagle Medium (DMEM)/F12
medium. Cell passage was performed once the cell achieved
70%—80% confluence.

Five OS cell lines, OS-732, MG63, U-20S, SaoS2
and 143B, were purchased from American Type Culture
Collection. OS-732 and MG63 cells were cultured in
Minimum Essential Medium. U-20S, SaoS2 and 143B cells
were maintained in DMEM culture medium. All culture media
were supplemented with 10% fetal bovine serum, 100 U/mL
penicillin and 100 pg/mL streptomycin. All the OS cells
were maintained at 37°C under 5% C0,/95% air. The cell
lines used here were between passage 5 and 15.

RNA interference

siRNA transfection was performed to silence the HOXC10
expression in OS cells. siRNA targeting human HOXC10
mRNA (734-752: CGGATAACGAAGCGAAAGA) was
synthesized and transfected into OS cells using Lipo-
fectamine 2000 (Invitrogen). A nonspecific control siRNA
(NC) sequence was also synthesized which served as the
negative control. All procedures done were according to
the instructions of the manufacturer. RNAI efficiency was
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evaluated by detecting the mRNA and protein levels of
HOXC10 at 48 h after siRNA transfection.

Proliferation analysis

Cell Counting Kit-8 (CCK-8) assay was performed to mea-
sure the cell growth of OS cells according to the instructions
of the manufacturer. U-20S, SaoS2 and primary OS cells were
seeded into 96-well plates (5x10°). After allowing adherence
overnight, these cells were transfected with HOXC10 siRNA
or NC siRNA and CCK-8 solution was added to each well
at 0, 24, 48 and 72 h after siRNA transfection. Following
incubation for 1 h at 37°C, the optical density at 450 nm
(ODA450) was determined to evaluate cell growth.

Cell apoptosis

OS cells were harvested at 48 h after RNA interference.
Cell apoptosis was measured using Annexin V-allophycocyanin/
propidium iodide Apoptosis Detection kit (KeyGEN
BioTECH, Nanjing, China) according to the manufacturer’s
instructions. Cells were examined by a flow cytometry (BD
Biosciences) and fluorescence of at least 10,000 events was
examined.

Caspase 3 activity assay

Caspase 3 activity assay was performed using the caspase 3
activity kit (NanJing JianCheng Bioengineering Institute). OS
cells were collected and disrupted in lysis buffer (containing
0.5 uL dithiothreitol/50 uL). The lysates were then incubated
with acetyl-Asp-Glu-Val-Asp-p-nitroanilide (Ac-DEVD-pNA)
for >4 hat 37°C. The OD value at 400 nm was measured with
amicroplate reader. The activity of caspase 3 was assessed with
the ratio of inducer OD value and control OD value.

Resistance assay

To further reveal the functional mechanism of HOXC10
in OS, we performed resistance experiment in MG63 cells
using a Caspase 3-like proteases inhibitor (Ac-DEVD-CHO).
The groups were as follows: 1) NC group: MG63 cells were
transfected with a NC sequence; 2) siRNA group: MG63
cells were transfected with HOXC10-siRNA sequence;
3) Ac-DEVD-CHO group: MG63 cells were transfected with
a nonspecific scramble siRNA sequence and treated with
40 uM Ac-DEVD-CHO and 4) siRNA-Ac-DEVD-CHO
group: MG63 cells were transfected with HOXC10-siRNA
sequence and treated with 40 uM Ac-DEVD-CHO. CCK-8
was performed at 0, 24, 48 and 72 h after treatment. After
48 h, the cells were harvested to perform flow cytometry and
Western blot assays.

Statistical analysis

Data analysis was conducted with GraphPad Prism software
(GraphPad Software, Inc., San Diego, CA, USA). Values
were presented as mean £ SD. Differences were determined
by analysis of variance test. P<<0.05 was considered to be
statistically significant.

Results
HOXC0 expression was elevated

in OS tissues

We assessed the expression level of HOXC10 in OS tissues
(n=45) and normal bone tissues (n=15). As shown in
Figure 1, both the mRNA and protein levels of HOXC10
were significantly increased in OS tissues compared to
normal bone tissues. These data indicate that HOXC10
expression was abnormally elevated in OS.

HOXCI10 expression was decreased

in OS cells after RNA interference

We then used quantitative real-time polymerase chain reac-
tion and Western blot to analyze HOXC10 expression level
in five OS cell lines, including OS-732, MG63, U-20S,
SaoS2 and 143B. We found that HOXC10 expression
was much higher in MG63 and SaoS2 cells than in other
three cell lines (Figure 2A and B). So, MG63 and SaoS2
cells were selected to perform further assays. Primary OS
cells (Figure S1) were also isolated from OS tissues for the
following experiments.

To explore the role of HOXC10 in OS progression, we
transfected siRNA targeting human HOXC10 mRNA into
SaoS2, MG63 and primary OS cells to silence the expression
of HOXC10. As illustrated in Figure 2C-E, the mRNA and
protein levels of HOXC10 were remarkably decreased in
siRNA groups as compared to NC and control groups.

HOXCI0 silencing reduced cell
proliferation and induced cell apoptosis
in OS cells

Then, we analyzed cell proliferation in three OS cell lines
at 0, 24, 48 and 72 h after RNA interference using CCK-8
assay. As shown in Figure 3A—C, cell growth in SaoS2,
MG63 and primary OS cells was obviously inhibited at 24,
48 and 72 h after siRNA transfected. These results proved
that knockdown of HOXC10 suppressed proliferation in
OS cell lines.

We also performed Annexin V-fluorescein isothiocyanate/
propidium iodide staining assay to evaluate the function
of HOXC10 in OS cell apoptosis. As shown in Figure 3D
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Figure | HOXCI0 was overexpressed in OS tissues.

Notes: (A) mRNA expression of HOXCI0 was highly expressed in OS tissues (n=45) compared to normal bone tissues (n=15). (B and C) The protein expression of
HOXCI0 was obviously increased in OS tissues (n=45) compared to normal bone tissues (n=15). Data shown as mean * SD, ***P<0.001, ****P<0.0001.

Abbreviations: HOXCI10, Homeobox C10; OS, osteosarcoma.

and E, flow cytometry analysis indicated that knockdown
of HOXC10 in SaoS2, MG63 and primary OS cells sig-
nificantly induced cell apoptosis, compared with NC and
control groups.

Knockdown of HOXCI10 repressed the
expression and activity of caspase 3

in OS cell lines

As silencing HOXC10 promoted cell apoptosis in three
cell lines, we then examined the endogenous expression
and activity of caspase 3 at 48 h after siRNA transfection.
As shown in Figure 4A—C, the protein and mRNA levels of
caspase 3 were significantly increased in SaoS2, MG63 and
primary OS cell lines. The intracellular caspase 3 activity was
also obviously elevated in siRNA transfected cells compared
to NC transfected cells (Figure 4D). Taken together, these
data showed that silencing HOXC10 significantly promoted
the expression and activity of caspase 3 in OS cells.

HOXCI 0 affected cell proliferation and

apoptosis through regulating caspase 3

In resistance assay, we used Ac-DEVD-CHO to downregu-
late the expression of caspase 3 in MG63 cells. As shown in
Figure 5A and B, we found that Ac-DEVD-CHO treatment
significantly decreased the intracellular protein level and
activity of caspase 3. But the effects of HOXC10 knockdown

on the expression and activity of caspase 3 were partially
relieved by Ac-DEVD-CHO treatment. The antiprolifera-
tive and proapoptotic effects of HOXC10 knockdown were
also partially repressed by Ac-DEVD-CHO (as illustrated in
Figure 5C and D). These results suggested that, HOXC10
might affect cell growth and apoptosis by regulating the
expression and activity of caspase 3.

Discussion

HOX genes have been well identified as important players
in development and morphogenesis. In recent years, more
and more evidence has suggested that HOX genes may also
function in carcinogenesis. HOXC10 overexpression has
been proved in breast cancer, which may be associated with
cancer progression.?’ Zhai et al indicated that HOXC10 func-
tioned as a key mediator in the invasion of cervical squamous
cell carcinoma.?! Upregulation also promotes progression of
human thyroid cancer and indicates poor survival outcome.?
Therefore, we aimed to determine the biologic effects of
HOXC10 on OS progression. We found that HOXC10 was
abnormally overexpressed in OS tissues compared to normal
bone tissues. Moreover, silencing HOXC10 expression sig-
nificantly repressed the proliferation and promoted apoptosis
in all three OS cell lines. All these data were consistent with
arecent report® and suggested that HOXC10 might promote
the progression of OS.
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Abbreviations: HOXCI0, Homeobox C10; NC, nonspecific control siRNA; OS, osteosarcoma.

Caspase 3 plays a critical role in the execution of
apoptosis. It can be activated by diverse death-inducing
signals.”* The regulation of caspase 3 is closely involved
in tumorigenesis.>>?’ To reveal the oncogene functions of
HOXC10 in OS cells, we then analyzed the mRNA and
protein levels of caspase 3 in SaoS2, MG63 and primary
OS cells after RNA interference. We found that depletion
of HOXC10 remarkably increased the intracellular level of
caspase 3 in the three cell lines. The results of caspase 3
activity assay also showed obvious promotion induced by
HOXC10 knockdown in OS cells. We further performed
resistant assay in MG63 cells using a caspase 3-like proteases

inhibitor. We found that HOXC10 affected cell proliferation
and apoptosis through regulating the expression and activity
of caspase 3 in OS cells. The results indicated that HOXC10
functioned as an oncogene by inhibiting the expression and
activity of caspase 3 in OS.

To summarize, our results revealed HOXCI10 was
overexpressed in OS. Depletion of HOXC10 inhibits pro-
liferation and promotes apoptosis, and HOXC10 may affect
these biologic progresses through regulating the expression
and intracellular activity of caspase 3. Our study provides
valuable information for further investigation toward a com-
prehensive understanding of HOXC10.
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Figure 3 Depletion of HOXCIO0 significantly inhibited cell proliferation and induced cell apoptosis in OS cell lines.

Notes: (A-C) Cell proliferation of three cell lines was examined at 0, 24, 48 and 72 h after siRNA transfection (n=3). The cell growth was obviously decreased in siRNA
groups compared to NC group. (D and E) Cell apoptosis was examined at 48 h after RNA interference by flow cytometry (n=3). HOXCI0 knockdown significantly increased
the percentages of apoptotic cells. Data shown as mean + SD, ***P<0.00| (compared with negative controls).

Abbreviations: HOXC10, Homeobox C10; NC, nonspecific control siRNA; OS, osteosarcoma.
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Notes: MG63 cells were randomly divided into four groups: NC group, cells were transfected with an NC; siRNA group, cells were transfected with HOXC10-siRNA
(siRNA); Ac-DEVD-CHO group, cells were transfected with NC and treated with 40 uM Ac-DEVD-CHO; and, siRNA-Ac-DEVD-CHO group, cells were transfected with
siRNA and treated with 40 UM Ac-DEVD-CHO. (A) The protein level of caspase 3 was determined by Western blot assay (n=3). (B) Intracellular activity of caspase 3 was
assessed (n=3). (C) Cell apoptosis was evaluated by flow cytometry analysis (n=3). (D) Cell proliferation by CCK-8. Data shown as mean * SD, **P<<0.01 (compared with
negative controls); #P<<0.01 (compared with Ac-DEVD-CHO group).
Abbreviations: CCK-8, Cell Counting Kit-8; HOXC10, Homeobox C10; NC, nonspecific control siRNA; OS, osteosarcoma.
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Figure SI Primary OS cells.
Abbreviation: OS, osteosarcoma.
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